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Overview 

•  ADHD - DSM 5  

•  Risk factors 
–  Genetical risks 
–  Environmental risks 

•  Neurobiological correlates 
–  Brain structure 
–  Neurotransmitter systems 
–  Brain function (imaging studies) 
–  Neuropsychology 

•  Treatment 
–  Medication effects 
–  Nonpharmacological treatment options 



ADHD (DSM-V) 

Persistent pattern of inattention and/or hyperactivity-
impulsivity interfering with functioning/development 
•  Age of onset 

–  Several symptoms present prior to age 12 y 

•  Duration 
–  At least 6 month 

•  Significant degree of impairment 

–  Interference with social, academic or occupational functioning  

•  Situational pervasiveness 
–  Several symptoms present in two or more settings (e.g., at home, 

school, or work; with friends or relatives; in other activities) 

•  Symptoms must not be solely attributable to other 
mental disorders 



Changes made in DSM-5 

•  Symptom threshold change for adults and older 
adolescents to 5 instead of 6 symptoms 

•  Comorbid diagnosis with ASD is now allowed 

•  Onset criterion changed to “several symptoms present 
prior to age 12” 

•  Cross-situational requirement strengthened to “several” 
symptoms in each setting 

•  Examples added to facilitate application across life span 

•  Subtypes replaced with presentation specifiers  

•  ADHD included in neurodevelopmental disorder chapter 
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ADHD Prevalence 

Polanczyk et al., 2007 



Comorbidity 

Very frequent  
–  Oppositional defiant or conduct disorder 
Frequent  
–  Specific learning disorder 
–  Anxiety disorder 
–  Developmental coordination disorder 
–  Disruptive mood dysregulation disorder 
Less frequent  
–  Tic disorders 
–  Depressive disorder 
–  Autistic features 
–  Substance abuse 

Over 85% of patients have at least one comorbidity & 
approximately 60% of patients have at least two comorbidities 
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Heritability 
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Heritability coefficients, mean = 0,76 

Faraone et al., 1998 
Genes are etiologically relevant 



•  Replicated linkage findings 
–  e.g. 5p13, 11q22-25, 17p11 

•  But: no region consistently identified & most findings not replicated 
 
 

Linkage studies 

Involvement of genes with large effects is unlikely 
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Association studies 
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Ø  No genome-wide significant associations  11 
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Genetic Heterogeneity 

ADHD + conduct disorder  

genetically diferent from  

ADHD - conduct disorder ? 
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Environmental Risk Factors 

•  Pregnancy & birth complications 
–  premature birth or very low birth weight 

•  Infections & brain traumata 

•  Toxins  
–  intrauterine exposure to alcohol or nicotine 
–  exposure to low levels of lead 

•  Abnormal psychosocial circumstances 
–  e.g., severe early deprivation 
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Gene – environmental interactions 
Psychosocial Risks & DAT 
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DRD4 risk status (promoter 120-bp tandem repeat insertion allele) 
=> more ADHD symptoms in presence of inconsistent parenting 
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Copy Number Variations 
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•  No excess CNVs in 
the ADHD cohort 

•  BUT: Enrichment of 
ADHD CNV genes in 
candidate genes for 
autism, 
schizophrenia and 
Tourette syndrome 



GWAS-, CNV-, Knockout- findings converge: 
45/85 top GWAS genes involved in neurite outgrowth 

Do the GWAS results point to common signaling pathways? 

5 GWAS => 85 genes selected 
 (p < 10 E-05) 
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•  Genetical factors are important 
–  BUT: ca. 5% of the heritability explained by replicated candidate genes 

•  ADHD is likely a dimensional trait & genetically heterogeneous 
•  Multiple gene effects (of small effect size) 

–  BUT: small effects do not necessarily imply lacking clinical relevance 
•  Risk stems mainly from normal variants of genes 

–  BUT: rare mutations and copy number variations might be relevant & 
risk alleles are not specific for ADHD 

•  Environmental risks factors, gene-environmental & gene-gene 
interactions & developmental effects need to be considered 

•  Risk alleles are associated with altered brain development, structure 
& function 

Genetics - Summary 
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Meyer-Lindenberg & Weinberger, Nature Rev. Neur., 2006 

Neural mechanisms mediating  
between genes and behavior? 



Neuroanatomy 
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Castellanos et al 2002 

Neuroanatomy – total brain volume 



Controls > ADHD, p<.05 
Interaction with age, p<.05 
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Neuroanatomy – caudate volume 
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Neuroanatomy – cerebellar volume 



Developmental trajectories of right hemispheric lobar surface areas 
 



Regions where the ADHD group had 
delayed cortical maturation 



Long-term brain development 
•  Long-term study 33 years; (n = 207; m; 8;3 => 41;2 age) 

•  Reduced volumina of posterior attentional network 

•  Reduced volumina of basal ganglia, thalamus, cerebellum 

Proal et al., 2011 



•  ADHD associated with 
significant cortical thinning in 
the right rostral ACC (anterior 
attention network) 

•  CT predicted significant amount 
of the variance in parent- & 
teacher-reported symptoms  

•  CT not related to stimulant 
medication history 

Right rostral anterior cingulate cortex:  
Sign. differences between ADHD vs. controls 
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Neurochemistry 
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Adapted from Himelstein et al 2001 

ANTERIOR ATTENTION SYSTEM 

POSTERIOR ATTENTION SYSTEM 

Orientation 

Arousal 

Executive  
functions 

Noradrenaline enhances  
the signal-to-noise ratio of  
target cells by inhibiting  
basal neuronal firing 

Dopamine selectively gates inputs 
to anterior attention system via D1 
receptor inhibition of excitatory 
NMDA inputs 

Posterior parietal cortex 

Locus coeruleus 

Ventral tegmental area 

Prefrontal cortex 

Anterior cingulate gyrus Superior colliculus 

Pulvinar nucleus of thalamus 

Posterior parietal cortex 

Neurotransmitter & attentional systems 

DA / NA => optimal signal-to-noise ratio  
(in interaction with other neurotransmitter systems) 



•  Striatal DAT density 14% 
higher in ADHD group 

•  DAT density higher in 
patients with previous 
medication exposure & 
lower in medication-naive 
patients 

•  => Striatal DAT depends 
on previous stimulant 
exposure 
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Neuropsychology 
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1.  Cognitive control deficits (working memory & response inhibition etc ), are 
relevant but 

2.  they are not specific to ADHD & 
3.  only 50% of cases show pronounced executive dysfunctions 

Impaired top-down control 

Scientific American, 1998 

Nigg, 2005: effect sizes on neuropsychological tasks: 
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 Two familial factors are underlying the multiple 
apparent cognitive impairments in ADHD 
–  Arousal-regulation deficit (RTV)  
–  Executive control dysfunction (commission and omission 

errors) 
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Motivational modulation of 
inhibitory control performance 

Konrad et al., 2000 
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ADHD – altered learning mechanisms ?  

Sagvolden et al., 2005 



Functional Imaging 



40 

ERP Brainmapping 
Measurement of Covert Attention and Inhibition 

Successful Inhibition in Adults,  
cued NoGo trials 

 
 

Ø   High temporal resolution needed to disentangle covert processing stages 
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van Leeuwen et al. 1998, Overtoom et al. 1998, Brandeis, et al., 2002; Banaschewski et al., 2003, 2004 

Impaired Covert Attention 

Source  
localization 

Source  
localization 

Ø  Altered attentional orienting 
Ø  Impaired resource allocation 
Ø  Dysfunctions of posterior attentional system 

Reduced cue P300 amplitude in CPT A-X 

Larger cue P300 predicts better performance (1.65 s before target) 
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Cued CPT in ADHD 

Attentional 
Orienting 

Response 
preparation 

Response 
Execution 

Response 
inhibition 

 
 
Controls 
(n=18) 
 
 
ADHD 
(n=15) 
 
 
ADHD+ 
ODD/CD 
(n=16) 
 
 
ODD/CD 
(n=15) 

CUE NOGO GO 

Banaschewski et al., 2003, 2004 

Ø  Attentional orienting & response preparation most impaired in pure ADHD 
Ø  Response control most impaired in comorbid children 

Children 8-14 years, (mean age = 10.1 years) 
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•  ADHD => functional abnormalities in 2 distinct domain-
dissociated right hemispheric fronto-basal ganglia networks 

•  IFC, SMA, and ACC for inhibition  
•  DLPFC, parietal, & cerebellar areas for attention 



Reduced activation in ventral striatum 

Scheres et al. 2007 
Biological Psychiatry 

Ströhle et al. 2007 
Neuroimage 

Plichta et al. 2008 
Biological Psychiatry 

Motivational alterations 
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•  Longer delays => 
decreased vs. increased 
right amygdala activation in 
controls vs. ADHD 

•  Amygdala increase 
correlated with behavioral 
DAv within ADHD  

•  => Exacerbated negative 
emotional state during the 
anticipation and processing 
of delay in ADHD 



•  Timing tasks 
•  Decreased activation in right cerebellum, left supramarginal 

gyrus, left IFC/insula 
•  Increased activation in bilateral precuneus & posterior cingulate 
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From Simple Causal Models to  
Complex Development Pathways 

Brain structures implicated in ADHD 

“A single abnormality of any one region alone does not cause ADHD” 

Bush, 2010 



Treatment 



Mechanisms of action 

•  Stimulants are more effective than non-stimulants  

•  AMP may be moderately more efficacious than MPH 

Receptors 

Dopamine 

Transporters 

Pr
es

yn
ap

si
s 

 

Postsynapsis 

•  DA-Reuptake-Inhibition (MPH, AMP)  

•  Increased presynaptic release (AMP) 

Stimulants increase extrasynaptic DA (Volkow et al., 2003) 







•  378 patients with ADHD & 344 healthy subjects  
•  Independent association of mean age & percentage of patients 

receiving stimulant medication with more normal gray matter 
volumes in the right basal ganglia 



•  Percentage of patients receiving 
long-term stimulant treatment 
associated with more normal 
right caudate activation 

•  Percentage of patients receiving 
long-term stimulant treatment  
associated with more normal 
right DLPFC activation 





Probably Blinded Assessments 



Thank you 

for your attention! 


