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    The twenty-first century began with big expectations of discoveries; especially by scientists who allied to new technologies have access to advanced instruments to unravel many challenges to the health sector. On the other hand, we still live with many myths that sustain themselves in different cultures, determining questions about science itself, but serving as a counterpoint to further stimulate researchers to seek more consistent responses, both for their hypothesis and for the findings already available. Neurosciences represent areas that can benefit from these advances to make their discoveries, always seeking to reinforce or modify existing concepts. One of the points that causes huge discussion refers to the Attention Deficit Hyperactivity Disorder approach, since most professionals involved in this task try to follow the scientific evidence from official publications. Thus, if a child shows signs and symptoms above those expected for her/his stage of development, fitting into the pathophysiological model of the disorder; she/he should be instructed to undertake an overall treatment program. These considerations reinforce the need for a diagnosis, as detailed as possible, for the existence or not of this disorder, and these procedures must necessarily pass by a multidisciplinary team with critical insight from all areas, allied to the essential information provided by the educators.




    

      This work begins with the genetic basis for the understanding of ADHD, in particular, two cardinal points which are language and learning, which has a large intersection with attention disorders. According to Nicolelis, “the brain is a symphony orchestra in which the instruments are changing as they are being touched”. This shows the importance of the integration of different brain areas, which were discussed in the following chapters, because the neurotransmitters involved in the etiology of ADHD work in various functions and the concept of neuronal plasticity is directly related to learning, promoted by stimulation of neuronal circuits. At this point, a flawless condition is created so that authors can discuss interventions for individuals with ADHD, always guided by the multidisciplinary vision.




      In the current concept of intervention, the effectiveness of actions is greater when all participants are involved, creating the concept of psychoeducation for the treatment of ADHD, which is discussed in the last chapter with guidelines for parents and teachers involved with these children and adolescents.




      I cannot forget to congratulate the authors not only by the scientific nature they dealt with the topic, but also due to the importance attributed to the multidisciplinary approach, because we live in a period of contextualization of development disorders, and we need to precise whether they correspond to transitional difficulties or brain disorders reversible or not of the cognitive functions.


    


  




  




  




  

    

      


    


  




  

    PREFACE




    Understanding the issues that affect the students in the literacy process is not an easy task for health professionals and education professionals, either to accept the challenge of organizing an e-book that addresses the issues involved and that permeate academic learning.




    

      The Attention Deficit Hyperactivity Disorder (ADHD) is a genetic and neurological condition that compromises the academic performance since the early literacy. This information should be discussed in an educational context, due to the impact of the lack of knowledge about the cognitive-linguistic difficulties these students generate the commitment in the academic and social quality life of them.




      The aim of this e-book is presented in ten chapters with the interdisciplinary perspective of Attention Deficit Hyperactivity Disorder (ADHD). Therefore, in organizing this e-book, we think about how it would be possible, through our experience with the care of students along with attention and learning disorders complaints in the Investigation Learning Disabilities Laboratory at the Speech and Hearing Sciences Department – São Paulo State University “Júlio de Mesquita Filho” – UNESP – Marília - São Paulo – Brazil, to assist educators and health and education professional to broaden their knowledge of the clinical and educational characteristics of students with ADHD.




      So we hope you will enjoy and can apply the knowledge acquired or expanded through each chapter in your professional practice, because we believe that the reader of this book is one of us, who does not believe in the “no learning” without trying to contribute to make the learning occurs.


    


  




  




  




  

    

      Genetics Findings in Attention Deficit Hyperactivity Disorder


    


  




  

    

      INTRODUCTION




      Attention deficit hyperactivity disorder (ADHD) is characterized by persistent and pervasive symptoms of inattention, hyperactivity, and impulsivity. Approximately 3-7% of children are diagnosed with ADHD, making it one of the most prevalent childhood psychiatric disorders [1]. ADHD tends to aggregate in families with a three- to fivefold increase in risk for siblings of children with ADHD and a higher concordance rate among monozygotic twins (MZ) [2, 3]. Heritability estimates derived from correlations for ADHD symptoms between MZ and dizygotics (DZ)




      twin pairs, average around 76% [4]. Individual risk genes appear to represent only small risk factors for ADHD; possibly only resulting in a full-blown disorder if certain combinations of polymorphisms or certain combinations of polymorphisms or facilitating environmental factors are present [5].




      Geneticists typically refer to a ‘complex trait’ as a phenotype with a genetic etiology that is composed of a multitude of susceptibility genes, each contributing only a small magnitude of the overall risk for the disorder. This polygenic etiology presents several challenges to identify genes that confer risk for a complex trait. For example, there is likely to be genetic heterogeneity in the etiology of a complex trait, such that different genes can result in the same phenotype. Furthermore, each susceptibility gene is likely to have low penetrance, thus not all carriers will develop the disorder. Specific environmental influences are also more likely to be important risk factors for complex disorders than for simple Mendelian diseases, and gene-environment interactions are more likely to be involved in the etiology of complex disorders.




      The search for susceptibility genes for ADHD, like those for other complex traits, has yielded largely inconsistent results [4, 6]. For example, one of the first candidate gene studies of ADHD reported a significant association between the dopamine transporter gene (DAT1) and ADHD [7].


    




    

      GENETIC CONTRIBUTION TO ADHD




      It is now well established that ADHD runs in families and is strongly genetically influenced. This evidence comes from family, twin and adoption studies [3, 4].




      Studies comparing the families of clinic-referred children with ADHD to relatives of referred children with other disorders and normal controls have found increased rates of ADHD in all closely related family members of affected probands including siblings and parents [2, 8]. Family studies have also found that half-siblings of ADHD children reared together with an ADHD proband have a significantly lower risk of developing the disorder than full siblings of the proband [9], indicating that familial clustering is unlikely to result exclusively from the family environment. Overall, the relative risk of ADHD in first-degree relatives of probands with the disorder is between 4·0 and 5·4 [10].




      Adoption study findings are consistent with genetic factors contributing to the familiarity of ADHD [11 - 13]. All published studies show that adopted children with ADHD are more similar to their biological parents on ADHD measures than to their adoptive parents. Although clearly indicating a genetic contribution to ADHD, adoption studies have been criticized for limitations such as small sample sizes and the fact that interviewers are generally not blind to psychiatric or adoptive status. Twin studies have also consistently found a large, significant contribution of genetic factors to variation in ADHD [3, 4]. The twin studies have differed from those based just on families, biological and adoptive, in that they mostly have been population-based, questionnaire studies and are therefore more representative of the general population. The results indicate high heritability of ADHD, with between 60% and 91% of the variance in ADHD scores in the general population being explained by genetic factors [3]. ADHD is similarly heritable when conceptualized categorically [9, 14].


    




    

      MOLECULAR GENETIC STUDIES




      The process of identifying susceptibility genes for complex disorders has, until recently, either involved searching the whole genome using linkage strategies or more targeted candidate gene association approaches [4]. Most recently, whole genome association (WGA) studies based on several hundreds or thousands of genetic markers that have become feasible. At the time of writing, WGA studies of ADHD are under way, but none have yet been published. Thus, to date, genetic findings implicating specific susceptibility genes for ADHD have all been the fruit of functional candidate gene studies.


    




    

      GENES IN ADHD




      Candidate gene studies have often focused on dopamine—and sometimes serotonin (5-HT)—genes [5]. Pooled odds ratios across studies provide evidence of association for the following genes: DRD4, DRD5 (dopamine receptor D5), dopamine transporter (DAT) 1 (SLA6A3), DBH (dopamine beta-hydroxylase, catalyzes conversion of dopamine to norepinephrine), 5-HTT (5-HT transporter), HTR1B (5-HT 1B receptor), SNAP-25 (synaptosomal-associated protein of 25 kDa) [4, 5, 15, 16]. The odds ratios for these associations range from 1.18 to 1.46 [4]. However, these individual risk genes do not account for more than 1% of the variance in ADHD symptoms individually. As such, individual risk genes seem to present only small risk factors for ADHD that may only result in the full-blown disorder if certain combinations of polymorphisms or certain environmental factors are present. Clearly, this is a handicap to investigators aiming to identify such risk genes, as large sample sizes are needed. The two most frequently studied and most frequently replicated risk genes for ADHD are the DRD4 and DAT1-genes [5, 17]. Meta-analytic studies have consistently supported the involvement of the DRD4-gene in ADHD [4, 18], but have been more equivocal in terms of the DAT1-gene, with three negative results from meta-analyses [18, 19] and two providing only weak support for its involvement [4, 20]. In addition to the small effect of ADHD genes, identifying risk genes is complicated, as not all the investigated polymorphisms are functional and some may be acting as tagging markers or be in linkage disequilibrium with an adjacent functional (polymorphic) site that is driving the association.




      

        



        1.. Dopaminergic Pathway




        

          



          1.1.. Dopamine Transporter Gene (DAT1)




          The dopamine transporter gene (DAT1, SLC6A3) has been mapped to chromosome 5p15 [21]. It codes for a solute carrier protein responsible for the reuptake of dopamine from the synaptic cleft back to the presynaptic neuron. This protein is densely distributed in the striatum and nucleus accumbens and represents the primary mechanism of dopamine regulation in these brain regions [22].




          The most widely studied DAT1 polymorphism is a variable number of tandem repeats (VNTR) sequence in the 3' untranslated region (UTR) that is 40 base pairs (bp) in length [21]. The most common alleles are the 10 (480-bp) (71.9%) and 9 (440-bp) (23.4%) repeats. There is some evidence suggesting that this polymorphism is functional, with studies using single photon emission computed tomography (SPECT) showing that dopamine transporter availability and binding potential are influenced by genotype at this VNTR, and additional studies suggesting that DAT1 messenger RNA (mRNA) levels in post-mortem brain tissue are also influenced by genotype at this VNTR [23].


        




        

          



          1.2.. Dopamine D4 Receptor Gene (DRD4)




          The dopamine D4 receptor is a G protein-coupled receptor belonging to the dopamine D2-like receptor family, which act to inhibit adenylyl cyclase. The dopamine D4 receptor gene (DRD4) has been mapped to chromosome 11p15.5 [24]. Given that abnormalities in the dopamine neurotransmitter system have been hypothesized to underlie ADHD, the genes that code for the dopamine receptors have been identified as candidate loci for ADHD. Additional interest in DRD4 as a candidate gene for ADHD was sparked by association studies that linked the gene to the personality trait of novelty seeking, which has been compared to the high levels of impulsivity and excitability often seen in ADHD [10].




          The most widely studied DRD4 polymorphism in association studies of ADHD has been the 48-bp VNTR in exon 3. The most common alleles of this polymorphism are the 2-, 4-, and 7-repeat alleles, though allele frequencies have been shown to vary significantly across ethnic groups [25].


        


      




      

        



        1.3.. Dopamine D2 Receptor Gene (DRD2)




        The dopamine D2 receptor is a G protein-coupled receptor, which acts to inhibit adenyl cyclase. The dopamine D2 receptor gene (DRD2) has been mapped to chromosome 11q23.1 [26]. It is expressed in several brain regions thought to be relevant to ADHD such as the basal ganglia and prefrontal cortex, and plays a key role in regulating the mesolimbic “reward” pathways [27]. Initial studies of DRD2 focused on the relation of a TaqIA restriction site (rs1800497) to alcohol dependence phenotypes. Notably, more recent studies have shown this polymorphism lies more than 10 kb downstream from DRD2 in an exon of a neighboring gene, ANKK1 [28]. Nonetheless, the TaqIA polymorphism remains an interesting polymorphism for studying DRD2 associations given that it has been related to DRD2 expression levels and urinary levels of the dopamine metabolite homovanillic acid [29].


      




      

        



        1.4.. Dopamine D5 Receptor Gene (DRD5)




        The dopamine D5 receptor is a G protein-coupled receptor that belongs to the D1 class of dopamine receptors and serves to stimulate adenyl cyclase activity. The dopamine D5 receptor gene (DRD5) has been mapped to chromosome 4p15.3 [30]. DRD5 is highly expressed in the hippocampus and related structures, and is thought to be involved in the induction of long-term potentiation related to novel events. A highly polymorphic dinucleotide repeat 18.5 kb 5' of the gene has been described consisting of 12 alleles ranging from 134 to 156 bps in length with the 148-bp allele being the most common [30].




        This dinucleotide repeat has been widely studied in relation to psychiatric disorders including ADHD [31]. The first study to test for an association with this polymorphism reported preferential transmission of the 148-bp allele to probands using HHRR and TDT analyses in a sample of 118 children diagnosed with ADHD [32]. A subsequent meta-analysis that included this study as well as 3 subsequently published studies and 10 additional unpublished studies also reported a significant association between the 148-bp allele and ADHD with an odds ratio of 1.24 [33]. This result was replicated in a more recent meta-analysis of published studies that reported a combined odds ratio of 1.34 [34]. Notably, while the initial meta-analysis did not detect significant heterogeneity among samples, the subsequent meta-analysis did report heterogeneity.


      




      

        



        1.5.. Dopamine D3 Receptor Gene (DRD3)




        The dopamine D3 receptor is a G protein-coupled receptor belonging to the D2 family of dopamine receptors, which act to inhibit adenylyl cyclase. The dopamine D3 receptor gene (DRD3) has been mapped to chromosome 3q13.3 [35]. It is primarily expressed in the nucleus accumbens and substantia nigra, and has been shown to play an important role in incentive-based learning [36]. The initial study testing for association and linkage between DRD3 and ADHD focused on a functional polymorphism in exon 1 that results in an amino acid change (Ser9Gly; rs6280) and a polymorphism in intron 5. The authors conducted a TDT analysis of 100 ADHD parent-child trios and reported no evidence of an association between ADHD and either DRD3 polymorphism. Despite this initial negative result, a sufficient number of studies have since tested for association between the exon 1 SNP and ADHD to allow for meta-analysis.




        

          



          1.6.. Catechol-O-Methyl-Transferase (COMT)




          Catechol-O-methyl-transferase (COMT) is an enzyme responsible for the degradation of the catecholamines dopamine and norepinephrine. It is highly expressed in frontal lobe regions where it plays an important role in regulating synaptic dopamine levels [37]. COMT represents an interesting candidate gene for ADHD given that functional imaging and neuropsychological studies have suggested that frontal regions are implicated in ADHD [38]. In addition, individuals diagnosed with velo-cardio-facial syndrome, which is caused by a hemizygous deletion of the chromosomal region in which COMT lies (22q11), exhibit ADHD-like symptoms, further suggesting a relation between this gene and ADHD [39].




          Studies examining the association between COMT and ADHD have largely focused on a functional single nucleotide polymorphism (SNP) in exon 4 that leads to an amino acid substitution (valine → methionine). This polymorphism has been shown to substantially affect COMT enzyme activity, such that homozygosity for the valine allele shows 3-4 times greater activity than homozygosity for the methionine allele [40].


        


      


    




    

      



      2.. Adrenergic Pathway




      

        



        2.1.. Dopamine Beta Hydroxylase (DβH)




        The dopamine beta hydroxylase gene (DβH) has been mapped to chromosome 9q34 [41]. Dopamine beta hydroxylase converts dopamine to norepinephrine, and thus represents an interesting candidate gene for ADHD given suggestions that the underlying pathophysiology of ADHD involves norepinephrine as well as dopamine dysregulation. Further, DβH polymorphisms have been shown to strongly influence plasma levels of dopamine beta hydroxylase, and low plasma levels of dopamine beta hydroxylase have been associated with conduct disorder, which often co-occurs with ADHD.


      




      

        



        2.2.. Norepinephrine Transporter Gene (SLC6A2)




        The human norepinephrine transporter gene (SLC6A2), located on chromosome 16q12.2 [24], codes for a protein responsible for the reuptake of norepinephrine from the synaptic cleft back into the presynaptic neuron. It is highly expressed in the frontal lobes and is actively involved in both noradrenergic and dopaminergic reuptake and regulation in this region. Thus, SLC6A2 represents an interesting candidate gene for ADHD. Further interest has been generated from pharmacological studies suggesting reductions in ADHD symptoms through increases in dopamine and norepinephrine activity via both stimulant medications and atomoxetine, a norepinephrine transporter antagonist [42].


      




      

        



        2.3.. Alpha 2A Adrenergic Receptor (ADRA2A)




        The alpha-2A-adrenergic receptor gene (ADRA2A) has been mapped to chromosome 10q23-q25 [43]. Adrenergic neurotransmitter systems are hypothesized to influence attentional processes and certain aspects of executive control, and thus, ADRA2A represents an interesting candidate gene for ADHD. Specific evidence supporting ADRA2A involvement in the etiology of ADHD comes from studies suggesting that alpha 2a-adrenoreceptors in the prefrontal cortex influence executive functions such as attention, inhibitory control, and working memory, which are impaired in children with ADHD [38]. Further, methylphenidate, which is commonly prescribed to treat ADHD symptoms, has been shown to increase catecholaminergic activity through increased stimulation of alpha-2A-adrenergic receptors [44].


      


    




    

      



      3.. Serotonergic Pathway




      

        



        3.1.. Serotonin Transporter Gene (SLC6A4; 5HTT)




        The serotonin transporter gene (SLC6A4; 5HTT) is located on the long arm of chromosome 17 [38]. It codes for a solute carrier protein responsible for the reuptake of serotonin from the synaptic cleft back into the presynaptic neuron, and thus represents a primary mechanism for the regulation of serotonergic activity in the brain. 5HTT is expressed in brain regions implicated in attention, memory, and motor activities such as the amygdala, hippocampus, thalamus, putamen, and anterior cingulate cortex [45]. Based on such evidence, 5HTT represents a strong functional candidate for ADHD, which is further strengthened by studies suggesting its involvement in the etiology of impulsivity and in modulating stimulant response in alleviating hyperactivity. 5HTT represents a strong positional candidate as well given that multiple genome scans have found linkage or association of ADHD to the 17q11.1-q12 region in which 5HTT is located [46].


      




      

        



        3.2.. Serotonin 1B Receptor (HTR1B; 5HT1B)




        Serotonin dysregulation has been related to impulsive and aggressive behavior in children, and thus has been hypothesized to play a causal role in ADHD. In addition to the serotonin transporter, a number of researchers have investigated associations between ADHD and genes that code for receptors in the serotonin system [47]. The most widely studied serotonin receptor gene in relation to ADHD is the serotonin 1b receptor (HTR1B; 5-HT1B). It has been mapped to chromosome 6q13 [48] and consists of a single exon. HTR1B is a G protein-coupled receptor that inhibits cyclic AMP formation. It is highly expressed in the dorsal raphe nucleus, which is involved in the sleep/wake cycle, and to lesser degrees in the striatum and frontal regions such as the dorsolateral prefrontal cortex.


      




      

        



        3.3.. Serotonin 2A Receptor (HTR2A; 5HT2A)




        In addition to HTR1B, the serotonin 2A receptor (HTR2A; 5-HT2A) has received significant attention as a candidate gene for ADHD. HTR2A has been mapped to chromosome 13q15-q21 [49] and consists of three exons. It codes for a G-coupled protein that serves to stimulate phospholipase C activity, which leads to increased protein kinase C activity. HTR2A is highly expressed throughout the cortex as well as in regions such as the hippocampus, amygdala, and nucleus accumbens. Evidence suggesting the involvement of HTR2A in ADHD comes from studies demonstrating that the inhibition of serotonin 2A receptors attenuates the increases in dopamine activity and hyper-locomotion caused by amphetamine administration and anti-psychotic medications such as clozapine.


      




      

        



        3.4.. Tryptophan Hydroxylase Genes (TPH1 and TPH2)




        Tryptophan hydroxylase catalyzes tryptophan to 5-hydroxytryptophan (5HT), which is subsequently decarboxylated to form the neurotransmitter serotonin. Thus, tryptophan hydroxylase is the rate-limiting enzyme in the production of serotonin. Two isoforms of tryptophan hydroxylase have been identified. The first is coded by the gene TPH1, which has been mapped to chromosome 11p15.3-p14 [50]. This gene was originally believed to be totally responsible for tryptophan hydroxylase expression in the brain, thus was studied as a candidate gene for mood disorders as well as impulsivity and aggressiveness and ADHD [23]. More recent data suggest a second isoform coded by the gene TPH2, located on chromosome 12q21.1, is responsible for tryptophan hydroxylase expression in the brain [51].


      




      

        



        3.5.. Monoamine Oxidase A (MAOA)




        The monoamine oxidase genes are contiguous to one another on chromosome Xp11.23 [52] and encode enzymes involved in the metabolism of dopamine, serotonin, and norepinephrine. Given that each of these neurotransmitters is thought to play a role in ADHD, the two monoamine oxidase genes, MAOA and MAOB, are interesting candidates for association with ADHD. Further, treatment studies have suggested that monoamine oxidase inhibitors can reduce ADHD symptom levels. More specific support for MAOA as a candidate gene for ADHD comes from a linkage study conducted in a large Dutch family demonstrating a relation between MAOA and impulsive, aggressive behavior [53]. In addition, an MAOA knockout mouse has been shown to display increased levels of aggressive behavior associated with increased levels of monoaminergic neurotransmitter levels. Given such evidence, MAOA has received more attention as a candidate gene for ADHD then MAOB.


      


    




    

      



      4.. Cholinergic Pathway




      

        



        4.1.. Nicotinic Acetylcholine Receptor 4 (CHRNA4)




        CHRNA4 has been mapped to chromosome 20q13.2, and is highly expressed in the frontal lobes [54]. Kent et al. [55] conducted the first study to test for linkage and association between CHRNA4 and ADHD. Using a TDT, they reported negative evidence of association between ADHD and a single polymorphism in exon 5 of the gene in a sample of 70 children diagnosed with ADHD. More recent studies have focused on two SNPs in exon 5 of the gene (rs2273506 and rs6090384), though additional studies have conducted more thorough screens of CHRNA4 using SNPs spanning the length of the gene [56, 57].


      


    




    

      



      5.. Nervous System Development Pathways




      

        



        5.1.. Synaptosomal-Associated Protein 25 Gene (SNAP-25)




        Recent studies testing for genetic influences that underlie ADHD have begun to consider candidate genes outside of the major neurotransmitter systems. Like the candidate genes discussed thus far, these genes are typically selected based on their function and the plausibility of their putative etiological role for ADHD. SNAP-25, which has been mapped to chromosome 20p11.2 [58], is an example of such a gene that has received considerable attention in relation to ADHD. It codes for a protein involved in axonal growth and synaptic plasticity, as well as in the docking and fusion of synaptic vesicles in presynaptic neurons necessary for the regulation of neurotransmitter release.


      




      

        



        5.2.. Brain Derived Neurotrophic Factor Gene (BDNF)




        The brain-derived neurotrophic factor gene (BDNF) has been mapped to chromosome 11p13 [59]. Brain-derived neurotrophic factor belongs to a family of proteins, known as neurotrophins, involved in promoting neurogenesis, neuronal survival, and synaptic plasticity. BDNF has been shown to influence the mesolimbic and corticolimbic reward pathways in the brain by modulating their response to dopamine. In addition, BDNF has been shown to enhance the effects of stimulants on these dopaminergic pathways making it an interesting candidate gene for ADHD.


      


    




    

      GENE-ENVIRONMENT INTERACTION




      The aetiology of ADHD, like all complex disorders, is not entirely explained by genes; environmental factors also contribute. Not all individuals exposed to environmental risk factors develop disorder; that is, individuals differ in their response to specific environmental factors. Equally, for complex diseases, not all individuals carrying susceptibility gene variants will develop the disorder unless they are exposed to environmental risk factors. This phenomenon of gene-environment (GxE) interaction is now being increasingly recognized as an important contributor to complex diseases and behaviour and may contribute to non-replication across molecular genetic studies [60, 61].




      Exposure to environmental risk factors may moderate genetic risk for ADHD. Such G×E interactions have been shown to be relevant to developmental psychopathology, although only a few have been investigated in ADHD. Perhaps the most investigated G×E interactions in ADHD have been those between the DAT1-gene and prenatal maternal risk factors. Two studies have reported that children homozygous for the DAT1 10R-allele and exposed to prenatal smoking were at increased risk for hyperactivity-impulsivity [62, 63]. Interactions between maternal alcohol use during pregnancy and the DAT1-gene have also been reported, with a DAT1-haplotype moderating the effects of maternal alcohol use [64]. However, the mechanism by which these prenatal risk factors interact with DAT1-genotype has not been established.




      In a recent study of ADHD, there was evidence that those carrying a previously unstudied haplotype combination of markers in the DAT1 gene were more sensitive to prenatal exposure to alcohol [64]. There have also been studies investigating interaction between the DRD4 7-repeat allele and the season of birth [65] There is evidence suggesting that those with ADHD possessing the COMT val/val genotype are more sensitive to the adverse effects of a lower birthweight and those exposed to both risk factors show higher conduct disorder symptoms [5].


    




    

      CONCLUSION




      Genetics research on ADHD is progressing very rapidly at an international level. Family, twin and adoption study findings have been highly consistent in showing a strong genetic influence on ADHD. These studies also suggest that genetic influences contribute to the overlap between ADHD and conduct disorder and to ADHD persistence.




      The evidence for association between DAT1 on 5p and ADHD is very strong and it has become a test bed for the molecular genetic approach to psychiatric disorders. Sequencing and gene expression studies should soon find aetiological base pair changes actually responsible for the underlying molecular pathology.




      Genes with dominant effects associated with ADHD subtype phenotypes have been proposed [66]. A plausible outcome is likely to be a mixture of dominant and recessive major genes with other more complex, perhaps polygenic, transmission patterns. Genome-wide association studies based on clinical subtypes and endophenotypes of ADHD are needed in much larger samples. Inherited CNVs could plausibly play an increasingly important role in the diagnosis and treatment of ADHD after they have been further investigated.




      A number of robustly replicated molecular genetic findings have withstood analyses by means of pooled and meta-analyses. To date, all of the associated gene variants have been of small effect and in the future there will be increasing interest in examining the risk effects of multiple genes (gene-gene interaction) and interaction with environmental risk factors.
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