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Surprisingly few studies have examined the association between sleep and 
executive functions (EFs) and psychiatric symptoms among preschool-aged 
children referred for child psychiatric evaluation. At the population level, it is 
not known whether sleep difficulties during infancy and early childhood are 
associated longitudinally with ADHD-related (i.e., inattentive and/or 
hyperactive) symptoms. 

Studies I and II of this project evaluated sleep and EFs among preschool-
aged children referred to a child psychiatric outpatient clinic and among their 
typically developing peers. Studies I and III evaluated the association between 
sleep and EFs and the psychiatric symptoms of these patients. A longitudinal 
population-based study (Studies IV and V) investigated the associations 
between children’s early sleep difficulties (at the ages of 3, 8, 24 months and 
five years), several family risk factors, and subsequent inattentive/hyperactive 
symptoms at five years of age. 

The study project was based on two samples (clinical and epidemiological). 
The first sample consisted of clinical patient data (Study I, N = 139; Studies 
II–III, N = 171) collected from two Helsinki University Central Hospital child 
psychiatric outpatient clinics (Helsinki, Vantaa) during 03/2015–05/2017. 
Parents evaluated their child’s psychiatric symptoms using the Child Behavior 
Checklist (CBCL) and sleep difficulties using the Sleep Disturbance Scale for 
Children (SDSC). EFs were assessed using the Attention and Executive 
Function Rating Inventory for Preschoolers (ATTEX-P; validated among 
Finnish preschoolers), which was completed by a daycare teacher. The 
reference group in Study I comprised age- and gender-matched children from 
the previous epidemiological sample. In Studies II and III, the reference 
groups consisted of daycare children in Lahti. 

In Study I, approximately one third (33.1%) of the three- to seven-year-old 
children referred for child psychiatric evaluation had sleep difficulties, and 
14.4% slept less than nine hours per day, which was significantly less than the 
control children (2.9%, p < 0.001). The referred children also had more 
restless sleep, nightmares, morning tiredness, daytime somnolence, and night 
awakenings than the control children (p < 0.05). In the multiple logistic 
regression models, parent-reported children’s sleep difficulties significantly 
increased the risk of the children’s overall psychiatric symptoms (OR = 5.3, 
95% CI = 2.2–12.6, p < 0.001) and internalising (OR = 2.5, 95% CI = 1.1–5.5, p 
< 0.05) and externalising (OR = 3.7, 95% CI = 1.6–8.5, p < 0.01) symptoms. 

In Study II, the four- to seven-year-old children referred for child 
psychiatric evaluation had a significantly higher level of EF deficits than the 
reference children (i.e., higher ATTEX-P Total scores and all nine subscale 
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scores, all p values < 0.001). More than half of the referred children (58.5%) 
had an ATTEX-P total score that was over the clinical cut-off. The patients 
were at a high risk (univariate OR = 12.4, p < 0.001; multivariate OR= 10.6, p 
< 0.001) of EF deficits (ATTEX-P total score over the clinical cut-off) 
compared to the reference children. 

In Study III, the referred children were assigned to symptom groups of 
mainly internalising, mainly externalising, combined or mild symptoms, 
measured by the CBCL. All the children in the symptom groups had marked 
EF deficits: a higher ATTEX-P total score (all p values < 0.001) and a higher 
score in eight of the nine ATTEX-P subscales (p values ranging between < 
0.001 and 0.039) than the reference children. The children in the mainly 
internalising symptom group had less impulsivity than those in the other 
symptom groups, and less motor hyperactivity than those in the mainly 
externalising or both internalising and externalising symptom groups. 

The second sample comprised a population-based birth cohort (CHILD 
SLEEP, N = 1679) from the Pirkanmaa Hospital District (2011–2017). The 
parents completed several questionnaires during the mother’s pregnancy and 
when the child was 3, 8, 24 months, and five years old. Sleep duration, night 
awakenings and parent-reported sleep difficulties were measured using the 
Brief Infant Sleep Questionnaire (BISQ) and the Infant Sleep Questionnaire 
(ISQ). When the child was five years old, the parents rated their child's 
inattentive and/or hyperactive symptoms using two different questionnaires, 
the Five-to-Fifteen (FTF) and the Strengths and Difficulties (SDQ) 
questionnaires. 

In Study IV, children’s sleep duration reported by their parents at 3, 8, and 
24 months of age was consistently associated with their inattentive symptoms 
at five years of age. Shorter sleep duration (less than 13.0 h per day) at as early 
as three months increased a child’s risk of later inattentive symptoms (OR 
1.93, 95% CI = 1.24–3.01, p < 0.01). At 24 months of age, parent-reported sleep 
difficulties were related to inattentive and hyperactive symptoms at five years. 
At five years of age, night awakenings and parent-reported sleep difficulties 
were associated with concurrent inattentive and hyperactive symptoms. 

In Study V, children’s shorter sleep duration (less than 13.0 h per day at the 
age of three months), parents’ depressive symptoms during and after 
pregnancy, a more negative family atmosphere at three months, and a 
hostile/punitive parenting style at eight months were related to the risk of the 
children having inattentive and/or hyperactive symptoms at five years of age. 
Children with several risk factors (being a boy, maternal authoritarian 
parenting style, more negative family atmosphere, and persistent maternal 
depressive symptoms) were at the highest risk (OR 8.40, CI 95% 3.17–22.30, 
p < 0.001) of having inattentive/hyperactive symptoms at five years of age. 

The results of this study highlight the fact that sleep problems and EF 
deficits are associated with both internalising and externalising symptoms 
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among four- to seven-year-old children referred for child psychiatric 
evaluation. Early screening and identification of sleep difficulties and EF 
deficits among preschool-aged children with psychiatric symptoms should 
guide treatment choices. Treating a child’s sleep problems may possibly 
alleviate the intensity of their psychiatric symptoms. On a populational level, 
early screening and treatment of a child’s sleep problems and parental 
support, including the treatment of parental depression, should be available 
already during infancy and the preschool period, especially for families with 
several risk factors for the child later developing ADHD-related symptoms. 
Identifying families with high-risk children (i.e., several risk factors already 
during infancy) and providing adequate and early support for these families is 
of great importance. 
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Lastenpsykiatriseen erikoissairaanhoitoon ohjattujen alle kouluikäisten  
lasten unen ja toiminnanohjauksen vaikutusta psykiatriseen oirekuvaan on 
selvitetty vain harvassa tutkimuksessa. Väestötasolla ei tiedetä, liittyykö 
lapsen varhainen uni lapsen myöhempiin ADHD-piirteisiin 
(tarkkaamattomuus- ja yliaktiivisuusoireisiin). 

Tässä tutkimuksessa (tutkimukset I–II) selvitettiin lastenpsykiatriseen 
erikoissairaanhoitoon ohjattujen alle kouluikäisten lasten unta ja 
toiminnanohjausta verrattuna verrokkilapsiin. Tutkimuksissa I ja III 
selvitettiin lapsen unen ja toiminnanohjauksen yhteyttä psykiatrisiin oireisiin. 
Väestöpohjaisessa tutkimuksessa (tutkimukset IV–V) selvitettiin lapsen 
varhaisten uniongelmien (lapsen ollessa 3 kk, 8 kk, 24 kk ja 5 v ikäinen) ja 
raskaudenaikaisten ja raskaudenjälkeisten perheen riskitekijöiden yhteyttä 
lapsen tarkkaamattomuus- ja yliaktiivisuusoireisiin 5 vuoden iässä. 

Tutkimus pohjautuu kahteen aineistoon (kliininen ja epidemiologinen). 
Kliininen potilasaineisto (tutkimus I, N = 139; tutkimukset II-III, N = 171) 
kerättiin aikavälillä 03/2015–05/2017 Helsingin yliopistollisen 
keskussairaalan pienten lasten psykiatrian vastaanotoilta (Helsinki, Vantaa). 
Vanhemmat arvioivat lapsen psyykkisiä oireita CBCL-kyselyllä ja 
univaikeuksia Brunin unikyselylomakkeella (SDSC). Lapsen 
toiminnanohjausta arvioitiin päivähoidon opettajan täyttämällä PikkuKesky-
kyselyllä, joka on validoitu suomalaisilla 4–7-vuotiailla lapsilla. 
Vertailuryhmänä (tutkimus 1) oli iän ja sukupuolen suhteen vakioitu ryhmä 
lapsia aiemmasta epidemiologisesta tutkimuksesta. Tutkimuksissa II-III 
vertailuryhmän muodosti Lahden päiväkodeista kerätty aineisto. 

Tutkimuksessa I havaittiin, että noin joka kolmannella (33,1 %) 3–7-
vuotiaalla lastenpsykiatriseen hoitoon ohjatulla lapsella oli univaikeuksia. 
Näistä lapsista 14,4 % nukkui alle 9 tuntia yössä, mikä on huomattavasti 
vähemmän verrokkilapsiin verrattuna (2,9 %, p < 0,001). Näillä lapsilla oli 
myös enemmän motorisesti levotonta unta, painajaisia, aamu- ja 
päiväväsymystä sekä yöheräilyä verrattuna verrokkilapsiin (p <0,05). Lapsen 
unihäiriö lisäsi merkittävästi riskiä lapsen psyykkisiin kokonaisoireisiin (OR 
= 5,3, 95 % CI = 2,2–12,6, p < 0,001), internalisoiviin oireisiin (OR = 2,5, 95 
% CI = 1,1–5,5, p < 0,05) ja eksternalisoiviin oireisiin (OR = 3,7, 95 % CI = 1,6–
8,5, p < 0,01). 

Tutkimuksessa II havaittiin, että 4–7-vuotiailla lastenpsykiatriseen 
hoitoon ohjatuilla lapsilla on enemmän toiminnanohjauksen vaikeuksia 
verrattuna verrokkilapsiin (korkeammat pisteet sekä PikkuKeskyn 
kokonaispistemäärän, että kaikkien yhdeksän alaluokan osalta, kaikki p-arvot 
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< 0,001). Yli puolet näistä lapsista (58,5 %) sai yli kliinisen rajan olevan 
kokonaispistemäärän PikkuKesky-kyselyssä. Näillä lapsilla oli merkitsevästi 
suurempi riski (OR = 10,6, p < 0,001) kliinisen raja-arvon ylittävään 
PikkuKeskyn kokonaispistemäärään verrokkilapsiin verrattuna. 

Tutkimuksessa III potilaat jaettiin CBCL-kyselyn perusteella ryhmiin: 1) 
lapset, joilla oli vain internalisoivia oireita, 2) lapset, joilla oli vain 
eksternalisoivia oireita, 3) lapset, joilla oli sekä internalisoivia että 
eksternalisoivia oireita ja 4) lapset, joilla ei ollut kliinisesti merkittäviä 
internalisoivia tai eksternalisoivia oireita. Kaikissa ryhmissä PikkuKeskyn 
kokonaispistemäärä oli korkeampi kuin verrokkilapsilla (kaikki p-arvot < 
0,001). Kahdeksassa yhdeksästä PikkuKeskyn alaluokasta oireryhmien 
pistemäärät olivat korkeammat verrokkilapsiin verrattuna (p-arvot välillä < 
0,001–0,039). Lapsilla, joilla oli vain internalisoivia oireita, oli vähemmän 
impulsiivisuutta kuin muilla oireryhmillä, ja näillä lapsilla oli myös 
vähemmän motorista hyperaktiivisuutta kuin eksternalisoivaan ryhmään 
kuuluvilla tai niillä lapsilla, joilla oli sekä internalisoivia että eksternalisoivia 
oireita. 

Tutkimuksen väestöpohjainen syntymäkohorttiaineisto (CHILD SLEEP, N 
= 1679) kerättiin Pirkanmaan sairaanhoitopiirin alueelta vuosina 2011–2017. 
Vanhemmat täyttivät useita kyselyitä odotusaikana sekä lapsen ollessa 3 kk, 8 
kk, 24 kk ja 5 vuoden ikäinen. Lapsen unen määrää, yöheräilyä ja vanhemman 
raportoimia univaikeuksia kartoitettiin kahdella kyselyllä (BISQ ja ISQ). 
Lapsen ollessa 5 vuoden ikäinen, vanhemmat arvioivat lapsen 
tarkkaamattomuus- ja yliaktiivisuusoireita kahdella kyselyllä, Viivi-kyselyllä 
(FTF) ja Vahvuudet ja vaikeudet-kyselyllä (SDQ).  

Tutkimuksessa IV havaittiin, että vanhemman raportoima lapsen 
varhainen unen pituus 3 kk, 8 kk ja 24 kk iässä liittyi 5 vuoden iässä lapsen 
tarkkaamattomuusoireisiin. Lyhyempi unen pituus jo kolmen kuukauden 
iässä (alle 13,0 h vuorokaudessa) lisäsi riskiä (OR 1,93, 95 % CI = 1,24–3,01, p 
< 0,01) lapsen myöhemmille tarkkaamattomuusoireille. Lapsen ollessa 24 kk 
ikäinen, vanhemman raportoimat univaikeudet liittyivät lapsen 
tarkkaamattomuus- ja yliaktiivisuusoireisiin 5 vuoden iässä. Lapsen ollessa 5 
vuoden ikäinen, yöheräily ja vanhemman raportoimat univaikeudet liittyivät 
lapsen tarkkaamattomuus- ja yliaktiivisuusoireisiin. 

Tutkimuksessa V havaittiin,  että varhainen lyhyempi unen pituus (alle 13,0 
h vuorokaudessa), vanhemman raskaudenaikainen ja raskaudenjälkeinen 
masennus, kielteisempi perheilmapiiri lapsen ollessa 3 kk ikäinen sekä 
määräävä kasvatustyyli lapsen ollessa 8 kk ikäinen lisäsivät riskiä lapsen 
tarkkaamattomuus/hyperaktiivisuusoireisiin 5 vuoden iässä. Lapset, joilla oli 
useita riskitekijöitä (sukupuoli poika, äidin masennus ja määräävä 
kasvatustyyli, kielteisempi perheilmapiiri) oli erityisen suuri riski (OR 8,40, 
95 % CI 3,17–22,30, p < 0,001) tarkkaamattomuus/hyperaktiivisuusoireisiin 
5 vuoden iässä.  
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Tämän tutkimuksen tulokset korostavat, että erikoissairaanhoitoon 
ohjattujen alle kouluikäisten lasten univaikeudet ja toiminnanohjauksen 
vaikeudet liittyvät sekä lapsen internalisoiviin että eksternalisoiviin oireisiin. 
Unihäiriöiden ja toiminnanohjauksen vaikeuksien varhainen tunnistaminen 
on tärkeä osa pienten lasten psykiatrista hoitoa ja kuntoutusta, ja ne tulee 
ottaa huomioon varhaisvaiheessa lapsen hoidon suunnittelussa ja 
toteuttamisessa. On mahdollista, että varhainen unihäiriöiden hoito lievittää 
myös psykiatristen oireiden voimakkuutta. Väestöpohjainen 
pitkittäistutkimus osoittaa, että lapsen varhaisten uniongelmien hoitoa ja 
perheille tarjottavaa tukea ja apua esimerkiksi vanhemman masennukseen 
tulisi olla pikkulapsiaikana tarjolla etenkin perheille, joilla on useita 
riskitekijöitä lapsen aktiivisuuden ja tarkkaavuuden häiriön oireiden 
kehittymiselle. On erityisen tärkeää tunnistaa varhain ne perheet, joissa 
lapsella on useita riskitekijöitä ja tarjota näille perheille riittävästi ja oikea-
aikaista tukea. 
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During early childhood (defined here as from birth to the age of seven) 
children can develop symptoms of internalising disorders (anxiety and/or 
depression) as well as symptoms of externalising disorders (oppositional 
defiant disorder, and/or attention deficit and hyperactivity disorder) (1–6). 
Previous studies of preschool-aged children with internalising (7,8) or 
externalising (9–11) symptoms have shown that these symptoms tend to 
continue, at least to some extent, into later childhood and adolescence. Child 
psychiatric disorders or even subthreshold symptoms may adversely affect 
adult functioning even if the problems themselves do not persist (12). 
Therefore, early identification of the risk factors related to the development of 
psychiatric disorders and early evidence-based interventions could improve 
later psychosocial and physical outcomes (13).  

Both internalising and externalising disorders among children are 
associated with sleep difficulties (14–16) and deficits in executive functions 
(EFs) (17–20). The first years of a child’s life is a particularly sensitive period 
in the development of EFs, which include self-regulation, attentional/impulse 
control, working memory, and the ability to monitor one’s own behaviour. 
Both genetic (21) and environmental factors contribute to the development of 
EFs (22–24). For instance, parent-reported sleep difficulties are prevalent 
during infancy and at preschool-age (25–27), and are associated with the 
development of EFs (23,28,29). Attention Deficit and Hyperactivity Disorder 
(ADHD) is the most prevalent neurodevelopmental disorder during childhood 
(30) and is associated with marked sleep difficulties (14), and impairments in 
EFs (19,31). 

The majority of the previous studies on the association between sleep and 
EFs and psychiatric symptoms and disorders have focused on school-aged 
children, and the relations between psychiatric symptoms and sleep 
difficulties/EF deficits have been examined in diagnostic groups. Hardly any 
previous studies have reported on the association between psychiatric 
symptoms and sleep difficulties/EFs in a sample of preschool-aged children 
referred for child psychiatric evaluation with internalising and/or 
externalising symptoms.  

This study evaluates sleep problems and EF deficits among four- to seven-
year-old children referred to Helsinki University Central Hospital´s child 
psychiatric outpatient clinics and among normative controls. The four- to 
seven-year-old patients were examined to determine the associations between 
parent-reported sleep difficulties, and EF deficits reported by daycare 
teachers, and psychiatric internalising and externalising symptoms. Finally, 
we examined the relationship between parent-reported sleep difficulties and 
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family-related factors during the first five years of the child’s life and 
inattentive/hyperactive symptoms in a population-based sample of five-year-
old children were examined.  

Our goal was to obtain new knowledge on the role of sleep and EFs in the 
psychiatric symptoms of young children attending a child psychiatric 
outpatient clinic, in order to improve the evaluations and treatments of young 
patients in the future. In addition, we believed that learning more about the 
child’s sleep and family factors associated with increased ADHD-related 
symptoms among young children may offer opportunities to improve these 
factors and thus alleviate the symptoms. 
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Typically, child development is divided into infancy (from birth to one year of 
age), toddlerhood (ages one to two), the preschool years (ages three to five), 
childhood (ages six to 12), and adolescence (ages 13 to 18). In Finland, children 
start their preschool at the age of five or six and the first grade at school at six 
to seven years. In this study, preschool age refers to the ages from three to 
seven. 

The biology of a child’s development is genetically programmed to follow a 
particular course. For instance, during brain development, genes determine 
several structural changes (initial overproduction of neurons, migration, and 
pruning). On a neuronal level, however, cell-cell interaction is also partly 
determined by external stimuli. Thus, child brain and mind development is 
shaped by how environmental factors and experiences affect genetically 
programmed central nervous system maturation (32–36). Brain plasticity 
refers to the brain’s structural and functional capacity to adapt to the effects 
of the environment and the needs of the body. Plasticity may be experience-
expectant (i.e., development is dependent on a certain stimulus, often during 
a critical period of development) or experience-dependent (i.e., neuronal 
connections are modified by experience). In this way, stressful experiences in 
early life may have adverse effects on children’s physical and mental health 
(37).  

During the first years of a child’s life, cognitive, linguistic, social-emotional, 
and behavioural development undergo great changes (38–43). Cognitive 
development refers to the development of abstract and concrete thinking, 
memory, attentional control, problem-solving, reasoning, and understanding 
of the self, others and how the world works around the child. EFs refer to 
higher-order cognitive processes such as attention, inhibition, working 
memory, cognitive flexibility, planning, organization, problem-solving and 
performance monitoring (39,44–47). EFs start developing in infancy and 
continue to do so into early adulthood. They are essential for goal-directed 
behaviour and are associated with children’s subsequent cognitive 
development, and behavioural and emotional outcomes. Linguistic 
development refers to the development of a child’s communication skills, 
developing speech patterns, and sentence structuring. Social-emotional 
development is associated with a child’s growing ability to identify, express, 
and modulate their feelings. It also refers to the development of a child’s 
relationships with others and the learning of social norms. Behavioural 
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development refers to the child’s development of age-appropriate behaviour, 
such as following rules or regulating their behaviour.  

From birth to six months, the interaction between primary caregiver and 
child is of great importance. The development of a secure attachment (e.g., 
making the child feel protected, safe, and secure) is considered important for 
a child’s subsequent social-emotional and cognitive development (48). During 
the first months their lives, children use crying for expressing basic needs (i.e., 
hunger, thirst, pain, discomfort). In a secure attachment, a child receives 
sensitive, consistent, and soothing responses usually from the primary 
caregiver (48). During this time, an infant’s ability to recognise and imitate 
facial expressions, readiness for face-to-face interaction, use of language 
(babbling and cooing), differentiation of external stimuli (i.e., colours, shapes, 
sounds), memory, and joint attention improves. Joint attention (i.e., parents’ 
and children’s coordinated attention to each other and to a third object or 
event) begins to develop at the age of five months and is considered important 
for cognitive and social-emotional development (49–51). The orienting 
attentional system (allowing children to orient towards stimuli in the external 
environment and to shift attention) develops and seems to be related to a 
child’s self-regulation (52,53). At the same time, a child’s sleep cycles come 
more predictable: progressive maturation of the circadian system can also be 
seen (54). At around three months of age, clear signs of a diurnal sleep-wake 
rhythm also emerge. This development is reflected as more sleep during the 
night and less sleep during the day (27). Sleep consolidation seems to occur 
during the first year of a child’s life with more sleep during the night 
(27,55,56). 

From seven months to one year, an infant’s attachment to their primary 
caregiver strengthens, and they start to display anxiety when the caregiver is 
not available (i.e., separation anxiety). Language skills further improve, and 
the infant learns, and starts to respond to their own name. Infants typically 
say their first word at 12 or 13 months (range between 8 and 18 months). They 
start to point to objects (e.g., toys, lamps, cars) and learn new motor skills (i.e., 
crawling, sitting, standing) (57). Attentional skills and memory improve: they 
can hold a presentation (e.g., a toy) in mind for a while and start to understand 
‘hide and seek’ games (38,58–60). Infants’ sleep development seems to be 
highly variable (27,61,62), but an infant’s ability to fall asleep independently 
increases towards the end of the first year. The number of daytime naps and 
sleep latency decrease, and night awakenings (one to three times per night) 
are a normative feature for children under one year of age (27). 

From 13 months to two years, an infant’s cognitive abilities such as 
memory, problem solving and attention further advance and their vocabulary 
grows to about 200 words (although this may vary substantially) (43,52,63). 
Motor skills become more coordinated. At this age, children typically enjoy 
imitating their own/parental behaviour (eating, sleeping, cooking, cleaning), 
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and they can look for a specific toy in several places, reflecting the 
development of their working memory and attention. They also become 
interested in other people around them and acquire a growing understanding 
of themselves and others. Toward the second year of a child’s life, they start to 
combine words and say their first simple sentences. They use language to 
regulate their behaviour. Children at this age recognise and show basic feelings 
(i.e., happiness, sadness, anger) to their caregivers and may try to, for 
example, comfort a crying/sick caregiver. Towards the second year of a child’s 
life, total sleep time per day and the proportion of daytime sleep decreases, 
and the majority of the children only wake up once if at all during the night 
(27,56). 

From the ages 2 to six years, a child’s attention, memory, problem-solving, 
and self-regulation improve (52,63–65). Executive attention (i.e., the ability 
to inhibit attention to distractors and maintain attention for more prolonged 
periods) develops rapidly between the ages of two and six (43,52). From the 
age of one to three, children may typically have temper tantrums 
(characterised by outburst of anger and frustration, screaming, crying, 
oppositional and/or aggressive behaviour) in situations where they must deal 
with strong emotions or disappointments, or follow parental requests. Temper 
tantrums typically decrease at four to six years as linguistic and self-regulation 
skills improve. A child’s language skills also develop: sentences become more 
complex, and vocabulary increases by up to 2000 words by five years of age. 
At this age, children learn early literacy and numeracy skills. They also start to 
express more complex behavioural and linguistic emotions, including 
empathy and sympathy. From the ages two to six, a child’s total sleep time 
decreases as their need for daytime sleep diminishes (56). 

Finally, children demonstrate considerable heterogeneity in their rate of 
development (41). It is not always easy to distinguish between clinically 
significant developmental delay or normative development with a slight delay 
compared to peers. Children continue to grow and learn new skills, and a slight 
delay and/or problematic behaviour at one age does not always predict later 
delays/problems. 
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Giving a patient a precise diagnosis at preschool age is challenging for 
clinicians, and several factors should be taken account when psychiatric 
symptoms are assessed during the preschool period. First, early childhood is 
a time when both physical and socioemotional development progress rapidly. 
Psychiatric symptoms may be transient and not always pathological in nature: 
high levels of activity and impulsiveness, for instance, are also typical in 
healthy children (66). In turn, parents may not be aware that their child’s 
behaviour is maladaptive. Second, children may still lack the verbal ability to 
express themselves. Third, the early caregiving/parent-child relationship pays 
a vital role in a child’s cognitive and socioemotional development. Therefore, 
a child’s psychiatric symptoms may be an early sign of developing 
psychopathology (primarily biological in origin), or the expression of a 
problematic parent-infant relationship (primarily psychosocial-reactive in 
origin), or the expression of other negative environmental factors. A child’s 
challenging behaviour related to neurodevelopmental disorders may also 
predispose them to more negative parent-child interaction. The presence of 
parental psychopathology may also negatively influence the parents’ ability to 
supportively respond to their child’s challenging behaviour (67). Furthermore, 
parents suffering from depressive symptoms might see the world more 
negatively than healthy parents, and parents with depressive symptoms may 
overestimate their child’s behaviour problems due to their own mental health 
issues (68,69). The majority of the assessment instruments at preschool age 
are questionnaires completed by parents. 

A comprehensive child psychiatric evaluation is made when a child is 
referred to a child psychiatric outpatient clinic. The evaluation includes a 
parent-reported comprehensive anamnesis of the child’s psychosocial and 
neurological development and somatic health. The child’s individual 
assessment examines their psychiatric, neurological and somatic status, and 
may involve psychological/neuropsychological tests. Observations of the 
child’s behaviour and social abilities at daycare and at home may also be 
included. Assessment of the parent-child relationship, and an interview with 
parents, including the assessment of stressful family events or other negative 
family environmental factors, are also highly relevant. The quality of the 
parent-child relationship can be assessed during family appointments and 
using questionnaires such as the Emotional Availability scale (70). Child 
psychiatric symptoms, EFs and sleep difficulties can be evaluated with 
questionnaires such as Child Behavior Checklist (CBCL1.5-5) (71), the Five-
To-Fifteen questionnaire (72), the ADHD Rating Scale (ADHD-RS) (73), the 
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Sleep Disturbance Scale for Children (SDSC) (74), and the Attention and 
Executive Function Rating Inventory – Preschool (ATTEX-P) (75). 
Questionnaires are used to obtain additional information on a child’s 
psychiatric symptoms and daily functioning at home and/or daycare. Table 1 
presents typical questionnaires used during early childhood. The key issue in 
a clinical evaluation is whether the condition causes impairment to the child’s 
daily functioning. 

In child psychiatric outpatient clinics in Finland, diagnoses are based on 
the International Classification of Diseases, Tenth Edition (ICD-10) (76). 
However, the Diagnostic Classification of Mental Health and Developmental 
Disorders of Infancy and Early Childhood (DC:0–5) is also used as a 
systematic, developmentally based approach to the classification of mental 
health and developmental difficulties during the first five years of life (77). 
Finally, the DC:0–5 consist of six axes, and is used to obtain a comprehensive 
overall picture of the child’s psychiatric symptoms, family environment, 
parent-child interaction, somatic health, psychosocial stressors, and 
developmental competence (77). 
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According to previous research, child psychiatric disorders are prevalent, 
ranging from 7% to 17% among children aged one to six years (1–3,84–86). 
Prevalence rates are lower in Europe than in the USA. For instance, a 
Norwegian population-based study of four-year-old children (N = 2475) 
showed that the estimated prevalence of any child psychiatric disorder was 
7.1% (2). The most common child psychiatric conditions can already be 
diagnosed at preschool age by a structured diagnostic interview called 
Preschool Age Psychiatric Assessment (PAPA) (2,87). Depression (2.0%), 
ADHD (1.9%), oppositional defiant disorder (ODD) (1.8%), and anxiety 
disorder (1.5%) were the most common disorders among four-year-old 
Norwegian children. Comorbidity was frequent already in this age group, and 
boys had more ADHD and depression than girls. Table 2 shows the prevalence 
rates of common child psychiatric disorders. 

Childhood psychiatric disorders and their symptoms tend to persist and are 
associated with an increased risk of other disorders (7,88–91). Children with 
a specific psychiatric disorder at preschool age may look similarly at later age 
(homotypic or within-disorder continuity): for instance, ADHD at preschool 
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age predicts the same diagnosis at school age (10,90,92) and in adolescence 
(93). Some children with a specific disorder at preschool age may look 
differently (i.e., have other psychiatric diagnoses) at school age or in 
adolescence (heterotypic or across disorder continuity). This kind of 
heterotypic continuity would be the case if the child’s earlier anxiety predicted 
subsequent depression (88). Why such homotypic and heterotypic continuity 
characterizes a child’s development remains at least partly poorly understood.  

A community-based longitudinal study of three-year-old children (N = 
559) in New York showed that preschoolers who met the diagnosis criteria 
were over twice as likely as other preschoolers to meet the diagnosis criteria 
later time points (88). Disruptive behaviour disorders (DBD) decreased from 
the age of three (9%) to nine (3%) and 12 years (5%), whereas ADHD rates 
increased (2%, 13%, 16%, respectively). Homotypic continuity was present for 
anxiety disorders from the age of three to nine years, ADHD from 3 to 12 years, 
and DBD from 3 years to 9 and 12 years. Heterotypic continuity was present 
for anxiety at three years and depressive disorders at age 12 years, and ADHD 
at three years and DBD at age 12 years (88).  

It has been difficult to distinguish the effect of an earlier disorder on a later 
disorder, or to determine any other possible explanatory factors (i.e., genetics, 
family-related factors such as parenting and peer relations, parental response 
biases, overlapping symptoms characterising multiple disorders) (91). 
Wichstrøm et al. (2017) investigated the homotypic and heterotypic continuity 
of several child psychiatric symptoms (symptoms of ADHD, ODD, conduct 
disorder (CD), anxiety, and depression) in a longitudinal Norwegian 
population-based study of four- to ten-year-old children (N = 1042) (91). Their 
aim was to determine whether the homotypic and heterotypic continuity were 
due to 1) earlier symptoms affecting later symptoms, 2) time varying negative 
life events, or 3) common unmeasured factors. The main finding of Wichstrøm 
et al. (2017) was that most of the observed homotypic continuities in the 
symptoms were not the result of effects of earlier symptoms on later symptoms 
or of negative life events: they were due to unmeasured factors (such as 
genetics, family-related factors) with the same being true of the heterotypic 
continuity of ADHD and ODD/CD symptoms (91). 
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ADHD is characterised by age-inappropriate and persistent levels of 
inattentive and/or hyperactive-impulsive symptoms that interfere with social 
functioning and/or development (98). It is considered to have three subtypes: 
predominantly inattentive-type (ADHD-I), predominantly hyperactive-
impulsive-type (ADHD-HI) and combined-type (ADHD-C). 

ADHD is the most prevalent neurodevelopmental disorder and is reported 
to affect approximately 5% of the population (99). Pooled prevalence estimates 
for ADHD in the population aged 6–17 range from 3.4% to 7.2% (30,100). For 
instance, the prevalence of ADHD in a Finnish population-based study of 
eight- to nine-year-old children was 7.1% (101). At preschool age, the 
prevalence rate was lower, at approximately 2% (2,90,94). A longitudinal 
community-based study (N = 462) demonstrated that 2.4 % of children met 
the diagnostic criteria of ADHD at the age of three, and that the prevalence 
rate increased to 5.4% by the age of six (90). Further, children diagnosed with 
ADHD at the age of three were at a significant risk (OR = 17.7, 95% CI = 5.05–
63.86, p < 0.001) of having an ADHD diagnosis at the age of six (90). However, 
attentional control develops rapidly between the age of three and six, and a 
precise ADHD diagnosis before the age of six should be made particularly 
carefully (102). There is also evidence that children’s relative younger age (e.g., 
being the youngest child in the school year) is associated with a higher risk of 
ADHD diagnosis (103) and ADHD medication use (104), particularly during 
the first school years. A Finnish population-based register study found that the 
cumulative incidence of ADHD diagnosis was highest among the youngest 
children (i.e., children born between September and December) (103). 

ADHD is a highly heritable disorder (105–107). Family, twin, and adoption 
studies show that genes play a strong role in mediating the susceptibility to 
ADHD, and the heritability of ADHD has been estimated to be 0.76 (107). Both 
dimensions of ADHD (i.e., inattention and hyperactivity-impulsivity) seem to 
be highly heritable, and according to a recent meta-analysis, genetic factors 
accounted for 71% and 73% of the variance of inattention and hyperactivity 
(108). Boys tended to more often have an ADHD diagnosis than girls, in both 
the community and clinical samples, with male to female ratios ranging from 
2–5:1 in community samples (109,110) and even 9:1 in clinical samples (111). 
A recent Finnish register-based community study showed that the majority of 
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children diagnosed with ADHD were boys (84%), and the mean age of ADHD 
diagnosis was 7.6 years (109).  

The aetiology of ADHD is multifactorial and includes both genetic and 
environmental factors (33,105–107). For instance, family history of ADHD 
(107,112,113), mother’s prenatal and/or postnatal depression (114–117), 
maternal smoking (33,115,116,118,119), alcohol consumption (33,120), or 
maternal low level of D-vitamin (121) during pregnancy, premature birth, low 
birth weight and delivery complications (113,116,118,122) are all associated 
with children’s later ADHD diagnosis. Furthermore, early exposure to severe 
adverse life events (119,123), a harsh-intrusive/hostile parenting style 
(113,124,125), and exposure to certain chemicals (such as lead, phthalates, and 
organophosphate pesticides) (119) have also been related to ADHD 
symptomatology later in childhood. 

Clinical presentation of ADHD at preschool age seems to be somewhat 
different from ADHD at school age/during adolescence. According to a recent 
review, preschool-aged children with ADHD have significantly more 
combined/hyperactive-impulsive-type ADHD than inattentive type ADHD 
(126). Before school age, ADHD symptoms may appear at daycare and at home 
more as hyperactivity and impulsivity. Inattentiveness becomes more 
apparent at school when children are required to concentrate for longer times 
and do their schoolwork (127). Recent longitudinal studies of children with 
ADHD suggest that hyperactive and impulsive symptoms evident at preschool 
age decline as these children get older, and that inattentive symptoms increase 
or become more evident at school age (92,128). Hyperactive-impulsive 
symptoms may be detectable already at the age of 12 months (129). For 
instance, Miller et al. (2020) demonstrated that both examiners and parents 
of children with a familial risk of ADHD (i.e., parent or sibling diagnosed with 
ADHD) reported significantly more hyperactive-impulsive symptoms 
reported already when the child was 12 months old in comparison to infants 
with no familial risk.  

In the majority of cases, children diagnosed with ADHD at preschool age 
retain the diagnosis at school-age (10,90,92) and in adolescence (93). Bunte 
et al. (2014) showed that of four-year-old children with ADHD, 58.5% met the 
diagnostic criteria 18 months later, some (35.1%) had ADHD symptoms under 
diagnostic levels, and only a few children (5.5%) were symptom free (10). The 
prevalence of ADHD (i.e., meeting full ADHD diagnostic criteria) decreases 
with age towards adulthood (130,131). Inattentive symptoms of ADHD seem 
to persist more often in adulthood than hyperactive-impulsive symptoms 
(130). The relative proportion of women with diagnosed ADHD is higher in 
older age groups (131). Faraone et al. (2006) reported in their meta-analysis 
that when defining those meeting the full criteria for ADHD as only having 
‘persistent ADHD’, the rate of persistence was rather low (around 15% at the 
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age of 25). When they included cases with ‘ADHD in partial remission’, the 
rate of persistence was much higher (about 65% at the age of 25) (130). 

ADHD is characterised by a high rate of internalising (i.e., anxiety and 
depression) and externalizing (oppositional and/or disruptive behaviours) 
comorbidities, sleep difficulties, learning disabilities, language problems, 
impaired motor skills, emotional dysregulation, and autism spectrum disorder 
(ASD)(14,106,109,132–136). A Finnish population-based register study 
reported a comorbidity rate of 76.7% among children and adolescents with 
ADHD (109). The most common comorbidities were language problems and 
impaired motor skills, ODD or CD, anxiety, ASD, and depression (109). Some 
comorbidities may be evident already at preschool age (126,137,138). For 
instance, Wilens et al. (2002) demonstrated that disruptive disorders (CD or 
ODD) were the most common comorbidities (64%) (137). Major depression 
(42%) and anxiety (28%) were also highly prevalent already at preschool age 
(137). Furthermore, preschool-aged children with ADHD/ADHD symptoms 
had more sleep difficulties (25,139,140) and EF deficits (18,31) than healthy 
controls already at preschool age. 

Finally, the disruptive nature of a child’s ADHD can influence several 
aspects of family functioning. It has been well-documented that the presence 
of ADHD in children is associated with varying degrees of disturbances in 
marital functioning, a more conflicted family environment, poorer parent-
child relationships, more parenting stress, and increased parental 
psychopathology (141,142). Parents of children with ADHD report more 
inconsistent and hostile parenting behaviours, and less parental warmth and 
sensitive behaviour toward their children than parents of typically developing 
children (143–145). Similar findings have been reported already at preschool 
age (138). The poorer parenting skills in these families may contribute to the 
development of additional behavioural problems, which in turn worsen ADHD 
outcomes (67,143).

Preschool-aged children may present clinically significant levels symptoms of 
DBD (ODD, or CD) (2,89,90). ODD is characterised by disobedient, defiant, 
negative, and hostile behaviour, whereas children with CD show highly 
defiant, aggressive behaviour towards other people and/or animals; engage in 
high-intensity destruction of property and high-intensity stealing; and/or 
have severe peer problems (98). The difference between ODD and other 
behavioural disorders is that in ODD does not exhibit behaviour that violates 
the law and the fundamental rights of others, such as cruelty, theft, serious 
bullying, frequent aggressive behaviour, or destruction of property. 

According to a meta-analysis, the pooled prevalence of ODD and CD up to 
the age 18 is 3.6% and 2.1% respectively (30). In a Finnish population-based 
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study of eight-to nine-year-old children by Almqvist et al. (1999), the 
prevalence of DBD was 4.7% (101). A Finnish register-based study by 
Gyllenberg et al. (2014) reported that the cumulative incidence of disruptive 
disorders by the age of 14 was 1.7% (146). Prevalence rates of ODD at preschool 
age vary from 1.8% in Nordic countries (2) to 10.8% in the USA (90). In a large 
population-based study of Norwegian four-year-old children (N = 995), the 
prevalence of conduct disorder was 0.7% (2). 

Wichstrøm et al. (2012) reported that lower socioeconomic status and 
parents not living together were associated with an increased risk of either 
ODD or CD diagnoses (2). Other factors related to DBD include genetic factors 
(147,148), prenatal cigarette smoking and alcohol consumption (149), low 
birth weight and early peripartum complications (149), EF deficits (150,151), 
parental psychopathology (149,152), negative/hostile parenting practices 
(153–155), maltreatment (148), insecure or disorganised attachment (156), 
and children’s low school achievement (155). ODD and CD share several 
common risk factors with ADHD (149). 

ODD in childhood is considered to be a precursor of CD later in childhood 
and adolescence (89). Indeed, Husby et al. (2017) reported in their 
community-based study (N = 1042) that ODD symptoms at the age of four 
years increased the risk of later CD symptoms at the ages of six, eight, and ten 
years, even after adjusting for previous CD symptoms and comorbidities (such 
as ADHD symptoms or anxiety) (89). In this study, earlier ADHD also 
predicted subsequent ODD (89). CD and ODD seem to continue, at least to 
some extent, into later childhood, adolescence and adulthood (10,89,157). 
According to Husby et al. (2017), ODD diagnosis at the age of four predicted 
ODD at the age of ten. This continuity was also observed in CD, albeit weaker 
(89). Bunte et al. (2014) showed that of four-year-old children with ODD, 62% 
met the diagnostic criteria for ODD 18 months later, 35.9% had milder 
symptoms and only 2.1% were symptom free (10).  

Already at preschool-age, DBD is highly comorbid with other psychiatric 
disorders, particularly with ADHD, depression, and anxiety (2,10,158,159). 
For instance, Wichstrøm et al. (2012) demonstrated that of the children in 
their study with ODD, 20.8% had comorbid ADHD, 27.2% had depression, 
and 5.7% had anxiety (2). However, higher prevalence rates of comorbid 
ADHD have also been reported. Bunte et al. (2014) reported that up to 52.1% 
of children with ODD also met the ADHD diagnostic criteria (10). ODD 
symptoms at preschool and (160,161) and ODD and/or CD at school-age 
(15,162) are also associated with more sleep difficulties than among healthy 
controls. 
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Depression is characterised by persistent sadness or unhappiness, loss of 
enjoyment, irritability, and associated symptoms such as negative thinking, 
lack of energy, difficulty concentrating, and loss of appetite and sleep 
disturbances (98). Among preschool-aged and school-aged children, 
behavioural symptoms (e.g., becoming more defiant and/or bullying) and 
somatic complaints (e.g., frequent complaints of feeling sick, unexplained 
headaches) related to depression may also be common. Children may also 
avoid going to daycare/school and show a loss of interest in their previously 
enjoyed hobbies. Among children, depression may also be manifested as the 
preoccupation with negative play themes (163).  

According to previous research and a meta-analysis, the prevalence of 
depression during preschool period is approximately 1.1%–2.0% (2,95,97). It 
has been suggested that preschool-age depression is an under-recognised 
disorder (163,164), as children of this age have difficulties communicating 
their symptoms to their parents or daycare teachers due to their emotional 
understanding, language skills, and cognition still being immature. 

The aetiology of depression seems to be multifactorial (165–168). It has 
been suggested that genetically vulnerable children may be exposed to 
psychosocial stressors early in their development and have significant 
depressive symptoms already at preschool-age (165–168). For instance, 
parental depression, non-supportive/hostile parenting, the child’s sleep 
difficulties, and exposure to early adverse effects are associated with a child’s 
higher risk for depressive symptoms (167–169).  

The longitudinal continuity of preschool depression into school age and 
adolescence has been established (164,170). For instance, Luby et al. (2014) 
demonstrated that half (51.4%) of four-year-old depressed children met the 
criteria for major depressive disorder six years later (164). These depressed 
preschoolers were three times as likely as nondepressed preschoolers to have 
an anxiety disorder or ADHD at follow-up. Bufferd et al. (2012) showed that 
depression at three years was related to anxiety rather than depression at six 
years (90). 

Depression often co-occurs with other psychiatric disorders, particularly 
with anxiety, ADHD and ODD (2,164). For instance, of the Norwegian 
preschool-aged children with depression, 76.8% had at least one other 
psychiatric diagnosis such as anxiety (37.0%), ADHD (24.1%), or ODD (47.5%) 
(2). Childhood depression is also associated with sleep difficulties 
(162,169,171).  
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Anxiety symptoms are basically normative emotions that serve a child’s 
normative growth, development, and adaptation to their environment. They 
may range from mild and transient symptoms to full-blown anxiety disorder 
with more severe impairment (172). During childhood, differentiation 
between age-appropriate anxiety and pathological anxiety may be difficult. For 
instance, during early childhood, separation anxiety at 12 to 18 months, fears 
of natural phenomena and animals from the age of two to four, fears of illness 
or accidents at five to seven years are normative. Subclinical anxiety symptoms 
and fears are even more common in children already at preschool age (172). 
Anxiety disorders are characterised by physiological (e.g., racing heart, feeling 
of pressure in chest, sweating), cognitive (e.g., catastrophic thinking, fears, 
excessive worrying), and/or behavioural (e.g. avoidance) symptoms that 
persist and interfere in an individual’s daily functioning (98).  

The pooled prevalence of anxiety disorders among children and 
adolescents is 6.5% (30). However, significantly higher (90,96) and lower (2) 
prevalence rates have also been reported. Studies with children or adolescents 
have suggested that the lifetime prevalence of ‘any anxiety disorder’ is about 
15% to 20% (172). For instance, Bufferd et al. (2012) reported that up to 19.3% 
of three-year-old community children had some anxiety disorder (90). The 
most typical were specific phobia (9.5%), separation anxiety (5.6%), and 
generalised anxiety disorder (3.9%). They also demonstrated that anxiety had 
homotypic continuity, i.e., children with anxiety disorder at three years were 
at an increased risk of anxiety disorder at the age of six (90) and nine (88).  

Familial aggregation of anxiety disorders is well established (173,174). 
Children of parents with anxiety disorder are at a substantially increased risk 
of having an anxiety disorder. According to a meta-analysis and a review, the 
role of non-shared environmental factors was also significant (173). That is, 
the development of anxiety disorder is multi-aetiological, and several 
candidate genes (147,174) interact with environmental factors such as stressful 
or traumatic life events, hostile parenting, family’s socioeconomic status, and 
parental depression (147,172,174) in the development of anxiety disorders. For 
instance, Lavigne et al. (2013) demonstrated that specific serotonin 
transporter or monoamine oxidase A gene alleles in boys were associated with 
an increased risk of anxiety among four-year-old community children in 
interaction with parental depression, hostility, family conflict, and 
socioeconomic status. 

Anxiety disorders are highly comorbid with other anxiety disorders, 
depression, and DBD, already at preschool age (2,96). Franz et al. (2013) 
showed that of the children (aged two to five) with generalised anxiety 
disorder, 58.5% had comorbid depression and 37.8% had DBD. Wichstrøm et 
al. (2012) reported lower comorbidity in their four-year-old community 
sample of children with anxiety disorder, as comorbidity with at least one 
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behavioural or emotional disorder was 20.2%, with DBD 12.9%, and with 
depression 12.0%. Childhood anxiety is also associated with sleep difficulties 
(16,162,175) 

Previous studies have consistently show that genetic factors influence on the 
development of a child s internalising and externalising symptoms 
(107,176,177). However, according to Brofenbrenner s theory, a child s 
development is largely affected by a complex system of relationships in the 
child´s everyday environment, from those with parents, siblings, relatives, 
daycare teachers to broad cultural values, laws, and customs (178,179). Several 
environmental factors affect a child s psychosocial development 
(33,119,120,180–182). According to a hypothesis of developmental 
programming, there is an interdependence between genes, developmental 
influences and the environment, which already begins during the prenatal 
period and continues postnatally (34,35,183). Prenatal and postnatal adversity 
may have a negative impact on brain architecture and affect lifelong behavior 
and both mental and physical health via for instance epigenetic mechanism 
(183). O´Donnell et al. (2017) suggested in their review that prenatal exposure 
to maternal anxiety, depression or stress may to lead to a ‘meta-plastic’ state 
in the foetal brain that increases sensitivity to postnatal influences (35).  

According to a previous review and meta-analysis, multiple factors (such 
as a certain genotype, exposure to chemicals, and traumatic life events) 
increase the probability of a child s ADHD diagnosis (119). Family-related 
factors such as parental socioeconomical status (112,184,185), marital status 
(185), parent-child attachment/relationship (186,187), parenting 
(161,188,189), and parental mental health (114–116,185,190) or maternal 
prenatal stress (191) have been associated with a child s later psychiatric 
symptoms/disorders. For instance, Pietikäinen et al. (2019) showed in their 
population-based birth-cohort study (N = 1667) that persistent maternal 
depression from pregnancy to the postnatal period was associated with the 
child s later internalising and externalising symptoms at the age of five (190). 
Pietikäinen et al. (2019) suggested that this association may be partly 
explained by genetic factors (176) and partly by the effect of parental 
depression on the parent-child relationship (192). 

Attachment is when the child uses the primary caregiver as a secure base 
from which to explore the world around them, and as a source of safety and 
comfort. There are four types of parent-child attachment: secure, insecure-
ambivalent, insecure-avoidant, and insecure-disorganised (48,193). Previous 
studies of infants suggest that secure attachment (i.e. a child s early 
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conception of their caregiver s availability, confidence in receiving protection 
and care when needed, effective promotion in emotion regulation) is 
associated with a child s better cognitive (194) and socioemotional 
development (195). For instance, Gillion et al. demonstrated that boys who 
were securely attached at 18 months used more constructive anger 
management strategies at the age of three-and-a-half years. In contrast, 
disorganised attachment seems to be associated with a child s subsequent 
internalising and externalising psychopathology (196,197). Further, according 
to a meta-analysis by Fearon et al. (2010), children with disorganised 
attachment are at an elevated risk of externalising problems (197).  

It has been suggested that early secure attachment interacts with the 
quality of subsequent experiences (particularly sensitive and consistent 
parental care and potentially stressful life events) in predicting later 
developmental outcomes (198). A study of two-year-old children showed that 
high levels of maternal responsiveness/warm behavior, measured by 
videotaped tasks completed in a laboratory, predicted a greater increase in 
sustained attention in children between the ages of two and four-and-a half 
than in the children of mothers showing no such behaviour (199). Another 
study with infants aged nine months showed that early sensitive, less intrusive 
parenting at this age supported the development of children s inhibitory 
control at the age of five years, which in turn remediated their risk of ADHD 
at yhe age of seven and nine years (180). The relationship found in this study 
was indirect, as a higher amount of sensitive parenting did not buffer against 
anger reactivity related to ADHD but did reduce the negative effect of anger 
reactivity on inhibitory control, which in turn was related to later ADHD 
symptomatology.  

Moreover, the way in which parents interact with their preschool children 
may make a unique contribution to development and ongoing emotional or 
behavioural difficulties (188). In a study by Keown et al. (2002), parents of 
preschool-aged children with pervasive hyperactive symptoms reported more 
lax disciplinary practices, less efficient parental coping, less father-child 
communication, and less synchronous mother-child interaction than parents 
with normative children (188). 

Good and/or healthy sleep, is defined by an adequate amount (sleep duration), 
good quality, adequate timing, and no disturbances (200). Sleep and waking 
are regulated by two separate processes, the homeostatic and circadian 
processes. The homeostatic process refers to the active waking time during the 
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day that creates neurophysiologic drive to initiate and maintain sleep during 
the night (201). The circadian process refers to the brain s internal clock, 
largely regulated by environmental cues such as the light-dark cycle 
(202,203). In infants and young children, the development of sleep patterns is 
affected by several changes in physiological, chronobiological, and 
neurological development, as well as environmental, cultural and genetic 
factors together (203). Mindell et al. (2011) emphasised that poor sleep (i.e., 
short sleep duration and/or poor sleep quality) has a negative impact on 
children s and/or adolescents  physical health, cognitive performance, 
learning, and social/emotional well-being (204).  

Sleep has an internal rhythmic organisation (i.e., sleep architecture), which 
includes sleep cycles with both nonrapid eye movement (NREM) and rapid eye 
movement (REM) sleep. NREM sleep can be divided into three stages (N1–3). 
During sleep, NREM stages proceed from N1 (transition from wakefulness to 
sleep) to slower and more synchronous N2 sleep and deep N3 sleep (slow-wave 
sleep), and then to REM sleep. Each of these sleep cycles has characteristic 
EEG findings (203). N1 is characterised by alpha waves, N2 by sleep spindles 
and K complexes, and N3 by delta-waves. In new-born children, these NREM 
and REM states are still immature (205). The proportion of REM sleep is 
highest during infancy. About 50% of new-borns  sleep is REM, followed by a 
decline to about 20%–25% by the age of five years (203,205). The duration of 
one cycle in infants (i.e., episode of NREM sleep with three stages, followed by 
REM sleep) is about 50 minutes. Adolescents’ cycles last longer (90 minutes), 
reflecting a decreased number of sleep cycles during the night and the 
development of more consolidated sleep. 

Human circadian rhythm is driven by the suprachiasmatic nucleus, and 
refers to a biological rhythm that has an endogenous period length of 
approximately 24 hours (206). New-borns sleep most of the day and night and 
have no established circadian rhythm. Newborns sleep in multiple one- to 
three- hour intervals (203). By the age of three months, the sleep-wake rhythm 
matures so that infants sleep more during the night and less during the day. 
For instance, a Finnish birth cohort study (N = 1311) study showed that the 
average parent-reported percentage of daytime sleep was 36.3% at three 
months and 25.6% at eight months (62). However, the development of the 
sleep-wake rhythm during the first year of a child’s life varies greatly. 
Paavonen et al. (2019) demonstrated that infants with slower sleep-wake 
rhythm development slept more hours per day, had a later sleep-wake rhythm, 
more difficulties settling to sleep and longer sleep onset latency; they also 
spent a longer time awake during the night (62). 
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Parents’ daily behavioural routines during early infancy seem to reinforce 
the development of a child’s biological rhythm (203). The development of an 
infant’s self-regulation during the first and second year also leads to their 
improved ability to fall asleep independently, which in turn leads to a 
reduction in the number of night awakenings and consolidation of night-time 
sleep (23,27,203). A recent Finnish study of two large birth cohorts showed 
that night awakenings were particularly common during the first year of a 
child s life, and consolidation of night-time sleep occured during the second 
year when the frequency of night awakenings decreased (27). 

New-born children, infants and preschoolers sleep considerably more than 
older children and adolescents (27,56) (Tables 3,4). Total sleep duration per 
day decreases from 16 hours postnatally to 14 hours at six months of age, and 
to 13 hours at two years of age (56) (Tables 3,4). At five to six years of age, 
mean sleep duration is 11 hours, and only 5%–8% of children need daytime 
naps (56). Table 3 presents the National Sleep Foundation recommendations 
for adequate sleeping times per day for different age groups (207). Paavonen 
et al. (2020) showed that total sleep time decreased from 14.4 hours at the of 
age three months to 11.9 hours at the age of two years (27). The range was 
particularly high during infancy (mean 14.4 hours, SD ± 1.8, range 6–20.5), 
but by the age of 24 months, it had decreased significantly (mean 11.9 hours, 
SD ± 0.9, range 8.3–14.5). Paavonen et al. (2020) found that nocturnal 
sleeping time remained stable during the first two years of life, whereas 
daytime sleep decreased.  

Sleep duration varies greatly already during infancy and early childhood. 
Numerous genetic, prenatal and environmental factors are associated with a 
child´s sleep duration (32,208–211). A recent meta-analysis by Kocevska et al. 
(2021) reported that 46% of the variability in sleep duration is genetically 
determined (211). Further, in this study, heritability estimates for sleep 
duration were at their lowest during the first year of a child’s life and at the 
ages of one to three years (17% and 20% respectively) increased to 41%, at the 
age of four to 12 years to 52%, and in adolescence to 69%. Of environmental 
factors, mothers’ prenatal depression or insomnia, lower maternal education, 
having older children in the family, and infant screen time (viewing TV or 
videos) were related to infant’s shorter sleeping times (208–210). While some 
of this variation in sleep duration is normative with no adverse effects, 
children with very short sleep duration may suffer from sleep disturbances 
and/or medical concern that should be evaluated and treated. In order to 
define clinically significant deviances in sleep development, Paavonen et al. 
(2020) reported age-specific cut-off values to identify individuals who would 
benefit from intervention and/or counselling. 
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The International Classification of Diseases (ICD-10) has divided sleep 
disorders into two separate categories: F51 (non-organic sleep disorders), and 
G47 (organic sleep disorders) (Table 5). Non-organic sleep disturbances can 
be further divided into 1) dyssomnias, and 2) parasomnias. Dyssomnias refer 
to impaired sleep quantity, quality, or timing of sleep. Parasomnias include 
problems related to arousal/partial arousal, or sleep stage transition (such as 
nightmares, sleep-walking, or night terrors). Organic sleep disorders include 
disorders of the sleep-wake schedule, narcolepsy, sleep apnoea, and sleep-
related movement disorders. 

Children’s sleep problems are usually non-organic, with the exception of 
difficulty breathing during sleep, which is usually associated with snoring 
and/or large tonsils (212). Disorders of the sleep-wake schedule increase at 
school age and are also classified as organic sleep disorders. Table 5 presents 
the ICD-10 classification of non-organic sleep disorders. 

Insomnia (F51.0) refers to difficulties initiating and/or maintaining sleep 
and nonrestorative sleep. It includes delayed sleep onset, bedtime resistance 
to falling asleep, and protracted awakenings requiring parental involvement. 
In clinical practice, children’s non-organic insomnia is most often behavioural 
in nature and includes sleep onset association disorder, limit-setting sleep 
disorder, and inadequate sleep hygiene (23). Sleep onset association disorder 
is characterised by impaired sleep onset because of the absence of a certain 
object or a set of circumstances. Limit-setting disorder in turn is characterised 
by a child’s active resistance, verbal protests and repeated demands at 
bedtime, and the caregiver’s difficulties setting consistent, regular bedtime 
routines. 

Hypersomnia (F51.1) is characterised by an increased need for sleep and is 
associated with daytime somnolence. Hypersomnia is often related to 

Recommended Child Sleep
Duration per Day

0 to 3 months 14 to 17 hours

4 to 11 months 12 to 15 hours

1 to 2 years 11 to 14 hours

3 to 5 years 10 to 13 hours
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psychiatric disorders such as depression. However, it may also be a sign of rare 
conditions such as narcolepsy. Disorders of the sleep-wake schedule may be 
either non-organic (F51.2) or organic (G47.2). For instance, infants and 
preschool-aged children may have frequent night awakenings and irregular 
sleep patterns due to the amount of their excessive daytime sleep. 

Children’s sleep difficulties during infancy, early childhood and school age can 
be measured by subjective questionnaires, sleep diaries and/or objective 
(actigraphy and sleep polygraphy) measures. When parental reports and 
objective measures (e.g., actigraphy) are compared, high correlations can be 
seen between sleep quantity measures (i.e., sleep onset, sleep duration) and 
therefore, parental reports of sleep are sufficient in most cases (81). In terms 
of sleep quality measures and day-to-day variability (e.g., frequency of night 
awakenings), actigraphy may provide additional and more accurate 
information (81,213). Subjective and objective measures of sleep are partly 
overlapping but provide valuable and complementary data in the evaluation of 
children’s sleep (213). 

In clinical practice, parental questionnaires (74,80,81,214) and sleep 
diaries are the main source of information in the evaluation of children’s sleep. 
Questionnaire data provide information on a child’s sleep schedule, night 
awakenings, sleep-related behaviours such as bedtime resistance and/or 
resistance to sleeping alone, parasomnias (e.g., sleep walking and night 
terrors), snoring, apnoeic pauses, and motor restlessness during the night. The 
advantage of parental reports may be that they capture sleep problems such as 
bedtime resistance and sleep anxiety that are not evident in objective sleep 
measures. However, parental reports of children’s sleep problems may 
sometimes underestimate the possible sleep problem, and it has been 
suggested that when diagnosing sleep disorders, it would be important to 
include the child’s own report of their sleep (215). 

Objective measures (actigraphy and sleep polygraphy) of sleep provide a 
description of the sleep quality and quantity of a whole night. Actigraphy 
involves a device resembling a wristwatch, which is attached to the child’s 
wrist (or infant’s ankle). Actigraphy does not provide information on different 
sleep stages but information on a child’s motor activity, which diminishes 
when the child falls asleep and increases during arousal states. Information on 
motor activity can be converted into different variables, including sleep 
duration, sleep efficiency, sleep latency, mean nocturnal activity, and diurnal 
activity. Sleep efficiency refers to the ratio of total sleep time to time in bed 
(multiplied by 100 to yield a percentage). Sleep latency refers to the length of 
time in minutes that it takes a child to fall asleep from full wakefulness. Mean 
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nocturnal and diurnal activity refers to motor activity during the night and 
day. 

Sleep polygraphy is based on the registration of the brain activity (EEG), 
eye movements (EOG), skeletal muscle activation (EMG) and heart rhythm 
(ECG) that occur during sleep stages. It is usually administered in a sleep 
laboratory and provides a comprehensive evaluation of sleep quality. 
However, sleep polygraphy requires a great deal of resources and is not 
suitable for all children, as changes in the sleep environment and all the 
devices related to this examination may be experienced as stressful. Sleep 
polygraphy is most commonly used when sleep disordered breathing is 
suspected. The apnoea-hypopnea index refers to the number of apnoeas and 
hypopneas per hour of sleep. 
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Population-based research shows that approximately 10% to 40% of infants 
and preschool-aged children from normative samples have parent-reported 
sleep difficulties (23,25,27,55,216,218–221) (Table 4). The variation in 
prevalence rates may be partly explained by different data-collecting methods 
and different definitions of sleep problems. However, settling problems and 
night awakenings are the most common parent-reported sleep difficulties 
during preschool years (27,55). 

A large Australian population-based study (N = 4983) of four- to five-year-
old children showed that 20.1% had mild and 13.5% had moderate or severe 
parent-reported sleep difficulties (25). Of these preschoolers, 17.8% suffered 
from night awakenings, 12.4% from difficulties getting to sleep at night, 9.4% 
from snoring, and 8.9% from morning tiredness four or more times a week, as 
reported by their parents (25). A population-based Finnish study of two birth 
cohorts showed that at eight months of age the prevalence of parent-reported 
sleep problems was 39.4%, and at 24 months 21.8% (27). Severe sleep 
problems were reported for only a minority (approximately 1%) of children 
(27). Another Finnish epidemiological study demonstrated that 45% of 
children aged between three and six years had at least one sleep-related 
difficult at least three times a week (218). The most typical problems were 
resistance to going to bed (14.4%) and falling asleep (10.2%). 

Parent-reported sleep difficulties are more common in clinical samples 
than in healthy samples. For instance, in a cross-sectional study of four- to 
seven-year-old children with ADHD (N = 33), parents reported more sleep 
difficulties (including sleep onset delay, sleep anxiety, night awakenings, and 
daytime sleepiness) than the healthy controls (N = 31) (222). A population-
based study by Hiscock et al. (2006) reported that of the four- to five-year-old 
children diagnosed with ADHD (N = 54, representing 1.08% of the whole 
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sample), 52% (N = 28) had a parent-reported sleep problem (25). In a study 
of one-and-a-half- to five-year-old children attending a paediatric behavioural 
sleep medicine clinic due to a primary insomnia diagnosis, 28.7% had 
clinically elevated levels of parent-reported symptoms of ADHD, 30.8% had 
behavioural problems, 54.4% had depressive symptoms, and 24.7% had 
anxiety symptoms measured by the CBCL (223) 

Both sleep and EFs undergo changes during the first years of a child’s life. 
Turnbull et al. (2013) suggested in their review that sleep problems during the 
preschool years may result in reduced sleep duration and/or sleep 
fragmentation, leading to sleep restriction, and that these have a negative 
impact on a child’s cognitive development (23). They suggested that the 
development of EFs may be particularly vulnerable to the effects of sleep 
deprivation because of their prolonged course of maturation during the 
preschool years (23). They outline four different possible mechanisms 
underlying this association between sleep difficulties and EF development: 1) 
Sleep loss may result in daytime tiredness, which in turn might impair a child’s 
ability to implement EF skills, 2) An underdeveloped self-regulatory system 
may itself result in difficulties for a child to establish consistent sleep patterns, 
3) Sleep difficulties may compromise a child’s EF, leading to further sleep 
disruption, and 4) sleep difficulties during infancy and early childhood might 
have longitudinal negative associations with the development of EFs (23). 

Shorter sleep duration and poor sleep quality have been related to a child’s 
deficits in EFs, especially among school-aged children (224–226). A meta-
analysis of 35 936 children (aged from 5 to 12 years) showed that sleep 
duration is positively associated with a children’s cognitive performance and 
executive functioning and negatively associated with children’s internalising 
and externalising behaviour (224). For instance, a study of school-aged 
children showed that even a modest extension (30 minutes) of night-time 
sleep was related to children’s improved performance in a task measuring 
inhibition and attention (227). In a Finnish study of school-aged children, 
poorer sleep quality measured by actigraphy was especially related to the 
children’s worse performance in working memory tasks (225). Shorter night-
time sleep duration among school-aged children has been related to more 
inattentive and/or or hyperactive symptoms (228,229). Cross-sectional data 
on preschool-aged children demonstrate that shorter night-time sleep 
duration and/or poorer sleep quality is negatively associated with EFs, 
particularly with attentional control (22,230,231). For instance, an Italian 
study of two- to five-year-old children with insomnia (N = 45) and healthy 
controls (N = 167) reported that the children with insomnia showed significant 
impairment in all EF domains measured by the Behavior Rating Inventory of 
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Executive Functions – Preschool version (BRIEF-P), compared to healthy 
controls (22). In this study, children with insomnia more often had decreased 
night sleep duration and an increased number of night awakenings and 
nocturnal wakefulness than the controls (22). In the clinical group (N = 45), 
sleep duration, the number of night awakenings, and nocturnal wakefulness 
correlated with greater impairment in several EFs, whereas among the healthy 
children (N = 167), only the number of night awakenings correlated with 
poorer performance in inhibitory EFs components (22). Shorter sleep 
duration was related to more difficulties in six out of the nine BRIEF subscales 
of, including inhibition, planning/organising, and working memory (22). 

The longitudinal association between early sleep difficulties and later EF 
deficits has been studied less. One Canadian longitudinal study of healthy 
infants (N = 60) showed that parent-reported night-time sleep duration at the 
ages of 12 and 18 months was associated with better performance in executive 
tasks at the age of 26 months (29). Another Finnish study of healthy infants 
reported that fragmented sleep (three or more night awakenings per night) at 
the age of eight months was related to poorer EFs measured by the 
neuropsychological Switch task at the age of 24 months in comparison to 
children without fragmented sleep ( ≤ 1 night awakening per night) (232). 
Children with night awakenings had a poorer ability to learn stimulus 
sequences and inhibit previously learned responses than children without 
night awakenings (232). There is also some evidence of a longitudinal 
association between early shorter sleep duration and later symptoms of 
inattention/hyperactivity (139,233). It has been suggested that sleep 
deprivation (234) or poor sleep quality (235) among healthy children can 
increase ADHD-related (i.e., hyperactive and/or impulsive) symptoms and 
exacerbate these symptoms. 

Cross-sectional population-based samples of school-aged and preschool-aged 
children show that parent-reported sleep difficulties are related to a variety of 
psychiatric symptoms, such as internalising and externalising symptoms, 
including inattention and hyperactivity (25,215,231). Most previous studies 
have examined school-aged children. 

In previous research, children with ADHD have had more parent-reported 
bedtime resistance, sleep onset difficulties, night awakenings, sleep 
disordered breathing, and daytime sleepiness than controls (14,171,236–238). 
Objective measures of sleep (e.g., sleep polygraphy or actigraphy) have shown 
that children with ADHD have lower sleep efficiency and shorter sleep time, 
higher sleep onset latency, and a higher apnoea-hypopnea index than healthy 
controls (14). Children with ADHD also tend to have more parent-reported 
nightmares (236,239), and periodic limb movements/restless leg syndrome 
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measured by actigraphy/polysomnography (239,240) during sleep than 
healthy controls. Some studies have reported mixed results regarding the 
associations between sleep difficulties in different subtypes of ADHD (241–
243). For instance, one study of school-aged children with ADHD (N = 681) 
showed that parent-reported sleep difficulties were more common among 
children with combined-type ADHD than among those with predominantly 
inattentive-type ADHD (241). In this study, inattentive-type ADHD was 
related to daytime sleepiness (241). Sleep problems may exacerbate clinical 
symptoms of ADHD (i.e., inattention and/or hyperactivity-impulsivity), and 
are associated with higher proportions of emotional and behavioural problems 
and poorer quality of life among children with ADHD (241,244–249). A few 
studies have also reported similar associations between sleep difficulties (e.g., 
a high number of night awakenings, shorter sleep duration) and symptoms of 
ADHD (139,140,250) at preschool age. 

Children with ADHD and internalising comorbidities (such as anxiety and 
depression) tend to have more sleep difficulties than children with ADHD 
alone (241,247). The association between externalising ADHD-related 
comorbidities and sleep difficulties is more inconsistent (15,241,249). 
However, 5- to 13-year-old children with ADHD (N=392) and co-occurring 
internalising and externalising comorbidities were more likely to have 
moderate/severe sleep difficulties than children with ADHD alone or with only 
one comorbidity (244). The relationship between sleep difficulties and 
behavioural and/or emotional symptoms in children with ADHD seems to be 
complex and multidirectional (234,248). 

School-aged children (15,251) and preschool-aged children (161) with 
disruptive behaviours (CD/ODD) tend to have more parent-reported and/or 
self-reported sleep difficulties such as bedtime resistance. However, disruptive 
behaviours are highly comorbid with ADHD and depression already at 
preschool age (2,137). For instance, children with both CD/ODD and ADHD 
sleep significantly less than typically developing children or children with 
ODD/CD alone (15). The relationship between sleep difficulties and 
behavioural symptoms related to CD/ODD seems to also be bidirectional 
(162,252). A longitudinal population-based study of school-aged children 
showed that children’s sleep difficulties reported by parents and/or the child 
at baseline predicted later ODD, and ODD at baseline predicted later sleep 
difficulties. 

The majority (up to 88%) of anxious children and adolescents have sleep 
difficulties such as frequent night awakenings, nightmares, difficulties falling 
asleep, reluctance to sleep alone, and overtiredness (16,162,175). Furthermore, 
anxious children tend to have several sleep-related difficulties, and the 
severity of these sleep difficulties is also associated with the intensity of anxiety 
symptoms (175). Depression during childhood and adolescence is also 
associated with difficulties falling asleep and tiredness during the day (162). It 
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has been suggested that children and adolescents with anxiety and/or 
depression have significantly more night awakenings and nightmares, 
possibly reflecting the increased vigilance and arousal associated with their 
anxiety states (171). A longitudinal population-based study showed that 
parent-reported sleep difficulties (short sleep duration/frequent night 
awakenings) already at the age of 18 months were associated with children’s 
later depressive/anxious symptoms (139). 

Finally, preschool-aged and/or school-aged children with other 
neurodevelopmental disorders, for example, ASD, also have more frequent 
parent-reported sleep difficulties, including a high frequency of night 
awakenings, parasomnias, early morning awakenings, morning/daytime 
tiredness, bedtime resistance, settling problems, and obstructive sleep apnoea 
than healthy controls (26,253,254). Sleep difficulties among children with 
ASD are also associated with emotional and/or behavioural symptoms 
(26,255–257). 

It has been suggested that the co-occurrence of child psychiatric disorders and 
sleep problems act as risk factors for one another (Figure 1). Several 
longitudinal studies have demonstrated that parent-reported sleep difficulties 
during infancy and/or preschool age tend to predict later internalising 
(139,252,258–261), externalising (139,252,259,261), and attentional 
(139,140,233,250,262) problems. For instance, a large (N=32662) Norwegian 
longitudinal population-based study showed that short sleep duration and 
nocturnal awakenings at the age of 18 months predicted both internalising and 
externalising problems, including attentional problems, at the age of five 
(139). However, previous studies have also documented a bidirectional 
relationship between sleep and several psychiatric conditions, including 
ADHD, ASD, DBD and anxiety/depression (162,248,252,256,263). For 
instance, an Australian birth cohort study (N = 4983) showed that parent-
reported sleep difficulties at preschool age predicted both internalising and 
externalising symptoms at 12 to 13 years of age, and found reciprocal 
associations between externalising although not internalising symptoms 
(252). Another Norwegian study reported that insomnia symptoms at four 
years of age predicted symptoms of depression, CD, and social phobia at six 
years of age, whereas symptoms of ODD and depression at four years of age 
predicted insomnia symptoms at six years of age (261). Thus, sleep difficulties 
during childhood not only co-occur with but also predict later psychiatric 
disorders and are also themselves predicted by psychiatric conditions. 
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EFs refer to higher-order cognitive processes that are responsible for goal-
directed behaviour and self-regulation such as attentional control, working 
memory, cognitive flexibility, planning, organisation, problem-solving, and 
performance monitoring (44,52,264,265). EFs are needed for formulating 
goals, planning how to achieve them, and carrying this out effectively. EFs also 
facilitate adaptation to new situations and managing social interactions. 
Attentional control refers to a child’s capacity to attend to a specific stimulus, 
remain attentive, control impulses, and regulate and monitor their own 
behaviour. Working memory is needed to keep small amounts of information 
in mind during a task. Cognitive flexibility refers to a child’s ability to 
transition to new activities, handle changes in daily routines, switch between 
tasks, and process temporarily stored information. Shifting (i.e., the ability to 
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alternate flexibly between tasks) is closely related to cognitive flexibility. 
Planning (i.e., the ability to anticipate future events or formulate a goal and 
the steps needed to achieve it) and organisation (i.e., the ability to arrange 
information in a logical/systematic way) are also considered a part of EFs. It 
has also been suggested that EFs can be dichotomised into ‘hot’ and ‘cool’ 
functions (266). Hot EFs refer to a child’s self-management skills when 
emotions run high (i.e., affective responses to situations that are meaningful 
and involve regulation of affect and motivation). Cool EFs refer to a child’s EFs 
in situations when emotions are not intense (i.e., processes that are cognitive 
and tapped during abstract, decontextualised situations) such as in many 
neuropsychological tests of working memory, attentional control, or cognitive 
flexibility. In their factor analytic study, Miyake et al. (2000) found three 
separable aspects of EF: inhibition, working memory, and shifting (i.e., the 
ability to alternate flexibly between tasks) (44). According to Miyake et al. 
(2000), these core aspects of EFs correlate with one another but also show 
some separability (45). The ability to attend is considered a prerequisite skill 
in any EF task (52). 

At preschool age, difficulties in EF manifest in many different ways (265). 
Daycare teachers may report that a child has significant difficulties 
maintaining attention during learning and/or playing situations or shows 
impulsivity or aggressive behaviour towards other children or adults. The child 
may behave impulsively, get easily angry, and have daily conflicts with other 
children, parents/caregivers, and/or preschool teachers. The child may have 
continuous difficulties transitioning to other activities or situations (such as 
leaving home for daycare, leaving daycare for home) or waiting their own turn 
in a queue, be unable to switch between conflicting demands, and/or have 
difficulties regulating their behaviour (265). These children may also have 
significant difficulties with daily routines, such as eating or dressing. 
Continuous and considerable difficulties in EFs are common reasons for child 
psychiatric evaluations, and several child psychiatric conditions are associated 
with EF difficulties (17–19). 

EFs begin to develop during infancy (43,52,58,59), and develop rapidly during 
the preschool period (52,265,267,268), continuing into adolescence and early 
adulthood. Progress in EF task performance has shown to continue until 
adolescence and adulthood (42,269,270). 

During the first year of a child’s life, parents externally regulate their 
infant’s behaviour by, for example, directing their attention and helping them 
inhibit their own behaviour. Two subsystems of attention (i.e., orienting and 
anterior attentional systems) develop, with the orienting system (i.e., allowing 
children to orient towards stimuli in the external environment and to shift 
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attention) developing during the first year of a child’s life, followed by the 
anterior system (i.e., voluntary attention, shifting, and sustaining attention), 
which develops later during the preschool period (52). Primitive signs of 
working memory and/or inhibition already emerge during the first year of a 
child’s life (43,52,58,59). For instance, infants are able to hold a presentation 
in mind over a delay already at the age of six months (60), and working 
memory improves significantly during the first year of a child’s life. 

After the first year, a child’s internal regulation begins to develop. 
Development of EFs proceeds sequentially after the development of working 
memory and inhibition, followed by shifting (52). Around two years of age, the 
coordination of working memory and response inhibition develops, and 
children are able to hold a simple rule in mind to inhibit a prepotent response 
and execute a subdominant response (52). Shifting develops later during the 
preschool period, reflecting the complexity of this component (52). Shifting is 
believed to build upon working memory and inhibition. The core components 
of EF, including working memory (43,65,271), inhibition (268) and shifting 
(272,273), are evident at preschool age. There seem to be obvious gender 
differences in the development of EFs during the preschool period: girls tend 
to be ahead of boys (42). For instance, a Finnish study of 3- to 12-year-old 
children (N = 400) used several neuropsychological tests to evaluate the 
developmental sequence of attention and EFs (42). In this study, 
developmental changes in EFs were evident already in the youngest age group 
(from three to five years of age), with sequential development of inhibition, 
attention, and more complex EF tasks (42). Further, girls performed better 
than boys in several neuropsychological tests: in the three- to five-year age 
group, the girls made fewer errors in a neuropsychological test measuring 
inhibition than the boys. However, at six years, the boys performed as well as 
the girls, and after this age, no sex differences were seen in inhibition (42). 

Finally, the development of EFs during early childhood is associated with 
children’s academic, social, emotional and behavioural outcomes (274,275). 
EFs are considered fundamental for a child’s preparedness for school (276). 
Furthermore, longitudinal studies also suggest that EFs during childhood 
predict adult outcomes such as physical health, substance use, personal 
finances, and criminal offending (277). 

  

Human brain development begins in the third gestational week and continues 
at least through late adolescence, and to some extent, throughout the human 
lifespan. The neural tube forms during the third week of gestation, and by the 
end of the embryonic period (eighth gestational week), the major 
compartments of the central and peripheral neural systems (such as 
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sensorimotor regions in the neocortex, the major compartments of midbrain, 
hindbrain, and spinal column) are established (36). During the foetal period 
(from gestational week nine through to gestation), neuronal production, 
migration, and differentiation occur, leading to structural changes in the brain 
(36). Major structural changes include for example formation of neocortex, 
gyri, sulci, and major thalamocortical and corticothalamic pathways (36). 

Neuron production starts already during the embryonic period, and most 
of the neurons of a child’s brain are complete by mid-gestation. Neurons 
migrate radially from proliferative regions of the ventricular zone in the centre 
of the brain out to the developing neocortex and this results in, for example, 
the formation of the six-layered neocortex (36). Neuronal migration ends by 
the sixth month of gestation, and is followed by neuronal differentiation, 
including the formation of axons, dendrites, myelination, and synapses. 
Synaptogenesis and myelination begin during the third trimester and continue 
after birth. Prenatally and postnatally, progressive (i.e., synaptogenesis, 
myelination, and neuron proliferation) and regressive (i.e., cell death, synaptic 
pruning, and loss of grey matter) neuronal development occur in parallel (36). 
Synaptic pruning (i.e., the elimination of extra neurons and synapses in order 
to increase the efficiency of neuronal transmissions) and myelinisation 
strengthen the relevant neural connections and are associated with the 
maturation of certain brain areas (278,279). 

During infancy and the preschool period, cortical and subcortical 
structures undergo substantial changes as white matter volumes increase 
throughout the brain, and grey matter volume follows an inverted U-shaped 
curve (280). These structural changes, including the myelination, 
synaptogenesis and synaptic remodelling evident in neuroimaging studies, are 
thought to also reflect the development of higher cognitive functions such as 
EFs (278,279). For instance, the brain regions associated with more basic 
functions such as sensory and motor areas mature first, followed by the 
maturation of the parietal and temporal cortical areas associated with, for 
instance, language skills. Developmental neuroimaging studies have shown 
that the prefrontal cortex, and especially the dorsolateral and ventral temporal 
cortices, mature last (continuing until adolescence and early adulthood) and 
are associated with cognitive development (278,279,281). During the 
maturation of the prefrontal cortex, neuronal connections with the prefrontal 
cortex and with other cortical and subcortical areas emerge. 

It was previously believed that EFs were anatomically related mainly to the 
frontal lobes/prefrontal cortex. More recently, neuroimaging studies have 
demonstrated that each executive process (i.e. inhibition, working memory, 
and shifting) is also associated with a specific brain area (282,283). For 
example, in a positron emission tomography (PET) study of healthy adults, 
Collette et al. showed that inhibition tasks were associated with the activation 
of a few prefrontal areas, working memory tasks with both the anterior and 
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posterior brain areas, and finally, shifting tasks with parietal activation and 
activation of the left middle and inferior frontal gyri (282). The common brain 
areas activated by all these three EFs were the posterior regions located in the 
left superior parietal gyrus, the right intraparietal sulcus, and the left middle 
and inferior frontal gyri (282). It has been suggested that both the frontal and 
non-frontal (cortical and subcortical areas including the dorsolateral 
prefrontal cortex, ventrolateral prefrontal cortex, anterior cingulate cortex and 
the thalamus) brain regions are necessary for EFs (283,284). 

Recent neuroimaging studies of infants, preschoolers and school-aged 
children have shown that EF tasks are also associated with the activation of 
certain brain areas (281). In their review, Fiske et al. (2019) reported that there 
seemed to be a shift with age from the global activation of the prefrontal areas 
to the more local activation of prefrontal and subcortical areas. For instance, 
prefrontal, parietal and subcortical areas (including thalamus and basal 
ganglia) were activated during a child’s working memory task (285,286). A 
longitudinal functional magnetic resonance imaging (fMRI) study of healthy 
children and adolescents found that working memory ability at the age of six 
years was associated with the activation of the dorsolateral prefrontal cortex. 
However, the child’s working memory ability later during childhood was 
predicted by the activation of the basal ganglia and thalamus. 

At preschool age, EFs can be evaluated using performance-based 
neuropsychological tests and/or parent/teacher-reported EF rating scales 
with items describing a child’s behaviour (265). Comprehensive, careful 
evaluation of children’s EFs involves both performance-based and 
neuropsychological measurements. 

EF rating scales are used to assess how a child’s EFs appear in everyday life 
according to their parents or daycare teachers. Performance-based EF 
measures are administered under highly standardised conditions with adult 
support and no distraction. Daycare has several environmental distractions 
(i.e., other children, noise, less adult support, a less structured environment) 
that may negatively affect a child’s ability to implement EFs. Therefore, 
neuropsychological tests may not correspond to the real-world situations that 
children encounter every day (265,287). Rating scale measures generally only 
show low to moderate correlations with performance-based measures, and 
may tap somewhat different underlying constructs (288). 

Several neurocognitive tests have been developed for evaluating EFs. 
Attentional control, and inhibition can be evaluated with delay of gratification 
tasks, Go/No-Go tasks, and complex response inhibition tasks (265). 
Inhibition and delay of gratification can be measured by Statue (289) and 
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Snack delay (268) tasks. In the Statue task, the child is asked to hold their 
position, keep their eyes closed and remain silent for 75 seconds while the 
examiner makes sounds (42). In a Snack delay task, the child is asked to resist 
the temptation to eat a treat placed in front of them. Go/No-Go tasks (for 
preschoolers, the Bear/Dragon task) evaluate children’s inhibitory control by 
asking the child to follow the instructions of a ‘nice bear’ puppet but to ignore 
the instructions of the ‘bad dragon’ (268). More complex inhibition tasks 
include Hand Tapping and Day-Night tasks. In a Hand Tapping task, the child 
is asked to tap once when instructor taps twice and vice versa. The Day-Night 
task requires the child to inhibit the dominant verbal response: the child is 
instructed to say ‘night’ when showed a picture of day and sunshine, and ‘day’ 
when showed a dark picture with stars and the moon (290). 

Working memory can be evaluated using, for example, a Delayed 
Alternation task (291) or Pick the Picture task (292). In the Delayed 
Alternation task, the child is asked to find a treasure under one of two cups. 
The location of the treasure is changed to the other cup after the child’s correct 
discovery, otherwise it remains in its original position (291). 

Shifting can be measured using, for example, the Something’s the Same 
Game (293). In this task, the child is shown a page with two pictures that are 
similar but have one difference (either colour, size, or content). After they find 
the first difference (e.g., colour), they are shown the next page, which includes 
the same two pictures and a third picture, which is similar to one of the first 
two pictures in some other way (size or content). The child is asked to choose 
which of the original two pictures are the same as the new picture. 

The BRIEF-P may be the most widely used and studied EF rating scale for 
examining young children. It is a 63-item rating scale with three response 
alternatives (not a problem, sometimes a problem, often a problem). It is filled 
in by the caregiver and/or daycare teacher/provider of preschoolers aged from 
two to five years (82). 

In Finland, three standardised questionnaires exist for evaluating 
children’s EFs. The ATTEX (for school-aged children) and the ATTEX-P (for 
four- to seven-year-old children) questionnaires are EF rating scales based on 
Finnish normative data on school-aged (294), and preschool-aged (295) 
children. The ATTEX consists of 55 and ATTEX-P of 44 items describing 
inhibition, attention and EF difficulties in daycare settings and offers three 
response alternatives (not a problem, sometimes a problem, often a problem). 
It is filled in by the daycare teacher. The FTF questionnaire with Nordic 
normative data comprises 181 statements with three response alternatives 
(not a problem, sometimes a problem, often a problem) for 5- to 15-year-olds 
and is related to behavioural or developmental problems (72). The EF domain 
of the FTF only consists of 25 questions on the following categories: 
Inattention, Hyperactivity/Impulsivity, Hypoactivity, and 
Planning/Organising. Other EF dimensions are not measured in the FTF. 
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Both genetic and environmental factors contribute to the development of EFs. 
Several prenatal, perinatal and postnatal environmental factors have also been 
related to the development of children’s EFs (24,113,296–300). For instance, 
prenatal factors such as unhealthy maternal behaviours (smoking, alcohol 
and/or drug use or maternal obesity) (300–303), and maternal emotional 
problems (anxiety and/or depression) during pregnancy (296,300,304) are 
associated with children’s lower performance on EF tasks at preschool or 
school age, or during adolescence. Maternal anxiety during pregnancy has 
been also associated with the child’s lower inhibitory control and visuospatial 
working memory performance at the age of six and nine (296). Perinatal 
factors such as low birth weight, prematurity, and obstetric complications 
(298,300) are related to poorer EF performance at three years of age. Family-
related factors such as parental education and family income (305), maternal 
postnatal depression (299), children’s sleep difficulties (23), medical 
conditions (including head injuries, arterial stroke infarction, brain tumours, 
and epilepsy) (306,307), adverse life events (123) and parenting style (24) are 
also related to children’s poorer EF skills at preschool/school age. 

Sensitive, supportive, and responsive caregiving in infancy and early 
childhood is positively related to the development of children’s EFs 
(24,308,309). Parental scaffolding skills (i.e. offering children age-
appropriate problem-solving strategies) are positively associated with the 
development of EFs (24,308). A longitudinal, English study of three- to four-
year-old children (N = 117) found that parental scaffolding was related 
positively to children’s performance in several neuropsychological tests 
measuring working memory, inhibition, and shifting (24). Hughes et al. (2019) 
further showed that parental negative affect, criticism and control was related 
to poorer performance in the above mentioned tests (24). However, some 
findings regarding the role of postnatal caregiving’s contribution to EF 
development in the preschool years have been inconsistent (300). A 
longitudinal study of 1292 children reported that the quality of postnatal home 
and caregiving environments measured by ten-minute video recordings across 
several timepoints (2, 6, 15, 24, and 36 months of age) did not moderate the 
effect of prenatal factors (low birth, prematurity, maternal emotional 
problems and pre-pregnancy obesity) on EF development (300). Negative 
and/or traumatic life events may be linked to the development of EFs. For 
instance, Stevens et al. demonstrated that children with early exposure to 
severe adverse life events such as prolonged institutional deprivation are at a 
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higher risk of persistent difficulties with symptoms of 
inattention/hyperactivity later in childhood (123). 

The association between ADHD and EF difficulties among preschool-aged 
(17,18,31,310–313) and school-aged (294,314) children, found using 
performance-based measures and/or rating scales, is well documented. 
Compared to healthy preschoolers, preschool-aged children with ADHD tend 
to have more difficulties with inhibition (18,31,310,311), and working memory 
(17,31,310–312,315). Preschoolers with an ADHD diagnosis perform worse in 
Go-No-Go and Modified Snack Delay tasks measuring inhibitory control. 
Inhibitory control and working memory deficits observed at preschool age 
predict both inhibitory and working memory deficits associated with ADHD at 
school age (315). A large (N = 1134) Norwegian sample of three-year-old non-
referred children demonstrated that impairments in inhibitory control and 
working memory measured by the BRIEF-P were related to ADHD symptoms 
(31). Previous studies have also suggested that the different subtypes of ADHD 
(inattentive, hyperactive-impulsive, combined) have different kinds of EF 
profiles already at preschool age (310). For example, preschoolers with 
combined-type ADHD scored the highest in the BRIEF-P questionnaire and 
showed the poorest performance in several neuropsychological tests, whereas 
children with inattentive-type ADHD performed poorly in the inhibition, 
working memory, and planning domains of the BRIEF-P questionnaire but 
not in neuropsychological measures (310). 

Since ADHD and DBD are highly comorbid already at preschool age (137), 
EF deficits related to only DBD during the preschool period have been studied 
less and the results are partly contradictory. Some studies demonstrate an 
association between DBD (or a high level of disruptive behaviours) and EF 
deficits in terms of inhibition during the preschool period, even when ADHD 
(or ADHD symptoms) (150,151) are controlled for, whereas others do not 
(311,312,316). Monette et al. (2015) investigated the differences between the 
EF profiles of five-year-old children in different symptom groups (the 
aggressive group consisting of children with high levels of disruptive 
behaviour and low levels of ADHD symptoms, the combined group consisting 
of children with high levels of disruptive behaviour and ADHD symptoms, and 
the control group). Preschoolers with mainly aggressive behaviour (and no 
ADHD symptoms) presented weaker inhibition capacities than the healthy 
controls. Children with high levels of both ADHD and disruptive behaviour 
symptoms showed weaknesses not only in inhibitory control but also in 
working memory (151). The study suggested that weaknesses in inhibition 
could be common to both DBD and ADHD. Another study of preschool-aged 
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children with aggressive behaviour (no diagnosis of CD or ODD) measured by 
the CBCL questionnaire fund that these children showed impairments in 
inhibition, measured by several neuropsychological tasks. This association 
between aggressive behaviour and inhibition deficits remained even after 
attentional problems were controlled for (150). However, another study of a 
clinical sample of preschoolers with only DBD showed that children with DBD 
performed more poorly in the Modified Snack Delay task, which measures 
inhibitory control, than the healthy controls (18). This association disappeared 
when subclinical ADHD symptoms were controlled for (18). A community-
based study by Ezpeleta et al. (2015) showed that three-year-old children with 
ODD scored statistically as well as healthy controls in EFs measured by both 
the BRIEF-P and a neuropsychological test. As the results of the previous 
studies of EF deficits in children with DBD are contradictory, more research 
on this topic is needed to enable any firm conclusions to be drawn on the 
neurobiology of EFs in children with DBD. 

A limited number of studies have examined EFs among children with 
internalising symptoms/disorders. A meta-analysis comprising 17 studies of 
depressed children and adolescents found impairments in various cognitive 
domains, including interference control, planning, working memory, shifting, 
and phonemic and semantic verbal fluency among them in comparison to 
among the healthy controls (20). Some recent longitudinal studies have found 
that preschool EF difficulties, especially with inhibition and flexibility, are 
related to internalising symptoms during elementary school years (317,318). 
However, opposite findings have also been reported (319). A Finnish 
population-based, longitudinal study (N = 2874) of school-aged children 
found no causal relationship between inhibitory control deficits and 
subsequent internalising symptoms (or vice versa). At trait level, the children 
who performed more poorly in the inhibitory control task (Go/Go-go task) 
than children on average had more internalising symptoms than the average 
child. Maasalo et al. (2020) suggested that children with inhibitory control 
deficits may be at risk of internalising symptoms, but that these deficits in 
inhibitory control are not causally related to internalising symptoms (319). 

Only few studies have examined the EFs of preschool-aged children with 
depression and/or anxiety. Skogan et al. (2015) found extensive EF difficulties 
among three-year-old children with anxiety using the BRIEF-P questionnaire 
to assess EFs (31). Another study by Eisenberg et al. (2001) utilised both 
performance-based and rating scale measures with parental and teacher 
reports to examine four- to eight-year-old children. They reported that the 
children with internalising symptoms were rated as less impulsive and had 
lower attentional control than the control children, but were similar in terms 
of inhibitory control (320). It has been hypothesised that anxiety symptoms 
may impair the efficiency of the prefrontal areas associated with EF tasks 
(321,322). This means that high levels of anxiety symptoms could lead to 
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biased processing in the limbic centres of the brain and may impair the 
efficient functioning of the goal-directed attentional system related to the 
prefrontal cortex. For instance, a previous study of adolescents has shown that 
a deficit in cognitive flexibility, referring to the ability to shift attention and 
response-set, may specifically relate to internalising symptoms (323). 

In conclusion, according to the earlier literature, sleep problems and EF 
deficits among school-age children and adolescents are associated with 
externalising and internalising symptoms, including ADHD symptoms and/or 
depressive/anxiety symptoms. The majority of the previous studies on the 
associations between sleep and EFs and psychiatric symptoms and disorders 
have focused on school-aged children, and the relations between psychiatric 
symptoms and sleep difficulties/EF deficits have been examined in diagnostic 
groups. Hardly any previous studies have reported on the association between 
psychiatric symptoms and sleep difficulties in a sample of preschool-aged 
children with internalising and/or externalising symptoms referred for a child 
psychiatric evaluation. Furthermore, there is a lack of longitudinal studies that 
consider a broad range of prenatal and postnatal factors (i.e., prenatal, and 
postnatal parental factors, and children’s early sleep problems) to moderate 
the risk of subsequent ADHD symptoms (i.e., inattentive and/or or 
hyperactive symptoms) at preschool age. 
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Aims of this study: 
 
 

1) To compare the prevalence of sleep difficulties among preschool-
aged children referred for child psychiatric evaluation and in an 
age- and gender-matched reference group. To evaluate the 
associations between sleep difficulties and psychiatric symptoms 
in the clinical group (Study I). In Study I, the hypothesis was that 
sleep difficulties and daytime somnolence would be more 
common among young, referred children than among the age- 
and gender-matched control group. Another hypothesis was that 
sleep difficulties among preschool-aged children referred for 
child psychiatric evaluation would be associated with the 
intensity of both internalising and externalising symptoms. 

 
2) To compare the quantity and quality of EF deficits among 

preschool-aged children referred for child psychiatric evaluation 
and reference children, using the ATTEX-P, completed by 
daycare teachers (Study II). In Study II, the hypothesis was that 
clinically referred children would have more EF deficits than the 
children in the reference group and that age, gender, and 
parental education would be related to EFs in both the clinical 
and reference groups. 

 
3) To investigate the heterogeneity of EFs among preschool-aged 

children referred for child psychiatric evaluation with 
internalising and/or externalising symptoms (Study III). In 
Study III, the hypothesis was that children with mainly 
externalising, but also children with both externalising and 
internalising symptoms would have more EF deficits than the 
children in the reference group. The children with mainly 
externalising symptoms were expected to have more EF deficits 
than the children with mainly internalising symptoms, at least in 
impulsivity and motor hyperactivity. The children with mainly 
internalising symptoms were expected to have more EF deficits 
than the reference group. 
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4) To examine the longitudinal associations between parent-

reported sleep difficulties during infancy and early childhood and 
symptoms of inattention and hyperactivity at the age of five years 
in the CHILD SLEEP birth cohort (Study IV). In Study IV, the 
hypothesis was that sleep difficulties (i.e., shorter sleep duration, 
higher number of night awakenings, and parent-reported sleep 
problems) during infancy and early childhood would increase the 
symptoms of inattention and/or hyperactivity at the age of five 
years. 

 
 

5) To examine the role of several prenatal and postnatal factors in 
children’s inattentive and/or hyperactive symptoms at the age of 
five years in the CHILD SLEEP birth cohort (Study V). In Study 
V, the hypothesis was that maternal depression during and after 
pregnancy; the child’s sleep duration; a hostile, punitive, and 
non-responsive (authoritarian) parenting style; the child’s low 
birth weight; low parent education; parental ADHD; low income; 
and maternal smoking and alcohol use during pregnancy would 
predict symptoms of inattention and hyperactivity when the 
child was five years old. It was also expected that a maternal 
consistent, supportive, and warm (authoritative) parenting style 
would predict less inattentive/hyperactive symptoms. 
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Studies I–III were based on cross-sectional data from two specialised 
outpatient clinics (Helsinki and Vantaa) that evaluate and treat preschool 
children at the Helsinki University Hospital’s Child Psychiatry Unit. The data 
were collected from children attending the clinics between March 2015 and 
June 2016 (Study I), and March 2015 and May 2017 (Studies II and III). 
Inclusion criteria were (1) age between four and seven years, (2) Finnish-
speaking parents, and (3) attendance of daycare. The number of children for 
whom all questionnaires were returned was N = 139 in Study I, and N = 171 in 
Studies II and III (Table 8). The response rate was 67.9% in Studies II and III. 
In Study I, the reference group was age and gender matched, and randomly 
selected from the previous epidemiological sample of one- to six-year-old 
children taking part in a study on snoring (218). The reference group (N = 709) 
for Studies II and III comprised daycare children who had participated in the 
standardisation of the ATTEX-P (295). Inclusion criteria for the reference 
group were (1) age between four and seven years, (2) Finnish-speaking 
parents, and (3) attendance of daycare. 

Studies IV and V were based on the CHILD SLEEP birth cohort from the 
Pirkanmaa area, Finland, and had several measurement points (324). 
Recruitment and baseline measurement was taken prenatally in the 32nd 
gestational week, and the follow-up measurements were taken at the birth of 
the child and at the ages of 3, 8, 18, and 24 months, and five years. A total of 
2244 parents were selected to receive the prenatal questionnaires during their 
visits to the maternity clinics, and 1673 (74.6%) families gave their consent to 
participate in the study and returned the baseline questionnaires. The 
response rate when the children were five years old was 42.5% (N = 714). We 
excluded cases with severe chronic illnesses or disabilities (such as epileptic 
syndromes, Down syndrome, Crouzon syndrome, Hirschprung disease, 
hereditary blindness, or severe congenital heart anomalies such as Tetralogy 
of Fallot), and all twins. The final sample consisted of 689 (Study IV) and 699 
(Study V) five-year-old children. 

The respondents (N = 699) differed from the nonresponding parents in 
some demographic characteristics. For instance, the responding parents had 
a higher educational level (p < 0.05) and the number of children in the family 
during pregnancy was lower (0.71 compared with 0.80; p < 0.05). The 
responding mothers were also slightly older (31.2 years compared with 30.3 
years; p ≤ 0.001) and had fewer ADHD symptoms (Adult ADHD Self-Report 
Scale ASRS total score 1.03 compared to 1.31; p ≤ 0.001). The responding 
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fathers reported less current smoking during pregnancy (p < 0.01) and had 
more depressive symptoms (p < 0.05). However, we found no differences in 
sex, birth weight, gestational age, maternal depressive symptoms, paternal 
ADHD symptoms, or maternal smoking during pregnancy. 

Background information, including age, gender, language spoken in the family 
and parent education level was collected by a separate questionnaire. 
Information on clinical diagnoses (International Classification of Diseases, 
Tenth Edition (ICD-10), determined by the clinicians in charge of the referred 
children’s assessments and treatments, were collected from medical records. 

Family Structure was classified into the following categories: nuclear 
family, divorced family, new family, and other family structure. Parent 
Educational level was classified into the following categories: high (higher 
academic degree, licentiate, or doctor), intermediate (i.e., college or lower 
academic degree), and low (i.e., no further education or lower than college 
education). In the analyses, the variable describing family educational level 
was the higher educational level of the parents. 

Mothers and/or fathers reported their child’s sleep difficulties using the 
SDSC (74), which has been previously validated in a Finnish epidemiological 
sample (218). The SDSC contains 26 questions covering the previous six 
months of the child’s life. Responses are scored on a Likert scale (1, never; 2, 
occasionally (1–2 times a month); 3, sometimes (1–2 times a week); 4, often 
(3–5 times a week); 5, always (daily)). It also comprises a Total Sleep Problems 
scale (sum of all 26 questions) and the following six subscales: (1) Disorders 
of Initiating and Maintaining Sleep (DIMS), (2) Sleep Breathing Disorders 
(SBD), (3) Disorders of Arousal (DA), (4) Sleep-Wake Transition Disorders 
(SWTD), (5) Disorders of Excessive Somnolence (DES) and (6) Sleep 
Hyperhidrosis (SH) (Table 6). In this study, difficulties occurring three or 
more times per week were considered a problem, in terms of single items of 
the SDSC (218,251). The presence of a mild and severe sleep difficulty was 
defined as a score above the 75th and 90th percentile, respectively, of the total 
sleep disturbance scale at preschool age. The cut-off point for mild sleep 
difficulty was a total score of 46 points on the SDSC, and for severe sleep 
difficulty 51 points, which is the same as that used in a previous population-
based study (218). In later analyses, the children were divided into two 
separate groups: children with no sleep difficulties (SDSC total score of < 46 
points) and children with sleep difficulties (SDSC total score of  46 points). 

The children’s psychiatric symptoms were measured using the CBCL, a 
standardised questionnaire evaluating children’s psychiatric symptoms 
between the ages of one-and-a-half and five years (71). It was selected because 
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all the children were preschoolers. It comprises 99 items scored on a Likert 
scale (0, not true; 1, somewhat/sometimes true; 2, very true/often true). The 
CBCL also contains the Total problem and the Internalising and Externalising 
problem scales. The Internalising problem scale has four subscales: 
emotionally reactive, anxious/depressed, somatic complaints, and withdrawn. 
The Externalising problem scale has two subscales: attention problems and 
aggressive behaviour. The raw scores were converted into standardised T 
scores by means of ADM scoring software. The CBCL provides subclinical 
(Internalising/Externalising scale T score of 60–63, subscale T score of 65–
69) and clinical (Internalising/Externalising scale T score of > 63, subscale T 
score of > 69) ranges to describe the severity of the psychiatric symptoms. In 
Study III, children with different psychiatric profiles were further divided into 
the following groups: children showing either internalising symptoms (INT= 
Internalising Problems T score over > 63) or externalising symptoms (EXT= 
Externalising Problems T score > 63). Children with T scores greater than 63 
on both scales were assigned to the combined group (COMB), and children 
with T scores below 63 on both scales were assigned to the group showing mild 
symptoms (MILD) (Figure 6). 

EFs were measured using the ATTEX-P questionnaire, which was filled in 
by daycare teachers or special daycare teachers (295). The ATTEX-P is a rating 
scale with 44 items describing difficulties with inhibition, attention, and EF in 
daycare settings. The daycare teacher rates the frequency best, describing the 
child’s behaviour on a three-point scale (0 = ‘not a problem’, 1 = ‘sometimes a 
problem’, 2 = ‘often a problem’). The ATTEX-P comprises a total score and the 
following nine subscales, each reflecting different types of difficulties with 
EFs: 1) Distractibility (five items), 2) Impulsivity (ten items), 3) Motor 
Hyperactivity (five items), 4) Directing Attention (five items), 5) Sustaining 
Attention (four items), 6) Shifting Attention (four items), 7) Initiative (three 
items), 8) Planning (three items) and 9) Execution of Action (five items). The 
EF total score and nine subscales have demonstrated good internal 
consistency (ranging from .73 to .94), test–retest reliability (ranging from .81 
to .94) and construct validity (correlations ranging from .49 to .75) (295). Cut-
off scores, indicating clinically relevant deficits in EF behaviours (above the 
90th percentile), are available for the Total score and all nine subscales, 
separately for boys and girls. The total score cut-off point for boys is 45 and 
for girls 30. 
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The statistical analyses were performed using SPSS Statistics V25.0 (Studies 
I–II). In Study I, frequencies of single SDSC items (74), subscale calculations, 
CBCL frequencies (71), internalising and externalising scales, and six 
subscales were first carried out. Partial correlations between the SDSC and 
CBCL total, externalising, internalising, and all subscale scores were 
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calculated. Partial correlations were controlled for age, gender, family 
structure, and parent educational level. To test the differences between the 
mean values of the SDSC total score and the six subscales within the patient 
and reference groups, nonparametric Mann–Whitney U-tests were conducted. 
To test the differences between the frequencies of children having sleep 
difficulties that occur three or more times per week in the single SDSC items 
of the clinical and reference groups, we used the Pearson Chi-squared tests. 
Further multiple linear regression analysis was performed to examine the 
associations between sleep problems (SDSC total score) and the severity of 
psychiatric symptoms. Child psychiatric symptoms (CBCL total, internalising, 
externalising and the six subscale scale scores) were entered as dependent 
variables, one at a time. Sleep difficulties (SDSC total score), child’s age and 
gender, parent education level and family structure were entered as 
independent variables. We selected these covariates because they had either 
also been considered in previous studies or were significantly associated with 
any of the sleep and psychiatric symptom variables in our sample. 

Finally, we performed logistic univariate and multivariate regression 
analyses to predict clinically significant child psychiatric symptoms (CBCL 
total, internalising, or externalising scale T score of 63) one at a time in 
relation to sleep problems (SDSC total score of 46). Age, gender, parent 
education level and family structure were entered as covariates. 

In Study II, we first examined the missing values of the ATTEX-P (295). Of 
the whole sample (171 in the clinical group and 709 in the reference group), 
8.3% had one or more missing observations in the ATTEX-P. In the clinical 
sample, a maximum of one value per participant was missing on any given 
scale, and all the missing values were imputed by calculating the participant’s 
mean value for the scale items. Twenty-four cases from the reference group 
with more than two missing observations in one or more scales in the ATTEX-
P were excluded from the data analyses. The imputed dataset consisted of 856 
participants, 685 in the reference group and 171 in the clinical group. The Chi-
square test was performed to test the differences between the frequencies of 
gender and parent education level of the clinical and reference groups. The 
nonparametric Mann–Whitney U-test was used to evaluate the differences in 
age, and the mean ranks of the ATTEX-P total and subscale scores of the 
clinical and reference groups. We used multiple linear regression analysis to 
determine the associations between the EFs, age, gender, and parent 
education level in the clinical and reference groups. In the regression equation, 
the ATTEX-P total score was a dependent variable, whereas the child’s age, 
gender and parent education level were entered as independent variables. 
Finally, logistic univariate and multiple regression analyses were performed to 
predict scores over the clinical cut-off point of the ATTEX-P total score in the 
clinical and reference groups. The first model was for the whole sample 
(clinical and reference groups), and the ATTEX-P Total scores were 



 66 

categorised as ‘normal’ or ‘EF deficits; an ATTEX-P Total score of 39’. The 
second model was for the girls in the clinical and reference groups, and the 
cut-off score for EF deficits was an ATTEX-P total score of 30. The third 
model was for the boys in the clinical and reference groups, with a cut-off score 
for EF deficits of 45. The child’s age, gender and parent education level were 
treated as covariates in the analysis. 

In Study III, analysis of variance (ANCOVA) was used to compare children 
with different symptom profiles measured by the CBCL (i.e., INT, EXT, COMB, 
or MILD groups), with reference children in terms of EF (the ATTEX-P total 
score). Thereafter, differences in the nine ATTEX-P subscale scores were 
examined using MANCOVA, followed by separate ANCOVAs for the scale 
scores and pairwise comparisons for group contrasts. A Bonferroni-corrected 
significance level of p < 0.005 was applied in the pairwise comparisons to 
account for the ten comparisons. In all the analyses, age, gender, and maternal 
education level were included as covariates. The effect sizes were reported as 
partial eta squared ; small < 0.06, medium 0.06–0.13, large ≥ 0.14) for the 
MANOVA and ANOVA analyses, and as Cohen’s d (small < 0.50, medium < 
0.80, large ≥ 0.80) for the pairwise comparisons. 

Background factors such as parental age, parental diagnosis of ADHD, number 
of children in the family, marital status, parental net income, parental 
education, smoking and alcohol use during and after pregnancy were gathered 
from parents both prenatally and when the child was five years old. 

Mothers’ and fathers’ depressive symptoms were evaluated by a ten-item 
version of the Center for Epidemiological Studies Depression Scale (CES-D) 
(325,326) prenatally, and again when the child was 3, 8, and 24 months old. 
Items were rated on a four-point scale and the total score was the sum of the 
eight items and two reversed items. A higher score indicated more depressive 
symptoms. Latent profile analysis (LPA) was used to construct a trajectory of 
mothers’ and fathers’ depressive symptoms from pregnancy to when the child 
was two years old. For both parents, a solution with three stable depressive 
symptom trajectories (persistent low, moderate, or high levels of symptoms) 
was considered the best fitting and most informative. A detailed description of 
the parental trajectories is available elsewhere (327). 

Mothers’ and fathers’ ADHD symptoms were assessed prenatally using a 
six-item version of the Adult ASRS (328). This contains questions on the 
frequency of the recent DSM-IV criteria of adult ADHD. The parents evaluated 
how often they had ADHD-related symptoms on a five-point scale. Items were 
recoded as a dichotomous variable indicating a problem. The total score was 
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the sum of the six dichotomous items. An ASRS score of  4 indicated the 
presence of ADHD symptoms. 

A Family Atmosphere scale (324) was used in the CHILD SLEEP study to 
assess the social relationships and marital dissatisfaction in the family 
reported by both parents when their child was three months old. This scale 
consists of seven items rated on a seven-point semantic differential scale (e.g., 
1 = ‘approving’ – 7 = ‘disapproving’; 1 = ‘safe’ – 7 = ‘unsafe’; ‘1 = ‘quarrelsome’ 
– 7 = ‘harmonious’). The summary score was the sum of the four items and the 
three reverse-coded items. All the seven items loaded on one factor, indicating 
the one-dimensionality of the measure. Cronbach’s Alphas were 0.86 and 0.87 
for the maternal and paternal scales, respectively (324). A good family 
atmosphere was defined using the 75th percentile of the summary score (sum 
score of ≥ 46 for mothers; sum score of ≥ 45 for fathers) whereas the families 
with a more negative family atmosphere consisted of those with a summary 
score of < 75th percentile. 

Mothers’ and fathers’ parenting style when the child was eight months old 
was evaluated by the Parenting Styles and Dimensions Questionnaire (PSDQ) 
(329). We used the 38-item version of the PSDQ, which includes three global 
parenting dimensions consistent with Baumrind’s authoritarian (i.e. hostile, 
punitive, and non-responsive), authoritative (i.e. consistent, supportive, and 
warm), and permissive (i.e. inconsistent, uncertain) parenting styles (330). 
Parents were asked to evaluate how often they exhibited a behaviour on a five-
point scale. Of the 38 items, 13 reflected authoritative, 12 authoritarian, and 
13 permissive parenting styles. Three of the permissive parenting items were 
reverse scored. The summary scores for mothers and fathers were calculated 
separately for each parenting style. Cronbach’s Alphas were calculated for each 
summary score: a) authoritarian parenting α = 0.74 for mothers, and α = 0.76 
for fathers; b) authoritative parenting α = 0.79 for mothers, and α = 0.83 for 
fathers; and c) permissive parenting α = 0.53 for both parents. The cut-off 
points (75th percentile) of each summary score were: a) authoritarian 
parenting style: sum score of ≥ 22.0 for mothers and fathers; b) authoritative 
parenting style: sum score of ≥ 58.5 for mothers, and sum score of ≥ 56.7 for 
fathers; and c) permissive parenting style: sum score of ≥ 29.3 for mothers, 
and sum score of ≥ 27.1 for fathers. The scores over the 75th percentile 
indicated ‘authoritarian parenting’, ‘authoritative parenting’, and ‘permissive 
parenting’, respectively. To examine the effect of similar parenting style 
(authoritarian or authoritative) on the child’s later inattentive/hyperactive 
symptoms, a new variable was formed, which consisted of the following 
categories: 0 = ‘no maternal or paternal authoritarian parenting’, 1 = ‘maternal 
authoritarian parenting, no paternal authoritarian parenting’, 2 = ‘paternal 
authoritarian parenting, no maternal authoritarian parenting’, and 3 = 
‘maternal and paternal authoritarian parenting’. A similar variable was also 
created for authoritative parenting. 
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ISQ (80) was used when the child was 3, 8, and 24 months old, to evaluate 
their frequent night awakenings and parent-reported sleep problems. We used 
the item ‘How many times does your baby wake up each night and need 
resettling on average?’ to assess the average number of parent-reported night 
awakenings. The categories were 0–5 (i.e., 0 = ‘does not wake,’ to 5 = ‘five or 
more times per night.’). Parent-reported sleep problems were measured using 
the item ‘Do you think that your baby has sleep difficulties?’ The responses 
were recoded as a dichotomous variable indicating 0 = ‘no sleep difficulties’ 
and 1 = ‘mild, moderate, or severe sleep difficulties.’ 

The BISQ (81) was used to evaluate the children’s sleep duration at the ages 
of 3, 8, and 24 months, and five years. We used items of nocturnal sleep and 
daytime sleep in hours. At the age of five, we also used the item ‘average 
number of night awakenings per night.’ A high frequency of night awakenings 
was defined using the 75th percentile at each time point, based on the sample 
of this study (i.e., three, four, three, and one time(s) per night, respectively). 
Total sleep duration was the sum of daytime and night-time sleep in hours per 
day. Extreme outliers were excluded at each time point. At the age of three and 
eight months, we included only the cases in which both daytime and night-
time sleep were reported. We also excluded cases with total sleep duration of 
less than seven hours or more than 20 hours because this was out of the 
normative range and indicated a possible error in the parental estimate. We 
excluded 14 cases at three months and seven cases at eight months. When the 
children were aged 24 months, we excluded the cases (N = 3) with total sleep 
duration of less than six hours or more than 18 hours per day. When the 
children were five years old, we excluded the cases (N = 5) with total sleep 
duration of less than eight hours or more than 16 hours. 

Shorter sleep duration per day at each time point was defined using the 25th 
percentile, based on the sample of this study (13.0, 12.5, 11.4, and 9.8 hours 
per day, respectively). Finally, to examine the effect of persistent sleep 
difficulty symptoms (i.e., shorter sleep duration, and parent-reported sleep 
problems) on the children’s later inattentive/hyperactive symptoms, we 
created new variables, which had the following categories: 0 = ‘no parent-
reported sleep difficulties at any time point,’ 1 = ‘parent-reported sleep 
difficulties at one time point’, and 2 = ‘parent-reported sleep difficulties at two 
or more time points’. 

Children’s inattentive and hyperactive symptoms at the age of five were 
assessed using two questionnaires: the SDQ (78) and the FTF (72) (Table 7). 
In the majority of cases, these questionnaires were filled in by the mothers (N 
= 487). Some parents filled in the questionnaire together (N = 170). 

The SDQ is a brief child psychiatric screening questionnaire for 3- to 16 -
year-olds and contains 25 items. Parents rate the statement that best describes 
their child's behaviour on a three-point scale. The inattention-hyperactivity 
scale was the sum of three items and two reversed items. The cut-off point for 
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inattentive/hyperactive symptoms was five points or more, corresponding to 
the 75th percentile of the five-year-old children in this study. The FTF 
questionnaire comprises 181 items with three response alternatives for 5- to 
15-year-olds, related to behavioural or developmental problems. We used 18 
items reflecting the same symptoms as found in the DSM-IV criteria for 
ADHD, comprising the nine-item inattention domain and the nine-item 
hyperactivity-impulsivity domain. The FTF inattention total score was the sum 
of the nine inattention items, and the FTF hyperactivity-impulsivity total score 
was the sum of the nine hyperactivity-impulsivity items. The cut-off points for 
both the FTF inattention and hyperactivity-impulsivity domains were six 
points or more, corresponding to the 75th percentile in the study sample. 

Children scoring the 75th percentile or over on the SDQ and/or FTF 
inattention-hyperactivity scale were considered to have 
inattentive/hyperactive symptoms. 
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In Studies IV and V, the statistical analyses were performed using SPSS 
Statistics V25.0. In Studies IV and V, the distribution of several variables was 
described first. 

In Study IV, we compared the prevalence of inattentive and/or hyperactive 
symptoms among children with sleep difficulties (shorter sleep duration, 
frequent night awakenings, parent-reported sleep problems) with those 
among children without sleep difficulties, using Chi-square tests. Multivariate 
linear regression analyses were conducted to examine the potential effects of 
sleep difficulties at the ages of 3, 8, and 24 months on the children’s inattentive 
and/or hyperactive symptoms at the age of five years. The outcome variables 
were inattentive and/or hyperactive-impulsive symptoms, and each outcome 
variable (i.e., FTF inattention, FTF hyperactivity-impulsivity, and SDQ 
inattention-hyperactivity) was studied in different models. Parent-reported 
sleep problems and night awakenings were treated as dichotomous variables 
(no versus yes), whereas sleep duration and inattentive/hyperactive-impulsive 
scale scores were used as continuous variables. The partially adjusted model 
controlled for altogether four covariates (i.e., child’s exact age at five years, 
gender, the mother’s education level, and whether the mother smoked during 
pregnancy). The final fully adjusted model additionally controlled for birth 
weight, the mother’s age, and the number of children in the family during 
pregnancy. For the covariates, we selected the variables that had also been 
considered in previous longitudinal studies (139,140,233,250,262,331,332) 
and those that were significantly associated with any of the sleep and ADHD 
variables in our sample. 

The means of inattentive and/or hyperactive-impulsive scale scores in the 
FTF and SDQ of the children with no parent-reported sleep difficulties 
(shorter sleep duration, frequent night awakenings, parent-reported sleep 
problems) at any time point, the children with parent-reported sleep 
difficulties at one time point, and the children with parent-reported sleep 
difficulties at two or more time points were compared using ANOVA. Finally, 
multivariate logistic regression analyses were conducted to examine how 
shorter sleep duration at different time points (at the age of 3, 8, and 24 
months, and five years), adjusted for covariates, predicted inattentive and/or 
hyperactive symptoms. 

In Study V, univariate and multivariate logistic regression analyses were 
used to evaluate whether several prenatal and postnatal factors predicted 
children’s inattentive/hyperactive symptoms at the age of five years. The 
outcome (child’s inattentive/hyperactive symptoms) was dichotomous (scale 
score th percentile), and each outcome variable (FTF inattention, FTF 
hyperactivity-impulsivity, and SDQ inattention-hyperactivity) was studied in 
different models. Explanatory variables were selected on the basis of previous 
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longitudinal studies (33,105,106,112,116,118,122,124,184,333). The 
explanatory variables included continuous (child’s exact age at five years, birth 
weight, number of children in the family, and parental prenatal age), 
categorical (parent education, and parental depressive symptoms), and 
dichotomous (gender, short sleep duration, low parental income, parental 
alcohol/tobacco use during pregnancy, parental prenatal ADHD symptoms, 
family atmosphere, and PSDQ parenting styles) variables. Univariate analyses 
were first conducted with one explanatory factor at a time in the model. To 
determine the best combination of explanatory factors to predict the children’s 
inattentive/hyperactive symptoms at five years, multivariate analyses were 
performed using the backward stepwise selection method, which begins with 
all predictors in the initial model and then eliminates variables in successive 
steps until no variables can be removed without a statistically significant loss 
of model fit. 

The prevalence of inattentive/hyperactive symptoms when the children 
were five years old, in different parenting groups (authoritarian and 
authoritative parenting styles), were compared using Chi-squared tests. 

Finally, we examined the cumulative effect of the three most significant risk 
factors found in the predictive multivariate models for the SDQ inattention-
hyperactivity and FTF inattention scales. We studied the odds ratios (OR) 
related to different risk factor combinations relative to the ‘no risk factors’ 
status (i.e., the children with no risk factors for inattentive/hyperactive 
symptoms measured by the SDQ/FTF inattention were separately compared 
to the children with one or more risk factors). We reported the odds of 
developing inattentive/hyperactive symptoms given each combination of risk 
factors, relative to the odds of developing inattentive/hyperactive symptoms 
given the non-exposure risk factor status. 

For Studies I–III, ethical approval was granted by the Helsinki University 
Central Hospital Ethics Committee for Pediatrics, Adolescent Medicine and 
Psychiatry. Written informed consent was obtained from all the parents. For 
Studies IV and V, the ethical protocol was approved by the local ethical 
committee (ETL-code R11032). Written informed consent was obtained from 
all the parents prenatally, and when the child was five years old. 
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Most of the patients were boys (72.7%, N = 101), and their mean age was 5.7 
years (SD 0.73). Only one child was under four, and was thus not included in 
later analyses (Studies II and III). The majority of the children in the clinical 
group (78.4%) received special support at daycare, such as being in a smaller 
class or receiving support from a special education teacher. Almost half 
(46.0%) of the families had low parent education level (i.e., no further 
education or lower than college education).  

In Study I, almost half of the children in the clinical group exhibited 
internalising or externalising symptoms within the clinical range. However, 
the other half of the children had only mild (within the normal or subclinical 
range) symptoms (Figure 2). CBCL Total problems over the clinical range were 
found among 50.4% of the patients and the subclinical range in 10.1% of the 
patients. Of the subscales, approximately one third of the children (30.9%) in 
the clinical group exhibited aggressive behaviour, and 14.4% of the children 
scored over the clinical range in attention problems. Finally, of the children in 
the clinical group (N = 139), 33.1% scored over the clinical cut-off point of both 
internalising and externalising symptoms. 

In the clinical group, approximately one third had parent-reported sleep 
difficulties (SDSC total score of 46), and every fifth child had severe sleep 
difficulties. Sleep-wake transition disorders, disorders of initiating and 
maintaining sleep, and disorders of excessive somnolence were common in the 
clinical group (Figure 3). The most frequently mentioned sleep difficulties, 
according to the single SDSC items, were in the clinical group: restless sleep 
(31.7%), morning tiredness (21.6%) and difficulties getting to sleep at night 
(18.7%). 

According to the single SDSC items, the children in the clinical group slept 
less and had more restless sleep, nightmares, morning tiredness, daytime 
somnolence, and night awakenings than the reference children (p < 0.05) 
(Figure 4). For instance, 14.4% of the children in the clinical group slept less 
than nine hours per night in comparison to the reference group (2.9%; p < 
0.001). In the clinical group, 46 children (33.1%) and 39 children (28.0%) in 
the reference group had parent-reported sleep difficulties (SDSC total score of 

46). There was no statistically significant difference between the SDSC total 
score of the clinical and reference groups. Of the SDSC subscales, the children 
in the clinical group had more disorders of arousal and nightmares, sleep-
wake transition disorders, and disorders of excessive somnolence (p < 0.05). 



 73 

In Studies II and III, compared to the reference children, the children in the 
clinical group were more often boys, slightly younger, and more often received 
special support at daycare (p < 0.001). Their mean age was 5.7 years (range 
4.5–7.3 years). Furthermore, the parents in the clinical group had lower 
education levels than the parents of the reference children (p < 0.001). Table 
8 presents the descriptive statistics of the clinical sample. 

In the clinical group, many of the children (N = 69) had an unspecified 
neurodevelopmental diagnosis (F88 or F89), reflecting at least partly the fact 
that the psychiatric evaluation was not yet complete. In the patient group, 39 
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children were diagnosed with ADHD, and 29 with CD/ODD. The boys in the 
clinical group had significantly more ADHD and CD/ODD diagnoses than the 
girls (p < 0.001). Diagnoses of other neurodevelopmental disorders, such as 
autism spectrum, learning, speech, and motor system disorders were also 
frequent (N = 34). Finally, 34 children had at least one Z-diagnosis, describing, 
for example, traumatic life events, parental problems or psychosocial stress. 

According to the parental CBCL responses on their children’s psychiatric 
symptoms, 24 (14.0%) children exhibited only internalising (INT), 21 (12.3%) 
children exhibited only externalising (EXT), 60 (35.1%) children exhibited 
both internalising and externalising symptoms (COMB), and 66 (38.6%) 
children exhibited no clinically significant internalising or externalising 
symptoms (MILD) (Figure 6). 

In the clinical group, parent-reported sleep difficulties were related to child 
psychiatric internalising and externalising symptoms in partial correlations, 
multiple regression analysis and multiple logistic regression models 
controlled for the children’s gender and age, parent education level, and family 
structure (Figure 5). 

In the multiple regression models, sleep difficulties (SDSC total score) were 
associated with total problems (β = 0.65, 95% CI 1.26–1.91, p < 0.001), 
internalising (β = 0.53, 95% CI 0.38–0.67, p<0.001) and externalising (β = 
0.47, 95% CI 0.27–0.53, p < 0.001) symptoms and all the CBCL internalising 
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and externalising subscale scores. In the logistic univariate and multiple 
regression models, the patients with sleep difficulties were at a higher risk of 
total psychiatric symptoms, internalising, and externalising symptoms (Table 
9). Being a boy was also associated with a higher risk of externalising 
symptoms. 
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The daycare teachers reported a higher amount of EF deficits in the clinical 
group than in the reference group. The boys scored higher in the ATTEX-P 
Total score and all nine subscales in both the clinical and reference groups 
than the girls. Over half of the boys (54.9%) in the clinical group scored over 
the clinical cut-off point for boys in the ATTEX-P Total score and the subscales 
of Distractibility (55.7%), Motor Hyperactivity (51.6%), Impulsivity (53.3%), 
Planning (57.4%) and Execution of Action (66.4%). The girls in the clinical 
group showed fewer EF deficits than the boys, and 32.7% scored over the 
clinical cut-off point for girls in the ATTEX-P Total score (Figure 7). 

Significant differences emerged between the quantity of EF deficits 
(ATTEX-P Total score and all nine subscale scores) in the clinical and in the 
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reference groups (p < 0.001). The mean ranks of the ATTEX-P Total score and 
all nine subscale scores were higher among the girls and boys in the clinical 
group than among those in the reference group (all p values < 0.001). Figure 
8 presents the mean scores of the ATTEX-P Total score and the nine subscales 
in the clinical (N=171) and reference (N=685) groups. 

We used logistic univariate and multivariate regression models to predict 
the EF deficits in the clinical and reference groups. The multivariate model 
was controlled for gender, child’s age, and parent education. The children in 
the clinical group were at a significantly higher risk of scoring over the clinical 
cut-off point on the ATTEX-P total score (univariate OR = 12.4, 95%, p < 
0.001; multivariate OR= 10.6, p < 0.001) than the reference children. The girls 
in the clinical group were at an increased risk (multivariate OR = 3.72, p < 
0.01) of scoring over the clinical cut-off point on the ATTEX-P total score than 
the reference girls. Similarly, the boys referred for child psychiatric evaluation 
were at an increased risk (multivariate OR = 8.75, p < 0.001) of scoring over 
the clinical cut-off point on the ATTEX-P Total score than the reference boys. 
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The symptom groups (i.e., internalising (INT; N = 24), externalising (EXT; N 
= 21), both internalising and externalising (COMB; N = 66), and mild 
symptoms (MILD; N = 66) differed significantly in terms of gender ratio 
(X2(4) = 27.78, p < 0.001), with the COMB group containing more boys than 
the reference group (X2(1) = 18.45, p < 0.001p < 0.001). The groups also 
differed in terms of age (F(4, 833) = 6.25, p < .001, η  =.03), with the COMB 
group containing younger children than the reference group (p = 0.001). 
Although the groups also differed in maternal education level, X2(4) = 16.24, 
p = 0.003, we found no significant differences between the column 
proportions of the specific symptom groups after adjusting for ten group 
comparisons. 

Pairwise comparisons revealed that all the symptom groups (INT, EXT, 
COMB, MILD) had a higher ATTEX-P total score than the reference group, 
with all p values being < 0.001. All the symptom groups had higher scores than 
the reference group on eight of the nine ATTEX-P subscales (p values ranging 
between < 0.001 and 0.039). On the motor hyperactivity subscale, the 
difference between the REF and INT groups was not significant (p = 0.066). 

No significant differences between the symptom groups’ total EF scores 
were found. The effect size for the difference between the INT and the EXT 
groups was close to large (d = 0.75), indicating more EF problems overall in 
the EXT group (M = 46.19, SD = 12.86) than in the INT group (M = 29.38, SD 
= 20.92). The symptom groups (INT, EXT, COMB, MILD) differed from one 
another on the impulsivity subscale of the ATTEX-P, the INT group having a 
lower score than the EXT (p = 0.009), COMB (p = 0.035), and MILD (p = 
0.030) groups. Further, the INT group had a lower score on the motor 
hyperactivity subscale of the ATTEX-P than the EXT (p = 0.003) and COMB 
(p = 0.036) groups. 

Of the insignificant differences between the INT and the EXT groups, the 
effect sizes for distractibility (d = 0.79), execution of action (d = 0.75), and 
sustaining attention (d = 0.69) were substantial, indicating more EF problems 
in the EXT than in the INT group in these domains. On the remaining scales 
(directing attention, shifting attention, initiation, and planning), the effect 
sizes of the insignificant differences between the INT and EXT groups were 
small, with d ranging between 0.07 and 0.26. 
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In the CHILD SLEEP birth cohort (N = 699), 48.2% of the children were girls. 
The majority of the children were born full term; only 1.6% was born before 
the 37th gestational week. The mean one-minute Apgar score was 8.4, and only 
3.3% had an Apgar score lower than seven. Only a few mothers reported 
smoking (4.7%) or consuming six or more doses alcohol of per time (1.2%) 
during pregnancy. Of the whole sample, only three mothers and two fathers 
reported having an ADHD diagnosis. Mothers reported having depressive 
symptoms from pregnancy until 24 months after giving birth relatively often. 
Moderate depressive symptoms were reported by 193 mothers (27.7%) and 
severe depressive symptoms by 52 mothers (7.4%). Fathers reported less 
moderate (26.1%) or severe (1.9%) depressive symptoms. 

Of the five-year-old children, 25.7% (N = 171) scored over the 75th 
percentile in SDQ inattention-hyperactivity, 26.0% (N = 174) in FTF 
inattention, and 27.9% (N = 187) on the FTF hyperactivity-impulsivity scales. 
Boys were at a higher risk of having inattentive/hyperactive-impulsive 
symptoms measured by the SDQ/FTF (p = 0.001). 
 

 
Children with shorter sleep duration at three months of age more often showed 
subsequent inattentive symptoms (35.4%) compared to those with normal 
sleep duration (22.4%; p = 0.001). The prevalence of frequent night 
awakenings and parent-reported sleep problems at five years of age were 
higher among the children with concurrent ADHD-related inattentive and 
hyperactive symptoms (p values < 0.05). 

In partially adjusted linear regression models, early sleep duration at the 
age of three and eight months was significantly associated with inattentive 
symptoms measured by the FTF at the age of five years. The fully adjusted 
model showed a significant association between sleep duration at 3, 8 and 24 
months and inattentive symptoms at five years. Parent-reported sleep 
problems at the age of 24 months and five years were related to inattentive and 
hyperactive-impulsive symptoms measured by the FTF and/or SDQ. Frequent 
night awakenings at the age of five years were related to concurrent inattentive 
and hyperactive symptoms, measured by FTF and SDQ (Table 10). In logistic 
regression models, shorter sleep duration (< 13.0 hours per night) at the age 
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of three months predicted inattentive symptoms at the age of five years 
(partially adjusted OR = 1.97, 95% CI =1.31–2.95, p < 0.01; fully adjusted OR 
1.93, 95% CI = 1.24–3.01, p < 0.01, respectively). 

Persistent parent-reported sleep difficulties (i.e., parent-reported sleep 
problems at two or more time points) were associated with higher inattentive 
and hyperactive-impulsive FTF scale scores (p values < 0.01). Children with 
shorter sleep duration at two or more time points had higher inattentive scale 
scores measured by the FTF than other children (p < 0.05). 
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Table 11 reports the statistically significant results from the multinomial 
regression models. High maternal and paternal depressive symptoms from 
pregnancy until 24 months after birth were associated with more hyperactive 
symptoms measured by the FTF. Paternal low income was also related to 
inattentive/hyperactive symptoms. Parental prenatal ADHD symptoms 
(ASRS score of > 4) were not related to the child’s inattentive/hyperactive 
symptoms. Shorter sleep duration at the age of three months was a significant 
risk factor for inattentive symptoms measured by the FTF among five-year-old 
children. 

A maternal authoritarian parenting style (marked by hostile, punitive 
parenting with low levels of emotional support and responsiveness) was 
related to more inattentive/hyperactive symptoms at five years of age. In 
contrast, a maternal authoritative style (marked by sensitive, supportive and 
consistent parenting) predicted less hyperactive symptoms measured by the 
FTF. A good family atmosphere reported by the mother when the child was 
three months old was also associated with a lower risk of 
inattentive/hyperactive symptoms. A paternal authoritative parenting style 
predicted less hyperactive symptoms. The permissive parenting style was not 
related to any ADHD-related symptoms. 

Families with both parents practising an authoritarian parenting style had 
the highest percentage of children with elevated levels of 
inattention/hyperactivity symptoms (p < 0.05). In contrast, five-year-old 
children’s inattention/hyperactivity symptoms were less common in families 
with authoritative than families with no authoritative parenting style (p < 
0.05). 

Children with several risk factors (being a boy, maternal authoritarian 
parenting style, more negative family atmosphere, and persistent maternal 
depressive symptoms) were at the highest risk (OR 8.40, CI 95% 3.17-22.30, p 
< 0.001) of having inattentive/hyperactive symptoms at five years of age, as 
measured by the SDQ. Similarly, children with shorter sleep duration, more 
negative family atmosphere and authoritarian parenting were at the highest 
risk of inattentive symptoms at five years of age, as measured by the FTF (OR 
7.09, CI 95% 2.41–20.88, p < 0.001) (Table 12). Figure 9 presents all the 
significant family-related factors associated with children’s subsequent ADHD 
symptoms at the age of five. 
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No Authoritarian
Parenting

Authoritarian
Parenting

Good Family Atmosphere and Normal 
Sleep Duration 1 0.71

More Negative Family Atmosphere and 
Normal Sleep Duration 2.25 3.18

More Negative Family Atmosphere and 
Shorter Sleep Duration 3.64 7.09
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The first hypothesis concerning a higher prevalence of sleep difficulties and 
daytime somnolence in the clinical group was only partially confirmed, as 
parent-reported sleep difficulties were highly prevalent in both the clinical and 
reference group. However, in the clinical group, three- to seven-year-old 
children exhibited more tiredness during the morning and daytime, 
nightmares, night awakenings, and restless sleep than the reference children. 
Children in the clinical group also had more disorders of arousal and 
nightmares. The second hypothesis on the association between sleep 
difficulties and both internalising and externalising symptoms was confirmed, 
as parent-reported sleep difficulties significantly increased the risk of 
depressive and anxiety (internalising) symptoms, as well as behavioural and 
ADHD-related (externalising) symptoms. We also found that children referred 
for child psychiatric evaluation slept less than those in the control group. 

The prevalence of children with sleep difficulties (SDSC total score of  46 
points) in our sample was 33.1%, only a little higher than in the age- and 
gender-matched control group (28.0%). However, of the SDSC subscales, the 
children in the clinical group had significantly more disorders of arousal and 
nightmares (33.1%), sleep-wake transition disorders (49.7%), and disorders of 
excessive somnolence (41.7%). In line with our findings, previous population-
based studies of healthy children have shown prevalence rates of parent-
reported sleep difficulties ranging from 10% to 40% among infants and 
preschool-aged children (23,25,27,216,218–220,334). In the patient group, 
one fifth (19.4%) had severe sleep difficulties. In normative samples, severe 
sleep difficulties seem to be significantly less common (27). For instance, 
Paavonen et al. (2020) showed that approximately 21% of healthy Finnish two-
year-old children had parent-reported sleep difficulties, but only about 1% of 
the children had severe sleep difficulties. The prevalence rates of sleep 
difficulties in clinical samples have been substantially higher than those in 
population-based samples (171,246,335). One previous meta-analysis 
reported that up to 74% of school-aged children diagnosed with ADHD 
experience parent-reported sleep difficulties, including bedtime resistance, 
delayed sleep onset, reduced sleep efficiency, and night waking (14). Our 
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clinical sample was younger and heterogenous in terms of diagnoses, which 
makes it difficult to compare these results. 

The children in the clinical group slept less: 14.4% reported sleeping < 9 
hours, and 56.8% < 10 hours per night, compared to the reference children, of 
whom only 2.9% slept less than nine hours. Based on the norms of sufficient 
sleep time at the age of three to six years (56,336), the majority of the clinical 
group did not sleep enough, i.e. at least ten hours per night. Shorter night-time 
sleep duration has been related to ADHD symptoms (i.e., inattention and 
hyperactivity) as well as internalising symptoms in cross-sectional (229,231) 
and longitudinal (139) samples. Previous longitudinal studies have 
demonstrated that sleeping times among healthy children are decreasing 
(27,56,337). At the same time, referrals for psychiatric evaluations have been 
increasing in the past few years (based on clinical records data at Helsinki 
University Hospital’s Child Psychiatry Unit). Thus, sleep difficulties should be 
taken into account when assessing children with psychiatric symptoms. 

Further, almost one third (31.7%) of the children in the clinical group were 
reported as having restless sleep (e.g., frequent twitching or jerking of the legs 
while asleep or often changing position during the night or kicking the cover 
off the bed) and 3.6% reported having nightmares. In line with our findings, it 
has been reported that children with ADHD tend to have more periodic limb 
movements/restless leg syndrome measured by actigraphy/polysomnography 
during sleep (239,240) and parent-reported nightmares (236,239) than 
healthy controls. Our clinical sample showed no statistical differences between 
bedtime resistance or problems initiating and maintaining sleep among the 
patients and controls; this was expected on the basis of previous studies 
(171,251). 

Although the prevalence of children with sleep difficulties (SDSC total 
score of  46 points) was not significantly higher than that in the age- and 
gender-matched control group, sleep difficulties were strongly related to the 
intensity of both internalising and externalising symptoms. The association 
between sleep difficulties and internalising symptoms was stronger than the 
association between sleep and externalising symptoms. In particular, we 
found strong associations between sleep difficulties and the 
anxious/depressive and emotional reactivity subscales of CBCL. The 
emotional reactivity subscale contains questions on emotional dysregulation 
(i.e., a child’s tendency to rapid mood shifts, to often worry, panic or get upset 
without a specific reason or in new situations or to be disturbed by even minor 
changes to daily routines). Clinically referred preschool-aged children with 
sleep difficulties were at a particularly high risk of these kinds of symptoms. 
Previous studies of older children and/or adolescents have demonstrated that 
the majority of anxious children and adolescents have sleep problems such as 
frequent night awakenings, nightmares, difficulties falling asleep, reluctance 
to sleep alone, and overtiredness (16,162,175). Consistent with our findings, 
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the severity of sleep difficulties has been associated with the intensity of 
anxiety symptoms (162). According to earlier literature, sleep difficulties in 
many clinically anxious children are not limited to one type of sleep difficulty, 
and clinically anxious children may have multiple sleep difficulties (e.g., 
difficulties falling asleep and nightmares) (175). Previously, sleep difficulties 
have been viewed as a secondary symptom of anxiety (338). Recent evidence 
shows that the presence of sleep disorders may predispose to subsequent 
anxiety (162). 

We also found that sleep difficulties were related to externalising 
symptoms, including aggressive behaviour and to a lesser extent, attentional 
problems. In line with our results, it has been demonstrated that sleep 
difficulties may exacerbate core symptoms of ADHD (241,246) and ASD (255). 
In addition, previous studies of school-aged (15,251) and preschool-aged 
children (161) with disruptive behaviours (CD/ODD) have reported that 
children with disruptive behaviours tend to have more parent-reported and/or 
self-reported sleep difficulties. Children in the clinical group with both 
internalising and externalising symptoms (COMB) were at the highest risk of 
sleep disturbance. As in this study, it has also been previously demonstrated 
that school-aged children with ADHD and internalising comorbidities (such 
as anxiety and depression) tend to have increased sleep problems compared 
to children with ADHD alone (241,247). 
 

In line with our hypothesis, four- to seven-year-old children referred for child 
psychiatric evaluation showed more EF deficits than those in the reference 
group. Both the boys and girls in the clinical group scored significantly higher 
in the total and each subscale of the ATTEX-P questionnaire than the reference 
children, and parental education was related to EFs in both the clinical and 
reference group. Most of the children in the clinical group showed a significant 
amount of EF deficits, including distractibility and impulsivity, regardless of 
their type of emotional and behavioural symptoms. Children referred for child 
psychiatric evaluation with different symptom profiles (either internalising or 
externalising symptoms, children with both internalising and externalising 
symptoms, and children with only mild internalising and/or symptoms) had a 
higher level of EF deficits than the reference children. 

The hypothesis that children with mainly externalising, and both 
externalising and internalising symptoms would have more EF deficits than 
the reference group was confirmed. Further, in accordance with the 
hypothesis, children in the clinical group with mainly internalising symptoms 
had more difficulties shifting attention than the reference children. However, 
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these children with mainly internalising symptoms had widespread difficulties 
(i.e., higher scores on eight of the nine ATTEX-P subscales), compared to the 
reference children. In motor hyperactivity, the difference was not significant. 
It was also hypothesised that the children with mainly externalising symptoms 
would have more EF deficits than the children with mainly internalising 
symptoms in at least impulsivity and motor hyperactivity. In line with this, the 
children in the clinical group with mainly internalising symptoms showed less 
problems in impulsivity and motor hyperactivity than the other symptom 
groups, and as expected, the greatest difference was between the internalising 
and externalising groups. Finally, the children with both internalising and 
externalising symptoms had similar EF difficulties to the children with mainly 
externalising symptoms. Having high levels of combined symptoms did not 
seem to make children either more or less prone to EF difficulties than having 
high externalising symptoms only. 

The results of this study are in line with those of previous studies reporting 
an association between externalising symptoms (such as ADHD, ODD) and 
poorer EF capacities at preschool age, measured by rating scales (17,31,311) or 
performance-based tests (18,19). However, according to a previous meta-
analysis and systematic review of studies of school-aged children and 
adolescents, inconsistent findings have been reported on the association 
between internalising symptoms and EF deficits (20,339). The present study 
is one of the few to report an association between internalising symptoms and 
EF deficits already at preschool age among children referred for child 
psychiatric evaluation. This finding is in line with a previous Norwegian 
population-based study of preschoolers, which reported that children with 
symptoms of ADHD, ODD or anxiety had more EF deficits (i.e., significantly 
higher scores in all five BRIEF-P scales) than with their typically developing 
peers (31). Anxious preschoolers scored higher than the reference children on 
all the BRIEF-P scales (31). Skogan et al. (2015) reported that preschool-aged 
children with externalising problems (ADHD, ODD) had more EF difficulties 
measured by the BRIEF-P than children with internalising problems. Another 
study of a normative sample reported that children with internalising 
symptoms were rated as less impulsive than the controls (320). Eisenberg et 
al. (2001) concluded that these children seemed to exhibit an ‘overcontrolled’ 
style of regulation (320). In the present study, the children with mainly 
internalising symptoms were rated as more impulsive than the reference 
children, albeit to a lesser degree than the children with externalising, 
combined, or even mild symptoms. This may reflect differences in the samples 
(clinical vs normative). 

Boys were considered to show more EF deficits than girls in both the 
clinical and reference groups. In line with previous epidemiological studies, 
the boys in our clinical sample had also significantly more ADHD and 
CD/ODD diagnoses than the girls. It has been suggested that weaknesses in 
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inhibition could be common to both DBD and ADHD (151). The gender 
difference in the EFs may also reflect the lower symptom levels and/or better 
coping strategies of girls, and possibly the earlier maturation of the frontal 
parts of female brains (294,340). Finally, consistent with previous studies of 
school-aged children (294), lower parent education level was associated with 
more EF deficits in both the clinical and reference groups. 

The clinical sample consisted of preschoolers with diverse psychiatric 
symptoms and a high rate of comorbid symptoms already at preschool age. 
Our results highlight the importance of assessing EFs as a routine part of child 
psychiatric evaluation already at preschool age. Intervention studies are 
needed in order to determine the most effective way to improve EFs among 
preschool-aged children referred to child psychiatric outpatient clinics. 

In this birth cohort study, the hypothesis that sleep difficulties (i.e., shorter 
sleep duration, high number of night awakenings, and parent-reported sleep 
problems) during infancy and early childhood would increase the symptoms 
of inattention and/or hyperactivity at the age of five was partly confirmed. 
Consistent associations were reported between sleep duration at 3, 8, and 24 
months and inattentiveness among five-year-old children. We also found an 
association between frequent night awakenings and concurrent 
inattentive/hyperactive symptoms at five years of age. Parent-reported sleep 
problems among 24-month-old and five-year-old children were also related to 
ADHD symptoms. 

This study was the first longitudinal study to evaluate the link between 
shorter sleep duration already at three months of age and later inattentive 
symptoms. Few longitudinal studies have reported that shorter sleep duration 
during infancy or the preschool period is associated with subsequent 
inattention and/or hyperactivity (139,140,233,331). In these longitudinal 
studies, the earliest measurement point of sleep duration has been at the age 
of six months. 

Previous cross-sectional studies of healthy preschool-aged and school-aged 
children have reported an association between shorter sleep duration and 
inattentive symptoms rated by a parent or teacher (228,231). Further, 
subjectively or objectively measured sleep duration at the ages of 12 and 18 
months has also been linked to subsequent attentional problems at the ages of 
three and five years (139,341). For instance, in line with our findings, Sivertsen 
et al. (2012015) reported in their large population-based birth cohort study (N 
= 32662) that shorter sleep duration at 18 months ( 10 hours per day) was 
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related to attentional problems measured by the CBCL questionnaire. As 
infants’ sleep is very different to that of toddlers and older children (27,62), 
the findings cannot directly be extrapolated to apply to infants. 

According to a previous review and meta-analyses, children with ADHD 
have reduced sleep quantity and more disturbed sleep measured by actigraphy 
and/or questionnaires (14,333,342). A shared genetic and/or neurobiological 
background involving the functioning of the frontal brain areas may account 
for the relationship between early shorter sleep duration and later occurring 
inattentive symptoms. On the other hand, it might also be possible that shorter 
sleep duration during infancy and early childhood impairs the development of 
self-regulatory systems (23). As previously suggested by Turnbull et al. (2013), 
the development of attentional control may be particularly vulnerable to the 
effects of sleep deprivation and/or sleep problems during infancy and the 
preschool period because of its prolonged course of maturation (23). Further 
studies are needed to explore the biological mechanisms beyond this reported 
association between sleep duration and subsequent inattentive symptoms. 

Contrary to the hypothesis of this study, we found no longitudinal 
associations between sleep duration, night awakenings, parent-reported sleep 
problems during the first year of a child’s life, and subsequent hyperactivity-
impulsivity. Some cross-sectional and longitudinal studies have reported a 
link between parent-reported shorter night-time sleep duration and 
symptoms of hyperactivity (140,229,233). Further, frequent night awakenings 
at the age of 18 months have been found to be related to attentional problems 
at the age of five to six years (139,250). 

However, night awakenings were highly frequent during the first two years 
of child’s life in the present sample (27). Healthy children in the sample with 
frequent night awakenings during infancy may be an aetiologically 
heterogeneous group. Infants’ frequent night awakenings may result from 
different factors, such as illnesses (343), breastfeeding, parental involvement 
when falling asleep, co-sleeping with the infant, the infant’s challenging 
temperament (344), and the development of locomotion (345). 

Children with persistent parent-reported sleep problems and/or shorter 
sleep duration showed higher inattentive and/or hyperactive-impulsive scale 
scores than other children. Consistent with our findings, a retrospective study 
of 4109 Australian children found that compared to the controls, children with 
an ADHD diagnosis at the age of seven years had persistently elevated levels 
of parent-reported sleep problems from two to three years of age and 
emotional and attentional dysregulation (332). In this study, sleep problems 
among children with and without ADHD predicted emotional dysregulation, 
which in turn contributed to poorer attentional functioning. 

The results of this study emphasise the importance of early assessment and 
treatment of children’s sleep difficulties already during infancy. Even though 
the direction of this relationship between early sleep difficulties and 
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subsequent ADHD-related (i.e., inattentive and/or hyperactive symptoms) 
cannot be extrapolated, this study demonstrated that the altered 
developmental pathway of shorter sleep duration occurs already at an early 
stage of infancy among children who might later have inattentive symptoms. 

In this study, it was hypothesised that children’s shorter sleep duration and 
several prenatal and postnatal factors would be related to children’s 
inattentive and/or hyperactive (i.e., ADHD-related) symptoms at five years of 
age. This study adds to previous research by examining both maternal and 
paternal early factors, and is one of the few studies reporting a wide range of 
potential parental risk factors during and after pregnancy. Consistent with the 
hypothesis, children’s shorter sleep duration at three months, being a boy, 
maternal and paternal depressive symptoms, more negative family 
atmosphere at three months and maternal hostile, punitive, and non-
responsive (authoritarian) parenting style at eight months, paternal low 
income, and maternal advanced age were related to inattentive and/or 
hyperactive symptoms at five years of age. Maternal and paternal consistent, 
supportive, and warm (authoritative) parenting style predicted less of these 
ADHD-related symptoms. Children with several risk factors (being a boy, 
persistent maternal depressive symptoms, maternal authoritarian parenting, 
and more negative family atmosphere) were at the highest risk of ADHD-
related symptoms. 

Contrary to the hypothesis, paternal authoritarian parenting style, a child’s 
low birth weight and several prenatal factors such as parental smoking or 
alcohol consumption during pregnancy, parental ADHD symptoms or parent 
education were not associated with children’s inattentive and/or hyperactive 
symptoms at five years of age. 

Both maternal and paternal persistent depressive symptoms were related 
to children’s ADHD symptoms at preschool age. In this sample, maternal and 
paternal depressive symptoms during and after pregnancy were relatively 
stable (327), and 7.4% of the mothers and 1.9% of the fathers reported constant 
(from pregnancy to two years postpartum) depressive symptoms above the 
clinical threshold. The results of this study are consistent with those of 
previous studies reporting associations between prenatal (114,117) and 
postnatal (114–116) parental depression and children’s later ADHD 
symptoms. It has been suggested that parental depressive symptoms may 
influence children’s later ADHD symptoms via their effect on parenting, 
especially via hostile parenting strategies (346). Our study showed that both 
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maternal and paternal depressive symptoms were independently related to 
children’s later inattentive/hyperactive symptoms even when several prenatal 
and postnatal factors, including different parenting strategies, were 
considered. 

It has also been suggested that maternal prenatal depression affects an 
infant’s later outcomes by altering the mother’s hypothalamus-pituitary-
adrenal-axis (HPA) activity (347). For instance, Räikkönen et al. (2015) 
reported that elevated maternal cortisol level may influence glucocorticoid 
action in the placenta and thereby create an adverse foetal environment (347). 
We found similar associations between maternal and paternal high depressive 
symptom trajectories and children’s ADHD-related symptoms, suggesting 
that the effect is not solely mediated by intrauterine mechanisms, but that 
familial, environmental, and possibly genetic factors also drive this 
association. Not all the mechanisms involved in the association between 
maternal and paternal depressive symptoms during and after pregnancy and 
a child’s later outcomes are well understood. Other factors such as maternal 
physical health and lifestyle during pregnancy, a child’s inherited genetic 
susceptibility to psychopathology, and several postnatal factors may also 
account for this association. Children’s genetic susceptibility to depression 
may also manifest as behavioural problems during the preschool period. 

We were interested in studying whether early parenting style would be 
related to the emergence of ADHD-related symptoms at preschool age 
(113,124,125). We found that both mothers’ and fathers’ consistent, warm 
(authoritative) parenting during the first year of a child’s life was associated 
with less ADHD-related symptoms at preschool age. In contrast, a maternal 
hostile, punitive, and non-responsive parenting style when a child was eight 
months old was related to ADHD symptoms when the child was five years old. 
Based on this study, the direction of the relationship between early parenting 
and later ADHD-related symptoms cannot be extrapolated. Negative 
parenting may be evoked during infancy by a child’s challenging behaviours 
(i.e. excessive crying, early sleep difficulties, feeding problems) related to the 
later diagnosis of ADHD (348). It has been suggested that ADHD symptoms 
among older children and adolescents negatively affect the mother-child 
relationship and increase the use of negative parenting strategies (e.g. mother-
child hostility), rather than negative parenting playing a causal role in ADHD 
(349). It is also possible that parents’ own ADHD symptoms predispose them 
to negative parenting strategies with less positive parenting and more 
harsh/inconsistent parenting (350). Thus, negative parenting and children’s 
inattentive/hyperactive symptoms may have a shared genetic background. 

Contrary to the hypothesis, parental smoking or alcohol consumption 
during pregnancy was not related to a child’s later symptoms of 
inattention/hyperactivity. These results could be explained by a lack of power 
(i.e., the number of mothers who smoked or consumed alcohol during 
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pregnancy was rather small) or the genuine absence of an association. Paternal 
low income and maternal advanced age predicted later symptoms of 
inattention/hyperactivity in the child. Contrary to previous studies (116,122), 
we found that maternal advanced age was a risk factor for children’s 
hyperactive symptoms, as measured by the FTF hyperactivity scale. A 
retrospective study of 58 children diagnosed with ADHD (112) found advanced 
maternal age to be associated with children’s ADHD symptoms at school age, 
possibly reflecting the sample characteristics (woman from an upper-middle 
socioeconomic class giving birth later in life). The association between 
paternal low income and children’s ADHD-related symptoms may also be 
accounted for by other unmeasured factors. 

Multiple known genetic factors (i.e., risk gene variants) are related to the 
development of ADHD (105,106). A previous review and meta-analysis also 
supports the idea that multiple factors (a certain genotype, exposure to 
chemicals, and traumatic life events) increase the probability of a child’s 
ADHD diagnosis (119). Thus, environmental factors (such as negative 
parenting, parental depression, and negative family atmosphere) and/or 
child-specific factors (such as early sleep difficulties) may exert the strongest 
influence over individuals with a particular genetic vulnerability (119,351,352). 

These findings support the hypothesis of ADHD symptoms having a 
multifactorial aetiology (105,107,113,114,118,122,332,353) and emphasise 
that, in addition to children’s sleep difficulties, family-related factors have an 
impact on the development of a children’s ADHD-related symptoms during 
infancy and the preschool period. The family of a child with ADHD-related 
symptoms may have several stressors already during infancy. Recognising 
children at risk of ADHD as early as possible might provide an opportunity to 
support these families before the ADHD diagnosis is made. Although an 
ADHD diagnosis is often given much later than the age of five, symptoms of 
inattention and hyperactivity at this age increase the risk of an ADHD 
diagnosis later in life (354). Early screening and treatment of children’s sleep 
problems and parental mental health, and early targeted parental support may 
enable early intervention for children at risk of developing ADHD symptoms. 

The strengths of Studies I–III include the clinical sample (Study I, N = 139; 
Study II, N = 171) of young, four- to seven-year-old children referred for a child 
psychiatric evaluation due to diverse psychiatric symptoms. A dimensional 
approach to studying the associations between psychiatric symptoms, sleep 
and EFs is important, as many children, especially young ones, have many 
types of symptoms even though they are insufficient for comorbid diagnoses. 
In preschool-aged children, neurodevelopment is in progress, and the 
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phenotype of psychiatric disorders may change over time. In Study III, the 
utilisation of different informants (i.e., parent- reported psychiatric symptoms 
and daycare teacher’s reports on EFs) to report on different aspects of 
children’s behaviour is a strength, as it eliminates the possibility of the results 
being due to same rater bias. The strengths of Studies IV and V include the 
longitudinal nature of the study, the use of a broad range of prenatal and 
postnatal potential risk factors gathered from both parents, several 
measurement points (that covered the prenatal period, infancy, toddlerhood, 
and preschool ages), and the assessment of ADHD symptoms using two 
questionnaires. The children’s sleep difficulties were measured early during 
infancy (at the age of three months) and their sleep difficulties were 
categorized into three different domains (i.e., sleep duration, night 
awakenings, and parent-reported sleep problems). 

The limitations of Study I include its modest-sized clinical group (N = 139), 
and its low response rate, even though the parents were reminded of the 
voluntary study by phone calls. Further, we were unable to directly compare 
the participants and non-participants, due to lacking information on the non-
participants. However, the characteristics of the present sample were in line 
with previous reports indicating high rates of comorbidity, a higher prevalence 
of boys than girls, and an overrepresentation of low maternal education among 
preschool children referred to psychiatric care. Second, we had limited 
information on the children’s sleep, as we used only parents’ reports and did 
not include objective measurements (such as actigraphy) to obtain more 
information on the sleep of these young children referred for child psychiatric 
evaluation. Third, we used only parental reports of psychiatric symptoms, and 
had no information from other settings (i.e., daycare teacher’s reports). 
Fourth, we did not study the children’s sleep difficulties in different diagnostic 
categories. However, in most of the cases, the diagnoses were still preliminary, 
as the diagnostic evaluations were not yet completed. Our sample was young, 
and it may have been difficult to set a specific diagnosis for some children. 
According to parental reports using the CBCL, some children also scored 
under the clinical level of internalising and/or externalising symptoms. The 
reason for the psychiatric referral of these children could be primarily related 
to problems other than the child’s emotional/behavioural problems, for 
example, a crisis in the family or parenting issues. Finally, due to the cross-
sectional nature of the study, no causal interpretations can be made on the 
basis of the results. 

In Studies II and III, measurement of EF was only drawn from daycare 
teachers’ ratings as we did not have parent ratings and/or performance-based 
assessments of EFs. Further, rating scales generally show only low to moderate 
correlations with performance-based measures, reflecting the fact that they 
tap in to somewhat different underlying constructs (288). Second, the rating 
scale items in Study III may have modestly overlapped, as externalising 
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symptoms were measured by the CBCL and EFs by the ATTEX-P (regarding 
mainly impulsivity, motor hyperactivity, and sustaining attention). This may 
have artificially magnified the relationship between externalising symptoms 
and the mentioned EF behaviours. Third, the symptom group sizes (defined 
by mainly internalising, mainly externalising, both symptom types and low 
symptom levels) were rather small, reducing the power to find significant 
effects. Therefore, effect sizes were examined in addition to p values in all the 
pairwise comparisons. 

In Studies IV and V, the response rate at five years of age was low (42.5%). 
The responding parents had a higher education level and fewer symptoms of 
ADHD during pregnancy than the non-respondents, and this way, the children 
of our responding mothers may have been at a lower risk of ADHD symptoms 
than those in the general population (112,294). With a higher response rate, 
stronger associations between early family-related risk factors and ADHD 
symptoms would have been expected. Second, the families in this study were 
recruited in the 32nd pregnancy week, and there was a high prevalence of 
children with full-term births and normal birth weights. This may also have 
affected the results by weakening the associations, as some studies have 
reported an association between prematurity/low birth weight and later 
ADHD symptoms (113,116,118,122). Third, we only used parental reports (and 
not objective measurements such as actigraphy) of sleep and ADHD 
symptoms, which may not be sensitive enough to measure these symptoms. 
For instance, day-to-day variability in sleep quality cannot be measured using 
only questionnaire data. Fourth, we did not include reports from other sources 
(e.g., daycare teachers) on inattentive and/or hyperactive symptoms in our 
study. Finally, the majority of the risk factors were self-reported (including 
parenting styles and parental depression), and the parents may have 
underreported their psychiatric symptoms and/or substance use during 
pregnancy, possibly leading to an underestimation of these effects. 
Furthermore, depressive symptoms were not evaluated using standardised 
interviews. Regarding parenting styles, the parents’ own reports may have 
biased the results. 

Recommended future studies of clinically referred children: 
 

1) Future studies with more complementary measures of sleep (such as 
actigraphy) and EFs (such as performance-based measures) are 
needed. Ideally, both parental reports and objective measures of sleep 
and performance-based measures of EFs should be used. 
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2) Well-designed trials of the treatment effects of sleep difficulties are 
needed for these clinically referred preschool-aged children. 

3) Intervention studies are needed to determine the most effective way to 
improve EFs among clinically referred preschool-aged children. 

4) Longitudinal study designs would provide the opportunity to evaluate 
whether EF deficits and sleep difficulties in the clinical group persist 
and to predict subsequent psychiatric disorders. More specifically, it 
should be further investigated whether sleep difficulties or EF deficits 
at preschool age can place a child at risk of developing psychiatric 
disorders later at school age or the other way around. It is also possible 
that sleep difficulties and psychiatric symptoms as well as EF deficits 
and psychiatric symptoms reflect a common underlying vulnerability 
and thus often coexist. 
 
Recommended future studies of normative samples: 
 

1) Register-based studies of children with early sleep difficulties and later 
ADHD diagnoses would be of interest to determine whether early sleep 
difficulties also predict an ADHD diagnosis. 

2) Intervention studies are needed to determine whether evidence-based 
parenting programmes, effective treatment of parental depression, and 
treatment of children’s early sleep difficulties could prevent later 
inattentive/hyperactive (ADHD-related) symptoms. 

3) Further examination of the genetic-environment’s interaction with the 
development of ADHD is needed. 

4) Further studies are needed to explore the biological mechanisms 
beyond the reported association between early shorter sleep duration 
and later ADHD-related symptoms. 
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The results of this study emphasise the critical role of sufficient, healthy sleep 
during infancy and early childhood in children’s mental health. During infancy 
and early childhood, children may be particularly vulnerable to the effect of 
sleep difficulties and family factors such as parental mental health problems, 
family atmosphere, and negative parenting. 

First, the preschool-aged children referred for child psychiatric evaluation 
with diverse psychiatric symptoms slept less than the reference children, and 
sleep difficulties were associated with intensity of both internalising and 
externalising psychiatric symptoms. The children in the clinical group had 
more disorders of arousal and nightmares, morning and daytime tiredness, 
night awakenings, and restless sleep than the reference children. Further, the 
population-based CHILD SLEEP birth cohort study was the first longitudinal 
study to report consistent associations between shorter sleep duration during 
infancy and early childhood (i.e., at the ages of 3, 8, and 24 months) and 
children’s subsequent inattentive symptoms at the age of five. Thus, an altered 
developmental pathway of sleep quality and quantity seems to occur already 
at an early stage of infancy among children who might later have inattentive 
symptoms. Taking into account the high prevalence of sleep difficulties in 
healthy (25,27) and clinical samples (26) during infancy/the preschool period, 
this study emphasises the importance of early assessment and treatment of 
sleep difficulties in order to prevent and alleviate psychiatric symptoms among 
children. The most prevalent parent-reported sleep difficulties during early 
childhood are considered behavioural in nature, also among children with 
neurodevelopmental disorders such as ADHD. Previous studies suggest that 
the behavioural sleep interventions developed for typically developing 
children are also effective in the management of sleep problems among 
children with neurodevelopmental disabilities (355), and thus, effective 
treatment of specific sleep problems may reduce behavioural and/or 
emotional symptoms related to neurodevelopmental disorders (355). 

Second, the clinically referred preschool-aged children exhibited EF 
deficits, regardless of their type of emotional and behavioural symptoms. Both 
the boys and girls in the clinical group scored significantly higher in total and 
all subscales of ATTEX-P questionnaire than the reference children. EF 
deficits were found not only among children with externalising symptoms and 
children with both externalising and internalising symptoms but also among 
children with internalising symptoms only. This study is one of the few studies 
to report that children with mainly internalising symptoms have widespread 
difficulties in EFs (i.e., higher scores on eight of the nine ATTEX-P subscales), 
compared to reference children. Since EF deficits were often present in the 
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young referred children, this study highlights the need for early assessment of 
EFs in these children, and the need for evidence-based EF training 
programmes for these children to be implemented at home and/or in daycare. 
The most effective way to improve EFs in clinically referred preschool-aged 
children remains to be further studied. Adequate support at daycare and at 
home is essential for these children. 

Finally, several family-related factors such as parental depressive 
symptoms, more negative family atmosphere and negative parenting 
strategies were related to the development of ADHD-related symptoms at 
preschool age. In clinical practices, it would be crucial to identify high-risk 
children with several risk factors already during infancy that might lead to the 
development of ADHD-related symptoms in later childhood. Early 
interventions such as evidence-based parenting programmes (356), effective 
treatment of parental depression (357), and treatment of a child’s early sleep 
difficulties could not only benefit parents but also prevent children’s later 
ADHD-related symptoms. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 101 

 
1.  von Klitzing K, Döhnert M, Kroll M, Grube M. Mental disorders in early 

childhood. Dtsch Arztebl Int. 2015 May 25;112(21–22):375–86; quiz 
386.  

2.  Wichstrøm L, Berg-Nielsen TS, Angold A, Egger HL, Solheim E, Sveen 
TH. Prevalence of psychiatric disorders in preschoolers. J Child Psychol 
Psychiatry. 2012 Jun;53(6):695–705.  

3.  Charach A, Mohammadzadeh F, Belanger SA, Easson A, Lipman EL, 
McLennan JD, et al. Identification of Preschool Children with Mental 
Health Problems in Primary Care: Systematic Review and Meta-
analysis. J Can Acad Child Adolesc Psychiatry. 2020 May 1;29(2):76–
105.  

4.  McDonnell MA, Glod C. Prevalence of psychopathology in preschool-
age children. J Child Adolesc Psychiatr Nurs. 2003 Dec;16(4):141–52.  

5.  Egger HL, Erkanli A, Keeler G, Potts E, Walter BK, Angold A. Test-
Retest Reliability of the Preschool Age Psychiatric Assessment (PAPA). 
J Am Acad Child Adolesc Psychiatry. 2006 May;45(5):538–49.  

6.  Weitzman C, Wegner L, Section on Developmental and Behavioral 
Pediatrics, Committee on Psychosocial Aspects of Child and Family 
Health, Council on Early Childhood, Society for Developmental and 
Behavioral Pediatrics, et al. Promoting optimal development: screening 
for behavioral and emotional problems. Pediatrics. 2015 
Feb;135(2):384–95.  

7.  Klein AM, Schlesier-Michel A, Otto Y, White LO, Andreas A, Sierau S, 
et al. Latent trajectories of internalizing symptoms from preschool to 
school age: A multi-informant study in a high-risk sample. Dev 
Psychopathol. 2018 Apr 29;1–25.  

8.  Battaglia M, Garon-Carrier G, Côté SM, Dionne G, Touchette E, Vitaro 
F, et al. Early childhood trajectories of separation anxiety: Bearing on 
mental health, academic achievement, and physical health from mid-
childhood to preadolescence. Depress Anxiety. 2017 Aug 18;  

9.  Rolon-Arroyo B, Arnold DH, Harvey EA. The predictive utility of 
conduct disorder symptoms in preschool children: a 3-year follow-up 
study. Child Psychiatry Hum Dev. 2014 Jun;45(3):329–37.  

10.  Bunte TL, Schoemaker K, Hessen DJ, van der Heijden PGM, Matthys 
W. Stability and change of ODD, CD and ADHD diagnosis in referred 
preschool children. J Abnorm Child Psychol. 2014 Oct;42(7):1213–24.  

11.  Halperin JM, Marks DJ. Practitioner Review: Assessment and 
treatment of preschool children with attention-deficit/hyperactivity 
disorder. J Child Psychol Psychiatry. 2019 Sep;60(9):930–43.  

12.  Copeland WE, Wolke D, Shanahan L, Costello EJ. Adult functional 
outcomes of common childhood psychiatric problems: A prospective, 
longitudinal study. JAMA Psychiatry. 2015 Sep;72(9):892–9.  

13.  Karoly LA, Kilburn MR, Cannon JS. Proven benefits of early childhood 
interventions. 2005;  



 

 102 

14.  Cortese S, Faraone SV, Konofal E, Lecendreux M. Sleep in children with 
attention-deficit/hyperactivity disorder: meta-analysis of subjective 
and objective studies. J Am Acad Child Adolesc Psychiatry. 2009 
Sep;48(9):894–908.  

15.  Aronen ET, Lampenius T, Fontell T, Simola P. Sleep in children with 
disruptive behavioral disorders. Behav Sleep Med. 2014 Sep 
3;12(5):373–88.  

16.  Alfano CA, Ginsburg GS, Kingery JN. Sleep-related problems among 
children and adolescents with anxiety disorders. J Am Acad Child 
Adolesc Psychiatry. 2007 Feb;46(2):224–32.  

17.  Mahone EM, Hoffman J. Behavior ratings of executive function among 
preschoolers with ADHD. Clin Neuropsychol. 2007 Jul;21(4):569–86.  

18.  Schoemaker K, Bunte T, Wiebe SA, Espy KA, Deković M, Matthys W. 
Executive function deficits in preschool children with ADHD and DBD. 
J Child Psychol Psychiatry. 2012 Feb;53(2):111–9.  

19.  Schoemaker K, Mulder H, Deković M, Matthys W. Executive functions 
in preschool children with externalizing behavior problems: a meta-
analysis. J Abnorm Child Psychol. 2013 Apr;41(3):457–71.  

20.  Wagner S, Müller C, Helmreich I, Huss M, Tadić A. A meta-analysis of 
cognitive functions in children and adolescents with major depressive 
disorder. Eur Child Adolesc Psychiatry. 2015 Jan;24(1):5–19.  

21.  Engelhardt LE, Briley DA, Mann FD, Harden KP, Tucker-Drob EM. 
Genes unite executive functions in childhood. Psychol Sci. 2015 
Aug;26(8):1151–63.  

22.  Bruni O, Melegari MG, Esposito A, Sette S, Angriman M, Apicella M, et 
al. Executive functions in preschool children with chronic insomnia. J 
Clin Sleep Med. 2020 Jan 13;  

23.  Turnbull K, Reid GJ, Morton JB. Behavioral sleep problems and their 
potential impact on developing executive function in children. Sleep. 
2013 Jul 1;36(7):1077–84.  

24.  Hughes C, Devine RT. For better or for worse? positive and negative 
parental influences on young children’s executive function. Child Dev. 
2019 Mar;90(2):593–609.  

25.  Hiscock H, Canterford L, Ukoumunne OC, Wake M. Adverse 
associations of sleep problems in Australian preschoolers: national 
population study. Pediatrics. 2007 Jan;119(1):86–93.  

26.  Hirata I, Mohri I, Kato-Nishimura K, Tachibana M, Kuwada A, 
Kagitani-Shimono K, et al. Sleep problems are more frequent and 
associated with problematic behaviors in preschoolers with autism 
spectrum disorder. Res Dev Disabil. 2016 Mar;49–50:86–99.  

27.  Paavonen EJ, Saarenpää-Heikkilä O, Morales-Munoz I, Virta M, Häkälä 
N, Pölkki P, et al. Normal sleep development in infants: findings from 
two large birth cohorts. Sleep Med. 2020 Jan 20;69:145–54.  

28.  Bernier A, Beauchamp MH, Bouvette-Turcot A-A, Carlson SM, Carrier 
J. Sleep and cognition in preschool years: specific links to executive 
functioning. Child Dev. 2013 Oct;84(5):1542–53.  

29.  Bernier A, Carlson SM, Bordeleau S, Carrier J. Relations between 
physiological and cognitive regulatory systems: infant sleep regulation 
and subsequent executive functioning. Child Dev. 2010 
Dec;81(6):1739–52.  



 

 103 

30.  Polanczyk GV, Salum GA, Sugaya LS, Caye A, Rohde LA. Annual 
research review: A meta-analysis of the worldwide prevalence of mental 
disorders in children and adolescents. J Child Psychol Psychiatry. 2015 
Mar;56(3):345–65.  

31.  Skogan AH, Zeiner P, Egeland J, Urnes A-G, Reichborn-Kjennerud T, 
Aase H. Parent ratings of executive function in young preschool children 
with symptoms of attention-deficit/-hyperactivity disorder. Behav 
Brain Funct. 2015 Apr 15;11:16.  

32.  Brescianini S, Volzone A, Fagnani C, Patriarca V, Grimaldi V, Lanni R, 
et al. Genetic and environmental factors shape infant sleep patterns: a 
study of 18-month-old twins. Pediatrics. 2011 May;127(5):e1296-302.  

33.  Banerjee TD, Middleton F, Faraone SV. Environmental risk factors for 
attention-deficit hyperactivity disorder. Acta Paediatr. 2007 
Sep;96(9):1269–74.  

34.  O’Donnell KJ, Meaney MJ. Epigenetics, development, and 
psychopathology. Annu Rev Clin Psychol. 2020 May 7;16:327–50.  

35.  O’Donnell KJ, Meaney MJ. Fetal origins of mental health: the 
developmental origins of health and disease hypothesis. Am J 
Psychiatry. 2017 Apr 1;174(4):319–28.  

36.  Stiles J, Jernigan TL. The basics of brain development. Neuropsychol 
Rev. 2010 Dec;20(4):327–48.  

37.  Johnson SB, Riley AW, Granger DA, Riis J. The science of early life toxic 
stress for pediatric practice and advocacy. Pediatrics. 2013 
Feb;131(2):319–27.  

38.  Posner MI, Rothbart MK, Sheese BE, Voelker P. Developing Attention: 
Behavioral and Brain Mechanisms. Adv Neurosci (Hindawi). 2014 May 
1;2014:405094.  

39.  Anderson P. Assessment and development of executive function (EF) 
during childhood. Child Neuropsychol. 2002 Jun;8(2):71–82.  

40.  Webb SJ, Monk CS, Nelson CA. Mechanisms of postnatal 
neurobiological development: implications for human development. 
Dev Neuropsychol. 2001;19(2):147–71.  

41.  Montroy JJ, Bowles RP, Skibbe LE, McClelland MM, Morrison FJ. The 
development of self-regulation across early childhood. Dev Psychol. 
2016 Oct 6;52(11):1744–62.  

42.  Klenberg L, Korkman M, Lahti-Nuuttila P. Differential development of 
attention and executive functions in 3- to 12-year-old Finnish children. 
Dev Neuropsychol. 2001;20(1):407–28.  

43.  Reynolds GD, Romano AC. The development of attention systems and 
working memory in infancy. Front Syst Neurosci. 2016 Mar 3;10:15.  

44.  Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager 
TD. The unity and diversity of executive functions and their 
contributions to complex “Frontal Lobe” tasks: a latent variable 
analysis. Cogn Psychol. 2000 Aug;41(1):49–100.  

45.  Miyake A, Friedman NP. The Nature and Organization of Individual 
Differences in Executive Functions: Four General Conclusions. Curr Dir 
Psychol Sci. 2012 Feb;21(1):8–14.  

46.  Diamond A. Executive functions. Annu Rev Psychol. 2013;64:135–68.  
47.  Nigg JT. Annual Research Review: On the relations among self-

regulation, self-control, executive functioning, effortful control, 



 

 104 

cognitive control, impulsivity, risk-taking, and inhibition for 
developmental psychopathology. J Child Psychol Psychiatry. 2017 
Apr;58(4):361–83.  

48.  Benoit D. Infant-parent attachment: Definition, types, antecedents, 
measurement and outcome. Paediatr Child Health. 2004 Oct;9(8):541–
5.  

49.  Sheinkopf SJ, Mundy P, Claussen AH, Willoughby J. Infant joint 
attention skill and preschool behavioral outcomes in at-risk children. 
Dev Psychopathol. 2004;16(2):273–91.  

50.  Mundy P, Block J, Delgado C, Pomares Y, Van Hecke AV, Parlade MV. 
Individual differences and the development of joint attention in infancy. 
Child Dev. 2007 Jun;78(3):938–54.  

51.  Mundy P. A review of joint attention and social-cognitive brain systems 
in typical development and autism spectrum disorder. Eur J Neurosci. 
2018;47(6):497–514.  

52.  Garon N, Bryson SE, Smith IM. Executive function in preschoolers: A 
review using an integrative framework. Psychol Bull. 2008 
Jan;134(1):31–60.  

53.  Rothbart MK, Sheese BE, Rueda MR, Posner MI. Developing 
Mechanisms of Self-Regulation in Early Life. Emot Rev. 2011 
Apr;3(2):207–13.  

54.  Rivkees SA. Developing circadian rhythmicity in infants. Pediatrics. 
2003 Aug 1;112(2):373–81.  

55.  Sadeh A, Mindell JA, Luedtke K, Wiegand B. Sleep and sleep ecology in 
the first 3 years: a web-based study. J Sleep Res. 2009 Mar;18(1):60–
73.  

56.  Iglowstein I, Jenni OG, Molinari L, Largo RH. Sleep duration from 
infancy to adolescence: reference values and generational trends. 
Pediatrics. 2003 Feb;111(2):302–7.  

57.  Hadders-Algra M. Early human motor development: From variation to 
the ability to vary and adapt. Neurosci Biobehav Rev. 2018 May 
9;90:411–27.  

58.  Diamond A, Doar B. The performance of human infants on a measure 
of frontal cortex function, the delayed response task. Dev Psychobiol. 
1989 Apr;22(3):271–94.  

59.  Pelphrey KA, Reznick JS. Development of visuospatial short-term 
memory in the second half of the 1st year. Dev Psychol. 2004 
Sep;40(5):836-51. doi: 10.1037/0012-1649.40.5.836. PMID: 15355170.  

60.  Reznick JS, Morrow JD, Goldman BD, Snyder J. The onset of working 
memory in infants. HIFC. 2004 Jul 1;6(1):145–54.  

61.  Burnham MM, Goodlin-Jones BL, Gaylor EE, Anders TF. Nighttime 
sleep-wake patterns and self-soothing from birth to one year of age: a 
longitudinal intervention study. J Child Psychol Psychiatry. 2002 
Sep;43(6):713–25.  

62.  Paavonen EJ, Morales-Muñoz I, Pölkki P, Paunio T, Porkka-Heiskanen 
T, Kylliäinen A, et al. Development of sleep-wake rhythms during the 
first year of age. J Sleep Res. 2019 Sep 8;e12918.  

63.  Miller SE, Marcovitch S. Examining executive function in the second 
year of life: coherence, stability, and relations to joint attention and 
language. Dev Psychol. 2015 Jan;51(1):101–14.  



 

 105 

64.  Miller AL, Seifer R, Crossin R, Lebourgeois MK. Toddler’s self-
regulation strategies in a challenge context are nap-dependent. J Sleep 
Res. 2015 Jun;24(3):279–87.  

65.  Luciana M, Nelson CA. The functional emergence of prefrontally-
guided working memory systems in four- to eight-year-old children. 
Neuropsychologia. 1998 Mar;36(3):273–93.  

66.  Harvey EA, Youngwirth SD, Thakar DA, Errazuriz PA. Predicting 
attention-deficit/hyperactivity disorder and oppositional defiant 
disorder from preschool diagnostic assessments. J Consult Clin Psychol. 
2009 Apr 1;77(2):349–54.  

67.  Modesto-Lowe V, Danforth JS, Brooks D. ADHD: does parenting style 
matter? Clin Pediatr (Phila). 2008 Nov;47(9):865–72.  

68.  Najman JM, Williams GM, Nikles J, Spence S, Bor W, O’Callaghan M, 
et al. Bias influencing maternal reports of child behaviour and 
emotional state. Soc Psychiatry Psychiatr Epidemiol. 2001 
Apr;36(4):186–94.  

69.  Ringoot AP, Tiemeier H, Jaddoe VWV, So P, Hofman A, Verhulst FC, et 
al. Parental depression and child well-being: young children’s self-
reports helped addressing biases in parent reports. J Clin Epidemiol. 
2015 Mar 25;68(8):928–38.  

70.  Biringen Z, Derscheid D, Vliegen N, Closson L, Easterbrooks MA. 
Emotional availability (EA): Theoretical background, empirical 
research using the EA Scales, and clinical applications. Developmental 
Review. 2014 Jun;34(2):114–67.  

71.  Achenbach TM, Rescorla LA. Manual for the ASEBA Preschool Forms 
& Profiles. VT: University of Vermont, Research Center for Children, 
Youth, & Families. 2000;  

72.  Kadesjö B, Janols L-O, Korkman M, Mickelsson K, Strand G, 
Trillingsgaard A, et al. The FTF (Five to Fifteen): the development of a 
parent questionnaire for the assessment of ADHD and comorbid 
conditions. Eur Child Adolesc Psychiatry. 2004;13 Suppl 3:3–13.  

73.  DuPaul GJ, Power TJ, Anastopoulos AD, Reid R. ADHD Rating Scale—
IV: Checklists, norms, and clinical interpretation. 1998;  

74.  Bruni O, Ottaviano S, Guidetti V, Romoli M, Innocenzi M, Cortesi F, et 
al. The Sleep Disturbance Scale for Children (SDSC). Construction and 
validation of an instrument to evaluate sleep disturbances in childhood 
and adolescence. J Sleep Res. 1996 Dec;5(4):251–61.  

75.  Klenberg L, Tommo H, Jämsä S, Häyrinen T. Pienten lasten 
keskittymiskysely PikkuKesky. Manual for Attention and Executive 
Function Rating Inventory for Preschoolers ATTEX-P. Hogrefe 
kustannus. 2017.  

76.  Organization WH. The ICD-10 classification of mental and behavioral 
disorders: clinical descriptions and diagnostic guidelines Geneva; 1992. 
Google Scholar. 2018;  

77.  Zeanah CH, Carter AS, Cohen J, Egger H, Gleason MM. Introducing a 
new classification of early childhood disorders: DC: 0–5TM. Zero to 
Three. 2017;  

78.  Goodman R. Psychometric properties of the strengths and difficulties 
questionnaire. J Am Acad Child Adolesc Psychiatry. 2001 
Nov;40(11):1337–45.  



 

 106 

79.  Goodman R, Ford T, Richards H, Gatward R, Meltzer H. The 
Development and Well-Being Assessment: description and initial 
validation of an integrated assessment of child and adolescent 
psychopathology. J Child Psychol Psychiatry. 2000 Jul;41(5):645–55.  

80.  Morrell JMB. The infant sleep questionnaire: a new tool to assess infant 
sleep problems for clinical and research purposes. Child Psychology and 
Psychiatry Review. 1999;  

81.  Sadeh A. A brief screening questionnaire for infant sleep problems: 
validation and findings for an Internet sample. Pediatrics. 2004 
Jun;113(6):e570-7.  

82.  Gioia GA, Andrwes K, Isquith PK. Behavior rating inventory of executive 
function-preschool version (BRIEF-P). 1996;  

83.  Thorell LB, Nyberg L. The childhood executive functioning inventory 
(CHEXI): a new rating instrument for parents and teachers. Dev 
Neuropsychol. 2008;33(4):536–52.  

84.  Petresco S, Anselmi L, Santos IS, Barros AJD, Fleitlich-Bilyk B, Barros 
FC, et al. Prevalence and comorbidity of psychiatric disorders among 6-
year-old children: 2004 Pelotas Birth Cohort. Soc Psychiatry Psychiatr 
Epidemiol. 2014 Feb 1;  

85.  Lavigne JV, Lebailly SA, Hopkins J, Gouze KR, Binns HJ. The 
prevalence of ADHD, ODD, depression, and anxiety in a community 
sample of 4-year-olds. J Clin Child Adolesc Psychol. 2009 
May;38(3):315–28.  

86.  Ezpeleta L, Navarro JB, de la Osa N, Penelo E, Domènech JM. First 
incidence, age of onset outcomes and risk factors of onset of DSM-5 
oppositional defiant disorder: a cohort study of Spanish children from 
ages 3 to 9. BMJ Open. 2019 Mar 30;9(3):e022493.  

87.  Wichstrøm L, Berg-Nielsen TS. Psychiatric disorders in preschoolers: 
the structure of DSM-IV  symptoms and profiles of comorbidity. Eur 
Child Adolesc Psychiatry. 2014 Jul;23(7):551–62.  

88.  Finsaas MC, Bufferd SJ, Dougherty LR, Carlson GA, Klein DN. 
Preschool psychiatric disorders: homotypic and heterotypic continuity 
through middle childhood and early adolescence. Psychol Med. 2018 
Jan 16;48(13):2159–68.  

89.  Husby SM, Wichstrøm L. Interrelationships and Continuities in 
Symptoms of Oppositional Defiant and Conduct Disorders from Age 4 
to 10 in the Community. J Abnorm Child Psychol. 2017 Jul;45(5):947–
58.  

90.  Bufferd SJ, Dougherty LR, Carlson GA, Rose S, Klein DN. Psychiatric 
disorders in preschoolers: continuity from ages 3 to 6. Am J Psychiatry. 
2012 Nov;169(11):1157–64.  

91.  Wichstrøm L, Belsky J, Steinsbekk S. Homotypic and heterotypic 
continuity of symptoms of psychiatric disorders from age 4 to 10 years: 
a dynamic panel model. J Child Psychol Psychiatry. 2017 
Nov;58(11):1239–47.  

92.  Lahey BB, Pelham WE, Loney J, Lee SS, Willcutt E. Instability of the 
DSM-IV Subtypes of ADHD from preschool through elementary school. 
Arch Gen Psychiatry. 2005 Aug;62(8):896–902.  

93.  Lahey BB, Lee SS, Sibley MH, Applegate B. Predictors of adolescent 
outcomes among 4–6-year-old children with attention-



 

 107 

deficit/hyperactivity disorder. Journal of abnormal. 2016;  
94.  Danielson ML, Bitsko RH, Ghandour RM, Holbrook JR, Kogan MD, 

Blumberg SJ. Prevalence of Parent-Reported ADHD Diagnosis and 
Associated Treatment Among U.S. Children and Adolescents, 2016. J 
Clin Child Adolesc Psychol. 2018 Apr;47(2):199–212.  

95.  Vasileva M, Graf RK, Reinelt T, Petermann U, Petermann F. Research 
review: A meta-analysis of the international prevalence and 
comorbidity of mental disorders in children between 1 and 7 years. J 
Child Psychol Psychiatry. 2020 May 20;  

96.  Franz L, Angold A, Copeland W, Costello EJ, Towe-Goodman N, Egger 
H. Preschool anxiety disorders in pediatric primary care: prevalence 
and comorbidity. J Am Acad Child Adolesc Psychiatry. 2013 
Dec;52(12):1294–1303.e1.  

97.  Domènech-Llaberia E, Viñas F, Pla E, Jané MC, Mitjavila M, Corbella 
T, et al. Prevalence of major depression in preschool children. Eur Child 
Adolesc Psychiatry. 2009 Oct;18(10):597–604.  

98.  American Psychiatric Association. Diagnostic and Statistical Manual of 
Mental Disorders. 5th ed. American Psychiatric Association; 2013.  

99.  Polanczyk GV, Willcutt EG, Salum GA, Kieling C, Rohde LA. ADHD 
prevalence estimates across three decades: an updated systematic 
review and meta-regression analysis. Int J Epidemiol. 2014 
Apr;43(2):434–42.  

100.  Thomas R, Sanders S, Doust J, Beller E, Glasziou P. Prevalence of 
attention-deficit/hyperactivity disorder: a systematic review and meta-
analysis. Pediatrics. 2015 Apr;135(4):e994-1001.  

101.  Almqvist F, Puura K, Kumpulainen K, Tuompo-Johansson E, 
Henttonen I, Huikko E, et al. Psychiatric disorders in 8-9-year-old 
children based on a diagnostic interview with the parents. Eur Child 
Adolesc Psychiatry. 1999;8 Suppl 4:17–28.  

102.  Disorder, Steering Committee on Quality Improvement. ADHD: clinical 
practice guideline for the diagnosis, evaluation, and treatment of 
attention-deficit/hyperactivity disorder in children and adolescents. 
2011;  

103.  Sayal K, Chudal R, Hinkka-Yli-Salomäki S, Joelsson P, Sourander A. 
Relative age within the school year and diagnosis of attention-deficit 
hyperactivity disorder: a nationwide population-based study. Lancet 
Psychiatry. 2017 Oct 9;  

104.  Vuori M, Martikainen JE, Koski-Pirilä A, Sourander A, Puustjärvi A, 
Aronen ET, et al. Children’s Relative Age and ADHD Medication Use: A 
Finnish Population-Based Study. Pediatrics. 2020 Sep 21;146(4).  

105.  Thapar A, Cooper M, Eyre O, Langley K. What have we learnt about the 
causes of ADHD? J Child Psychol Psychiatry. 2013 Jan;54(1):3–16.  

106.  Thapar A, Cooper M. Attention deficit hyperactivity disorder. Lancet. 
2016 Mar 19;387(10024):1240–50.  

107.  Faraone SV, Perlis RH, Doyle AE, Smoller JW, Goralnick JJ, Holmgren 
MA, et al. Molecular genetics of attention-deficit/hyperactivity 
disorder. Biol Psychiatry. 2005 Jun 1;57(11):1313–23.  

108.  Nikolas MA, Burt SA. Genetic and environmental influences on ADHD 
symptom dimensions of inattention and hyperactivity: a meta-analysis. 
J Abnorm Psychol. 2010 Feb;119(1):1–17.  



 

 108 

109.  Joelsson P, Chudal R, Gyllenberg D, Kesti A-K, Hinkka-Yli-Salomäki S, 
Virtanen J-P, et al. Demographic Characteristics and Psychiatric 
Comorbidity of Children and Adolescents Diagnosed with ADHD in 
Specialized Healthcare. Child Psychiatry Hum Dev. 2016;47(4):574–82.  

110.  Ramtekkar UP, Reiersen AM, Todorov AA, Todd RD. Sex and age 
differences in attention-deficit/hyperactivity disorder symptoms and 
diagnoses: implications for DSM-V and ICD-11. J Am Acad Child 
Adolesc Psychiatry. 2010 Mar;49(3):217–28.e1.  

111.  Skounti M, Philalithis A, Galanakis E. Variations in prevalence of 
attention deficit hyperactivity disorder worldwide. Eur J Pediatr. 2007 
Feb;166(2):117–23.  

112.  Gurevitz M, Geva R, Varon M, Leitner Y. Early markers in infants and 
toddlers for development of ADHD. J Atten Disord. 2014 Jan;18(1):14–
22.  

113.  Willoughby MT, Williams J, Mills-Koonce WR, Blair CB. Early life 
predictors of attention deficit/hyperactivity disorder symptomatology 
profiles from early through middle childhood. Dev Psychopathol. 2019 
Aug 23;1–12.  

114.  Wolford E, Lahti M, Tuovinen S, Lahti J, Lipsanen J, Savolainen K, et 
al. Maternal depressive symptoms during and after pregnancy are 
associated with attention-deficit/hyperactivity disorder symptoms in 
their 3- to 6-year-old children. PLoS One. 2017 Dec 
21;12(12):e0190248.  

115.  Sciberras E, Ukoumunne OC, Efron D. Predictors of parent-reported 
attention-deficit/hyperactivity disorder in children aged 6-7 years: a 
national longitudinal study. J Abnorm Child Psychol. 2011 
Oct;39(7):1025–34.  

116.  Galéra C, Côté SM, Bouvard MP, Pingault J-B, Melchior M, Michel G, et 
al. Early risk factors for hyperactivity-impulsivity and inattention 
trajectories from age 17 months to 8 years. Arch Gen Psychiatry. 2011 
Dec;68(12):1267–75.  

117.  Van Batenburg-Eddes T, Brion MJ, Henrichs J, Jaddoe VWV, Hofman 
A, Verhulst FC, et al. Parental depressive and anxiety symptoms during 
pregnancy and attention problems in children: a cross-cohort 
consistency study. J Child Psychol Psychiatry. 2013 May;54(5):591–
600.  

118.  Silva D, Colvin L, Hagemann E, Bower C. Environmental risk factors by 
gender associated with attention-deficit/hyperactivity disorder. 
Pediatrics. 2014 Jan;133(1):e14-22.  

119.  Nilsen FM, Tulve NS. A systematic review and meta-analysis examining 
the interrelationships between chemical and non-chemical stressors 
and inherent characteristics in children with ADHD. Environ Res. 2020 
Jan;180:108884.  

120.  Han J-Y, Kwon H-J, Ha M, Paik K-C, Lim M-H, Gyu Lee S, et al. The 
effects of prenatal exposure to alcohol and environmental tobacco 
smoke on risk for ADHD: a large population-based study. Psychiatry 
Res. 2015 Jan 30;225(1–2):164–8.  

121.  Sucksdorff M, Brown AS, Chudal R, Surcel H-M, Hinkka-Yli-Salomäki 
S, Cheslack-Postava K, et al. Maternal Vitamin D Levels and the Risk of 
Offspring Attention-Deficit/Hyperactivity Disorder. J Am Acad Child 



 

 109 

Adolesc Psychiatry. 2019 Dec 18;  
122.  Halmøy A, Klungsøyr K, Skjærven R, Haavik J. Pre- and perinatal risk 

factors in adults with attention-deficit/hyperactivity disorder. Biol 
Psychiatry. 2012 Mar 1;71(5):474–81.  

123.  Stevens SE, Sonuga-Barke EJS, Kreppner JM, Beckett C, Castle J, 
Colvert E, et al. Inattention/overactivity following early severe 
institutional deprivation: presentation and associations in early 
adolescence. J Abnorm Child Psychol. 2008 Apr;36(3):385–98.  

124.  Carlson EA, Jacobvitz D, Sroufe LA. A developmental investigation of 
inattentiveness and hyperactivity. Child Dev. 1995 Feb;66(1):37–54.  

125.  Jacobvitz D, Sroufe LA. The early caregiver-child relationship and 
attention-deficit disorder with hyperactivity in kindergarten: a 
prospective study. Child Dev. 1987 Dec;58(6):1496–504.  

126.  Egger HL, Kondo D, Angold A. The epidemiology and diagnostic issues 
in preschool attention-deficit/hyperactivity disorder: A review. Infants 
& Young Children. 2006;  

127.  Young S, Amarasinghe JM. Practitioner review: Non-pharmacological 
treatments for ADHD: a lifespan approach. J Child Psychol Psychiatry. 
2010 Feb;51(2):116–33.  

128.  Curchack-Lichtin JT, Chacko A, Halperin JM. Changes in ADHD 
Symptom Endorsement: Preschool to School Age. J Abnorm Child 
Psychol. 2013 Dec 18;42(6):993–1004.  

129.  Miller M, Iosif A-M, Bell LJ, Farquhar-Leicester A, Hatch B, Hill A, et 
al. Can familial risk for ADHD be detected in the first two years of life? 
J Clin Child Adolesc Psychol. 2020 Jan 17;1–13.  

130.  Faraone SV, Biederman J, Mick E. The age-dependent decline of 
attention deficit hyperactivity disorder: a meta-analysis of follow-up 
studies. Psychol Med. 2006 Feb;36(2):159–65.  

131.  Simon V, Czobor P, Bálint S, Mészáros A, Bitter I. Prevalence and 
correlates of adult attention-deficit hyperactivity disorder: meta-
analysis. Br J Psychiatry. 2009 Mar;194(3):204–11.  

132.  Reale L, Bartoli B, Cartabia M, Zanetti M, Costantino MA, Canevini MP, 
et al. Comorbidity prevalence and treatment outcome in children and 
adolescents with ADHD. Eur Child Adolesc Psychiatry. 2017 
Dec;26(12):1443–57.  

133.  Sciberras E, Mueller KL, Efron D, Bisset M, Anderson V, Schilpzand EJ, 
et al. Language problems in children with ADHD: a community-based 
study. Pediatrics. 2014 May;133(5):793–800.  

134.  Kaiser ML, Schoemaker MM, Albaret JM, Geuze RH. What is the 
evidence of impaired motor skills and motor control among children 
with attention deficit hyperactivity disorder (ADHD)? Systematic 
review of the literature. Res Dev Disabil. 2015;36C:338–57.  

135.  Kadesjo B, Gillberg C. The Comorbidity of ADHD in the General 
Population of Swedish School-age Children. J Child Psychol & Psychiat. 
2001 May;42(4):487–92.  

136.  Faraone SV, Rostain AL, Blader J, Busch B, Childress AC, Connor DF, 
et al. Practitioner Review: Emotional dysregulation in attention-
deficit/hyperactivity disorder - implications for clinical recognition and 
intervention. J Child Psychol Psychiatry. 2019;60(2):133–50.  

137.  Wilens TE, Biederman J, Brown S, Tanguay S, Monuteaux MC, Blake C, 



 

 110 

et al. Psychiatric comorbidity and functioning in clinically referred 
preschool children and school-age youths with ADHD. J Am Acad Child 
Adolesc Psychiatry. 2002 Mar;41(3):262–8.  

138.  DuPaul GJ, McGoey KE, Eckert TL, VanBrakle J. Preschool children 
with attention-deficit/hyperactivity disorder: impairments in 
behavioral, social, and school functioning. J Am Acad Child Adolesc 
Psychiatry. 2001 May;40(5):508–15.  

139.  Sivertsen B, Harvey AG, Reichborn-Kjennerud T, Torgersen L, Ystrom 
E, Hysing M. Later emotional and behavioral problems associated with 
sleep problems in toddlers: a longitudinal study. JAMA Pediatr. 2015 
Jun;169(6):575–82.  

140.  Touchette E, Côté SM, Petit D, Liu X, Boivin M, Falissard B, et al. Short 
nighttime sleep-duration and hyperactivity trajectories in early 
childhood. Pediatrics. 2009 Nov;124(5):e985-93.  

141.  Johnston C, Mash EJ. Families of children with attention-
deficit/hyperactivity disorder: review and recommendations for future 
research. Clin Child Fam Psychol Rev. 2001 Sep;4(3):183–207.  

142.  Theule J, Wiener J, Tannock R, Jenkins JM. Parenting stress in families 
of children with ADHD. J Emot Behav Disord. 2013 Mar;21(1):3–17.  

143.  Bhide S, Sciberras E, Anderson V, Hazell P, Nicholson JM. Association 
Between Parenting Style and Social Outcomes in Children with and 
Without Attention-Deficit/Hyperactivity Disorder: An 18-Month 
Longitudinal Study. J Dev Behav Pediatr. 2017;38(6):369–77.  

144.  Chang L-R, Chiu Y-N, Wu Y-Y, Gau SS-F. Father’s parenting and father-
child relationship among children and adolescents with attention-
deficit/hyperactivity disorder. Compr Psychiatry. 2013 Feb;54(2):128–
40.  

145.  Ellis B, Nigg J. Parenting practices and attention-deficit/hyperactivity 
disorder: new findings suggest partial specificity of effects. J Am Acad 
Child Adolesc Psychiatry. 2009 Feb;48(2):146–54.  

146.  Gyllenberg D, Gissler M, Malm H, Artama M, Hinkka-Yli-Salomäki S, 
Brown AS, et al. Specialized service use for psychiatric and 
neurodevelopmental disorders by age 14 in Finland. Psychiatr Serv. 
2014 Mar 1;65(3):367–73.  

147.  Lavigne JV, Herzing LBK, Cook EH, Lebailly SA, Gouze KR, Hopkins J, 
et al. Gene × environment effects of serotonin transporter, dopamine 
receptor D4, and monoamine oxidase A genes with contextual and 
parenting risk factors on symptoms of oppositional defiant disorder, 
anxiety, and depression in a community sample of 4-year-old children. 
Dev Psychopathol. 2013 May;25(2):555–75.  

148.  Jaffee SR, Caspi A, Moffitt TE, Dodge KA, Rutter M, Taylor A, et al. 
Nature X nurture: genetic vulnerabilities interact with physical 
maltreatment to promote conduct problems. Dev Psychopathol. 
2005;17(1):67–84.  

149.  Latimer K, Wilson P, Kemp J, Thompson L, Sim F, Gillberg C, et al. 
Disruptive behaviour disorders: a systematic review of environmental 
antenatal and early years risk factors. Child Care Health Dev. 2012 
Sep;38(5):611–28.  

150.  Raaijmakers MAJ, Smidts DP, Sergeant JA, Maassen GH, Posthumus 
JA, van Engeland H, et al. Executive functions in preschool children 



 

 111 

with aggressive behavior: impairments in inhibitory control. J Abnorm 
Child Psychol. 2008 Oct;36(7):1097–107.  

151.  Monette S, Bigras M, Guay M-C. Executive functions in kindergarteners 
with high levels of disruptive behaviours. Br J Dev Psychol. 2015 
Nov;33(4):446–63.  

152.  Glasheen C, Richardson GA, Kim KH, Larkby CA, Swartz HA, Day NL. 
Exposure to maternal pre- and postnatal depression and anxiety 
symptoms: risk for major depression, anxiety disorders, and conduct 
disorder in adolescent offspring. Dev Psychopathol. 2013 Nov;25(4 Pt 
1):1045–63.  

153.  Harwood-Gross A, Lambez B, Feldman R, Rassovsky Y. Perception of 
Caregiving During Childhood is Related to Later Executive Functions 
and Antisocial Behavior in At-Risk Boys. Front Psychiatry. 2020 Feb 
6;11:37.  

154.  Lin X, Li Y, Xu S, Ding W, Zhou Q, Du H, et al. Family risk factors 
associated with oppositional defiant disorder symptoms, depressive 
symptoms, and aggressive behaviors among chinese children with 
oppositional defiant disorder. Front Psychol. 2019 Sep 24;10:2062.  

155.  Murray J, Farrington DP. Risk factors for conduct disorder and 
delinquency: key findings from longitudinal studies. Can J Psychiatry. 
2010 Oct;55(10):633–42.  

156.  Theule J, Germain SM, Cheung K, Hurl KE, Markel C. Conduct 
Disorder/Oppositional Defiant Disorder and Attachment: A Meta-
Analysis. J Dev Life Course Criminol. 2016 Jun;2(2):232–55.  

157.  Leadbeater BJ, Ames ME. The longitudinal effects of oppositional 
defiant disorder symptoms on academic and occupational functioning 
in the transition to young adulthood. J Abnorm Child Psychol. 2017 
May;45(4):749–63.  

158.  Martín V, Granero R, Ezpeleta L. Comorbidity of oppositional defiant 
disorder and anxiety disorders in preschoolers. 2014;  

159.  Lavigne JV, Cicchetti C, Gibbons RD, Binns HJ, Larsen L, DeVito C. 
Oppositional defiant disorder with onset in preschool years: 
longitudinal stability and pathways to other disorders. J Am Acad Child 
Adolesc Psychiatry. 2001 Dec;40(12):1393–400.  

160.  Lavigne JV, Arend R, Rosenbaum D. Sleep and behavior problems 
among preschoolers. of Developmental &. 1999;  

161.  Coto J, Garcia A, Hart KC, Graziano PA. Associations between 
disruptive behavior problems, parenting factors, and sleep problems 
among young children. J Dev Behav Pediatr. 2018;39(8):610–20.  

162.  Shanahan L, Copeland WE, Angold A, Bondy CL, Costello EJ. Sleep 
problems predict and are predicted by generalized anxiety/depression 
and oppositional defiant disorder. J Am Acad Child Adolesc Psychiatry. 
2014 May;53(5):550–8.  

163.  Luby JL. Preschool Depression: The Importance of Identification of 
Depression Early in Development. Curr Dir Psychol Sci. 2010 May 
10;19(2):91–5.  

164.  Luby JL, Gaffrey MS, Tillman R, April LM, Belden AC. Trajectories of 
preschool disorders to full DSM depression at school age and early 
adolescence: continuity of preschool depression. Am J Psychiatry. 2014 
Jul;171(7):768–76.  



 

 112 

165.  Rice F, Harold G, Thapar A. The genetic aetiology of childhood 
depression: a review. J Child Psychol Psychiatry. 2002 Jan;43(1):65–
79.  

166.  Rice F, Lewis G, Harold GT, Thapar A. Examining the role of passive 
gene-environment correlation in childhood depression using a novel 
genetically sensitive design. Dev Psychopathol. 2013 Feb;25(1):37–50.  

167.  Hopkins J, Lavigne JV, Gouze KR, LeBailly SA, Bryant FB. Multi-
domain models of risk factors for depression and anxiety symptoms in 
preschoolers: evidence for common and specific factors. J Abnorm 
Child Psychol. 2013 Jul;41(5):705–22.  

168.  Luby JL, Belden AC, Spitznagel E. Risk factors for preschool depression: 
the mediating role of early stressful life events. J Child Psychol 
Psychiatry. 2006 Dec;47(12):1292–8.  

169.  Sivertsen B, Harvey AG, Reichborn-Kjennerud T, Ystrom E, Hysing M. 
Sleep problems and depressive symptoms in toddlers and 8-year-old 
children: A longitudinal study. J Sleep Res. 2020 Aug 2;e13150.  

170.  Luby JL, Si X, Belden AC, Tandon M, Spitznagel E. Preschool 
depression: homotypic continuity and course over 24 months. Arch Gen 
Psychiatry. 2009 Aug 1;66(8):897–905.  

171.  Ivanenko A, Crabtree VM, Obrien LM, Gozal D. Sleep complaints and 
psychiatric symptoms in children evaluated at a pediatric mental health 
clinic. J Clin Sleep Med. 2006 Jan 15;2(1):42–8.  

172.  Beesdo K, Knappe S, Pine DS. Anxiety and anxiety disorders in children 
and adolescents: developmental issues and implications for DSM-V. 
Psychiatr Clin North Am. 2009 Sep;32(3):483–524.  

173.  Hettema JM, Neale MC, Kendler KS. A review and meta-analysis of the 
genetic epidemiology of anxiety disorders. Am J Psychiatry. 2001 
Oct;158(10):1568–78.  

174.  Gottschalk MG, Domschke K. Genetics of generalized anxiety disorder 
and related traits. Dialogues Clin Neurosci. 2017;19(2):159–68.  

175.  Brown WJ, Wilkerson AK, Boyd SJ, Dewey D, Mesa F, Bunnell BE. A 
review of sleep disturbance in children and adolescents with anxiety. J 
Sleep Res. 2018 Jun;27(3):e12635.  

176.  Hannigan LJ, Eilertsen EM, Gjerde LC, Reichborn-Kjennerud T, Eley 
TC, Rijsdijk FV, et al. Maternal prenatal depressive symptoms and risk 
for early-life psychopathology in offspring: genetic analyses in the 
Norwegian Mother and Child Birth Cohort Study. Lancet Psychiatry. 
2018 Sep 20;5(10):808–15.  

177.  Cross-Disorder Group of the Psychiatric Genomics Consortium. 
Identification of risk loci with shared effects on five major psychiatric 
disorders: a genome-wide analysis. Lancet. 2013 Apr 
20;381(9875):1371–9.  

178.  Bronfenbrenner U, Ceci SJ. Nature-nurture reconceptualized in 
developmental perspective: a bioecological model. Psychol Rev. 1994 
Oct;101(4):568–86.  

179.  Bronfenbrenner U. Developmental research, public policy, and the 
ecology of childhood. Child Dev. 1974 Mar;45(1):1.  

180.  Miller NV, Hane AA, Degnan KA, Fox NA, Chronis-Tuscano A. 
Investigation of a developmental pathway from infant anger reactivity 
to childhood inhibitory control and ADHD symptoms: interactive 



 

 113 

effects of early maternal caregiving. J Child Psychol Psychiatry. 2019 
Jul;60(7):762–72.  

181.  Saveanu RV, Nemeroff CB. Etiology of depression: genetic and 
environmental factors. Psychiatr Clin North Am. 2012 Mar;35(1):51–71.  

182.  Tierney AL, Nelson CA. Brain development and the role of experience 
in the early years. Zero Three. 2009 Nov 1;30(2):9–13.  

183.  Van den Bergh BRH. Developmental programming of early brain and 
behaviour development and mental health: a conceptual framework. 
Dev Med Child Neurol. 2011 Sep;53 Suppl 4:19–23.  

184.  Rodriguez A, Olsen J, Kotimaa AJ, Kaakinen M, Moilanen I, Henriksen 
TB, et al. Is prenatal alcohol exposure related to inattention and 
hyperactivity symptoms in children? Disentangling the effects of social 
adversity. J Child Psychol Psychiatry. 2009 Sep;50(9):1073–83.  

185.  Spence SH, Najman JM, Bor W, O’Callaghan MJ, Williams GM. 
Maternal anxiety and depression, poverty and marital relationship 
factors during early childhood as predictors of anxiety and depressive 
symptoms in adolescence. J Child Psychol Psychiatry. 2002 
May;43(4):457–69.  

186.  Madigan S, Moran G, Schuengel C, Pederson DR, Otten R. Unresolved 
maternal attachment representations, disrupted maternal behavior and 
disorganized attachment in infancy: links to toddler behavior problems. 
J Child Psychol Psychiatry. 2007 Oct;48(10):1042–50.  

187.  Skovgaard AM, Houmann T, Christiansen E, Landorph S, Jørgensen T, 
CCC 2000 Study Team, et al. The prevalence of mental health problems 
in children 1(1/2) years of age - the Copenhagen Child Cohort 2000. J 
Child Psychol Psychiatry. 2007 Jan;48(1):62–70.  

188.  Keown LJ, Woodward LJ. Early parent-child relations and family 
functioning of preschool boys with pervasive hyperactivity. J Abnorm 
Child Psychol. 2002 Dec;30(6):541–53.  

189.  Bhide S, Sciberras E, Anderson V, Hazell P, Nicholson JM. Association 
Between Parenting Style and Socio-Emotional and Academic 
Functioning in Children With and Without ADHD: A Community-
Based Study. J Atten Disord. 2016 Jul 28;23(5):463–74.  

190.  Pietikäinen JT, Kiviruusu O, Kylliäinen A, Pölkki P, Saarenpää-Heikkilä 
O, Paunio T, et al. Maternal and paternal depressive symptoms and 
children’s emotional problems at the age of 2 and 5 years: a longitudinal 
study. J Child Psychol Psychiatry. 2019 Sep 18;  

191.  Glover V. Annual Research Review: Prenatal stress and the origins of 
psychopathology: an evolutionary perspective. J Child Psychol 
Psychiatry. 2011 Apr;52(4):356–67.  

192.  Stein A, Pearson RM, Goodman SH, Rapa E, Rahman A, McCallum M, 
et al. Effects of perinatal mental disorders on the fetus and child. Lancet. 
2014 Nov 15;384(9956):1800–19.  

193.  Bowlby J. Attachment and loss: Retrospect and prospect. American 
Journal of Orthopsychiatry. 1982;52(4):664–78.  

194.  Belsky J, Fearon RMP. Infant-mother attachment security, contextual 
risk, and early development: a moderational analysis. Dev 
Psychopathol. 2002;14(2):293–310.  

195.  Gilliom M, Shaw DS, Beck JE, Schonberg MA, Lukon JL. Anger 
regulation in disadvantaged preschool boys: Strategies, antecedents, 



 

 114 

and the development of self-control. Dev Psychol. 2002;38(2):222–35.  
196.  Carlson EA. A prospective longitudinal study of attachment 

disorganization/disorientation. Child Dev. 1998 Aug;69(4):1107–28.  
197.  Fearon RP, Bakermans-Kranenburg MJ, van Ijzendoorn MH, Lapsley 

A-M, Roisman GI. The significance of insecure attachment and 
disorganization in the development of children’s externalizing behavior: 
a meta-analytic study. Child Dev. 2010 Apr;81(2):435–56.  

198.  Thompson RA. Early attachment and later development: Familiar 
questions, new answers. 2008;  

199.  Graziano PA, Calkins SD, Keane SP. Sustained attention development 
during the toddlerhood to preschool period: Associations with toddlers’ 
emotion regulation strategies and maternal behavior. Infant Child Dev. 
2011 Nov;20(6):389–408.  

200.  Gruber R, Carrey N, Weiss SK, Frappier JY, Rourke L, Brouillette RT, et 
al. Position statement on pediatric sleep for psychiatrists. J Can Acad 
Child Adolesc Psychiatry. 2014 Sep;23(3):174–95.  

201.  España RA, Scammell TE. Sleep neurobiology from a clinical 
perspective. Sleep. 2011 Jul 1;34(7):845–58.  

202.  Daan S, Beersma DG, Borbély AA. Timing of human sleep: recovery 
process gated by a circadian pacemaker. Am J Physiol. 1984 Feb;246(2 
Pt 2):R161-83.  

203.  Bathory E, Tomopoulos S. Sleep Regulation, Physiology and 
Development, Sleep Duration and Patterns, and Sleep Hygiene in 
Infants, Toddlers, and Preschool-Age Children. Curr Probl Pediatr 
Adolesc Health Care. 2017 Feb;47(2):29–42.  

204.  Mindell JA, Owens J, Alves R, Bruni O, Goh DYT, Hiscock H, et al. Give 
children and adolescents the gift of a good night’s sleep: a call to action. 
Sleep Med. 2011 Mar;12(3):203–4.  

205.  Mindell JA, Owens JA, Carskadon MA. Developmental features of sleep. 
Child Adolesc Psychiatr Clin N Am. 1999 Oct;8(4):695–725.  

206.  Turek FW, Dugovic C, Zee PC. Current understanding of the circadian 
clock and the clinical implications for neurological disorders. Arch 
Neurol. 2001 Nov;58(11):1781–7.  

207.  Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, 
et al. National Sleep Foundation’s updated sleep duration 
recommendations: final report. Sleep Health. 2015 Dec;1(4):233–43.  

208.  Morales-Muñoz I, Saarenpää-Heikkilä O, Kylliäinen A, Pölkki P, 
Porkka-Heiskanen T, Paunio T, et al. The effects of maternal risk factors 
during pregnancy on the onset of sleep difficulties in infants at 3 months 
old. J Sleep Res. 2018 Oct;27(5):e12696.  

209.  Nevarez MD, Rifas-Shiman SL, Kleinman KP, Gillman MW, Taveras 
EM. Associations of early life risk factors with infant sleep duration. 
Acad Pediatr. 2010 Jun;10(3):187–93.  

210.  McDonald L, Wardle J, Llewellyn CH, van Jaarsveld CHM, Fisher A. 
Predictors of shorter sleep in early childhood. Sleep Med. 2014 
May;15(5):536–40.  

211.  Kocevska D, Barclay NL, Bramer WM, Gehrman PR, Van Someren 
EJW. Heritability of sleep duration and quality: A systematic review and 
meta-analysis. Sleep Med Rev. 2021 Jan 27;59:101448.  

212.  Liukkonen K, Virkkula P, Aronen ET, Kirjavainen T, Pitkäranta A. All 



 

 115 

snoring is not adenoids in young children. Int J Pediatr 
Otorhinolaryngol. 2008 Jun;72(6):879–84.  

213.  Sadeh A. Commentary: comparing actigraphy and parental report as 
measures of children’s sleep. J Pediatr Psychol. 2008 May;33(4):406–
7.  

214.  Owens JA, Spirito A, McGuinn M. The Children’s Sleep Habits 
Questionnaire (CSHQ): psychometric properties of a survey instrument 
for school-aged children. Sleep. 2000 Dec 15;23(8):1043–51.  

215.  Paavonen EJ, Almqvist F, Tamminen T, Moilanen I, Piha J, Räsänen E, 
et al. Poor sleep and psychiatric symptoms at school: an epidemiological 
study. Eur Child Adolesc Psychiatry. 2002 Feb;11(1):10–7.  

216.  Byars KC, Yolton K, Rausch J, Lanphear B, Beebe DW. Prevalence, 
patterns, and persistence of sleep problems in the first 3 years of life. 
Pediatrics. 2012 Feb;129(2):e276-84.  

217.  Galland BC, Taylor BJ, Elder DE, Herbison P. Normal sleep patterns in 
infants and children: A systematic review of observational studies. Sleep 
Med Rev. 2012 Jun;16(3):213–22.  

218.  Simola P, Niskakangas M, Liukkonen K, Virkkula P, Pitkäranta A, 
Kirjavainen T, et al. Sleep problems and daytime tiredness in Finnish 
preschool-aged children-a community survey. Child Care Health Dev. 
2010 Nov;36(6):805–11.  

219.  Wake M, Morton-Allen E, Poulakis Z, Hiscock H, Gallagher S, Oberklaid 
F. Prevalence, stability, and outcomes of cry-fuss and sleep problems in 
the first 2 years of life: prospective community-based study. Pediatrics. 
2006 Mar;117(3):836–42.  

220.  Calhoun SL, Fernandez-Mendoza J, Vgontzas AN, Liao D, Bixler EO. 
Prevalence of insomnia symptoms in a general population sample of 
young children and preadolescents: gender effects. Sleep Med. 2014 
Jan;15(1):91–5.  

221.  Williamson AA, Mindell JA, Hiscock H, Quach J. Child sleep behaviors 
and sleep problems from infancy to school-age. Sleep Med. 2019 May 
18;63:5–8.  

222.  Schneider HE, Lam JC, Mahone EM. Sleep disturbance and 
neuropsychological function in young children with ADHD. Child 
Neuropsychol. 2016;22(4):493–506.  

223.  Van Dyk TR, Becker SP, Byars KC. Mental Health Diagnoses and 
Symptoms in Preschool and School Age Youth Presenting to Insomnia 
Evaluation: Prevalence and Associations with Sleep Disruption. Behav 
Sleep Med. 2018 Sep 27;1–14.  

224.  Astill RG, Van der Heijden KB, Van Ijzendoorn MH, Van Someren EJW. 
Sleep, cognition, and behavioral problems in school-age children: a 
century of research meta-analyzed. Psychol Bull. 2012 
Nov;138(6):1109–38.  

225.  Steenari M-R, Vuontela V, Paavonen EJ, Carlson S, Fjallberg M, Aronen 
E. Working memory and sleep in 6- to 13-year-old schoolchildren. J Am 
Acad Child Adolesc Psychiatry. 2003 Jan;42(1):85–92.  

226.  Sadeh A, Gruber R, Raviv A. Sleep, neurobehavioral functioning, and 
behavior problems in school-age children. Child Dev. 2002 
Apr;73(2):405–17.  

227.  Sadeh A, Gruber R, Raviv A. The effects of sleep restriction and 



 

 116 

extension on school-age children: what a difference an hour makes. 
Child Dev. 2003 Apr;74(2):444–55.  

228.  Gruber R, Michaelsen S, Bergmame L, Frenette S, Bruni O, Fontil L, et 
al. Short sleep duration is associated with teacher-reported inattention 
and cognitive problems in healthy school-aged children. Nat Sci Sleep. 
2012 Mar 7;4:33–40.  

229.  Paavonen EJ, Räikkönen K, Lahti J, Komsi N, Heinonen K, Pesonen A-
K, et al. Short sleep duration and behavioral symptoms of attention-
deficit/hyperactivity disorder in healthy 7- to 8-year-old children. 
Pediatrics. 2009 May;123(5):e857-64.  

230.  Lam JC, Mahone EM, Mason T, Scharf SM. The effects of napping on 
cognitive function in preschoolers. J Dev Behav Pediatr. 2011 
Mar;32(2):90–7.  

231.  Paavonen EJ, Porkka-Heiskanen T, Lahikainen AR. Sleep quality, 
duration and behavioral symptoms among 5-6-year-old children. Eur 
Child Adolesc Psychiatry. 2009 Dec;18(12):747–54.  

232.  Mäkelä TE, Peltola MJ, Saarenpää-Heikkilä O, Himanen S-L, Paunio T, 
Paavonen EJ, et al. Night awakening and its association with executive 
functioning across the first two years of life. Child Dev. 2020 
Jul;91(4):e937–51.  

233.  Touchette E, Petit D, Séguin JR, Boivin M, Tremblay RE, Montplaisir 
JY. Associations between sleep duration patterns and 
behavioral/cognitive functioning at school entry. Sleep. 2007 
Sep;30(9):1213–9.  

234.  Owens JA. The ADHD and sleep conundrum: a review. J Dev Behav 
Pediatr. 2005 Aug;26(4):312–22.  

235.  Knight FLC, Dimitriou D. Poor sleep has negative implications for 
children with and without ADHD, but in different ways. Behav Sleep 
Med. 2019 Aug;17(4):423–36.  

236.  Hvolby A, Jørgensen J, Bilenberg N. Parental rating of sleep in children 
with attention deficit/hyperactivity disorder. Eur Child Adolesc 
Psychiatry. 2009 Jul;18(7):429–38.  

237.  Owens JA, Maxim R, Nobile C, McGuinn M, Msall M. Parental and self-
report of sleep in children with attention-deficit/hyperactivity disorder. 
Arch Pediatr Adolesc Med. 2000 Jun;154(6):549–55.  

238.  Vélez-Galarraga R, Guillén-Grima F, Crespo-Eguílaz N, Sánchez-
Carpintero R. Prevalence of sleep disorders and their relationship with 
core symptoms of inattention and hyperactivity in children with 
attention-deficit/hyperactivity disorder. Eur J Paediatr Neurol. 2016 
Nov;20(6):925–37.  

239.  Chin W-C, Huang Y-S, Chou Y-H, Wang C-H, Chen K-T, Hsu JF, et al. 
Subjective and objective assessments of sleep problems in children with 
attention deficit/hyperactivity disorder and the effects of 
methylphenidate treatment. Biomed J. 2018;41(6):356–63.  

240.  Silvestri R, Gagliano A, Aricò I, Calarese T, Cedro C, Bruni O, et al. Sleep 
disorders in children with Attention-Deficit/Hyperactivity Disorder 
(ADHD) recorded overnight by video-polysomnography. Sleep Med. 
2009 Dec;10(10):1132–8.  

241.  Mayes SD, Calhoun SL, Bixler EO, Vgontzas AN, Mahr F, Hillwig-Garcia 
J, et al. ADHD subtypes and comorbid anxiety, depression, and 



 

 117 

oppositional-defiant disorder: differences in sleep problems. J Pediatr 
Psychol. 2009 Apr;34(3):328–37.  

242.  Chiang H-L, Gau SS-F, Ni H-C, Chiu Y-N, Shang C-Y, Wu Y-Y, et al. 
Association between symptoms and subtypes of attention-deficit 
hyperactivity disorder and sleep problems/disorders. J Sleep Res. 2010 
Dec;19(4):535–45.  

243.  Corkum P, Moldofsky H, Hogg-Johnson S, Humphries T, Tannock R. 
Sleep problems in children with attention-deficit/hyperactivity 
disorder: impact of subtype, comorbidity, and stimulant medication. J 
Am Acad Child Adolesc Psychiatry. 1999 Oct;38(10):1285–93.  

244.  Lycett K, Sciberras E, Mensah FK, Hiscock H. Behavioral sleep 
problems and internalizing and externalizing comorbidities in children 
with attention-deficit/hyperactivity disorder. Eur Child Adolesc 
Psychiatry. 2015 Jan;24(1):31–40.  

245.  Thomas S, Lycett K, Papadopoulos N, Sciberras E, Rinehart N. 
Exploring behavioral sleep problems in children with ADHD and 
comorbid autism spectrum disorder. J Atten Disord. 2015 Dec 
4;22(10):947–58.  

246.  Sung V, Hiscock H, Sciberras E, Efron D. Sleep problems in children 
with attention-deficit/hyperactivity disorder: prevalence and the effect 
on the child and family. Arch Pediatr Adolesc Med. 2008 
Apr;162(4):336–42.  

247.  Accardo JA, Marcus CL, Leonard MB, Shults J, Meltzer LJ, Elia J. 
Associations between psychiatric comorbidities and sleep disturbances 
in children with attention-deficit/hyperactivity disorder. J Dev Behav 
Pediatr. 2012 Feb;33(2):97–105.  

248.  Mulraney M, Giallo R, Lycett K, Mensah F, Sciberras E. The 
bidirectional relationship between sleep problems and internalizing and 
externalizing problems in children with ADHD: a prospective cohort 
study. Sleep Med. 2016 Jan;17:45–51.  

249.  Becker SP, Langberg JM, Evans SW. Sleep problems predict comorbid 
externalizing behaviors and depression in young adolescents with 
attention-deficit/hyperactivity disorder. Eur Child Adolesc Psychiatry. 
2015 Aug;24(8):897–907.  

250.  Reynaud E, Forhan A, Heude B, Charles M-A, Plancoulaine S, EDEN 
Mother−Child Cohort Study Group. Night-waking and behavior in 
preschoolers: a developmental trajectory approach. Sleep Med. 2018 
Mar;43:90–5.  

251.  Smedje H, Broman JE, Hetta J. Associations between disturbed sleep 
and behavioural difficulties in 635 children aged six to eight years: a 
study based on parents’ perceptions. Eur Child Adolesc Psychiatry. 2001 
Mar;10(1):1–9.  

252.  Quach JL, Nguyen CD, Williams KE, Sciberras E. Bidirectional 
associations between child sleep problems and internalizing and 
externalizing difficulties from preschool to early adolescence. JAMA 
Pediatr. 2018 Feb 5;172(2):e174363.  

253.  Miano S, Bruni O, Elia M, Trovato A, Smerieri A, Verrillo E, et al. Sleep 
in children with autistic spectrum disorder: a questionnaire and 
polysomnographic study. Sleep Med. 2007 Dec;9(1):64–70.  

254.  Richdale A. SECTION FIVE: PSYCHIATRIC DISORDERS-27 SLEEP IN 



 

 118 

CHILDREN WITH AUTISM AND ASPERGER SYNDROME. Clinics in 
Developmental Medicine. 2001;  

255.  Abel E, Kim SY, Kellerman AM, Brodhead MT. Recommendations for 
Identifying Sleep Problems and Treatment Resources for Children with 
Autism Spectrum Disorder. Behav Anal Pract. 2017 Sep;10(3):261–9.  

256.  Sikora DM, Johnson K, Clemons T, Katz T. The relationship between 
sleep problems and daytime behavior in children of different ages with 
autism spectrum disorders. Pediatrics. 2012 Nov;130 Suppl 2:S83-90.  

257.  Mayes SD, Calhoun SL. Variables related to sleep problems in children 
with autism. Res Autism Spectr Disord. 2009 Oct;3(4):931–41.  

258.  Gregory AM, Caspi A, Eley TC, Moffitt TE, Oconnor TG, Poulton R. 
Prospective longitudinal associations between persistent sleep 
problems in childhood and anxiety and depression disorders in 
adulthood. J Abnorm Child Psychol. 2005 Apr;33(2):157–63.  

259.  Simola P, Liukkonen K, Pitkäranta A, Pirinen T, Aronen ET. 
Psychosocial and somatic outcomes of sleep problems in children: a 4-
year follow-up study. Child Care Health Dev. 2014 Jan;40(1):60–7.  

260.  Whalen DJ, Gilbert KE, Barch DM, Luby JL, Belden AC. Variation in 
common preschool sleep problems as an early predictor for depression 
and anxiety symptom severity across time. J Child Psychol Psychiatry. 
2017;58(2):151–9.  

261.  Steinsbekk S, Wichstrøm L. Stability of sleep disorders from preschool 
to first grade and their bidirectional relationship with psychiatric 
symptoms. J Dev Behav Pediatr. 2015 May;36(4):243–51.  

262.  Williams KE, Nicholson JM, Walker S, Berthelsen D. Early childhood 
profiles of sleep problems and self-regulation predict later school 
adjustment. Br J Educ Psychol. 2016 Jun;86(2):331–50.  

263.  Kahn M, Sheppes G, Sadeh A. Sleep and emotions: bidirectional links 
and underlying mechanisms. Int J Psychophysiol. 2013 Aug;89(2):218–
28.  

264.  Lehto JE, Juujärvi P, Kooistra L, Pulkkinen L. Dimensions of executive 
functioning: Evidence from children. br j devel psychol. 2003 
Mar;21(1):59–80.  

265.  Anderson PJ, Reidy N. Assessing executive function in preschoolers. 
Neuropsychol Rev. 2012 Dec;22(4):345–60.  

266.  Zelazo PD, Qu L, Müller U. Hot and cool aspects of executive function: 
Relations in early development. 2005;  

267.  Espy KA, Kaufmann PM, Glisky ML. New procedures to assess executive 
functions in preschool children. Clin Neuropsychol. 2001 Feb;15(1):46–
58.  

268.  Carlson SM. Developmentally sensitive measures of executive function 
in preschool children. Dev Neuropsychol. 2005;28(2):595–616.  

269.  Welsh MC, Pennington BF, Groisser DB. A normative developmental 
study of executive function: A window on prefrontal function in 
children. Dev Neuropsychol. 1991 Jan;7(2):131–49.  

270.  Huizinga M, Dolan CV, van der Molen MW. Age-related change in 
executive function: developmental trends and a latent variable analysis. 
Neuropsychologia. 2006 Mar 9;44(11):2017–36.  

271.  Ewing-Cobbs L, Prasad MR, Landry SH, Kramer L, DeLeon R. Executive 
functions following traumatic brain injury in young children: a 



 

 119 

preliminary analysis. Dev Neuropsychol. 2004;26(1):487–512.  
272.  Thelen E, Schöner G, Scheier C, Smith LB. The dynamics of 

embodiment: a field theory of infant perseverative reaching. Behav 
Brain Sci. 2001 Feb;24(1):1–34; discussion 34.  

273.  Espy KA, Kaufmann PM, Glisky ML. Neuropsychologic function in 
toddlers exposed to cocaine in utero: A preliminary study. Dev 
Neuropsychol. 1999 Jan;15(3):447–60.  

274.  Gooch D, Thompson P, Nash HM, Snowling MJ, Hulme C. The 
development of executive function and language skills in the early 
school years. J Child Psychol Psychiatry. 2016 Feb;57(2):180–7.  

275.  Best JR, Miller PH, Jones LL. Executive Functions after Age 5: Changes 
and Correlates. Dev Rev. 2009 Sep 1;29(3):180–200.  

276.  Blair C, Razza RP. Relating effortful control, executive function, and 
false belief understanding to emerging math and literacy ability in 
kindergarten. Child Dev. 2007 Apr;78(2):647–63.  

277.  Moffitt TE, Arseneault L, Belsky D, Dickson N, Hancox RJ, Harrington 
H, et al. A gradient of childhood self-control predicts health, wealth, and 
public safety. Proc Natl Acad Sci USA. 2011 Feb 15;108(7):2693–8.  

278.  Casey BJ, Giedd JN, Thomas KM. Structural and functional brain 
development and its relation to cognitive development. Biol Psychol. 
2000 Oct;54(1–3):241–57.  

279.  Casey BJ, Tottenham N, Liston C, Durston S. Imaging the developing 
brain: what have we learned about cognitive development? Trends Cogn 
Sci (Regul Ed). 2005 Mar;9(3):104–10.  

280.  Lenroot RK, Giedd JN. Brain development in children and adolescents: 
insights from anatomical magnetic resonance imaging. Neurosci 
Biobehav Rev. 2006 Aug 2;30(6):718–29.  

281.  Fiske A, Holmboe K. Neural substrates of early executive function 
development. Dev Rev. 2019 Jun;52:42–62.  

282.  Collette F, Van der Linden M, Laureys S, Delfiore G, Degueldre C, Luxen 
A, et al. Exploring the unity and diversity of the neural substrates of 
executive functioning. Hum Brain Mapp. 2005 Aug;25(4):409–23.  

283.  Emch M, von Bastian CC, Koch K. Neural Correlates of Verbal Working 
Memory: An fMRI Meta-Analysis. Front Hum Neurosci. 2019 Jun 
12;13:180.  

284.  Alvarez JA, Emory E. Executive function and the frontal lobes: a meta-
analytic review. Neuropsychol Rev. 2006 Mar;16(1):17–42.  

285.  Perlman SB, Huppert TJ, Luna B. Functional Near-Infrared 
Spectroscopy Evidence for Development of Prefrontal Engagement in 
Working Memory in Early Through Middle Childhood. Cereb Cortex. 
2015 Jun 26;26(6):2790–9.  

286.  Ullman H, Almeida R, Klingberg T. Structural maturation and brain 
activity predict future working memory capacity during childhood 
development. J Neurosci. 2014 Jan 29;34(5):1592–8.  

287.  Anderson V. Assessing executive functions in children: biological, 
psychological, and developmental considerations. Neuropsychol 
Rehabil. 1998 May;8(3):319–49.  

288.  Toplak ME, West RF, Stanovich KE. Practitioner review: do 
performance-based measures and ratings of executive function assess 
the same construct? J Child Psychol Psychiatry. 2013 Feb;54(2):131–43.  



 

 120 

289.  Korkman M, Kirk U, Kemp SL. NEPSY II. San Antonio, TX: PsychCorp. 
2007;  

290.  Gerstadt CL, Hong YJ, Diamond A. The relationship between cognition 
and action: performance of children 3 1/2-7 years old on a Stroop-like 
day-night test. Cognition. 1994 Nov;53(2):129–53.  

291.  Espy KA, Kaufmann PM, McDiarmid MD, Glisky ML. Executive 
functioning in preschool children: performance on A-not-B and other 
delayed response format tasks. Brain Cogn. 1999 Nov;41(2):178–99.  

292.  Willoughby MT, Wirth RJ, Blair CB. Contributions of modern 
measurement theory to measuring executive function in early 
childhood: An empirical demonstration. J Exp Child Psychol. 2011 
Mar;108(3):414–35.  

293.  Jacques S, Zelazo PD. The Flexible Item Selection Task (FIST): a 
measure of executive function in preschoolers. Dev Neuropsychol. 
2001;20(3):573–91.  

294.  Klenberg L, Jämsä S, Häyrinen T, Lahti-Nuuttila P, Korkman M. The 
Attention and Executive Function Rating Inventory (ATTEX): 
Psychometric properties and clinical utility in diagnosing ADHD 
subtypes. Scand J Psychol. 2010 Oct;51(5):439–48.  

295.  Klenberg L, Tommo H, Jämsä S, Häyrinen T. PikkuKesky-Pienten 
lasten keskittymiskysely. 2017;  

296.  Buss C, Davis EP, Hobel CJ, Sandman CA. Maternal pregnancy-specific 
anxiety is associated with child executive function at 6-9 years age. 
Stress. 2011 Nov;14(6):665–76.  

297.  Mina TH, Lahti M, Drake AJ, Denison FC, Räikkönen K, Norman JE, et 
al. Prenatal exposure to maternal very severe obesity is associated with 
impaired neurodevelopment and executive functioning in children. 
Pediatr Res. 2017 May 17;82(1):47–54.  

298.  Aarnoudse-Moens CSH, Weisglas-Kuperus N, van Goudoever JB, 
Oosterlaan J. Meta-analysis of neurobehavioral outcomes in very 
preterm and/or very low birth weight children. Pediatrics. 2009 
Aug;124(2):717–28.  

299.  Hutchison SM, Mâsse LC, Brain U, Oberlander TF. A 6-year 
longitudinal study: Are maternal depressive symptoms and Selective 
Serotonin Reuptake Inhibitor (SSRI) antidepressant treatment during 
pregnancy associated with everyday measures of executive function in 
young children? Early Hum Dev. 2019;128:21–6.  

300.  Camerota M, Willoughby MT. Prenatal risk predicts preschooler 
executive function: A cascade model. Child Dev. 2019 Jun 17;  

301.  Julvez J, Ribas-Fitó N, Torrent M, Forns M, Garcia-Esteban R, Sunyer 
J. Maternal smoking habits and cognitive development of children at 
age 4 years in a population-based birth cohort. Int J Epidemiol. 2007 
Aug;36(4):825–32.  

302.  Eichler A, Hudler L, Grunitz J, Grimm J, Raabe E, Goecke TW, et al. 
Effects of prenatal alcohol consumption on cognitive development and 
ADHD-related behaviour in primary-school age: a multilevel study 
based on meconium ethyl glucuronide. J Child Psychol Psychiatry. 
2018;59(2):110–8.  

303.  Roos LE, Beauchamp KG, Pears KC, Fisher PA, Berkman ET, Capaldi D. 
Effects of prenatal substance exposure on neurocognitive correlates of 



 

 121 

inhibitory control success and failure. Appl Neuropsychol Child. 2016 
Jun 3;6(4):1–12.  

304.  Park M, Brain U, Grunau RE, Diamond A, Oberlander TF. Maternal 
depression trajectories from pregnancy to 3 years postpartum are 
associated with children’s behavior and executive functions at 3 and 
6 years. Arch Womens Ment Health. 2018 Jan 16;21(3):353–63.  

305.  Hackman DA, Gallop R, Evans GW, Farah MJ. Socioeconomic status 
and executive function: developmental trajectories and mediation. Dev 
Sci. 2015 Sep;18(5):686–702.  

306.  Araujo GC, Antonini TN, Anderson V, Vannatta KA, Salley CG, Bigler 
ED, et al. Profiles of Executive Function Across Children with Distinct 
Brain Disorders: Traumatic Brain Injury, Stroke, and Brain Tumor. J 
Int Neuropsychol Soc. 2017 May 15;23(7):529–38.  

307.  Schraegle WA, Titus JB. Executive function and health-related quality 
of life in pediatric epilepsy. Epilepsy Behav. 2016 Jul 20;62:20–6.  

308.  Hughes CH, Ensor RA. How do families help or hinder the emergence 
of early executive function? New Dir Child Adolesc Dev. 
2009;2009(123):35–50.  

309.  Bernier A, Carlson SM, Whipple N. From external regulation to self-
regulation: Early parenting precursors of young children’s executive 
functioning. Child Dev. 2010 Feb;81(1):326–39.  

310.  Zhang H-F, Shuai L, Zhang J-S, Wang Y-F, Lu T-F, Tan X, et al. 
Neuropsychological Profile Related with Executive Function of Chinese 
Preschoolers with Attention-Deficit/Hyperactivity Disorder: 
Neuropsychological Measures and Behavior Rating Scale of Executive 
Function-Preschool Version. Chin Med J. 2018 Mar 20;131(6):648–56.  

311.  Ezpeleta L, Granero R. Executive functions in preschoolers with ADHD, 
ODD, and comorbid ADHD-ODD: Evidence from ecological and 
performance-based measures. J Neuropsychol. 2015 Sep;9(2):258–70.  

312.  Thorell LB, Wåhlstedt C. Executive functioning deficits in relation to 
symptoms of ADHD and/or ODD in preschool children. Infant Child 
Dev. 2006 Sep;15(5):503–18.  

313.  Pauli-Pott U, Becker K. Neuropsychological basic deficits in 
preschoolers at risk for ADHD: a meta-analysis. Clin Psychol Rev. 2011 
Jun;31(4):626–37.  

314.  Willcutt EG, Doyle AE, Nigg JT, Faraone SV, Pennington BF. Validity of 
the executive function theory of attention-deficit/hyperactivity 
disorder: a meta-analytic review. Biol Psychiatry. 2005 Jun 
1;57(11):1336–46.  

315.  Schoemaker K, Bunte T, Espy KA, Deković M, Matthys W. Executive 
functions in preschool children with ADHD and DBD: an 18-month 
longitudinal study. Dev Neuropsychol. 2014;39(4):302–15.  

316.  Berlin L, Bohlin G. Response inhibition, hyperactivity, and conduct 
problems among preschool children. J Clin Child Adolesc Psychol. 2002 
Jun;31(2):242-51. doi: 10.1207/S15374424JCCP3102_09. PMID: 
12056107.  

317.  Kertz SJ, Belden AC, Tillman R, Luby J. Cognitive Control Deficits in 
Shifting and Inhibition in Preschool Age Children are Associated with 
Increased Depression and Anxiety Over 7.5 Years of Development. J 
Abnorm Child Psychol. 2016;44(6):1185–96.  



 

 122 

318.  Nelson TD, Kidwell KM, Nelson JM, Tomaso CC, Hankey M, Espy KA. 
Preschool executive control and internalizing symptoms in elementary 
school. J Abnorm Child Psychol. 2018;46(7):1509–20.  

319.  Maasalo K, Lindblom J, Kiviruusu O, Santalahti P, Aronen ET. 
Longitudinal associations between inhibitory control and externalizing 
and internalizing symptoms in school-aged children. Dev Psychopathol. 
2020 Jul 14;1–13.  

320.  Eisenberg N, Cumberland A, Spinrad TL, Fabes RA, Shepard SA, Reiser 
M, et al. The relations of regulation and emotionality to children’s 
externalizing and internalizing problem behavior. Child Dev. 2001 
Aug;72(4):1112–34.  

321.  Visu-Petra L, Miclea M, Visu-Petra G. Individual differences in anxiety 
and executive functioning: a multidimensional view. Int J Psychol. 
2013;48(4):649–59.  

322.  Ursache A, Raver CC. Trait and state anxiety: relations to executive 
functioning in an at-risk sample. Cogn Emot. 2014;28(5):845–55.  

323.  Bloemen AJP, Oldehinkel AJ, Laceulle OM, Ormel J, Rommelse NNJ, 
Hartman CA. The association between executive functioning and 
psychopathology: general or specific? Psychol Med. 2018 
Aug;48(11):1787–94.  

324.  Juulia Paavonen E, Saarenpää-Heikkilä O, Pölkki P, Kylliäinen A, 
Porkka-Heiskanen T, Paunio T. Maternal and paternal sleep during 
pregnancy in the Child-sleep birth cohort. Sleep Med. 2017;29:47–56.  

325.  Irwin M, Artin KH, Oxman MN. Screening for depression in the older 
adult: criterion validity of the 10-item Center for Epidemiological 
Studies Depression Scale (CES-D). Arch Intern Med. 1999 Aug 
23;159(15):1701–4.  

326.  Radloff LS. The CES-D scale: A self-report depression scale for research 
in the general population. Appl Psychol Meas. 1977 Jun 1;1(3):385–401.  

327.  Kiviruusu O, Pietikäinen JT, Kylliäinen A, Pölkki P, Saarenpää-Heikkilä 
O, Marttunen M, et al. Trajectories of mothers’ and fathers’ depressive 
symptoms from pregnancy to 24 months postpartum. J Affect Disord. 
2019 Sep 10;260:629–37.  

328.  Kessler RC, Adler L, Ames M, Demler O, Faraone S, Hiripi E, et al. The 
World Health Organization Adult ADHD Self-Report Scale (ASRS): a 
short screening scale for use in the general population. Psychol Med. 
2005 Feb;35(2):245–56.  

329.  Robinson CC, Mandleco B, Olsen SF, Hart CH. Authoritative, 
authoritarian, and permissive parenting practices: development of a 
new measure. Psychol Rep. 1995 Dec;77(3):819–30.  

330.  Baumrind D. Current patterns of parental authority. Dev Psychol. 
1971;4(1, Pt.2):1–103.  

331.  Scott N, Blair PS, Emond AM, Fleming PJ, Humphreys JS, Henderson 
J, et al. Sleep patterns in children with ADHD: a population-based 
cohort study from birth to 11 years. J Sleep Res. 2013 Apr;22(2):121–8.  

332.  Williams KE, Sciberras E. Sleep and Self-Regulation from Birth to 7 
Years: A Retrospective Study of Children with and Without Attention-
Deficit Hyperactivity Disorder at 8 to 9 Years. J Dev Behav Pediatr. 2016 
Jun;37(5):385–94.  

333.  Lee S-H, Kim H-B, Lee K-W. Association between sleep duration and 



 

 123 

attention-deficit hyperactivity disorder: A systematic review and meta-
analysis of observational studies . J Affect Disord. 2019 Sep 1;256:62–
9.  

334.  Quach J, Hiscock H, Canterford L, Wake M. Outcomes of child sleep 
problems over the school-transition period: Australian population 
longitudinal study. Pediatrics. 2009 May;123(5):1287–92.  

335.  Yürümez E, Kılıç BG. Relationship between sleep problems and quality 
of life in children with ADHD. J Atten Disord. 2016 Jan;20(1):34–40.  

336.  Owens JA, Mehlenbeck R, Lee J, King MM. Effect of weight, sleep 
duration, and comorbid sleep disorders on behavioral outcomes in 
children with sleep-disordered breathing. Arch Pediatr Adolesc Med. 
2008 Apr;162(4):313–21.  

337.  de Ruiter I, Olmedo-Requena R, Sánchez-Cruz J-J, Jiménez-Moleón J-
J. Changes in sleep duration in Spanish children aged 2-14 years from 
1987 to 2011. Sleep Med. 2016 May;21:145–50.  

338.  Alvaro PK, Roberts RM, Harris JK, Bruni O. The direction of the 
relationship between symptoms of insomnia and psychiatric disorders 
in adolescents. J Affect Disord. 2016 Oct 3;207:167–74.  

339.  Vilgis V, Silk TJ, Vance A. Executive function and attention in children 
and adolescents with depressive disorders: a systematic review. Eur 
Child Adolesc Psychiatry. 2015 Apr;24(4):365–84.  

340.  Vuontela V, Steenari M-R, Carlson S, Koivisto J, Fjällberg M, Aronen 
ET. Audiospatial and visuospatial working memory in 6-13 year old 
school children. Learn Mem. 2003 Feb;10(1):74–81.  

341.  Sadeh A, De Marcas G, Guri Y, Berger A, Tikotzky L, Bar-Haim Y. Infant 
Sleep Predicts Attention Regulation and Behavior Problems at 3-4 Years 
of Age. Dev Neuropsychol. 2015;40(3):122–37.  

342.  Owens JA, Sangal RB, Sutton VK, Bakken R, Allen AJ, Kelsey D. 
Subjective and objective measures of sleep in children with attention-
deficit/hyperactivity disorder. Sleep Med. 2009 Apr;10(4):446–56.  

343.  Hsu H-C. Association between night awakening and child health during 
the first 3 years of life. J Dev Behav Pediatr. 2017 Feb 23;  

344.  Touchette E, Petit D, Paquet J, Boivin M, Japel C, Tremblay RE, et al. 
Factors associated with fragmented sleep at night across early 
childhood. Arch Pediatr Adolesc Med. 2005 Mar;159(3):242–9.  

345.  Scher A, Cohen D. Locomotion and nightwaking. Child Care Health Dev. 
2005 Nov;31(6):685–91.  

346.  Mulraney M, Giallo R, Efron D, Brown S, Nicholson JM, Sciberras E. 
Maternal postnatal mental health and offspring symptoms of ADHD at 
8-9 years: pathways via parenting behavior. Eur Child Adolesc 
Psychiatry. 2019 Jul;28(7):923–32.  

347.  Räikkönen K, Pesonen AK, O’Reilly JR, Tuovinen S, Lahti M, Kajantie 
E, et al. Maternal depressive symptoms during pregnancy, placental 
expression of genes regulating glucocorticoid and serotonin function 
and infant regulatory behaviors. Psychol Med. 2015 Nov;45(15):3217–
26.  

348.  Hemmi MH, Wolke D, Schneider S. Associations between problems 
with crying, sleeping and/or feeding in infancy and long-term 
behavioural outcomes in childhood: A meta-analysis. Arch Dis Child. 



 

 124 

2011 Jul;96(7):622–9.  
349.  Lifford KJ, Harold GT, Thapar A. Parent-child hostility and child ADHD 

symptoms: a genetically sensitive and longitudinal analysis. J Child 
Psychol Psychiatry. 2009 Dec;50(12):1468–76.  

350.  Park JL, Hudec KL, Johnston C. Parental ADHD symptoms and 
parenting behaviors: A meta-analytic review. Clin Psychol Rev. 2017 
Aug;56:25–39.  

351.  Nigg J, Nikolas M, Burt SA. Measured gene-by-environment interaction 
in relation to attention-deficit/hyperactivity disorder. J Am Acad Child 
Adolesc Psychiatry. 2010 Sep;49(9):863–73.  

352.  Kendler KS, Eaves LJ. Models for the joint effect of genotype and 
environment on liability to psychiatric illness. Am J Psychiatry. 1986 
Mar;143(3):279–89.  

353.  Sciberras E, Mulraney M, Silva D, Coghill D. Prenatal Risk Factors and 
the Etiology of ADHD-Review of Existing Evidence. Curr Psychiatry 
Rep. 2017 Jan;19(1):1.  

354.  von Stauffenberg C, Campbell SB. Predicting the early developmental 
course of symptoms of attention deficit hyperactivity disorder. J Appl 
Dev Psychol. 2007 Sep;28(5–6):536–52.  

355.  Rigney G, Ali NS, Corkum PV, Brown CA, Constantin E, Godbout R, et 
al. A systematic review to explore the feasibility of a behavioural sleep 
intervention for insomnia in children with neurodevelopmental 
disorders: A transdiagnostic approach. Sleep Med Rev. 2018 Mar 
31;41:244–54.  

356.  Rimestad ML, Lambek R, Zacher Christiansen H, Hougaard E. Short- 
and Long-Term Effects of Parent Training for Preschool Children With 
or at Risk of ADHD: A Systematic Review and Meta-Analysis. J Atten 
Disord. 2019 Mar;23(5):423–34.  

357.  Letourneau NL, Dennis C-L, Cosic N, Linder J. The effect of perinatal 
depression treatment for mothers on parenting and child development: 
A systematic review. Depress Anxiety. 2017 Sep 29;34(10):928–66.  


	ABSTRACT
	FINNISH SUMMARY
	ACKNOWLEDGEMENTS
	CONTENTS
	LIST OF ORIGINAL PUBLICATIONS
	ABBREVIATIONS
	1 INTRODUCTION
	2 REVIEW OF LITERATURE
	3 AIMS AND HYPOTHESES
	4 METHODS
	5 RESULTS
	6 DISCUSSION
	7 CONCLUSIONS
	REFERENCES



