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Introduction

In this general introduction a description is given of Attention-Deficit/Hyperactivity 

Disorder (ADHD) and ADHD Not Otherwise Specified (ADHD-NOS), of comorbid 

disorders often identified in children with ADHD, of the impact of ADHD on child 

and society, and of the aetiology, i.e. the genetic and environmental factors 

involved in ADHD. Subsequently, this introduction elaborates on one specific 

environmental risk factor of ADHD, i.e. food, on studies eliminating or 

supplementing food constituents like additives and fatty acids, on restricted 

elimination diet studies, on the current assessment and therapy of ADHD, and on 

the role of food in the current therapeutic approach of ADHD. Finally, the aim of 

this thesis, i.e. the relationship between ADHD and food in coherence with the 

objectives of each of the six studies involved, will be explained. 

1.1 ADHD
1.1.1. From MBD to ADHD

The first description of hyperactive and ungovernable child behaviour was 

published in 1845, in a book written by Dr Heinrich Hoffman, a German physician.1 

This illustrated booklet comprised a series of 10 different poems, mostly about 

children showing inappropriate behaviour. Especially the poem about “Fidgety 

Philip” became well known, not only in Germany but throughout Europe,2 although 

of course we do not know whether little Philip suffered from ADHD or whether he 

just choose an awkward way of telling his parents that he really disliked Brussels 

sprouts. Be that as it may, fact is that the symptoms described in the poem 

correspond with some of the ADHD symptoms described in the Diagnostic and 

Statistical Manual of Mental Disorders, fourth edition (DSM-IV).3 

	 The first detailed account of ADHD symptoms was given in 1902, by Dr George 

Still in a Lancet publication,4 and up to the second half of the twentieth century 

these behavioural problems were thought to be caused by organic encephalic 

lesions, indicated as minimal brain damage (MBD).5 As research showed that no 

organic neurological alterations could be detected in these children6 the phrase 

“minimal brain damage” was changed into “minimal brain dysfunction”. Still, as it 

was not easy to differentiate between minimal brain dysfunction and temperament,7 

and as in fact all psychiatric disorders may be the consequence of some 
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dysfunction of the brain, the aetiological formulation of the problem, i.e. MBD, 

evolved into a more descriptive formulation, making an inventory of symptoms 

without referring to a cause.

	 To date, inattention, overactivity and impulsivity symptoms are described in 

two generally accepted and overlapping concepts: Hyperkinetic Disorder, as 

described in the International Classification of Diseases (ICD),8 and Attention-

Deficit/Hyperactivity Disorder (ADHD), as described in the DSM.3 Considering 

that the studies included in this thesis were based on the DSM, the terminology 

applied in this thesis is restricted to the DSM-terminology. In the DSM-III, the first 

manual including this behavioural disorder, the symptoms were represented as 

Attention Deficit Disorder with Hyperactivity (ADDH).9 This description was not 

accepted without scrutiny10 and the question was raised whether a clinical 

diagnosis could be made using behavioural instruments.11 Some researchers 

preferred to refer to ADDH as ADDH-syndrome.12 Nevertheless, despite some 

resistance, to date, in 2011, the DSM-III ADDH criteria have evolved into the 

DSM-IV ADHD criteria, and are based on behavioural symptoms and the 

concurrent impairment. 

	

1.1.2. Diagnostic criteria 

According to the DSM-IV criteria ADHD is a psychiatric disorder characterised by 

developmentally inappropriate symptoms of inattention, impulsive behaviour and 

hyperactivity.3 In most children the behavioural problems start before the age of 5 

(frequently before the age of 2 years), and the disorder often persists into 

adolescence and adulthood.13 The ADHD symptoms comprise 18 characteristic 

features, i.e. 9 concerning inattentive behaviour and 9 concerning hyperactive/

impulsive behaviour. The inattentive symptoms refer to children who: 1) are often 

careless, 2) often have difficulty in sustaining attention, 3) often do not seem to 

listen, 4) often fail to finish schoolwork, 5) often have difficulty organizing tasks,  

6) often avoid tasks that require sustained mental efforts, 7) often lose things, 8) are 

often easily distracted, 9) are often forgetful in daily activities. The hyperactive/

impulsive symptoms refer to children who: 1) often fidget with hands or feet, 2) often 

leave their seat when remaining seated is expected, 3) often run about or climb 

excessively, 4) often find it difficult to play quietly, 5) often act as if driven by a motor, 

6) often talk excessively, 7) often blurt out answers before questions have been 

completed, 8) often have difficulty to await their turn, 9) often interrupt on others.
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To meet the DSM-IV-diagnostic criteria of ADHD the child has to comply with five 

conditions: 

A) �the number of symptoms (see figure) 

	� Based on the number and kind of symptoms which must have been manifest 

for at least the last 6 months, ADHD is divided into three different types. 

	 1) �Combined type: children who show at least 6 inattentive symptoms and at 

least 6 hyperactive/impulsive symptoms, may meet the criteria of the 

combined type. 

	 2) �Predominantly inattentive type: children who show at least 6 inattentive 

symptoms and less than 6 hyperactive/impulsive symptoms, may meet the 

criteria for the predominantly inattentive type. 

	 3) �Predominantly hyperactive/impulsive type: children who show at least 6 

hyperactive/impulsive symptoms and less than 6 inattentive symptoms, may 

meet the criteria for the predominantly hyperactive/impulsive type.

General introduction
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B) �the onset of symptoms 

	 Some symptoms that cause impairment were present before the age of 7.

C) the manifestation of the symptoms

	� Some impairment has to be present in more than one setting, i.e. at home and 

at school or at day care.

D) �the impairment caused by the symptoms

	� The symptoms have to be more frequent and severe than in typically developing 

children at a comparable level of development, i.e. there must be clear 

evidence of clinically significant impairment in social and academic functioning. 

E) �the absence of Pervasive Developmental Disorder (PDD) and psychotic 

disorders 

	 Also, the symptoms must not be better accounted for by another mental disorder

	

	 In order to make reasonable decisions concerning ADHD, diagnostic 

thresholds, age and the impairment (e.g. at home, at school, with friends) as a 

result of the symptoms should be taken into account.14 Consequently, it is 

important to emphasize that ADHD is more than the sum of symptoms. For 

instance, Fidgety Philip definitely showed a number of ADHD symptoms. He was 

careless and did not listen, he did not follow the instructions given, he fidgeted, 

he did not remain seated, he acted like he was driven by a motor and showed 

behaviour unsuitable for the occasion. Furthermore, father and mother expected 

him to behave badly, considering the father who bade his son to behave, and the 

mother who looked grave. Still, more information about the impact of his behaviour 

would be necessary, in order to establish the impact of Philip’s behaviour and in 

order to decide whether ADHD would be the appropriate diagnosis. 

1.1.3. Category or continuum

According to the ADHD guidelines of the National Institute for Health and Clinical 

Excellence (NICE) “ADHD is a valid clinical disorder that can be distinguished 

from comorbid conditions and the normal spectrum. ADHD differs from the 

normal spectrum because there are high levels of hyperactivity/impulsivity and/or 

inattention that result in significant psychological, social and/or occupational 

impairment that occurs across multiple domains and settings and persists over 

time”.15 Although ADHD is defined as a distinct category16 epidemiological and 

twin studies have provided evidence for ADHD as a continuum rather than a 
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discrete category.17-20 In a recent magnetic resonance imaging (MRI) study Shaw 

at al provided further neurobiological evidence for dimensionality of the disorder.21 

Lubke found that ADHD fitted best in three different classes, i.e. mild, moderate 

and severe, and most children with ADHD combined type belonged to the 

extreme end of the continuum.20 Whether or not ADHD is considered a categoric 

or a dimensional disorder, the ADHD diagnosis has proved to be stable, in the 

sense of predicting the ADHD diagnosis;22 children meeting the ADHD criteria 

were likely to continue to meet the criteria during a period of 8 years, thus 

supporting the predictive validity of the DSM-IV ADHD criteria.23  

	 Conversely, this stability does not hold for the three types of ADHD 

(predominantly inattentive, hyperactive/impulsive, combined),22,24,25 which were 

particularly defined to divide the heterogeneous group of children with ADHD in 

more homogeneous groups, in order to facilitate the diagnostic and therapeutic 

procedures.22 Children with ADHD appeared to shift unsystematically from one 

type into another, consequently the typing of ADHD seems unpredictable and 

unstable over time.22,24,25 Therefore it is advised to alter the current nominal typing 

into continuous typing, i.e. counting the numbers of both dimensions (inattentive 

and hyperactive/impulsive), because a robust association of symptom count with 

future impairment has been found.22 

	

1.1.4. Prevalence

According to the DSM-IV ADHD affects 3 to 5% of all children,3 but the prevalence 

of ADHD tends to increase. The worldwide prevalence is now estimated at 5.3%, 

and is associated with significant variability.26 A recent report concerning the 

administrative ADHD prevalence, i.e. the number of parent reported children 

diagnosed with ADHD and taking ADHD medication, showed that in the USA this 

percentage  had increased from 7.8% in 2003 to 9.5% in 2007, an increase of 

21.8%.27 In Germany the administrative prevalence of ADHD showed an increase 

of 45% during 2000-2007.28

	 The ADHD prevalence is 2.1 times greater in boys than in girls.29 This difference 

might be explained by the higher prevalence of the predominantly inattentive type 

in girls,30-32 which symptoms are less intruding or inconvenient than the more 

prominent hyperactive/impulsive symptoms. Consequently, girls are less likely to 

be referred for further diagnostic research and treatment.32 According to the 

multiple threshold model, which implies that multiple factors (genetic as well as 
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environmental) are involved in the causation of ADHD and contribute additively to 

the liability for ADHD, girls may have a higher threshold for ADHD than boys,33 

which may be another explanation of the difference in occurrence between boys 

and girls. Still, although the differences in prevalence between boys and girls are 

well-established, more research is needed to explain these differences.34 

Unfortunately, the risks of non-treatment in both boys and girls are equal, and in 

70-80% of children diagnosed with ADHD the symptoms and concomitant 

impairment will persist into adolescence and adulthood.31 

1.2. ADHD-NOS

Some children do not meet the criteria for ADHD but nevertheless show prominent 

symptoms of inattention and/or hyperactivity/impulsivity, to such an extent that 

the child’s development is negatively affected. In these children the diagnosis 

ADHD Not Otherwise Specified (ADHD-NOS) might be made.3 This diagnosis 

may be applicable to children who meet the ADHD criteria but who show ADHD 

symptoms in one setting only (at home or at school), or to children who are too 

young to go to school. Of course the younger the child the more difficult it will be 

to establish the diagnosis, especially since the behaviour of young children may 

correspond with some ADHD symptoms. Still, according to the DSM-IV in toddlers 

the diagnosis may be established, because even children of 2 or 3 years old 

should be able to sit with an adult, or to listen to a story. The behavioural problems 

in young children may be assessed using the Preschool Age Psychiatric 

Assessment.35 Furthermore, considering the medication studies that have been 

conducted in preschoolers, ADHD may be a real problem in young children. 

These medication studies have shown favourable effects of medication, although 

the effects seem to be smaller and some side effects seem to be greater than in 

school-age children.36-38  

1.3. Comorbid disorders

ADHD is generally diagnosed in combination with other psychiatric disorders and 

co-occurrence of two or more child psychiatric disorders is common.39 In the 
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majority of children with ADHD at least one comorbid condition is reported: 

according to a 2007 analysis in US children 33% suffered from one comorbid 

condition, 16% suffered from 2, and 18% reported 3 or more comorbid disorders.40 

Oppositional Defiant Disorder (ODD), affecting at least 40–60% of children with 

ADHD, and Conduct Disorder (CD) are the most frequent reported comorbid 

disorders in children with ADHD.41 Although DSM-IV diagnostic criteria for ADHD 

exclude PDD,42 children with ADHD often show symptoms of PDD Not Otherwise 

Specified (PDD-NOS)42-45 and a high co-occurrence rate for ADHD and PDD-NOS 

exists. Furthermore, tic and anxiety disorder are comorbidities often reported46 

and the comorbitidy between ADHD and major depression disorder in children 

and adolescents is substantial.47

	 Other non-psychiatric common comorbid disorders include motor disorders 

like developmental coordination disorder (DCD)48 and learning disorders like 

dyslexia and dyscalculia;46 according to parent reports 46% of children with 

ADHD had a learning disorder, versus 5% of children without ADHD.40 ADHD is 

overrepresented in children with coeliac disease49,50 and, finally, sleep disorders51 

and physical complaints like eczema, asthma, headache, bellyache, enuresis 

and encopresis are conditions often reported by parents of children with 

ADHD.52-54 

1.4. The impact of ADHD  

ADHD is a disorder that affects the child and his or her environment substantially. 

The impairment is not limited to family life, but is also existing at school, play 

ground and in everyday life. Apart from the social consequences, preschool 

children with ADHD are more often referred to special education and need more 

physical and speech therapy than a control group without ADHD.55 Furthermore, 

children with ADHD are more often visiting a general practitioner or a specialist, 

they are more often hospitalised and have more major injuries than a control 

group without ADHD.56,57 Consequently, the demands for social and healthcare 

services are considerable,58,59 concomitantly affecting the parents’ professional 

productivity.57 Children with comorbid psychiatric disorders like ODD and CD are 

even more difficult to handle by parents and teachers. They give rise to significant 

parenting stress, they have more problems, and need more health and educational 
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care than children with ADHD only.40 These children have a worse prognosis 

compared to children without comorbidity.60 

	 In most children the problems persist into adolescence and adulthood27,31 and 

these children are even more at risk for long term negative outcomes.60,61 

Adolescents with ADHD show increased academic failure and an increased risk 

of driving accidents. They may develop aggressive and antisocial behaviour, 

resulting in a poorer social environment.60 Research has shown that in particular 

ADHD with comorbid ODD or CD may predict an early onset of criminal behaviour62 

and children with or without comorbidity show worse delinquency outcomes.63 

Furthermore, in detained male adolescents, 90% of the subjects reported at least 

one psychiatric disorder –75% of which were ODD and/or CD–, and parent-

reported ADHD, CD and childhood-onset CD predicted serious recidivism.64,65 

Finally, adults with ADHD are at risk of unemployment, problems at work, divorce 

and drug abuse.66,67 

	 Not only the child and his or her environment suffer from ADHD, the societal 

costs of ADHD are considerable also. According to a Dutch study assessing the 

medical costs of ADHD patients and their mothers, the annual direct medical 

costs of children with ADHD were € 2040, which proved to be 11 times higher than 

the costs of children with no behavioural problems.58 The mean annual medical 

costs of the mothers were € 728, almost 5 times higher than the costs of mothers 

of children without behavioural problems.58 Additional other societal costs, like 

special education, behavioural interventions, placing in care, associated costs in 

adulthood, substance use and costs of crime68 were not included in the 

calculations of the Dutch study. Summarizing, the impact of ADHD on everyday 

life is considerable for both the child and the child’s environment, with significant 

social as well as economical consequences, resulting in impairment of life and 

substantial direct and indirect societal costs. 

	

1.5. �Aetiology: genetic and environmental factors  
involved

Since 1902, following the first description of the clinical symptoms of ADHD in The 

Lancet, the behavioural problems of children have been the subject of many 

investigations. Twin and adoption studies have provided evidence that genetic 
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factors play a dominant role in ADHD69 with a heritability estimate of 75%.70,71 

Many genes of small effect are involved, interacting with each other and with 

environmental risk factors, but no genes of large effect have been found yet.70 

Furthermore, in children with ADHD a significantly increased rate of large, rare 

copy number variants (CNVs, i.e. chromosomal duplications and deletions) has 

been found,72 especially in children with intellectual disability (IQ score <70), 

suggesting that routine genetic research and screening for these mutations could 

be helpful for children with ADHD.71 Still, it is important to emphasize that high 

heritability and the presence of rare CNVs must not be confused with genetic 

determinism;13 genomic risk prediction is obvious in Mendelian diseases, but in 

complex disorders genetic variants may explain the disease risk only partially.73 

Thus, the genetic architecture of ADHD is complex and not conclusive.74 

	 Furthermore, considering that the increased rates of large CNVs were only 

found in the small minority (16%) of children with ADHD and were also found in 

7% of the control group children without ADHD,71,75 these additional results may 

serve as an example for the intricateness of this subject. Also, epigenetic changes 

may play a role in ADHD. Epigenetics is the process that governs the function of 

genes and is most commonly defined as the study of heritable changes in 

genome function that occur without a change in DNA sequence. Epigenetic 

effects in gene activation and inactivation are increasingly understood to be 

important in phenotype transmission and development. Considering the diversity 

of genotypes as well as phenotypes, ADHD sharing specific genes with autism, 

epilepsy, schizophrenia and mental retardation,71,76 further studies investigating 

the associations between genotypes and phenotypes are important, perhaps 

resulting in previously overlooked similar phenotypic elements that might link the 

genotypic outcomes.76 

	 Despite all scientific reseach and efforts to unravel the mysteries of ADHD the 

exact aetiological pathways of ADHD are still unknown.13,77 To date, ADHD is 

considered a complex and multifactorial disorder in which genetic as well as 

environmental risk factors may be involved.78 Although according to the Dutch 

ADHD guidelines environmental factors do not have a strong influence on the 

development of ADHD,77 biological environmental factors (e.g. complications 

during pregnancy and delivery, smoking or alcohol use by the mother during 

pregnancy, and low birth weight, prematurity or dysmaturity) as well as 

psychosocial environmental factors (e.g. low social class, foster placement, 
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parental mental disorders, and family dysfunction) are associated with ADHD.79 

According to the polygenic multiple threshold model,33 every risk factor (genetic, 

biological and psychosocial) may have a small effect on the increasing 

vulnerability to the disorder, additive as well as interactive,  and the cumulative 

effect of these risk factors, if exceeding a threshold, may lead to ADHD.70 

Individuals may differ in their response to environmental factors, and some 

individuals who have ADHD related genes may only develop the disorder when 

they are exposed to risk factors.80 I.e., it is conceivable that the child’s genetic 

constituency may be interpreted as a genetic vulnerability to environmental risk 

factors.69,74

	 Not until recently specific gene-environment interactions have been studied in 

ADHD by means of “gene-environment” (GxE) studies. It is conceivable that the 

predominating negligence of environmental factors may have been caused by the 

very high heritability of ADHD.79 Contrary to the posited notion that ADHD results 

from a cumulation or a confluence of genes and environment, which of course is 

true, the GxE theory goes a step further, i.e. genotype and environment may 

increase or decrease each others effect, resulting in an actual interplay between 

genes and environment.79 Consequently, some genotypes may be disadvanta-

geous, but only in combination with specific environmental factors, and some 

environments may be detrimental, but only to certain individuals with specific 

genotypes.79 An appealing example is the Siamese cat, whose black tips are 

defined by the environment, to be more specific, by the temperature. A Siamese 

kept in the fridge will grow black hair only, but kept in the desert will be white as 

snow.75

	 On top of that, gene expression and epigenetic processes may be altered or 

induced by environmental factors,75,81 indicating that GxE studies are very exciting 

and may be promising for the future. Concluding, genes and environmental 

factors may interact with each other in complex ways,69 emphasizing the 

importance of studies into environmental factors.79 More research is needed to 

define to what extent environmental factors may influence the genotype and play 

a role in ADHD, and to investigate whether risk reduction and treatment could be 

achieved by modifying the environment.80
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1.6. Food as a specific environmental risk factor of ADHD

One of the environmental research areas meriting greater attention is the impact 

food may have on behaviour and behavioural disorders. There is growing 

awareness among healthcare providers that the composition and quality of our 

food may play a role in determining not only our physical well-being, but also our 

behaviour. The pharmacological effects of certain foods, like caffeine (improving 

concentration), chocolate (affecting mood), and alcohol (changing behaviour) are 

well known.82 Foods are also involved in allergic and highly genetic diseases like 

asthma and eczema. Various environmental factors (e.g. dust mites, pet animals, 

pollen or foods) may play an important role and may contribute to the development 

of these disease.83,84 Avoiding incriminated risk factors may reduce or even 

prevent the symptoms, thus offering the opportunity to reduce the intake of drugs 

to a minimum. 

	 Based on the comorbidity of ADHD and allergic disorders which occurs in 

40% of children with ADHD85 a causal relationship between allergies and ADHD 

was suggested.85-87 Conversely, other studies showed no conclusive evidence for 

this association88,89 finding no discrepancy in the number of children showing 

ADHD behaviour with and without an allergic disorder.54,88,89 The occurrence of 

adverse physical reactions to foods (e.g. eczema, asthma, allergic rhinitis, 

gastrointestinal disturbances)90 in combination with the high comorbidity of 

behavioural and physical complaints,46 stimulated speculation that foods might 

not only affect organs like the skin, the gastrointestinal tract and the respiratory 

system, but might also have an impact on the brain, resulting in adverse 

behavioural effects.53 If so, in children (genetically) vulnerable to ADHD specific 

foods may trigger the disorder, commensurable with strawberry triggering 

eczema, orange triggering asthma, or wheat triggering coeliac disease. 

Consequently, avoiding the incriminated foods will lead to a decrease of 

symptoms. In order to investigate the relationship between food and behaviour in 

the previous century two types of studies have been performed; studies 

eliminating or supplementing one or several food components, i.e. additive and 

supplement studies, and studies eliminating many foods, i.e. restricted elimination 

diet (RED) studies. 
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1.7. Additive and supplement studies

Additive studies are defined as studies eliminating or provocating one or a few 

food components. Between 1970 and 2000 many additive studies investigated 

the effect of food dyes, preservatives or other specific food components (e.g. 

sugar or chocolate) on ADHD. These studies have convincingly shown that 

additives or specific food components are not to blame for ADHD.91-97 Recent 

studies into the effects of additives showed that exposure to food colours and 

benzoate preservatives may result in some degree of hyperactivity in all children 

of the general population, but not specifically in children with ADHD.98,99 

Furthermore, the effect sizes were small, and it is undetermined whether either 

food colours, or preservatives, or both engendered the effect.98,99 Other studies 

eliminating only one or a few diet components, like a gluten free diet or the 

Feingold diet, did not result in statistically significant and clinically relevant results 

on ADHD as well.97,100 Concluding, despite the common association and the 

expectation of parents that sugar and additives may cause ADHD, a diet excluding 

just a few food components, like gluten, sugar or chocolate,76,78 or an additive free 

diet is of no benefit to ADHD.53 According to the European and the NICE guidelines 

there is no evidence for the effectiveness of these diets and they should not be 

prescribed.13,15 The Dutch multidisciplinary ADHD guidelines, provided by the 

Trimbos Institute (Netherlands Institute of Mental Health and Addiction) are 

consistent with the European and the NICE guidelines.77 

	 In addition to additive studies, eliminating some food components, supplement 

studies have been performed, characterised by supplementing a specific food 

component or nutrient. In short, no evidence exists for the effectiveness of 

supplementation of vitamins or herbs.97,100 Furthermore, clinical effects of zinc, 

iron, or magnesium supplementation are equivocal,101,102 not significant,103 or too 

little studies are available to draw any conclusions.101 Supplementation with poly

unsaturated fatty acids (PUFA), more specifically omega-3 and omega-6 fatty 

acids [essential fatty acids (EFA)], has also been studied as a treatment for 

ADHD. In fact, supplementation of omega-3 fatty acid or alpha-linolenic acid, 

mostly referred to as fish oil, is widely applied for all kinds of diseases, including 

ADHD. To date, fish oil appears to have grown into a panecea, of which the food 

industry is taking full advantage, adding fish oil to all kinds of foods, even to pet 

food. Contrary to the canvassing texts on foods, up to now research has shown 
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no convincing evidence for a clear effect of omega-3 fats on our health, neither 

on total mortality, cardiovascular events or cancer,105 nor on ADHD.106-109 

	 A recent randomised placebo-controlled trial in children and adolescents with 

ADHD showed that omega 3/6 supplementation (eye q) was not statistically 

superior to placebo. In children with comorbid ODD, i.e. the majority of children 

with ADHD, a clinical response was lacking altogether. In a subgroup of children 

without ODD but with comorbid reading and learning disorders, the supplement 

only just reached statisticial significance.110 A review recently conducted by the 

National Institute for Public Health and the Environment in the Netherlands, found 

that omega 3/6 fatty acid supplementation does not show clinically relevant 

effects on ADHD.104 Similarly, in a systematic review Raz et al concluded that 

omega 3/6 trials “have generally been unsuccesful in demonstrating any 

behavioural effects”.109 Overall, despite many trials supplementing either omega-3 

fatty acids (fish oil) or omega-6 fatty acids or both, evidence for the effect on 

ADHD is limited and results are inconsistent.107 Consequently, fatty acids are not 

recommended as a primary or supplementary treatment for children with 

ADHD.15,77,104,109 

	

1.8. RED studies

Between 1985 and 2000 the effects of a restricted elimination diet (RED) on ADHD 

have been investigated in six randomised controlled dietary studies,52,53,85,111-113 of 

which five studies used a double-blind placebo controlled design.52,53,85,111,113 The 

rationale for using a highly restrictive diet was the assumption that a child might 

show adverse behavioural reactions after eating any foods. If so, this would 

explain why excluding just one or two different foods, as happened in the additive 

studies,91-97 would not be an effective method to investigate the existence of a 

diet-behaviour connection in a child.53 Consequently, contrary to the additive 

studies in which the children adhered to their normal diet, the RED studies 

involved a total change of diet, allowing only a few different foods and excluding 

not only additives but many different foods. In short, in the additive studies 

parents were told what the child should not eat, in the RED studies parents were 

told what the child was allowed to eat. 

	 In the RED studies the children followed an individually composed restricted 
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elimination diet (RED) for 4 weeks at the most. Basic foods were rice, meat, 

vegetables, fruit and water, i.e. the few foods diet as described by Carter,53 but 

most studies used a more elaborate diet and adapted the diet for each child 

individually. The RED trials have shown that in 24% (in the study using the most 

extensive diet which lasted 8 days only)113 to 82% (in the study using the most 

restricted diet in a highly selected population)85 of subjects significant behavioural 

improvements were established following the RED. A meta-analysis of the five 

double-blind placebo-controlled RED studies52,53,85,111,113 resulted in an aggregated 

standardized mean difference of 0.80, which is a large effect size.106 Considering 

that the majority of these studies (3/5) were conducted in children selected via 

diet clinics53,85 or allergy clinics,111 the results of the RED studies are applicable to 

a subgroup of children with ADHD, showing convincing controlled evidence of 

efficacy97,114 Consequently, in 2001 application of an RED in predetermined cases 

was included in a basic algorithm for treatment of ADHD in the United Kingdom.100

	 The mechanism in which foods may exert their effects on ADHD has not been 

investigated yet. It is hypothesised that ADHD is allergy related115 and that a 

shared genetic aetiology may be underlying both allergic conditions (e.g. asthma) 

and ADHD.116 In allergic diseases like asthma, rhinitis and eczema environmental 

factors play an important triggering role.117-119 According to the revised 

nomenclature of allergy, hypersensitivity is the coordinating term for all allergic 

and non-allergic reactions triggered by environmental factors, the definition being 

as follows: “Hypersensitivity describes objectively reproducible symptoms or 

signs, initiated by exposure to a defined stimulus at a dose tolerated by normal 

subjects.”120 The manifestation of asthma symptoms following exposure to dust 

mites, will meet the definition of hypersensitivity, the dust mite being the defined 

environmental stimulus. Similarly, if a child  shows ADHD symptoms after eating 

normal amounts of specific foods, these foods may, like the dust mite in asthma, 

be considered as clearly identified stimuli tolerated by typical subjects. 

Consequently, in some children ADHD may be the result of a hypersensitive 

reaction as described in the definition above. The results of the RED studies, 

investigating the effects of food on ADHD symptoms, support the existence of a 

hypersensitivity mechanism. If a child shows ADHD after eating certain foods and 

if blood tests show increased levels of immunoglobulin (Ig) against the incriminated 

foods,120 then in this specific child ADHD may be the consequence of an allergic 

reaction to foods. Allergy is a hypersensitivity reaction initiated by specific 
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immunologic mechanisms,120 and may be antibody-mediated and/or 

cell-mediated. In antibody-mediated allergies immunoglobulins like IgE or IgG 

are involved.121 According to Gaitens a behavioural response to food is probably 

not IgE-mediated, but there might well be a connection between ADHD and 

allergies based on a non-IgE-mediated mechanism.122 Consequently, in children 

showing an ADHD-response to foods, cell-mediated allergy (i.e. mediated by a 

chronic immune stimulus to T cells) may be involved. 

	 In children with food-induced ADHD but without an established allergic 

mechanism, a non-allergic hypersensitivity may be involved, in which 

pharmacologic, toxic,53 or epigenetic 75,81 mechanisms may play a role. Considering 

the high comorbidity of functional gastrointestinal disorders and psychiatric 

disorders even the gut brain axis (i.e. the link between the gastrointestinal tract 

and the central nervous system), an unexplored area where ADHD is concerned, 

may play a role in ADHD.123 Furthermore, modulation of behaviour via gut 

microbiotica is another new and interesting concept.124 Concluding, more research 

is necessary to establish whether in children with food-induced ADHD an allergic 

or a non-allergic hypersensitivity mechanism is involved. 

1.9. Current assessment and therapy of ADHD 

According to the guidelines the ADHD diagnosis should only be made by a 

trained health care professional, with expertise in diagnosing ADHD. The ADHD 

assessments should comprise: 1) parent interview, including a developmental 

history of the child and family members, family functioning, social network, a 

psychiatric interview concerning DSM-IV-diagnoses and parent rating scales;  

2) child interview, although the interviewer must realise that behavioural problems 

may not manifest themselves in a new and exciting setting; 3) school information 

about the functioning and the behaviour of the child at school and about the 

teacher-child relationship; 4) psychological tests if there are any problems related 

to learning or progress at school, 5) general examination of physical health, 

including weight and height, further investigations only to be executed on medical 

grounds (e.g. EEG in case of a history of seizures, gene assessments in case of 

developmental delay, audiograms in case of hearing problems, and neuro

psychological tests in case of suspicion of brain lesions).13,77
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	 To date, the management of ADHD is generally based on multimodal 

treatments.115 According to the NICE ADHD guidelines the order of treatment 

should depend on the severity of symptoms and the level of impairment of 

functioning. In children with  moderate ADHD and moderate impairment parent 

training and  parent education, if desired combined with child group treatment 

(cognitive behavioural therapy), should be the first-line treatment. In children with 

severe ADHD and severe impairment drug treatment should be first-line, 

preferably combined with group based parent training.15 According to the 

European guidelines for hyperkinetic disorder psycho-education should be the 

base of treatment, followed by psychological and behavioural interventions (i.e. 

parent training and behavioural interventions in the family; behavioural 

interventions at school; cognitive behaviour therapy of the child).13 Psychophar-

macological treatment should be considered if the effects of psychological 

interventions are insufficient or if the case meets the criteria for severity of 

symptoms and of impairment of functioning that warrant direct medication 

treatment.13,77 

1.10. The role of food in the current therapy of ADHD

As yet not any diet is part of the current therapy of ADHD. So far only seldom an 

elimination diet is referred to as a possible treatment for ADHD.125 Indeed, in an 

analysis of the current literature by the American Academy of Pediatrics’ 

Committee on Quality Improvement, conducted for the purpose of developing an 

evidence-based clinical practice guideline for the treatment of the school-aged 

child with ADHD, the results of the RED studies were not mentioned at all.126 In a 

recent “balanced review of the literature, both in support and against the 

possibility of foods or additives causing behavior disorders” all RED studies were 

ignored.127 Furthermore, in a review “emphasising new developments and 

focusing on pathways of discovery that could lead to improved treatments for 

patients with ADHD” the authors referred to additive studies only in order to 

deduce that there are “mostly negative studies of dietary factors”.70 Of course, it 

is correct that the additive studies, investigating the effect of elimination of 

additives or other food components on the behaviour of children with ADHD, have 

convincingly shown not to be effective and are not considered part of the treatment 
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of ADHD.13,15 Conversely, convincing evidence exists for the effectiveness of an 

individually constructed elimination diet in selected groups of children.97,114 

Moreover, in 2001 an RED was incorporated in an algorithm for ADHD treatment 

if: 1) there was a clue in history that dietary factors might be involved; 2) a 

paediatric dietician was available to monitor the diet; 3) the child and family were 

motivated to follow a diet.100 Considering the existing evidence available at the 

time of the above-mentioned reviews, it is amazing that all RED studies have 

been disregarded by the reviewers. 

	 Despite the recommendation in the UK ADHD algorithm100 the European 

guidelines state that: “there is not yet enough scientific evidence to establish 

guidelines for dietary approach, more research is needed”.13 More amazing still is 

the guidelines’ advice that a diary approach is considered applicable if parents 

suspect that foods affect their child’s behaviour, to investigate whether a link 

exists between behaviour and food intake.13,15 This recommendation appears to 

be consensus based rather than evidence based, because no scientific evidence 

exists for a relationship between keeping a diary and finding foods that may 

cause ADHD. Concluding, despite convincing evidence for the effects of an RED 

in subgroups of children with ADHD, the current ADHD therapy does not comprise 

an RED. 

1.11. Aim and structure of this thesis 

This thesis comprises two main aims. First, the relationship between ADHD and 

food and the relationship between psychiatric and/or physical comorbid disorders 

and food is examined, in heterogeneous groups of young children with ADHD, 

using an individually constructed RED. The hypothesis is tested that a restricted 

elimination diet may have a beneficial effect on both the behavioural problems 

and the somatic complaints in an unselected group of children with ADHD. 

Second, two possible mechanisms of action in which food may exert its effects 

are investigated, i.e. a direct immunological mechanism and an indirect 

mechanism, affecting family structure. The hypotheses are tested that 1) an 

immunological mechanism is involved in food-induced ADHD, and 2) the effects 

of an RED may be mediated by changes in family environment. Consequently, the 

thesis is divided in two parts corresponding with the main aims. 
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1.11.1. �Part 1:  

the effect of an RED on ADHD, ODD and comorbid complaints

Most previously performed studies applying an RED focussed on selected 

subgroups,  e.g. the participants were recruited via diet or allergy clinics. In 

Chapter 2, a pilot study is described investigating the effects of an RED on ADHD, 

ODD and physical complaints in a group of children not selected for atopic 

constitution or diet affinity. Only children familiar with risk factors for ADHD, e.g. 

prematurity, dysmaturity, alcohol use during pregnancy or foster placing, were 

excluded. This study focuses on the question whether nutrition can be regarded 

as a potential ADHD risk factor in a heterogeneous group of children and whether 

it is recommendable to execute a follow up study with a randomised controlled 

design. Chapter 3 describes the follow up study, a randomised controlled trial 

(RCT) executed in a comparable heterogeneous group of children with ADHD 

and comorbid complaints. The aim was to investigate whether the results of the 

previous open study could be replicated in a randomised controlled design. In 

Chapter 4 the RED results on sleep problems and physical complaints are 

investigated, in the group of children described in Chapter 3. 

1.11.2. �Part 2:  

the potential working mechanisms of an RED on ADHD and ODD 

In Chapter 5, based on the results of all previous RED studies in children with 

ADHD, showing evidence of efficacy on both psychiatric and physical conditions, 

the hypothesis is postulated that ADHD, like asthma and eczema, might be 

considered a (non-)allergic hypersensitivity disorder. Based on definitions of 

allergic conditions this hypothesis is explained and motivated. Chapter 6 

describes the Impact of Nutrition on Children with ADHD (INCA) study. In this 

pragmatic study, using a randomised controlled design with blinded measurements 

by a paediatrician, the effects of the RED are investigated in an unselected group 

of children with ADHD. Contrary to the studies described in Chapters 2 and 3, 

children familiar with risk factors for ADHD are not excluded, in order to determine 

how generally applicable this RED treatment will be within a general group of 

young children with ADHD. Furthermore, it is investigated whether an 

immunological mechanism may be involved, using IgE and IgG blood tests. The 

results of the blood tests may provide additional information about the mechanisms 

of foods in children with ADHD, may enable us to segregate between non-allergic 
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or allergic mechanisms in food-induced ADHD and may eventually facilitate the 

RED procedure. Finally, in Chapter 7 another possible mechanism in which food 

may exert its effects is explored, i.e. a change in family structure and family 

environment. It is conceivable that behavioural improvements after following an 

RED may also be mediated by changes in family environment due to the strict 

scheme the family has to follow during the RED. This study aimed to investigate 

whether changes in family environment may contribute to the positive behavioural 

effects of an RED in children with ADHD, in a subsample of the INCA study. 

General introduction

Introduction



36

References

1.	 Hoffman H. Der struwwelpeter oder Lustige Geschichten und drollige Bilder. Für kinder von 
3 bis 6 Jahren (1845).

2.	 Hoffmann H. Struwwelpeter in English translation. Dover Publications, Inc., 1995.

3.	 American Psychiatric Association. Diagnostic and statistical manual of mental disorders, 
4th edn, text revision. Washington, DC: American Psychiatric Association, 2000.

4.	 Still GF. Some abnormal psychical conditions in children: the Goulstonian lectures. Lancet 
1902;1:1008–1012.

5.	 Kucera O. Psychopathology of children with minimal brain injuries. Psychiatr Neurol Med 
Psychol Beih 1968;9:32-37.

6.	 Somogyi-Tóth SN, Ormai V. Psychologic contributions to the early childhood brain damage 
syndrome. Psychiatr Neurol Med Psychol Beih 1968;9: 94-98 (in German).

7.	 Carey WB, McDevitt SC, Baker D. Differentiating minimal brain dysfunction and temperament. 
Dev Med Child Neurol 1979;21:765-72.

8.	 World Health Organisation, International Classification of diseases (ICD). http://www.who.
int/classifications/icd/en. 

9.	 American Psychiatric Association. Diagnostic and statistical manual of mental disorders, 
3th edn. Washington, DC: American Psychiatric Association, 1980.

10.	 Prior M, Sanson A. Attention deficit disorder with hyperactivity: a critique. J Child Psychol 
Psychiatry 1986;27:307-19.

11.	 Rubinstein RA, Brown RT. An evaluation of the validity of the diagnostic category of attention 
deficit disorder. Am J Orthopsychiatry 1984;54:398-414.

12.	 Cantwell DP. Diagnostic validity of the hyperactive child (attention deficit disorder with 
hyperactivity) syndrome. Psychiatr Dev 1983;1:277-300. 

13.	 Taylor E, Döpfner M, Sergeant J, et al. European clinical guidelines for hyperkinetic disorder 
-- first upgrade. Eur Child Adolesc Psychiatry 2004;13:17-30.

14.	 Thapar A, Lewis G. Should we be rethinking how we assess and manage ADHD? J Am Acad 
Child Adolesc Psychiatry 2009;48:1051-52.

15.	 National Institute for Health and Clinical Excellence. Attention Deficit Hyperactivity Disorder: 
diagnosis and management of ADHD in children, young people and adults. NICE Clinical 
Guideline 72. London UK: National Institute for Health and Clinical Excellence, 2008.

16.	 Chen W, Zhou K, Sham P, et al. DSM-IV combined type ADHD shows familial association 
with sibling trait scores: a sampling strategy for QTL linkage. Am J Med Genet B  
Neuropsychiatr Genet 2008;147B:1450-60.

Chapter 1



37

17.	 Levy F, Hay DA, McStephen M, Wood C, Waldman I. Attention-deficit hyperactivity disorder: 
a category or a continuum? Genetic analysis of a large-scale twin study. J Am Acad Child 
Adolesc Psychiatry 1997;36:737-44.

18.	 Sonuga-Barke EJ, Dalen L, Daley D, Remington B. Are planning, working memory,  
and inhibition associated with individual differences in preschool ADHD symptoms? Dev 
Neuropsychol 2002;21:255-72.

19.	 Haslam N, Williams B, Prior M, et al. The latent structure of attention/deficit/hyperactivity 
disorder: a taxometric analysis. Aust N Z J Psychiatry 2006;40:639-47.

20.	 Lubke GH, Hudziak JJ, Derks EM, van Bijsterveldt TC, Boomsma DI. Maternal ratings of 
attention problems in ADHD: evidence for the existence of a  continuum. J Am Acad Child 
Adolesc Psychiatry 2009;48:1085-93.

21.	 Shaw P, Gilliam M, Liverpool M, et al. Cortical development in typically developing children 
with symptoms of hyperactivity and impulsivity: support for a dimensional view of attention 
deficit hyperactivity disorder. Am J Psychiatry 2011;168:143-51. 

22.	 Lahey BB, Willcutt EG. Predictive validity of a continuous alternative to nominal  subtypes of 
attention-deficit/hyperactivity disorder for DSM -V. J Clin Child Adolesc  Psychol 2010;39:761-
75.

23.	 Lahey BB, Pelham WE, Loney J, et al. Three-year predictive validity of DSM-IV attention 
deficit hyperactivity disorder in children diagnosed at 4-6 years of age. Am J Psychiatry 
2004;161:2014-20.

24.	 Nigg JT, Willcutt EG, Doyle AE, Sonuga-Barke EJ. Causal heterogeneity in attention-deficit/
hyperactivity disorder: do we need neuropsychologically impaired subtypes? Biol Psychiatry 
2005;57:1224-30. 

25.	 Todd RD, Huang H, Todorov AA, et al. Predictors of stability of attention-deficit/hyperactivity 
disorder subtypes from childhood to young adulthood. J Am Acad Child Adolesc Psychiatry 
2008;47:76-85.

26.	 Polanczyk G, de Lima MS, Horta BL, Biederman J, Rohde LA. The worldwide prevalence of 
ADHD: a systematic review and metaregression analysis. Am J Psychiatry 2007;164:942-48. 

27.	 Centers for Disease Control and Prevention (CDC). Increasing prevalence of parent-report-
ed attention-deficit/hyperactivity disorder among children --- United States, 2003 and 2007. 
MMWR Morb Mortal Wkly Rep 2010;59:1439-43.

28.	 Schubert I, Köster I, Lehmkuhl G. The changing prevalence of attention-deficit/hyperactivity 
disorder and methylphenidate prescriptions: a study of data from a random sample of 
insurees of the AOK Health Insurance Company in the German State of Hesse, 2000-2007. 
Dtsch Arztebl Int 2010;107:615-21. 

29.	 Merikangas KR, He JP, Brody D, et al. Prevalence and treatment of mental disorders among 
US children in the 2001-2004 NHANES. Pediatrics 2010;125:75-81.

General introduction

Introduction



38

30.	 Biederman J, Faraone SV. The Massachusetts General Hospital studies of gender influences 
on attention-deficit/hyperactivity disorder in youth and relatives. Psychiatr Clin North Am 
2004;27:225-32.

31.	 Staller J, Faraone SV. Attention-deficit hyperactivity disorder in girls: epidemiology and 
management. CNS Drugs. 2006;20:107-23. 

32.	 Rucklidge JJ. Gender differences in attention-deficit/hyperactivity disorder. Psychiatr Clin 
North Am 2010;33:357-73. 

33.	 Rhee SH, Waldman ID, Hay DA, Levy F. Sex differences in genetic and environmental 
influences on DSM-III-R attention-deficit/hyperactivity disorder. J Abnorm Psychol 1999; 
108:24-41.

34.	 Stergiakouli E, Thapar A. Fitting the pieces together: current research on the genetic basis 
of attention-deficit/hyperactivity disorder (ADHD). Neuropsychiatr Dis Treat 2010;6:551-60.

35.	 Willoughby MT, Angold A, Egger HL. Parent-reported attention-deficit/hyperactivity disorder 
symptomatology and sleep problems in a preschool-age pediatric clinic sample.  J Am Acad 
Child Adolesc Psychiatry 2008;47:1086-94.

36.	 Murray DW. Treatment of preschoolers with attention-deficit/hyperactivity disorder. Curr 
Psychiatry Rep 2010;12:374-81.

37.	 Ghuman JK, Aman MG, Lecavalier L, et al. Randomized, placebo-controlled, crossover 
study of methylphenidate for attention-deficit/hyperactivity disorder symptoms in pre- 
schoolers with developmental disorders. J Child Adolesc Psychopharmacol 2009;19:329-
39.

38.	 Vitiello B, Abikoff HB, Chuang SZ, et al. Effectiveness of methylphenidate in the 10-month 
continuation phase of the Preschoolers with Attention-Deficit/Hyperactivity Disorder 
Treatment Study (PATS). J Child Adolesc Psychopharmacol 2007;17:593-604.

39.	 Caron C, Rutter M. Comorbidity in child psychopathology: concepts, issues and research 
strategies. J Child Psychol Psychiatry 1991;32:1063-80.

40.	 Larson K, Russ SA, Kahn RS, Halfon N. Patterns of comorbidity, functioning, and service 
use for US children with ADHD, 2007. Pediatrics 2011;127:462-70. 

41.	 Elia J, Ambrosini P, Berrettini W. ADHD characteristics: I: concurrent co-morbidity patterns 
in children and adolescents. Child Adolesc Psychiatry Ment Health 2008;2:15.

42.	 Yoshida Y, Uchiyama T. The clinical necessity for assessing Attention Deficit/Hyperactivity 
Disorder (AD/HD) symptoms in children with high-functioning Pervasive Developmental 
Disorder (PDD). Eur Child Adolesc Psychiatry 2004;13:307-14.

43.	 Gillberg C, Gillberg IC, Rasmussen P, et al. Co-existing disorders in ADHD -- implications for 
diagnosis and intervention. Eur Child Adolesc Psychiatry 2004;13:180-92. 

Chapter 1



39

44.	 Rommelse NN, Franke B, Geurts HM, Hartman CA, Buitelaar JK. Shared heritability of atten-
tion-deficit/hyperactivity disorder and autism spectrum disorder. Eur Child Adolesc 
Psychiatry 2010;19:281-95.

45.	 Rommelse NN, Geurts HM, Franke B, Buitelaar JK, Hartman CA. A review on cognitive and 
brain endophenotypes that may be common in autism spectrum disorder and attention-
deficit/hyperactivity disorder and facilitate the search for pleiotropic genes. Neurosci 
Biobehav Rev 2011;35:1363-96. 

46.	 Taurines R, Schmitt J, Renner T, et al. Developmental comorbidity in attention-deficit/
hyperactivity disorder.  Atten Defic Hyperact Disord 2010;2:267-89.

47.	 Cole J, Ball HA, Martin NC, Scourfield J, McGuffin P. Genetic overlap between  
 measures of hyperactivity/inattention and mood in children and adolescents. J Am  
 Acad Child Adolesc Psychiatry 2009;48:1094-101.

48.	 Fliers EA, Vasquez AA, Poelmans G, et al. Genome-wide association study of motor  
coordination problems in ADHD identifies genes for brain and muscle function. World J Biol 
Psychiatry 2011 Apr 7 [Epub ahead of print].

49.	 Zelnik N, Pacht A, Obeid R, Lerner A. Range of neurologic disorders in patients with  
 celiac disease. Pediatrics  2004;113:1672-76.

50.	 Niederhofer H, Pittschieler K. A preliminary investigation of ADHD symptoms in  
 persons with celiac disease. J Atten Disord  2006;10:200-04.

51.	 Hansen BH, Skirbekk B, Oerbeck B, Richter J, Kristensen H. Comparison of sleep 
problems in children with anxiety and attention deficit/hyperactivity disorders. Eur 
Child Adolesc Psychiatry 2011 May 1 [Epub ahead of print].

52.	 Kaplan BJ, McNicol J, Conte RA, Moghadam HK. Dietary replacement in preschool- 
 aged hyperactive boys. Pediatrics 1989;83:7–17. 

53.	 Carter CM, Urbanowicz M, Hemsley R, et al. Effects of a few foods diet in attention  
 deficit disorder. Arch Dis Child 1993;69:564–68. 

54.	 Hammerness P, Monuteaux MC, Faraone SV, et al. Reexamining the familial  
association between asthma and ADHD in girls. J Atten Disord 2005:8:136-43.

55.	 Marks DJ, Mlodnicka A, Bernstein M, et al. Profiles of service utilization and the resultant 
economic impact in preschoolers with attention deficit/hyperactivity disorder. J Pediatr 
Psychol  2009;34:681-89.

56.	 Leibson CL, Katusic SK, Barbaresi WJ, Ransom J, O’Brien PC. Use and costs of  medical 
care for children and adolescents with and without attention- deficit/hyperactivity disorder. 
JAMA 2001;285:60-66.

57.	 De Ridder A, De Graeve D. Healthcare use, social burden and costs of children with  and 
without ADHD in Flanders, Belgium. Clin Drug Investig 2006;26:75-90.

General introduction

Introduction



40

58.	 Hakkaart-van Roijen L, Zwirs BW, Bouwmans C, et al. Societal costs and quality of life of 
children suffering from attention  deficient hyperactivity disorder (ADHD). Eur Child Adolesc 
Psychiatry 2007;16:316-26.

59.	 Wehmeier PM, Schacht A, Barkley RA. Social and emotional impairment in children  and 
adolescents with ADHD and the impact on quality of life. J Adolesc Health 2010;46:209-17. 

60.	 Harpin VA. The effect of ADHD on the life of an individual, their family, and  community from 
preschool to adult life. Arch Dis Child 2005;90:12-17. 

61.	 Barkley RA, Fischer M. The unique contribution of emotional impulsiveness to impairment in 
major life activities in hyperactive children as adults. J Am Acad Child  Adolesc Psychiatry 
2010;49:503-13.

62.	 62.Biederman J, Petty CR, Monuteaux MC, et al. The longitudinal course of comorbid 
oppositional defiant disorder in girls with attention-deficit/hyperactivity disorder: findings 
from a controlled 5-year prospective longitudinal follow-up study. J Dev Behav Pediatr 
2008;29:501–07. 

63.	 Sibley MH, Pelham WE, Molina BS, et al. The Delinquency Outcomes of Boys with ADHD 
with and Without Comorbidity. J Abnorm Child Psychol  2010 Aug 10 [Epub ahead of print].

64.	 Vreugdenhil C, Doreleijers TA, Vermeiren R, Wouters LF, van den Brink W. Psychiatric 
disorders in a representative sample of incarcerated boys in the Netherlands. J Am Acad 
Child Adolesc Psychiatry 2004;43:97-104.

65.	 Colins O, Vermeiren R, Vahl P, et al. Parent-reported attention-deficit hyperactivity disorder 
and subtypes of conduct disorder as risk factor of recidivism in detained male adolescents. 
Eur Psychiatry 2011 Mar 18 [Epub ahead of print].

66.	 Kleinman NL, Durkin M, Melkonian A, Markosyan K. Incremental employee health benefit 
costs, absence days, and turnover among employees with ADHD and among employees 
with children with ADHD. J Occup Environ Med 2009;51:1247-55.

67.	 Kessler RC, Lane M, Stang PE, Van Brunt DL. The prevalence and workplace costs of  
adult attention deficit hyperactivity disorder in a large manufacturing firm. Psychol  
Med  2009;39:137-47.

68.	 Pelham WE, Foster EM, Robb JA. The economic impact of attention-deficit/ hyperactivity 
disorder in children and adolescents. J Pediatr Psychol 2007;32:711-27.  

69.	 Thapar A, Langley K, Asherson P, Gill M.Gene-environment interplay in attention- 
deficit hyperactivity disorder and the importance of a developmental perspective. 
Br J Psychiatry 2007;190:1-3.

70.	 Biederman J, Faraone SV. Attention-deficit hyperactivity disorder. Lancet 2005;366:237–48.

71.	 Williams NM, Zaharieva I, Martin A, et al. Rare chromosomal deletions and duplications in 
attention-deficit hyperactivity disorder: a genome-wide analysis. Lancet 2010;376:1401-08. 

Chapter 1



41

72.	 Poelmans G, Pauls DL, Buitelaar JK, Franke B. Integrated genome-wide association study 
findings: identification of a neurodevelopmental network for attention deficit hyperactivity 
disorder. Am J Psychiatry 2011;168:365-77.

73.	 Sandhu M, Wood A, Young E. Genomic risk prediction. Lancet 2010;376:1366-67.

74.	 Faraone SV, Mick E. Molecular genetics of attention deficit hyperactivity disorder.  
Psychiatr Clin North Am 2010;33:159-80. 

75.	 Jones S. Bad seeds, bad science, and fairly black cats? Lancet 2010;376:1384-85.

76.	 Burbach JP. Neuropsychiatric connections of ADHD genes. Lancet 2010;376:1367-68.

77.	 Trimbosinstituut (Netherlands Institute of Mental Health and Addiction). Multidisciplinaire 
richtlijn ADHD: richtlijn voor de diagnostiek en behandeling van ADHD bij kinderen en 
jeugdigen. Trimbosinstituut, Houten, 2005 (www.ggzrichtlijnen.nl).

78.	 Buitelaar JK, Van Engeland H. Epidemiological approaches to hyperactivity. In Sandberg 
ST,. (Ed), Hyperactivity Disorders, 26‑68. Cambridge: Cambridge University Press, 1996.

79.	 Nigg J, Nikolas M, Burt SA. Measured gene-by-environment interaction in relation to atten-
tion-deficit/hyperactivity disorder. J Am Acad Child Adolesc Psychiatry 2010;49:863-73. 

80.	 Thapar A, Langley K, Owen MJ, O’Donovan MC. Advances in genetic findings on attention 
deficit hyperactivity disorder. Psychol Med 2007;37:1681-92.

81.	 Mill J, Petronis A. Pre- and peri-natal environmental risks for attention-deficit hyperactivity 
disorder (ADHD): the potential role of epigenetic processes in mediating susceptibility. J 
Child Psychol Psychiatry 2008;49:1020-30.

82.	 Stevenson J. Dietary influences on cognitive development and behaviour in children 
Proc Nutr Soc 2006;65:361-65. 

83.	 Eigenmann PA, Calza AM. Diagnosis of IgE-mediated food allergy among Swiss  
children with atopic dermatitis. Pediatr Allergy Immunol 2000;11:95-100. 

84.	 Halken S. Prevention of allergic disease in childhood: clinical and epidemiological  
aspects of primary and secondary allergy prevention. Pediatr Allergy Immunol 2004;16:4-5, 
9-32. 

85.	 Egger J, Carter CM, Graham PJ, Gumley D, Soothill JF. Controlled trial of oligo- 
antigenic treatment in the hyperkinetic syndrome. Lancet 1985;1:540–45.

86.	 Egger J, Stolla A, McEwen LM. Controlled trial of hyposensitisation in children with  
food-induced hyperkinetic syndrome. Lancet 1992;339:1150–53.

87.	 Marshall P. Attention deficit disorder and allergy: a neurochemical model of the  
relation between the illnesses. Psychol Bull 1989;106:434–46.

General introduction

Introduction



42

88.	 McGee R, Stanton WR, Sears MR. Allergic disorders and attention deficit disorder in  
children. J Abnorm Child Psychol 1993;21:79–88. 

89.	 Biederman J, Milberger S, Faraone SV, Guite J, Warburton R. Associations between  
childhood asthma and ADHD: issues of psychiatric comorbidity and familiality. J Am Acad 
Child Adolesc Psychiatry 1994;33:842–48.

90.	 Gershwin ME, Nestel P, Keen CL. Handbook of Nutrition and Immunity. New Jersey: Humana 
Press, 2004.

91.	 Conners CK, Goyette CH, Southwick DA, Lees JM, Andrulonis PA. Foodadditives  
and hyperkinesis: a controlled double-blind experiment. Pediatrics 1976; 58: 154–66.

92.	 Harley JP, Matthews CG, Eichman P. Synthetic food colors and hyperactivity in children: a 
double-blind challenge experiment. Pediatrics 1978;62:975–83.

93.	 Weiss B, Williams JH, Margen S, et al. Behavioral responses to artificial food colors.  
Science 1980;207:1487–89.

94.	 Van Elburg RM, Douwes AC. Additiva en hyperactief gedrag bij kinderen: is er een  
verband? Ned Tijdschr Geneesk 1991;135:60–33 (in Dutch).

95.	 Wolraich ML, Wilson DB, White JW. The effect of sugar on behavior or cognition in  
children. A meta-analysis. JAMA 1995;274:1617–21.

96.	 Krummel DA, Seligson FH, Guthrie HA. Hyperactivity: is candy causal? Crit Rev Food Sci 
Nutr 1996;36:31–47. 

97.	 Arnold LE. Treatment alternatives for ADHD. J Atten Disord 1999;3:30–48.

98.	 Bateman B, Warner JO, Hutchinson E, et al. The effects of a double blind, placebo  
controlled, artificial food colourings and benzoate preservative challenge on hyperactivity in 
a general population sample of preschool children. Arch Dis Child 2004;89:506–11.

99.	 McCann D, Barrett A, Cooper A, et al. Food additives and hyperactive behaviour in 3- 
year-old and 8/9-year-old children in the community: a randomised, double-blinded,  
placebo-controlled trial. Lancet 2007;370:1560–67. 

100.	Hill P, Taylor E. An auditable protocol for treating attention deficit/hyperactivity disorder. 
Arch Dis Child 2001;84:404–09.

101.	Arnold LE, Disilvestro RA, Bozzolo D, et al. Zinc for attention-deficit/hyperactivity disorder: 
placebo-controlled double-blind pilot trial alone and combined with amphetamine. J Child 
Adolesc Psychopharmacol 2011;21:1-19.

102.	DiGirolamo AM, Ramirez-Zea M, Wang M, et al. Randomized trial of the effect of zinc supple-
mentation on the mental health of school-age children in Guatemala. Am J Clin Nutr 
2010;92:1241-50.

Chapter 1



43

103.	Konofal E, Lecendreux M, Deron J, et al. Effects of iron supplementation on attention  
deficit hyperactivity disorder in children. Pediatr Neurol 2008;38:20-6.

104.	Rijksinstituut voor Volksgezondheid en Milieu (National Institute for Public Health and the 
Environment). Voeding en ADHD. RIVM, 2009 (www.rivm.nl/en). 

105.	Hooper L, Thompson RL, Harrison RA, et al. Risks and benefits of omega 3 fats for mortality, 
cardiovascular disease, and cancer: systematic review. BMJ 2006;332:752-60.

106.	Benton D. The impact of diet on anti-social, violent and criminal behaviour. Neurosci 
Biobehav Rev 2007;31:752-74. 

107.	Transler C, Eilander A, Mitchell S, van de Meer N. The impact of polyunsaturated fatty acids 
in reducing child attention deficit and hyperactivity disorders. J Atten Disord 2010;14:232-46.

108.	Chalon S. The role of fatty acids in the treatment of ADHD. Neuropharmacology 2009;57:636-39. 

109.	Raz R, Gabis L. Essential fatty acids and attention-deficit-hyperactivity disorder: a systematic 
review. Dev Med Child Neurol 2009;51:580-92.

110.	Johnson M, Ostlund S, Fransson G, Kadesjö B, Gillberg C. Omega-3/omega-6 fatty acids 
for attention deficit hyperactivity disorder: a randomized placebo-controlled trial in children 
and adolescents. J Atten Disord 2009;12:394-401. 

111.	 Boris M, Mandel FS. Food and additives are common causes of the attention deficit 
hyperactive disorder in children. Ann Allergy 1994;72:462–68.

112.	Schulte-Korne G, Deimel W, Gutenbrunner C, et al. Effect of an oligo-antigen diet on the 
behavior of hyperkinetic children. Z Kinder Jugendpsychiatr Psychother 1996;24:176–83 (in 
German).

113.	Schmidt MH, Mocks P, Lay B, et al. Does oligoantigenic diet influence hyperactive/conduct-
disordered children, a controlled trial. Eur Child Adolesc Psychiatry 1997;6:88–95.

114.	Breakey J. Review article: The role of diet and behaviour in childhood. J Paediatr Child 
Health 1997;33:190–94.

115.	Bellanti JA, Sabra A, Castro HJ, Chavez JR, Malka-Rais J, De Inocencio JM. Are attention 
deficit hyperactivity disorder and chronic fatigue syndrome allergy related? what is 
fibromyalgia? Allergy Asthma Proc 2005;26:19–28.

116.	Mrazek DA. Psychiatric symptoms in patients with asthma causality, comorbidity, or shared 
genetic etiology. Child Adolesc Psychiatr Clin N Am 2003;12:459–71. 

117.	 Gold MS, Kemp AS. Atopic disease in childhood. Med J Aust 2005;182:298-304. 

118.	Schäfer T, Stieger B, Polzius R, Krauspe A. Associations between cat keeping, allergen 
exposure, allergic sensitization and atopic diseases: results from the Children of Lübeck 
Allergy and Environment Study (KLAUS). Pediatr Allergy Immunol 2009;20:353-57.

General introduction

Introduction



44

119.	Wood RA, Bloomberg GR, Kattan M, et al. Relationships among environmental exposures, 
cord blood cytokine responses, allergy, and wheeze at 1 year of age in an inner-city birth 
cohort (Urban Environment and Childhood Asthma study). J Allergy Clin Immunol 2011; 
127:913-9.e1-6.

120.	Johansson SG, Bieber T, Dahl R, et al. Revised nomenclature for allergy for global use: 
Report of the Nomenclature Review Committee of the World Allergy Organization, October 
2003. J Allergy Clin Immunol 2004;113:832–36.

121.	Geissler CA, Powers HJ. Human Nutrition  11th ed. Immune function, food allergies and food 
intolerance, 26, 479-500. London: Elsevier Limited, 2005.

122.	Gaitens T, Kaplan BJ, Freigang B. Absence of an association between IgE-mediated atopic 
responsiveness and ADHD symptomatology. J Child Psychol Psychiatry 1998;39:427–31.

123.	Van Oudenhove L, Demyttenaere K, Tack J, Aziz Q. Central nervous system involvement in 
functional gastrointestinal disorders. Best Pract Res Clin Gastroenterol 2004;18:663-80.

124.	Cryan JF, O’Mahony SM. The microbiome-gut-brain axis: from bowel to behavior. Neurogas-
troenterol Motil 2011;23:187-92.

125.	Steer CR. Managing attention deficit/hyperactivity disorder: unmet needs and future 
directions. Arch Dis Child 2005;90:S1:19–25.

126.	Brown RT, Amler RW, Freeman WS, et al. American Academy of Pediatrics Committee on 
Quality Improvement; American Academy of Pediatrics Subcommittee on Attention-Deficit/
Hyperactivity Disorder. Treatment of attention-deficit/hyperactivity disorder: overview of the 
evidence. Pediatrics 2005;115:e749-57. 

127.	Cruz NV, Bahna SL. Do food or additives cause behavior disorders? Pediatr Ann 2006;35:744-
45,748–54.

Chapter 1


