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Kernsymptome

 Unaufmerksamkeit

 Motorische Hyperaktivität

 Mangelnde Impulskontrolle

Definition

• Beginn in Kindheit

• Nicht Alter, Intelligenz entsprechend

• Dauer (mindestens 6 Monate)

• Beeinträchtigungen in mind. 2 Lebensbereichen

• Nicht durch eine andere psychische Störung erklärbar



Klinische Relevanz

 ADHS ist eine häufige Störung: 3-6% 

 ADHS ist eine chronische Störung

 30-60% Persistenz frühes Erwachsenenalter

 Assoziierte Störungen sind der Regelfall

 Ca. 65-80 % mind. 1 assoziierte Störung 

 > 50 % mindestens 2 assoziierte Störungen

 ADHS führt oft zu psychosozialen Beeinträchtigungen

 Z.B. schulische & berufliche Entwicklung, soziale Beziehungen, 
Unfallrisiko, Delinquenz



Epidemiologische Prävalenz

 ADHS ist eine häufige Störung: 3-6% 

Polanczyk et al., 2007



Verlauf





Komorbide Störungen

Funktionelle Beeinträchtigungen

Gesundheitsbezogene Lebensqualität





ADHD & Mortality Rate Ratios
2015



 Emotionale Dysregulation (ED)/Reizbarkeit & ADHS sind häufig assoziiert

 insbesondere

 bei schwereren ADHS-Kernsymptomen & komorbiden Störungen

 im Erwachsenenalter

 ED ist Prädiktor für stärkere klinische Beeinträchtigung und für Persistenz
ins Erwachsenenalter

 ED bei ADHS nur teilweise vorhersagbar durch Schwere der 
Kernsymptome und assoziierte Psychopathologie

 ED im Kindesalter ist Prädiktor für spätere komorbide depressive Störung

 ADHS + Depression assoziiert mit: 

 höherem Risiko für Suchterkrankungen 

 höherer psychosozialer Beeinträchtigung

Assoziierte affektive Symptomatik

Sobanski et al., 2012; Banaschewski, Coghill & Zuddas, 2018 



Thread Processing

Blair, 2013; Blair et al. 2015



Reward Anticipation & Prediction Error

Schultz et al., SCIENCE, 1997, Fiorillo et al., 2003

 Dopamine neurons encode an error in the temporal 
prediction of reward, i.e. difference between received and 
predicted reward value 

 Firing rate is depressed when reward is delayed or omitted 
&  enhanced when reward delivery is unpredicted

 If the prediction error falls to zero no new information 
about the consequences of the action is learned 



 Aberrant Reward Processing

 Reward learning & prediction error deficits (difficulties in appropriately 
updating changing reward and punishment contingencies)

 Cognitive control deficits

 Increased sensitivity to reward receipt and omission (receiving rewards more 
positive mood; higher levels of arousal, diminished ability to shift attention 
during frustrative nonreward)

 Aberrant Threat Processing /face emotion processing deficits associated 
with aberrant amygdala modulation

 Increased orientation to threat

 Tendency to interpret ambiguous or neutral social stimuli as threatening 
(hostile attribution bias)

 Deficits in face emotion identification 

 Lower threshold for aggressive responses 

Pathophysiological Model of Irritability 
Aberrant Reward and Threat Processing

Brotman et al., AJP, 2017



Risikofaktoren 



Heritabilität

Faraone & Larsson, 2018Genes are etiologically relevant

Heritability coefficients, mean = 0,76





Demontis et al., Nature Genetics, 2019

12 genome-wide significant findings

GWAS Befunde

Manhattan plot of GWAS meta-analysis
(20183 ADHD cases; 35191 controls)





Umweltrisiken

Thapar et al., 2012



Gen – Umwelt Interaktionen
Psychosoziale Belastung & DAT



Plomin et al., 2009



Korrelate



Regions where the ADHD group had 

delayed cortical maturation

Shaw et al., 2007



Neuroanatomische Entwicklung

 Reduktion frontaler und parietaler Hirnregionen assoziiert mit

ungünstigem Verlauf

 Besserer Verlauf => Normalisierung der (rechts-)parietalen

Hirnregionen im Entwicklungsverlauf

Shaw et al. 2006



Faraone et al., 2015

Heterogene hirnstrukturelle & 
-funktionelle Korrelate

Multiple kognitive, motivationale, motorische Netzwerke involviert
Bush et al., 2011: “A single abnormality of any one region alone does not cause ADHD”





Inhibitionsdefizit

Arbeitsgedächtnis

Problemlösen
Selbstregulation 

Affekt-Motivation-Arousal

Verinnerlichung 
von Sprache

Dysfunktion in dopaminerg modulierten 
fronto-striatalen Regelkreisen

ADHS als Inhibitionsdefizit
(Barkley, 1997, 1998)



Brandeis, Banaschewski et al., 2002: Multizenterstudie; Banaschewski, Brandeis et al., 2003

Abweichende Aufmerksamkeitsprozesse

Source 
localization

Source 
localization

 Beeinträchtige Aufmerksamkeitsorientierung

 Posteriores Aufmerksamkeitssystem schwächer

Aktivierung nach Präsentation von A bei CPT A-X (P300)
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Banaschewski et al., 2004

Kein ausschließliches Inhibitionsdefizit

Banaschewski, Brandeis et al., 2004



Neuroscience and Biobehavioral Reviews, 2014

Decreased responses 
during anticipation 
(ES = 0.48) 



Handlungskontrolle & Fehlerverarbeitung

ADHS: Beeinträchtigte Antwortkontrolle aufgrund 

Funktionsstörung des anterioren cingulären Kortex
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Neuropsychologische Beeinträchtigungen

• Attention

• Interference Control

• Inhibitory Control

• Working Memory

• Planning

• Set Shifting

Executive

Functions

• Reaction time

• Temporal processing

• Non working memory

Non-Executive

Functions

Coghill, 2018



Shaw & Szekely in: Banaschewski, Coghill & Zuddas OT-ADHD, 2018

From Simple Causal Models to 
Complex Development Pathways

Multiple Pathways – multiple markers?



 Exakte pathophysiologischen Mechanismen noch unzureichend geklärt
 70–80% phänotypischer Varianz durch genetische Faktoren & GxE erklärbar

 Ca. 40% genetisch bedingter Varianz durch häufige Varianten bedingt

 assoziative Zusammenhänge mit verschiedenen Umweltfaktoren
 prä- und perinatale Risiken (mütterlicher Stress, Nikotin- oder Alkoholkonsum 

während der Schwangerschaft, niedriges Geburtsgewicht, Frühgeburtlichkeit), 

Umwelttoxine (Organophosphate, polychlorierte Biphenyle, Blei), ungünstige 

psychosoziale Bedingungen, diätetische Faktoren: aber kausale Relevanz bislang 

nicht belegt (Ausnahme: schwere Formen frühkindlicher Deprivation)

 heterogene Profile hirnstruktureller und -funktioneller, 
neuropsychologischer und psychopathologischer Auffälligkeiten
 multiple kognitive, motivationale, motorische Netzwerke involviert; keine ADHS-

spezifischen Defizite

 ADHS: Extrembereiche kontinuierlich verteilter Merkmalsdimensionen

Multifaktorielle Ätiologie

Faraone et al., 2015; Banaschewski, Coghill & Zuddas, 2018 



No association between change in executive functioning and change in symptoms

Genes & 
Environment

Brain 
Structure 

and Function

Cognition

Symptoms

Impairment

Coghill et al., 2014



Pharmacological Treatment Options

Clinical Efficacy & Safety



Effect Sizes for Classes of Psychiatric 
Medications

Faraone et al. 2003; Gale et al. Clin Evid 2002; Geddes et al. Clin Evid 2002; Hay et al. Clin Evid 2002; 
Soomro, Clin Evid 2002; Leucht et al. Schizophr Res 1999; Biederman Clin Ther 2007



Cortese et al., 2018





 Small but significant effect on systolic blood pressure

 MPH 0.25 - AMP 0.09 - ATX 0.16

 Small but significant effect on diastolic blood pressure

 AMP 0.16 - ATX 0.22 (no effect MPH)

 Small but significant effect on heart rate
 AMP 0.37 - ATX 0.43 (no effect MPH)

 12.6% reported cardiovascular effects
 Hypertension, tachycardia, bradycardia, documented arrhythmia and changes in 

ECG intervals, morphology or repolarization.

 2% discontinued medication treatment due to cardiovascular effects

CNS Drugs, 2017



Banaschewski et al., CNS Drugs, 2013















Non-pharmacological TX options





n.s.

n.s.

n.s.

n.s.

But: 

• Some patients and caregivers may wish to try non-pharmacological 

interventions, despite limited evidence of efficacy instead of medication 

• Patients might be considered too young or to have an insufficiently severe 

presentation to warrant medication

• Some patients do not respond positively to medication

• Medication alone might not produce optimal results across all domains of 

ADHD-related impairment

• Some patients might not have access to medication



Daley et al., JAACAP 2014

n.s.



1 LDX is licensed in children (≥ 6 years) and adolescents (< age 18) if there is an insufficient clinical 
response to previous MPH therapy

Banaschewski et al. DGKJP, DGPPN & DGSPJ German guidelines, 2018

• Psychoeducation +

• Children below age 6: first-line psychosocial treatment (parent 
training); pharmacotherapy only by a specialist, no 
pharmacotherapy in children below age 3

• Children (≥ 6 years) and adolescents (< age 18)

• Mild/moderate ADHD: first-line psychosocial treatment 

• Moderate/severe ADHD: first-line pharmacological treatment 

• Adults: first-line pharmacological treatment

German Guidelines



German Guidelines

• 1st line: psychostimulants (DEX, MPH and LDX 1 )

− if substance misuse:  LA stimulants

− If Tx is ineffective, change to second stimulant or ATX or GXR

− If Tx is not tolerated, change to ATX or GXR

• 2nd line: non-stimulants (ATX; GXR)

− ATX or GXR possible 1st line Tx if comorbidity with Tic disorder; 
substance misuse

− ATX possible 1st line Tx if comorbidity with anxiety disorder

1 LDX is licensed in children (≥ 6 years) and adolescents (< age 18) if there is an insufficient clinical 
response to previous MPH therapy

Banaschewski et al. DGKJP, DGPPN & DGSPJ German guidelines, 2018



Individualized pharmacotherapy

TX options for ADHD differ

• Modes of action

• Efficacy

• Pharmacokinetic profiles

• Tolerability profiles

• Mechanisms of delivery

Pharmacotherapy needs to be optimized individually

• Patients respond differently

• Patients show different comorbidities

• Unsatisfactory response occurs

• Patient’s needs differ across the day

• Patient’s needs change in the course of time



JAACAP, 2013



JAACAP, 2013



JAACAP, 2013



Administrative Prävalenz
Einflussfaktoren

 Definitionskriterien 

 Behandlungsoptionen

 Gesundheitspolitik & Versorgungssystem 

 (Arztdichte, Versicherungssystem)

 Soziale Schicht

 Ethnische Zugehörigkeit

 Kulturelle Faktoren

 Stigmata, Medien, Werbung

 Schulpolitik

Hinshaw & Scheffler, 2014





Faraone et al., 2015



ADHD (DSM-V)

Persistent & impairing pattern of inattention and/or hyperactivity-impulsivity that 
interferes with functioning or development

 Age of onset
 Several symptoms present prior to age 12 y

 Duration
 At least 6 months

 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

• Symptom threshold change for adults and older adolescents to 5 instead of 6 symptoms
• Comorbid diagnosis with ASD is now allowed



 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

ADHD - Changes made in DSM-5



Nigg et al., 2020



“ADHD does not exist. ADHD is a diagnosis 
that lacks a clinical entity, and the 
medication, far from being a treatment 
itself, is actually a like doping in sports.”

“(ADHD) it is not established on objective 
criteria that allow us to differentiate normal 
from supposedly pathological behavior, but 
rather it is based on subjective 
assessments.”

Available from https://www.abc.es/familia-padres-hijos/20141020/abci-trastorno-deficit-atencion-201410171200.html (accessed October 2020) Image sourced by presenter

Mediale Kritik



Should we aim at finding diagnostic biomarkers 
of ADHD?

Biomarker: “characteristic that can be objectively measured and evaluated 
as an indicator of normal biological processes, pathogenetic processes or 
pharmacologic responses to a therapeutic intervention” (Biomarkers Definitions 

Working Group 2001)

Biomarkers to predict 

 (differential) diagnosis accuracy

 developmental outcomes 

 treatment response

Biomarkers may even provide further insight into etiological mechanisms, 
but

 case – control differences could be markers of vulnerability, processes 
related to the onset, chronicity or treatment of ADHD, or reflect 
consequences or epiphenomena



 Fuchs warnte davor, psychische Erkrankungen angesichts der beeindruckenden
Fortschritte neurowissenschaftlicher Grundlagenforschung zunehmend isoliert
von den Beziehungen des Patienten zu seiner Umwelt zu betrachten

 Die Psychiatrie müsse ein integratives Rahmenmodell finden, das auch der 
Bedeutung der Subjektivität und Intersubjektivität für die Krankheit Rechnung
trage



“Overdiagnosis is defined here as occurring when a person is clinically diagnosed with a 

condition, but the net effect of the diagnosis is unfavorable.” 

 Only 5 studies evaluated the critical issue of benefits and harms among the additional, milder cases. These 
studies supported a hypothesis of diminishing returns in which the harms may outweigh the benefits for 
youths with milder symptoms

Diagnosen als soziale Konstrukte



Stigmatisierung





it may ultimately prove fruitful to shift away from studies seeking to identify 
markers or mechanisms for a putative discrete disease (ADHD) and toward studies 
identifying markers and mechanisms for specific subgroups or clinical outcomes.

While the presence of discrete taxa is possible, we emphasize that different 
observable features may cluster in ways that are informative without requiring the 
assumption of correspondence to a true or natural kind

Karalunas & Nigg, 2019; Biological Psychiatry

• Man kann pragmatisch auf den Anspruch einer vollständigen Erklärungsmöglichkeit
verzichten, ohne den Sinn neurowissenschaftlicher und medizinischer Forschung zu
bestreiten

• Theorien sind Instrumente zur Systematisierung von Handlungswissen, 
praxiserprobtes Bewirkungs- und Prognosewissen, nicht um strukturisomorphe oder
adäquate Abbilder einer natürlichen Welt 





Vielen Dank für 

Ihre Aufmerksamkeit !


