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Abstract in Greek 

Περίληψη 

Εισαγωγή: Γενετικοί και περιβαλλοντικοί παράγοντες έχει βρεθεί πως διαδραματίζουν 

σημαντικό ρόλο στη διαμόρφωση και ανάπτυξη του εγκεφάλου τόσο κατά την 

εμβρυική όσο και στη μεταγεννητική ζωή. Η διατροφή αποτελεί έναν από αυτούς τους 

παράγοντες που μπορεί να επιδρά στην έκφραση των γονιδίων του εγκεφάλου μέσω 

επιγενετικών μηχανισμών. Στα πρώτα χρόνια της ζωής μέχρι την προσχολική ηλικία, 

συμβαίνουν σημαντικές αλλαγές στον εγκέφαλο που θέτουν τις βάσεις για τη μετέπειτα 

συμπεριφορική και γνωσιακή ανάπτυξη του ατόμου. Ερευνητική υπόθεση της 

παρούσας διατριβής αποτελεί η μελέτη του πιθανού ρόλου της διατροφής μέχρι την 

προσχολική ηλικία στην παιδική νευροανάπτυξη. 

Ειδικοί Στόχοι:  

• Να μελετηθεί η διατροφή στη διάρκεια της εγκυμοσύνης διερευνώντας 

παράγοντες, όπως είναι το χαμηλό βάρος γέννησης, ο πρόωρος τοκετός, και η 

διάρκεια κύησης, που καθορίζουν την μελλοντική ψυχοκινητική ανάπτυξη του 

παιδιού.  

• Να διερευνηθεί η συσχέτιση της διάρκειας του θηλασμού με την ψυχοκινητική 

ανάπτυξη των παιδιών.  

• Να διερευνηθούν οι διατροφικές συνήθειες στην πρώιμη παιδική ηλικία (2-4 

ετών), με τη χρήση σταθμισμένου ημι-ποσοτικού ερωτηματολογίου διατροφής 

καθώς και το πώς αυτές επηρεάζονται απο διάφορους κοινωνικο-

δημογραφικούς παράγοντες. 

• Να μελετηθεί η σχέση της διατροφής του παιδιού με την ψυχοκινητική του 

ανάπτυξη στην ηλικία των 4 ετών.  

• Να διερευνηθεί η επίδραση που έχουν οι διατροφικές συμπεριφορές των 

παιδιών στους διάφορους τομείς της ελλειματικής προσοχής στην ηλικία των 4 

ετών. 

Μεθοδολογία: Για τη μελέτη της διατροφής στη διάρκεια της εγκυμοσύνης 

πραγματοποιήθηκε μια μελέτη (case study) σε συνεργασία με 19 Ευρωπαϊκές μελέτες 

μητέρας-παιδιού με συνολικό πληθησμό 151.880 έγκυες γυναίκες. Στα δεδομένα που 

συλλέχθηκαν από τις διάφορες χώρες πραγματοποιήθηκε εναρμονισμός και 

μετανάλυση. Τα δεδομένα για τη μελέτη του ρόλου της διατροφής στην νευροανάπτυξη 
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των παιδιών στα πρώτα χρόνια της ζωής προήλθαν από τη μελέτη Μητέρας Παιδιού 

Κρήτης, Μελέτη ΡΕΑ. Χρησιμοποιήθηκαν δεδομένα για περίπου 1.000 έγκυες 

γυναίκες και των παιδιών τους. Πληροφορίες για τις πρακτικές θηλασμού συλλέχθηκαν 

με ερωτηματολόγια στους 9 και 18 μήνες ζωής. Η συλλογή των διατροφικών 

δεδομένων των παιδιών στην ηλικία των 4 ετών πραγματοποιήθηκε με τη χρήση ημι-

ποσοτικών ερωτηματολογίων διατροφής. Για την εκτίμηση της διατροφικής 

συμπεριφοράς των παιδιών χρησιμοποιήθηκε ένα ερωτηματολόγιο (Children’s Eating 

Behaviour Questionnaire (CEBQ)) που συμπληρώθηκε από τους γονείς, οι οποίοι 

απάντησαν σε ερωτήσεις που αφορούν σε συμπεριφορές του παιδιού τους σε σχέση με 

το φαγητό. Ειδικά εκπαιδευμένοι ψυχολόγοι αξιολόγησαν την ψυχοκινητική ανάπτυξη 

των παιδιών χρησιμοποιώντας τις Κλίμακες βρεφικής και νηπιακής ανάπτυξης (Bayley 

III) στους 18 μήνες και τις Κλίμακες Εκτίμησης Παιδικών Δεξιοτήτων (McCarthy 

Scales of Children's Abilities) στην ηλικία των 4 ετών. Επίσης στην ηλικία των 4 ετών 

έγινε αξιολόγηση ελλειμματικής προσοχής-υπερκινητικότητας των παιδιών (Gilliam, 

1995) με κλίμακα που συμπληρώθηκε από τους γονείς αυτών.  

Αποτελέσματα: 1) Στη διάρκεια της εγκυμοσύνης προέκυψε από τη συνεργασία 19 

Ευρωπαϊκών μελετών μητέρας-παιδιού ότι οι γυναίκες που καταναλώνουν ψάρι 

περισσότερο από μια φορά την εβδομάδα έχουν μικρότερο κίνδυνο να γεννήσουν 

πρόωρα. Επιπρόσθετα, οι έγκυες γυναίκες που καταναλώνουν ψάρι πάνω από τρείς 

φορές την εβδομάδα βρέθηκε ότι είναι πιο πιθανό να γεννήσουν μωρά με αυξημένο 

βάρος κατά 15.2 γραμμάρια σε σχέση με εκείνες που καταναλώνουν ψάρι λιγότερο από 

μια φορά την εβδομάδα. 2) Η διάρκεια του θηλασμού (σε μήνες) βρέθηκε να 

συσχετίζεται θετικά με όλες τις κλίμακες της νευροανάπτυξης, εκτός της αδρής 

κινητικότητας, όταν τα παιδιά ήταν 18 μηνών. Για κάθε επιπλέον μήνα θηλασμού τα 

παιδιά παρουσίασαν καλύτερη επίδοση στην γνωστική κλίμακα, την κλίμακα 

κατανόησης του λόγου, την κλίμακα έκφρασης του λόγου και την κλίμακα λεπτής 

κινητικότητας. Επιπλέον, βρέθηκε ότι τα παιδιά που θήλασαν πάνω από 6 μήνες 

παρουσίασαν καλύτερη επίδοση στην κλίμακα λεπτής κινητικότητας σε σύγκριση με 

τα παιδιά που δεν θήλασαν ποτέ. 3) Στην προσχολική ηλικία προσδιορίστηκαν 3 

διατροφικά πρότυπα: το ‘Μεσογειακό’, το ‘Πρόχειρο’ και το ‘Δυτικό’ πρότυπο 

διατροφής. Τα αποτελέσματα αυτής της ανάλυσης έδειξαν ότι τα παιδιά που πήγαιναν 

παιδικό σταθμό και περνούσαν περισσότερο χρόνο με τη μητέρα τους (≥ 2 ώρες/ημέρα) 

ήταν πιο πιθανό να ακολουθούν το ‘Μεσογειακό’ πρότυπο διατροφής. Το ‘Πρόχειρο’ 

πρότυπο σχετίστηκε θετικά με το χαμηλό εκπαιδευτικό επίπεδο των γονιών και την 
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πρώιμη εισαγωγή σε στερεά τροφή για βρέφη (<6 μήνες). Τέλος, το ‘Δυτικό’ 

διατροφικό πρότυπο είχε θετική συσχέτιση με το παθητικό κάπνισμα και την 

παρακολούθηση τηλεόρασης. 4) Στην ανάλυση όπου ελέγχθηκε η συσχέτιση των 

διατροφικών προτύπων με την νευροανάπτυξη των παιδιών στην ηλικία των 4 ετών, 

βρέθηκε ότι τα παιδιά που ακολουθούσαν το ‘Πρόχειρο’ πρότυπο διατροφής είχαν 

χαμηλότερο σκορ στην κλίμακα της λεκτικής ικανότητας καθώς και στη γενική 

γνωστική ικανότητα. Αρνητική ήταν και η επίδραση του ‘Δυτικού’ προτύπου 

διατροφής σε όλες σχεδόν τις κλίμακες της νευροανάπτυξης, χωρίς όμως να είναι η 

συσχέτιση αυτή στατιστικά σημαντική κατόπιν ελέγχου πολλών κοινωνικο-

δημογραφικών χαρακτηριστικών των γονιών και των παιδιών τους. 5) Στην 

προσχολική ηλικία βρέθηκε ότι οι διατροφικές συμπεριφορές των παιδιών σχετίζονται 

θετικά με συμπτώματα του συνδρόμου ελλειματικής προσοχής. Πιο συγκεκριμένα, οι 

δεκτικές προς το φαγητό συμπεριφορέs (π.χ. συναισθηματική υπερφαγία) είχαν θετική 

συσχέτιση με την παρορμητικότητα, την ανικανότητα συγκέντρωσης και την 

υπερκινητικότητα που παρουσίαζαν αυτά τα παιδιά. 

Συμπεράσματα: Συνοψίζοντας όλα τα παραπάνω, η διατροφή στα πρώτα χρόνια της 

ζωής φαίνεται να επηρεάζει την ψυχοκινητική ανάπτυξη των παιδιών. Η διερεύνηση 

των διατροφικών συνηθειών και η έγκαιρη διαπίστωση ψυχοκινητικών δυσκολιών ή 

συμπτωμάτων ελλειματικής προσοχής αποτελούν αναγκαίο εργαλείο στα χέρια των 

επιδημιολόγων και διατροφολόγων προκειμένου να επιτευχθεί η προάσπιση της 

δημόσιας υγείας τόσο σε επίπεδο πρόληψης όσο και παρέμβασης. Περαιτέρω 

παρακολούθηση των παιδιών σε μεγαλύτερες ηλικίες είναι απαραίτητες προκειμένου 

να επιβεβαιωθούν και ισχυροποιηθούν τα παραπάνω συμπεράσματα.  
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Abstract in English 

Introduction: During fetal and early postnatal life genetic and environmental factors 

play an equally critical role in the shaping of brain growth and development. 

Environmental determinants such as nutrition can have direct effect on gene expression 

in brain through epigenetic mechanisms. The preschool years is a time of rapid and 

dramatic changes in the brain, and it is time for acquisition of fundamental cognitive 

and behavioral changes. The research hypothesis of the present thesis is that early life 

nutrition starting in pregnancy up to preschool age may be associated with children’s 

neurodevelopment.  

Specific Objectives: 

• To evaluate the association of diet during pregnancy with fetal growth, length of 

gestation, birth weight as strong predictors of children’s future 

neurodevelopment.  

• To investigate the role of breastfeeding initiation and duration in infant mental 

and psychomotor development, in Crete, Greece. 

• To identify the dietary patterns followed by Greek preschool children with the 

use of validated Food Frequency Questionnaire (FFQ) and to examine the 

influence of multiple socio-demographic characteristics and lifestyle factors on 

children’s diet. 

• To examine the impact of children's dietary patterns on cognitive and 

psychomotor development at preschool age. 

• To investigate in depth the association of eating behaviours with Attention 

Deficit Hyperactivity Disorder symptoms in a population-based sample of 

Greek preschool children.  

Methods: In order to investigate diet during pregnancy, a case study was performed in 

collaboration with 19 European birth cohort studies including 151.880 pregnant 

women. A 2 stage approach was used to assess the association of fish intake during 

pregnancy with birth outcomes. First associations were analyzed at a cohort level and 

second, cohort specific effect estimates were combined by using meta-analysis. 

Data originated from the Rhea mother-child cohort were used to examine the role of 

nutrition on children’s neurodevelopment up to preschool age, including 1000 women 

and their children. Information on breastfeeding practices was collected at the 9th month 

postpartum, and this information was updated at the age of 18 months with the use of 
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questionnaires. Dietary assessment at 4 years of age was performed with the use of a 

validated semi-quantitative FFQs. For the assessment of children’s eating behaviour in 

preschool age we used the Children’s Eating Behaviour Questionnaire (CEBQ). This 

instrument was designed to be completed by parents referring to children’s eating 

behavior. Children’s neurodevelopment was assessed by trained psychologists, with the 

use of Baykey III at 18 months and with the McCarthy Scales of Children’s Abilities at 

age 4 years. The ADHD symptoms in preschool children were assessed with the 36-

item ADHD interview test (ADHDT) as developed by Gilliam in 1995. Parents 

completed the interview, which is based on the Diagnostic and Statistical Manual of 

Mental Disorders (DSM-IV) criteria for ADHD.  

Results: 1) Diet during pregnancy was investigated in a case study performed in 

collaboration of 19 European birth cohort studies and it was observed that women who 

ate fish more than once a week during pregnancy had a lower risk of preterm birth 

compared with women who rarely ate fish (once a week or less). In addition, women 

with a higher intake of fish during pregnancy gave birth to neonates with higher birth 

weight by 15.2g for more than 3 times a week compared to those that consumed fish 

less than once a week. 2) Longer duration of breastfeeding duration (in months) was 

associated with increased scores in the scales of cognitive, language, and fine motor 

development at 18 months of age. For every additional month of breastfeeding children 

had increased scores in the neurodevelopmental scales. Children who were breastfed 

longer than 6 months had 4.44 points increase in the scale of fine motor development 

compared with those never breastfed. 3) Three dietary patterns were identified in 

preschool age: the ‘mediterranean’, the ‘snacky and the ‘western’ pattern. Preschool 

attendance and increased time spent with the mother (≥ 2 hours/day) was positively 

associated with the ‘mediterranean’ pattern. Lower parental education, maternal age 

and earlier introduction to solid foods (< 6 months) were positively associated with the 

‘snacky’ pattern. Higher scores on the ‘western’ type diet were associated with 

exposure to passive smoking and TV watching. 4) The following study includes the 

investigation of the association of dietary patterns with child cognitive and 

psychomotor development in preschool children. In this analysis, children who 

followed the ‘snacky’ pattern had lower scores in the scale of verbal ability, general 

cognitive and cognitive functions of posterior cortex. In the minimally adjusted model, 

the ‘western’ type diet was also associated with lower scores in almost all 

neurodevelopmental scales but these associations were attenuated with further 
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adjustment for maternal and child characteristics. 5) In preschool age a positive 

association was observed between children’s eating behavior with ADHD symptoms. 

In particular, food approach behaviors such as food responsiveness and emotional 

overeating were positively associated with impulsivity, inattention and hyperactivity.  

Conclusions: In summary, findings in the present thesis support that nutrition in early 

life may affect neurodevelopment in infancy and childhood. The investigation of 

dietary patterns and the early recognition of neurodevelopmental problems or ADHD 

symptoms can provide an avenue for prevention and intervention policies and thus lead 

to more effective management of these problems in early childhood. The long term 

follow up is needed to better understanding the relation between nutrition and 

neurodevelopment.  
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1. General Introduction 

Early life nutrition has a significant impact on the maintenance of lifelong health 

(Godfrey and Barker 2000). The fetal origins of adult disease model, known as ‘early 

life programming’ was originally proposed by Barker in an effort to explain the 

observed associations between undernutrition of the fetus, low birth weight (<2.500 

grams) and a higher risk for chronic diseases in later life such as cardiovascular disease, 

diabetes and metabolic syndrome (Barker 1995). Although low birth weight was 

initially considered as the primary indicator of altered fetal development within this 

model, other measures of fetal growth later emerged as equally relevant. Over recent 

decades, much progress has been made towards the understanding of the way in which 

metabolic tissues and physiological systems develop, and the impact of early life 

nutrition on these processes (Martinez, Cordero et al. 2012). A substantial body of 

epidemiological evidence suggests that an adverse intrauterine environment, elicited by 

maternal dietary or placental insufficiency, may “program” susceptibility of the fetus 

to later development of cardiovascular or metabolic diseases such as obesity, 

hypertension, insulin resistance and type 2 diabetes (Gluckman, Hanson et al. 2008; 

Symonds, Sebert et al. 2009), as well as neurocognitive disorders (Bale, Baram et al. 

2010). This concept is known as ‘early nutrition’ programming, and has gained broad 

recognition among researchers (Demmelmair, von Rosen et al. 2006), as increasing 

evidence shows that diet, breastfeeding, and complementary feeding may have an 

irreversible impact on child development and long-term health (Lucas 2005; 

Demmelmair, von Rosen et al. 2006). 

Psychiatric research has been inspired by the model of the developmental origins of 

health and disease (DOHaD) which links fetal development to an unfavorable 

environment with non-communicable diseases in later life (Gluckman, Hanson et al. 

2010). Such research aims to provide insight in the etiology of mental disorders as a 

consequence of nutritional insults during pregnancy and early life. Recent 

epidemiological studies have shown that prenatally under nourished individuals (e.g. 

those exposed to Dutch Hunger Winter of 1944–45 and 1959-61 Chinese famines) are 

at higher risk to develop schizophrenia in adult life (Brown and Susser 2008; Xu, Sun 

et al. 2009). Various scenarios implicate the potential role of epigenetic programming 

in risk for schizophrenia related to nutritional deficiency. Individuals with prenatal 
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exposure to famine, demonstrated reduced DNA methylation of the imprinted IGF2 

(insulin-like growth factor II) gene compared to those non-exposed, supporting that 

early life programming causes epigenetic changes that persist over time (Heijmans, 

Tobi et al. 2008). 

 

Figure 1. How early life nutrition may affect health, through epigenetic mechanisms.  

There is increasing major public health interest about the concept of early nutrition 

programming, while statements reflecting this concept are appearing in policy 

documents, leaflets, research publications and other documents. The study design of 

population-based prospective cohort studies starting early in pregnancy or at birth, 

provide the opportunity to understand mechanisms involved in disease predisposition. 

Birth cohorts have important strengths in that they collect data prospectively on many 

covariates and follow children for several years after birth, thereby providing insights 

into developmental problems at birth as well as in the first years of life. Although 

associations between early nutritional status and later neurodevelopmental disorders 

have been established, little is known about their underlying causes, including the role 

played by maternal nutrition during pregnancy and infant feeding practices. 

1.1 The impact of early life nutrition on child neurodevelopment 

1.1.1 Diet during pregnancy 
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Current research has provided interesting findings supporting the association of poor 

nutrition during pregnancy with adverse developmental outcomes in children, including 

impaired cognitive functions, deficits in attention and behavioral problems (Liu and 

Raine 2006). Deficiencies of key micronutrients such as fatty acids, iron, iodine, zinc, 

choline and B vitamins during the brain growth spurt, which occurs in the last trimester 

of pregnancy and the first 2 years of life, may have lasting effects on neurodevelopment 

(Prado and Dewey 2014). 

The n-3 fatty acid docosahexaenoic acid (DHA) and n-6 fatty acid arachidonic acid 

(AA) are the major long chain polyunsaturated fatty acids (LC-PUFAs). Their 

metabolism can influence many aspects of brain development, including neuronal 

migration, axonal and dendritic growth, and the creation, remodelling and pruning of 

synaptic connections. Animal studies have shown that both neural integrity and 

function can be permanently disrupted by deficits of n-3 fatty acids during fetal and 

neonatal development (Innis 2007). Reduced DHA has been associated with cognitive 

and behavioural dysfunctions in newborn infants (Uauy, Hoffman et al. 2003). 

Although both n-6 and n-3 fatty acids are essential, the n-3 fatty acids such as DHA 

appear to play a special role in highly active sites such as synapses and photoreceptors, 

and deficiencies have particularly been linked to visual and cognitive deficits. An 

enhanced prenatal AA and DHA intake is possible to lead to improved 

neurodevelopmental outcomes in infants (Hadders-Algra, Bouwstra et al. 2007) and 

children (Campoy, Escolano-Margarit et al. 2011; Escolano-Margarit, Ramos et al. 

2011). However, recent reviews have concluded to no clear long lasting benefit of LC-

PUFAs supplementation during pregnancy (Dziechciarz, Horvath et al. 2010; Gould, 

Smithers et al. 2013). 

DHA is predominantly concentrated in fish, along with other nutrients considered to be 

beneficial for fetal growth and offspring neurodevelopment, including protein, 

selenium, iodine and vitamin D (Starling, Charlton et al. 2015). Fetal development and 

birth outcomes like SGA or preterm birth have been well documented to be the most 

significant predictors of poor long term neurodevelopment (Arcangeli, Thilaganathan 

et al. 2012; Xiong, Gonzalez et al. 2012). Recent randomized clinical trials (Hauner, 

Much et al. 2012; Carlson, Colombo et al. 2013), and reviews have suggested that 

maternal n-3 supplementation during pregnancy is associated with small but significant 
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increases in the length of gestation and infant birth size(Szajewska, Horvath et al. 2006; 

Salvig and Lamont 2011), whilst other birth cohort studies have consistently reported 

positive associations between maternal fish intake in pregnancy and neurodevelopment 

in infancy or childhood (Daniels, Longnecker et al. 2004; Oken, Wright et al. 2005; 

Hibbeln, Davis et al. 2007; Oken, Osterdal et al. 2008; Oken, Radesky et al. 2008; 

Mendez, Torrent et al. 2009). At the same time, fish is a well-known route of exposure 

to pollutants such as dioxins, polychlorinated biphenyls (PCBs), methyl mercury, and 

other heavy metals which may adversely affect fetal growth and birth outcomes (Myers, 

Davidson et al. 2003; Oken, Radesky et al. 2008). Therefore, pregnant women are 

usually facing conflicting reports on the risks and benefits of fish intake, resulting in 

controversy and confusion over the place of fish consumption in a healthy diet in 

pregnancy. 

As previously mentioned important nutrients during pregnancy associated with brain 

development also include iron, iodine and folic acid. Animal studies have reported that 

iron deficiency in utero or in early postnatal life alters neurogenesis and differentiation 

of brain cells and regions and also alters dopamine and norepinephrine metabolism, 

therefore affects neurodevelopmental functions(Lozoff, Beard et al. 2006). A recent 

systematic review that examined the effect of iron supplementation in pregnant women 

reported modest effects on their children’s psychomotor development but no effects on 

their mental and behavioral development(Szajewska, Ruszczynski et al. 2010), whilst 

other studies have found no evidence on the beneficial role of maternal iron status on 

children’s cognitive development (Zhou, Gibson et al. 2006). Iodine deficiency has also 

been extensively researched with many studies supporting that severe iodine deficits 

during pregnancy are associated with poor cognitive development, mental retardation 

and hearing impairment (Zimmermann 2009). However, findings are discrepant in 

cases of mild-moderate maternal iodine deficiency with no as clear effects as in severe 

deficiency(Zimmermann 2007). Finally, many researchers have investigated the role of 

folic acid during pregnancy. Animal studies have shown that folic acid plays an 

important role in early brain development as it influences neuronal and glial growth and 

proliferation, and can affect the synthesis and release of neurotransmitters such as 

dopamine, adrenaline and serotonin. Results from studies in humans suggest that folic 

acid use early in pregnancy may be associated with reduced risk for autistic disorder 

(Suren, Roth et al. 2013) and severe language delay in children (Roth, Magnus et al. 
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2011). High doses of folate early in pregnancy may also be associated with enhanced 

vocabulary development, communicational skills and verbal comprehension in infancy 

(Chatzi, Papadopoulou et al. 2012). However, further research is needed for more 

conclusive results and parameters such as and should take into account timing of 

nutrient deficiency, supplementation and severity of deficiency should be taken into 

account.  

Maternal dietary habits have undergone many changes during the last years shifting to 

a more ‘western’ type diet that is widespread in modern societies. The dramatic increase 

in the consumption of processed foods high in saturated fats and added sugar have led 

to a situation in which developing foetus is exposed to an unfavourable environment. 

Animal studies have demonstrated that when rats were fed a high fat diet, it altered the 

development of the foetus hippocampus(Niculescu and Lupu 2009) and affected the 

activation of the sympathetic nervous system, leading to neurobehavioral 

disturbances(Fernandes, Grayton et al. 2012). A large population-based birth cohort 

study recently reported that children whose mothers followed an ‘unhealthy’ pattern 

(high in fat and sugar foods) during pregnancy, were at higher risk for externalizing 

problems(Jacka, Ystrom et al. 2013). This finding was also observed by another birth 

cohort reporting that the less ‘healthy’ maternal pattern (high in processed foods) was 

positively associated with higher levels of externalizing in offspring(Steenweg-de 

Graaff, Tiemeier et al. 2014).  

These studies not only point out that maternal diet is a potential predictor of offspring’s 

health but also highlight the potential of dietary interventions during pregnancy as a 

key strategy for improving health in children. It seems plausible that mental illnesses 

later in life can be potentially preventable by promoting specific lifestyle factors and 

dietary behaviours in early life instead of using established psycho-therapeutic 

approaches. 

1.1.2 Breastfeeding 

Several studies have consistently pointed out that breastfeeding includes a range of 

nutritional advantages and provides many important health benefits to both babies and 

mothers (Hamosh 2001; Picciano 2001). The World Health Organization (WHO) 

considers exclusive breastfeeding for the first 6 months of life to be the optimal method 
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for infant feeding, a recommendation that is also supported by the American Academy 

of Pediatrics (Gartner, Morton et al. 2005). Breastfeeding is also recommended for at 

least two years and for as long thereafter as mother and child desire it. However, the 

frequency and duration of breastfeeding in Crete, Greece is relatively low compared to 

WHO recommendations (Ladomenou, Kafatos et al. 2007; Vassilaki, Chatzi et al. 

2014). 

Breast milk contains the ideal amounts of fatty acids, lactose, water and amino acids 

for human digestion, brain development, and growth, as well as, many bioactive 

ingredients, such as cytokines, nucleotides, hormones and growth factors (Picciano 

2001). One of the differences between human milk and commercially available 

formulas, is its high content of DHA, a major form of n-3 LC-PUFA, well known for 

its beneficial effects on neurotransmission, neurodevelopment, and particularly visual 

acuity(McCann and Ames 2005; Koletzko, Lien et al. 2008; Jensen and Lapillonne 

2009). On the other hand, recent meta-analysis of randomized trials with infant 

formulas supplemented with long-chain polyunsaturated fatty acids (LC-PUFAs) have 

generally not found any significant effects on either mental and psychomotor (Simmer, 

Patole et al. 2011), or visual and cognitive development (Qawasmi, Landeros-

Weisenberger et al. 2012; Qawasmi, Landeros-Weisenberger et al. 2013).  

The role of breast milk on cognitive development has attracted research interest since 

the first observation made by Hoefer and Hardy in 1929 (Hoefer and Hardy 1929). 

Several systematic reviews have tried to summarize the effect of breastfeeding on child 

mental and psychomotor development but their findings are inconsistent (Anderson, 

Johnstone et al. 1999; Drane and Logemann 2000; Der, Batty et al. 2006). Some 

researchers support that breastfed children have higher scores on cognitive abilities, as 

compared to never breastfed (Anderson, Johnstone et al. 1999), while at the same time  

others support that the observed associations are heavily influenced by maternal 

cognitive ability, socioeconomic and psychosocial factors with little or no effect of 

breastfeeding itself on cognitive development (Drane and Logemann 2000; Walfisch, 

Sermer et al. 2013). In a large trial where prolonged and exclusive breastfeeding was 

promoted in the experimental group, the children from that group had better cognitive 

development compared to the control group at the age of 6.5 years (Kramer, Aboud et 

al. 2008). Most studies are in the same direction providing evidence for the positive 
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effect of breastfeeding on children’s neurodevelopment with only a few focusing at 

early ages (<2 years of age)(Sacker, Quigley et al. 2006; Dee, Li et al. 2007; Chiu, Liao 

et al. 2011; Guxens, Mendez et al. 2011). Further research is needed in order to support 

the beneficial role of breastfeeding initiation and duration on children’s cognition and, 

thus, enhance national public health policies. 

1.1.3 Diet in childhood 

Early childhood is a significant period for the establishment of dietary habits, since 

dietary preferences are first established, laying the formation of adult eating habits 

(Birch, Savage et al. 2007; Ventura and Worobey 2013). Dietary choices in the first 

years of life have been associated with multiple health outcomes (Smithers, Golley et 

al. 2011). Unhealthy dietary patterns in early life, with high fat and low fibre foods, 

have been positively associated with greater risk of childhood obesity (Ambrosini 

2014) and negatively associated with cognitive development (Northstone, Joinson et al. 

2012). At the same time, many different factors are possible to influence food habits in 

a complex way. Home environment, parents, socioeconomical aspects and prevailing 

lifestyles are some of the factors that affect children’s food preferences. As dietary 

patterns are likely to be age-specific, understanding early life dietary choices is of great 

interest in terms of developing strategies that will ensure healthy nutrition in early 

childhood. 

Most studies on school-aged children have so far indicated the role of specific foods or 

nutrients on neurodevelopment (Bryan, Osendarp et al. 2004; McAfee, Mulhern et al. 

2012). In particular, diets with inadequate intake of cereal, milk, meat and fish products 

contribute to low levels of micronutrients, such as omega-3 fatty acids, vitamin B12, 

folic acid, zinc, iron and iodine, that may be responsible for children’s cognitive 

impairment (Anjos, Altmae et al. 2013). A diet low in protein intake is possible to cause 

impairment of neurotransmission and brain development.  Undernourished children (<3 

years of age) usually have impaired behaviour and lower school achievements, whereas 

protein supplementation studies have indicated the beneficial effects on their 

development(Grantham-McGregor and Baker-Henningham 2005). Other studies have 

also supported the important role of regular meals in order to continuously supply brain 

with the required glucose(Bellisle 2004). Glucose metabolism increases from birth up 

to 4 years of age and remains high until 9-10 years old. Thus, children are more 
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vulnerable to the overnight fasting, and breakfast is crucial to provide the adequate fuel 

for brain in children. Holey and Dye recently supported with their review that having 

breakfast may enhance cognitive development, especially in malnourished children 

(Hoyland, Dye et al. 2009). 

However, the study of isolated foods or nutrients fails to reveal their synergistic role on 

individual’s diet. The use of dietary patterns allows the combination of foods usually 

eaten together and the exploration of the whole diet(Smith, Emmett et al. 2013). 

Currently the most common method to obtain dietary patterns is the Principal 

component analysis (PCA), a statistical method that groups individual foods and 

nutrients and describes specific patterns. A number of studies have examined dietary 

patterns in infancy and toddlerhood (Robinson, Marriott et al. 2007; Ystrom, Niegel et 

al. 2009; Smithers, Brazionis et al. 2012; Bell, Golley et al. 2013; Kiefte-de Jong, de 

Vries et al. 2013; Okubo, Miyake et al. 2014), with only a few being focused at 

preschool age (North and Emmett 2000; Aranceta, Perez-Rodrigo et al. 2003; 

Theodore, Thompson et al. 2006; Wall, Thompson et al. 2013). Although the type and 

number of identified patterns in preschoolers’ vary among studies, three main patterns 

have been observed in literature. These patterns have been described as ‘healthy’, ‘less 

healthy’ and ‘traditional’. Several parental socio-demographic and lifestyle 

characteristics have been associated with the adoption of specific dietary patterns in 

early childhood. Lower levels of maternal education (North and Emmett 2000; 

Aranceta, Perez-Rodrigo et al. 2003; Northstone and Emmett 2013; Wall, Thompson et 

al. 2013) and the presence of older siblings(North and Emmett 2000) have been 

associated with ‘less healthy’ diets. On the other hand, breastfeeding has been 

positively associated with the adoption of a ‘healthy’ dietary pattern in childhood 

(Grieger, Scott et al. 2011). 

In addition, limited number of studies have investigated the impact of children’s diet as 

a whole on cognitive development (Gale, Martyn et al. 2009; Northstone, Joinson et al. 

2012; Smithers, Golley et al. 2012). Birth cohort studies in infants aged 6, 12, 15 and 

24 months reported that those who followed the ‘breastfeeding’ and the ‘home made’ 

pattern had increased Intelligence Quotient (IQ) scores at 4 and 8 years of age(Gale, 

Martyn et al. 2009; Smithers, Golley et al. 2012). A cross sectional study performed by 

Theodore and colleagues observed that children with high consumption of breads and 

cereals and fish at 3.5 and 7 years of age had higher IQ scores(Theodore, Thompson et 
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al. 2009). Half of the children included in this study were born small for gestational age 

and generalizability of the results to other populations is rather difficult. On the other 

hand, a ‘processed’ (high fat and sugar content) pattern of diet at 3 years of age was 

negatively associated with IQ assessed at 8.5 years of age in the ALSPAC cohort in 

UK(Northstone, Joinson et al. 2012). Since PCA method is data-driven, results from 

literature cannot be extrapolated to other populations. Thus, it is essential to investigate 

the association of diet as a whole, with children’s neurodevelopment in the Greek 

population.  

1.1.4 Children’s eating behaviour 

Attention Deficit Hyperactivity Disorder (ADHD) has a prevalence rate in children of 

7.2% worldwide (Thomas, Sanders et al. 2015), with boys being more affected than 

girls(Silva, Colvin et al. 2014). Inattention, impulsivity and hyperactivity are well 

known symptoms of ADHD, predominantly detected in early childhood, that are likely 

to persist over time, into adolescence and adulthood. While the etiology of ADHD is 

multidimensional and still remains unclear, higher rates of eating pathology have 

implicated such as overeating (eating a large amount of food), or binge eating 

(overeating with loss of control). 

There is considerable evidence suggesting that genetic(Banaschewski, Becker et al. 

2010), environmental factors (Froehlich, Anixt et al. 2011; Silva, Colvin et al. 2014) 

and dietary factors (Millichap and Yee 2012; Heilskov Rytter, Andersen et al. 2015) 

are likely to be relevant with the occurrence of ADHD. For the last decade, most of the 

interest in childhood eating patterns has been driven by identifying risk patterns for 

later obesity (Cortese and Castellanos 2014). Several studies have pointed out the 

potential contributing role of disturbed eating behaviours such as overeating, binge 

eating, and bulimic behaviours to the association between obesity and ADHD (Cortese 

and Vincenzi 2012; Docet, Larranaga et al. 2012; Nazar, Suwwan et al. 2014). Existing 

findings have also highlighted the association between ADHD symptoms, overeating 

behaviours and adverse outcomes like excess weight gain (Davis, Levitan et al. 2006).  

The investigation of children’s behavioural characteristics is also very challenging, 

since early life behavioural styles are strong predictors of individual’s psychopathology 

in later life (Caspi, Harrington et al. 2003). Longitudinal studies focusing on early life 

behavioural characteristics are essential in order to determine whether specific 
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individual characteristics are associated with the development of disturbed eating 

patterns in childhood and their maintenance into adolescence and adulthood (Hartmann, 

Czaja et al. 2010). An in depth understanding of the association between ADHD and 

its core features and disturbed eating patterns in children is lacking, despite evidence of 

this association. A very recent population study, including male participants aged 6-10 

years old, reported that children with ADHD had irregular meals, ate more than 5 times 

per day and consumed a lot of sweetened drinks during the day(Ptacek, Kuzelova et al. 

2014). A positive association between ADHD and binge eating has been shown cross-

sectionally in children aged 10 years old (Cortese, Bernardina et al. 2007; Reinblatt, 

Leoutsakos et al. 2014) and longitudinally(Sonneville, Calzo et al. 2015). To our 

knowledge, there is one study that has evaluated the association between eating 

behaviours with childhood psychopathology which included emotional, behavioural 

and pervasive developmental disorders. This study showed that picky eating was 

positively associated with all domains of psychopathology among children aged 5 to 7 

years, but unfortunately ADHD was not studied in depth (Micali, Simonoff et al. 2011).  

Although it is difficult to fully decipher the direction of the association between ADHD, 

eating behaviours and obesity, an in depth understanding of this association can not 

only help preventative efforts for weight gain and obesity but can also help us 

understand the risk mechanisms.  

2. Hypothesis and aims of the present thesis 

Hypothesis 

The main hypothesis of the present thesis is that maternal and infant nutrition have a 

critical role in children’s brain function and neurodevelopment later in life. The 

identification of dietary factors along with a large number of confounding factors that 

can result in both immediate and long-term neurological impairment are of particular 

importance. The publications included in the present thesis are focused in different 

critical periods of life from pregnancy up to early childhood. 
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Figure 2. An overview of the research hypothesis studied in this thesis. 

Aims 

Although, the important role of nutrition in neurodevelopment is well documented, diet 

from pregnancy through childhood and its association with neurodevelopment in 

infancy and childhood is an area that remains under researched. Findings from current 

literature remain inconclusive, with numerous inconsistencies and limitations. Stronger 

evidence is required to support optimal maternal diet that will shield the offspring’s 

development. Few birth cohorts have enough statistical power to examine the effects of 

sub-categories of fish intake during pregnancy and adverse birth outcomes, as early 
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predictors of later neurodevelopment. The pooled analysis of existing studies conducted 

in different countries provide a practical approach when studying the health effects of  

during pregnancy leading to more robust evidence on the risks or benefits of nutrition 

in pregnant women. In addition, further research is needed on infant feeding practices 

since most of the studies, which have examined the effect of breastfeeding on cognitive 

development, have included participants from highly selected groups, such as preterm-

born infants or with low birth weight, and it is not clear whether these results can be 

extrapolated to general population. Furthermore, nutrition in childhood has been 

investigated by limited number of studies. Current research has mainly focused to 

examine the role of isolated foods or nutrients instead of dietary patterns on children’s 

neurodevelopment. To our knowledge, no studies have so far investigated in depth the 

association of eating behaviours with ADHD. 

The concept that diet of pregnant women, infants and children could have long lasting 

effects on neurodevelopment has major implications for public health practice. 

Interventions to enhance better nutrition in early life is possible to lead to more cost-

effective approaches in the prevention and management of mental health problems in 

later life. In addition the identification of specific population groups with dietary 

deficiencies may warrant targeted nutrition policies. 

Given this gap in research the overall aim of the present thesis is to evaluate the effect 

of diet during pregnancy, infancy and early childhood on neurodevelopment within the 

only Greek mother-child birth cohort study to date, the RHEA study and other European 

population based birth cohort studies. 

The specific objectives are: 

• To evaluate the association of diet during pregnancy with fetal growth and length 

of gestation as strong predictors of children’s neurodevelopment, in the 

framework of a European collaboration project (Paper 1) 

• To evaluate the levels of breastfeeding initiation and duration in Crete, Greece 

and investigate the role of breastfeeding duration in infant mental and 

psychomotor development, in the Rhea mother-child cohort (Paper 2) 

• To identify the dietary patterns followed by Greek preschool children with the 

use of a validated Food Frequency Questionnaire (Paper 3) and to examine the 
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influence of multiple socio-demographic characteristics and lifestyle factors on 

children’s diet, in the Rhea mother-child cohort (Paper 4),  

• To examine the impact of children's dietary patterns on cognitive and 

psychomotor development at preschool age, in the Rhea mother-child cohort 

(Paper 5) 

• To investigate in detail for the first time the association of eating behaviours with 

ADHD symptoms in a population-based sample of Greek preschool children 

(Paper 6) 

3. Methods 

This section provides a summary of the methods used in the research papers included 

in this thesis. This thesis is based on data are derived from a large European 

collaboration project and from the Rhea mother-child cohort. Further details can be 

found in the papers presented in the results section. 

3.1 Study Design 

European collaboration project 

A case study was conducted within the framework of CHICOS (Child Cohort Research 

Strategy for Europe, www.chicosproject.eu ). The aim of CHICOS project is to improve 

child health across Europe by developing an integrated strategy for mother-child cohort 

research in Europe. A total of 29 European birth cohorts were eligible to participate in 

this study, identified from the European inventory of birth cohorts 

(www.birthcohorts.net), or from cohort's individual websites and published articles 

(assessed until June 2011). Seven cohorts did not reply to the invitation, and three 

cohorts declined to participate. The participating cohorts targeted the general 

population and altogether covered births from 1996 to 2011. All official procedures 

(personal identifiers were removed, data transfer agreements were signed) were 

followed for all datasets to be transferred to the University of Crete. A total of 151,880 

live born singleton births were included with available data (non-missing values) on the 

exposure, outcome, and confounding variables. In total, 27 subjects were excluded from 

the present analysis due to extreme values on gestational age (<20 weeks or ≥45 weeks), 

and birth weight (>7000 grams); 79 subjects were excluded due to implausible 
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combination of the above. Informed consent was obtained from all study participants 

as part of the original studies and ethical approval was obtained from the local 

authorized Institutional Review Boards.  

 

Figure 3. Participating cohorts in the European collaboration project included in the present 

thesis 

The Rhea mother-child birth cohort study 

The “Rhea” birth cohort study is a prospective cohort that started in February 2007 in 

Crete, Greece. Briefly, pregnant women, residents in the study area, aged 16 years or 

above, with no communication handicap were included in the study. Pregnant women 

(Greek and immigrant) who became pregnant within a 12-month period, starting in 

February 2007, were contacted and asked to participate in the study. The first contact 

was made before 15 weeks’ gestation, at the time of the first major ultrasound 

examination and participants were invited to provide blood and urine samples and to 

participate in a face-to-face interview. Women were contacted again at various times 

during pregnancy, at birth, at 8-10 weeks after delivery, and for children’s follow-up at 

9th, 18th months, and at 4 years of age. Face-to face completed questionnaires together 

with self-administered questionnaires and medical records were used to obtain 

information on dietary, environmental, and psychosocial exposures during pregnancy 
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and early childhood. The study was approved by the Ethical Committee of the 

University Hospital of Heraklion (Crete, Greece), and all participants provided written 

informed consent after complete description of the study.  

During the study recruitment period 1,765 eligible women were approached, 1,610 

(91%) agreed to participate, and 1,388 (86%) were followed up until delivery. In each 

research paper the number of participants differentiates according to the available data 

for the particular analysis. 

 

Figure 4. Overview of the data collected in the Rhea cohort study. 

3.2 Dietary assessment 

3.2.1 In the European collaboration project 

Fish intake during pregnancy  

Exposure variables were measured as frequency (times a week) of total fish, fatty fish, 

lean fish, and seafood (other than fish) intake during pregnancy derived from cohort 

specific food frequency questionnaires (FFQ) or specially designed questionnaires for 

fish consumption during pregnancy. Salmon, herring, mackerel, trout, sardines, 
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Greenland halibut, anchovy, gurnard, and tuna were classified as fatty fishes, while, 

cod, pollack, plaice, flounder, garfish, and similar species were classified as lean fishes. 

Assessments for standardised categories of fish intake [more than 1 but less than 3 times 

a week (1<times<3), and 3 or more times a week (≥3 times)] and birth outcomes 

compared with a reference category [once a week or less (≤1 times)] were based on the 

calculation of tertiles of total fish intake in the pooled database, in an attempt to create 

a universal categorisation among cohorts.  

3.2.2 In the Rhea mother-child birth cohort study 

Breastfeeding 

Breastfeeding initiation, duration, use of infant formula, complementary food, and other 

kinds of bottle food were collected at the 9th month post-partum and updated at the 18th 

month follow-up questionnaire. Mothers were asked if they had ever breastfed their 

child (or placed the child on their breast to feed). In case of never breastfed, the reason 

was recorded. If women initiated breastfeeding further information on breastfeeding 

intensity and duration was asked, as well as information regarding the first time they 

breastfed their infant and the duration of breastfeeding. Breastfeeding was also 

categorized according to the WHO breastfeeding definitions as exclusive, predominant, 

and complementary breastfeeding.  

Diet in preschool age 

Dietary assessment at 4 years of age was performed with the use of an FFQ, a semi-

quantitative food frequency questionnaire designed to assess habitual dietary intake in 

preschool children. This questionnaire was previously validated with the use of 3-day 

weighed food record (FRs) that the mothers kept for their children. Primary caregivers 

were phone-interviewed by a dietitian trained in a standard protocol in order to 

complete the questionnaire. The questionnaire contained questions on 118 food items 

which were aggregated into 17 food groups. Parents could choose from one or two 

portion sizes and report the child's intake in terms of times per day, week, month, and 

year or never. Seasonality of consumption was also reported in all food items. FFQ data 

were converted into daily intake of foods and nutrients using the UK food tables 

(McCance & Widdowson’s The Composition of Foods, 6th summary edition) and 

standard greek recipes for complex mixed dishes. The dietary intake data were analyzed 
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by using a software program developed at the Department of Applied Information 

Technology and Multimedia, TEI-Crete, Heraklion, Crete, Greece 

Eating behaviour in preschool age 

Children’s eating behaviour in preschool age we used the Children’s Eating Behaviour 

Questionnaire (CEBQ) as developed by Wardle et al (Wardle, Guthrie et al. 2001). This 

instrument was designed to be completed by parents referring to children’s eating styles 

and it assesses behaviour in 8 different areas. Food approach behaviours consist of food 

responsiveness, enjoyment of food, desire to drink, emotional overeating and food 

avoidant behaviours consist of satiety responsiveness, emotional under eating, slowness 

in eating and food fussiness. The cross-cultural adaption of the 34-item version of the 

CEBQ was performed according to internationally recommended methodology, using 

the following guidelines: forward translation, backward translation, cognitive 

debriefing process, and pretesting. Primary caregivers/parents were interviewed on the 

phone by a dietician following a standard protocol in order to complete the CEBQ 

questionnaire. 

3.3 Neurodevelopmental assessment 

Infancy 

The children’s mental and psychomotor development was assessed at 18 months (±6 

weeks) using the 3rd edition of Bayley Scales of Infant and Toddler Development 

(Bayley-III). The Bayley-III assesses infant and toddler development across three 

domains: (i) The Cognitive Scale (COG), (ii) The Language Scale which is composed 

of the Receptive Communication (RC) and the Expressive Communication (EC) 

subtest, and (iii) The Motor Scale which is divided into the Fine Motor (FM) and the 

Gross Motor (GM) subtest (Bayley 2006). All testing was done at the Medical School 

of the University of Crete and two public hospitals in Heraklion, in the presence of the 

mother. Total administration time was approximately 90 minutes.  

Preschool age 

Children’s neurodevelopment was assessed by two trained psychologists, with the age 

appropriate instrument MSCA, developed for children aged 2½ - 8½. In brief, MSCA 

test aims to identify possible developmental delay in different skills with the use of six 
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scales: the Verbal scale, the Perceptual-Performance scale, the Quantitative scale, the 

General Cognitive scale the Memory and the Motor scale (McCarthy 1972). Executive 

function and cognitive functions of posterior cortex are two additional scales derived 

from the MSCA test (Barkley 2001; Julvez, Ribas-Fito et al. 2007).  

The ADHD symptoms in preschool children were assessed with the 36-item ADHD 

interview test (ADHDT) as developed by Gilliam et al (1995)(Gilliam 1995). Mothers 

completed the interview, which is based on the Diagnostic and Statistical Manual of 

Mental Disorders (DSM-IV) criteria for ADHD. The instrument is designed to identify 

and evaluate ADHD in ages 3-23 years, and contains three subscales; (i) Hyperactivity, 

(ii) Inattention, and (iii) Impulsivity. It, also, provides an index for total ADHD 

difficulties. The ADHDT was translated and adapted to the Greek population 

(Maniadaki and Kakouros 2002). 

3.4 Statistical analysis 

In the European collaboration project 

In this study associations were firstly analyzed at a cohort level. Secondly, cohort-

specific effect estimates were combined by random and fixed effects meta-analysis. 

Means and standard deviations were used to describe normally-distributed variables, 

and medians and interquartile ranges were used to describe non normally-distributed 

variables, for continuous variables. Linear and log-binomial regression models were 

used for continuous and binary outcome measures respectively. Fish intake variables 

were used as continuous variables [effect estimated per 1 unit (times a week) 

increments] or categorized in three categories [≤1 time (reference category); 

1<times<3; ≥3 times].  

Meta-analyses were performed combining the cohort-specific estimates of the 

association between fish intake variables and each birth outcome. Heterogeneity was 

assessed using the Q test and by I2 statistic If the result of the Q-test was statistically 

significant (p < 0.05), or I2>25%, we used random effects analyses Exposure-response 

slopes derived for each cohort were plotted together with the summary slope from the 

meta-analysis using forest plots of β coefficients or relative risks with 95% confidence 

intervals (CIs). Several sensitivity analyses were performed. First, we estimated the 

effect on birth weight and low birth weight neonates after restriction to term deliveries.  
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Meta-analyses was repeated to determine the influence of any particular cohort effect, 

leaving out one cohort at a time. Potential effect modification by maternal smoking, 

and pre-pregnancy weight status was explored in stratified analyses.  

In the Rhea mother-child birth cohort study 

In summary, bivariate associations between normally distributed continuous dependent 

variables (Bayley scores) and categorical independent variables were studied using 

either Student t-test or ANOVA. Bivariate associations between non-normally 

continuous exposure variable (breastfeeding duration) and independent variables 

(predictors) were studied using non-parametric statistical methods (Mann-Whitney, 

Kruskal-Wallis), whereas associations of categorical exposure variables and 

independent variables were tested using Pearson’s Chi-square test. Pearson’s r or 

Spearman’s rho correlation coefficient was used to estimate the strength of the 

association between continuous dependent and independent variables. 

Multivariable linear regression models were implemented to examine the associations 

between the exposure and the outcome after adjusting for several confounders. Potential 

confounders/determinants related with the exposure and outcomes of interest in the 

bivariate models with p value <0.10 as well as a priori selected confounders were 

included in the multivariable models. Effect modification was evaluated using the 

likelihood ratio test. Fractional polynomials were used to evaluate the linearity of the 

relationship between exposure variables and neurodevelopmental outcomes using 

graphical representation. Estimated associations were described with β-coefficients and 

95% CI. All hypothesis testing was conducted assuming a 0.05 significance level and 

a 2-sided alternative hypothesis. All statistical analyses were performed using SPSS 

Statistics 19 software (SPSS Inc, Chicago, IL, USA). 

A more detailed description of the statistical methods used can be found in the 

following section, in each paper. 
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4. Results 

4.1 In the European collaboration project 

4.1.1 Paper 1. Fish intake during pregnancy, fetal growth, and gestational 
length in 19 European birth cohort studies 

Main Findings: 

• Our findings support the beneficial role of moderate fish intake during 

pregnancy in the risk of preterm birth. Women who ate fish more than once a 

week during pregnancy had a lower risk of preterm birth compared with women 

who rarely ate fish (once a week or less). 

• Women with a higher intake of fish during pregnancy gave birth to neonates 

with higher birth weight by 8.9g for 1<times<3 a week, and by 15.2g for ≥3 

times a week, independent of gestational age. The association was greater in 

smokers, and in overweight or obese women. 

This paper is reproduced according to the original published version. 
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4.2 In the Rhea mother-child birth cohort study 

4.2.1 Paper 2. Breastfeeding duration and cognitive, language, and motor 
development at 18 months of age: Rhea mother-child cohort in Crete, 
Greece 

Main Findings: 

• Longer duration of breastfeeding duration was associated with increased scores 

in the scales of cognitive, language, and fine motor development at 18 months 

of age. 
• Children who were breastfed longer than 6 months had 4.44 points increase in 

the scale of fine motor development compared with those never breastfed.  

This paper is reproduced according to the original published version. 
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4.2.2 Paper 3. Relative validity of an FFQ for pre-school children in the 
mother-child 'Rhea' birth cohort in Crete, Greece 

Main Findings: 

• A fair agreement was observed between the FFQ and the Food Records. The 

validation study indicated that the Rhea 4 years FFQ produces a realistic and 

relatively precise estimate of habitual intake of food groups and nutrients among 

preschool children in Crete, Greece. 

This paper is reproduced according to the original published version. 
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4.2.3 Paper 4. Early life determinants of dietary patterns in preschool 
children: Rhea mother-child cohort, Crete, Greece. 

Main Findings: 

• Three dietary patterns were identified. The ‘Mediterranean’ pattern was based 

on pulses, olive oil, vegetables, fish and fruits; the ‘Snacky’ pattern included 

potatoes and other starchy roots, salty snacks, sugar products and eggs; the 

‘Western’ pattern contained cereals, cheese, added lipids, beverages and meat. 

• Preschool attendance and increased time spent with the mother (≥ 2 hours/day) 

was positively associated with the ‘Mediterranean’ pattern, whereas TV 

watching was inversely associated with this pattern. Lower parental education, 

maternal age and earlier introduction to solid foods were positively associated 

with the ‘Snacky’ pattern. Higher scores on the ‘Western’ type diet were 

associated with exposure to passive smoking and TV watching. 

This paper is reproduced according to the original published version.
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4.2.4 Paper 5. Dietary patterns in early childhood and child cognitive and 
psychomotor development: the Rhea mother-child cohort study in Crete 

Main Findings: 

• Children who followed the ‘Snacky’ dietary pattern had lower scores in the 

scale of verbal ability, general cognitive ability, and cognitive functions of 

posterior cortex. Poorer food choices at preschool age characterized by foods 

high in fat, salt, and sugar are associated with reduced scores in verbal and 

cognitive ability 

• The ‘Western’ and the ‘Mediterranean’ dietary patterns were not associated 

with child neurodevelopmental scales.  

This paper is reproduced according to the original submitted version to British Journal 

of Nutrition (13 June 2015). 
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Abstract 

Early life nutrition is critical for optimal brain development, however only few studies 

have evaluated the impact of diet as whole in early childhood on neurological 

development with inconsistent results. The present study aims to examine the 

association of dietary patterns with child cognitive and psychomotor development in 

804 preschool children from the RHEA pregnancy cohort in Crete, Greece. Parents 

completed a validated food-frequency questionnaire at preschool age (mean age 4·2 

years). Dietary patterns were identified using principal component analysis. Child 

cognitive and psychomotor development was assessed by the McCarthy Scales of 

Children’s Abilities (MSCA). Multivariable linear regression models were used to 

investigate the associations of dietary patterns with the MSCA scales. The dietary 

patterns identified included the ‘mediterranean’ pattern based on pulses, olive oil, 

vegetables, fish and fruits; the ‘snacky’ pattern included potatoes and other starchy 

roots, salty snacks, sugar products and eggs; the ‘western’ pattern contained cereals, 

cheese, added lipids, beverages and meat. Children who followed the ‘snacky’ dietary 

pattern had lower scores in the scale of verbal ability (β=-1·31; 95% CI: -2·47, -0·16), 

general cognitive ability (β=-1·13; 95% CI: -2·25, -0·02) and cognitive functions of 

posterior cortex (β=-1·20; 95% CI: -2·34, -0·07). The ‘western’ and the 

‘mediterranean’ dietary patterns were not associated with child neurodevelopmental 

scales. The present findings suggest that poorer food choices at preschool age 

characterized by foods high in fat, salt, and sugar are associated with reduced scores in 

verbal and cognitive ability.  
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Introduction 

Early-life nutrition could influence cognitive development as demonstrated in several 

studies carried out in humans and experimental animals(1-3). However, existing 

literature has mainly focused on infant nutrition and its association with cognitive and 

psychomotor development by highlighting the positive effect of prolonged 

breastfeeding(4-7). 

Early childhood is a significant period for the establishment of dietary habits, since 

dietary preferences are first established, laying the formation of adult eating habits(8,9). 

Only a few studies have investigated the role of child diet as a whole on cognitive 

development(10-13). Birth cohort studies in infants aged 6, 12, 15 and 24 months reported 

that those who followed the ‘breastfeeding’ and the ‘home made’ pattern had increased 

Intelligence Quotient (IQ) scores at 4 and 8 years of age(10,11). A cross sectional study 

performed by Theodore and colleagues observed that children with high consumption 

of breads and cereals and fish at 3.5 and 7 years of age had higher IQ scores(12). Half of 

the children included in this study were born small for gestational age and 

generalizability of the results to other populations is rather difficult. On the other hand, 

a ‘processed’ (high fat and sugar content) pattern of diet at 3 years of age was negatively 

associated with IQ assessed at 8.5 years of age in the ALSPAC cohort in UK(13).   

In this study, we aimed to examine for the first time the impact of children's dietary 

patterns as obtained by Principal Component Analysis (PCA) on cognitive and 

psychomotor development at preschool age, as assessed by valid and complete versions 

of age appropriate psychometric tests in a prospective pregnancy cohort in Crete, 

Greece, after controlling for several confounding and mediator factors.  

Materials and methods  

Study population 

The “Rhea” study is an ongoing prospective birth cohort based in southern Greece, in 

the island of Crete. The population included in the study are women living in the 

Prefecture of Heraklion, aged 16 years or above, with no communication handicap, who 

were pregnant during 2007-2008. Starting in February 2007, women in early pregnancy 

(before 15th week of gestation), were asked to participate in the study. They were 

contacted again various times during pregnancy, at birth, at 8-10 weeks after delivery, 

and for children’s follow-up at 9 months, 18 months, and at 4 years of age. The initial 

recruitment and the subsequent follow ups of the mothers and their children have been 
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approved by the Ethical Committee of the University Hospital of Heraklion (Crete, 

Greece). All participants provided written informed consent. 

During the 4 year follow up of the children, we obtained dietary information for a total 

of 1081 children with the use of a validated food frequency questionnaire (FFQ)(14). 

Children who followed a specific diet for health purposes (n=20) were excluded from 

the analysis. During the same follow up cognitive and neuropsychological development 

was assessed for 925 children by means of the MSCA test. Twenty-six children with a 

neurodevelopmental disorder diagnosis, or other diagnosed medical conditions (i.e. 

plagiocephalus, microcephalus, hydrocephalus and brain tumour) and/or incomplete 

examination were excluded. We also excluded 25 pairs of twins. In total, 804 singleton 

children with full information on dietary intake and neurodevelopmental assessment 

were included in the present analysis. 

Dietary assessment 

Dietary intake information was collected using the "Rhea 4 year follow-up FFQ", a 

validated semi-quantitative FFQ designed to assess habitual dietary intake in preschool 

children(14). The FFQ was administered to primary caregivers by a well-trained dietician 

through telephone interview. The questionnaire included questions on 118 food items 

with the following components: food frequency, type of meals during the day 

(breakfast, morning snack, lunch, afternoon snack, dinner, evening snack), use of 

dietary supplements, type of fat used for cooking, frequency of meals consumed in 

restaurants or take away, and television viewing during meals). Parents could choose 

from one or two portion sizes and report the child's intake in terms of times per day, 

week, month, year or never. Seasonality of consumption was also reported in all food 

items. Daily intake of foods and nutrients was calculated using the UK food tables 

(McCance & Widdowson’s The Composition of Foods, 6th summary edition) and 

standard Greek recipes for complex mixed dishes. The dietary intake data were 

analyzed by using a software program developed at the Department of Applied 

Information Technology and Multimedia, TEI-Crete, Heraklion, Crete, Greece. 

Assessment of neurodevelopment 

Children’s neurodevelopment was assessed by two trained psychologists, with the age 

appropriate instrument MSCA, developed for children aged 2½ - 8½. In brief, MSCA 

test aims to identify possible developmental delay in different skills with the use of six 

scales: the Verbal scale, the Perceptual-Performance scale, the Quantitative scale, the 
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General Cognitive scale the Memory and the Motor scale(15). Executive function and 

cognitive functions of posterior cortex are two additional scales derived from the 

MSCA test(16,17). Each child received a score for every scale based on its performance 

and at the end of the neurodevelopmental assessment the examiners evaluated the 

“quality of assessment”. 

Potential confounders 

Maternal and child socio-demographic and lifestyle characteristics were obtained 

through face-to face or self-administered questionnaires and medical records from early 

pregnancy up to children’s 4 years of age. Maternal education (low level: ≤6 years of 

school, medium level: 7 to 12 years of school, high level: university or technical college 

degree) and maternal age were available at recruitment and were updated during the 4 

year follow up. At birth, we collected details on child’s sex (male/female), parity (only 

child/ first child/ other), birth weight (kg), preterm birth (<37 weeks of gestation; 

yes/no). Breastfeeding duration (months) was reported at two time points, at 9 and 18 

months of child's age. Birth weight z-scores were adjusted for gestational age and 

gender. During the 4 year follow up we collected information on maternal residence 

(urban, rural), maternal working status (yes/no), marital status (married-engaged 

/other), pre-school attendance (yes/no), passive smoking at home (yes/no), hours/day 

spent watching television (almost never, 1, ≥2). Maternal intelligence was measured 

using the Raven’s Standard Progressive Matrices test(18). 

Statistical analysis 

The PCA method was used to reduce the data from the child’s daily intake (in grams) 

of the 17 food groups and to identify the dietary patterns. The Kaiser-Mayer-Olkin 

measure (KMO) was calculated to evaluate the sample adequacy. In order to identify 

the number of components, we used the eigenvalue of >1 criterion, the visual 

representation by the scree plot(19) and the interpretability of the factor loadings. 

Varimax rotation was applied to enhance the determination of the dietary 

components(20-21). Factor loadings above 0.3 on a component were considered to have 

a strong association with that component. A score was attributed to every child for each 

of the components identified. The score was calculated for each of the components 

retained by summing the standardized values of the food items weighted by their 

scoring coefficients. 
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Raw scores of the neurodevelopmental assessment scales were standardized for child’s 

age at test administration using a method for the estimation of age-specific reference 

intervals based on fractional polynomials(22). Standardized residuals were then typified 

having a mean of 100 points with a 15 SD to homogenize the scales (parameters 

conventionally used in psychometrics for IQ assessment). 

The possibility of nonlinear associations was tested by generalized additive models 

(GAMs) indicating linear relationships between children’s dietary patterns and the 

neurodevelopmental outcome variables (P>0·1). Therefore, multivariable linear 

regression models were fitted to examine the associations after adjusting for 

confounders that modified any of the exposure coefficients by 10% or more. The 

‘quality of assessment’, child’s sex and examiner were included as a priori confounders 

in the present analysis. Estimated associations were described with β-coefficients and 

95% CI. 

We examined the role of confounders on the associations of dietary patterns with 

children’s' neurodevelopment at 4 years of age in 4 models. The Model 1-basic model- 

was adjusted for quality of assessment, child sex, and examiner. Model 2 was adjusted 

for model 1 plus infant characteristics like birth weight z-scores and breastfeeding 

duration. Model 3 was adjusted for model 2 plus maternal characteristics including 

maternal age, maternal education, parity and marital status. Model 4 was adjusted for 

model 3 plus child lifestyle characteristics such as day care attendance, passive smoking 

and hours per day spent watching television. Cases with missing values were excluded 

from multivariable models. An extra adjustment for maternal intelligence was 

performed for a subsample of the study population with available information as a 

sensitivity analysis, and model fit was tested using likelihood ratio test. An additional 

sensitivity analysis was carried out by excluding preterm births. 

All hypotheses testing were conducted assuming a 0.05 significance level and a 2-sided 

alternative hypothesis. Stata S.E. version 13 was used for the statistical analyses 

(StataCorp, Texas, USA). 

Results 

A description of the population characteristics is presented in Table 1. The majority of 

mothers had Greek origin (n=751, 94·4%), medium education (n=394, 51·4%), and 

were married (n=783, 98·0%). 412 (51·2%) boys and 392 (48·8%) girls participated in 

the present analysis, had mean birth weight 3·20 (SD: 0·45) kg and breastfed for 4·12 

(SD: 4·31) months. Most of the children attended pre-school (n=685, 85·7%), and 
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almost half of them were exposed to passive smoking (n=371, 46·3%) at 4 years of age. 

A higher proportion of the mothers participating in the analysis breastfed longer 

(P<0·001) their children and were of higher education (P<0·001) as compared to the 

non-participants (Supplementary Table 1S). 

Three dietary patterns were determined with the use of Principal Component Analysis 

(PCA): the ‘mediterranean’, ‘snacky’ and ‘western’ patterns(23). The ‘mediterranean’ 

pattern was characterized by high intake of vegetables, fruits, pulses, olive oil, fish and 

seafood. The ‘snacky’ pattern was characterized by foods that require minimum 

preparation such as potatoes and other starchy roots, salty snacks, sugar preserves, 

confectionery and eggs. The ‘western’ pattern was comprised of cereals and bakery 

products, cheese, lipids of animal and vegetable origin, sweetened beverages (soft 

drinks, packed fruit juices), and meat products. 

Table 2 presents the multivariable associations between the three dietary patterns and 

McCarthy scores at 4 years of age. In the minimally adjusted model, the western and 

the snacky dietary patterns were associated with lower scores in verbal, quantitative, 

general cognitive ability, memory, executive function and cognitive functions of 

posterior cortex scales. Most of these associations remained after additional adjustment 

for birth weight and breastfeeding duration (model 2). However, further adjustment for 

maternal socio-demographic characteristics (model 3) attenuated the associations and 

only the ‘snacky’ pattern remained negatively associated with verbal (β=-1·33; 95% 

CI: -2·49, -0·17, P<0·05), general cognitive ability (β=-1·23; 95% CI: -2·37, -0·10, 

P<0·05) and cognitive functions of posterior cortex (β=-1·29; 95% CI: -2·43, -0·14, 

P<0·05). Further adjustment of child's life style characteristics (model 4) did not 

attenuate the observed associations.  

We further adjusted for maternal intelligence in a subsample of 339 mother-child pairs 

with available information on maternal cognition (Raven's test) (Supplementary Table 

2S). The direction of associations did not change in these models, although significance 

levels were attenuated, probably due to small sample size. We also repeated our analysis 

after excluding preterm births and results remained unchanged (Supplementary Table 

3S). 

Discussion 

In the present analysis, we found that children who had unhealthy food choices at 

preschool age, characterized by processed and high in sugar foods, scored lower in 

verbal ability, general cognitive ability and cognitive functions of posterior cortex. 
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These associations persisted after the sequential adjustment of multiple confounding 

and mediation factors. 

Comparison with other studies is rather complex mainly due to different 

methodological approaches including study design, food variability across countries, 

control of confounding factors and use of valid psychometric tests. However, these 

results are in line with two other cohort studies which reported lower IQ scores for 

children who adhere to less healthy patterns, characterized by products high in fat and 

sugar(11,13). Similarly to our findings, these studies reported stronger associations in 

minimally adjusted models, but results attenuated after adjusting for a large array of 

confounders. 

The underlying mechanisms affecting verbal and cognitive child development because 

of poorer food choices characterized by higher intakes of fat and sugar at preschool age 

are rather complex. Animal studies have demonstrated detrimental effects of a high-

fat/high cholesterol diet on cognitive performance in rats, associated with reduced 

hippocampal dendritic integrity and activation of microglial cells in the 

hippocampus(24). Adult epidemiological studies have also shown that intake of a high-

fat diet that includes mostly omega-6 and saturated fatty acids is associated with worse 

performance on cognitive tasks(25). These associations may be even more profound at 

early life as the brain grows at its fastest rate during the first 3 years of life, and it is 

possible that poorer food choices during this early period may discourage optimal head 

and brain growth(26). 

The associations seen with the ‘snacky’ dietary pattern were stronger for verbal than 

for other cognitive scales (i.e. perceptual-performance and quantitative scales of 

MSCA). This is in line with the study by Northstone et al showing that a poor diet 

associated with high fat, sugar and processed food content in early childhood was 

associated with lower scores in verbal ability at 8 years of age(13). Although genetic and 

environmental influences on the development of general intelligence are well-

documented, less is known on the development of specific cognitive abilities (i.e. verbal 

vs. non-verbal abilities) and the potential mechanism underlying the association of poor 

diet during early childhood with children’s verbal abilities remain unclear. However, 

there is some evidence that shared family environmental factors are greater for verbal 

abilities than for non-verbal abilities, with the latter being related to individual’s 

inherent mentality(27). 
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Advantages of the present study include the assessment of maternal diet during 

pregnancy with a validated dietary questionnaire, well-established outcome measures, 

and control for several mother and child characteristics. Dietary patterns were 

determined with PCA which is a method that enables deep understanding of the diet as 

a whole, instead of isolated foods and nutrients, and thus design valuable interventions 

and health policies. However, the PCA method introduces also researcher’s subjectivity 

in the analysis, while dietary patterns derived from PCA are population-specific, and 

therefore cannot be reproduced in other populations. Neurodevelopment assessment at 

preschool age was performed with the use of MCSA test which is a valid psychometric 

test(15), it provides both a general level of child’s intellectual functioning and an 

assessment of separate neurodevelopmental domains (verbal ability, perceptual 

performance, number aptitude, memory, motor and executive functions), and thus, 

detects which domain is mostly affected. We decided to exclude children with a 

neurodevelopmental disorder diagnosis as neurological impairment in children is 

associated with an increased risk of feeding and nutritional problems. 

The study has also some limitations. The cross sectional design of the study does not 

permit the conclusion of any causal associations. Children included in the present 

analysis who had complete data were more socially advantaged than the remainder of 

the cohort and this could lead to underestimation of the observed associations. Although 

we incorporated extensive information on potential social and environmental factors 

that are associated with child neurodevelopment, we acknowledge that residual 

confounding because of other unmeasured confounders such as home environment may 

still occur. Finally, even though maternal intelligence was available only for a subset 

of children, further adjustment for maternal intelligence did not change the direction of 

the observed associations. 

Overall, the present findings suggest that preschool children, who follow a ‘less 

healthy’ diet that includes salty snacks and high in fat and sugar products, might have 

lower scores in verbal and cognitive ability. Future research is needed to examine the 

long-lasting effects of early life diet on child neurodevelopment. 
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Table 1. Descriptive characteristics of the study population  
 

 

 

 N % or Mean SD 

Maternal Characteristics    

Maternal age (years)  795 33·48 4·99 

Maternal origin, n (%)    

Greek 751 94·4  

Non Greek 45 5·6  

Maternal education, n (%)    

Low 119 15·5  

Medium 394 51·4  

High 253 33·0  

Maternal working status, n (%)     

Working 472 59·0  

Not working 328 41·0  

Maternal marital status, n (%)     

Married 783 98·0  

Other 16 2·0  

Infant Characteristics    

Sex, n (%)    

Male 412 51·2  

Female 392 48·8  

Parity, n (%)     

Only child 147 18·4  

First child 226 28·3  

Other 426 53·3  

Preterm birth, n (%)    

Yes  93 11·9  

No 689 88·1  

Birth weight (kg) 779 3·2 0·45 

Breastfeeding duration (months) 763 4·1 4·31 

Child characteristics at 4 yrs    
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Abbreviations: SD, standard deviation; BMI, body TV, television.  

Pre-school attendance, n (%)    

No 114 14·3  

Yes 685 85·7  

Passive smoking at home, n (%)    

No 430 53·7  

Yes 371 46·3  

Hours/day spent watching TV, n (%)    

Almost never 218 27·3  

1 298 37·3  

≥ 2 283 35·4  

General Cognitive Ability (score) 804 97·9 16·5 
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Table 2. Multivariable associations between dietary patterns and neurodevelopmental test scores at 4 years of age in Rhea Cohort Study, 
Crete, Greece. 

Dietary patterns 

Verbal 

Ability 

Perceptual  

performance 

Quantitative  

ability 

General cognitive  

ability Memory Motor ability Executive function 

Cognitive functions 

of posterior cortex 

 β 95% CI β 95% CI β 95% CI β 95% CI β  95% CI β 95% CI β  95% CI β 95% CI 

Model 1† (n=804)                    

Mediterranean -0·01  -1·04, 1·02 -0·39 -1·41, 0.64 -0·55  -1·11, 1·00 -0·21 -1·23, 0·82 -0·16  -1·20, 0·88 -0·79  -1·88, 0·29 0·04 -1·01, 1·09 -0·42 -1·44, 0·59 

Western -1·53** -2·59, -0·48 -0·10  -2·04, -0.06 -1·63**  -2·71, -0·55 -1·61**  -2·66, -0·57 -1·60**  -2·66, -0·53 -1·01  -2·11, 0·09 -1·42**  -2·49, -0·35 -1·53**  -2·57, -0·49 

Snacky -2·62***  -3·74, -1·51 -2·20***  -3·31, -1.09 -1·24* -2·39, -0·10 -2·60***  -3·70, -1·49 -1·82**  -2·95, -0·70 -0·69  -1·85, 0·48 -2·44*** -3·57, -1·31 -2·42***  -3·52, -1·33 

Model 2‡ (n=754)                         

Mediterranean -0·34 -1·42, 0·75 -0·46 -1·54, 0.62 -0·26  -1·37, 0·85 -0·49 -1·56, 0·58 -0·45 -1·55, 0·64 -0·82  -1·96, 0·33 -0·29  -1·38, 0·81 -0·63  -1·69, 0·43 

Western -1·19*  -2·29, -0·09 -0·65 -1·75, 0.45 -1·25*  -2·38, -0·12 -1·18*  -2·27, -0·10 -1·35*  -2·45, -0·24 -0·63  -1·79, 0·53 -1·04  -2·15, 0·07 -1·11*  -2·19, -0·03 

Snacky -2·54***  -3·70, -1·38 -2·38***  -3·53, -1.22 -1·08  -2·27, 0·11 -2·59*** -3·73, -1·44 -1·82**  -2·98, -0·65 -0·94  -2·16, 0·28 -2·34*** -3·51, -1·17 -2·50*** -3·64, -1·36 

Model 3§ (n=723)                         

Mediterranean -0·06  -1·12, 0·99 -0·60 -1·66, 0.46 -0·11 -1·21, 0·99 -0·35  -1·38, 0·68 -0·21 -1·29, 0·88 -0·78 -1·93, 0·37 -0·18  -1·23, 0·88 -0·49  -1·52, 0·55 

Western -0·66  -1·73, 0·41 -0·21  -1·29, 0.87 -0·72  -1·84, 0·40 -0·59  -1·64, 0·46 -0·85  -1·95, 0·26 -0·36  -1·54, 0·81 -0·34  -1·41, 0·73 -0·65  -1·71, 0·41 

Snacky -1·33*  -2·49, -0·17 -1·16  -2·33, 0.01 -0·25 -1·46, 0·96 -1·23*  -2·37, -0·10 -0·80  -1·99, 0·39 -0·27  -1·54, 1·00 -0·97  -2·13, 0·18 -1·29* -2·43, -0·14 

Model 4¶ (n=722)                         

Mediterranean -0·17  -1·22, 0·88 -0·85  -1·87, 0.19 -0·36 -1·44, 0·72 -0·56 -1·58, 0·45 -0·28  -1·36, 0·80 -1·00  -2·14, 0·14 -0·38 -1·42, 0·65 -0·68  -1·71, 0·35 

Western -0·40  -1·48, 0·67 0·24  -0·82, 1.31 -0·31  -1·42, 0·79 -0·19 -1·23, 0·85 -0·63  -1·74, 0·47 -0·04  -1·13, 1·20 0·06  -0·99, 1·12 -0·29  -1·34 0·77 

Snacky -1·31*  -2·47, -0·16 -1·01 -2·15, 0.13 -0·12 -1·31, 1·06 -1·13* -2·25, -0·02 -0·82 -2·01, 0·37 -0·13  -1·38, 1·13 -0·87 -2·01, 0·26 -1·20*  -2·34 -0·07 
†Model 1: adjusted for quality of assessment, child sex, and examiner 

‡Model 2: plus birth weight z-scores, breastfeeding duration 
§Model 3: plus maternal age, maternal education, parity, marital status 
¶Model 4: plus day care attendance, passive smoking, tv watching 
* P<0.05, ** P<0.01, *** P<0.05 
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Figure 1. GAMs adjusted associations (95% CIs) of the ‘snacky’ dietary pattern with the verbal ability, the general cognitive 
ability, the motor ability, the executive function, the cognitive functions of posterior cortex and the memory scale. Adjusted for 
quality of assessment, child sex, examiner, birth weight z-scores, breastfeeding duration, maternal age, maternal education, 
parity, marital status, day care attendance, passive smoking, and tv watching.  
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4.2.5 Paper 6. Is there an association between eating behaviour and 
ADHD symptoms in preschool children? 

Main Findings: 

• Children’s food approach eating behaviours, like food responsiveness and 

emotional overeating were associated with children’s ADHD symptoms, 

including impulsivity, inattention and hyperactivity at 4 years of age. 

Furthermore, a food avoidant behaviour, such as food fussiness, was associated 

with impulsivity symptoms.   

 

This paper is reproduced according to the original revised version submitted to Journal 

of Child Psychology and Psychiatry (re-submitted: 7 October 2015).
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Abstract  

Background: There is some evidence that aberrant eating behaviours and obesity co-occur with 

Attention-Deficit/Hyperactivity Disorder (ADHD) symptoms. The present study is the first that 

aims to investigate the association between eating behaviours and ADHD symptoms in early 

childhood in a population-based cohort. Methods: We included 471 preschool children from the 

RHEA mother-child cohort in Crete, Greece. Parents completed the Children’s Eating Behaviour 

Questionnaire (CEBQ) to assess children’s eating behaviour and the 36-item ADHD Test 

(ADHDT) to evaluate ADHD symptoms at 4 years of age. Multivariable linear regression models 

were used to examine the association of eating behaviours with ADHD symptoms. Results: 

Regarding children’s food approach eating behaviours we observed a positive association between 

food responsiveness and total ADHD index, as well as impulsivity, inattention and hyperactivity 

subscale, separately. Similarly, there was a significant positive association between emotional 

overeating and ADHD symptoms. With regard to children’s food avoidant behaviours, food 

fussiness was found to be significantly associated with the impulsivity subscale. A dose response 

association between the food approach behaviours and ADHD symptoms was also observed. 

Children on the medium and highest tertile of the food responsiveness subscale had increased 

scores on the ADHD total scale, as compared to those on the lowest tertile. As regards emotional 

overeating, children in the highest tertile of the scale had higher scores on ADHD total and 

hyperactivity. Conclusions: Our findings provide evidence that food approach eating behaviours 

like food responsiveness and emotional overeating are associated with increased ADHD symptoms 

in preschool children. Future studies to better understand this overlap will enhance potential 

interventions. 

Keywords: Eating behavior, child development, ADHD 

Abbreviations: ADHD: Attention-Deficit/Hyperactivity Disorder; CEBQ: Children’s Eating 

Behaviour Questionnaire; ADHDT: Attention Deficit Hyperactivity Disorder Test.  
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Introduction 

Attention-Deficit/Hyperactivity Disorder (ADHD) is a highly prevalent disorder worldwide in 

particular amongst children (Polanczyk, Salum, Sugaya, Caye, & Rohde, 2015; Thomas, Sanders, 

Doust, Beller, & Glasziou, 2015). Inattention, impulsivity and hyperactivity are well known 

symptoms of ADHD, predominantly detected in early childhood, that are likely to persist over 

time, into adolescence and adulthood. According to a recent meta-analysis the prevalence of 

ADHD in childhood has risen to 7.2% (Thomas, et al., 2015) worldwide, with boys being more 

affected than girls (Silva, Colvin, Hagemann, & Bower, 2014). The etiology of ADHD is 

multidimensional and still remains unclear. Genetic (Nikolas & Burt, 2010) and environmental 

factors (Froehlich et al., 2011; Silva, et al., 2014) such as diet (Heilskov Rytter et al., 2015; 

Millichap & Yee, 2012), although highly controversial, are likely to be relevant.  

For the last decade, a novel focus has been on shedding light on the association between ADHD 

symptoms and obesity and potential mediators of this association (Cortese & Castellanos, 2014). 

Several studies have pointed out the potential contributing role of disturbed eating behaviours such 

as overeating, binge eating (overeating with loss of control), and bulimic behaviours to the 

association between obesity and ADHD (Cortese & Vincenzi, 2012; Docet, Larranaga, Perez 

Mendez, & Garcia-Mayor, 2012; Nazar et al., 2014). Existing findings have also highlighted the 

association between ADHD symptoms, overeating behaviours and adverse outcomes like excess 

weight gain (Davis, Levitan, Smith, Tweed, & Curtis, 2006; van den Berg et al., 2011). Although 

difficult to fully decipher the direction of the association between ADHD, eating patterns and 

obesity, in depth understanding of this association can not only help preventative efforts for weight 

gain and obesity but can also help us understand risk mechanisms. The present study aims to add 

to current literature by exploring the possible overlap between abnormal eating behaviours and 

traits of ADHD in early childhood that could lead to increased risk for obesogenic behaviours in 

later life. 

The investigation of children’s behavioural characteristics is also very challenging, since early life 

behavioural styles are strong predictors of individual’s psychopathology in later life (Caspi et al., 

2003). Longitudinal studies focusing on early life behavioural characteristics are essential in order 

to determine whether specific individual characteristics are associated with the development of 

disturbed eating patterns in childhood and their maintenance into adolescence and adulthood 
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(Hartmann, Czaja, Rief, & Hilbert, 2010). An in depth understanding of the association between 

ADHD and its core features and disturbed eating patterns in children is lacking, despite evidence 

of this association. A very recent population study, including male participants aged 6-10 years 

old, reported that children with ADHD had irregular meals, ate more than 5 times per day and 

consumed a lot of sweetened drinks during the day (Ptacek et al., 2014). A positive association 

between ADHD and binge eating has been shown cross-sectionally in children aged 10 years old 

(Cortese, Bernardina, & Mouren, 2007; Reinblatt et al., 2014) and longitudinally (Sonneville et 

al., 2015). One study evaluated the association between eating behaviours with childhood 

psychopathology which included emotional, behavioural and pervasive developmental disorders. 

This study showed that picky eating was positively associated with all domains of 

psychopathology among children aged 5 to 7 years, but unfortunately ADHD was not studied in 

depth (Micali et al., 2011). To our knowledge no study to date has investigated ADHD symptoms 

in detail and eating behaviour in childhood. 

The timely recognition of the association between ADHD symptoms with eating behaviour at early 

ages could help tailor useful interventions and prevention strategies for clinical practice in order 

to mitigate long term negative outcomes, such as obesity. Thus, the present study aims to 

investigate in detail for the first time the association of eating behaviours with ADHD symptoms 

in a population-based sample of Greek preschool children. We hypothesized that ADHD 

symptoms would be positively associated with children’s food approach eating behaviours, such 

as food responsiveness, enjoyment of food, desire to drink and emotional overeating, and 

negatively associated with children’s food avoidant eating behaviours, such as satiety 

responsiveness, emotional under eating, slowness in eating and food fussiness. 

Methods 

Study population 

The Rhea study is an ongoing birth cohort that started in February 2007 in Crete, Greece. Pregnant 

women, aged 16 years old and above, of Greek or immigrant origin (fluent in Greek), were eligible 

to participate in the study. Starting in February 2007 and within a 12-month period, these women 

were contacted (before 15th week of gestation) and asked to participate in the study. Participants 

were contacted again at various times during pregnancy, at birth, and for children’s follow-up at 

9, 18 months, at 4 years and 6 years of age. Face-to face completed questionnaires together with 
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self-administered questionnaires and medical records were used to obtain information on dietary, 

environmental, and psychosocial exposures during pregnancy and early childhood. The study was 

approved by the Ethical Committee of the University Hospital of Heraklion (Crete, Greece), and 

all participants provided written informed consent after complete description of the study.  

Of 1363 singleton live births, 879 children were followed up at 4 years of age. Twenty six children 

with an established diagnosis of neurodevelopmental disorder (children diagnosed with Pervasive 

Developmental Disorder), or other diagnosed medical conditions (i.e. plagiocephalus, 

microcephalus, hydrocephalus and brain tumour) and/or incomplete examination were excluded 

from the present analysis. Information on eating behaviour was available for 597 (67.9%) and a 

total of 471 children had information on both eating behaviour and symptoms of ADHD.  

Eating behaviour 

In order to assess children’s eating behaviour in preschool age we used the Children’s Eating 

Behaviour Questionnaire (CEBQ) (Wardle, Guthrie, Sanderson, & Rapoport, 2001). This 

instrument was designed to be completed by parents referring to children’s eating behaviour and 

it assesses behaviour in 8 different areas. Food approach behaviours consist of food 

responsiveness, enjoyment of food, desire to drink, emotional overeating and food avoidant 

behaviours consist of satiety responsiveness, emotional under eating, slowness in eating and food 

fussiness. All 8 eating behaviours, as identified by factor analysis performed by Wardle et al 

(2001), were included in the present analysis. This 35 item questionnaire was used to assess eating 

behaviour, though one redundant item was deleted. The 34 items were included in the following 

subscales (number of items): food responsiveness (5); enjoyment of food (4); desire to drink (2); 

emotional overeating (4); satiety responsiveness (5); emotional under eating (4); slowness in eating 

(4); food fussiness (6).The CEBQ scale had good internal consistency with Cronbach’s alphas 

ranging from 0.57 to 0.82 for the present study. The total Cronbach alpha of all subscales was 0.60. 

The cross-cultural adaption of the 34-item version of the CEBQ was performed according to 

internationally recommended methodology, using the following guidelines: forward translation, 

backward translation, cognitive debriefing process, and pretesting.  

Primary caregivers/parents were interviewed on the phone by a dietitian following a standard 

protocol in order to complete the CEBQ questionnaire.  
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Attention Deficit Hyperactivity Disorder Test 

In this study the ADHD symptoms in preschool children were assessed with the 36-item ADHD 

interview test (ADHDT) (Gilliam, 1995). Mothers completed the interview, which is based on the 

Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) criteria for ADHD. The 

instrument is designed to identify and evaluate ADHD in ages 3-23 years, and contains three 

subscales; (i) Hyperactivity, (ii) Inattention, and (iii) Impulsivity. It, also, provides an index for 

total ADHD difficulties. The ADHDT was translated and adapted to the Greek population 

(Maniadaki & Kakouros, 2002).  

Covariates 

Data on socio-demographic and lifestyle characteristics were provided by the parents from early 

pregnancy up to the age of 4 years via interviewer-administered questionnaires, including: A. 

Parental characteristics: maternal age at birth (years); maternal and paternal education at 

recruitment (low level: ≤6 years of school, medium level: 7 to 12 years of school, high level: 

university or technical college degree); maternal working status at 4 years of age (yes/no); marital 

status at 4 years of age (married-engaged/other); pre-pregnancy maternal Body Mass Index (BMI, 

kg/m2) (number). B. Infant characteristics: gender (male/female); parity (primiparous/ 

multiparous); preterm birth (<37 weeks of gestation; yes/no); birth weight (gr); breastfeeding 

duration (months). C. Child characteristics: preschool attendance at 4 years of age (yes/no); 

passive smoking at home at 4 years (yes/no); hours/day spending watching television at 4 years 

(almost never, 1-2, ≥3); General cognitive ability as assessed using the McCarthy Scales of 

Children’s Abilities (MSCA) (score)(McCarthy, 1972) at 4 years of age; Executive function (EF), 

which refers to the higher-level cognitive skills the individual use to control and coordinate other 

cognitive abilities and behaviours, as an additional scale derived from the MSCA test (score) 

(Barkley, 2001; Julvez et al., 2007) at 4 years of age. There is emerging literature indicating the 

possible role of EF as a mediator in the association between eating behaviours and ADHD. Current 

evidence supports that deficits in EF, a core feature of ADHD, is likely to be associated to 

abnormal eating behaviors, although causal relationships need to be fully tested (Dempsey, 

Dyehouse, & Schafer, 2011). A significant correlation between impaired EF and eating in the 

absence of hunger has been recently reported in a small sample of preschool children.(Pieper & 

Laugero, 2013); Child’s BMI z-scores based on cohort-specific (Rhea mother-child cohort study), 
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gender and age adjusted growth curves. Child’s BMI cut offs were based on IOTF criteria (Cole, 

Bellizzi, Flegal, & Dietz, 2000) which apply to 2-18 year olds.  

Statistical analyses 

Associations between normally distributed variables were tested with t-test and ANOVA. 

Correlations were tested using the Pearson correlation coefficient. Associations between non-

normally distributed continuous variables were tested using non parametric tests (i.e., Mann-

Whitney, Kruskal-Wallis, and Spearman non parametric statistical tests). Correlations among 

subscales of the CEBQ were in the expected direction and significant at the 0.05 level. 

The possibility of nonlinear associations was tested by generalized additive models (GAMs) 

indicating linear relationships between children’s eating behaviour and ADHD symptoms (p-gain 

>0.1). Multivariable linear regression models were implemented to examine the associations 

between eating behaviour styles and ADHD symptoms, after adjusting for relevant confounders. 

Potential confounders/mediators related with eating behaviour items and/or ADHD symptoms in 

the bivariate models with a p value <0.05 were included in the multivariable linear models 

(maternal age, maternal education, child’s executive function, child’s age, child’s sex, parity, 

child’s BMI z-score, child’s energy intake (kcals) and TV watching). Child’s age, sex, and BMI 

z-score were included as a priori confounders in the present analyses. Estimated associations were 

described with β-coefficients and 95% CI. We were also able to examine effect modification 

stratifying by gender and child’s BMI. For interaction terms we considered p value <0.1 as 

nominally significant. 

All other hypotheses testing were conducted assuming a 0.05 significance level and a 2-sided 

alternative hypothesis, with Benjamini-Hochberg procedure for multiple testing correction Stata 

S.E. version 13 was used for statistical analyses (StataCorp, Texas, USA). 

Results 

A description of the population characteristics are presented in Table 1. The majority of mothers 

had Greek origin, medium education, and was married. We included 287 (51.4%) boys and 271 

(48.6%) girls in the present analysis, mean birth weight was 3.20 kg (SD: 0.46) and average length 

of breastfeeding 3.97 (SD: 4.15) months. At the age of 4 years most of the children attended 

preschool (n=478, 86.0%), spent one hour per day watching television (n=216, 38.9%), while 77 
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children (13.9%) were overweight and 35 (6.3%) were obese. Most of the mothers included in the 

analysis had Greek origin, were more educated and were slightly older as compared to those who 

did not participate (data not shown). 

Table 2 shows the scoring in the CEBQ subscales. Children’s mean scores in the different 

subscales ranged from 1.69 (SD: 0.56) for the emotional overeating subscale to 3.52 (SD: 0.98) 

for the desire to drink. As expected, food responsiveness, emotional overeating and, enjoyment of 

food were positively correlated and negatively correlated with satiety responsiveness, slowness in 

eating, emotional under eating and food fussiness . 

Multivariable associations of the eating behaviours with the ADHD subscales scores are presented 

in Table 3. Regarding food approach eating behaviours, food responsiveness was associated with 

higher scores in the total ADHD index (β=2.54; 95% CI: 1.09, 3.99, p=0.001), as well as higher 

scores in the impulsivity (β=0.76; 95% CI: 0.27, 1.24, p=0.002), inattention (β=0.90; 95% CI: 

0.40, 1.39, p<0.001) and hyperactivity (β=0.95; 95% CI: 0.35, 1.55, p=0.002) subscales. Similarly, 

there was a positive association between emotional overeating and total ADHD index (β=3.71; 

95% CI: 1.60, 5.82, p=0.001), impulsivity (β=0.90; 95% CI: 0.17, 1.61, p=0.016), inattention 

(β=0.88; 95% CI: 0.14, 1.62, p=0.020) and hyperactivity (β=1.58; 95% CI: 0.74, 2.44, p<0.001) 

subscales. With regard to children’s food avoidant behaviours, food fussiness was found to be 

significantly associated with the impulsivity (β=0.51; 95% CI: 0.03, 0.98, p=0.036) subscale.  

We observed a dose response association between the food responsiveness and emotional over 

eating subscales and ADHD symptoms (Figure 1). Children on the medium and highest tertile of 

the food responsiveness subscale had increased scores by 3.79 (95% CI: 0.99, 6.60) points and 

5.78 (95% CI: 2.78, 8.78, p for trend <0.001) respectively on the ADHD total scale, as compared 

to those on the lowest tertile. Similar associations were observed between food responsiveness and 

impulsivity, inattention and hyperactivity. As regards emotional overeating, children in the highest 

tertile of the scale had higher scores on ADHD total (β=3.71; 95% CI: 1.00, 6.41, p for 

trend=0.011) and hyperactivity (β=1.46; 95% CI: 0.33, 2.59, p for trend=0.013). 

Food approach, and emotional overeating showed a stronger association with hyperactivity for 

boys than girls (p for interaction <0.1) (Table 4). Although there was no indication for effect 

modification (p for interaction >0.1), stronger associations were observed for food responsiveness 

with total ADHD index, inattention, and hyperactivity and for emotional overeating with total 

ADHD index, in boys compared to girls. In contrast the association between food responsiveness 
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and impulsivity was more pronounced in girls, although again there was no indication for effect 

modification. There was no evidence of effect modification by child BMI (data not shown). In 

order to examine whether the executive function was mediator in the association we compared two 

regression models. All previous findings persisted when adjusting for executive function among 

other confounding factors. 

Discussion 

To our knowledge, the present study is the first to specifically focus on the association between 

eating behaviours and ADHD symptoms in a population-based sample of preschool children. We 

found that children’s food approach eating behaviours, like food responsiveness and emotional 

overeating were associated with children’s ADHD symptoms, including impulsivity, inattention 

and hyperactivity at 4 years of age. Food fussiness, a food avoidant behavior was associated with 

increased impulsivity symptoms.   

Our findings are consistent with previous studies which have related ADHD symptoms with food 

approach behaviours in adults. Current literature supports the higher prevalence of abnormal eating 

behaviours such as binge eating in individuals with ADHD (Cortese, et al., 2007; Docet, et al., 

2012; Ptacek, et al., 2014; Seitz et al., 2013) and also the positive association of ADHD symptoms 

such as hyperactivity and impulsivity with eating difficulties (Blinder, Cumella, & Sanathara, 

2006; Nazar, et al., 2014; Wentz et al., 2005; Wonderlich, Connolly, & Stice, 2004). Only few 

population-based studies have supported the association between disturbed eating patterns and 

ADHD symptoms in children with no consistent results (Cortese, et al., 2007; Hartmann, et al., 

2010; Khalife et al., 2014; Micali, et al., 2011; Ptacek, et al., 2014; Reinblatt, et al., 2014). In a 

case control study by Hartmann and colleagues, school aged children with loss of control (LOC) 

eating compared to those without LOC, demonstrated higher impulsivity among other personality 

traits (Hartmann, et al., 2010). However, Khalife and colleagues recently reported that there was 

no association between ADHD symptoms in children aged 8 years and binge eating when children 

were 16 years old (Khalife, et al., 2014).  

We found that the association of emotional overeating with increased ADHD symptoms was more 

pronounced in boys than in girls. Aligned to our findings is the existing research indicating that 

both boys and girls with ADHD are in higher risk of developing disturbed eating behaviours in 

adolescence(Reinblatt, et al., 2014) (Mikami et al., 2010) whilst others have reported that girls -
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more than boys with ADHD symptoms- are likely to develop disordered eating behaviours such 

as binge eating (Cortese, Faraone, Bernardi, Wang, & Blanco, 2013) and bulimia nervosa 

(Biederman et al., 2010; Mikami, Hinshaw, Patterson, & Lee, 2008) later in life. Although 

incidence of disturbed eating behaviours is higher in older ages(Swanson, Crow, Le Grange, 

Swendsen, & Merikangas, 2011) our findings add to the existing literature by supporting that there 

are signs, even in preschool age, that children with ADHD symptoms and possibly boys more than 

girls are at higher risk to become eating disordered (or obese) in the future. Although several 

studies have revealed the association between ADHD symptoms, overeating behaviours and higher 

BMI and obesity(Davis, 2010; van den Berg, et al., 2011), a longitudinal investigation of this 

association is required to fully understand temporal relationships aiding early identification of 

youth at risk and thus effective management of the eating behaviours that lead to obesity.  

The observed associations between eating behaviours and ADHD symptoms could be explained 

by several mechanisms. We found a positive association between overeating and ADHD 

symptoms. Recent genome wide association studies have supported that children with the fat and 

obesity-associated transcript gene (FTO) minor allele at rs9939609 were less likely to develop 

ADHD symptoms (Choudhry et al., 2013; Velders et al., 2012). Independent of ADHD symptoms, 

this gene was also positively associated with food responsiveness. In our population we were not 

able to control for this gene that could possibly explain some of the observed associations. 

Dopamine pathways involved in ADHD pathophysiology could explain this association. It is 

possible that individuals with ADHD-which is associated with dopamine deficiency- prefer 

‘palatable’ foods due to an altered reward system (Davis, 2010). Other plausible mechanisms 

proposed by Fleming and Levy refer to the fact that individuals with ADHD may not be able 

respond to internal signals of hunger and satiety and thus forget to eat when necessary and overeat 

at a later point(Fleming & Levy, 2002). Additionally, other co-morbidity factors such as 

depression may intervene in the association between ADHD and overeating with ‘loss of control’ 

(Cortese, et al., 2007). 

The present study has several strengths. The population-based prospective design of the study 

provided us the opportunity to account for the effect of exposures prospectively within the cohort. 

Children’s eating behaviour patterns were obtained using a validated instrument (Carnell & 

Wardle, 2007). The ADHDT is a psychometric instrument that assesses all ADHD domains (total 
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ADHD, impulsivity, inattention, hyperactivity) enabling a more detailed evaluation. In the present 

analysis we were also able to adjust for EF as there is strong evidence that impaired executive 

function is a well- known feature of ADHD, likely to cause overeating behaviours (Cortese et al., 

2008; Dempsey, et al., 2011). The fact that the statistical significant associations persisted after 

adjustment for executive function strengthens our findings between eating behaviours and ADHD 

symptoms. Finally, we excluded children with a neurodevelopmental disorder diagnosis since 

neurological impairment in children is associated with an increased risk of feeding problems and 

ADHD symptoms. 

We acknowledge that there are also some limitations in our study. The high percentage of non-

respondents should be taken into account as a possible source of bias. Participating mothers were 

more likely to be of Greek origin and more educated making difficult to extrapolate the present 

findings to general population. Another possible limitation in our study is that although the 

ADHDT has been translated and adapted in the Greek population, it has not been validated. 

However, ADHDT is a widely accepted, reliable instrument (Gilliam, 1995) based on the 

Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) definition for ADHD, which has 

been previously used in the Greek population (Skounti, Philalithis, Mpitzaraki, Vamvoukas, & 

Galanakis, 2006). In addition, there are no available data with regard to ADHD in later age groups 

and this is also acknowledged as a possible limitation of this study. Given the cross sectional design 

of the study, we are not able to establish the direction of the observed associations. Although in 

our multivariate models we were able to adjust for a large number of confounding factors, due to 

the observational study design, residual confounding of other unmeasured confounders such as 

home environment and maternal intelligence may still occur. Finally, we assessed children’s eating 

behaviour and ADHD symptoms using parent reported measures, which could be different from 

assessments made by a health care professional. However, this an epidemiological study assessing 

associations between eating behaviours and ADHD symptoms at population level, and both CEBQ 

and ADHDT are established and widely used screening tools with high specificity and sensitivity.   

Conclusion 

In summary, this is the first study to provide evidence that food approach eating behaviours like 

food responsiveness and emotional overeating are associated with increased ADHD symptoms in 

preschool children. The early recognition of abnormal eating behaviours can provide an avenue 

99 
 



for intervention and thus lead to more effective management of ADHD symptoms in early 

childhood and prevention of other adverse outcomes that may occur, such as obesity. Moreover 

our findings add to the existing literature on the overlap between eating behaviours and ADHD, 

future studies should aim to understand the biological basis of this overlap. 
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What’s known? 

• Existing evidence has highlighted the association between ADHD symptoms, 

overeating behaviours and adverse outcomes like weight gain and obesity. An in depth 

understanding of the association between ADHD and its core features and abnormal 

eating patterns in young children at a population-level is lacking. 

 What’s new? 

• This is the first study to evaluate the association between eating behaviours 

and ADHD traits in early childhood. 

What’s clinically relevant? 

• The timely recognition of the association between ADHD symptoms and eating 

behaviour at early ages could help tailor useful clinical interventions and prevention 

strategies in order to mitigate long term negative outcomes, such as obesity. 
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Table 1. Descriptive characteristics of the study population  

 N % or Mean± SD 

Parental Characteristics   

Maternal age (years)  543 29.86±4.97 

Maternal origin, n (%)   

Greek 516 93.5 

Non Greek 36 6.5 

Maternal education, n (%)   

Low 94 17.4 

Medium 257 47.5 

High 190 35.1 

Paternal education, n (%)   

Low 189 35.1 

Medium 206 38.3 

High 143 26.6 

Maternal working status, n (%)    

Working 312 43.9 

Not working 244 56.1 

Maternal marital status, n (%)    

Married 477 88.2 

Other 64 11.8 

Pre-pregnancy BMI (kg/m2) 541 24.48±4.90 

Infant Characteristics   

Sex, n (%)   

Male 287 51.4 

Female 271 48.6 

Parity, n (%)    

Primiparous 228 42.9 

Multiparous 303 57.1 

Preterm birth, n (%)   

106 
 



Yes  73 13.4 

No 473 86.7 

Birth weight (kg) 543 3.20±0.46 

Breastfeeding duration (months) 543 3.97±4.15 

Child characteristics at 4 yrs   

ADHDT Total 404 14.26±12.14 

Preschool attendance, n (%)   

No 78 14.0 

Yes 478 86.0 

Passive smoking at home, n (%)   

No 353 63.5 

 Yes 203 36.5 

Hours/day spent watching TV, n (%)   

Almost never  143 25.7 

 1  216 38.9 

≥ 2 197 35.4 

Cognitive Ability (score), McCarthy 545 98.16±17.46 

Child’s BMI (kg/m2), n (%)   

No excess weight 443 79.8 

Overweight 77 13.9 

Obese 35 6.3 

Child’s BMI (kg/m2) 555 16.40±1.89 

Child’s energy intake (kcals) 531 1585.70±453.46 
Abbreviations: SD: standard deviation; BMI, body mass index; TV, television
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Table 2. Subscale scores of the CEBQ (n=558). 

 Mean  SD Cronbach a 

Eating Behaviours    

Food Responsiveness  2.14 0.84 0.769 

Emotional overeating 1.69 0.56 0.626 

Enjoyment of Food  3.44  0.84 0.797 

Desire to Drink  3.52  0.98 0.592 

Satiety Responsiveness  3.36 0.64 0.602 

Slowness in Eating  2.98   0.78 0.575 

Emotional under-eating  3.12 0.94 0.712 

Food Fussiness  2.41 0.86 0.820 

Food approach behaviours 2.41 0.59 0.825 

Food avoidant behaviours 3.11 0.53 0.796 

Total scoring: 0.601  
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Table 3. Multivariable associations between eating behaviours and ADHD scores at 4 years of age. 

ADHD 

Total 

(n=355) 

Impulsivity 

(n=417) 

Inattention 

(n=412) 

Hyperactivity 

(n=378) 

 β-coeff 95% CI β-coeff 95% CI β-coeff 95% CI β-coeff 95% CI 

Eating Behaviours         

Food Approach 0.63 (0.07, 1.20) 0.18 (-0.01, 0.37) 0.18 (-0.01, 0.38) 0.29 (0.06, 0.52) 

Food Responsiveness 2.54 (1.09, 3.99) 0.76 (0.27, 1.24) 0.90 (0.40, 1.39) 0.95 (0.35, 1.55) 

Emotional overeating 3.71 (1.60, 5.82) 0.90 (0.17, 1.61) 0.88 (0.14, 1.62) 1.58 (0.74, 2.44) 

Enjoyment of Food -0.72 (-2.21, 0.76) -0.09 (-0.58, 0.40) -0.26 (-0.77, 0.25) -0.04 (-0.65, 0.57) 

Desire to Drink 0.51 (-0.77, 1.79) 0.10 (-0.33, 0.52) 0.12 (-0.32, 0.55) 0.24 (-0.29, 0.77) 

Food Avoidant 0.03 (-0.54, 0.61) 0.08 (-0.11, 0.27) 0.02 (-0.17, 0.22) -0.05 (-0.29, 0.19) 

Satiety Responsiveness -0.20 (-2.18, 1.77) -0.02 (-0.67, 0.63) -0.32 (-0.99, 0.35) -0.03 (-0.82 0.77) 

Slowness in Eating -0.39 (-1.97, 1.19) -2.78 (-0.80, 0.24) -0.25 (-0.79, 0.29) 0.02 (-0.64, 0.68) 

Emotional under-eating 0.29 (-1.03, 1.61) 0.18 (-0.26, 0.61) 0.21 (-0.24, 0.66) -0.13 (-0.68, 0.41) 

Food Fussiness 0.30 (-1.16, 1.76) 0.51 (0.03, 0.98) 0.26 (-0.22, 0.75) -0.09 (-0.70, 0.51) 

Models are adjusted for executive function at 4 years, child’s age, child’s sex, maternal age, maternal education, parity, child’s  

BMI z- score, child’s energy intake (kcals), TV watching. 

Bolds indicated statistically significant differences at p<0.05. 

Study population varies across ADHD subscales due to missing values of included covariates.  
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Table 4. Multivariable associations between eating behaviours and ADHD test scores stratified by gender at 4 years of age in Rhea Cohort 

Study, Crete, Greece. 

ADHD Total Impulsivity  Inattention  Hyperactivity  

 β-coeff 95% CI β-coeff 95% CI β-coeff 95% CI β-coeff 95% CI 

Eating Behaviours         

Food Approach             

Boys  0.58 (-0.34, 1.49) 0.07 (-0.24, 0.39) 0.12 (-0.21, 0.46) 0.34 (-0.02, 0.71) 

Girls  0.15 (-0.08, 0.39) 0.71 (-0.16,  1.59) 0.13 (-0.09,  0.35) 0.06 (-0.22, 0.34) 

p  for interaction 0.160 0.983 0.475 0.051 

Food Responsiveness             

Boys  2.39 (0.09, 4.70) 0.54 (-0.23,  1.31) 1.01 (0.20, 1.82) 0.97 (0.04, 1.90) 

Girls 1.59 (0.17, 3.35) 0.65 (0.02, 1.28) 0.49 (-0.11, 1.09) 0.42 (-0.35, 1.19) 

p  for interaction 0.295 0.955 0.174 0.224 

Emotional overeating             

Boys  4.43 (0.96, 7.90) 0.98 (-0.20,  2.17) 0.88 (-0.40,  2.15) 2.17 (0.83, 3.50) 

Girls 2.32 (-0.16,  4.81) 0.64 (-0.25, 1.53) 0.63 (-0.20, 1.46) 0.63 (-0.42, 1.69) 

p  for interaction 0.129 0.512 0.436 0.037 

Enjoyment of Food             

Boys -1.87 (-4.23, 0.48) -0.68 (-1.47, 0.10) -0.75 (1.59, 0.09) -0.14 (-1.08, 0.80) 
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Girls -0.83 (-2.58, 0.93) 0.13 (-0.48, 0.74) -0.05 (-0.64, 0.54) -0.58 (-1.35, 1.19) 

p  for interaction 0.712 0.177 0.292 0.368 

Desire to Drink             

Boys 0.94 (-1.11, 3.01) 0.13 (-0.55, 0.82) 0.08 (-0.64, 0.81) 0.32 (-0.52, 1.15) 

Girls 0.29 (-1.18, 1.76) -0.01 (-0.52, 0.51) 0.10 (-0.38, 0.58) 0.18 (-0.47, 0.83) 

p  for interaction 0.096 0.498 0.411 0.195 

ADHD Total: boys, n=179, girls, n=176, Impulsivity: boys, n=211, girls, n= 206, Inattention: boys, n=212, girls, n= 200, Hyperactivity: boys, 

n=188, girls, n=190. 

Bolds indicated statistically significant differences at p<0.05.  
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Figure 1. Associations of eating behaviours (in tertiles) with ADHD test scores at 4 years of age, (a) Food Approach (FAppr), (b) Food 

Responsiveness (FR), (c) Emotional overeating (EOE) and (d) Enjoyment of Food (EF). All models are adjusted for executive function at 4 

years, child’s age, child’s sex, maternal age, maternal education, parity, child’s BMI z- score, child’s energy intake (kcals) and TV watching. 

 

  

113 
 



5. Discussion 

Findings from the present thesis indicate the important effect of diet, during pregnancy, 

infancy and childhood on children’s neurodevelopment. To our knowledge, this is the 

first study that assesses in depth the impact of diet at different time points on later 

neurodevelopment in the Greek childhood population. This section provides a general 

discussion and a broader interpretation of the entire research study. It summarizes the 

detailed discussions of the individual articles presented in the results section of this 

thesis. 

5.1 General discussion of the present findings 

Fish intake during pregnancy and fetal growth and gestational length 

The association of fish intake during pregnancy with birth weight and length of 

gestation including over 150,000 mother-child pairs, is described in detail in paper 1. 

Individual data from 19 European birth cohorts were pooled and harmonized. Findings 

from this study support the existing evidence for a beneficial role of moderate fish 

intake during pregnancy in the risk of preterm birth, and a small but significant increase 

in birth weight. In line with randomized controlled trials, the fatty fish types, with 

higher content in n-3 LCPUFAs, had the most pronounced effect on birth weight. 

According to these studies, maternal intake of n-3 LCPUFA during pregnancy resulted 

in a slightly longer gestation period and somewhat higher birth size (Szajewska, 

Horvath et al. 2006; Salvig and Lamont 2011). Findings from prospective birth cohort 

studies on the relationship between fish intake during pregnancy and fetal growth are 

discrepant, with reports of either positive/null effects (Olsen, Olsen et al. 1990; Olsen, 

Grandjean et al. 1993; Olsen and Secher 2002; Oken, Kleinman et al. 2004; Thorsdottir, 

Birgisdottir et al. 2004; Olsen, Osterdal et al. 2006; Guldner, Monfort et al. 2007; 

Drouillet, Kaminski et al. 2009; Brantsaeter, Birgisdottir et al. 2011; Heppe, Steegers 

et al. 2011), or negative effects (Rylander, Stromberg et al. 2000; Halldorsson, Meltzer 

et al. 2007; Halldorsson, Thorsdottir et al. 2008; Mendez, Plana et al. 2010). Several 

methodological factors may account for these inconsistencies such as inadequate 

sample sizes, exposure misclassification, exposure profile heterogeneity (i.e. 

consumption frequencies versus estimated daily intakes in grams), or differences in 

adjustment. 
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This international study, involving a large number of mother-child pairs, recorded 

thoroughly a wide range of exposure levels, and thus allowed us to carry out the most 

detailed exploration of potential heterogeneity than previously reported in the literature. 

The present analysis included mother-child pairs from several birth cohorts including 

populations with low and high fish intake, as well as regions, with low and high levels 

of contamination in fish species. However, we did not have the possibility of collecting 

accurate information on contaminants that have been negatively associated with birth 

size and gestational length such as PCBs, mercury, and dioxins levels (Govarts, 

Nieuwenhuijsen et al. 2012). We would expect confounding from pollutants 

bioaccumulating in fish to bias the association between fish intake and birth weight 

towards the null. Therefore, any true effect size might be larger than the one reported 

here in the absence of correction for fish pollutants.  

Breastfeeding and cognitive, language and motor development in infancy 

Greece is a country with low levels of breastfeeding, and the impact of breastfeeding 

on later neurodevelopment remains a challenging research area. Paper 2 is the first 

study to examine the longitudinal effect of breastfeeding on neurodevelopment early in 

infancy in a Greek population. In line with the existing literature, results from this study 

showed a positive and linear association between breastfeeding duration and increased 

scores in the scales of cognitive, language, and fine motor development at 18 months 

of age. Children who were breastfed for longer than 6 months scored higher in the scale 

of fine motor development as compared with those that were never breastfed. Most 

published articles have important methodological issues, such as the cross sectional 

study design, the data quality (as a consequence of retrospective data collection on 

breastfeeding at the time of cognitive measurements), the lack of valid 

neuropsychological measurements, the small sample sizes, and the insufficient 

adjustment for critical potential confounders, making it difficult to fully understand the 

relationship between breastfeeding and child mental development. In the present study 

we managed to overcome these methodological issues, and therefore provide reliable 

data. One of the defects of this analysis is that we were not able to take into account 

maternal intelligence and the quality of home environment, as important predictors of 

later neurodevelopment, since these variables were not available at the time. 
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It is possible that our observations could also be explained by other factors/mechanisms 

linking breastfeeding with enhanced neurodevelopment in infancy. To start with, gene-

nutrition studies have provided evidence investigating the interaction between 

breastfeeding and genotype effects. Infant levels of LCPUFAs depend not only on 

maternal levels but also on genes such as FADS1 and FADS2 that regulate PUFA 

metabolism, and determining PUFA levels in breast milk (Glaser, Heinrich et al. 2010). 

These studies have shown that breastfeeding infants had higher IQ scores when 

compared to those fed with formula that was not enriched with LCPUFA.  In addition, 

breastfed infants with the FADS genotype but with low synthesis of LCPUFA, had an 

additional benefit in IQ when compared to infants with a genotype supporting a more 

active formation of LCPUFA (Steer, Davey Smith et al. 2010; Morales, Bustamante et 

al. 2011). Other possible mechanisms that may explain the association between 

breastfeeding and child neurodevelopment  include essential nutrient components in 

breast milk that may also contribute to optimal neural function such as hormones, 

oligosaccharides, phospholipids and (Innis 2007). Finally, enhanced psychosocial 

experiences for children provided by the breastfeeding process, including mother–child 

interaction, bonding, and greater variety of daily stimulations may contribute to the 

infant’s optimal neurodevelopment (Morrow-Tlucak, Haude et al. 1988; Anand and 

Scalzo 2000). 

Dietary patterns in preschoolers and associations with socio-demographic factors 

One main aim of the present thesis was the identification of dietary patterns among 

Greek preschool children. For this purpose we developed and validated a semi-

quantitative FFQ (paper 3) addressed to this specific population group. The FFQ was 

validated before use in a group of representative subjects of the study population. Since 

validity is the degree to which the instrument actually assesses the habitual intake of 

subjects, our validation study indicated that the Rhea 4 years FFQ is a relatively 

accurate tool in assessing habitual food group and nutrient intake for our study 

population. After the validation process was completed, we identified the dietary 

patterns using factor analysis and investigated in detail their associations with multiple 

socio-demographic and lifestyle factors (paper 4). The 'Mediterranean' dietary 

component, comprised mainly of vegetables, fruits, pulses, olive oil, fish and seafood 

was the principal pattern that explained the higher percentage of variability. Even 

116 
 



though traditional Greek diet has undergone many changes the last years it seems that 

the ‘Mediterranean’ pattern still reflects the main dietary choice for children. In line 

with our findings, other studies have also reported positive associations between lower 

parental educational levels, presence of older siblings, exposure to passive smoking, 

and earlier introduction to solid food with ‘less healthy’ patterns. Higher scores on 

‘healthier’ patterns have been observed for children with longer breastfeeding duration 

and for those attending pre-school. However, comparing our findings with other studies 

is rather complex mainly due to multiple methodological approaches including study 

design, dietary assessment tools, food variability across countries and different 

statistical techniques used. Factor analysis is also a sample specific method and its 

results cannot be extrapolated to the general population(Schulze, Hoffmann et al. 2003).  

Dietary patterns and neurodevelopment in preschool age 

The impact of children's dietary patterns on cognitive and psychomotor development at 

preschool age is described in paper 5 (currently under revision). Children who had 

unhealthy food choices at preschool age, characterized by processed and high in sugar 

foods, scored lower in verbal ability, general cognitive ability and cognitive functions 

of posterior cortex. In this analysis we investigated step by step the role of confounders 

with multiple models adjusting each time for additional confounders. Similarly to other 

studies, we observed stronger associations in minimally adjusted models, but results 

attenuated after adjusting for a large array of confounders with only the ‘snacky’ pattern 

(potatoes and other starchy roots, salty snacks, sugar products and eggs) remaining 

negatively associated with children’s neurodevelopment.  

Underlying mechanisms affecting this association remain inconclusive. Animal studies 

have reported detrimental effects of a high-fat/high cholesterol diet on cognitive 

performance and hippocampal morphology (Granholm, Bimonte-Nelson et al. 2008; 

Freeman, Haley-Zitlin et al. 2014). Adult epidemiological studies have also shown that 

intake of a high-fat diet that includes mostly omega-6 and saturated fatty acids is 

associated with worse performance on cognitive tasks(Freeman, Haley-Zitlin et al. 

2014). These associations may be even more profound at early life as the brain grows 

at its fastest rate during the first 3 years of life, and it is possible that poorer food choices 

during this early period may discourage optimal head and brain growth(Gale, Martyn 

et al. 2009). There is also evidence that shared family environmental factors are greater 
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for verbal abilities than for non-verbal abilities, with the latter being related to 

individual’s inherent mentality. 

Eating behavior and ADHD symptoms in preschool children 

Finally, within this thesis we performed the first study (paper 6, currently under 

revision) to investigate the association between eating behaviours and ADHD 

symptoms in Greek preschool children. We found that children’s food approach eating 

behaviours, like food responsiveness and emotional overeating were associated with 

children’s ADHD symptoms, including impulsivity, inattention and hyperactivity at 4 

years of age. Although incidence of disturbed eating behaviours is higher in older ages 

(Swanson, Crow et al. 2011) our findings add to the existing literature by supporting 

that there are signs, even in preschool age, that children with ADHD symptoms are at 

higher risk to become eating disordered (or obese) in the future. Childhood eating 

behaviours have been shown to predict later negative outcomes. Ιn particular, there is 

evidence that food approach/overeating is associated with high body mass index and 

later obesity (Viana, Sinde et al. 2008). Therefore, it will be very interesting to 

determine how the eating behaviours identified develop across time. In this analysis we 

also had the opportunity to adjust for executive function as there is strong evidence that 

impaired executive function is a well-known feature of ADHD, likely to cause 

overeating behaviours (Cortese, Angriman et al. 2008; Dempsey, Dyehouse et al. 

2011). The fact that the statistical significant associations persisted after adjustment for 

executive function strengthens our findings between eating behaviours and ADHD 

symptoms. 

Dopamine pathways involved in ADHD pathophysiology could explain the positive 

association between overeating and ADHD symptoms that we observed. It is possible 

that individuals with ADHD, which is associated with dopamine deficiency- prefer 

‘palatable’ foods due to an altered reward system (Davis 2010). Other plausible 

mechanisms proposed by Fleming and Levy refer to the fact that individuals with 

ADHD may not be able respond to internal signals of hunger and satiety and thus forget 

to eat when necessary and overeat at a later point(Fleming and Levy 2002). 

Additionally, other co-morbidity factors such as depression may intervene in the 

association between ADHD and overeating with ‘loss of control’ (Cortese, Bernardina 

et al. 2007). 
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5.2 Methodological issues 

This thesis includes studies that aimed to investigate the role of nutrition from fetal life 

up to preschool age, on children’s neurodevelopment. The data of these studies were 

mainly derived from the Rhea mother-child cohort, a prospective population based birth 

cohort study in Greece. One of the studies included a meta-analysis and was performed 

in collaboration with other birth cohort studies in the framework of a European project 

(CHICOS project). A number of methodological issues deserve to be acknowledged in 

the following section which provides a general description of selection and information 

bias. 

Selection and Information bias 

A major concern in epidemiological studies is to select the study participants from the 

source population. Selection bias include any bias arising from the procedures followed 

to select the study participants from the source population at the stage of the recruitment 

and/or during the procedure of retaining them in the study (follow ups)(Ellenberg 

1994). At recruitment those individuals who volunteer to participate in a study have 

generally different baseline characteristics than the non-responders. Many studies have 

observed that the non-responders have a lower socioeconomic status and a less 

favorable lifestyle. Sample attrition (withdrawals or loss to follow up) is also a very 

common source of bias in cohort studies. Overall, attrition in the Rhea study was 

inevitable and this selection may have biased our observations in either direction (i.e. 

overestimation or underestimation) but this bias cannot be quantified. 

Bias that occur during the data collection may also be introduced in epidemiological 

studies, known as information bias. In the present thesis the dietary data described in 

paper 4 and 5 were collected with the use of FFQs. Although we validated the FFQ for 

our population (paper 3), parental misreporting and recall bias cannot be discounted.  

FFQ is a dietary instrument appropriate for ranking participants in large population 

studies based on their food and nutrients intake. However, it is not recommended for 

evaluating reliable estimates of absolute intake. Other source of information bias in the 

present thesis could be the interviewer bias that may occur if the interviewer helped the 
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respondent in different ways, such as gestures or put emphasis on different questions. 

In order to overcome these issues, trained staff and standardized data collection 

procedures were used. Fieldworkers and parents were also blind to the main hypotheses 

of the research. Underreporting bias is also common with socially undesirable lifestyle 

behaviours such as smoking, low socioeconomic status or unhealthy eating habits. 

Participants tend to under-report behaviours deemed inappropriate by researchers and 

over-report behaviors viewed as appropriate. Thus, the data which rely on self-report is 

likely to be biased.  

5.3 Strengths and limitations 

This section provides a general description of strengths and limitations of the present 

thesis that have been extensively discussed in the papers. Regarding pregnancy, the 

study included in the present thesis is the largest study conducted so far to assess the 

association of fish intake during pregnancy with birth weight and length of gestation 

including over 150,000 mother-child pairs. Strengths of this thesis also include the 

population-based prospective design of the ‘Rhea’ study which provided us the 

opportunity to account for the effect of exposures prospectively within the cohort and 

for a number of potential predictors of child neurodevelopment. Regarding infancy, 

breastfeeding was primarily measured as a continuous variable in order to avoid 

misclassification bias, to maximize statistical power, and to allow detection of dose-

response relationships. We were able to provide estimates of long-term effects of 

breastfeeding on child neurodevelopment. In early childhood, diet was assessed with a 

validated FFQ for our population (paper 3). In addition, the use of PCA for the 

determination of the dietary patterns, gave us the opportunity to gain deep 

understanding of the whole diet instead of isolated foods and nutrients. Children’s 

eating behavior patterns were also obtained using a validated instrument (Carnell and 

Wardle 2007). The Bayley Scale of Infant and Toddler Development (3rd edition) and 

the MCSA test were used to assess the neurodevelopment of toddlers and preschoolers, 

respectively. These instruments are valid psychometric tests able to provide a reliable 

measure of a toddler’s and child’s separate neurodevelopmental domains (cognition, 

language and motor abilities) and thus, detect which domain is mostly affected. The 

ADHDT used is also a valid psychometric instrument, appropriate for preschool age. It 

assesses all ADHD domains (total ADHD, impulsivity, inattention, hyperactivity) 

enabling a more detailed evaluation. Finally, in paper 2, 5 and 6, where we assessed 
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neurodevelopment, we decided to exclude children with a neurodevelopmental 

impairment as it may be associated with an increased risk of feeding and nutritional 

problems.  

We acknowledge that there are also some limitations in the present thesis. Although in 

our multivariate models we were able to adjust for a large number of confounding 

factors, due to the observational study design, residual confounding of other 

unmeasured confounders may still occur. Given the cross sectional design of the study 

design in paper 4, 5 and 6, we were not able to establish the direction of the observed 

associations. 

5.4 Public health implications and future research 

Measuring the effect of dietary intake in large populations remains challenging. 

Nutritional epidemiology has mainly focused on the role of diet during adulthood and 

only few studies to date have considered early life diet. The influence of nutrition during 

periods of growth is important, the effect of diet may be cumulative and the long term 

impact may only translate into disease decades later. The idea that early nutrition may 

‘program’ health outcomes has obvious biological and public health implications. 

Public health practice is underpinned by research that establishes outcome benefit. The 

possibility that nutrition in early life may have major effects on later health may lead to 

targeted nutritional policies or recommendations in order to promote optimal future 

health. The identification and application of nutritional recommendations is of broad 

social significance for the general population in terms of how it affects education, work 

potential and mental illness in any age group.  

Our findings further highlight the importance of diet and eating behavior at early life 

with children’s neurodevelopment. We observed the positive and linear association of 

breastfeeding duration with increased scores in the scales of cognitive, language, and 

fine motor development at 18 months of age (paper 2). Breastfeeding longer than 6 

months enhanced children’s fine motor development compared to those never 

breastfed. These findings support national and international recommendations to 

promote breastfeeding through at least the age of 6 months. We also found that 

children’s dietary patterns are clearly associated with social and demographic variables. 

Preschool children are at the age where they are learning to eat properly, setting the 

ground rules for future eating patterns. Results from this study (paper 4) highlight the 
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importance of enhancing school-based and community-based actions to promote 

healthy eating addressed to children and young people. Specific actions involving 

families and increased opportunities to access healthy food choices are required. 

As described in paper 5, it is also likely that children’s diet, beyond the type of milk 

consumed in infancy (breast milk or formula), plays an important role in cognitive 

development. Pre-school children following a poor diet, with increased intake of 

processed foods, had lower scores in cognitive performance, even after adjusting for a 

large array of confounding factors. This study has extended this area of research by 

linking children’s diet before entry into formal education with neurodevelopmental 

outcomes. This highlights a challenge, from a public health perspective, for establishing 

the location of responsibility for school outcomes related to aspects of health. The 

question rising is whether educational outcomes partly depend on nutritional intake 

before the start of school. Improving the nutritional intake of children requires for a 

well-coordinated effort between schools, families, government departments to improve 

diets inside and out of school. 

Although we were only able to explore traits of ADHD and eating behaviors, not 

clinical conditions, paper 6 describes the only prospective study reporting the positive 

association between children’s food approach eating behaviors with ADHD symptoms, 

including impulsivity, inattention and hyperactivity at 4 years of age. The assessment 

of eating pathology provides good grounds to explore predictors of eating disorders 

such as binge eating in adolescence. Considering the escalating prevalence of mental 

disorders such ADHD at early ages it is urgent to tailor useful interventions and 

prevention strategies for clinical practice in order to mitigate long term negative 

outcomes. Heath care providers should examine whether efforts to prevent ADHD 

symptoms could include measurement of abnormal eating behaviors and the opposite. 

If ADHD symptoms does in fact contribute to abnormal eating behaviors then the 

treatment of the symptoms might improve eating behaviors. Potentially effective 

therapeutic strategies should also explore treatment implications for co-occurrence of 

these two conditions.  

Childhood health measures that have predictive value for adult health need to be 

collected at various time points in well-designed studies. For example, in a cohort study 

designed to assess neurodevelopment, follow up at 18 months may provide suggestive 
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evidence, but follow ups in older ages up to adult life, would provide compelling 

evidence. Thus, the long term follow up is needed to better understanding the relation 

between nutrition and neurodevelopment. Future research should examine whether 

efforts to prevent neurodevelopmental impairment could include dietary interventions 

by health care providers for children at higher risk. 

The interaction of clinical and epidemiological science is essential in evaluation of 

study outcomes and in defining future directions. Multiple groups need to work together 

in large national and international level to better understand and solve the problems. 

Researches in the field of nutrition, pediatrics, psychology, psychiatry and genetics 

should collaborate in order to improve knowledge of how nutrition affects mental health 

in childhood. Highly innovative tools and techniques are being developed that will, in 

the near future, identify novel genes and epigenetic mechanisms involved in the 

development of neuropsychiatric diseases. The concept of ‘exposome’ is an attempt to 

describe the co-occurrence of multiple exposures (exposure to air pollution, 

environmental hazards, nutrition, biomarkers of exposure) of an individual and their 

association with various health outcomes (growth, obesity, neurodevelopment, immune 

system)(Wild 2005). Results from these studies will provide us a great opportunity to 

unravel some existing research questions and underlying mechanisms. 

6. Conclusions 

In summary, findings in the present thesis support that nutrition in early life may affect 

neurodevelopment in infancy and childhood. Fetal development and birth outcomes are 

significant predictors of optimal long term neurodevelopment. More specifically, 

women who ate fish more than once a week during pregnancy had a lower risk of 

preterm birth compared with women who rarely ate fish (once a week or less). Pregnant 

women with a higher intake of fish during pregnancy gave birth to neonates with higher 

birth weight. Longer duration of breastfeeding in infancy was positively associated with 

neurodevelopment at the age of 18 months. In preschool age, children who followed a 

less ‘healthy’ dietary pattern, high in fat and sugar, were more likely to score lower in 

the neurodevelopmental scales. Dietary patterns of children at the age of 4 years may 

be influenced by multiple socio-demographic and lifestyle factors such as parental 

education, parity, day care attendance or hours watching television during the day.   
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