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1. Abstract 

Background: 

Insufficient sleep duration has been suggested to have negative effects on children’s be-

haviour and cognitive abilities. Research in this area has so far been mainly focused on 

children in school age and on parent-reported sleep duration.  

Aims: 

The aim of this cumulative thesis was to study sleep duration in European preschool and 

schoolchildren and to investigate whether device-measured as well as parent-reported 

short sleep duration is associated with more behavioural problems and lower cognitive 

performance. Publication I was focused on a cross-sectional analysis of device-measured 

sleep duration derived from 8-year-old European schoolchildren and its association with 

internalizing and externalizing behaviour problems. Publication II was focused on parent-

reported sleep duration from preschool children from five European cohorts and its asso-

ciation with behavioural and cognitive outcomes at 5 years of age. 

Methods: 

Data were drawn from the European Union Child Cohort Network (EUCCN) that was 

initiated in the Horizon 2020 project LifeCycle. In Publication I, secondary data from the 

CHOP study that was carried out in five European countries (Belgium, Germany, Italy, 

Poland, Spain), were analyzed. The SenseWear™ Armband 2 was used to measure sleep 

duration. Internalizing and externalizing problems were parent-rated using the Child Be-

havior Checklist. To investigate whether sleep duration is associated with behaviour, lo-

gistic regression models were applied. In Publication II, data from five European cohorts 

(ALSPAC, SWS (United Kingdom); EDEN, ELFE (France); INMA (Spain)) were ana-

lyzed. Sleep duration was measured with parental questionnaires. Behaviour was assessed 

by parents who filled out the Strengths and Difficulties Questionnaire. The Wechsler Pre-

school and Primary Scale of Intelligence or the McCarthy Scales of Children’s Abilities 

were used by psychologists to assess language and non-verbal intelligence. A two-stage 

individual participant data meta-analysis was performed. Adjusted generalized linear re-

gression models were used in each cohort and effect estimates were combined with ran-

dom-effects meta-analysis.  
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Results: 

In Publication I, we analyzed data from 406 8-year-old schoolchildren. In Publication II, 

data from 11.920 preschool children were available for the analysis of behavioural out-

comes and data from 2981 preschool children for the analysis of cognitive outcomes. The 

average sleep duration in preschool children was 11h 54min per day (SD: 1h 01min) and 

in schoolchildren 9h 15min per night (SD: 40min). Sleep duration varied between the 

different countries. Children from Middle Europe tended to sleep longer on average than 

children from South or East Europe, regardless of age. Looking at preschool children, we 

found that one hour more sleep per day at 3.5 years of age was associated with lower 

internalizing behaviour percentile scores (adjusted mean difference: -1.27; 95% CI -2.22, 

-0.32) and with lower externalizing behaviour percentile scores (adjusted mean differ-

ence: -2.39; 95% CI -3.04, -1.75) at 5 years of age. The associations between sleep dura-

tion and language and non-verbal intelligence showed trends towards an inverse associa-

tion, albeit with imprecise estimates. Looking at 8-year-old schoolchildren, 66.7% of our 

sample met the sleep duration recommendation of the American Academy of Sleep Med-

icine (AASM) for children aged 6 to < 13 years (9-12 hours of sleep per night). Children 

who slept one hour more per night had a lower risk for internalizing problems (adjusted 

OR: 0.51; 95% CI 0.29, 0.91). Adhering to the sleep duration recommendation of the 

AASM reduced the risk for internalizing problems (adjusted OR: 0.45; 95% CI 0.21, 

0.99). Sleep duration and externalizing problems were not associated.  

Conclusions: 

Results of the two publications highlight that a longer sleep duration during preschool 

years as well as in primary-school years is associated with fewer internalizing behaviour 

problems. Sleep duration and externalizing behaviour showed an association in preschool 

children, but not in schoolchildren. It emphasizes the need to ensure sufficient sleep du-

ration as early as in preschool years for the optimal development of mental health of chil-

dren. Findings also underline that paediatricians should monitor sleep as one of the po-

tential factors that can contribute to behavioural problems. The association of sleep dura-

tion with cognitive outcomes could not be clearly answered and need replication in a 

larger sample of children. 
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2. Zusammenfassung 

Hintergrund: 

Es gibt Hinweise, dass eine unzureichende Schlafdauer negative Auswirkungen auf das 

Verhalten und die kognitiven Fähigkeiten von Kindern hat. Die Forschung in diesem Be-

reich hat sich bisher hauptsächlich auf Kinder im Schulalter und auf die von eltern-be-

richtete Schlafdauer konzentriert.  

Ziele: 

Das Ziel dieser kumulativen Arbeit war es, die Schlafdauer von europäischen Vorschul- 

und Schulkindern zu untersuchen und herauszufinden, ob eine von Geräten gemessene 

oder von eltern-berichtete kurze Schlafdauer mit mehr Verhaltensproblemen und schlech-

teren kognitiven Fähigkeiten assoziiert ist. Publikation I umfasste eine Querschnittsana-

lyse der Schlafdauer von 8-jährigen europäischen Schulkindern, die gerätegestützt erfasst 

wurde, und deren Assoziation mit internalisierenden und externalisierenden Verhaltens-

problemen. Publikation II konzentrierte sich auf die eltern-berichtete Schlafdauer von 3.5 

Jahre alten Vorschulkindern aus fünf europäischen Kohorten und deren Assoziation mit 

verhaltensbezogenen und kognitiven Merkmalen im Alter von 5 Jahren. 

Methoden: 

Die verwendeten Daten stammen aus dem European Union Child Cohort Network (EU-

CCN), das im Rahmen des Horizon 2020 Projekts LifeCycle entstand. In Publikation I 

wurden Sekundärdaten aus der CHOP-Studie analysiert, die in fünf europäischen Ländern 

(Belgien, Deutschland, Italien, Polen, Spanien) durchgeführt wurde. Das SenseWear™ 

Armband 2 wurde zur Messung der Schlafdauer verwendet. Internalisierende und exter-

nalisierende Verhaltensprobleme wurden von Eltern anhand der Child Behavior Checklist 

bewertet. Um zu untersuchen, ob die Schlafdauer mit dem Verhalten assoziiert ist, wur-

den logistische Regressionsmodelle angewandt. In Publikation II wurden Daten aus fünf 

europäischen Kohorten (ALSPAC, SWS (Großbritannien); EDEN, ELFE (Frankreich); 

INMA (Spanien)) untersucht. Die Schlafdauer wurde mit Fragebögen gemessen, die von 

Eltern ausgefüllt wurden. Das Verhalten wurde von Eltern beurteilt, die den Fragebogen 

zu Stärken und Schwächen ausfüllten. Die Wechsler Preschool and Primary Scale of In-

telligence oder die McCarthy Scales of Children’s Abilities wurden von Psychologen zur 

Bewertung der Sprache und der nonverbalen Intelligenz verwendet. Eine zweistufige in-

dividuelle Teilnehmerdaten Meta-Analyse wurde durchgeführt. In jeder Kohorte wurden 
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generalisierte lineare Regressionsmodelle verwendet und die Effektschätzer mit einer 

Meta-Analyse mit zufälligen Effekten kombiniert.  

Ergebnisse: 

In Publikation I wurden Daten von 406 8-jährigen Schulkindern analysiert. In Publikation 

II waren Daten von 11.920 Vorschulkindern für die Analyse von Verhaltensproblemen 

verfügbar und Daten von 2.981 Vorschulkindern für die Analyse von kognitiven Fähig-

keiten. Die durchschnittliche Schlafdauer bei Vorschulkindern betrug 11 Std. und 54 Min. 

pro Tag (SD: 1 Std. 1 Min.) und bei Schulkindern 9 Std. und 15 Min. pro Nacht (SD: 40 

Min.). Die Schlafdauer variierte zwischen den verschiedenen Ländern. Kinder aus Mit-

teleuropa tendierten dazu, im Durchschnitt länger zu schlafen als Kinder aus Süd- oder 

Osteuropa, unabhängig vom Alter. Bei den Vorschulkindern konnten wir feststellen, dass 

eine Stunde mehr Schlafdauer pro Tag im Alter von 3.5 Jahren mit niedrigeren Perzentil-

werten für internalisierendes Verhalten (bereinigte mittlere Differenz: -1.27; 95% CI -

2.22, -0.32) und externalisierendes Verhalten (bereinigte mittlere Differenz: -2.39; 95% 

CI -3.04, -1.75) im Alter von 5 Jahren verbunden war. Die Assoziationen zwischen 

Schlafdauer und Sprache oder nonverbaler Intelligenz zeigten Tendenzen zu einer inver-

sen Assoziation, allerdings mit ungenauen Schätzungen. Bei den 8-jährigen Schulkindern 

erfüllten 66.7% unserer Stichprobe die von der American Academy of Sleep Medicine 

(AASM) empfohlenen Schlafdauer für Kinder im Alter von 6 bis < 13 Jahren (9-12 Stun-

den Schlaf pro Nacht). Kinder, die eine Stunde mehr pro Nacht schliefen, hatten ein ge-

ringeres Risiko für internalisierende Probleme (bereinigte OR: 0.51; 95% CI 0.29, 0.91). 

Die Einhaltung der von der AASM empfohlenen Schlafdauer reduzierte das Risiko für 

internalisierende Probleme (bereinigte OR: 0.45; 95% CI 0.21, 0.99). Schlafdauer und 

externalisierende Probleme waren nicht assoziiert. 

Schlussfolgerungen: 

Die Ergebnisse aus den beiden Publikationen verdeutlichen, dass eine längere Schlaf-

dauer im Vorschulalter sowie im Grundschulalter mit weniger internalisierenden Verhal-

tensproblemen verbunden ist. Schlafdauer und externalisierendes Verhalten zeigte eine 

Assoziation bei Vorschulkindern, aber nicht bei Schulkindern. Dies unterstreicht die Not-

wendigkeit, bereits im Vorschulalter für eine ausreichende Schlafdauer zu sorgen, um 

eine optimale Entwicklung der psychischen Gesundheit von Kindern zu gewährleisten. 

Die Ergebnisse zeigen auch, dass Kinderärzte Schlaf als einen der potenziellen Faktoren, 

die zu Verhaltensproblemen beitragen können, beobachten sollten. Der Zusammenhang 
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zwischen der Schlafdauer und kognitiven Fähigkeiten konnte nicht eindeutig geklärt wer-

den und sollte mit einer größeren Stichprobe von Kindern wiederholt werden. 
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3. Introduction 

3.1 Background  

Children’s mental health problems have emerged as one of the leading challenges for 

public health in this century (1). Worldwide, the prevalence of mental health problems in 

children and adolescence is estimated to be around 10 to 20% (2, 3). The case of Europe 

shows that 9 million children and adolescents between the age of 10 and 19 years are 

experiencing mental health problems (4). In particular, anxiety and depression are listed 

among the most common five causes of the total disease burden in European children and 

adolescents (5). 

Mental health is as important as physical health and plays a key role in every stage of life.  

The World Health Organization defines mental health as “a state of mental well-being 

that enables people to cope with the stresses of life, realize their abilities, learn well and 

work well, and contribute to their community” (6). Especially, the ability to apply social, 

emotional and cognitive skills to cope with daily life, is an essential component of good 

mental health (7). 

Mental health problems during childhood can interfere with a child’s developmental po-

tential and impact health outcomes in later life (8). Childhood is considered as a sensitive 

developmental period in life in which the foundations for health in adulthood are built (9, 

10). Many mental disorders have their roots in childhood. In about half of the cases, the 

development of first symptoms starts before the adolescent age (11, 12). A systematic 

review of studies with a prospective longitudinal design has shown that having mental 

health difficulties as a child increases the risk for mental disorders as an adult (13). Mental 

health disorders in adulthood can be associated with various consequences like poorer 

academic performance, higher levels of unemployment and worse physical health (14). 

Therefore, it should be a priority to start prevention and interventions early in life to pro-

tect mental health and well-being of children and to improve long term mental health 

outcomes. 

Mental health problems in children can have many different facets and early signs of 

mental health problems can be, amongst others, feelings of sadness, difficulties in con-

centrating or staying still, severe out-of-control behaviour, lack of problem-solving abil-

ities or language delays (15). The symptoms mentioned can be divided into behavioural 

problems, specifically in internalizing and externalizing problems, and problems related 
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to cognitive performance. Internalizing problems refer to inner-directed behaviours of a 

child and include anxiety and depression symptoms, emotions as sadness, fear or shyness, 

social withdrawal and somatic complaints (16). Externalizing problems are outer-directed 

behaviours of the child towards others or the environment including attention problems, 

hyperactivity, impulsivity, and aggressive or rule-breaking behaviour (16). Problems re-

lated to cognitive performance may be reflected in delayed language development, de-

creased attention, poor executive function or worse problem-solving skills.  

As described earlier, childhood years are an important window of opportunity where chil-

dren undergo rapid biological and emotional changes, and where behavioural as well as 

cognitive skills are developing (9, 10). Exposures that occur during developmentally sen-

sitive periods are of special importance, because they can influence mental health out-

comes of a person years into the future (10). Therefore, it is important to investigate be-

haviour and cognition in this time window to determine which early stressors they are 

associated with or influenced by. 

The literature demonstrates that a variety of different factors, such as health-related, so-

cio-demographic or lifestyle characteristics can impact mental health outcomes of chil-

dren. Health-related characteristics like maternal depression have been shown to have a 

negative impact on the behavioural and cognitive development of a child (17). Other 

health-related factors such as maternal overweight and obesity before or during preg-

nancy can also have an effect on the development of behavioural problems and neurode-

velopmental outcomes in children (18, 19). Additionally, socio-demographic factors like 

a low parental socio-economic status, characterized by a low education level and low 

income, have been described as being associated with behavioural problems and cognitive 

and language development in children (20, 21). Parental divorce or separation have also 

been reported to be associated with different aspects of mental health in later life (22). 

Furthermore, lifestyle factors like maternal smoking and alcohol consumption during 

pregnancy or passive smoke exposure in a child’s early life have been shown to be linked 

to mental health problems in children (23-25).  

Last but not least, sleep has also been suggested to be a risk factor for behavioural prob-

lems and lower cognitive performance in children (26-28). The literature shows that ade-

quate sleep quantity and quality contribute to overall health and well-being of a child, 

supports a child’s healthy development, and is fundamental for maintaining optimal cog-
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nitive and emotional functioning (28-30). As sleep habits but also behaviour and cogni-

tion are in development during childhood years, it provides potential for prevention and 

intervention. Therefore, it is of clinical importance to understand the relationship between 

sleep and mental health. Sleep is a modifiable factor that can be potentially addressed 

through specific intervention strategies. Additionally, sleep can be an early indicator for 

parents and paediatricians to detect evolving mental health problems in a child (31).  

The need for sleep as well as sleep patterns change throughout the life course. In the first 

weeks of life, a newborn’s circadian rhythm is not yet fully developed and is mainly char-

acterized by several short sleep episodes, which are more determined by whether the in-

fant is hungry or satiated than whether it is day or night (32, 33). The circadian rhythm 

begins to develop in the further course of the first year of life, when also the amount of 

nighttime sleep increases and the amount of daytime sleep decreases (33). Frequent night 

wakings in early childhood are typical (32). Most toddlers and preschool-aged children 

take daytime naps until they are around 4 years old (34). As children get older, their sleep 

duration decreases steadily and becomes shorter due to later bedtimes and unchanged or 

earlier wake times (32, 34). 

The question of how much sleep is appropriate for a child depends mainly on the age of 

the child (35). The American Academy of Sleep Medicine (AASM) developed age-ap-

propriate recommendations for the amount of sleep that is required on a regular basis to 

facilitate optimal health in children (36): for infants aged 4 months to < 1 year, 12 to 16 

hours of sleep per day including naps are recommended (no recommendations were pos-

sible for infants under the age of 4 months, because of a lack of studies in this age group); 

toddlers between 1 and < 3 years of age should sleep between 11 to 14 hours per day 

including naps; for preschool children aged 3 to < 6 years, 10 to 13 hours of sleep per day 

including naps are recommended; children aged 6 to < 13 years should sleep 9 to 12 hours 

per day; for adolescents between 13 and 18 years of age, 8 to 10 hours sleep per day are 

recommended. To establish these recommendations, a literature review was undertaken 

as well as several rounds of discussing and voting by an expert panel (36). Such recom-

mendations on sleep duration are fundamental to give parents and paediatricians an idea 

of healthy sleep behaviours and to inform intervention strategy planning (30). In addition 

to sufficient sleep duration, also other aspects of healthy sleep need to be taken into ac-

count, such as good sleep quality and an appropriate sleep rhythm (36).  
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In paediatric research, there are several different methods available for measuring sleep 

quantity in children: polysomnography, actigraphy, diaries and questionnaires. The gold-

standard of sleep measurement is polysomnography, which is usually performed in sleep 

laboratories for one or two nights (37). Multiple sensors are attached to the body to meas-

ure a wide variety of neurophysiological parameters during sleep. In children, it is usually 

used as a diagnostic tool for example to diagnose sleep disorders (37). Since it is an ex-

pensive and time-consuming procedure, it is rather not suitable for studies with large pop-

ulations like observational studies (37). Additionally, it can be difficult to apply in 

younger children, because they have to spend the night in an unfamiliar environment, 

which might be frightened and can bias and complicate the measurements (38). Other less 

cumbersome device-based methods are actigraphy measurements. An actigraphy device 

is usually worn for several consecutive nights on the wrist, arm or ankle, depending on 

the age group and the device (ActiGraph: wrist, ankle; SenseWear Armband: arm). Dur-

ing sleep, activity data is recorded with different axes and sensors at certain intervals (e.g. 

in 1 min epochs) (39). These parameters are used to estimate sleep-wake patterns using 

special algorithms (39). Advantages of actigraphy devices are that they document the day-

to-day variability of sleep and record the normal sleep behaviour in the home setting of a 

child (40). Measurement inaccuracies may result when external motion is recorded or the 

device is removed (37). To control the latter and thus the quality of the actigraphy meas-

urement, complementary sleep diaries are often used. They represent the personal or par-

ent perception of each night sleep (38). Since sleep diaries need to be completed on a 

daily basis, they put a higher burden on the parents or the child than questionnaires, but 

are less prone to recall bias (40). The most common sleep measurement method used in 

children are parent-reported or self-reported questionnaires, depending on the age of the 

child. They are especially suitable for studies with many participants, because they are 

relatively cost-effective. Sleep questionnaires have the advantage that they are easy to 

handle and put a low burden on the respondent (parents or children), however, the col-

lected information can be influenced by recall or response bias (37).  

A review of literature on worldwide trends on sleep duration in 5 to 18 year old children 

has shown that children and adolescents sleep nowadays less compared to the past (41). 

Reasons for this may be attributed to lifestyle changes as increased screen-based activities 

like television watching, and computer or mobile-phone use which can result in delayed 

bedtimes (42). However, the decrease in sleep duration that was observed in children is 

of concern. A growing body of evidence shows that insufficient sleep has negative effects 
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on children’s daytime functioning resulting in more behavioural problems, reduced emo-

tional regulation, impaired cognitive function and poorer academic achievement (27, 28). 

Especially for school-aged children and adolescents, the association between sleep dura-

tion and behavioural and cognitive outcomes is becoming increasingly evident. Astill et 

al. (29) concluded in a meta-analysis that shorter sleep duration is associated with lower 

cognitive performance and more problem behaviour in 5- to 12-year-old children. A sys-

tematic review on the relationship between sleep and various health outcomes in children 

between the ages 5 to 17 years showed that there is an association between longer sleep 

duration and better school performance, emotional regulation and well-being (30). 

Matricciani et al. (43) demonstrated in a review of reviews that there is consistent evi-

dence that longer sleep duration is associated with better emotional health in children and 

adolescents.  

The available findings from these studies, however, are primarily relying on sleep dura-

tion that was reported by parents or was self-reported, e.g. from questionnaires or diaries. 

In contrast, studies in children measuring sleep duration with devices like actigraphy 

measurements are rare (30, 44, 45). Research has shown that parents’ subjective reports 

of their children’s sleep tend to overestimate sleep duration compared to measurements 

with devices (46, 47). Dayyat et al. (46) reported that parents overestimate their children’s 

actual sleep duration by around one hour per night, in comparison with actigraphy meas-

urements. 

To date, device-based measurements for sleep have predominantly been applied in exper-

imental studies, in which sleep duration is manipulated to examine its impact on behav-

iour and cognitive performance in children. They showed that sleep restriction has nega-

tive effects on emotional functioning and regulation as well as attention and memory (48, 

49). In the field of observational studies, there are just a few studies that have measured 

sleep duration with devices and examined its relationship with problem behaviour in chil-

dren. Therefore, we concluded that further studies with device-measured sleep data are 

needed to investigate the relationship of sleep and behaviour. This research gap was ad-

dressed in Publication I of this doctoral thesis (50). 

While there have been many studies in schoolchildren and adolescents focusing on the 

association of sleep with behavioural and cognitive outcomes as previously described, 

there is a lack of studies with children under 5 years of age in this research field (44, 51, 

52). Preschool years are an unique time window in which the brain matures, the sleep 
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wake rhythm develops rapidly and sleep habits are shaped (53). Insufficient and poor 

sleep during this period of life may influence a child’s development stronger than at later 

ages (44). It is therefore of importance to know whether the associations observed in older 

children are already visible as early as in preschool age. The scarce evidence in this re-

search field shows the need for examining the potential association between sleep dura-

tion and behavioural symptoms and cognitive outcomes in preschool-aged children. Com-

bining a large amount of data from different European pregnancy and birth cohorts, we 

wanted to address this research gap in Publication II of the present doctoral thesis (54). 

3.2 Outline 

The overarching aim of this cumulative doctoral thesis is to examine if sleep duration has 

an influence on behavioural and cognitive outcomes in European preschool-aged and 

school-aged children. To address the current research gaps described previously, device-

measured sleep duration was the focus in Publication I and preschool-aged children were 

the focus in Publication II. Outcomes of interest were internalizing and externalizing be-

haviour in both publications as well as language and non-verbal intelligence in Publica-

tion II. 

For the analyses, data from the European Union Child Cohort Network (EUCCN) were 

used, specifically data from six cohorts: Avon Longitudinal Study of Parents and Children 

(ALSPAC), United Kingdom (55); Childhood Obesity Project (CHOP), Belgium, Ger-

many, Italy, Poland, Spain (56); Étude des Déterminants pré et postnatals du développe-

ment et de la santé de l’Enfant, (EDEN), France (57); Étude Longitudinale Française 

depuis l’Enfance (ELFE), France (58); INfancia y Medio Ambiente Project, (INMA), 

Spain (59); and Southampton Women’s Survey (SWS), United Kingdom (60). The 

EUCCN has been established by the Horizon 2020 project LifeCycle and is a consortium 

of 18 European and one Australian pregnancy and birth cohorts (61). Together, these 

cohorts cover a large part of the lifecycle, from the preconception period, through preg-

nancy until childhood and adolescence. In the course of the project a large amount of 

variables around different early life-stressors like socio-economic, lifestyle and environ-

mental factors, and different outcomes around cardiovascular, respiratory and mental 

health have been harmonized (62). The EUCCN is a findable, accessible, interoperable 

and reusable (FAIR) data resource (61). The harmonized data from each cohort is stored 

on local servers hosted by the participating institutions. After approval of the research 



Introduction 17 

proposal by the institution, researchers get access to the specific data and perform anal-

yses via a central analysis server using the R-based platform DataSHIELD (63). It allows 

joint analysis of data from different cohorts without the need to exchange data at an indi-

vidual level.  

The following two publications are part of this cumulative doctoral thesis: 

(I) Guerlich K, Gruszfeld D, Czech-Kowalska J, Ferré N, Closa-Monasterolo R, 

Martin F, Poncelet P, Verduci E, Koletzko B and Grote V. Sleep duration and 

problem behaviour in 8-year-old children in the Childhood Obesity Project. 

Eur Child Adolesc Psychiatry 31 (3): 519–527 (2022). 

https://doi.org/10.1007/s00787-021-01731-8  

(II) Guerlich K, Avraam D, Cadman T, Calas L, Charles MA, Elhakeem A, Fer-

nández Barrés S, Guxens M, Heude B, Ibarluzea J, Inskip H, Julvez J, Lawlor 

DA, Murcia M, Salika T, Sunyer J,Tafflet M, Koletzko B, Grote V and Plan-

coulaine S. Sleep duration in preschool age and later behavioral and cognitive 

outcomes: an individual participant data meta-analysis in five European co-

horts. Eur Child Adolesc Psychiatry 33 (1): 167-177 (2024). 

https://doi.org/10.1007/s00787-023-02149-0 

Each publication focused on a different sleep duration measurement method (device-

based measurement, parent-reported measurement) and a different age group (preschool 

children, primary school children). In the following, the specific aims of each publication 

are described more in detail. The full-texts of the two publications and the contribution 

of the applicant are listed in the separate chapters 5 to 7.  

(I) The aim of Publication I was to investigate the association of device-based 

measured sleep duration with behavioural outcomes (internalizing and exter-

nalizing behaviour) in schoolchildren aged 8 years from five European coun-

tries. Additionally, sleep duration differences between sex and countries were 

studied. Data from the CHOP study were used. 

(II) The aim of Publication II was to study the associations between parent-re-

ported sleep duration in preschool age (3.5 years) and behavioural problems 

and cognitive outcomes in 5-year-old children from five European birth-co-

horts. Additionally, sleep duration differences between countries were de-

scribed. Data from five cohorts were used: ALSPAC, EDEN, ELFE, INMA 

and SWS. 

https://doi.org/10.1007/s00787-021-01731-8
https://doi.org/10.1007/s00787-023-02149-0
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4. Publication list 

This cumulative doctoral thesis consists of the following two publications: 
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script based on input from co-authors 

• Preparation and submission of the manuscript to the Journal European Child & 
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• Revision of the manuscript based on peer-reviewers’ comments, point-by-point 

response to peer reviewers’ comments 

• Proof read of the accepted manuscript  
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