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Abstract

Background

The aims of this study were to estimate the prevalence lafy&e Sleep Phase Syndro
(DSPS) in adolescence, and to examine the association to insonthigchool non
attendance.

Methods

Data stem from a large population based study in Hordaland CouNbtnway conducted i

me

-

2012, the ung@hordaland study. In all, 10,220 adolescents aged 16-18 yearmgir(®4%

provided self-reported data on a range of sleep parameters: W&P&efined according
the International Classification of Sleep Disorders, RevisedSIKR) criteria, while

insomnia was defined according to the Quantitative Criterialdieomnia. Other slegp

(0]

parameters included time in bed, sleep duration, sleep efficiemeysleeping, sleep onset

latency, wake after sleep onset, subjective sleep need, slegpemsf] sleepiness and

tiredness. Sleep data were calculated separately for weekddyseekends. Data on sch
non-attendance were provided by official registers.

Results

The prevalence of DSPS was 3.3%, and significantly higher amdeg3)7%) than boy

(2.7%). There was a strong overlap between DSPS and insommaneii¢ than half of the

adolescents with DSPS also meeting the criteria for inso(88i8% for boys and 57.1% f
girls). Adolescents with DSPS had significantly higher oddesdtOR) of non-attendance
school. After adjusting for sociodeographical factors, insomnia and sséqme the adjuste
ORs for days of non-attendance were OR = 3.22 (95% CI: 1.94-5.34)yeabd OR = 1.8
(95% CI: 1.25-2.80) for girls. A similar effect was found for hourshon-attendance fq
boys, with an adjusted OR = 3.05 (95% CI: 1.89-4.92). The effect forvgatsno longe
significant after full adjustment (OR =1.48 [95% CI: 0.94-2.32]).

Conclusions

pol

)
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This is one of the first studies to estimate the prevalenceS&fin adolescents. The high

prevalence of DSPS, and overlap with insomnia, in combination with theodbddlool nont

attendance, suggest that a broad and thorough clinical approach rentecr wher
adolescents present with symptoms of DSPS.

N
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Background

During adolescence a general pattern of delayed bedtimes butisatime due to school
obligations renders the sleep duration shorter than both the adoleftamielves and
experts deem necessary [1]. The delayed sleep phase is a consexjuehmlogical delay in
the circadian rhythm [2] and a slower build up of sleep pressur@dtbats during puberty
[3]. Also, social factors, such as reduced parental influence aidiblescents’ sleep patterns,
may contribute to this developmental pattern [4]. However, when ghesopportunity, the
adolescents’ sleep will often be of normal length and in accordaithethe individually
perceived sleep need [1]. While a delayed sleep onset and reboundsliegpweekends
seem to reflect normal developmental patterns occurring freguerdbdolescence, for some
the mismatch between sleep pattern and social obligations, aagtechply daytime
impairment, will be at a level that meets the diagnostiteria for Delayed Sleep Phase
Syndrome (DSPS).

To obtain a diagnosis of DSPS according to the newly publishedifion of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-V), thene three criteria which needs to
be met: 1) the characteristic misalignment of sleep, in cotipm with 2) excessive
sleepiness or insomnia and 3) significant daytime impairment ialsoccupational or other
important areas of functioning. According to the DSM-V, the usesleép diaries or
actigraphy is also required. Although, no studies have used these teva,ctwo previous
studies, surveying the general population with age ranges from aglatesio adults, based
their estimates on multi-phased assessments with screeningogoaess, sleep diaries as
well as on clinical interviews. These two studies concluded oralemese rates from 0.13%
to 0.17% [5,6]. Although the rate of DSPS peaks during adolescenceavstiygested
prevalence of over 7% [7], the exact prevalence rate remainertainc Previous
epidemiological studies of adolescents using different operationatizaof DSPS have
estimated prevalence rates from 1.9%[8] in a study basing timatidef of DSPS on the
International Classification of Sleep Disorders (ICSD-R), to $3}%mploying a much
wider definition. In a 2011 review of studies on sleep charactariatid sleep disorders in
adolescents published from 1999 to 2010, the limited number of studies didomoftaallan
estimate of DSPS in this age group [10]. However, the review comtlind® DSPS was
likely to be underestimated in adolescence due to the generalpéern in adolescents
mirroring some of the sleep characteristic of DSPS [10]o Alace trend studies suggest an
increase in sleep onset difficulties among adolescents [11] newpaladed surveys of the
prevalence of DSPS are warranted.

Potential gender differences in DSPS have rarely been reporteel literature, probably due
to lack of statistical power caused by small samplessi@ae exception was a British study
of adolescents from 1988 who found a male predominance of 10:1[12]. In coatrast,
Norwegian epidemiological study using a less stringent operésiatian of DSPS recently
found no evidence for gender differences in Delayed Sleep Phase [138].g@neral basis
adolescent boys seem to have a somewhat more delayed sleephphaadadlescent girls
[14].

Insomnia, a sleep disorder which is characterized by diffisultigiating and maintaining
sleep and related daytime impairments, is another prevalent sleep desordgradolescence
with prevalence rates between 14-24% depending on diagnostidacfii¢r When co-
occurring at a diagnostic level and the insomnia is occurringlielawith the DSPS, the
DSPS takes precedence over the insomnia diagnosis accordingXe€?I{1S]. In the DSM-



V, insomnia is rated as one of the sleep related functional imeais of DSPS in addition to
sleepiness, and it is stated as one of the important differahi@ighostic, but also co-
occurring conditions [7]. However, the rate of co-occurrence of dmsditions has received
little focus in the literature. In one of the few studies faogson DSPS and insomnia,
Johnson et al. [8], using definition of DSPS according to the ICSiotd that DSPS did
not account for a significant proportion of insomnia cases as defined by the DSM-IV.

The functional impact on occupational or other important areas is otiee aliagnostic
criteria of DSPS. This is in line with the research statusleep problems in general as a
major risk factor for both short- and long-term sick leave [16,17], @erthanent work
disability [18-22], which causes soaring economical consequencdgefeotiety [23-25]. To
the best of our knowledge, no previous studies have investigated suelguamses among
individuals with DSPS, neither among adolescents nor adults. Howmreg characterized
by circadian misalignment, short sleep duration and accompanyipgired daytime
functioning, DSPS has been associated with poor academic perforf@aligle as well as
lower school attendance [10]. Having an internal clock misalignéd s@hool hours, it is
likely that adolescents with DSPS also are at higher riskavéased school absence, which
again may be a pathway to later school dropout. The overlap betweendd8R#her co-
occurring conditions such as depression and insomnia may account foofsidunctional
impairment. Elevated symptoms of depression have been demonstmatbes group
compared to good sleepers [13,26]. Still, larger studies usingdef@tied operationalizations
of both DSPS and depression are lacking, and thus the unique associdimendeSPS
and functional impairment remain unknown.

Based on these considerations, the aims of the current study iyete: estimate the
prevalence and sleep characteristic of DSPS in a general pop@ample of adolescents; 2)
to examine the overlap between DSPS and insomnia; 3) to examiassth@ation between
DSPS and non-attendance at school, and if this could be accounted forobguaung
depression and insomnia; and 4) to investigate if there are gerftlmerdies in the
association between DSPS and non-attendance at school.

Methods

Procedure

In this population-based study, we used data from the ung@hordalaeg-sfiadolescents
in the county of Hordaland in Western Norway. All adolescents borreleetd993 and 1995
and all students attending secondary education during spring 2012 weee.iD4dtta were
collected during spring 2012. Adolescents in secondary educatioma@geformation per e-
mail, and time during regular school hours was allocated for thencomplete the

guestionnaire. A teacher was present to organize the data ioolleantd to ensure
confidentiality. Those not in school received information by postal toaitheir home

addresses. Survey staff was available on a phone number for both #scadtd and school
personnel for answering queries. The study was approved by the ReQanamittee for

Medical and Health Research Ethics in Western Norway. A prepiopslation-based study
from the Hordaland county, the Hordaland Health Study (HUSK), founadbaty to be

representative for the Norwegian population [27].



Sample

A total of 19,439 adolescents were invited to participate in timeeg, of whom 10,220

agreed, yielding a participation rate of 53%. Sleep variables ehereked for validity of

answers based on preliminary data analysis, resulting in data 374 adolescents being
omitted due to obvious invalid responses (e.g. negative sleep duraticaheap efficiency).

508 adolescents did not complete all items needed to define DSPS. Adhtistat sample

size in the current study was 9,338. There were no significant #igeedces between
participants being excluded due to invalid/missing response on thatsleepbut there were
more boys (61.8%) than girls (38.2%) among the excluded participants.

Instruments

Socio-demographical and clinical information

All participants indicated their vocational status, with respons@mgptbeing “high school
student”, “vocational training” or “not in school’. Maternal and patere@dlication were
reported separately with three response options; “primary schts@tondary school”,
“college or university”. Parental cohabitant situation was asskesising a dichotomized
variable (yes/no) asking if the parents currently live togetfremily economy was assessed
by asking the participants how their family economy is comptraedost others. Response
alternatives were 1 = “approx. like most others”; 2="betteonemy”, and 3="poorer
economy”. Smoking was assessed by asking the participanty grineke. Response options
included 1="yes, daily”, 2=" yes, sometimes, but not daily”, 3="no, not nowptauiously”,
4="no, not anymore”, and 5="no”. Current smoking was operationalized as endorsingthe t
first response alternatives, whereas choosing response altesnativewvas coded as non-
current smoker. Alcohol use was assessed by asking if thewbadried alcohol (yes/no).
Body-mass index (BMI) was calculated from self-reported bwedight (kilogram) divided
by squared height (meter

Delayed Slegp Phase Syndrome (DSPS)

The following questions were used to operationalize DSPS: “At tiha do you usually go
to bed”, “How much time does it take before you fall asleep éhand minutes)”, “When do
you usually get out of bed in the morning”, “How many nights per weekyou have
difficulties falling asleep (0-7)”, “How many nights pee&k do you have problems with
nightly awakenings (0-7)”, “How often do you oversleep (“neveréldem”, “sometimes”,
“mostly”, “always”)”. The participants provided sleep data segelrafor weekdays and
weekends. No information regarding the time-frame of these symptasnavailable. To
approximate assessment of the ICSD-R criteria for DSP3pllogving criteria were used
(based on the aforementioned sleep items), as specified in Johnsdn petolished in
Pediatrics [8] 1) minimum 1-hour shift in sleep-onset AND wak®es from the weekdays to
the weekend, 2) complaint of frequehrt3 days per week) difficulty falling asleep, 3) report
of little or no € 1 day per week) difficulty maintaining sleep, and 4) frequent ditiic

awakening (oversleep “sometimes” or more often).



| nsomnia

Difficulties initiating and maintaining sleep (DIMS) werdead on a three point Likert-scale
with response options “not true”, “somewhat true” and “certainly tr@ven a positive
response (“somewhat true” or “certainly true”), participangésenthen asked how many days
per week they experienced problems either initiating or maintaghéggp. Duration of DIMS
was rated in weeks (up to three weeks) months (up to 12 months) astccatégory over a
year. A joint question on tiredness/sleepiness was rated on apibirgelLikert-scale with
response options “not true”, “somewhat true” and “certainly trlie€onfirmed (“somewhat
true” or “certainly true”) participants reported the number gfsdzer week they experienced
sleepiness and tiredness, respectively. Insomnia was operatidreed@ding to Lichstein et
al.’s Quantitative Criteria for Insomnia [28]: self-reported [HMt least three times a week,
with a duration of six months or more, in addition to reporting SOL aMIASO of more

than 30 minutes, as well as tiredness or sleepiness at least three dayskper we

Other slegp variables

Self-reported bedtime and rise time were indicated in hours amatesiusing a scroll down
menu with five minutes intervals and were reported separatelydekends and weekdays.
Time in bed (TIB) was calculated by subtracting bedtime frism time. Sleep onset latency
(SOL) and wake after sleep onset (WASOQO) were indicated in laodrsninutes using a scroll
down menu with five minutes intervals, and sleep duration was definé€tBaminus (SOL +
WASO). Sleep efficiency was calculated as sleep duratiodetiviby TIB multiplied by 100
(reported as percentage). Subjective sleep need was repon@grs and minutes, and sleep
deficiency was calculated separately for weekends and weekslalysacting total sleep
duration from subjective sleep need.

Depression

Symptoms of depression were assessed using a short version of theaMbdekelings
Questionnaire (SMFQ) [29]. The SMFQ comprises 13 items assadsimngssive symptoms
rated on a 3-point Likert scale (“correct”, “sometimes correcttl “not correct”). A high
internal consistency between the items and a strong uni-dimensidmalé been shown in
previous population-based studies [30], and was recently confirmed undw istcluding
adolescents from the same survey as the one used in the presgf8EtuBor purposes of
the present study, depression was defined as a score abové”ther@ntile of the Total
SMFQ-score.

School non-attendance

Non-attendance at school was assessed using both register-badedel&reported
information. Official register-based data on non-attendance \pesvided by Hordaland
County Council, and days and hours of absence during the last semestent(®) were
included. For the purpose of the present study, we used both the nthaseotwo items, as
well as dichotomous variables using thd' @@rcentile as the cutoft? days and5 hours,
respectively). Although not the main outcome variables in the custedy, we also assessed
self-reported non-attendance at school, using the following two :itéthasv many days of
non-attendance have you had the last month?” and “How many singke (o addition to
whole days) of non-attendance have you had the last month?” The fwepset variables



were also used both continuously and dichotomously using the 90th peresntine cutoff
(>3 days and@6 hours, respectively).

Statistics

IBM SPSS Statistics 21 for Mac (SPSS Inc., Chicago, Ifswsed for all analyses.
Independent sample t-tests ayfetests were used to examine differences in demographical,
clinical and sleep variables in adolescents with and without DSE®eBn-group effect
sizes (pooled SD) were calculated using the Cohen d formula [32jsticogegression
analyses were used to assess the effect of DSPS on schodtemuiaace, both crude and
adjusting for the following covariates included separately: age pmmdntal education,
insomnia, and depression. Finally, we examined a fully adjusted modethich all
covariates were entered simultaneously. The logistic regressalyses were conducted
separately for boys and girls.

Results

Demographical and clinical characteristics of theample

The mean age of the 9,338 included adolescents was 17.0 years (range 1td-1Bg a
sample included more girls (53.5%) than boys (46.5%). The vast mg@8i¥g) were high
school students.

Table 1 shows that the prevalence of DSPS was significagfiiehamong girls (3.7%) than
boys (2.7%), yielding an overall prevalence rate of 3.3% (n = 306)piwalence of DSPS
increased with age: whereas 2.8% of adolescents aged 17 fulfilledtdrea for DSPS, the
prevalence rates among 18- and 19-year olds were 3.1 and 4.2%, rebpec(®p= 8.53, p
= .014). There were no significant difference between the DSPS grmalipon-DSPS group
in terms of vocational situation and maternal education, but thera sigsificant difference
in parental education, with a higher percentage of the DSPS grouping fethers with less
education. The DSPS group also reported more depressive symptomsn \BikhF& total
score of 8.8 compared to 5.7 in the non-DSPS grBup.001; Table 1).



Table 1 Demographical and clinical characteristics in adolescents with andithout
delayed sleep phase syndrome (DSPS) in the ung@hordaland study (n = 9,338)
No DSPS (n = 9032) DSPS (n = 306)
%/mean (SD) %/mean (SD) P-level Cohen’'sd

Age, mean 17.8 (0.8) 18.0 (0.8) .006 0.25
Girls, % 96.3% 3.7% .007
Boys, % 97.3% 2.7%
Vocational situation, % .153
In school 98.1% 99.3%
Trainee 1.3% 0.0%
Not in school 0.7% 0.7%
Maternal education, % 119
University/college 48.7% 51.4%
High school 41.4% 35.7%
Primary school 9.9% 12.9%
Paternal education, % <.001
University/college 43.1% 51.1%
High school 46.7% 33.5%
Primary school 10.3% 15.5%
Parents live together, % <.001
No 32.0% 46.3%
Family economy .006
Approx. like most others 67.8% 61.1%
Better economy 25.2% 27.7%
Poorer economy 6.9% 11.2%
Current smoker 31,9% 35.9% .225
Ever tried alcohol 73.6% 87.6% <.001
Body mass index 22.2 3.6 22.2 3.5 .818 0.00
Insomnia, % 12.3% (32.8) 55.9% (49.7) <.001 1.04
Depression (total SMFQ score) 5.7 (5.7) 8.8 (5.9 <.001 0.53
Non-attendance, mean
Self-reported days 14 (2.4) 2.3 (2.6) <.001 0.36
Self-reported hours 2.1 (3.2) 3.7 (3.9) <.001 0.45
Number of day$ 3.9 (4.9) 7.1 (6.0) <.001 0.58
Number of hours 7.2 (10.8) 154  (145) <.001 0.64

" Last month.
¥ Official register-based during last 6 months.

Table 2 shows sleep characteristics in the DSPS vs. non-8B. Both bedtime and rise-
time was significantly later in the DSPS group comparetdaambn-DSPS group, both during
weekdays and weekends. Sleep duration (during weekdays), SOL, sleemeffiand the
difference between weekdays and weekends were significantlgrpmothe DSPS group,
whereas there was no difference in WASO between the two group®OIRE group also
reported a sleep deficiency of 3:38 hours during weekdays, rigiative sleep deficiency of
40 minutes during the weekends, a trend that was not found in the non-D&RS lg
addition, the DSPS group reported more tiredness and sleepiness dhyiimge, (allPs <
.001; see Table 2 for details).



Table 2 Sleep characteristics in adolescents with and without delayed sfgphase syndrome (DSPS) in the ung@hordaland study (n =

9,338)
No DSPS (n = 9032) DSPS (n = 306)
Mean SD Mean SD P - level Cohen’sd
Weekdays
Bedtime 23:17 00:59 23:46 01:04 <.001 0.42
Risetime 06:47 00:40 07:00 00:48 <.001 0.30
Time in bed 07:30 01:00 07:14 01.07 <.001 -0.20
Sleep duration 06:27 01:38 05:41 01:21 <.001 -0.45
Sleep efficiency (%) 84.8% 18.21 78.0% 13.2 <.001 -0.43
Oversleeping (“most days” or “always”) 5.0% 21.8 27.6% 44.8 <.001 0.64
Weekends
Bedtime 01:31 01:29 02:07 01:16 <.001 0.35
Risetime 11:13 01:31 12:09 01:17 <.001 0.61
Time in bed 09:41 01:23 10:01 01.06 <.001 0.28
Sleep duration 08:38 01:52 08:28 01:05 .168 -0.07
Week days/weekends
Sleep onset latency 00:47 00:57 01:21 00:50 <.001 0.62
Wake after sleep onset 00:14 00:38 00:11 00:23 .130 -0.16
Subjective sleep need 08:34 01:52 09:09 01:58 <.001 0.25
Sleep deficiency (weekdays) 02:07 02:29 03:28 02:22 <.001 -0.48
Sleep deficiency (weekends) 00:04 02:30 -00:40 02:12 <.001 -0.25
Sleepiness (days per week) 2.25 2.05 3.09 2.21 <.001 0.39
Tiredness (days per week) 3.68 1.86 4.87 1.80 <.001 0.65
Differences between weekdays and weekends
Bedtime 02:27 02:17 02:21 00:59 434 -0.09
Risetime 04:26 01:36 05:28 01:23 <.001 0.42
Sleep duration 02:11 01:33 02:47 01:25 <.001 0.38




Overlap between DSPS and insomnia

As detailed in Figures 1 and 2, there was a substantial overlapdreDSPS and insomnia.
The prevalence of insomnia was 53.8% for boys and 57.1% for girls iDSRS group,
compared to 8.5% and 15.56% in the non-DSPS group. Similarly, the prevafeD&PS
among insomniacs was 12.5% in girls and 15.1% in boys, compared to 1.9% arid thé%
non-insomnia group. The prevalence of DSPS only (without insomnia) was Wi#eas
11.3% had insomnia without DSPS and 1.7% had both DSPS and insomnia.

Figure 1 Overlap between insomnia and delayed sleep phase syndrome (DSPS) among
boys and girls in the ung@hordaland study (n = 9846Error bars represent 95%
confidence intervals.

Figure 2 Prevalence of adolescents with only delayed sleep phase syndrome (DSPS
only insomnia and both insomnia and DSPS among boys and girls in the
ung@hordaland study (n = 9846)Error bars represent 95% confidence intervals.

DSPS and school non-attendance

DSPS was significantly associated with school non-attendandetaited in Tables 1 and 3.
Using official register-based non-attendance over last 6 maghke outcome variable,
adolescents with DSPS reported a mean of 7.1 days and 15.4 hours ofendarait,
compared to 3.9 days and 7.2 hours in the non-DSPS grolgs @llI001; both effect-sizes:
0.6). Boys had slightly higher crude OR of days of non-attendance cexnjpagirls (OR =
4.6 vs. OR = 3.2), but there was no significant interaction effeateleet gender and DSPS
on days of non-attendance (Wald = 1.67, df P15 .196). A somewhat stronger gender
difference was found for hours of non-attendance, with a significaatastion effect
between gender and DSPS (Wald = 6.07, df =P17 .014). Adjusting for socio-
demographics, depression, and especially insomnia, reduced the associatibribe
associations between DSPS and school non-attendance remained sigmfithe fully
adjusted models for both gender and outcomes, with the exception of hoursatfemalance
among girls. No significant age differences were found for §s®@@ations between DSPS
and school non-attendance.



Table 3Multivariate logistic regressions analysis of delayed sleep phase syndronSPS) as a risk factor for register-based school non-
attendance among boys and girls in the ung@hordaland study (n = 9,338)

Days of non-attendancé Hours of non-attendancé
Girls Boys Girls Boys
Adjustment variables OR 95% CI OR 95% CI OR 95% CI OR 95% ClI
Crude (DSPS) 3.15 2.22-4.70 4.57 2.93-7.14 2.37 1.60-3.53 4.90 3.23-7.45
Age, paternal education, cohabitant status and family economy 256 1.76-3.74 3.87 2.42-6.20 123®M3.18 4.22 2.70-6.59
Ever tried alcohol 3.12 2.17-4.48 4.63 2.96-7.24 2.26 1.49-3.41 5.05 3.32-7.69
Depression 2.87 2.00-4.13 4.44 2.84-6.95 2.08 1.38-3.16 4.88 3.20-7.44
Insomnia 225 1.56-3.24 3.45 2.14-5.55 1.70 1.12-256 3.25 2.08-5.09
Fully adjusted model 1.87 1.25-2.80 3.22 1.94-5.34 1.48 0.94-2.32 3.05 1.89-4.92

® Dichotomized at the 90th percentile.
Adjusted for age, paternal education, cohabitant status, family economy, alcohol, aaachdepression.



Additional analyses using self-reported school non-attendance durigsth@onth as the
outcome variable were also conducted. These findings showed the sai@en pmdt
associations and with similar gender differences. The crudef@Rself-reported days of
school non-attendance were 1.86 (95%CI 1.33-2.60) for girls and 4.46 (95% CI 2.97-6.71)
for boys . The corresponding odds for hours of school non-attendance2 wér¢95%ClI
1.91-3.98) for girls and 3.64 (95% CI 2.28-5.81) for boys. The associations wesdiginily
attenuated and remained significant in the fully adjusted analysesqnesushown).

Discussion

The estimated prevalence of DSPS in the present population-basgdwstsid3.3%. The
overlap between insomnia and DSPS was high, with half of the adokseaching the
criteria for DSPS also presenting with symptoms accordinghé& ibhsomnia criteria.
Adolescents with DSPS had a higher rate of school absence thanpélees, with an
independent contribution of DSPS after adjusting for socio-demograjdutals, depression
and insomnia. Girls had a higher prevalence of DSPS than boyshebilgvel of school
absence was higher in boys with DSPS.

The current prevalence rate of DSPS is comparable to the stutbhhson et al. from 2006
[8]. While both being community based studies, using similar operatiatan, the
adolescents in the present study were somewhat older, with epageing from 16 to 19
years compared to 13 to 16 years in the Johnson et al.’s study, mhicltontribute to
explain the slightly higher prevalence rates in the currentystddt surprising, the current
estimate is lower than reported in a previous Norwegian study @& by Saxvig et al.
(8.8%) which used less stringent criteria of delayed sleepepfi8. However, when
restricting the definition in the abovementioned study to only includset with oversleeping
two or more times per week, the prevalence was reduced to 4.9%) vghimore in
accordance with the rate reported in the present study.

The sleep pattern among adolescents with DSPS exhibited thdezkpleep characteristics,
with shorter sleep duration due to later bedtime and early awaketiingng the weekdays,
as well as rebound sleep during the weekends, while their WASOnatasignificantly
different from that of their peers. Adolescents with DSPS ladgblower sleep efficiency and
higher sleep deficiency compared to peers without DSPS. Thenpr&sidy confirmed that
the sleep pattern of adolescents with DSPS is located att@mexend of a continuum of
normal sleep. According to Gradisar et al. [10], it may be diffido distinguish
characteristics of DSPS from sleep patterns that are noumaly adolescence, and that one
therefore runs the risk of underestimating the prevalence ofSD3Rwever, just
representing the extreme of a continuum may also lead to an avetest of the diagnosis:
Whereas the diagnostic criteria remain the same acroséetispdn, the sleep characteristics
fluctuate depending on the age. The misalignment criteria @8RS is at a level that might
be regarded as the norm for adolescents, with the observed meaenddfén bedtime and
risetime for weekdays versus weekends being 2:15 hours and 4:28 hqetivedy [1].
What perhaps differentiate these normal sleep patterns frongrodiec level of DSPS may
therefore only partly be the sleep characteristics; more ianogire their functional impact
and outcomes.

In accordance with the study by Johnson et al. [8], the presentdefidgd oversleeping as
one of the criteria of DSPS. Other functional sleep relatedriacuch as tiredness and



sleepiness was significantly higher in the DSPS group, but alsolgmewa adolescents in

general. The rate of frequent oversleeping was, however, noteaalgnt, which in turn

impacts the prevalence rate in the current study. This is ascexample of how

operationalization in epidemiological studies will impact the pewa rates. We chose to
use an operationalization with specific criteria that have beeth miss/iously. The new

DSM-V diagnostic criteria on sleep wake disorder have chosen tdorosel criteria to

increase reliability in clinical diagnosis, making specificeigtionalizations for use in
research more challenging. The current results still mfmmm on key aspects of the DSM-V
diagnosis, including the importance of both insomnia as a co-occuwmdjtion, and the

functional impact on school attendance.

There was a significant association between DSPS and insonthia mesent sample, with
half of the adolescents with DSPS also meeting the crit@mainsomnia, as defined
according to Lichstein’s Quantitative Criteria [28]. The conclusiprdohnson et al. [8] that
insomnia does not account for a significant proportion of DSPS wasrseghby the current
study, as most of the adolescents with insomnia did not have DSPS$indwmsnia warrants
attention as a public health concern in its own right also in adolescand should not be
viewed as merely a byproduct of DSPS. While insomnia is frequeatiolescents with
DSPS, and thus in line as one of the functional impairment eritedSM-V (and as such
can be regarded as a symptom of DSPS), many proportion of adolesitbridsSPS dmot
have insomnia, and the impact of having one or both of the condition reottettled. It
may be that while the misaligned sleep schedule tempomardgedes the insomnia, the
problems with maintaining sleep may be accompanied by worry dadtreghic thoughts
that may exacerbate the sleep problems and warrant clinical attentioowmitgght.

Few population-based studies on adolescents have assessed potentiatliffeneieces in
DSPS, most likely due to the low overall prevalence rates andeid of large samples to
detect statistically significant gender differences. In ghevious epidemiological study by
Johnson et al. [8], no gender specific rates were reported. aef@reponderance in the
present study was surprising given the higher male ratio isttiy by Thorpy et al. [12],
although a more even gender balance was found in a broader delaepdhdse study from
Norway [13]. Methodological differences may account for some cetlifferences. While
girls had a higher rate of DSPS, the gender differences wesmarked as for insomnia,
where there was an even higher female preponderance [1].

Adolescents with DSPS had a higher rate of non-attendance at shhootheir peers,
emphasizing the functional impact of DSPS and mirroring the fumadtiimpact of sleep
problems in adults. While girls had a higher rate of DSPS, theept study found a
considerable higher odds of school absence in boys compared to hete fiesults could
illuminate some of the previously inconsistent gender prevalenes. ri the functional
impact is higher among boys, as measured by an important outceasein@ (such as school
absence), this could instigate worry and health-seeking behavior graergs and teachers,
and thus a diagnosis of DSPS would be more likely. This should leadute fi@search
guestions related to differences in characteristics of those weotha diagnosis of DSPS
and those who meet all the diagnostic criteria except the funktiopairment. It would also
be of interest to examine if the same relations exist aotbgs functional impairments, such
as social relations and use of health care services. How sdisapice& may impact academic
performance remains unknown, although this may be one pathway linl§R$ Do lower
self-reported school grades found among adolescents with dedbaegnl phase found in a
previous study [13].



There are some methodological limitations of the present stutighbald be noted. First,
the cross-sectional nature of the study does not allow for causal inferengsslohgitudinal
studies concerning the relationship between pre-pubertal sleempattel later development
of DSPS are needed to shed light on the developmental patterns. Settbediigfinition of
DSPS represents another important limitation of the present study hased solely on self-
report, and consequently lacks clinical evaluation and measuremextigsaphy or sleep
diary. However, this is rarely possible in large epidemioldgtadies. Furthermore, while
we did assess depression and insomnia, which accounted for soméuottimal impact of
DSPS in the present study, there may be other covariates notsaddreshe current study
that may explain parts of this association. For example, sleep phiaalignment may be a
marker of more serious psychiatric disorders, which again magléted to school absence,
such as a prodromal phases for more severe psychiatric disorderdi@lar disorder or
schizophrenia). Third, depression was assessed by a self-repomnerst, the SMFQ. As no
validated cut-off exists for Norwegian adolescents, the 90th pdecen the total SFMQ
score was chosen as an operationalization of depression. Cleaslydad#s not imply
existence of a clinical diagnosis, such as MDD, and the lacklioical interview in
confirming a clinical diagnosis of depression is a limitatiorhefgresent study. In relation to
this it should be noted that the SMFQ neither contains any skr@p nor items that assess
any other vegetative symptoms. In contrast to conventional depressian seales which
normally contain such items, this prevents circularity and mélee imterpretation of
associations between symptoms of sleep and affective problems unauotig the present
study. Tiredness was included in the SMFQ, but the associati@véoas sleep parameters
was not higher for this item than for other depressive symptoms. Anbthgation
comprises the inclusion of a relatively low number of adolescenis sohool. Although the
few adolescents not attending school in the present study did not hagreearate of DSPS,
a higher participation rate among those adolescents would bedneedeaw conclusions
regarding this group specifically. Finally, the attrition from teeudy could affect
generalizability, with a response rate of about 53% and with a@oltss in schools
overrepresented. Based on previous research from the formes whike Bergen Child
Study, non-participants often have more psychological problems thaigaants [33], and it
is therefore likely that prevalences of both DSPS, insomnia andessepn may be
underestimated in the current study.

Clinical implications

The high degree of overlap between DSPS and other conditions, such asidepaesd
insomnia, warrants a thorough diagnostic evaluation and differentighatiss when
adolescents present with DSPS symptoms. While DSPS may pregludlagnosis of
insomnia, the symptomatic presentation may impact treatment choices.

The total score on the SMFQ in adolescents with DSPS in thentwtudy (8.8) was
comparable to the pre-treatment depression score in a RCT inchdabiescents with DSPS
(total score SMFQ 7.5) [34]. In that study, the treatments teffe@a combined cognitive
behavioral therapy and bright light therapy showed a large redudfiodepression
symptoms, suggesting that both the sleep problems and the co-occurringsidepre
symptoms may be targeted through the same interventions [34].



Conclusions

The epidemiology of DSPS is still in its infancy, and whileghesent study contributes to an
understanding of the prevalence and correlates of the symptoms, todies sire needed to
bridge the gap between our knowledge based on well-charadt&&BS in clinical trials,
and knowledge from epidemiological studies. Future research sholldoseramine if the
functional impairment found in the current study is related to &dacational outcomes and
dropout from work life, which would indicate major individual and public health
consequences.
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