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1. ABBREVIATIONS

ACG
ADHD
ANOVA
AS
CBCL
CDI
Cl
CSRF
DSPS
EEG
fMRI
INCL
KSS
NREM
OR
OSAS
PET
PSG
RA
RB
REM
SD
SDSC
SL
SRBD
TRF

TQ

Actigraphy

Attention deficit and hyperadivity disorder
Analysis of variance

Asperger syndrome

Children’s behaviour chedli st
Children’ s depresson inventory
Confidenceinterval

Children’s self-report form for slegp dsturbances
Delayed slegp phese syndrome
Eledroencephalography

Functional magretic resonarce inmeging
Infantile neuronal ceroid lipofuscinasis
Karolinska sleguinessscale

Non-REM sleg

Oddsratio

Obstructive sleg apnoeasyndrome
Positron emisson tomography
Polysomnography

Rutter A2

Rutter B2

Rapid eye movement sleg

Standard deviation

Sleep dsturbancescde for children
Sleg log

Sleg-related breahing dsorder
Teader' sreport form

Teader’'s questionraire
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sleg and psychiatric symptoms at schod: an epidemiologicd study. European Child and
Addescent Psychiatry 2002, 1110-17.

Il Paavonen EJ, Solantaus T, Almqvist F, Aronen ET. Four-yea foll ow-up study o slegp and
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24: 307-314.

IV Aronen ET, Paavonen EJ, Fjdlberg M, Soininen M, Térronen J. Sleg and psychiatric
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Psychiatry 2000, 39 502-508.

V Paasonen EJ, Nieminen-von Wendt T, Vanhala R, Aronen ET, vonWendt L. Effediveness
of melatonin in the treament of sleg dsturbances in children with Asperger disorder. Journal
of Child andAdd escent Psychophamacology 2003, 13 83-95.
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3. INTRODUCTION

Epidemiologicd studies have shown that approximately ore third of al children suffer from
deg problems (Blader et a. 1997 Kahn et a. 1989h Rona & a. 1998 Simonds et a. 1989.
Persistent sleg problems are dso common, with the estimated prevalence rates ranging from
17% to 41% (Manni et al. 1997 Pollock 1994 Zuckerman et al. 1987. Finnish children have
been reported to sleg less than children elsewhere in Europe (Tynjdla @ a. 1993h. In
addition, their average sleg duation hes deaeased in recent yeas (Tynjda @ a. 2002,
suggesting that chronic sle@ deprivation has become more frequent. Children’s dee
disturbances have been linked with numerous omatic disorders, neurologicd ill nesses and
psychiatric disturbances (Ferber et a. 1995. The psychdogicd and psychiatric sequelae of
sleg dsturbances and slegp deprivation are, however, till largely under delate.

Previous dee studies have mainly focused on dfferent clinicd popuations, while normative
samples and poplationbased studies are rare. These studies have used dfferent
methoddogies and dfinitions and have therefore yielded partly contradictory results. The
relationship between sleg quality and psychiatric symptoms has nat been studied extensively
in children. The main oljedives of the present study were to assssthe prevalence of sleguing
difficulties among schod-aged children and to determine whether children with poa e
quality have more psychiatric symptoms than those withou dSleg complaints. The
eff ediveness of melatonin to trea persistent sleging dfficulties in a sample of patients with
Asperger syndrome was also evaluated.
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4. REVIEW OF THE LITERATURE

4.1 What is sleep?

Acoording to ore definition, slegp is areaily reversible state of reduced resporsivenessto and
interacdion with the environment (Bea et a. 200J). Althoughthe function d sleg has always
fascinated scientists, the basic question d why we sleg remains unanswered. Reseachers are
unanimous that while many bodly functions can recover during wakefulnessonly sleg seems
to restitute corticd functions becaise during wakefulnessthe crtex always preserves a cetain
level of baseline adivity (Horne 200(). From a neurophysiologicd paint of view, dee is a
spedfic state of brain aertness It comprises two comporents: REM (rapid eye movement)
sleg and norREM sleg (NREM, also cdled slow wave sleg). While corticd adivity is
rather intense during the REM stage, slow wave sleq is charaderized by dminished adivity
levels with large-amplit ude, low-frequency eledroencephalography (EEG) oscill ations (Bea et
al. 200]. According to aternations in the slegp EEG, slow wave sleg is further divided into
four stages (S1-$4), moving in an ascending dredion towards more synchronized corticd
adivity. The deegpest two stages (S3-$4) are mnsidered to constitute refreshing quet sleep.
During the night the five sleg stages aternate systematicdly (wakefulness> S1 > S2 > S3 >
4 > REM). One omplete slegp cycle lasts approximately 90 minutes in adults, bu in
children, and particularly in infants, the periodicity is much shorter (Bea et al. 200J). Also the
sleg architedure in infancy and ealy childhood differs from that in dder children and adults,
espedally with regard to the anount of REM deeg: the younger the dild, the higher the
propation d REM slegp (Anderset d. 1995)

4.2 Development of sleep structure in children

A newbon’'s dee is fragmented and dstributed evenly throughou the day and rnight.
Adaptation to the 24-hou diurnal rhythm is a gradual process regulated largely by the
maturation d the neural network (Handford et al. 1997). Circadian rhythm is typicaly nat well
established urtil 4 months of age (Armstrong et al. 1999, and thisis refleaded by the number
of reguar awakenings requiring parental intervention duing the night. Almost one third
(30.8%) of children <1 month of age wake up more than three times a night. Althoughthe
sleg gradually consolidates, nacturnal awakenings continue to be cmmon even after the aye
of 3 months. 22% of 8-month-olds were reported to wake up every night and 10% more than
threetimes anight (Zuckerman et a. 1987. As simmarized in Table 1, approximately 50% d
children continue avakening more than orce anight at least until 2 yeas of age (Armstrong et
a. 1999.

Table 1. Average frequency of nocturnal awakeningsin children agedinde 24 months.

Age no awakenings 1-2 awakenings >3 awakenings
<1 month 6.5% 63.0% 30.5%

1-3 months 33.3% 59.7% 7.0%

4-24 months 43.7% 44.6% 11.6%

Adapted from Armstrong et al. (1994).
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Sleg architedure changes as a function d age (Roffwarg et a. 1969. In newborns, the
NREM and REM states are immature. The equivalent of NREM in neonates is “quiet slegp”,
REM is “active dleg” and a mixture of these is “indeterminate sleg” (Stores 2001H.
However, whether adive sleg represents a preaursor of REM or NREM is controversial
(Horne 20008). In any case, REM is particularly common in infants (<3 months), who spend as
much as 50% of sleg time in REM (Roffwarg et al. 1966) Theredter, the propationsof REM
and indeterminate slegp begin to dminish (Anders et al. 1999, fallingto alevel of 20% by the
age of 6 yeas and then remaining stable (Coble & a. 1984 Roffwarg et a. 1966. The
deaeasing slegp duration in preaddescence herefore reflects a snaller amount of NREM stage
IV deg (Cobleet d. 1984).

A newborn may slegp as much as 16-18 hous a day (Stores 20018, but diurna sleg duration
deaeases rapidly during the first months of life, falling to approximately 13 hous at the age of
6 months and 12 hows at 2 yeas, as measured by PSG (Roffwarg et a. 1969. Monoplasic
seg has usually developed by the age of 3- to 5 yeas, when the total sleg requirement is
approximately 11 hours (Anders et a. 1995 Stores 20010. Parent-estimated sleg duation d
5- to 6yea-olds is on average 10 h 30min £ 50 min (Smedje & al. 19981999, which is
amost 1.5 hous more than estimated by pdysomnogaphy (PSG); 6- to 7-yea-old children
were reported to slegp 9 h 6 mn = 54 mindaly (Coble d al. 19843). Seepinghabits of 5- to 6
yea-olds are till relatively immature. For example, co-sleging and bedtime resistance ae
common. As many as 64.8% of children are acompanied by someone & sleegp orset at least
occasionaly, and 27.86 nealy every night. Most children (77.4%) sleg in their parents’ bed
during part of the night at least occasionally, and 19.9% almost every night. Bedtime resistance
appeas occasionaly in 52.26 of children, weekly in 19.6% and almost every night in 3.2%.
Anxiety at bedtime is also common, acurring in 26.3% of children at least occasionaly
(Smedjeet d. 1998)

Sleg duation continues to deaease & schod age (Figure 1) (Tynjdla @ a. 1993). In an
adigraph (ACG)-based study, 6 to 12yea-olds dept 9 h 5min + 34 min onaverage, bu the
range was large, from 7 h 20min to 10 h 12min (Aronen et a. 200]). This corresponds to the
self-reported schod-day sleep duations, which were 9 h 14min among 9yea-olds, 8 h 51
min among l1tyea-olds and 8 h 7min among 13yea-olds (Tynjda & a. 200). Sleg
requirements read levels correspondng those of adults in late aloescence 15 to 18yea-
olds reported an average sleg duation d 7 h 54min £ 1 h 9min, as compared with the 7 h 26
min £ 1 h 11min recorded for youngadults (19-24 yeas) (Ohayon et al. 200Q. Finnish 15
yea-olds reported slegoing 7 h50 min on shod days (Tynjala et al. 2009. However, based on
PG, the average deg duation for 14- to 15yea-olds was 7 h 6 min £ 36 min which was
amost one hour less han that based on subjective reports (Cobét. 4984).
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Figure 1. Average slee duration in schod ace.

Hours

Subjective data

Objective data

Age
Subjedive data ae based on Smedje d al. (1999, SaaenpaaHeikkila ¢ al. (1999 and Tynjdla & al. (2002.
Objedive data are based onCoble et al. (1984) Most of the exad figures are reported in the text.

Although gestionraire-based studies have often yielded higher mean slegp duations than
those gathered from exad ACG or PSG measurements, oljedively and subjedively estimated
dee latencies have been similar in al studies: in aPSG study d 6- to 15yea-olds, the mean
dee latency was 20+10 min (Coble @ a. 1984), in an ACG study d 5- to 12yea-olds
19+17 min (Aronen et a. 200 and in a questionraire study d 6- to 7-yea-olds 19+16 min
(Smedje d@ a. 1999. PSG- and ACG-measured sleep efficiencies have dso been quite similar:
94+2% in children aged 6-15yeas (Coble et d. 19848) and 93t4% in children aged 6-12 yeas
(Aronen et a. 200)), respedively.

4.3 Types of sleep disturbances

There ae threetypes of deg dsorders: 1) dysomnias, 2) parasomnias and 3 sewmndary sleg
disturbances (Stores et al. 2001b. The term dyssomnia refers to problems with amount,
maintenance or timing d slegy, a with impaired wakefulness The parasomnias constitute a
group d problems related to arousal, partial arousal or sleg stage transition. These problems
can dsrupt slegp bu usually do nd result in excessve deginess The sewmndary seg
disturbances, on the other hand, are related to underlying psychiatric, neurologicd or other
medicd disorders (Kryger et al. 200Q. In Finland, two clasgficaions for slegp dsorders are
available, the ICD-10 and the DSM V. The sleg dagnaoses in the ICD-10 kelong to the
caegories F51 (“Nonaganic sleg dsorders’) and G47 (“Organic sleg dsorders’). The
former caegory is further divided into dyssomnias and parasomnias. The DSM IV
clasgfication is presented in Table 2. No spedfic aiteria exist for children, bu the ICD-10
emphasizes that children’s deguing problems are not necessarily related to slegp quality, rather
to parents’ inability to control bed-time.

-10-
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Table 2. Classficaion of see disturbances acording to the DSM 1V.

DSM IV Code
Dyssomnias:

Primary insomnia 30742
Primary hypersomnia 30744
Narcolepsy 347
Sleg-related breahing disorders 78059
Circadian rhythm disturbance 307.45
Unspedfied dysomnia 30747
Parasomnias:

Nightmares 307.47
Sleep terrors 307.46
Sleg walking 307.46
Undefined parasomnia 30747

The term insomnia refers to an inability to sleg, aladk of refreshing sleg or an impairment in
dee quality. It isthus used to describe awide range of aternations in the anourt and type of
dee lossor percaved seglesqess including dfficultiesin initiating a maintaining sleegp as
well as nonrestorative slegp (Littner et a. 2003). According to Morin (2000 “insomniais a
complex, heterogeneous condtion that can be symptomatic of an underlying medicd,
psychiatric or substance duse disorder. Or, it can be asyndrome in itself”. Buyse and
Gangui (2002 in turn emphasized that “insomnia can refer to short Sleg duation, seandary
dee dsturbances, difficulty falling asleg o experience of unrefreshing sleg”. Therefore,
unlike for many aher disorders, no exad criteria to define insomnia eist. While subjedive
perception d the presence of a problem is regarded as the wrnerstone of the diagnasis, clinicd
definitions also maintain that the slegp impairment shoud cause significant distress or
impairment in social, occupational or other central areas of functioning. Accordingto DSM 1V,
for instance a sleg@ dsturbance must persist for over threeweeks and markedly impair well -
being and/or the aility to function. It is worth nding that in the cae of young children the
term “slegplesess’ is metimes used interchangeably with “insomnia” because cildren may
not be old enoughto complain abou lac of slegp (Wiggset a. 2001)).

Hypersomniarefers to an increased ned for sleep adisclosaly relaied to daytime somnolence
(Anders et al. 1997 Vgontzas et a. 1999. Narcolepsy is charaderized by excessve sleginess
and a spontaneous tendency to fall asleegp throughou the day. The four clasdcd feaures of
narcolepsy include cdaplexy, hypregogc halucinations, sleginess and slegp paraysis
(Vgonzas et a. 1999. The adiology d the syndrome seams to be related to low levels of a
spedfic neuropeptide, hyparetin-1 (also cdled arexin) (Krahn et al. 2003). Among children, it
is a rare ondtion (Dahl et a. 1999. Sleeg-related hreahing dsorders (SRBD) refer to
obstructive sleg apnoeasyndrome (OSAS) and sleg apnoeg bah of which are dharaderized
by repeding episodes of upper airway obstruction, which can cause areduction in blood
oxygen saturation (Anders et al. 1997 Vgonzas et al. 1999. Dissmilar to insomnia, there ae
well-established PSG-based criteria to define sleg lkreahing dsorders. In adults, OSAS
typicdly presents with snoring and excessve somnolence and is closely related to obesity, bu
the manifestations in children are different (Kirjavainen et al. 1995 Marcus 2000. The most
common circadian rhythm disorder is delayed sleg phese syndrome (DSPS, which is
charaderized by an inability to fall adee at an appropriate time (Apter et a. 1999. Thisin
turn leads to dleg deprivation and tiredness if slegp can nd be extended in the morning
(Vgontzaset a. 1999.

-11-



Review of theliterature

Parasomnias (slegp-wake transition dsorders, episodic disturbances of slegy) constitute a
group d sleg dsorders that represent reaurrent episodes of behaviour/physiologicd changes
occurring duing dfferent stages of slegp (Partinen et a. 1988) They include sleg starts, sleg
paralysis, rhythmic movement disorder and restless leg syndrome (occurring duing sleg
onset); bruxism, slegowalking, confusional arousals and slee terrors (occurring duing light
NREM); nightmares (occurring duing REM), and slegp talking and enuresis (not related to
any spedfic sleg stage) (Stores 2001a).

For children’s deg disturbances, no simple mnsensus exists on hov a slegp problem shoud
be defined or asses=d. A clea definitionwould aid in dstingushing namal variation in sleg
quality from clinicdly significant problems; however two major problems exist: 1) sleging
difficulties include several subcaegories, al of which have diff erent adiologies but potentially
similar consequences and 2) boundxries between namality and pathoogy are vague in many
of the cdegories. The ladk of consensus on a definition for slegp dsorder has been a marked
disadvantage in paediatric slegp reseach and hes likely resulted in investigators applying their
own criteria (Table 3). Although qantifying insomnia, for instance can be @nsidered
arbitrary, only explicit definitions enable reasonable comparisons of results gathered in
different studies. The lack of exad definitions can also lead to misclassficaion kas. For
example, some of the parent-reported dfficulties may represent slegp-related behavioural
problems, such as bedtime resistance, which is not necessrily a sign d insomnia. Making a
distinction ketween a sleg problem/slegp complaint and the caise of the problem, the slegp
disorder, is important (Stores et a. 2001, bu many o the previous gudies on children’s
sleguing dfficulties have simply focused the symptoms.

-12-
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Table 3. Definitions of children’s slegp disturbances.

Reference n Age Inf Method Criteria Prevalence
Archbddetal. 1038 2-14 P PSQ Significant IS: >2/4 1S symptoms 18% significant IS
(2002 (yes/no) 41%any IS
Blader et al. 987 512 P Quest Depends on symptom frequency: 27% bedtime resistance
(1997 bedtime resistance, SOP >3/week 11.3% SOP
Camhi et al. 452 314 P Quest  Current problem with falingadee, 16.8%
(2001 staying aseep or waking too ealy
Johmrsonetal. 822 6,11 P CBCL, SPsometimesor often 6.4% at age 6
(2000 TRF 8.8% at age 11
Kahnet al. 972 810 P Quest Poor dee: deg latency >30min &  14% Poor legp
(1987 >1 awakening >2 times aweek; other 43% Any SP
SPsnot defined

Liuetal. 2004 6-12 P CBCL SPsometimesor often 6.1% troubde seguing
(2000 14.0% too littl e leegp

43.8% any SP
Morrisonetal. 943 15 C Int >1 SPat least 4 times/week 33.4% SP
(1992
Owenseta. 494 4-11 P CSHQ Whether or not the SPrepreents a 37.0% any SP
(2001 problem 15.1% bedtime resistance
Ohayonetal. 3294 15 C Phore DSM IV criteria, not defined exadly 4% insomnia
(2000 21 int 25% some symptoms
Poll ock 13135 5,10 P Rutter  Any deeingdifficulty 22.1% mild
(1999 A (nd/mil d/severe) 1.4 % severe
Ronaet d. 14372 5-11 P Quest Disturbed slegp at night: criesand 1.8 % >1/week
(1999 needs attention 6.4% <l/week
Simondsetal. 309 518 P Quest SP>1time/week 27.6% restlesssleeg
(1982
Zuckermanet 308 0.7,3 P Semistr 8mo: slegponset>1hor 18% at age 8 months
a. (1987 int, waking up >3/timesa nightor any 2% at age 3 yeas

BSQ problem severely disturbing
mother’s dee; 3 yrs. deeponset >1
h or waking at night >3/ week

BSQ Behavioural Screening Questionnaire, C Child, Inf Informant, Int Interview, IS insomnia, CSHQ Children’s
Sleg Habits Questionnaire, CBCL Children’s Behaviour Chedlist, DIMS Disorders of initiating and maintaining
dee, P Rarent, P Parent Slegp Questionraire, Semistr int Semistructured interview, SOP See orset
problems, SPSleep Problem, TRF Teacher’'s Report Form.

In clinicd settings where detailed interviews and various sreening methods are realily
available this may nat be asignificant problem, bu for reseach pupaoses well-establi shed
criteria shoud be developed. Forthcoming studies $ioud therefore am at thorough and
consistent description d the methoddogies and criteria used. Despite the neal for explicit
criteria for “pathologicd dee dsturbance”, slegp shoud na viewed as a biologcd
phenomenon orly. While the biologicd representatives of slegp are dways objedively
measurable, the quality of slegp may na. For the individual with a sleg dsturbance the
problem may be relevant regardless of whether or not objedive findings are made. As a
consequence, PS5, for example, is not recommended for routine evaluation d insomnia
(Littner et a. 2003).

-13-
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4.4 Aetiology of sleep disturbances

Since the dternation d slegr-wake states is a aomplex neuronal process many internal and
external fadors can interfere, impairing slegp quaity. In fad, any fador that adivates the
ascending reticular adivating system leads to an increased arousal level and a deaeased
propensity to fal asleg. Various environmental fadors have been reported to affed see
quality in children. These include noise and household over-crowding (Liu et al. 2000) and the
use of drugs and stimulants (Mick et a. 2000, or alcohd (Tynjda € al. 1999. Moreover,
temporary infedions (Camhi et al. 2000 and chronic physicd ill nesscan impair sleg (Liu et
al. 200Q. Examples include for example asthma (Camhi et al. 200Q Diette @ a. 200Q Stores
et al. 199&), alergies, atopic dermatitis (Dahl et al. 1995 Kahn et al. 1987 198%) and
migraine (Bruni et al. 1997 1999.

Certain behaviours and hebits are dso related to sleg dsturbances. For example, high
quantities of TV viewing and TV viewing at bedtime, have alverse dfeds on slegp (Owens et
al. 1999. Moreover, bedtime resistance (Blader et a. 1997 Smedje @ a. 1998 and co-
degiing (Latz & a. 1999 Lozoff et a. 1984 1996 Madansky et a. 1990 have been
correlated with slegp orset problems. Of 5- to 6yea-olds, 91.46 of night-wakers were
reported to move to their parents bed at night >3 times/week, while only 17.8% of other
children dd so (Smedje & a. 1998. Althoughsome aithors have dted co-sleguing as the
cause of deguing problems (Madansky et a. 1990, findings in crosssedional studies do nd
necessarily imply causality. Co-seguing may be a onsequence of a waking problem (L ozoff
1995.

Among children, social interadion and temperament charaderistics may play a stronger role in
the establishment of sleg quality than among adults. Infant temperament has been asociated
with the propensity to dsplay sleging problems (Scher et a. 1992. In 5yea-old children, an
emotional personality type was asociated with sleg dsturbances (Owens-Stively et a. 1997,
and persistent sleg problems were associated with temper tantrums and maternal ratings of
“hard to manage” (Zuckerman et a. 1987%. In adolescents, neuroticism has been foundto be
closely related to the propensity for disrupted slegp (Gau 2000, whereas good self-perception
was related to higher deg quelity (Tynjdla @ a. 1999. Feas (Blader et a. 1997 and
emotional stress(Verlander et a. 1999 have also bea linked to slegp dsturbarces.

Children's dleg quelity can also be dfeded by poblems in child-parent interadion. All
children with sleg dsturbances and 5®6 of others were reported to have inseaure maternal
attacdhments (Benait et al. 1992. Moreover, materna anger regarding an infant’s demands and
doults abou parenting were orrelated with infant slegp dsturbances (Morrell 1999. In
adolescence sleg dsturbances have been foundto be associated with poa parental and pee
relations (Liu et a. 2000, as well as with poa home amosphere (Tynjda d al. 1999.
Strictness and physicad punishment were dso closely linked to sleging dfficulties (Liu et al.
2000, while laxnessin parenting and ineffedive limit setting were not related to increased
frequency of behavioural sleg disturbances (Owens-Stively et a. 1997.

Finally, maternal psychiatric morbidity has been associated with children’s deg dsturbances.

Maternal depresson (Armstrong et al. 1998 Johrson et a. 200Q Zuckerman et a. 1987 and
mothers affedive problems (Stoleru et al. 1997 are reported to incresse diildren’s deq
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disturbances. Moreover, persistent slegp problems were dosely related to materna affedive
il ness(Stoleru et al. 1997 Zuckerman et a. 1987).

4.5 Methods to measure sleep quality

Two oljedive reseach methods are avail able for studying sleg: paysomnogaphy (PSG) and
adigraphy (ACG). The former is based on EEG rerdings while the later utili zes information
abou motor adivity. Hence, while PSG provides detalled information d the dternations of
sleg-wake states and the five sleg stages, ACG can only give an estimate of sleg quality
(American Sleg Disorders Association 19950, PSG is therefore considered the gold standard
of dee reseach. PSG reardings are usualy dore in a sleg laboratory. In addition to the
EEG measurements, eledro-oculogram, eledromyogram and ECG recordings are obtained
(Himanen et al. 200)). The data is handled in small epochs and wsually scored acarding to
Redhtschaffen-Kales criteria (Redtschaffen et al. 1968. Complete information colleded
thoughthe night is compressed into parameters describing sleg quality. The most common
indication for PSG is a dinicd suspicion d a sleg breahing dsorder (Cheson et a. 1997.
Due to the nature and amourt of information colleded, PSG requires extensive resources and
the scoring d one full night’s data takes several hous.

Polysomnogaphy as a diagnastic instrument in epidemiologica studies of children's dee
disturbances has me shortcomings. First, the instrumentation required makes PSG
impradicd or infeasible in epidemiologicd reseach. Second, as PSG scoring is dependent on
subjedive rating d EEG registration, inter-informant discrepancy can be aproblem (Collop
2002. Third, PSG recordings usualy require astay in the sleg laboratory, which can alter
dee quality. Indeal, thschang in sleging environment has beendescribed to disturb nomal
sleguing habits (often cdled as “first night effed”) of adults (Reynolds et a. 1992 Riecel et 4.
1998 as well as children, particularly youngchildren (Coble & al. 1984). Moreover, some
children can experience the instrumentation and the stay in a dee laboratory as gresgul
(Anders et a. 1995, and may be completely unable to comply with the procedure. Some
people with insomnia can paradoxicdly sleg better in the sleg |ab than at home (Littner et al.
2003). As aresult, a propation d sleg problems may go unciteded in the slegp lab. In fad,
acording to a recant consensus gatement, PSG is indicaed orly for evaluation d seleded
sleg dsorders (Chesonet a. 1997.

The use of adigraphs is based onthe finding that sleg-wake states can be derived relatively
well from variation in motor adivity levels (Littner et al. 2003h. Motor adivity diminishes
when a subjed fall s aslegp and increases again onarousal. An adigraph is a small wrist-worn
(or waist-worn) device that registers and stores data on motor adivity. It courts hits of
acceerations greder than 0.1 gin preset time intervals, usualy in ore-minute eochs.
Different variables describing slegp quality (such as mean diurna adivity, mean nccturnal
adivity, slegp duation, sleg efficiency and sleg latency) can be cdculated from the diurnal
variation d adivity. Althoughslee stages can na be differentiated using motor adivity data,
ACG data and PSG reoordings are otherwise reported to correlate very well in hedthy controls
(de Souza & al. 2003) The minute-by-minute agreament between EEG and adigraphs scoresis
reported to be 91.24 in addescents and 89.%6 in children (Sadeh et a. 1989. In hedthy
adults, ACG data cmmbined with subjedive reports am to generaly correlate well with PSG
findings (Kushida @ al. 2001, Lockleyet d. 1999. A conse@sus report has therefore cncluded
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that slegp quality can le alequately esimated using actigrapls, espedally when combined with
subjedive data (American Sleg Disorders Association 199%; Sadeh et al. 1995a)

Some methoddogicd issies concerning the use of adigraphs deserve comment. First, its
sensitivity in deteding wakefulnessis rather low, makingit lessreliable for deteding disturbed
dee (Littner et al. 2003h). Some subjeds with sleg orset problems can lie quietly in bed for
long periods and can be falsely registered as being asleg by adigraphs. ACG consistently
overestimated seeg qudity in adults with sle@ orset problems (Kushida & a. 200J).
Nocturnal movements can also be misinterpreted as wakefulness(Lockley et al. 1999, leading
to an uncerestimation o sleg quality (de Souza & al. 2003. The acaracy of ACG (defined as
the arrelation between ACG and PSG ratings) appeas to be lower in sleg dsordered petients
than in hedthy controls (Sadehet d. 19959. In fad, ACG is not indicated for routine diagnasis
of any sdee dsorder (Littner et al. 2003f). Sewnd, some inconsistent inter-individual
differences between the crrespondence of PSG and ACG can exist both among children
(Sadeh et . 199%) and among adults (Lockley et al. 1999. Third, the question d how many
registration rights are needed to get reliable sleg estimates is controversial. Althougha recent
review of pradice parameters concluded that three would be the minimum (Littner et al.
2003b, ore study d children suggested that as many as five nights might be necessary (Acebo
et al. 1999. Due to these limitations, ACG can only give an estimate of sleg quality. Despite
this, the simple use of the device has made adigraphs popuar in sleg reseach, espeaaly in
situations where PSG is nat feasible.

The third way to assess $ee quality and quantity isto use subjedive estimates. questionnaires
or interviews. In epidemiologicd studies, this is often the only reasonable dternative. While
questionraires are eay to develop and analyse, this is smultaneously their disadvantage; their
validity and reliability are often poaly charaderized. Subjedive sleg estimates may be
considered too inacarate and urspedfic for reseach puposes, as compared with oljedive
methods. This problem can be cunered using standardized questionraires. Several see
guestionraires aimed for completion by parents have been r@orted and validated, including the
Children’s Sleg Behaviour Scde (Fisher et a. 1989, the Children’s Sleg Disturbance Scde
(Bruni et al. 1996, the Paaliatric Slegp Questionnaire (Chervin et al. 2000 and the Children’s
Sleg Habits Questionnaire (Owens et a. 2000h). However, nore of these questionraires has
been validated against PSG or ACG. Several authors have used either their own, nonvalidated
questionraires (Blader et al. 1997 Kahn et a. 1989h Smedje @ a. 1993, or other
standardized questionreires that include some sleq items, such as the Children’s Behaviour
Chedlist (Johrson et a. 200Q Liu et a. 2000, Rutter A (Pollock 1994 or an undfined
questionraire (Rona & al. 1999. Only one questionreire has been designed to be filled ou by
children themselves (Owens et al. 200).

A disadvantage in using parental reports for studying children’s slegp problems is that parents
may na be aware of their child’s dee quality. Whil e this problem is acknowledged by most
authors (Smedje @ a. 1998 Stoleru et al. 1997, comparisons of reports of sleg quality
provided by parents and children have been rare. Parent’s observations of OSAS were foundto
be neither sensitive nor spedfic in predicting the severity of obstructive sleg apnoeain
children (Preutthipan et a. 200Q. Children’s sif-reports did, howvever, correlate better than
parental reports with oljedive slegp measures and teater’s reports (Aronen et a. 1996
Owens et a. 200@). Mothers (with affedive disorders) ratings of children’s deg problems
were not correlated with any psychiatric symptoms, while dildren’s own ratings of sleg
disturbances were associated with both anxiety and mood poblems (Stoleru et d. 1997)
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In child psychiatry, many investigations have shown that children and parents often dsagree
espedally abou isaues that are dstrad or ambiguous, such as internali zing symptoms (Barrett
et a. 1991 Bird et a. 1992 Grills et a. 2003 Ivens et al. 1988 Puura & a. 199§. To ad
child psychiatric diagnastics, multi-informant approac has recently been emphasized (Jensen
et a. 1999. This approach is considered to deaease false-negative responses and to enable in
more reliable data on the presence of various symptamsto be oliained (Grills et a. 2003) This
might also be true in the case of sleg disturbarces.

However, when informants disagree scoring may constitute asignificant problem (Grill s et al.
2003. In the cae of sleg problems, this problem islikely to be very relevantbecaise notonly
the two informants but also subjedive and ohedive measurements can be discrepant (Littner
et a. 2003, Rosa d a. 200Q Seidel et &. 1984. In fad, subjective perception of insomnia can
be independent of objedive findings (Rosa @ a. 200Q. Moreover, patients with chronic
insomnia had similar daytime sleg tendency to thase withou slegp complaints, and ketter
deg quaity aswciated paradoxicdly with geder daytime dleg tendency. Only the
persondlity profile of subjeds with insomnia was more deviant than that of normal controls
(Seidel et al. 1989.

If amulti-informant approad is seleckd, it should be acaompanied by an eplicit algorithm for
combining information aaoss the methods to guarantee @mparability of results gathered in
different studies. Basicdly, there ae four alternatives to approac this problem: 1) Keeping the
results separate is often the eaiest dternative, bu the most relevant information (the adual
prevalence of the problem) may be missed. 2 Smple aggregation d al positive test resultsis
based on ignarance of discrepancies; the symptom is considered to be present when it is
reported by either informant. The main problem with this approacd is the high nunber of false-
pasitive reports. 3) Inclusion d only consistent information leads to a marked deaease in the
false-positive rate. Clealy, the spedficity (true negative rate) increases, bu at the st of
diminished sensitivity (true positive rate). 4) Seledion d a primary informant (Loeber et al.
1989 resembles the first alternative, but the aiteria for the seledion can be difficult to set.
While comparisons with oljective methods would be useful, they have rarely been made. (Bird
et a. 1992 Loeber et a. 1989

4.6 Prevalence of sleep problems

Sleg dsturbances are anongthe most common complaints throughou childhood.According
to clinicd paediatricians they are the fifth leading concern of parents, following ill ness
feeding, behavioural problems and physicd abnarmalities (Mindell et al. 1994) Different deeg
problems are dharaderistic of different ages, bu sleglesess £ans to be the most common
dee dsorder at all ages (Wiggs et al. 200]). Todders typicdly display behavioura Sleg
disturbances, whereas by schod age, different forms of insomnia, such as prolonged sleg
latency, night waking and ealy-morning waking, pedominate (Blader et a. 1997 Kahn et al.
1989h.

Estimates of the prevalence of different slegp problems have varied largely, particularly with

regard to schod-aged children, ranging from 1% to 42% (Bladeret d. 1997 Kahnet d. 1989k
Rona d@ a. 1998 Simonds et al. 1984 Smedje et a. 1999. As mentioned ealier, these studies
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have had littl e agreement on how to define deep disturbance (Table 3). Studies withou explicit
definitions appea to yield higher estimates of prevalence than those with prease aiteria. It is,
indedl, likely that wide ranges in the prevalence rates refled methoddogicd differences as
well as different cultural perceptions of sleg disturbances rather than true differences in
prevalence A significant limitation d all of these studies is that they have been based on
parental reports aone.

The highest prevalence rates reported for insomnia and parasomnia have been 41% and 38,
respedively, whereas dee-disordered lreahing (11%) and dhytime Seeiness (14%)
appeaed lessoften (n=1038, 214 yeas) (Archbdd et a. 2009. Anacther study found kedtime
resistance to be the most common sleg dsturbance (279%), while slegp orset problems (11%)
and nacturnal awakenings (7%) were more infrequent (n=987, 512 yeas) (Blader et a. 1997.
Of 5-yea-olds, 229 were reported to have asleg dsturbance, which in 1% was charaderized
as svere (n=13135 (Pollock 1994. In a Swedish sample, 26.9%6 of 5- to 6-yea-old children
had sleg orset difficulties, night waking a breahing dsturbances (Smedje & a. 1998. A
larger sample of 5- to 7-yea-olds reveded lower rates. difficulty falling asleg >3 times a
week in 5.8%, night waking in 15.%%, snoring in 7.8% and rightmares at least 1-2 times a
week in 3.1% (Smedje & a. 1999)

Much lower prevalence rates have dso been found acwrding to ore study, dsorders of
initiating and maintaining sleg affeded 1% of children (n=452, 314 yeas) (Camhi et al.
2000, while another reported that 14% displayed slegp walking, 1446 gat too littl e Slegp, 136
slept too much, 12% had nghtmares, 6% had troubde slegoing and 4% had enuresis (n=2004,
6-12 yeas) (Liu et a. 200Q. Sleging dfficulties were reported to affed 6% of 6-yea-olds
and 9 of 11-yea-olds (Johrson et a. 200Q. The lowest frequencies reported for a slegp
problem occurring at least once aweek are 4% for 5-yea-olds and 1% for 9-yea-olds (Rona &
a. 1998.

Slegp dsturbances remain common duing adolescence One third of teenagers reported having
a least one sleg problem more often than four times a week; no dfferences in prevalence
were seen between the genders (n=943, 15 eas). The most common types of problems were
difficultiesin falling aslegp (10%) and staying asleg (2%), ealy awakening (3%) and the need
for more sleg (25%) (Morrison et al. 1992. However, a DSM-1V diagnasis of insomnia was
made for only 4% of adolescents, slightly more often for women than for men. At least one
insomnia symptom (nonrestorative sleg, dfficulties in initiating sleg, ealy morning
awakenings) was reported by ore third of adolescents and daytime sleguinessby 20% (Ohayon
et a. 2000.

The few longtudina studies that have been condiwcted on children's deg dsturbances
indicate that these problems are often persistent. For instance 41% of children with a sleg
problem at the aje of 8 months dill had a problem a 3 yeas (Zuckerman et a. 1987.
Correspondngly, 48.9% of thase with any kind d sleg problem at age 13 continued to have
difficulties at age 15 (Morrison et a. 1999. Studies on preadoescents have, however, yielded
conflicting results. Whil e one study reported that a slegp problem at 5 yeas of age doulded the
risk for a problem at the age of 10 (Pollock 1994, ancther could na establish any conredion
between the ayes of 4 and 16 yeas (Klackenberg 1983. Persistent slegp dsturbances are often
considered more deleterious to development and well-being than transient problems, bu this
hypahesis remains to be proven. Longtudinal studies might also enlighten the caisal
relationships underlying slegp problems and co-existing psychiatric symptoms.

-18-



Review of theliterature

Approximately 30% of Finnish addescents (11-15 yeas) had sleg orset problems at least
once aweek and 3% amost daily. Nealy 20% reported nacturnal awakenings more often than
once aweek (Tynjda d al. 1999. Only 40% of 7- to 12yea-olds went to slegp before 23.00
every night of the week, and 136 of children stayed awake until 01:00 duing weekends.
Moreover, children were ommonly alone & home & bedtimes: lessthan half of the dildren
never went to bed withou parents (parents not at home), and almost 20% of children went to
bed withou parents nore than four times a week (Jarventie 1999)

4.7 Sleep disturbances and well-being

Slee quality is closely related to well-being (Harméa d al. 2000. Children’s slegp disturbances
often acammpany various omatic ill nesses as well as psychiatric and reurologicd disturbances
(Ferber et a. 1995 Stores et a. 200H). Poor sleg can adso have anegative impad on mood
(Poelstra 1984 and behaviour (Dahl et a. 199@), and latent sleg dsorders can in some caes
manifest as psychiatric symptoms (Reite 19998. In adults, daytime sleguiness is related to
impairments in work and social life axd increased psychiatric disorders and risks for motor
vehicle acadents (Ohayon et al. 1997). Althoughsleg dsturbances and sleg deprivation can
affed well-being in many ways, they are two separate amncepts, bah o which are individually
asociated with adverse daytime symptoms. While some slegp problems can lead to sleg
deprivation, sleg deprivation can also be unrelated to the presence of sleg dsturbances,
espedally in children. Inadequate bedtimes are one evident cause of sleep dét.

4.7.1 Effects of sleep deprivation

Among bdh adults and children, sleg deprivation is a widespread problem, which can have
numerous negative nsequences (Dement et a. 1993. Experimental studies on see
deprivationin humans have described bah the functions of slegp aswell asthe dfeds of leg
debt. As reviewed by Lamberg, these studies have roats in the yea 1896, when reseachers
kept subjeds awake for 90 hous, and found ckaeases in sensory aauity, readion time, motor
speaed and memory (Lamberg 1996. Sleg deprivation affeds primarily cerebra corticd
functions (Horne 1985. Changes in brain adivity in resporse to sleg deprivation have been
registered using for example fMRI (Drummond et al. 1999 and PET (Wu et a. 199).
Changes in gene transcriptional adivity in neurona systems that control vigilance and Slegp
are known to contribute to the dfeds of sleg deprivation (Toppla & a. 1999, leading to
reduction in arousal, which in turn can affed many aspeds of behaviour (Bea et a. 200).
Mood alterations, impaired cogritive and motor performance aand hamona changes are
possble sequelaeof sleg deprivation (Horne 200Qn).

Contrary to the ssumption that “sleep is for the brain, nd for the rest of the body’, evidence
has acawmulated that sleg deprivation affeds sveral physiologicd functions and the immune
system (Horne 1988. Hormona changes mimicking those typicd of aging can result from
seg deprivation (Spiegel et a. 1999 Van Cauter et a. 200Q VanHelder et a. 1989. When
sleg was restricted to 4 hous a night for a period d six nights, clea impairment in
cabohydate tolerance (deaeased insulin resporse to ducose), incressed sympathetic tone,
deaeased thyrotropin levels and increased cortisol seaetions were observed (Spiegel et al.
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1999. Slee deprivation can aso affed the cardiovascular system and Hood pesaire (Kato et
a. 2000 as well as vigilance and readion time (Gill berg et a. 1994. As a mnsequence, the
risk for vehicle and work acddents increases (Ohayon et a. 1997. Up to 20% of al car
acddents are estimated to be due to sleguiness (Horne & al. 1999. In contrast, 72hou total
sleg deprivation dd na alter physicd performance measured by a bicycle egometer (Horne
et a. 1989.

Even moderate partial sleg restriction impairs cogntive performance in hedthy adults (Van
Dongen et a. 2003, particularly affeding concentration, verba leaning and memory. For
example, arithmetic performance as measured by a seria subtradion test, was impaired by
sleg deprivation and acompanied by ceaeased neuronal adivity in the prefrontal cortex and
parietal lobe aeas on fMRI (Drummond et a. 1999. Moreover, ore night's complete sleg
deprivation ceteriorated verbal leaning and deaeased adivity in the tempora lobes.
Simultaneous increase in adivity in the parietal lobes was, howvever, associated with better
performance (Drummondet al. 2000.

A relationship exists between memory, espedally memory consolidation and slegp (S nowski
et a. 200Q. In ore study, sleg lossaso affeded temporary memory (recency discrimination
task) but not recognition (distinction between new and previously presented faces) (Harrison et
al. 2000H. Moreover, 3 hous of “early deg” dominated by NREM has been shown to
improved performance in visual discrimination tasks, while “late sleg” had no such effed
(Gais et a. 200Q. Similarly, visua discrimination was found to improve on retest when
individuals were dlowed to deg a leasst one wmplete night between testing accasions.
However, individuals deeg-deprived after the first test occasion and then allowed to sleg as
much as they wished showed no improvement (Stickgold et al. 2000)

As regards cogritive performance, sleg deprivation can at first be rather well tolerated among
adults (Horne 1988. There is me evidence that long, tedious cognitive tasks with alow load
are most sensitive to sleg deprivation (Horne 200(), while motivating tasks or use of
stimulants, such as cdfeine, can mask the sleginess (Horne 1988. Complex, rule-based
convergent and logicd tasks are often ureffeded by short-term slegp deprivation bu dedsion
making concerning something urexpeded o nowvel can still be impaired (Harrison et al.
200(). In addtion to deeg dudaton, sleg continuity is important for aertness Sleg
fragmentation can have averse dfeds smilar to those of Slegp deprivation, including
deaements in psychomotor performance cogntive function and mood (Stepanski 2002.
Performance on simple mathematicd tasks has been shown to be dependent on the number of
dee dsruptions per night (Bonnet 1985 Downey et al. 1987%.

Sleg loss aso has deleterious effeds on psychoogicd well-being. The most predictable
consequence of sleg deprivation is deginess which can be mnsidered a physiologicd
readion. Daytime deepiness in adults affeds deleteriously work and socia life aad hes
negative socio-eanamic impad (Ohayon et a. 1997. Approximately 20% Finnish children
reported daytime slegoiness Sleg dsorders, irreguar segping hebits, somatic ill ness and
depresson were most predictive of daytime sleguiness whereas the influence of life habits was
small er that was expeded (SaaenpaaHeikkilaet d. 2000)

Cumulative partial sleg deprivation (experimental reduction d total slegp time by 3346 to an

average of 5 houg/night) has been reported to induce fatigue, confusion and tension and to
increase scores of total mood dsturbance slegpiness mood alternations (tension-anxiety,
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bewil derment-confusion and vigou) and performance deficits, which continued beyond the
restriction period o 7 days (Dinges et a. 1997. Mood is adso dten affeded by poa Seg
(Poelstra 1984). In children, fedings of anxiety and degpresson are more common in those who
dee lessas compared with those with longer sleg duations (Sadeh et a. 1995h Wolfson et
al. 1999. Importantly, tregament of obstructive sleg apnoea ca result in significant
improvements in psychologicd and cogntive measures (Ali et a. 1996 Engeman et a. 2000
Lewin et a. 2002, suggesting a caisal relationship between the daytime symptoms and the
underlying slegp dsorder.

Very few experimental slegp deprivation studies have been conduwcted among children. Two
such studies aimed at deteding cognitive sequelae of sleg deprivation. The first showed that
one night's complete sleg loss had similar effeds in children (aged 11-14 yeas) to those
previously shown in adults (Carskadonet a. 198)). Later partial sleep restriction was foundto
lead to impaired cogntive functions in verba credivity, abstrad thinking and concept
formation. Routine performance (e.g. mean scores in visual, verbal and leaning tasks), onthe
other hand, was maintained even after one full night’s deep restriction (Randazz et al. 1998.
Recantly, shorter leg duration has been demonstrated to be related to poaer performance on
short-term memory tasks (Steerari et d. 2003)

Some diildren’s gudies indiredly suggest that bath sleg deprivation and sleguing problems
are sciated with poaer acalemic performance The less children slee, the lower their
schod performance (Wolfson et al. 1999. Slegp-disordered breahing and snoring have dso
been related to inferior acalemic performance (Gozd 1998 Gozd et a. 200]). Moreover,
some evidence indicates that untreaed OSAS can lead to permanent neuropsychologicd
deficits (Gozd et a. 200)). The developing krain may thus be espedally vulnerable to the
deleterious effeds of slegp deprivation.

4.7.2 Somatic illness and sleep

A considerable propation d children with dsturbed slegp have medicd condtions that can
predispose to slegp dsruption. Sleg dsturbances at age 10 were mainly correlated with
somatic symptoms (Pollock 1994. Somatic condtions associated with dsturbed slegp include
such infedions as aaute respiratory illness (Camhi et a. 2000, nocturnal hypodycaemic
episodes (Matyka & al. 2000, perception d pain and chronic pain syndrome (Lewin et al.
1999 and enuresis (Liu et a. 200Q. Atopic diseases, such as cow’s milk alergy (Kahn et al.
1987, and atopic skin dsorders (Dahl et a. 1995 have been linked with slegp impairment in
children. The authors geaulated that metabolic changes or the physicd discomfort caused by
the intolerance might explain the relationship. Asthma has also been associated with sleg
disturbance, an increase in psychodogicd symptoms and a deaease in schod performance
(Camhi et al. 200Q Diette @ al. 200Q Stores et a. 199&), adthough contradictory findings
have dso been reported (Tirosh et al. 1993. However, this latter study concerned very young
children (aged 4-48 months) and was based orly on prental perception d nocturnal
awakenings, which isasignificant limitation.
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4.7.3 Neuropsychiatric disorders and sleep

Severa neurologicd disorders are asciated with sleg dsturbances (Zucconi et al. 2007).
Such a link exists between deg and attention deficit and hyperadivity disorder (ADHD)
(Chervin et a. 1997 20023, Dagan et d. 1997 Marcotte @ a. 1998 Stein 1999, autism
(Diomedi et a. 1999 Elia & a. 2000 Hering et a. 1999 Patzold et al. 1998 Richdale 1999
Schredk et a. 200Q Taira @ a. 1998, Asperger syndrome (Patzold et a. 1999, Tourette’s
syndrome (Dahl et a. 199@), neurona ceroid li pofuscinoses (Kirveskari et al. 2000, epil epsy
(Stores et a. 199&) and leaning and/or motor disabiliti es (Jan et al. 199§. Epil epsy increases
the risk for sleg disorders but also constitutes an important differential diagnastic dternative
(Stores 2001c). Sleg disturbances in these syndromesedikely to have a multifadorial origin.

ADHD is a aommon reuropsychiatric disorder in which sleg dsturbance frequently occur.
Severa questionnaire-based studies have reported increased rates of various deg problems
among children with ADHD (Chervin et a. 1997 Marcotte @ a. 1998 Owens et a. 200G
Stein 1999) ADHD patients also display more instability in their seeping patterns han ledthy
children (Gruber et al. 2000Q. However, a recent questionraire study reported that ADHD-
related dyssomnias were adualy more highly correlated with various confoundng fadors,
while differences in slegp quality were inconsistently related to ADHD status (Corkum et al.
1999. Similarly, in ancther study, no significant asociations between ADHD and see
disturbances were found after controlling for co-morbidity (Mick et al. 200Q. Nevertheless
both of these studies were based on mrental slegp questionraires, which may have biased the
results. Findings of the few deg studies using ohedive screening methods have been
conflicting. One study foundthat ADHD patients had no geaer sleging dfficulties based on
a parental questionraire than controls, bu had significantly more ACG-registered sSlegp
impairments (Dagan et a. 1997%. A PSG-based study, by contrast, found no dferences in
sleg architedure between ADHD subjeds and controls (Lecendreux et a. 200Q.

Traditionaly, the behavioural disorder has been thouglt to evoke the slegping and settling
problems, but suggestions have dso emerged that the behavioural symptoms might adually be
a mnsequence of an urrecgnzed slegp disorder. This is becaise the mre symptoms of the
disorder (inattention, hyperadivity) are dso well-known sequelae of sleg deprivation in
children. For example, aimost one third of children with snoring a OSAS are hyperadive and
inattentive, condtions which are aneliorated by adequate treament of the sleg disorder (Al
et a. 1996 Engleman et a. 200Q Lewin et a. 2003. Children with certain parasomnias also
tend to have problems with oweradivity and concentration (Chervin et a. 2002h. Even in
normative samples, sleg problems are significantly correlated with hyperadivity (Liu et al.
2000. Recant studies have shown that a significant number of ADHD children have OSAS
(Chervin et a. 1997 2002h, and up to 80% of ADHD children with habitua snoring
(approximately one fourth of all children with ADHD) were estimated to benefit significantly
from adequate treament of the w-existing sleg disorder (Chervin et a. 1997). However, a
recent review concluded that because most of the previous gudies investigating the cnredion
between segp and ADHD had naable methoddogicd limitations, thus produwcing partly
contradictory results, the diredion d causality is gill unclea (Corkum et a. 199§. Whether
the dleg problems in ADHD are primary or secondary remains to be determined in further
studies.
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Autism is a rare developmental disorder charaderized by impaired social abiliti es, language
delay and varying degree of psychomotor retardation (Filipek et a. 1999. Up to 6% of
autistic children are reported to have sleg disturbances (Diomedi et a. 1999 Elia & a. 200Q
Hering et a. 1999 Patzold et al. 1998 Richdale 1999 Schred et a. 200Q Taira & al. 1998
Takase d@ a. 1998. These problems are usualy with slegp orset and maintenance, and the
frequency of parasomnias is not increased (Patzold et al. 1998 Richdale 1999 Schred et al.
200Q Taira @ a. 1999. However, contradictory findings have dso been made. For example,
in an ACG-based study, no dfferences in dleg quelity were found ketween autistic children
and controls. The aithors suggested that parental over-sensitivity may acourt for reports of an
asociation between sleg and autism (Hering et al. 1999. Nevertheless it is aso naeworthy
that the \alidity of ACG is lower in patient samples (Littner et a. 20031).

Asperger syndrome (AS) also belongs under the autistic spedrum of diseases. It is though to
be a multifadoria disorder, the development of which has genetic, neurologicd and
sociocultural comporents (Gill berg 1995 Nieminen et al. 200Q. The prevalence of AS has
been estimated to be 0.4-0.7%6 (Ehlers et al. 1993 Kadeg0 et a. 1999. ASis charaderized by
significant difficulties in social relationships, verbal and bdh fine and grossmotor deficits, and
bizarre and circumscribed targets of interest (Fili pek et al. 1999 Gill berg 1995 Nieminen et al.
200Q Volkmar et a. 200Q. Poor nonverbal communication skill s and qualit ative impairments
in socia interadion are esential feauresin AS, while language delay does not belong to the
symptom profile. Normal intelligence quaient is required (Fili pek et al. 1999. Psychiatric and
neurologicd problems, such as ADHD and depresson tend to co-exist in AS patients (Gill berg
et a. 2000Q. Generdly, people with AS, manage fairly well in namal life, bu the risk for
marginali zaion is considerable (Gilchrist et a. 2001 Green et a. 2000Q. Hence, suppative
treament and rehabilit ation are often neaded (Nieminen et al. 200Q. From the dinicd point of
view, sleg dsturbances are typicd among people with AS, bu studies are few (Godbou et al.
200Q Patzold et al. 1999. Sleg dsturbances, such as deq orset problems and nacturnal
awakenings, manifest at a young age and wualy persist for long periods. Moreover, for
reasons that are nat completely understood, these seg disturbances can be resistant to
treament: behavioural modfications for example, are often ineffedive.

4.7.4 Psychiatric symptoms and sleep

In recent yeas, an increasing nunber of studies have reported associations between children’s
sleg dsturbances and various psychiatric symptoms, including dgpresson and bkehavioural
problems (Aronen et al. 200Q Chervinet al. 1997 Corkum et a. 1998 Dagan et al. 1997 Dahl
1998 Marcotte @ al. 1998 Morrison et a. 1992 Smedje d@ al. 200). Post-traumatic stress
disorder and abuse (Glod et al. 1997 have dso been linked todisturbed slegp. A sleg disorder
isin fad a dassc symptom of mgor depresson and past-traumatic stressdisorder. Poor sleg
has adso been associated with mood alternations and irritability (Dahl 1996 Sadeh et al.
19950. Moreover, low self-estean (Sadeh et al. 19951, anxiety (Johrson et a. 200Q
Morrison et a. 1992 Sadeh et a. 19950 and feas (Dollinger et a. 1999 have been foundto
be related to sleging dsturbances. Even shortened sleg duation hes been associated with
mood alterations, depressve fedings and anxiety (Wolfson et a. 199§. Finaly, it is worth
nating that sleg deprivationis also used in the treament of depresson, resulting in beneficial
changes in approximately half of the patients (Giedkele 2002 Wirz-Justiceet d. 1999)
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In adults, sleg impairment has been strongy correlated with poa self-estimated hedth, and
approximately 40.4% of those with insomnia dso have a psychiatric disorder (Ford et al.
1989. Among addescents, 676 of those with insomnia (or multiple slegp complaints) have
clinicdly significant anxiety disorders or depresson, as defined in the DSM Il (Morrisonet d.
1992. On the other hand, 73.276.3% and 67.677.48% of patients with an anxiety disorder or
depresson, respedively, have reported insomnia (Ohayon et al. 2000, and 73% of depressd
adolescents complain of insomnia and 25% of hypersomnia (Ryan et a. 1987) As manyas 30-
40% complain of severe insomnia and extreme daytime fatigue (Dahl et a. 199(&). EEG
studies of depressed addlescents have, however, yielded controversia results. For example,
prolonged sleep latency and reduced REM latency have been reported in depressed adolescents
(Dahl et a. 1996) bu the abnomalitiesin deep achitecure sean not to be as consstent (Dahl
et a. 1990h Dahl et al. 1991h asthose reported in adults (Riemann et al. 2007).

Persistent sleg problems are sometimes considered most harmful to children’s well-being and
development, whereas temporary problems are though to be of minor significance However,
only a few studies longtudinaly examined the asciation ketween troude seguing and
internalizing symptoms in children. In a receit study, parental reports of child’'s dee
disturbances at age 6 were not linked to increased incidence of depresson at age 11 (Johrnson
et a. 2000). However, a onredion was found letween sleg dsturbances and simultaneous
anxiety/depresson at 11 yeas. According to maternal reports, the risk was amost 7-fold.
Similar results were reported in ancther study (Stoleru et al. 1997. Interestingly, insomnia
seans to be asignificant predictor of maor depressve disorder in youngadults (Ford et al.
1989. Thaose with complaints of insomnia had an aimost 40-fold risk for developing maor
depresson. Another study reported that individuals with alifetime history of insomna had &-
fold risk for major depresson (Breslau et al. 1996. A PSG-based study also lent suppat to
these findings; adolescents at risk for developing major depresson had precading aternations
in REM sleg architedure (higher density of REM and reduced REM latency) (Rao et al.
1996.

A growing amourt of evidence suggests a onredion bketween deeg and externalizing
problems. Questionraire-based studies have shown significant correlations between conduct
disorder scores and reports of sleg problems (Morrison et a. 1992 Owens-Stively et al.
1997. Objedive NREM changes have dso been found in preaddescents with conduct
problems (Coble @ a. 1984). Moreover, children with OSAS and co-morbid bedtime
resistance have been reported to dsplay more externalizing symptoms than those with pue
OSAS or no sleg dsturbance 4 all (Owens et a. 199§. Althoughthe aithors siggested that
co-morbid behavioural sleg dsorder might have asignificant effed on daytime behavioural
consequences, their finding can also imply that bedtime resistanceis a particular manifestation
of the (primary) condwt problem, becaise the pure OSAS group dd na have an increased
number of behavioural problems.

A limited amount of reseach is avail able concerning causality between sleg and psychiatric
problems. Clealy, slegp dsturbances can refled underlying psychiatric disorders, bu slee
quality may also be eaily affeded by various adverse psychasocia fadors. On the other hand,
sleg dsturbances, or at least leg deprivation, can manifest as psychiatric symptoms (Reite
1998. Sleep dsorder is apotentia adiologicd fador in psychiatric problems. For example, in
many cases with ADHD the sle@ impairment is mndary, bu sleg deprivation can aso
cause problems smilar to those in ADHD. A similar relationship seems to prevall between
deg and depresson. Subjedive sleg complaints often acompany depresson, bu sleg
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deprivation can aso produwce symptoms typicd of depresson. The finding that See
disturbances can precale development of major depresson (Ford et al. 1989 makes it
tempting to speaulate that in some instances deeg debt can induce mood changes which
eventually lead to orset of amajor depressve disorder.

4.8 Treatment of sleep disturbances

Various methods have been used to trea children’s deg dsturbances. These include slegp
hygene, bright light therapy, coursdlling, avoidance of fadors that adversely affed see
quality, behavioural therapy, melatonin therapy, pharmaaotherapy, adenctonsilledomy and
positive presaure oxygen treament. Spedfic slegp dsturbances usualy require spedfic
treaments: obstructive sleg apnaceg for instance, can be treded by a positive presaure oxygen
mask or by tonsill edomy. Children’s primary sleg dsturbances are, however, mostly treaed
by behavioural interventions, suppative methods and coursdlling. If seeguing dfficulties
originate from short-term stressfadors or anxieties, the duration d problems is usualy brief
and no spedfic treament is neaded (Anders et al. 1997 Dahl 1992 Minddl et al. 1993
Ramchandani et al. 200Q Stores 1996.

Severa types of drugs are aurrently available to trea both children’s and adults dee
disturbances. According to ore study, sedation is the most common treament for children’s
seg dsturbances (Ramchandani et a. 200Q. Up to 14.8 of American padiatricians
prescribe pharmaalogicd treaments for sleg dsturbances despite data indicatiing that such a
pradiceis often either uselessor completely contraindicated (Mindell et a. 1994. Medicdion
can na be considered the primary alternative for adults or children because of its potential
side-effeds and the risk for developing an addiction. As far as children are wncerned, the
indications for use of medicaion are even more limited than in adults. First, the dfeds of
psychotropic substances on the developing brain are unknown. Second although te short-term
efficagy of drug treament has been foundto be similar to that of behavioural methods, when
longterm efficagy was asses=d it was worse (Ramchandani et al. 200Q. Third, the results
have mainly been based on studies with mgor methoddogicd wed&knesses, such as gnall
sample sizes, heterogeneous patient popuations, poaly defined oucome measures and non
blinded settings (Owens 2000. New alternatives for the treament of severe slegp problems
with lessside-eff eds and goodtolerability are thus clealy needed.

Melatonin hes recently gained much interest among reseachers and clinicians becaise
paeliatric data on this hormone seaeted by the pined gland (Bergstrom et al. 1998 Zhdanova
et a. 1997, suggests high therapeutic potential with no side-effeds (Gordon 2000 Jan et al.
1996. While melatonin in animals affeds reproductive performance, its primary function in
humans is not completely known (Brzezanski 1997). It appeas to participate in circadian
organizaion and regulation d diurnal rhythms (Arendt et al. 1999 Bergstrom et al. 1998
Kayumov et a. 2000, Zhdanova d a. 1997. During childhoodmelatonin levels drop by 8%,
but in prepubertal children levels seam to beregulated by maturation and nd chrondogicd age
(Bergstrom et a. 1998 Sdlti et a. 2000. Exogenous melatonin has a slegp-promoting effed,
and hence, it isused to trea various deg dsorders (Arendt et al. 1999, particularly circadian
phase disorders (Lewy et a. 1996. Administration d melatonin in low doses (0.5-3 mg) has
been reported to deaease sleg latency and improve seg quality in elderly people with
chronic insomnia (Garfinkel et a. 1999 and in patients with DSPS (Dagan et a. 1998
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Kayumov et a. 2001 Lewy et al. 1996 Nagtegad et a. 1999. Melatonin has been speaulated
to have longterm eff eds even after brief use (Masters 1996, bu 91.5% of patients with DSPS
have been reported to hawe a elapse dter discontinuation (Daganet d. 1999. More studies are
therefore neaded to determine the optimal length of treatnent.

As simmarised in Table 4, severd melatonin treament studies in children have reported
beneficia effeds of the hormone (Akaboshi et al. 200Q Dodge @ a. 2002 Etzioni et a. 1996
Hatonen et a. 1999 Hayashi 200Q Jan et al. 1996 Jan 200Q Lapierre @ a. 1995 Masters
1996 Miyamoto et al. 1999 Pillar et al. 199&; Pill ar et al. 200Q Robertson et a. 1997 Smits
et a. 2003 Yamashita € al. 1999 Zhdanova d al. 1999. A recat review has concluded that
melatonin offers a promising alternative to trea children’s deguing dfficulties (Gordon 2000.
The only study with negative results concerned infantil e neuronal ceroid li pofuscinosis patients
and was limited by a small sample size (Hatonen et a. 1999. Side-effeds of melatonin have
rarely been found, dthougha 14-yea-old grl was reported to suffer from drowsiness and
dizziness after taking an owerdose (24-36 mg) (Baentine @ a. 1997. Animal studies have,
however, suggested that melatonin might have negative dfeds on pukertal development or
reproductive function, and therefore it shoud be noted that its longterm safety has not been
established in humans athoughits aaute toxicity is remarkably low (Arendt 1997 Weaver
1997).
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Table 4. Melatonin treament studies in children.

Reference Setti Age n Patient group Dose Side Outcome
ng (y) (mg) effeds

Akaboshietal. CR 5 1 Mentally retarded 075 2 Marked improvement
(1999
Dodce et RC 1-15 20 Developmental 5 None Reduced dee latency
al.(200) disabiliti es
Etzioni et al. CR 14 1 Pined tumour/ 3 ? Marked improvement
(1999 melatonin deficiengy
Hatonen et oT 5 INCL 25,5 None Only subjedive
al.(1999 improvement
Hayashi et al. CR 14 1 Autism 6 None Sleep latency
(2000 diminished
Horrigan (1997 CR 17 1 Asperger syndrome 3 None Marked improvement
Janeta. (199 Rev 0-21 100 Developmental 25-10 Nore Marked improvement

disabiliti es in 80%
Jan (2000 OT 1-11 10 Handcaped with 3 None Dramatic resporsein

circadian rhythm 80%

disorders
Lapierre et CR 5 1 Blind and retarded 0.5 None Sleep wake rhythm
a.(1995 normalized
Masters (1999 CR 20  Psychiatric disturbances 3-6 All improved markedly
Miyamotoetal. CR 4,10 2 Rett syndrome 35 None Marked improvement
(1999
Pillar et al. CR 13 1 Psychomotor retardation 3 ? Marked improvement
(1998
Pill ar et al. OT Avg8 5 Psychomotor retardation 3 None Marked improvement
(2000
Robertsoneta. CR 10 1 Bipolar disorder 12 ? Marked improvement
(21997
Smitset al. RC 6-12 62 Seeonset 5 Dizziness Marked improvement
(2003 insomnia mood

appetite
changes

Zhadanovaetd. OT 2-10 13  Angelman syndrome 0.3 None? Marked improvement
(1999
Yamashitaetd. CR 10 1 Rett syndrome 3 ? Marked improvement
(1999

CR Cas report, RCT Randamized ontrolled study, OT Open trial, Rev Review.

The dfeds of melatonin have been reported to be immediate (Etzioni et al. 1996 Horrigan et
al. 1997 Pillar et al. 199&), in at least half of the caes (Jan et al. 1996. While discontinuing
the medicaion may lea to reaurrence of slegp problems (Horriganet d. 1997; Miyamoto et al.
1999 Robertsonet al. 1997) long-term treatrrent is often succesdul (Jan et al. 1996 Jan 200Q
Miyamoto et a. 1999. Speaulations have, however, arisen abou whether melatonin is
beneficial withou substantial control over behavioural slegp routines, such as avoidance of
napping, and standard bedtime rituals (Lord 199§.
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5. AIMS OF THE STUDY

The study oljedives were as follows:

1. To estimate the prevalence of slegp dsturbances in schod-aged children, as reported by the
children and their parents.

2. To evauate the course of sleg problems during a4-yea follow-up.

3. To estimate the @rrespondence between children’s and parents’ reports, and to establish
how to best screen for legp problems.

4. To assessrelationships between slegp dsturbances and psychiatric syndromes, particularly
to determine how much slegp dsturbances increase risk for significant mental hedth
problems.

5. To assss whether melatonin is effedive in treding seg problems in children with

Asperger syndrome. A spedfic am was to determine whether improvements in behaviour
and well-being accur in conjunction with amelioration d sleg disturbances.
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6. SUBJECTS AND METHODS

Threedifferent samples were used. First, the goidemiologicd sample mnsisted of nealy 6000
children (aged 89 yeas). Thase who were from the Helsinki area were followed up for 4
yeas. Sleg problems were asesd acording to parents' and children’ s reports, and teader’s
reports were used as an independent information source on children’s behaviour (1-111).
Sewond, a sample of 61 children (aged 7-12 yeas) from ordinary schods was colleded.
Structured child psychiatric evaluation methods and two sleg questionraires acampanied by
adigraphic measurements were gplied (1V). Third, the usefulness of melatonin in treament
of long-standing slegp disturbances in patients with Asperger syndrome (aged 517 yeas) was
asessd (V).

6.1 Subjects

The first part of the study is part of the popuation-based epidemiologicd multicentre study
(including al five University Hospital districts) on childhood sychiatric morbidity (the
“LAP&ET” study) in Finland. In this reseach projed, al children with Finnish as their
materna tonge (93%) who were born in 1981and registered in a school district constituted
the sampling frame (n=60 007. A randam sample of al schod districts in Finland was drawn,
and children in the sdleded dstricts constituted the primary sample. Severely mentally
impaired children were excluded. The total number of eligible cildren was 6017, constituting
approximately 10.0% of the age what in the cuntry. The participation rate was very high;
questionraires were obtained from 5813 children (96.6%), while 2.2% failed or refused to
attend and 1.26 could nda be tradked dowvn. The fina sample consisted of 2946 boy (50.7%6)
and 2867 grls (49.3%). The socio-eanamic distribution and the demographic charaderistics
of the families were similar to those of the whaoe popdation in Finland, making the sample
highly representative (Almqvist et a. 1999.

In the follow-up study, orly children from the Helsinki area were ansidered. The initial
sample size was 1320, which was approximately 8% of the respedive aye what of the aea
The dildren were first assesed at the age of 8 yeas as described abowve, and the seaond
asesgnent took dace4 yeas later, at the age of 12 yeas. A small propation d the families
(n=30, 2.3%) refused to participate or could nd be located at the seaondtime-paint, therefore,
questionraires were alministered to 1290subjeds, including 661 bog (51.3%) and 627 grls
(48.7%).

The second sample included 61 hedthy vduntees aged 7-12 yeas from ordinary schods in
the Helsinki areawho were reauited by advertising at schods. All consenting children in the
target agegroup were digible for the study. Written informed consent was obtained from both
the children and the rents.

In the third sample, children with Asperger syndrome were studied. The subjeds were obtained
from the Asperger patient database of the Child Neurology Unit at the Helsinki University
Central Hospital and the Helsinki Asperger Centre. The initial sample consisted of 68 children
aged 517 yeas with a @onfirmed dagnasis of Asperger syndrome, who had been sent for
asesgnent by a child neurologist. The diagnoses had been set acwrding to criteriain the DSM
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IV by an experienced child neurologist. One family could na be tracked down, bu all of the
other parents and children were sent a letter describing the study protocol, two basic leg
guestionraires and a set of badkground questions. Participants in the melatonin trial were
seleded onthe basis of this initial screenig.

6.2 Questionnaires

Children’s Depresson Inventory (CDI) was used as a self-report questionraire (Kovacs 1985.
It is awidely used and standardized measurement scde of childhood @presson consisting o
27 items with three dternative statements of differing severity. Items are rated on a 3-point
scde. From the Finnish version, ore question concerning suicide was excluded for ethicd
ressons (it was thougt to evoke worries/anxiety in children). Four questions concerning
somatic symptoms, and ore question concerning bulying were addel.

Rutter A2 scde (RA) for parents comprises 36 statements 19 d which concern child's
behaviour and psychiatric symptoms with three resporse options of differing severity (“does
nat apply”, “applies smewhat”, “certainly applies’) (Rutter et al. 1970) Seven sleepquestions
areincluded onthe RA. One question concerning bulying was added.

Rutter B2 scde (RB) for schod teaders includes 26 items concerning child’'s behaviour, and
problems (Rutter et al. 1970. Three resporse options of differing degree (“does not apply”,
“applies mewhat”, “certainly applies’) are provided. One item concerning bulying was
added. The 26 aiginal items are summarized and the total score is recorded. Children with a
total score over 9 are mnsidered to have aprobable psychiatric disorder. Instead of using the
Rutter's original sum-scores, we dedded to perform fadorial analysis to generate new
independent scores. This was dore becaise the original scde was rather old, and the symptom
profile culd have dhanged ower the yeas. All itemsin the RB with threeresponse options for
psychiatric symptoms (items 1-27) were submitted to maximum-likelihood fadorial analysis,
followed by Varimax rotation. Four fadors were etraded: externalizing behaviour,
internalizing kehaviour, hyperadivity and schod refusal. Fador scores were cdculated by the
regresson methodand included all items(l1).

Children’'s Behaviour Chedklist (CBCL) is a parental questionreire aou various child
psychiatric symptoms. It consists of 113 questions with threeresponse options. A total score
and eight subscores (withdrawn, somatic complaints, anxious/depressd, socia problems,
thought problems, attention poblems, delinquent behavior, aggressve behavior) are
cdculated. The first three onstitute the internalizing score, and the last two the externaizing
score. The aut-off limits for borderline and deviant behaviour have been previously defined
(Achenbach 1991). The CBCL has been validated in dfferent courtries and is widely used as
ascreeninginstrument (Berube et d. 2001). h Finland, the \alidation process isongang.

Teaders Report Form (TRF) is a standardized, well-documented questionraire on children’s
behavior and mental hedth. A total score, internalizing and externalizing scores and eight
subscores (withdrawn, somatic complaints, anxious/depressed, social problems, though
problems, attention poblems, delinquent behaviour, aggressve behaviour) are extraded. The
cut-off values for deviant and baderline behaviour have been previously defined (Achenbach
1991h. The TRF is awidely used and validated child psychiatric measurement scde (Berube
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et al. 200)). Here, to assessrisk for deviance TRF scores were dichotomized using the ait-off
value for borderline behaviour. If missng cata on the TRF excealed 20% on any sum score,
that score was coded as missng, dherwise missng values were replacal by the mean score for
the remaining items in the same ¢egory.

The sleg questionnaires used were the following: Children’s Self-Report Form (CSRF)
completed by the dildren themselves, Teader's Questionraire (TQ) completed by the
teaders (Owens et al. 200@) and Slegp Disturbance Scde for Children (SDSC) completed by
the parents (Bruni et a. 1996. Karolinska Sleguiness Scde (KSS was used to evaluate
daytime sleepiness (Gillberg et a. 1994. Slee logs (SL) were used for three ©nseautive
nights during the adigraph measurements.

In the first sample, the CDI, RA, RB, CBCL and TRF were used. In the second sample, the
CDI, CBCL, TRF and SL were used. In the third sample the CDI, CBCL, KSS CSF, SL, TQ
and SDSC were used.

6.3 Definitions of sleep problems

Slegp questions on the CDI, RA and CBCL were used in the goidemiologicd study. The CDI
gives children the following three resporse options: “I sleg pretty well”, “I have troude
slegping many nights’ and “I have troulle slegoing every night”. In the RA, the parents are
questioned: "is there any slegping dfficulty?” and the resporse options are “na’, “yes mild”
and “yes svere”. The seg question in the CBCL (item 100 asks “(are there) sleging
problems?” and resporses are “does not apply”, “applies smewhat” and “certainly applies’.
The two dleg questions (in the RA and the CBCL) are highly similar, and the wording d the
items is amost identicd. However, becaise the given response options are slightly different,
bath answers indicaing the presence of a sleg problem were condensed into a “problems”
caegory. Belongng in the “no slegp problems’ group were dl children for whom neither
informant had reported sleg dsturbances (n=3856. The “mild problems* group consisted of
cases with either or both informants reporting mild slegping poblems (n=1515, while the
“severe problems* group included thase for whom at least one informant had reported severe
problems (n=302). Finally, children with no o mild slegp problems were combined, leaving a
dichotomous variable. Both informants were mnsidered equally important, becaise there wasa
marked disagreement between children’s and parent’s reports of slegp. Approximately 95% of
severe sleging problems were reported by the dild alone, with oy 0.3% (n=17) of parents
reporting severe sleg dsturbances in their children. A persistent slegp problem was defined as
asleg problem reported by either the parent or the child at both 8 and 12 yeas of age.

6.4 Actigraph measurements

Sleg quelity was asessed using adigraphs (American Sleg Disorders Asciation 199%).
Mini-motionlogger adigraphs (Ambulatory Monitoring Inc, New York, USA) were used. In
one ACG-based study (1V), the adivity monitor was worn at the waist in a small pouch
attadhed to a belt, and in the other study (V), it was worn on the nondominant wrist. It is
noteworthy that adigraphs-based slegp measurements have been validated against PSG only

-31-



Subeds and methods

for wrist-worn adivity monitors, and a recent consensus report stated that superiority of
adigraphs placanent has not yet been established (Littner et al. 2003h. Ancther report has,
however, shown that wrist- and waist-worn monitors give highly correlated results (Paavonen
et al. 2009.

The parents kept logs of monitor removal times, bedtimes and waking times, and were
instructed to report as the bedtime the time when the dild had finished reading a playingin
bed, and was planning to go to sleg. Activity data were mlleded for continuows 72-hour
periods on adinary schod days (IV-V). This is generally considered sufficient (Littner et al.
2003, although some evidence suggests that 5-7 days might be required to get reliable
estimates of slegp quality (Acebo et a. 1999. However, the authors had naed that the most
common reasons for varying sleg parameters were ill ness participant noncompliance and
technicd problems, nore of which constituted a problem here. llinesswas excluded when the
measurement was initiated, and if a dild becane ill during the measurement period, the
respedive nights were excluded from further analysis. Compliance was high, becaise the study
included ony children who wanted to participate. Technicd problems, such as monitor fail ure,
did na occur during the measurement periods. However, a few nights were excluded from the
analyses becaise of the inacaracy of the sleg log kept by parents. “First night effed” may
have mntributed to the findings of rather low slegp efficiency and shoud be taken into acoun
in forthcoming studies.

Raw adivity data were analyzed using ACT2000and AW?2 software (Ambulatory Monitoring
Inc., New York, USA). Data were first inspeded for acaracy in reported bedtimes and waking
times as well as monitor removal periods. If any obvous discrepancy was observed between
the adivity data and the reported bedtimes, the night in question was excluded from further
analysis. Sleg estimates (sleg duation, sleg efficiency, sleg orset latency, number of
awakenings) were derived using the Sadeh sleg algorithm and were based on total adivity
courts obtained duing 1minute gochs (Sadeh et a. 1989. The down period was defined
acording to parental reports. The parameters used were sleg efficagy, number of awakenings,
see latency, nacturnal adivity and total slegp time. The data were averaged aaoss the
measurement days and then subjeded to further statisticd analysis.

6.5 Study protocols

The epidemiologicad sample was initially reauited in 19891990(T1) and followed upin 1994
(T2). At T1, the evaluation d children’s behaviour, emotions and slegp included administering
the RA scde for parents, the RB for teaders and CDI for the children. The dildren fill ed ou
the questionraires at schod, and parents questionraires were sent home, and asked to be
returned to schods. At T2, asimilar protocol was used, but children’s symptans were assessl
using the TRF, CBCL and CDI.

The semnd and third samples are questionnaire-based studies that include adigraph
measurements. In the former, al eligible dildren perticipated ACG measurements during
ordinary schod week and the questionnaires were fill ed ou during the measurement period. In
the latter, al parents and children were sent a letter describing the study protocol, and the two
questionraires (CSRF and SDSC) and a set of badkground questions concerning slegoing
habits were enclosed. The parents were instructed onwhat to doif the dild had dfficultiesin
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completing the questionreire on higher own. All children with severe sleg problems during
the previous three months were digible to participate. Exclusion criteria were 1) current
psychotropic medicaion and 2 recent history of parental psychiatric morbidity. Informed
consent was obtained from both the dildren and their parents. Consenting participants were
then interviewed by phom. Severe insomnia was defined as continuous problems with sleg
initiation a maintenance that disturbed either the child o the family such that the dild was
constantly tired or had symptoms that could be tributed to sleg deprivation.

Slegp quality and behaviour were first assessed before the treament period (days 1-4) using an
adigraph and questionraires, then melatonin (3 mg) was darted and wsed for 14 conseautive
days 30 minutes prior to bedtime (days 4-18). The second assesament took daceon the 12"
treament day onwards (days 15-18), and the third 3.5weeks (days 43-46) after discontinuation
of medication (Figure 2).

Figure 2. Flow chart of the melatonin study.
«

>

melatonin

Period | Period I Period Il

72 h 72 h 72 h

>«

14 days 28 days

6.6 Response rates

The relevant resporse rates in the goidemiologicd study were the foll owing: the slegp question
in the CDI 97.8% (n=5685 and in RA 97.%6 (n=5678, and for the RB 97.6% (n=5673.
Cases with incomplete answers to the slegp questions, the RB or the badkground \ariables were
excluded from multivariate analyses, leaving a total of 4531 @rticipants. In the follow-up
study, there were 862 (66.8%) sets of complete teater ratingsat T1 and T2, 867(67.26) sets
of parent ratings and 1047 (81.2%6) child ratings. Missng dcata were excluded test by test to
best utili ze the sample. However, in multivariate analysis, complete data acoss al measures
were required, thus 598 (46.4%) cases were analyzed. The second sample initialy included 61
cases with complete ACG and parental questionraire data. The resporse rate for the TRF was
80.36 (n=49). In the melatonin tria, the resporse rate for the initial screening was 80.6%
(n=54). Of the 54 families, 26 (48.1%) were interested in participating in the melatonin trial.
Nine cildren were excluded due to the asence of a severe sleg problem and two because of
other medicaions (melatonin or clonidine), leaving 15children (13 boys, 2 grls).

6.7 Statistical methods

Parents and children’s reports were first analysed independently and then combined as
described in Sedion 6.3.The three resporse options were then dchotomized such that the
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aternatives of “often/always’ and “mild/severe” were mndensed into a “deg problems’
caegory because of the low frequency of parental reports of severe sleg problems. Moreover,
misclassficaion kbas was best avoided this way. The fadorial scores were dso dichotomized
(cut-off mean + 2 SD, indicaing a probable psychiatric problem).

A frequency analysis was dore first. Prevalence estimates with 95% confidence intervals were
cdculated. Means and standard deviations were cdculated for continuous variables. Simple
comparisons were based oneither t-tests or Mann-Whitney tests for continuous variables, and
x’-tests or Fischer exad tests for categoricad variables. The parametric test was ssleded when
the distribution of the \ariable was normd. For dependat dchotonmousdata, the McNenmar test
was used, and degpendent continuous data were compared using the Wil coxontest. All p-values
were two-sided, and the significancelevel was set & p<0.01.

Agreament between informants was estimated by cdculating the kappa wefficient. In addition,
the overal percentage of agreement, percentage of agreed occurrence ad condtiond
probabiliti es of agreement were cdculated. Condtional probability (probability of A given B)
is cdculated as foll ows:

_P(AnB) _n,

p(A]B) PB) n

The ondtiona probabiliti es cdculated were the probability of a positive resporse from a
parent given a positive resporse from the cild (P|C), the probability of a positive resporse
from a parent given a severe sleegp problem reported bythe dild (P|C2) and the probability of a
positive resporse from a dild gven a positive resporse from the parent (C|P). Conditional
probabiliti es of agreament given diff erent types of sleg problems were also cdculated.

Risk was estimated by cdculating odd ratios with 9% confidence intervals. Multiple logistic
regresson analysis was used to control for potential confoundng fadors. Covariates in the
models were gender, mother's and father’'s cio-emnamic dass and mother’s educdion.
Previous level of psychiatric symptoms (represented by the four fadorial scores on the RB)
was aso controlled for in the follow-up study. The four categoricd fador scores srved as
dependent variables. An ANOVA mode for repeaed measures was constructed to assess
treament effed.
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7. RESULTS

7.1 Prevalence of sleep difficulties at the ages of 8 and 12 years

Acoording to the parents, 217% (n=1261) of the children had some slegoing dfficulties. Most
of the reported problems were mild (n=1243, 21.46) while severe slegp problems were
reported for only 0.3% (n=18) of the dildren. The dildren reported slightly less $eeping
difficulties than the parents. 17.726 (h=1030 reported some sleg problems. Mild problems
were reported by 12.26 (n=736) and severe by 5.1% (n=294). When bah the dildren’s and
the parents’ reports were summarized, the overall prevalence of sleegp dfficulties rose to 32.0%
(n=1859, and the prevalence of severe problemswas 5.4% (n=312)(l).

Acoording to the parents, dyssomnias were the most typicd sleg disturbances among the
children, with an owerall prevalence rate of 17.36 (n=1006. This means that most of the
children (79.8%) whaose parents had reported sleg dsturbances had dfficulty with slegp
initiation and maintenance Sleg orset problems (11.1%, n=647) and nacturnal awakenings
(7.2%, n=411) were particularly frequent, while too ealy awakening in the morning (2.3%,
n=131) was less common. The overal frequency of parasomnias (nightmares, sleg-walking,
night terrors) was 8.0% (n=465. The prevalence of nightmares was 5.4% (n=316), deg-
walking 3.36 (n=191) and nght terrors 0.8% (n=42). Enuresis was also typicd, with a rate of
9.5%. Multiple (at least two) dlegp problems were present in 9.3% of thechildren (1).

Most of the sleg problems were more frequent in boys han in grls. Altogether, 34.3% ofboys
and 29.P6 of girls had some type of sleep dfficulty (x°=26.6, =0.01). Severe sle@ problems
were dmost twice & common in boys than in grls (6.7 and 3.9, x°=26.6, <0.01). The
prevalence of multiple slegp problems was 11.0% among boys but only 7.6% among drls
(X’=19.2, 1<0.01). Boys also had more parasomnias (x°=11.1, p<0.01), nightmares (x°=9.7,
p=0.02 and enuresis (X’=39.4, p<0.01), and they tended to wake up too ealy in the morning
(X’=5.0, p=0.03 more often than grls (l).

Mother’s educaion was not associated with the children’s reports of sleg problems, bu it was
negatively correlated with parental reports of disturbed slegp (x°=12.8, =0.01). The &solute
difference was not, howvever, large: the reported rates deaeased from 19.1% in the lowest
socio-econamic dass (no education) to 17.9% in the highest class (acalemic education).
Family composition was aso asciated with slegp problems (x=17.6, =0.01). Slee
disturbances were more prevaent in children from families with ore biologicd parent and a
cohabiting stepmother or stepfather (38.6%, n=115 and thase who lived apart from their
biologicd parents (the child was adopted or fostered) (51.3%, n=20) than in thase who lived in
families with bah hiologicd parents (32.£6, n=1519 or lone biologicd parents (28.8%,
n=166). lllnessin the family was aso clealy assciated with frequency of slegp problems
(X’=26.5, p<0.01), whereas the number of children in the family, grandparents living in the
family, other persons living in the family and keing a twin were not associated with poa sleg

().

During the 4-yea follow-up period the prevalence of deg dsturbances deaeased markedly
acording to parental reports, from 23.4% at the age of 8 yeasto 9.1% at the aye of 12 yeas
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(p<0.01). However, acmrding to children’s reports, the prevalence remained steady at 18.7%%
and 18.86. There was aso a dea deaease in the combined prevalence (a slegp problem
reported by either the diild o the parent), from 34.26 to 25.6%6 (p<0.01), bu this mainly
refleds the diminished frequency of parenta reports. Half of the dildren (50.4%, n=395 had
no seg dsturbances at either time-point. Persistent sleg problems (reported by either
informant) occurred in 12.8 (n=94) of children, with no gender differences being present. A
deeg problem at the age of 8 yeas was a dea risk fador for a sleg problem later on (OR
1.85, 9846 ClI 1.33-2.56). In absolute numbers, every third child who had fad slegp problems at
the ageof 8 yeas still had problemsat 12 yeas (33.3%, n=94) (I11) .

7.2 Child-parent agreement

Children’s and parents reports of sleg problems were largely discrepant. Althoughthe overall
agreament percentage was high, 7®6 at the aje of 8 yeas and 7% at the age of 12 yeas, this
mainly refleds agreement on the dsence of symptoms when occurrence of the symptom or
disease is rather low. Consistent with this, the agreed occurrence was much lower, only 23.1%
a the age of 8 yeas and 12.9% at the aye of 12 yeas. Moreover, the kappa value was low,
kK=0.22at the aye of 8 and orly k=0.12 at the age of 12. The disagreanent was espedaly large
with regard to severe sleg problems: parents reported severe slegping problems for only 18
cases (0.3%), while acording to the dildren the rate was 17-fold higher with 294 children
(5.1%) reporting severe sleg disturbances. This means that if propartions are cdculated from
cases with slegp problems at 8 yeas, 23.26 of the eg problems were reported by bdh the
parent and the dild, 44.2%6 by the parent only and 32.26 by the dild orly (the overall
propations being 7.46, 14.3% and 10.34, respedively) (I and III).

The probability of a positive resporse from a parent given a slegp problem reported by the
child was P|C=0.42 (i.e. the likelihood d agreang information was 42% if the cild had
reported a slegp problem), and for the reverse cae C|P=0.34 (the likelihood d agreang
information was 34% if parent had reported a legp problem). The cndtional probabiliti es of
agreament for different types of problems were the following: night terrors 0.38, Slegp orset
0.38, nght awakenings 0.37, nghtmares 0.33, slegp-walking 0.28and too ealy awakening
0.25.The disagreament is likely related to parental awareness if the slegp impairment disturbs
the parents, the discrepancy is lower. The probability of a positive resporse from a parent
given a serious deg problem reported by the diild (P|C2) was 0.39 (I). The likelihood d
persistent sleg dsturbances was 0.26 for thase for whom parental reports alone had been
paositive for sleg disturbance a age 8. Similarly, if the child had been the only one to report a
deg problem at age 8, the likelihood d having a sleg dsturbance 4 yeas later was 0.31.
However, when bah the dild and the parent had reported sleging poblems at age 8, the risk
for longterm problems was significantly higher: 0.55 (llI).

7.3 Sleep problems and other symptoms

Slegping dfficulties were aorrelated with several types of problems, as reported by children,
parents and teaders. Many somatic symptoms were related to poa sleep (Figure 3)".

! The frequencies and all percentages can be foundin the original paper which isreferred to in the table heading.
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Figure 3. Somatic symptoms reported by children andsleep (1).
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Schod attendance problems were generally uncommon bu were significantly associated with
severe deg disturbances, the risk being 2 to 3-fold in cases with severe sleg problems as
compared with thase withou slegp complaints (Table 5).

Table 5. Schod related problems reported by teaders (I1).

% (n) NSP SP SSP p
Truant 2.1(84) 2.1(32 6.8 (21) <0.001
Schod teas 2.3(89) 3.4 (53) 5.2 (16) 0.001
Absent from schod 2.8 (109 3.2 (50) 5.8 (18) 0.01

NSPno sleg problems, SPdeg problems, SSPsevere dee problems.

Schod performance was also more frequently below average among children with severe
sleguing problems as compared with thase with ndmild sleging problems (Figure 4).
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Figure 4. Schod performancereported by teacters (1).
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Performance level:

The nedl for psychiatric consultation was higher in children with poa sleg than in ahers,
both acording to parents and teaders (Table 6).

Table 6. Ned for psychiatric courselling/conaultation reported by parentsand teaders (1).

% (n) NSP SP SSP p
Parent

considered 20(77) 4.9 (76) 5.8(18)

sought 1.9(76) 4.4 (68) 6.1(19) <0.001
Teader

considered 2.4 (93 2.6 (41 4.2 (13

referred 2.0(78) 3.5(54) 6.5 (20) <0.001

NSPno sleg problems, SPdeg problems, SSPsevere dee problems.

Psychiatric morbidity was also more cwmmon among children with sleg dsturbance than
amongthose withou any slegp complaints (Figure 5).

Figure5. Mental hedth status reported by parents (1).
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Psychiatric disturbances:

Both child- and parent-reported sleg problems were related to a broad range of mental hedth
problems reported by teaders. The more severe the sleg problems, the higher the frequency
of psychiatric symptoms. The aciation was drongest for hyperadivity, inattention and
conduct problems (Figure 6), as well as for emotional problems (Figure 7). Many of these
problems were dmost two times more prevalent in children with severe deeping problems than
in those withou any slegp complaints. Children with poa slegp were dso 2.5fold more likely
to be bulli ed than athers.
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Figure 6. Frequency of externalizing problems and hyperadivity repoted by teaders (lI).
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Figure 7. Frequency of internalizing symptoms reported by teaclers (I1).
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The mean total RB score was 3.61in those withou slegp complaints and 6.03in those with
severe sleg problems (p<0.01). The difference was larger in boys (4.91 \s. 7.29 than in grls
(2.31 . 3.90 (p<0.01for both). A deviant total score (over 9) was also more frequent in
children with severe sleging dfficulties than in athers. The respedive odds ratio was 2.45
(95% CI 1.85-3.25 (II).
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The incidence of significant psychiatric symptoms (indicaed by deviant RB subscde scores)
was higher in al children with slegp disturbances, but espedally in those with severe slegp
problems. Any sleg dsturbances in bah boys and grls sgnificantly increased risk for
emotional and behavioural problems, bu not for hyperadivity and schod attendance problems
(Table 7).

Table 7. Unadjusted odds ratios for psychiatric problems (reported by teaders) in children with any see
disturbances (Il).

Boys Girls

OR (95% CI) OR (95% CI)
Internalizing symptoms 1.86(1.35-2.56) 1.51(1.00-2.32)
Externalizing symptoms 1.52(1.14-2.02) 2.14(1.11-4.10)
Hyperadivity 1.05(0.77-1.44) 0.82(0.37-1.84)
Schod attendance problems 1.25(0.79-2.00) 1.60(0.99-2.58)

Severe sleg problems in boys sgnificantly increased risk for al psychiatric problems, from
1.7- to 3fold, and in grls they increased risk for behavioural problems aimost 4-fold, and
emotional problems 3-fold. Hyperadivity and schod refusal were not asciated with sleg
problemsin grls (Table 8). Children’s reports of slegp dsturbances were more predictive than
parental reports of teader-reported externalizing problems and schod refusal, while parental
reports were more predictive of hyperadivity (II).

Table 8. Unadjusted odds ratios psychiatric problems (reported by teaders) in children with severe dee
disturbances (Il).

Boys Girls

OR (95% CI) OR (95% Cl)
Internalizing symptoms 2.37(1.54-3.67) 2.83(1.54-5.19)
Externalizing symptoms 1.74(1.15-2.64) 3.93(1.63-9.50)
Hyperadivity 2.03(1.36-3.03) 0.49(0.07-3.55)
Schod attendance problems 3.05(1.80-5.18) 1.32(0.53-3.31)

When significant badkground fadors were taken into acourt, logistic regresson models
showed that al sleg problems were linked to bah internalizing and externalizing problems.
Severe sleging roblems were strongy associated with al subtypes of psychiatric problems
(Table9).

Table 9. Adjusted odds ratios for psychiatric problems (reported by teachers) in children with severe dee
disturbances (II).

OR (95% CI)
Psychiatric disturbance 2.45(1.85-3.25)
Internalising symptoms 2.74(1.84-4.13)
Externalising symptoms 2.44(1.59-3.75)
Hyperadivity 2.02(1.30-3.13)
Schod attendance problems 2.53(1.454.41)
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The follow-up study showed that parental reports of slegp problems at age 12 were
significantly linked to deviant internalizing score and anxiety/depresson score. Children’s
reports of current sleg problems, onthe other hand, were associated with higher total score &
well as higher scores in emotional, social, thought and delinquent subscales (Table 10)

Table 10. Unadjusted odds ratios for psychiatric symptoms (reported by teacters) in children with parent- or self-
reported sleep disturbances (111) .

Deviant psychiatric symptom Parent-reported slegp problem Child-reported slegp problem
OR (95% CI) OR (95% CI)

Total 1.73(0.86-3.50) 2.04(1.30-3.19
Internali zing 2.46(1.32-5.00) 1.93(1.24-2.99)
Externalizing 1.58(0.82-3.06) 1.38(0.90-2.13)
Withdrawn 1.08(0.25-4.75) 0.92(0.31-2.74)
Somatic 0.87(0.26-2.92) 1.81(0.96-3.38)
Anxious/depressed 2.86(1.11-7.34) 4.34(2.23-8.43)
Socid 1.24(0.36-4.23) 5.12(2.52-10.39)
Though 1.02(0.23-4.49) 2.51(1.185.37)
Attention 3.49(0.69-17.71) 0.43(0.06-3.41)
Delinguent 0.46 (0.60-3.44) 2.08(1.00-4.35)
Aggressve 0.75(0.17-3.23) 1.79(0.92-3.49)

Persistent slegp problems were dso related to significant psychiatric symptoms at schod, bu
the odds ratios were not much higher than those for current sleg dsturbances. In fad, the
symptom profile of children with persistent sleg problems was very similar to that of self-
reported current problems. Only the risk for attention problems was higher in children with
persistent problems (OR 3.08 than those with current problems (OR 0.43), adthough mither
was significant (Table 11).

Table 11. Unadjusted odds ratios for psychiatric morbidity (reported by teacters) in children with persistent sleg
disturbances (lll) .

Deviant psychiatric symptom Persistent e problem
OR (95% CI)

Tota 2.21(1.17-4.16)
Internalizing 1.91(1.04-3.52)
Externalizing 1.61(0.88-2.95)
Withdrawn 0.53(0.07-4.11)
Somatic 1.74(0.69-4.37)
Anxious/depresed 4.44(1.90-10.38)
Socia 5.85(2.40-14.24)
Though 2.07(0.67-6.43)
Attention 3.08(0.59-16.17)
Delinquent 1.72(0.56-5.23)
Aggressve 1.77(0.65-4.83)
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Logstic regresson analysis furthermore reveded that deviant total score & age 12 was
significantly dependent on pevious internalizing symptoms (OR 1.47), externalizing
symptoms (OR 1.83, hyperadivity (OR 2.10 and current slegp dsturbances (OR 2.45, bu
not on persistent sleg problems (Table 12). Deviant internalizing score was relaied to previous
internalizing symptoms (OR 1.50 and current slegp disturbances (OR 2.92). Again, persistent
deg dsturbances did na read datisticd significance athough the OR was dightly
increased. Deviant externalizing problems were unrelaied to the presence of current or previous
sleg dsturbances but were related to previous behavioural problems (OR 2.04), hyperadivity
(OR 2.07) and schod refusal (OR 1.49.

Table 12. Logistic regresson model to predict symptomadty (reported by teaders) in children at the age of 12
yeas(lll).

Deviant total score Deviant internalizing Deviant externalizing
OR (95% ClI) score OR (95% ClI) score OR (95% ClI)
Current deep disturbance 2.45(1.20-4.99) 2.92(1.585.38) 0.97(0.54-1.76)
Previous dee disturbance 0.92 (0.46-1.85) 0.78(0.43-1.43) 1.56 (0.82-2.94)
Persistent deep disturbance  2.18(0.89-5.33) 1.82(0.83-3.97) 1.80(0.84-3.83)

7.4 Actigraph-based sleep estimates and psychiatric symptoms

The adigraph-measured parameters describing sleep quality (sleegp latency, slee efficiency)
were asciated with some indicaors of psychiatric symptoms. Although they were not
correlated with the total score or any of the narrow-band symptom scores in the TRF, the six
children who scored abowve the ait-off limit for the externalizing symptom T score in the TRF
had significantly lower sleg efficiency than the other children (90.8% vs. 93.6%, p=0.05).
Sleg latency was sgnificantly correlated with aggressve behaviour (r=0.33, p<0.05,
delinguent behaviour (r=0.31, p<0.05 and attention problems (r=0.34, p<0.05 in the CBCL,
but slegp efficiency was not related to any elevated scores in the CBCL (1V)
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7.5 Sleep duration and psychiatric symptoms

Shortened deg duation assessed by adigraphs was sgnificantly associated with behavioural
problems and depresson in the TRF (1V). Children were divided into three groups based on
mean sleg duation: first group (n=16) 9 h 36min, seand goup (n=24) 8 h 54min and third
group (n=9) 8 h. The mean TRF symptom scores in these groups were ansistently higher the
lessthe children slept (Figure 8). The diff erences were significant even when the two important
confouncers (age and season) were controlled (total score p<0.01, externalizing score p<0.01,
internalizing score p=0.03. Children who scored abowve the TRF cut-off point slept lessthan
the other children (8 h 28min vs. 9 h 4min, p=0.02. Sleg duation was aso correlated with
some of the narrow-band symptoms scores in the TRF, bu not in the CBCL. These scores were
aggressve behaviour (r=-0.35, p<0.01), delinquent behaviour (r=-0.53, p<0.01), attention
problems (r=-0.32, p=0.03), socia problems (r=-0.38, p=0.01) and somatic problems (r=-0.51,
p<0.01).

Figure 8. Mean TRF scoresin groupsof children with diff erent mean sleep lengths.
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7.6 Melatonin treatment in children with Asperger syndrome

Melatonin was foundto be dfedive in treding sleg dsturbances in Asperger children. All
children subjedively reported that their slegp quality had improved “very much” or “rather
much”. The objedively measured sleg parameters also improved. Mean nacturna adivity and
deg latency deaeased significantly during the melatonin treament period (p=0.04 and
p<0.01,respedively), bu no significant changes were foundin sleg efficiency and total slegp
duration. The number of awakenings incressed dlightly (p=0.05. Discontinuation d the
medication led to a significant deaease in sleg duation (p=0.03, nacturna adivity rose
again (p=0.02 and dee latency and efficiency deteriorated somewhat (p=0.06 for both).
Melatonin treament had a significant overal effed onall values, except for the avakenings, as

shown bythe repeaed measurement ANOVA model (Figure 9).

Figure 9. Effed of melatonin on adigraph-measured slegp parameters (V).
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Clea inter-individual differences were present in the dfediveness of melatonin, with some
cases respondng better than athers. During the treament period total e duation increased
in five caes, remained the same in nine caes and deaeased in three caes. Two cases
displayed a notable improvement in sleg efficiency, bu no significant changes were foundin
the remainder. After the treament period, sleg latency increased in most of the caes and
remained stealy o deaeased dightly in the rest of the caes. Ten children experienced a
significant reduction and two an increase in total sleg duation. Slee efficiency deteriorated
in five cases, but no changes were foundin the rest of the children.

Most of the psychiatric scores in the CBCL showed significant improvement during melatonin
treament (Figure 10). Symptoms of depresson, anxiety and withdrawn, in particular,
deaeased considerably, and bkehavioura measures deaeased dlightly. Scores refleding
attention poblems and dinquency were not significently affeded by the treament.
Discontinuation d medicaion led to a dsight increase in most scores, bu these differences
were mostly insignificant.

Figure 10. Mean TRF subscde symptoms scores before, during andafter treament (V).
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8. DISCUSSION

8.1 Prevalence

Sleg disturbances were prevaent in children aged 7-12 yeas. Up to 30% of children hed
some seg-related problems, and in 5% the problems were severe. Less than half of the
children had no sleg problems at the gyesof 8 and 12 yeas. Most of the severe probl ems were
reported by the dhildren themselves. Insomnia, espedaly sleg orset difficulty, was the most
typicd problem. These results are rather consistent with many previous gudies, bu two ealier
studies, using the same parental questionreires as used here, found lower prevalence rates to
ours. 8.8% in children aged 1lyeas (Johrnson et a. 2000 and 6.246 in children aged 6-12
yeas (Liu et al. 2000, while one study reported a similar rate: 22% in children aged 5and 11
yeas (Pollock 1994. Other studies have reported rates of 6% (Rona d al. 1999, 276 (Blader
et a. 1997, 41% (Archbdd et a. 2002 and 436 (Kahn et a. 19891). Severe problems have
been described in 1-5% of children (Kahn et al. 1989h Rona d@ a. 1999, and significant
insomnia in 18% (Archbdd et a. 2002. The reported rates are largely heterogeneous, likely
the probable cnsequence of varying definitions for a “deg dsturbance” and dfferent
screening instruments.

The propation d longterm sleg dsturbances of al sleg disturbances was high. The risk for
longterm problems was 1.8fold in children with slegoing problems at the age of 8 as
compared with thase withou any slegp complaints. One third (33.3%6) of children with a Slegp
disturbance d age 8 till had ore & age 12. Smilarly, leg problems at the aye of 5 have been
reported to predict problems at the age of 10 (Pollock 1994) In todders 41% (Zuckeman ¢ al.
1987 andin adolescents 48.3% (Morrison et al. 1992) d sle disorders have been foundto be
persistent. Interestingly, persistence of sleg problems appeasto be dosely related to mothers
affedive illness (Stoleru et a. 1997. In ore study, mothers depresson was the only
significant predictor of persistent slegp problems in todders (Zuckerman et a. 1987%.
Unfortunately, in ou present study, we could nd control for psychiatric morbidity in family.

The eidemiologicd study was based on a large representative sample with a very good
resporse rate, thus providing valid information on children’s psychiatric symptoms. One
shortcoming d the study was, however, the ladk of predse definitions in the sleg questions.
As a mnsequence, the reported prevalence rates do nd necessarily represent clinicdly
significant problems. Ancther limitation was that we were unable to control for longterm
medicaion and chronic illness Nevertheless the probability of these mnfoundng fadors
being present in children isrelaively low, and thus their effed onresults issmall.

8.2 Sleep disturbances and psychiatric symptoms

Relationships between sleg dsturbances and psychiatric symptoms were as®ssd. As
hypahesized, sleging dfficulties were asciated with a large range of teader-rated
psychiatric symptoms, espedally externalizing and internalizing symptoms and hyperadivity.
Moreover, poa sleg quality was related to leaning dfficulties, schod attendance difficulties
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and somatic symptoms. Clea gender diff erences were present in psychiatric symptoms. Boys
displayed more hyperadivity and schod attendance problems than grls, while girls had more
externalizing poblems than boys. An important finding was that treament of Slee
disturbances was followed by a small but systematic deaease in emotional and behavioural
symptoms. Theoreticdly, this was not surprising because sleg deprivation is known to have
many adverse effeds on well-being.

The asciation between sleg and psychiatric symptoms was recognized long ago (Dahl et al.
199(x; Reite 1999. Severa dleging dfficulties, such as restless slegp, nghtmares, night
terrors, reluctance in gang to slegp and deegp-related feas have been reported to be more
prevalent in children referred to psychiatric dinics than in ahers (Smonds et al. 1984. Sleg
onset problems have dso been foundto be related to psychiatric disordersin general, bu risks
were not asessed separately for different diagnoses (Blader et a. 1997. In a Finnish sample,
children with mental hedth problems dept alarmingly little and simultaneous displayed slegp
onset problems (Jarventie 1999.

Internalizing problems, such as mood and anxiety disorders, have been linked with sleg
disturbances in severa studies (Gregory et a. 2002 Johnson et al. 200Q Manni et al. 1997
Sadeh et a. 1995h Stoleru et a. 1997. The risk for significant internali zing symptoms has
been reported to be & high as 7-fold among children with slegping dfficulties as compared
with those withou slegp complaints (Johrson et al. 200Q. Althoughsubjedive complaints of
deglesqess are most typicd (Ryan et a. 1987, sleg abnamalities have dso been found
using PSG, espeaally in thase with suicidality, but the findings have not been consistent (Dahl
et a. 199(G; 1990h 1991h Goetz @ a. 199). Sleg dsturbance is in fad a traditional
hallmark of depressonin bah children and adults.

The assciation between sleg and externali zing symptoms is al'so consistent with ather studies
(Chervin et a. 2003 Coble & al. 1984h Gregory et a. 2002 Smedje @ a. 200). Conduct
problems, for example, were 2-4 times more frequent among children with slegy-disordered
breahing and periodic leg movement syndrome than in athers (Chervin et a. 2003. A PSG-
based analysis indicaed that children with condwt disorders dept less had lower see
efficiency and had dternations in REM sleg charaderistics (Coble @ a. 1984b.
Interestingly, we found externaizing problems to be strikingly prevalent among drls with
seg dsturbances, which warrants future studies.

The relationship between hyperadivity and slegp has recently recaeved much scrutiny among
reseachers, and many authors have reported increased rates of sleg dsturbances in children
with ADHD (Chervin et d. 1997 20023, Dagan et al. 1997 Dahl et d. 1991, Marcotte d al.
1998 Owens et al. 200@). Children with ADHD have, for example, more parent-reported
bedtime resistance dleg orset problems, deeg-related anxiety, daytime deeguiness
parasomnias and shorter egp duration than control children (Owens et al. 200@&). However,
some authors have failed to show similar relationships, and have suggested that these findings
might be related to medicaion status or comorbidity (Corkum et a. 1998 1999 2003
Lecendreux et al. 200Q Mick et a. 200Q. Moreover, many authors have reported increased
rates of externalizing symptoms and hyperadivity among children with OSAS (Ali et a. 1996
Chervin et a. 2002, Gozd 1998 Gozd et a. 2001, Lewin et d. 2002 Pill ar et al. 1998b) and
some have reported increassed scores for hyperadivity in children with various deeuing
difficulties (Smedje & a. 200]). Althoughwe did na assessthe presence of ADHD/OSAS, an
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asociation was present between slegp dsturbances and an incressed prevalence of
hyperadivity.

An interesting finding was the association between schod attendance problems and severe
sleguing difficulties. It has been previoudy emphaszed that whil e some schod -refusal children
have dea psychiatric disorders, the mgjority do nd. However, in ore study al children with
schod refusal syndrome and no sychiatric disturbances were diagnosed as having a slego-
wake rhythm disturbance suggesting that schod refusal was closely related to the
desynchronizaion d circadian rhythm (Tomoda & a. 1997. Therefore, some of the cildren
with comorbid sleging dfficulties and schod attendance problems may suffer from circadian
rhythm disorders suchas delayed sleep plasesyndrome.

Both current and longterm sleg dsturbances were a<ociated with an increased level of
psychiatric symptoms, bu in contrast to what we expeded, the longterm problems were no
more harmful than current problems. Similar results have been recently reported by aher
investigators. No significant conredion betweenpersistent e problemsand later psychiatric
symptoms (Stoleru et al. 1997, na deg dsturbances at age 6 and depresson at age 11
(Johrson et a. 2000 were not found.However, arecent study dd reported that sleg problems
at 4 yeas of age were predictive of behavioural and emotional problems in mid-adolescence
(Gregary et a. 2002, bu the aithors did na control for current slegp disturbances, which is a
major shortcoming that can completely explain this discordant finding. Generally, the lack of
conredion between longterm sleg problems and subsequent psychiatric problems in children
is in dsagreament with findings in adults, slegp impairment appeas to precale maor
depressonin youngadults (Breslau et al. 1996 Ford et al. 1989)

In the field o psychiatry, sleg dsturbances have traditionally been regarded as one
manifestation d underlying psychiatric disturbances. As this dudy was crosssediona in
nature, drawing dred conclusions abou causal relationships between sleg and well-being is
nat possble. In any case, the relationship is likely to be bi-diredional (Dahl 1998. Slegp can
obviously be dfeded by a variety of distressng fadors, such as dress socia problems and
family conflicts, as well as by underlying psychiatric and/or somatic ill nesses. Slegoing
difficulties are a @mmon co-morbidity in depresson, anxiety and pct-traumatic stress
disorder (Dahl et a. 199@). On the other hand, sleg impairment can also influence mood and
behaviour. Children with OSAS, for example, are reported to display more hyperadivity than
control children (Chervin et a. 2008), and longterm deaeases in cogntive performance and
irreversible neurocogrnitive deficits occur in children who have experienced slegp-disordered
breahing duing criticd stages of brain development (Gozd et al. 200). One possble linking
mechanism between sleg and psychiatric status could therefore be sSleg deprivation,
suppated by the association between short slegp duration and psychiatric symptoms (1V) and
the anelioration d daytime psychiatric symptoms after melatonin treament (V). However, as
summarized by Dahl (1995 “it is often qute difficult to sort out the comporents of these
problems (insomnia, hypersominia, excessve fatigue) with resped to deaeased motivation,
delayed circadian phese and the deressve symptamaogy”.

Some limitations in ou study are worth naing. We wuld na control for maternal psychiatric
morbidity, and this may have had an effed on results. Children's lf-reports have been
asociated with concurrent anxiety and mood poblems, while (affedively ill ) mothers' ratings
were unrelated to these symptoms (Stoleru et al. 1997. It is therefore possble that depressed
mothers natice less problems in their children. Moreover, when parents suffer from see

-49-



Discusson

deprivation, it can cause dysfunction in family life, which can further affed the psychiatric
status of the dhild (Smedje d a. 1998. It is aso important to nae that athoughsome dildren
with sleg disturbances have psychiatric symptoms, others do nd. A more detail ed analysis of
dee quality might reved subtypes of children espedally prone to the alverse dfeds of poar
deen.

To conclude, psychiatric symptoms and sleg disturbances are dosely intertwined. However,
most of the sleg problems in children are mild and nd strondy associated with psychiatric
measures. Sleg dsturbances can ether reflea underlying emotional or psychoogicd
disturbances, or independently contribute to the development of these symptoms, in which
case, the linking medhanism is presumably sleg deprivation. To confirm this, prospedive
foll ow-up studies, experimental studies, and treament studies are needed. Even if the slegoing
difficulty is asecondary problem, it may be agood indcator of psychiatric problemsin clinicd
work. As suggested by Dahl and Puig-Antich (199Q), the posshility of depresson shoud be
asesed whenever achild preents with significant deep ompgaints.

8.3 Sleep duration

The shorter the duration d slegp, the more psychiatric symptoms in general, and internalizing
and externalizing symptoms in particular, children had. This finding is interesting becaise it
may suppat the hypahesis that a significant propation d the psychiatric symptoms
asociated with reports of poa dee is related to the underlying sleg deprivation. Similar
findings have been made in ather studies. For example, children with conduct problems (Coble
et a. 19841 and hgh reuroticism scores (Gau 200Q are reported to sleg lessthan controls.
Addescents with shorter sleg duation reported more depresson and tiredness than ather
children (Wolfson et a. 1999. Dahl (1996 concluded that ladk of slegp manifests in children
differently than that of adults; adults suffer mostly from tiredness while dildren display more
externalizing symptoms, such as the inability to stay seaed and to concentrate, than just
tiredness

Comparison d previous crosssediona studies suggests that children today slegp lessthan in
the past (Tynjala d al. 2002. Finnish children also seam to sleg approximately one hou less
than their peeas elsewhere dse in Europe (Tynjdéa @ a. 1993h. Many children likely suffer
from chronic sleegp deprivation. An interesting question is whether this could eventually lead to
an increase in children’s psychiatric symptoms. Ancther important question is how much slegp
Is enougl? Because inter-individual differencesin sleg requirements are large, it is impossble
to gve smple guidelines that would suit every child. Determining whether a cild gets
adequate sleg requires both dred and indired information onsleg quality (e.g. symptoms of
sleg@ deprivation, sportaneous awakening in the morning, tiredness more slegp on weekends
than onweekdays). Experimentally, total slegp time might be prolonged by ore hour, and if
this induces beneficial changes in daytime behaviour, the child has evidently previously slept
toolittl e.

Some pulic discusgon hes centred aroundwhether schod start times are too ealy. Generaly,
children appea to have increased daytime sleguinessin mid-puberty even in the asence of
changes in total sleg duation (Carskadon et a. 1980, suggesting that biologicd need for
sleg daes not diminish duing adolescence (Carskadon et al. 2002. The reduced sleg time
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and delayed circadian rhythm in adolescence seem to be related to environmental fadors
(Carskadon et a. 1980 Gau et a. 2003. For these reasons children might be more prone to
sleg deprivation in mid-puberty than at other ages and it has been suggested that psychosocial
fadors and changes in hioregulatory systems controlling sleg limit teenagers cgpadty to
adapt to ealy schod schedule (Carskadon et al. 1999. Early schod start times have indeed
been associated with increased sleg deprivation and daytime sleepiness and poaer schod
performance (Carskadon et a. 1998. Children whose schod started ealy complained
significantly more éou being tired throughou the day and having attention and concentration
difficulties than those with a later schod start time (Epstein et a. 1999. However, more
studies are nealed before any firm conclusions can be made aou the dfed of schod start
time.

8.4 Child-parent agreement and setting a diagnosis

Aswas hypahesized, alarge disagreament was present between chil dren’s and parents’ reports
of sleg disturbance Older children, in particular, were lesslikely to agreewith their parents.
This finding d discrepant reports is nat new. One study reported that condtional probabiliti es
(C|P and P|C) for the item “refusal to goto sleg without a major attachment figure” were only
0.44 and 0.27, respedively, while @rrespondng figures for the item “insomnia or
hypersomnia” were 0.72and 0.33(Bird et al. 1992. Moreover, low kappa values of agreement
for sleg disturbance were reported for al informant pairs. child-father 0.20, child-mother
0.02, father-mother 0.17. Ancther study reported a dlightly higher agreement rate between
parents’ and children’s reports of slegy orset problems, the kappa value was 0.49 (Barrett et al.
1997). The kappa values between a dinician’s ratings and family members have dso beea low:
clinician-child 0.36,clinician-father 0.42,clinician-mother 0.23(lvens et al. 1988§.

We foundthat the condtional probabiliti es were related to the types of sleg disorders (varied
from 0.38in night terrors to 0.25in too ealy awakening). Agreement tended to be higher for
problems that were eaier for parents to ndice Ancther study hed similar findings: child-
parent disagreement was largest on items related to insomnia such as dee orset difficulties
(parent- vs. child-reported prevalence rates being 4.9 and 26.26) and right wakings (4.6%
vs. 14.8%) (Owens et al. 200@). These findings suggest that the disagreement is at least to
some extent related to parental awareness

We dso foundthat children’s slf- reports of sleg problems correlated slightly more than
parental reports with teaher—rated symptoms. Althoughthe asolute diff erence was nat large,
it was consistent throughou the measures, suggesting that the dildren’s reports of see
quality are useful and dorepresent true (sleguing) problems. Respedive to this, ancther recent
investigation found low correlations between parents reports of e dsturbances and
teaders reports of behavioural problems, but a higher concurrence between children’s slf-
reports and teaders' observations (Owens et a. 200Q@).

One limitationin this study is that theintengty (frequency, duation, exacttype) of therepoted
sleg disturbances was not explicitly defined. Hence, the discrepancy in the reports by children
and parents could have been partially caused by dfferences in wording d the questions. These
findings therefore require wnfirmation by studies with more detailled slegp questionraires,
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similar wording in questions for parents and children and ohedive measurements of sleg
quality. Reasons for chil d-parent disagreement shoud also be evaluated.

In the field of paealiatrics, parents are typicdly considered opimal informants. However,
parents abiliti es to interpret children’s behaviour are not equal (Barrett et a. 1991 Bird et al.
1992 Edelbrock et al. 1986 Grillset d. 2003;Ivers et a. 1988;Jensenet d. 1999 Puuraet al.
1998. There ae anumber of fadors that can padentialy contribute to the ladk of correlation
between children’s and parents reports. First, poa communicaion ketween the dild and the
parent is likely to deaease @rrespondcence Older children may nat complain abou problems
with slegp to their parents. Second, assessment of their child’'s deg quality can be difficult for
parents because they may be unaware of how the child slegos due to separate bedrooms. Third,
parents sensitivity to nde various psychiatric problems is known to be dfeded by the nature
or the quality of the symptom (Bird et al. 1992 Ivens et a. 1989. Their ability to adequately
report internalizing symptoms, for instance, is low (Puura @ a. 199§. Parents’ stress or
psychiatric morbidity can also hinder them from recognzing various gymptoms in their
children (Stoleru et a. 1997%. Fourth, youngchil dren may be unable to reliably report abou on
such abstrad isaues as deq. Their ability to understand the questions or to retrospedively
report frequencies or times may be limited. The diild’s estimation o sleg quality may also be
erroneous in the sense that the reported slegp problems may adually represent tiredness slego-
related feas and aher such iswues.

The multi-informant approach is commonly applied in child psychiatry. However, as discussed
in Sedion 5.4,when two o more informants are simultaneously used, the problem of how to
combine discrepant information arises. Each of the dternatives has its own pros and cons.
Althoughchil dren themselves may be best aware of their Seg quality, determining whether a
child is able to gve vaid information concerning herself/himself and hav predse ther
estimates are is difficult. When in douli abou the dild's ability to provide reliable
information, parental reports shoud be nsidered primary. On the other hand, whil e parents
are likely to be more exad and perhaps also more objedive, the number of false-negatives can
increase when the assesament is based ony on parental reports. Naturaly, this does not mean
that the parent’s report is unhelpful or not indicated, but rather that it shoud be combined with
the diild’'s own assesgnent. Owens et a. (200Q) pointed ou, that problematic behaviour
described by a parent may be particularly relevant in terms of further clinicd evaluation.
Parental perception hes, after all, a strong influence on whether further clinicd evaluation a
treament is sought

To conclude, controversy over how children’s dee dsturbances sroud be optimally screened
or defined exists. For reseach puposes, ojedive measurement methods shoud be preferred
whenever possble, bu if eg quality is investigated ony by hiologicd or physiologicd
measures, ore esential dimension d sleg would be ignared: the subjedive experience of
sleg quality. This warrants the use of more informants to avoid misclasgficaion kdas. When
asesdng children’s deeoing dsorders, bah children's and parents reports oud be
considered equally important, espedally with dder children, because parental reports often do
nat correlate well with children’s own perceptions of the severity or even the eistence of a
problem. Objedive methods, such as paysomnogaphy and adigraphy, are dso important in
paediatric sleg reseach. Different screening methods shoud be viewed as complementary —
not competing. As simmarized by Lockley et a. (1999 “Even thoughal these methods
attempt to measure sle, they measure different things, i.e. subjedive rewlledion d slee,
motor or eledricd adivity of the brain”. If we were to use objedive methods alone and assess
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only feaures that can be objedively measured or quantified, many significant and interesting
aspeds of the dleg phenomenonwould be overlooked.

8.5 Treatment

We found melatonin to be useful in treding severe sleg dsturbances in children with
Asperger syndrome. This is consistent with previous reports of melatonin being effedive in
padliatric patient popuations (Etzioni et a. 1996 Horrigan et al. 1997 Jan et a. 1999 Jan et
a. 1996 Jan 200Q Lapierre @ a. 1995 Masters 1996 Miyamoto et al. 1999 Pillar et al.
1998 Pillar et a. 200Q Robertson et al. 1997 Zhdanova & a. 1999. It appeas to be
effedive dso in autistic children (Hayashi 200Q Lord 1998. Some side-effeds of melatonin,
such as mild tiredness awakening poblems and headade, were noted duing the first
treament days. One dild dropped ou becaise of the side dfeds. Thisis in contrast to most
other studies, where no side-eff eds have been reported even in large patient popuations (Jan et
al. 1996. Moreover, the posshility of longterm side-effeds can na be ruled ou on the basis
of these results (Arendt 1997).

The main shortcomings of this sudy were the small sample size and the ladk of randamization.
Therefore generalizaion d findings requires sme caition. Because AS is a rare disorder, the
target popuation was snall, espedaly as only the most difficult cases were digible. Further
studies are needed the demonstrate the dficag/ of melatonin in those with milder seeg
disturbances and in ather patients. Althoughseveral important confoundng fadors, including
medication and somatic ill ness were controlled, no melatonin measurements were made, and
thus we @uld na assesswhether isaues related to melatonin, such as absorption and seaetion,
had an impad on treament efficag/. However, the role played by melatonin seaetion would
have been dfficult to interpret for two reasons. First, the rate of melatonin seaetion is known
to vary largely even between hedthy individuads (Lagkso et a. 1990Q. Sewmnd, bdh
relative/absolute melatonin deficiency (Akaboshi et al. 200Q Etzioni et a. 1996 and increased
melatonin concentrations in children with fragile X have been associated with severe sleging
difficulties (Gould et a. 2000.

From the dinicd point of view, sleg problemsin AS are often persistent, severe and dfficult
to tred. Behavioural methods tend to be unsatisfadory or insufficient in treaing children with
autistic spedrum disorders (Anders et a. 1997 Robertson et a. 1997. Children with AS are
known to dsplay various symptoms, such as behavioural, atention and social problems
(Gill berg et al. 2000) and our study suggests thatthese may be aggavated if asleep disorder is
present. Melatonin might offer an aternative treament method, if its effediveness can be
proven in randamized binded studies. Treament of sleg disturbances shoud be provided for
all children with significant slegp complaintsto prevent the occurrence of sequelae Individuals
in risk popuations $roud receve spedal consideration since sleg problems can worsen
disruptive daytime behaviour, increase parental stress(Patzold et al. 1998 Richdale 1999, and
aggravate other symptoms (Richdale 1999. Children with severe disabiliti es are dso knaovn to
display more difficult daytime behaviour in association with slegp problems (Wiggs et al.
1999. Treament may also cary prognastic berefits (Zucooni et d. 2001)
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9. FUTURE PROSPECTS FOR SLEEP STUDIES

Many urenswered questions remain in thefield of paediatric sleg reseach.
1. General lack of sleep research in children

Relatively little reseach has been caried ou on schod-aged children's deen. Previous
padliatric sleg studies have mostly focused ontodders and adolescents. These results can na
necessrily be etrapoated to al children since the nature and manifestation d See
disturbances are likely to be different in different agegroups

2. Screening sleep problems

More studies are needed on screening sleg dsturbances to enable adequate treament
aternatives to be devised for children’s deg dsturbances. Clea cut-off limits oud be
defined for al age groups and standardized screening questionreires developed. While
children’s and parents' reports often tend to dsagree studies asessng the meaning d this
finding are rare. Moreover, very limited data ae avalable on hov children’s and parents
reports of poar slegp quality correlate with results gathered by more objedive methods.

3. Relationship between sleep and psychiatric disorders

Although slegoing dfficulties are significantly associated with psychiatric symptoms and
diminished cogritive performance, it is ill an issue of ongang debate whether they can
adually cause particular daytime symptoms. To enlighten this isuue, prospedive studies,
intervention studies and experimental studies are needed.

4. Sleep deprivation

Sleg deprivation appeas to be prevalent among children. Despite strongindired evidence for
deleterious effeds of deg deprivation (Randazod et al. 1998 Steenari et a. 2003 and the
likelihoodthat children do na tolerate sleg deprivation as well as adults, experimental studies
are rare. Pursuing this line of investigation may aso fadlitate our understanding d the nature
of the conredion between slegp dsturbarcesand pg/chiatric symptams.

5. Treatment of sleep problems

Treaments for paediatric sleg dsturbances have been investigated very infrequently, and only
a handful of randomized studies exist. This is rather surprising, since sleg quality can easily
get affeded by various environmental fadors, including dacéo effed. As a mnsequence of
the lak of reseach in this area many poaly studied tregment dternatives are currently
offered for children.
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10. SUMMARY AND CONCLUSIONS

Various deg-related problems manifest during childhood.Many o these ae mild, o short
duration and withou any ndeworthy sequelae However, some sleeguing dfficulties occur
concomitantly with ather problems such as psychiatric disturbances and reurologicd or
somatic disorders. Moreover, sleg dsturbances can by themselves have harmful effeds on
children’s development and well-being. Objedives of this projed were therefore 1) to evaluate
the prevalence of children’'s deg problems, 2) to investigate associations between seeg
disturbances and psychiatric symptoms and 3 to evaluate the dficagy of melatonin as a
treament aternative for sleg orset problems in children with Aspergr syndrome.

The results of these studies are based on three samples. The first comprised a large
epidemiologicd cohat of 8- to 9-yea-old children (n=5813, 1290 ¢ whom were followed up
over a 4-yea period. The dildren and their parents and teaders filled ou standardized child
psychiatric questionraires, including guestions on sleg. The semnd sample onsisted o a
group d hedthy preadolescents (n=61) whose sleg quality and kehaviour were evaluated in
detail: structured child psychiatric evaluation methods, adigraph measurements and slegp logs
were used. The third study was an open trial with 15 children with Asperger syndrome.
Actigraph measurements, slegp questionraires and sychiatric questionnaires were used to
monitor treament eff ediveness

We found sleg disturbances to be prevalent in bah boys and grls and their frequency to be
more or less unaffeded by age. Approximately 32% of 8-yea-olds had some form of seg
disturbance, 5% severe sleg dsturbances and 126 persistent eg problems. Most sleg
disturbances were more frequent in boys than in grls. Noteworthy is that children’s and
parents assesanents of seg quality were largely in disagreement (72%), suggesting that
children’s own assesgnent is important in screening for children’'s deg dsturbances. Poor
deg quality was asociated with mental hedth problems, inferior schod performance and
somatic complaints. In children slegping poaly, risk for externalizing problems was 2.44-fold,
for internalizing problems 2.74fold, for hyperadivity 2.02fold, and for schod attendance
problems 2.53fold that of children withou slegp complaints. Shorter slegp duation was
significantly associated with bah behavioural problems and depresson. In children with AS,
melatonin was effedive in treaing e orset problems. Treament of sleg dsturbanceled to
improvement of psychiatric symptoms, which worsened again after discontinuation o
medication.

In conclusion, slegy-related problems in children appea to be highly prevaent, persistent and
asociated with scholastic problems, somatic complaints, psychiatric symptoms, espeadally
emotional and kehavioural symptoms, and hygeradivity. Althoughmost slegp problems are
mild in the sense that they are not correlated with increased psychiatric morbidity, a significant
propation d the dildren had here severe sleg problems that were linked to psychiatric
problems. While caise-effed relationships can na diredly be assssd from crosssedional
studies, it is reassonable to hypdhesize that in a substantial propation d children slegp
deprivation is a possble linking medianism between sle@ problems and psychiatric
symptoms. Alternatively, sleg disturbances may be amanifestation d underlying depresson
or other somatic disorders.
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Summary and conclusions

Severa reports have foundthat sleg problems receve little dtention in clinica pradice In a
retrospedive review of the medicd records of 86 children with symptoms of chronic sleg
disturbance amere 16 d 103 slegp problems were discussed, with orly 3 o these receving
adequate treament (Chervin et a. 2001F). Moreover, aimost half (47%) of parents (child <38
months) wished for more information onchildren’s normal slegp behaviour (Armstrong et al.
1994). Recent studies have dso shown that parents rarely seek help for their child's dee
problems (Stores et a. 1998l). These findings suggest that more dfort shoud be direded at
screening sleg problems in clinicd work, helping parents to recognize the slegp dsturbances
and poviding adequate guidancefor their children when needed.

Becaise dhildren can be more prone than adults to suffer from the @nsequences of poa or
inadequate sleg, the prevalence of children’s deg dsturbances is a caise for concern for
parents and educators alike. Both slegp deprivation and sleg dsturbances have numerous
adverse dfeds, includng mood dternations and deaeased cogntive performance Sleep-
related problems can onstitute a onsiderable and gowing hedth problemamongchildren and
shoud thus recave more dtention. New investigations should be amed atdeveloping eff ective
screening instruments and studying treagment options and recommendations, and more
resources targeted at the ealy rewmgntion d deg-related problems in the paediatric
population.
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