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1. Einleitung

Wer stark genug ist, seine Handlungen so lange aufzuschieben,
bis er wieder ruhig geworden ist, der ist wahrhaft weise.
Aber solche Menschen sind selten.

Giacomo Girolamo Casanova

Die Erinnerungen des Giacomo Casanova

Jedermann lobt die Geduld,

wiewohl wenige sind, die leiden wollen.

Thomas von Kempen

Das Buch von der Nachfolge Christi

1 Einleitung

1.1 Das Konzept der Verzdgerungsaversion

Der Begriff der Geduld kennzeichnet gemeinhin die Fahigkeit, langere Wartezeiten in Kauf
zu nehmen oder zu Uberbriicken, um in der Zukunft liegende Ziele zu erreichen, die eine hohe
subjektive Wertigkeit aufweisen. Geduldiges Abwarten setzt demnach eine Erfolgserwartung
voraus, ist gleichzeitig aber auch mit einer mehr oder minder stark ausgeprégten negativen
Konnotation behaftet, die in der wahrgenommenen Entbehrung begriindet liegt, den mit der
Zielerreichung antizipierten positiven Affekt nicht unmittelbar erleben zu kdénnen. Dieser
aversive Zustand des Wartens wurde in einer kurzlich veroffentlichten Studie
neurofunktionell abgebildet. Plichta und Kollegen (2009) zeigten, dass der subjektive Wert
finanzieller Anreize umso starker abnahm, je weiter deren Vergutung in der Zukunft lag,
wobei das Ausmal} dieses Valenzabfalls positiv mit der Stiarke der Amygdala-Aktivierung auf
die verzdgerte Belohnung assoziiert war. Der subjektive Anreiz zukinftiger Belohnungen
aktivierte demnach eine Hirnregion, die emotionale Zustdnde (Phan, Wager, Taylor, &
Liberzon, 2002), insbesondere negativer Natur (Costafreda, Brammer, David, & Fu, 2008),
kodiert.

Das Ausmall an Geduld ist individuell wverschieden und scheint mit bestimmten
Personlichkeitsmerkmalen assoziiert zu sein. So werden Defizite im geduldigen Abwarten
bzw. in der Ausdauer bei Kindern mit einer Aufmerksamkeitsdefizit-/Hyperaktivitatsstérung
(ADHS) beschrieben, die sowohl behaviorale als auch attentionale Aspekte des klinischen
Phéanotyps betreffen. Hierzu zahlen Probleme mit dem Abwarten, das Herausplatzen mit
Antworten, das Unterbrechen und Storen anderer, Schwierigkeiten bei der Aufrechterhaltung
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1. Einleitung

der Aufmerksamkeit, eine Abneigung gegen Aufgaben, die eine langer andauernde geistige
Anstrengung erfordern, sowie das Abbrechen von Arbeiten vor deren Fertigstellung
(Diagnostic and statistical manual of mental disorders, DSM-IV, American Psychiatric
Association, 1994).

Die durch Kinder mit ADHS gezeigte Praferenz fiir unmittelbare Handlungsergebnisse wurde
in klinischen Stichproben mit der erhohten hyperaktiv-impulsiven Symptomatik in
Verbindung gebracht, die diesem Storungsbild eigen ist (Scheres, Tontsch, Thoeny, &
Kaczkurkin, 2010; Solanto et al., 2001). Eine erhohte Praferenz fur unmittelbare
Handlungsergebnisse im Sinne eines gegeniber Kontrollpersonen starker ausgeprégten
Valenzabfalls zeitlich verzdgerter Belohnungen wurde auch bei anderen psychiatrischen
Storungsbildern, die mit einem erhohten Ausmal an Impulsivitat einhergehen, nachgewiesen.
Hierzu zahlen die Substanzabhangigkeit (Monterosso et al., 2007; Petry, 2001; Robles, Huang,
Simpson, & McMillan, 2011), die Borderline-Persdnlichkeitsstérung (Coffey, Schumacher,
Baschnagel, Hawk, & Holloman, 2011; Lawrence, Allen, & Chanen, 2010; Volker et al.,
2009) und die antisoziale Personlichkeitsstorung, wobei fur die Personlichkeitsstérungen
diskutiert wird, in welchem Ausmal} die Tendenz zur Unmittelbarkeit durch haufig komorbid
bestehende Suchterkrankungen mit bedingt ist. So wurde fur Personen mit einer
Alkoholabhangigkeit, bei denen gleichzeitig eine antisoziale Personlichkeitsstorung vorlag,
ein gegeniiber Alkoholabhdngigen ohne antisoziale Personlichkeitsstorung verstarkter
Valenzabfall zeitlich verzdgerter Belohnungen gefunden, was einen additiven Effekt beider
Storungsbilder nahe legt (Petry, 2002). Andererseits zeigten in einer anderen Untersuchung
Personen mit  einer  antisozialen Personlichkeitsstérung ~ ohne  komorbide
Abhangigkeitserkrankung  gegentiber  Kontrollpersonen  keine  Auffalligkeiten im
Belohnungsaufschub (Swann, Lijffijt, Lane, Steinberg, & Moeller, 2009).

Die Praferenz fur unmittelbare Handlungsergebnisse wurde bei Kindern mit ADHS unter
Verwendung von Belohnungsparadigmen mittlerweile vielfach experimentell untersucht
(Antrop et al., 2006; Bidwell, Willcutt, Defries, & Pennington, 2007; Bitsakou, Psychogiou,
Thompson, & Sonuga-Barke, 2009; Dalen, Sonuga-Barke, Hall, & Remington, 2004; Gupta,
Kar, & Srinivasan, 2011; Hoerger & Mace, 2006; Karalunas & Huang-Pollock, 2011; Kuntsi,
Oosterlaan, & Stevenson, 2001; Kuntsi et al., 2010; Lambek et al., 2010; Marco et al., 2009;
Plichta et al., 2009; Scheres, Lee, & Sumiya, 2008; Scheres et al., 2010; Solanto et al., 2001,
2007; Sonuga-Barke, Taylor, Sembi, & Smith, 1992; Sonuga-Barke, Dalen, & Remington,
2003; Wood et al., 2011; Yang et al., 2011). Obwohl eine (bergreifende, systematische
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Evaluation der vorliegenden Forschungsergebnisse bislang aussteht, wurden in der Mehrzahl
der publizierten Studien deutliche Hinweise dafur gefunden, dass Kinder mit ADHS h&ufiger
als Kinder ohne ADHS suboptimale Gewinnentscheidungen treffen, wenn sie die
Gesamtdauer experimenteller Untersuchungen verkirzen und dadurch Wartezeiten bezlglich
der antizipierten Gewinne vermeiden kdnnen. Besteht die Mdglichkeit der Verkirzung der
Experimentaldauer hingegen nicht, sind sie, ebenso wie die Kinder ohne ADHS, bestrebt, ihre
Gewinne zu maximieren. Diese bei Kindern mit ADHS uberdurchschnittlich stark
ausgepragte  Praferenz  fUr  unmittelbare =~ Handlungskonsequenzen  wird  als
Verzogerungsaversion (delay aversion; Sonuga-Barke, Taylor, Sembi, et al., 1992) bezeichnet.
Das am haufigsten eingesetzte experimentelle Paradigma zur Untersuchung von
Verzogerungsaversion ist der Choice Delay Task (CDT; Sonuga-Barke, Taylor, Sembi, et al.,
1992). In dieser Aufgabe werden die Probanden gebeten, sich wiederholt flr eine kleinere
unmittelbare Belohnung (z. B. 1 Punkt nach 2 Sekunden Wartezeit) oder fiir eine groRere,
zeitlich stérker verzogerte Belohnung (z. B. 2 Punkte nach 30 Sekunden Wartezeit) zu
entscheiden. In der Bedingung ohne post reward delay folgt der nachste Durchgang
unmittelbar nach der mit der Gewinnentscheidung des Probanden assoziierten Wartezeit, so
dass sich dem Probanden durch die haufige Wahl der kleineren, unmittelbaren Belohnung die
Mdglichkeit bietet, die Experimentaldauer zu verkirzen. In der Bedingung mit post reward
delay hingegen folgt der Wahl der unmittelbaren Belohnung eine 30-sekiindige Verzbdgerung
und der Wahl der zeitlich verzogerten Belohnung eine 2-sekiindige Verzdgerung, so dass die
Dauer eines experimentellen Durchganges, unabhéngig von der Entscheidung des Probanden,
immer gleich lang ist, d. h. dass fiir den Probanden nicht die Mdglichkeit besteht, die
Experimentaldauer durch seine Gewinnentscheidungen zu verkirzen. Wahrend Kinder mit
ADHS im Vergleich zu Kindern ohne ADHS in der Bedingung ohne post reward delay
haufiger die kleine, unmittelbare Belohnung wahlen und dadurch die Experimentaldauer
verkirzen, wahlen sie in der Bedingung mit post reward delay, ebenso wie die Kinder ohne
ADHS, héufiger die zeitlich verzgerte, groRere Belohnung, um ihre Gewinne zu maximieren
(Dalen et al., 2004; Marco et al., 2009; Sonuga-Barke, Taylor, Sembi, et al., 1992).

Verzogerungsaversion kann demnach als motivationaler Stil verstanden werden,
Verzdgerungen in Handlungsabldufen durch rationale Entscheidungen bewusst zu vermeiden,
wenn die Mdoglichkeit dazu besteht. Bedeutsam ist die Abgrenzung zum Konzept des
Inhibitionsdefizits, welches die bei Personen mit ADHS h&ufig verminderte, nicht willentlich

gesteuerte Fahigkeit bezeichnet, dominierende Verhaltenstendenzen situationsaddquat zu
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unterdriicken (Barkley, 1997). Somit stellen Verzégerungsaversion und Inhibitionsdefizit
zwei voneinander separierbare Konstrukte impulsiven Verhaltens dar, deren Unabhangigkeit
in Studien belegt werden konnte (Dalen et al., 2004; Solanto et al., 2001; Thorell, 2007).

1.2 Verzdgerungsaversion in Abgrenzung zum Inhibitionsdefizit

In der Studie von Solanto et al. (2001) bearbeiteten Kinder mit ADHS vom kombinierten
Subtyp und Kontrollkinder Aufgaben, die der Erfassung motorischer Inhibitionsprozesse
(Stop Signal Task, SST; Logan, Cowan, & Davis, 1984) und von Verzdgerungsaversion
(CDT; Sonuga-Barke, Taylor, Sembi, et al., 1992) dienten. Im SST wurden den Kindern die
Buchstaben “X” und “O” auf dem Computer-Bildschirm in zufélliger Reihenfolge mit der
Instruktion dargeboten, auf diese so schnell wie mdglich durch das Driicken der jeweiligen
Reaktionstaste zu reagieren (,,go“-trials). In finf weiteren Aufgabenblécken folgte den
Buchstaben dann in einem Drittel der Féalle ein auditorisches Stop-Signal, das die Kinder dazu
anhielt, die geplante motorische Reaktion zu unterdriicken, d. h. die entsprechende
Reaktionstaste nicht zu dricken (,stop“-trials). Das Stop-Signal wurde zu vier
unterschiedlichen Zeitintervallen (100, 250, 350, 500 ms) nach Présentation der Buchstaben
dargeboten. Bei langen Stop-Intervallen, d. h. das Stop-Signal ertdnt bereits kurz nach
Darbietung des Zielreizes, so dass die Differenz aus individueller Reaktionszeit und zeitlicher
Latenz des Stop-Signals nach der Prasentation des Zielreizes hoch ausféllt, ist die
Inhibitionswahrscheinlichkeit noch hoch, da sich die motorische Reaktion noch frih in der
Planungs- bzw. Initiierungsphase befindet. Mit zunehmender Verkiirzung des Stop-Intervalls,
d. h. mit zunehmender zeitlicher Verzogerung des Stop-Signals nach Prasentation des
Zielreizes, sinkt hingegen die Inhibitionswahrscheinlichkeit. Die kritische Reaktionszeit, bis
zu der eine motorische Reaktion nach dem Ertdnen des Stop-Signals noch erfolgreich
inhibiert werden kann, wird als Stop-Signal Reaktionszeit (SSRT) bezeichnet. Neben der
SSRT wurden in dieser Studie die mittlere Reaktionszeit, die Auslassungsfehler in den ,,go*-
Trials sowie die Uber die Verzdgerungsintervalle gemittelte Inhibitionswahrscheinlichkeit als
abhangige Variablen erhoben. Im CDT wurden die Kinder gebeten, sich wiederholt flr ein
grines Rechteck, dem nach einer Verzégerung von zwei Sekunden eine Gewinnriickmeldung
von einem Punkt folgte oder fir ein blaues Rechteck, dem nach einer Verzégerung von 30
Sekunden eine Gewinnriickmeldung von zwei Punkten folgte, zu entscheiden. Die Aufgabe,
die am Computer durchgefuhrt wurde, bestand aus zwei Blécken mit je 20

Gewinnentscheidungen, die ohne post reward delay durchgefiihrt wurden. Jeder gewonnene
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Punkt wurde am Blockende mit 0,10 $ finanziell vergitet. Als abhéngige Variable diente die
Héaufigkeit der Entscheidungen flr die zeitlich verzdgerte, groflere Belohnung. Neben der
Replikation von typischerweise mit ADHS assoziierten Funktionsdefiziten (verminderte
Inhibitionswahrscheinlichkeit, verlangerte SSRT, seltenere Wahl der zeitlich verzdgerten,
grolkeren Belohnung) fanden die Autoren Hinweise fir eine Abgrenzbarkeit von Impulsivitét
und Verzogerungsaversion. So fanden sie keine korrelativen Zusammenhange zwischen
Kernmalien des SST und dem Wahlverhalten im CDT, und beziglich der diagnostischen
Zuordnung der Kinder war die pradiktive Validitat eines aus SST und CDT kombinierten
regressionsanalytischen Modells hoéher als die doménenspezifischer Regressionsmodelle.
Solanto et al. (2001) schlussfolgern, dass ,,stopping may be a discrete component of executive
control that is not necessarily highly correlated with other forms of self-regulation and that
may be dependent upon unique neural mechanisms* (S. 226). Dalen et al. (2004) verglichen
Vorschulkinder mit ADHS vom kombinierten Subtyp und Kontrollkinder und fanden
ebenfalls, dass Kinder mit ADHS in der Inhibitionsleistung schlechter abschnitten und ein
starkeres Ausmal} an Verzdgerungsaversion zeigten, wobei auch in dieser Untersuchung beide

Funktionsbereiche nicht miteinander assoziiert waren.

Thorell (2007) untersuchte, inwiefern nicht nur die motorische Inhibitionsleistung, sondern
ein breiteres Spektrum an exekutiven Funktionen einen von der Verzdgerungsaversion
unabhéngigen Beitrag zur Erklarung ADHS-spezifischer Symptome leistet. In einer
Stichprobe von nicht vordiagnostizierten (,,community based*) Erstklasslern pradizierte sie
die Lehrerbeurteilungen beziglich des Auspragungsgrades der ADHS-Symptomatik der
Schiller regressionsanalytisch aus den Ergebnissen eines CDT (Haufigkeit der
Entscheidungen fiir die unmittelbare, kleinere Belohnung) und eines aggregierten exekutiven
Funktionsmalles (die Bereiche Inhibition, Interferenzkontrolle, verbales und nonverbales
Arbeitsgedachtnis umfassend). Wahrend sowohl exekutive Dysfunktionen als auch
Verzogerungsaversion in einer gemeinsamen Analyse unabhéngig voneinander Varianz im
ADHS-Gesamtscore aufklarten, zeigten nachgelagerte dimensionsspezifische Analysen, dass
exekutive Dysfunktionen, nicht aber Verzégerungsaversion, die unaufmerksame Symptomatik
und Verzogerungsaversion, nicht aber exekutive Dysfunktionen, die hyperaktive/impulsive
Symptomatik vorhersagten. Die Autorin fand demnach, ebenso wie Solanto et al. (2001) und
Dalen et al. (2004), dass kognitive und motivationale Prozesse unabhéngig voneinander einen
Beitrag an der Entstehung des ADHS-Phanotyps leisten. Darlber hinaus legt ihre
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Untersuchung nahe, dass beide Funktionsbereiche mit spezifischen ADHS-

Symptomdimensionen assoziiert sind.

Nigg, Willcutt, Doyle und Sonuga-Barke (2005) reanalysierten die Daten von Solanto et al.
(2001), indem sie diejenigen Kinder mit ADHS hinsichtlich ihrer Performanz im SST und im
CDT als beeintrachtigt definierten, die schlechter abschnitten als die schlechtesten zehn
Prozent der Kontrollkinder. Unter Nutzung dieses Selektionskriteriums fanden die Autoren,
dass 23% der Kinder mit ADHS ausschliellich unter einem Inhibitionsdefizit, 15%
ausschlieBlich unter verstéarkter Verzdgerungsaversion und 23% unter Defiziten sowohl in der
Inhibition als auch in der Verzégerungsaversion litten, wahrend 39% der Kinder mit ADHS in
keinem der beiden Funktionsbereiche Beeintrachtigungen zeigten. Wahrend diese Daten
ebenfalls fur eine Unabhangigkeit beider Konstrukte sprechen, legen sie neben exekutiven
Dysfunktionen  und  Verzogerungsaversion jedoch noch  weitere  atiologische

Bedingungsfaktoren fir das Stérungsbild der ADHS nahe.

1.3 Das ,,Dual Pathway“ Modell

Der experimentelle Nachweis des voneinander unabhangigen Beitrages sowohl exekutiver als
auch motivationaler/emotionaler Prozesse am Zustandekommen des ADHS-Phanotyps trug zu
einem Paradigmenwechsel bei der Entwicklung stérungsspezifischer Modelle bei, der eine
Abkehr von monokausalen Erklarungsansatzen hin zu multiple pathway-Modellen einleitete.
Gestitzt wurde diese Entwicklung durch weitere Befunde, die die Annahme friiherer Modelle,
allein exekutive Dysfunktionen, insbesondere die gestorte Inhibitionsleistung und deren
Auswirkungen auf der Verhaltensebene, seien fiir die Ausbildung einer ADHS verantwortlich
(Barkley, 1997; Quay, 1997), revisionswirdig erscheinen lie. So wurde gezeigt, dass
exekutive Defizite bei Personen mit ADHS lediglich mittlere Effektstarken sowie eine hohe
Intra-Gruppen-Variabilitat aufweisen, was darauf schlieen lasst, dass nicht alle Personen mit
ADHS unter exekutiven Dysfunktionen leiden (Nigg, Willcutt, et al., 2005; Willcutt, Doyle,
Nigg, Faraone, & Pennington, 2005). Ferner sind exekutive Dysfunktionen eher mit
Unaufmerksamkeit als mit  Hyperaktivitdt/Impulsivitat — assoziiert, was ADHS-
Subtypenunterschiede hinsichtlich der Funktionalitat exekutiver Kontrollfunktionen nahelegt
(Nigg, Willcutt, et al., 2005; Nigg, Stavro, et al., 2005; Thorell, 2007). Zudem erscheint die
Genauigkeit der diagnostischen Zuordnung von Personen mit und ohne ADHS anhand von

Aufgaben zur Erfassung exekutiver Funktionen unzureichend (Nigg, Willcutt, et al., 2005),
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und Korrelationen zwischen exekutiven Funktionsmallen und dem Auspragungsgrad der
ADHS-Symptomatik fallen lediglich moderat aus (Nigg, Hinshaw, Carte, & Treuting, 1998;
Willcutt et al., 2001), so dass diese Male fur sich allein genommen nicht die Variationsbreite
der ADHS-Symptomatik erklaren kénnen. Weiterhin konnte gezeigt werden, dass exekutive
Dysfunktionen nicht ADHS-spezifisch sind (Oosterlaan, Logan, & Sergeant, 1998; Sergeant,
Geurts, & Oosterlaan, 2002), und dass Personen mit ADHS auch kognitive Defizite in nicht-
exekutiven Domanen aufweisen (Boonstra, Oosterlaan, Sergeant, & Buitelaar, 2005; Hervey,
Epstein, & Curry, 2004; Schoechlin & Engel, 2005; Balint et al., 2009). Letztendlich sind
MaRe zur Erfassung exekutiver und nicht-exekutiver kognitiver Funktionsbereiche
miteinander unkorreliert, jedoch jeweils mit dem Ausprédgungsgrad der ADHS-Symptomatik
assoziiert (Solanto et al., 2001; Sonuga-Barke et al., 2003; Thorell, 2007), so dass sich
Subgruppen mit unterschiedlichen kognitiven Funktionsprofilen definieren lassen (lediglich
exekutive Dysfunktionen, lediglich nicht-exekutive Dysfunktionen, sowohl exekutive als auch
nicht-exekutive Dysfunktionen, keine kognitiven Beeintrachtigungen) (Nigg, Willcutt, et al.,
2005).

Eines der bekanntesten multiple pathway-Modelle ist das Dual Pathway-Modell von Sonuga-
Barke (2002; 2003; Sonuga-Barke, Wiersema, van der Merre, & Roeyers, 2010). Es erweitert
dysexekutive Erklarungsansatze (Barkley, 1997) um motivationale Faktoren, indem es bei
Personen mit ADHS vom kombinierten Subtyp Verdnderungen in zwei neuronalen
Regelkreisen benennt, die unabhdngig voneinander den Phanotyp des Stdrungsbildes
bedingen. Der kognitive Pfad umfasst Verdnderungen in exekutiven Regelkreisen, die
anatomisch insbesondere den frontalen und den préafrontalen Cortex und seine Projektionen
betreffen und durch das mesocorticale dopaminerge System versorgt werden. Diese
Verénderungen fuhren zu einer Beeintrachtigung exekutiver Funktionen, also kognitiver
Kontrollprozesse, die dazu dienen, das Verhalten des Individuums an situationale
Erfordernisse anzupassen, um Ubergeordnete Ziele zu erreichen. Diese Fehlanpassung
manifestiert sich in Form von kognitiven Defiziten und bildet den Phéanotyp des
Storungsbildes ab. In Leistungskontexten wirken sich die exekutiven Dysfunktionen direkt,
oder Uber die ADHS-Symptomatik vermittelt, auf die Qualitdt und Quantitat der

Aufgabenbearbeitung aus.

Der motivationale Pfad integriert die Verzdgerungsaversions-Hypothese (Sonuga-Barke,
Taylor, Sembi, et al., 1992). Er bezieht sich auf Verédnderungen im Belohnungssystem, das
anatomisch das ventrale Striatum, insbesondere den Nucleus accumbens, sowie den

7
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orbitofrontalen Cortex und die Amygdala umfasst (Sonuga-Barke, 2005; Sonuga-Barke et al.,
2010), und das durch das mesolimbische dopaminerge System versorgt wird (Sonuga-Barke,
2002). Bei Personen mit ADHS wird angenommen, dass eine verminderte Aktivierung des
Belohnungssystems dazu fuhrt, dass die subjektive Wertigkeit zukinftiger Belohnungen
gegeniiber Personen ohne ADHS mit zunehmender Verzdgerung Uberproportional abnimmt
(Sonuga-Barke, 2005). Personen mit ADHS erleben daher Verzdgerungen gegenuber
Personen ohne ADHS als aversiver und streben nach unmittelbarer Belohnung. Es wird ferner
angenommen, dass der Zusammenhang zwischen unmittelbarem Belohnungsstreben und
verzogerungsassoziiertem negativem Affekt durch kulturelle Normen moderiert wird.
Demnach fiihren negative Reaktionen von Bezugspersonen auf die situationale Maladaptation
in verzogerungsreichen Kontexten bei den Betroffenen zur Herausbildung negativer Affekte
gegeniiber derartigen Kontexten (Sonuga-Barke, 2003). Um den mit der Verzbgerung
assoziierten negativen Affekt zu vermeiden oder zu reduzieren, streben Personen mit ADHS
starker als Personen ohne ADHS danach, unmittelbare Handlungsergebnisse zu realisieren.
Daher handelt die betroffene Person unmittelbar, wenn es der situationale Kontext zulasst,
Wartezeiten durch eigenes Wirken zu verkirzen. Ist diese Mdoglichkeit hingegen nicht
gegeben, dann initiiert die betroffene Person Verhaltensweisen, die dazu dienen, die
subjektive Wahrnehmung von Verzdgerung zu minimieren. Dies geschieht dadurch, dass sie
entweder ihre Aufmerksamkeit auf Reize in der Umwelt richtet, oder indem sie aktiv auf ihre
Umwelt einwirkt (Sonuga-Barke, 2005). Diese Verhaltensweisen bedingen wiederum den
ADHS-Phanotyp und wirken sich in Leistungskontexten negativ auf die Qualitdt und
Quantitat der Aufgabenbearbeitung aus. Dabei manifestiert sich die Uberdurchschnittlich stark
ausgepragte Tendenz zur Unmittelbarkeit als Impulsivitdt, die Ausrichtung der
Aufmerksamkeit auf Reize in der Umwelt, die das Verstreichen der Wartezeit subjektiv
beschleunigen, als Unaufmerksamkeit, und die Initiierung von Verhaltensweisen, die die

Wartezeit subjektiv verkirzen, als Hyperaktivitat (siehe Abbildung 1).

Auch in nicht-belohnungsassoziierten experimentellen Kontexten konnte gezeigt werden, dass
die Maoglichkeit, Wartezeiten vermeiden oder nicht vermeiden zu kdnnen, mit der Qualitét
von Leistungsergebnissen in Zusammenhang steht. Verzdgerungsaversion scheint demnach
nicht allein auf Belohnungskontexte beschrénkt zu sein. So normalisierten Kinder mit ADHS
ihre Leistung gegeniiber nicht von ADHS betroffenen Kindern dann, wenn sie die Dauer der
Aufgabenbearbeitung nicht selbst bestimmen durften, sondern ihnen fixe Zeiten vorgegeben

wurden (Sonuga-Barke, Taylor & Heptinstall, 1992), und sie verbesserten ihre Leistungen
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auch dann, wenn sie durch die Vermeidung von Fehlern zusétzliche Verzdgerungen

vermeiden konnten (Sonuga-Barke, Williams, Hall, & Saxton, 1996).

1.4 Das Belohnungssystem

1.4.1 Neurofunktionelle Anatomie des Belohnungssystems

Das dopaminerg innervierte mesolimbocorticale Belohnungssystem entspringt dem ventralen
Tegmentum des Mittelhirns und projiziert in das limbische System und in den frontalen
Cortex. Es umfasst Regionen des Frontallappens (medialer und lateraler orbitofrontaler
Cortex, medialer prafrontaler Cortex, dorsolateraler prafrontaler Cortex, dorsales anteriores
Cingulum), des Parietallappens (inferiorer Parietallappen), den anterioren Insellappen, und
subkortikale Strukturen (ventrales Striatum, Amygdala, Thalamus) (fir Ubersichtsartikel,
siehe Haber & Knutson, 2010; Liu, Hairston, Schrier, & Fan, 2011).

Die neurofunktionelle Struktur des Belohnungssystems gesunder Personen wurde kirzlich in
einer Meta-Analyse Uber 142 Studien beschrieben (Liu et al., 2011). Wahrend der
Bearbeitung belohnungsassoziierter Paradigmen waren der Nucleus accumbens, der laterale
und mediale orbitofrontale Cortex, die anteriore Inselregion, das anteriore Cingulum, die
Amygdala, der Hippocampus, der Globus pallidus, der laterale prafrontale Cortex, der
mediale und inferiore frontale Cortex, der inferiore und superiore Parietallappen, die

supplementér-motorische Rinde, der Thalamus und der Hirnstamm aktiv.

In verschiedenen Phasen der Verarbeitung belohnungsrelevanter Informationen
(Antizipations-, Ergebnis-, Evaluationsphase) zeigten sich vergleichbare neuronale
Aktivierungsmuster, die den Nucleus accumbens, den medialen orbitofrontalen Cortex, die
anteriore Inselregion, das anteriore Cingulum, den dorsomedialen préafrontalen Cortex und
den Thalamus einschlossen (Liu et al., 2011). Wahrend der Nucleus accumbens tber alle
Phasen hinweg eine kontinuierlich starke Aktivitat zeigte, war der mediale orbitofrontale
Cortex insbesondere in der Ergebnisphase aktiv. Die Autoren schlieBen daraus, dass die
Funktion des Nucleus accumbens darin besteht, belohnungsbezogene Informationen Gber alle
Prozessphasen hinweg zu verarbeiten, wahrend durch den orbitofrontalen Cortex

hauptsachlich die Evaluation der erzielten Ergebnisse erfolgt.
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Zu diesem Schluss kommt auch eine weitere Meta-Analyse (Diekhof, Kaps, Falkai, & Gruber,
2012). Zusétzlich zeigten sich in der Antizipationsphase Aktivierungen des inferioren
Parietallappens und supplementdrmotorischer Areale, die vermutlich der Integration
belohnungsassoziierter Informationen und der darauf basierenden Planung motorischer
Reaktionen dienen (Andersen & Cui, 2009; Lau, Rogers, Haggard, & Passingham, 2004; Lau,
Rogers, Ramnali, & Passingham, 2004). Sowohl positive als auch negative Ergebnisse
aktivierten die anteriore Inselregion, den Globus pallidus, den Thalamus und den Hirnstamm.
Aullerdem aktivierten positive Ergebnisse insbesondere den medialen orbitofrontalen Cortex
und supplementarmotorische Areale, wahrend negative Ergebnisse insbesondere den Nucleus
accumbens, den lateralen orbitofrontalen Cortex, den Nucleus caudatus, die Amygdala, den
dorsomedialen préfrontalen Cortex sowie inferiore und mediale Areale des Frontallappens
aktivierten. Im anterioren Cingulum fanden sich zudem neurofunktionell separierbare Areale,
wobei positive Ergebnisse rostrale Anteile und negative Ergebnisse caudale Anteile
aktivierten. Abbildung 2 gibt eine Ubersicht iber die dem Belohnungssystem zugehdrigen
neuronalen Strukturen und den ihnen zugeschriebenen Funktionen (vgl. Costafreda et al.,
2008; Haber & Knutson, 2010; Liu et al., 2011; Phan et al., 2002).

1.4.2 Neurofunktionelle Alterationen des Belohnungssystems bei Personen mit ADHS

Eine Reihe genetischer und neurochemischer Befunde spricht daflir, dass die
Signaltransmission im noradrenergen System bei Personen mit ADHS gestort ist. So wurde in
mehreren Meta-Analysen eine, wenn auch moderat ausgepragte, Assoziation zwischen ADHS
und den Dopamin-Rezeptor-Genen DRD4 und DRD5 gefunden (Gizer, Ficks, & Waldman,
2009; Li, Sham, Owen, & He, 2006; Maher, Marrazita, Ferrell, & Vanyukov, 2002), und in
einer kurzlich publizierten Meta-Analyse Uber neun SPECT- und PET-Studien mit
uberwiegend erwachsenen Probanden konnte gezeigt werden, dass die striatale Dopamin-
Transporterdichte bei Personen mit ADHS im Mittel vierzehnmal héher ausgepragt war als
bei Personen ohne ADHS. Allerdings war dieser Befund zu einem grofRen Teil durch eine
vorbestehende ADHS-Medikation erklarbar, wobei die Dopamin-Transporterdichte bei
vormedizierten gegenuber nicht vormedizierten Probanden hoher ausfiel (Fusar-Poli, Rubia,
Rossi, Sartori, & Ballotin, 2012).

11
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Abbildung 2: Das Belohnungssystem — Strukturen und Funktionen
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Mittels funktioneller Magnetresonanztomographie durchgefiihrte Studien belegen ferner eine
Unteraktivierung des ventralen Striatums wéhrend der Antizipation von Gewinnen (Carmona
et al., 2011; Scheres, Milham, Knutson, & Castellanos, 2007; Stréhle et al., 2008), eine
Uberaktivierung des orbitofrontalen Cortex und des lateralen prafrontalen Cortex in der
Ergebnisphase (Strohle et al., 2008), sowie eine in der Ergebnisphase gegeniber
Kontrollprobanden nicht vorhandene verstarkte Aktivierung des medialen orbitofrontalen
Cortex bei hohen gegenuber niedrigen Gewinnen (Wilbertz et al., 2011). Antizipierte
Gewinne scheinen demnach Strukturen des Belohnungssystems, die bestimmte
Stimulusmerkmale codieren (z. B. AusmafB, Wahrscheinlichkeit und Aufwand), nicht
hinreichend stark zu aktivieren, wohingegen der Erhalt dieser Gewinne zu einer
Uberaktivierung des Belohnungssystems fiihrt. Dabei scheinen Personen mit ADHS,
zumindest neurofunktionell, nicht unterschiedlich stark auf hohe und niedrige erhaltene

Gewinne zu reagieren.

Bislang liegt erst eine fMRT-Untersuchung zur Verzogerungsaversion vor, diese wurde mit
Erwachsenen ADHS-Patienten vom kombinierten Subtyp durchgefihrt (Plichta et al, 2009).
In dieser Untersuchung zeigten die ADHS-Patienten im Vergleich zu Kontrollprobanden
sowohl bei unmittelbarer als auch bei zeitlich verzdgerter Gewinnerwartung eine
Unteraktivierung des ventralen Striatums, d. h. eine generell verminderte neuronale
Aktivierung in Erwartung von Belohnung, unabhangig vom Zeitpunkt der Vergitung. Ferner
zeigte sich bei allen Probanden mit zunehmender zeitlicher Verzdgerung ein Valenzabfall der
antizipierten Belohnung, der positiv mit dem AusmaR der Amygdala-Aktivierung korreliert
war, d. h. je ferner in der Zukunft die finanzielle Vergitung lag, desto negativer bildete sich
deren Valenz auf neurofunktioneller Ebene ab. Dieser Valenzabfall war bei den ADHS-
Patienten stdrker ausgepragt. Zudem fanden die Autoren bei Personen mit ADHS eine
Uberaktivierung der Amygdala und des dorsalen Nucleus caudatus wahrend der Antizipation
zeitlich verzdgerter Belohnungen. Dabei konnte die verstarkte Amygala-Aktivierung auf
neurofunktioneller Ebene die gegenlber Kontrollpersonen uberproportionale Abnahme der
subjektiven Wertigkeit der zeitlich verzogerten Belohnung (,,reward devaluation®) abbilden,
die ein erhohtes negatives Arousal impliziert (Haber & Knutson, 2010). Die verstarkte
Aktivierung des dorsalen Striatums, dem eine wichtige Funktion bei der Planung und
Initilerung zielgerichteten Verhaltens auf der Grundlage des verfligbaren Belohnungswissens
zukommt (fiir Ubersichtsartikel, s. Balleine, Delgado, & Hikosaka, 2007; O'Doherty, 2004;
Delgado, 2007; Haber & Knutson, 2010), konnte eine verstarkte Tendenz zur
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Handlungsinitiierung, ein verstarktes wanting, bedeuten. Zu dieser Interpretation passen
Befunde aus der Forschung zu Abhangigkeitserkrankungen, die zeigen, dass die Starke der
Aktivierung des dorsalen Striatums positiv mit dem Ausmall von subjektiv berichtetem
Craving korreliert war (Volkow et al., 2006). Die Befunde von Plichta und Kollegen (2009)
weisen demnach auf ein dysfunktionales Zusammenspiel zwischen Amygdala und dorsalem
Striatum bei der Antizipation von zeitlich verzogerten Belohnungen hin, bei dem die Ursache
eines verstarkten Appetenzverhaltens in einem verstarkten Signalverhalten der Amygdala
begrindet liegt. Diese Interpretation wird durch den Befund unterstrichen, dass bei Patienten
mit Adipositas, bei denen ebenfalls eine Dysfunktion des Belohnungssystems angenommen
wird, eine verstarkte funktionelle Konnektivitat zwischen der Amygdala und dem Nucleus
caudatus wéhrend der Antizipation von Belohnung nachgewiesen wurde (Nummenmaa et al.,
2012).

Die in diesem Abschnitt dargestellten Befunde zu neurofunktionellen Alterationen des
Belohnungssystems bei Personen mit ADHS zusammenfassend kann geschlussfolgert werden,
dass die Valenz antizipierter Gewinne, unabhdngig vom Zeitpunkt ihrer Vergitung
(unmittelbar vs. verzégert), geringer und die Valenz erhaltener Gewinne, unabhédngig von
ihrer Hohe (niedrig vs. hoch) starker codiert wird als bei nicht von ADHS betroffenen
Personen. Werden Gewinne zeitlich verzdgert vergitet, dann nimmt deren Valenz gegenuber
nicht von ADHS betroffenen Personen mit zunehmender zeitlicher Verzdgerung
Uberproportional stark ab. Diese Valenzabnahme geht mit einem gesteigerten negativen
Arousal einher, das wiederum eine verstarkte Tendenz zur Handlungsinitiierung bedingt.
Diese Befunde untermauern das Dual Pathway-Modell (Sonuga-Barke, 2002; 2003; Sonuga-
Barke et al., 2010).
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2 Fragestellungen

2.1 Entwicklungsaspekte

Wahrend etwa 5-10% der Kinder im schulpflichtigen Alter von einer ADHS betroffen sind
(Scahill & Schwab-Stone, 2000), nimmt die Prévalenz des Storungsbildes im weiteren
Entwicklungsverlauf kontinuierlich ab. So betrégt sie noch etwa 5% bis zum Alter von 18
Jahren (Polanczyk, de Lima, Horta, Biederman, & Rhode, 2007), und noch etwa 3-4% bis
zum Alter von 44 Jahren (Fayyad et al., 2007). Obwohl etwa 65% der Kinder und
Jugendlichen, die unter einer ADHS leiden, bis zum Alter von 25 Jahren eine partielle
Symptomremission zeigen, ist das klinische Vollbild bei 15% der Betroffenen weiterhin
vorhanden (Faraone, Biederman, & Mick, 2006). Dabei scheint die Hyperaktivitat im
Altersverlauf abzunehmen, wéhrend Unaufmerksamkeit und Impulsivitat fortbestehen
(Biederman, Mick, & Faraone, 2000).

Neben diesen altershedingten Veranderungen des klinischen Phé&notyps konnten auch auf
neuroanatomischer Ebene Entwicklungseffekte aufgezeigt werden. So fand sich bei Kindern
und Jugendlichen mit ADHS im Alter von 5-18 Jahren, deren Hirnvolumina Uber einen
Zeitraum von 10 Jahren in 2- bis 3-Jahres-Intervallen wiederholt gemessen wurden,
gegeniiber nicht von ADHS Betroffenen eine Normalisierung des Volumens des Nucleus
caudatus in der mittleren Adoleszenz sowie eine tendentielle Zunahme hirnvolumetrischer
Unterschiede im Cerebellum (Castellanos et al., 2002). Auch in weiteren Studien konnten
fehlende volumetrische Unterschiede im Nucleus caudatus bei Jugendlichen mit ADHS
(Garrett et al., 2008) sowie im Entwicklungsverlauf zunehmende cerebelldre
VVolumenunterschiede in Abhdangigkeit von der Schwere der zugrunde liegenden ADHS-
Symptomatik (Mackie et al., 2007) objektiviert werden. Ferner finden sich bei Personen mit
ADHS Hinweise fiir einen bis in das Erwachsenenalter persistierenden préafrontalen

dopaminergen Hypometabolismus (Ernst, Zametkin, Matochik, Jons, & Cohen, 1998).

Wahrend publizierte Daten (ber altersassoziierte Verdnderungen des Klinischen Phanotyps
sowie Uber neurobiologische Veranderungen im Entwicklungsverlauf vorliegen, gibt es
bislang lediglich zwei Lé&ngsschnittstudien Uber entwicklungsbedingte Veranderungen
kognitiver Funktionen bei Personen mit ADHS (Biederman et al., 2007; Halperin, Trampush,
Miller, Marks, & Newcorn, 2008). Die Ergebnisse dieser beiden Studien legen eine Persistenz

exekutiver und attentionaler Dysfunktionen im Entwicklungsverlauf nahe. So fanden
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Biederman und Kollegen (2007), dass 69% der Kinder und Jugendlichen, die im Alter von
6-18 Jahren mit einer ADHS diagnostiziert wurden und zu diesem Zeitpunkt exekutive
Dysfunktionen aufwiesen, diese Defizite auch noch in einer nach sieben Jahren
durchgefuhrten Verlaufsuntersuchung zeigten. Halperin und Kollegen (2008) fanden, dass bei
Kindern, die im Alter von 7-11 Jahren mit einer ADHS diagnostiziert wurden und die auch
noch neun Jahre spater das Vollbild einer ADHS zeigten, Defizite in exekutiven Funktionen
(Arbeitsgedachtnis) und in attentionalen Funktionen (verminderte Target-Detektionsraten,
positiver Antwort-Bias und groRere Reaktionszeitvariabilitdt in einer Aufgabe zur

Uberpriifung der Daueraufmerksamkeit) fortbestanden.

Neben exekutiven (Homack & Riccio, 2004; Martinussen, Hayden, Hogg-Johnson, &
Tannock, 2005; van Mourik, Oosterlaan, & Sergeant, 2005; Willcutt et al., 2005) und
attentionalen (Loisier, McGrath, & Klein, 1996) Dysfunktionen gehéren Defizite in der
Zeitwahrnehmung (Barkley, Murphy, & Bush, 2001; Bauermeister et al., 2005; Mclnerney &
Kerns, 2003; Mullins, Bellgrove, Gill, & Robertson, 2005; Smith, Taylor, Rogers, Newman,
& Rubia, 2002; Toplak & Tannock, 2005) und ein erhohtes Ausmald an Verzigerungsaversion
(Dalen et al., 2004; Kuntsi et al., 2001; Solanto et al., 2001; 2007; Sonuga-Barke, Taylor,
Sembi, et al., 1992) zu den Kerndefiziten bei Kindern und Jugendlichen mit ADHS. Studien
zum systematischen Vergleich der Leistung von Kindern, Jugendlichen und Erwachsenen mit
ADHS, die Hinweise fiir entwicklungsbedingte Veranderungen in diesen Funktionsbereichen
geben konnten, stehen jedoch bislang aus. Auch lagen zum Untersuchungszeitpunkt keine
publizierten Studien zur Zeitwahrnehmung und zur Verzdgerungsaversion bei Erwachsenen
mit ADHS vor.

Das Ziel der ersten Studie (Marx et al., 2010) bestand deshalb darin, Kinder, Jugendliche und
Erwachsene mit ADHS mittels identischer experimenteller Paradigmen zur Erfassung
kognitiver Funktionsbereiche, die mit verschiedenen neuronalen Schaltkreisen assoziiert sind
(préfrontaler Cortex: Arbeitsgedachtnis; Bunge, Ochsner, Desmond, Glover, & Gabrieli,
2001; Valera, Faraone, Biederman, Poldrack, & Seidman, 2005; Wager & Smith, 2003;
frontaler Cortex: Interferenzkontrolle; Peterson et al., 2002; Blasi et al., 2006; fronto-striatal-
cerebellér: Zeitwahrnehmung; Ivry, 1996; Neufang, Fink, Herpertz-Dahlmann, Willmes, &
Konrad, 2008; Smith, Taylor, Lidzba, & Rubia, 2003; striatal-limbisch:
Verzogerungsaversion; McClure, Laibson, Loewenstein, & Cohen, 2004; Scheres et al., 2007;
Strohle et al., 2008), in einem Querschnittsdesign zu untersuchen, um altersassoziierte

Veranderungen des kognitiven Ph&notyps zu identifizieren.
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2.2 Differentialdiagnostische Aspekte

Aus differentialdiagnostischer Sicht erscheint die Frage bedeutsam, wie spezifisch
Verzogerungsaversion fir das Stérungsbild der ADHS ist. So sind beispielsweise sowohl die
ADHS als auch Zwangsstérungen Erkrankungen, die mit einer mangelnden
Verhaltenskontrolle einhergehen: Waéhrend Patienten mit Zwangsstérungen héaufig
Zwangsgedanken und ritualisierte Verhaltensweisen nicht unterbrechen koénnen, haben
Patienten mit ADHS Probleme damit, ihre Aufmerksamkeit zu fokussieren, zeigen eine
erhdhte Ablenkbarkeit und reagieren impulsiv (Casey, Tottenham, & Fossella, 2002). Fur
beide Storungsbilder wird daher angenommen, dass ihnen auf pathophysiologischer Ebene
eine Fehlfunktion kortiko-striato-thalamo-kortikaler Regelkreise zugrunde liegt (Bradshaw &
Sheppard, 2000; Durston & Konrad, 2007; MacMaster, O Neill, & Rosenberg, 2008; Maia,
Cooney, & Peterson, 2008; Marsh, Maia, & Peterson, 2009; Miller & Cohen, 2001; Rauch,
Whalen et al., 2001; Sonuga-Barke, 2005).

Das kortiko-striato-thalamo-kortikale System besteht aus fiunf voneinander unabhéngigen
Regelkreisen. Jeder dieser Regelkreise besteht aus einer kortikalen Region, die mit einer
spezifischen Region des Striatums assoziiert ist, die wiederum mit einer spezifischen Region
des Thalamus assoziiert ist, von wo aus die Feedback-Schleife zurlck zur ursprunglichen
kortikalen Region verldauft (Alexander, DeLong, & Strick, 1986). Zwei dieser Regelkreise
dienen der Verarbeitung motorischer Informationen (motorischer und okulomotorischer
Regelkreis), wahrend die drei weiteren Regelkreise fur die Verarbeitung kognitiver und
emotionaler Informationen verantwortlich sind (DLPFC: Exekutivfunktionen; OFC und ACC:
Regulierung von Aufmerksamkeitsprozessen, Verarbeitung von Affekten). Innerhalb des
kortiko-striato-thalamo-kortikalen Systems existieren direkte, exitatorische sowie indirekte,
inhibitorische Pfade, wobei angenommen wird, dass eine Dysbalance dieser Pfade gestorte
Verhaltensmuster und Kognitionen bedingt. Eine Uberaktivitit in direkten, exitatorischen
Pfaden fiihrt nach diesem Modell aufgrund einer verminderten Inhibitionsleistung zu
repetitiven Verhaltens- und Denkmustern, wie sie bei Patienten mit Zwangsstérungen zu
beobachten sind, wihrend eine Uberaktivitat in indirekten, inhibitorischen Pfaden zu haufigen
Verhaltensunterbrechungen fiihrt, wie sie bei Patienten mit ADHS zu beobachten sind (Casey
et al., 2002) (siehe Abbildung 3).
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supplementary motor area; SNr = substantia nigra pars reticulata; STG = superior temporal gyrus; VAmc = ventralis anterior pars magnocellularis; VApc = ventralis anterior pars
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ventrolateral

Abbildung 3: Das kortiko-striato-thalamo-kortikale System nach Alexander et al. (1986)

Es wird ferner angenommen, dass das kortiko-striato-thalamo-kortikale Netzwerk am
impliziten Lernen beteiligt ist (Rauch & Savage, 2000). Implizites Lernen beschreibt eine
Form des Lernens, bei der dem Lernenden weder das Lernziel noch der Prozess des Lernens
selbst bewusst sind. Das Wissen wird vielmehr ,,nebenbei* durch die wiederholte Exposition
der Lerninhalte bzw. durch die wiederholte Durchfiihrung motorischer Aktionen erlernt. In
funktionellen Bildgebungsstudien konnte gezeigt werden, dass das Striatum, der frontale
Cortex (supplementér-motorische Rinde, dorsolateraler prafrontaler Cortex, anteriores
Cingulum) und das Cerebellum am impliziten Lernen beteiligt sind (Aizenstein et al., 2006;
Reiss et al., 2005; Thomas et al., 2004; s. Doyon, Penhune, & Ungerleider, 2003, flr einen
Ubersichtsartikel).

Auf der Leistungsebene konnten sowohl flr Personen mit ADHS als auch fir Patienten mit
Zwangsstorungen Defizite nachgewiesen werden, die mit dem Kkortiko-striato-thalamo-
kortikalen Netzwerk in Verbindung gebracht werden. Wahrend Kinder mit ADHS Defizite in

der Verzogerungsaversion aufweisen (Dalen et al., 2004; Kuntsi et al., 2001; Solanto et al.,
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2001; 2007; Sonuga-Barke, Taylor, Sembi, et al., 1992), konnten bei Erwachsenen mit
Zwangsstorungen Defizite im impliziten Lernen nachgewiesen werden (Deckersbach et al.,
2002; Kathmann, Rupertseder, Hauke, & Zaudig, 2005). Bei der Betrachtung der den
distinkten Regelkreisen zugeordneten neuronalen Strukturen wird deutlich, dass ein erhohtes
Ausmal an Verzogerungsaversion vor allem mit Dysfunktionen des orbitofrontalen und des
cinguldren Pfades und eine Beeintrachtigung des impliziten Lernens vor allem mit
Dysfunktionen des motorischen und des préfrontalen Pfades assoziiert zu sein scheint.
Allerdings ist bislang nicht bekannt, ob Personen mit Zwangsstérungen, die Defizite im
impliziten Lernen aufweisen, auch verzégerungsaversiver reagieren und ob Personen mit
ADHS, die ein erhohtes Ausmall an Verzogerungsaversion zeigen, auch eine
Beeintrachtigung impliziter Lernmechanismen aufweisen. Die zweite Studie (Vloet et al.,
2010) geht daher der Frage nach, inwiefern ein erhohtes Ausmall an Verzdgerungsaversion
und Defizite im impliziten Lernen flr die beiden beschriebenen Stérungsbilder jeweils
spezifisch sind, oder inwiefern sich die neuropsychologischen Funktionsprofile beider
Storungsbilder uberlappen.

Neben Zwangsstorungen scheinen auch Essstoérungen étiopathologische Mechanismen mit der
ADHS zu teilen. So findet sich eine erhohte Pravalenz von ADHS in klinischen (13,3-57,7%)
(Agranat-Medged et al., 2005; Altfas, 2002; Erermis et al., 2004) und epidemiologischen
(18,9%) (Chen, Kim, Houtrow, & Newacheck, 2010) Stichproben Ubergewichtiger Patienten,
und Kinder und Jugendliche mit ADHS weisen gegeniber nicht von ADHS Betroffenen einen
erhohten BMI auf (s. Cortese & Morcillo Pefialver, 2010, fir einen Ubersichtsartikel). Zudem
finden sich sowohl bei ADHS (Gizer et al., 2009; Li et al., 2006; Maher et al., 2002) als auch
bei Adipositas (Wang et al., 2001; fir Ubersichtsartikel, s. Wang, Volkow, Thanos, & Fowler,
2009; Volkow, Wang, & Baler, 2011) Alterationen im dopaminergen System, die eine
gemeinsame Dysfunktion beider Stérungsbilder im Belohnungssystem nahe legen (Cortese &
Morcillo Pefialver, 2010). Tatsachlich konnte fiir das Erwachsenenalter gezeigt werden, dass
Personen mit ADHS gegeniiber Kontrollen beim Erhalt finanzieller Belohnung eine verstérkte
Aktivierung des Belohnungssystems zeigen (Strohle et al., 2008), und auch Patienten mit
Adipositas zeigten gegeniiber Kontrollen eine verstarkte Aktivierung des Belohnungssystems
bei der Betrachtung kalorienreicher vs. kalorienarmer Lebensmittel (Stoeckel et al., 2008).
Das Ziel der dritten Studie (Wilhelm et al., 2011) bestand deshalb darin, sowohl Kinder und
Jugendliche mit ADHS als auch Kinder und Jugendliche mit Adipositas hinsichtlich ihres

Ausmafes an Verzogerungsaversion sowie hinsichtlich ihres Essverhaltens zu untersuchen
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um herauszufinden, inwiefern beide Stérungsbilder gemeinsame atiopathologische

Mechanismen teilen, die auf einer Dysfunktion des Belohnungssystems beruhen.

2.3 Bedingungsfaktoren

Das auf der Verhaltensebene gezeigte Ausmall an Verzbgerungsaversion scheint diversen
Einflussfaktoren zu unterliegen, hinsichtlich derer systematische Untersuchungen bislang nur
in begrenztem Ausmalie vorliegen. So konnte gezeigt werden, dass, wenn Kinder mit ADHS
nicht die Maglichkeit haben, experimentell induzierte Wartezeiten zu verkirzen (Dalen et al.,
2004; Marco et al., 2009), oder wenn Fehler zu zusatzlichen Bearbeitungszeiten und damit zu
einer Verlédngerung der Experimentaldauer fiihren (Sonuga-Barke et al., 1996), sie ihre
Leistung verbesserten, d. h. in Gewinnaufgaben haufiger die zeitlich verzdgerte, groRere
Gewinnalternative wahlten (Dalen et al., 2004; Marco et al., 2009), oder in einer kognitiven
Aufgabe, die einen visuellen Abgleich zwischen verschiedenen Stimuli erforderte, langer
uberlegten, bis sie eine Antwort gaben, und dadurch die Anzahl von Fehlern verringerten
(Sonuga-Barke, 1996), wodurch sie sich der Leistung von Kindern ohne ADHS annéherten.
Bei der Bearbeitung von Gewinnaufgaben konnte ferner gezeigt werden, dass Kinder mit
ADHS genauso hdufig die zeitlich verzOgerte, groliere Gewinnalternative wahlten, wenn
ihnen die Mdglichkeit geboten wurde, die Wartezeit abwechslungsreich zu gestalten, indem
sie sich Cartoons ansehen durften (Antrop et al., 2006). Auch die Anzahl der
Versuchsdurchgange im CDT scheint einen Einfluss auf die Haufigkeit der Wahl der zeitlich
starker verzogerten, groeren Belohnung auszuiiben, obwohl dieser Effekt bislang nicht
systematisch untersucht wurde. Die ,,Urform* der Aufgabe umfasst 20 Durchgénge (Sonuga-
Barke, Taylor, Sembi, et al., 1992), jedoch liegen auch Untersuchungen mit 10 (Yang et al.,
2011), 15 (Bitsakou et al., 2009) und 30 Durchgangen (Gupta et al., 2011) vor. Trotz
Unterschieden in den implementierten Belohnungsparametern lassen die Ergebnisse dieser
Untersuchungen vermuten, dass die Haufigkeit der Wahl der verzdgerten Belohnung mit
steigender Anzahl der Versuchsdurchgange bei Kindern mit ADHS starker abnimmt als bei
Kindern ohne ADHS (Kinder mit ADHS: 97,7% (10 Durchgénge), 60,87% (15 Durchgange),
23,7% (30 Durchgange); Kinder ohne ADHS: 99,49% (10 Durchgénge), 77,61% (15
Durchgénge), 76,6% (30 Durchgéange)).

Weitere Faktoren, die die kognitive Leistungsféhigkeit von Personen mit ADHS beeinflussen

konnen, die jedoch bislang nicht im Rahmen von Verzdgerungsaversions-Paradigmen
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untersucht wurden, sind die subjektive Valenz der durchzufiihrenden Aufgabe sowie
Merkmale der antizipierten Verstarker, z. B. die Art und das Ausmal der antizipierten
Belohnung. So fanden Carlson und Tamm (2000), dass Kinder mit ADHS in einer Aufgabe,
die sie interessanter bewerteten, weniger Fehler machten als in einer weniger interessanten
Aufgabe, wahrend sich das Aufgabeninteresse nicht auf die Leistungsfahigkeit der Kinder
ohne ADHS auswirkte. Studien zur Belohnungsabhéngigkeit kognitiver Funktionsdefizite bei
Kindern mit ADHS, in denen relevante Kerndefizite (vgl. S. 15) mittels géangiger
experimenteller Paradigmen untersucht wurden (Inhibition: SST; Aufmerksamkeit:
Continuous Performance Task (CPT); Zeitwahrnehmung: Zeitdiskriminations-, Produktions-
und Reproduktionsaufgaben) und in denen reale Gewinne in Form von Geld oder kleinen
Présenten vergitet wurden, zeigen, dass antizipierte Gewinne die Leistungsfahigkeit von
Kindern mit und ohne ADHS uberwiegend in gleichem AusmaR beeinflussen. Am haufigsten
wurde dies in Form einer verkirzten SSRT, d. h. derjenigen Zeit, die benétigt wird, um eine
geplante oder bereits initiierte motorische Reaktion zu inhibieren, gezeigt (Konrad, Gauggel,
Manz, & Scholl, 2000; Scheres, Oosterlaan, & Sergeant, 2001; Stevens, Quittner,
Zuckermann, & Moore, 2002; Michel, Kerns, & Mateer, 2005). Ein positiver Einfluss von
Belohnung findet sich auch auf die Leistungsgite bei der Zielreizdetektion in
Daueraufmerksamkeitsaufgaben (Corkum, Schachar, & Siegel, 1996), auf die
Reaktionsgeschwindigkeit (Scheres et al., 2001) und die Reaktionszeitvariabilitat (Stevens et
al., 2002) bei korrekten Inhibitionen im SST, sowie auf die Genauigkeit bei
Zeitreproduktionsaufgaben (Mclnerney & Kerns, 2003). Darliber hinaus konnten auch
differentielle Effekte im Sinne einer starkeren Leistungsverbesserung bei Kindern mit ADHS
aufgezeigt werden, die die SSRT und die Reaktionsgeschwindigkeit bei korrekten
Inhibitionen im SST (Konrad et al., 2000; Scheres et al., 2001) sowie die Genauigkeit bei
Zeitreproduktionsaufgaben (Mclnerney & Kerns, 2003) betreffen, wobei die Kinder mit
ADHS im Falle der SSRT durch die Belohnung sogar das Leistungsniveau der Kontrollkinder
erreichten (Konrad et al., 2000). Zusammenfassend kann geschlussfolgert werden, dass
antizipierte Belohnungen mdglicherweise einen etwas stdarkeren Effekt auf die kognitive
Leistungsféhigkeit von Kindern mit ADHS gegenliber Kindern ohne ADHS ausiiben (vgl.

Luman, Oosterlaan, & Sergeant, 2005, fiir einen Ubersichtsartikel).

Ob und in welchem Ausmal} Kinder und Jugendliche mit ADHS in verzdgerungsreichen
Situationen tatséchlich verzégerungsaversiver reagieren, scheint also von bestimmten

Bedingungsfaktoren abzuhdngen. Wahrend fir Merkmale der Situation (z. B. ist die
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Moglichkeit zur Verklrzung der Wartezeit gegeben, ja/nein; sind zusétzliche
Stimulationsmoglichkeiten wahrend der Wartezeit gegeben, ja/nein) bereits empirische
Evidenz besteht, stehen systematische Untersuchungen zu Merkmalen der Aufgabe (z. B.
Anzahl der Versuchsdurchgange; Valenz der Aufgabe) und Merkmalen der antizipierten
Verstarker (z. B. Art und Ausmal} der Belohnung; subjektive Valenz der antizipierten

Verstérker) noch aus.

Die Untersuchung von Merkmalen der antizipierten Verstarker war Inhalt der vierten und
finften Studie. Hinsichtlich der Verstarkerqualitat ist bekannt, dass Personen mit ADHS eine
erhdhte Sensitivitat fur unmittelbare Belohnungen zeigen (Bitsakou et al., 2009; Sonuga-
Barke, Taylor, Sembi, et al., 1992). Uber die Sensitivitat fiir Bestrafungen ist hingegen wenig
bekannt. Untersuchungen hierzu beschréanken sich auf response cost-Optionen bei der Losung
kognitiver Aufgaben, in denen Probanden vor der Durchfiihrung des Experiments einen
finanziellen Sockelbetrag zur Verfligung gestellt bekommen, von dem Betrdge abgezogen
werden, wenn sie Fehler machen. Da die Probanden jedoch keinen Nettoverlust erleiden, d. h.
kein Geld verlieren, das ihnen bereits vor der Untersuchung gehdrte, ist fraglich, inwiefern
dieses experimentelle VVorgehen tatséchlich eine Bestrafung impliziert. Untersuchungen mit
anderen aversiven Stimuli, z. B. aversiven Gerduschen, Gerlichen oder Aufgaben, liegen
bislang nicht vor. Aus der psychophysiologischen Literatur ist jedoch bekannt, dass
Kontrollpersonen typischerweise eine Abnahme der Herzfrequenz als Reaktion auf Fehler
(Crone, Jennings, & Van der Molen, 2006) und Fehler-Feedback (Crone, Jennings, & Van der
Molen, 2004; Groen, Wijers, Mulder, Minderaa, & Althaus, 2007; Somsen, Van der Molen,
Jennings, & van Beek, 2000) zeigen, wahrend sich diese Effekte bei Kindern mit ADHS nicht
finden (Groen, Mulder, Wijers, Minderaa, & Althaus, 2009). Belohnungen fuhren hingegen
sowohl bei Kindern mit ADHS als auch bei Kontrollpersonen zu einem Anstieg der Herzrate,
die jedoch bei den Kindern mit ADHS schneller habituiert (Crone et al., 2003; laboni,
Douglas, & Ditto, 1997). Diese Befunde sprechen fiir eine generell verminderte
psychophysiologische Sensitivitdt bei Kindern mit ADHS, die fur Fehler und negatives

Feedback starker ausgeprégt zu sein scheint als fur positives Feedback.

Aus den dargestellten Befunden lasst sich ableiten, dass Kinder mit ADHS mdglicherweise
eine erhohte Sensitivitat fur Belohnungen und eine verminderte Sensitivitat fir Bestrafungen
zeigen. Diese Befunde decken sich mit dem Behavioural Inhibition/Activation Model von
Quay (1993; 1997), nach dem Kinder mit ADHS in Erwartung von Belohnung ein tibermé&Rig

stark ausgepragtes Anndherungsverhalten zeigen, weil sie (ber ein Uberaktives
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belohnungssensitives Aktivierungssystem verfugen (behavioral activation system; BAS), und
dass sie in Erwartung von Bestrafung eine verminderte Verhaltenskontrolle zeigen, weil sie
ein unteraktives bestrafungssensitives Inhibitionssystem (behavioral inhibition system; BIS)

aufweisen.

Da bislang keine publizierte Studie vorliegt, in der aversive, ,,bestrafende* Verstarker als
Verhaltenskonsequenzen implementiert wurden und dartiber hinaus nicht bekannt ist, wie sich
Kinder mit ADHS im Vergleich zu Kindern ohne ADHS angesichts zeitlich verzbgerter
Bestrafung verhalten, bestand das Ziel der vierten Studie (Marx, Pieper, Berger, Haller, &
Herpertz, 2011) darin, die Wirkungsweise von Belohnung und Bestrafung auf das Verhalten
von Kindern mit und ohne ADHS im Kontext von Verzégerungsaversion zu untersuchen. Im
Speziellen interessierte die Frage, inwiefern das auf der Verhaltensebene gezeigte AusmaR an
Verzogerungsaversion durch die Valenz der antizipierten Verhaltenskonsequenzen, also durch

die subjektive Wertigkeit der implementierten Belohnung und Bestrafung, beeinflusst wird.

Bei Kindern mit ADHS konnte gezeigt werden, dass sich Belohnung positiv auf die
Performanz in sonst haufig defizitaren kognitiven Funktionsbereichen auswirken kann (vgl. S.
24). Obwohl neuroanatomische (Tomasi & Volkow, 2011) und neurofunktionelle
Alterationen im Belohnungssystem sowohl bei Kindern (Liddle et al., 2011; Rubia et al.,
2009) als auch bei Erwachsenen (Strohle et al., 2008; Wilbertz et al., 2011) mit ADHS
gefunden wurden, die auf altersinvariante Defizite in der Verarbeitung belohnungsassoziierter
Stimuli im Sinne einer erhéhten Belohnungsabhéngigkeit hinweisen, stehen Untersuchungen
zum Einfluss von Belohnung auf die kognitive Performanz von Erwachsenen mit ADHS
bislang aus. Die flinfte Studie (Marx, Hopcke, Berger, Wandschneider, & Herpertz, 2013)
beschéftigt sich daher mit der Frage, wie die Aussicht auf finanzielle Gewinne die kognitive
Leistungsfahigkeit von Erwachsenen mit ADHS im Vergleich zu gesunden Kontrollpersonen

beeinflusst.
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Das Ausmall an Verzdgerungsaversion nimmt mit zunehmendem Alter ab, d. h.
Erwachsene mit ADHS zeigen ein geringeres Ausmall an Verzdgerungsaversion
gegeniber Kindern und Jugendlichen mit ADHS (Studie 1).

Bezuglich kognitiver Funktionen, die mit dem Kkortiko-striato-thalamo-kortikalen
Netzwerk in Verbindung gebracht werden, zeigen Kinder mit ADHS gegentber
Kontrollkindern ein erhéhtes AusmaR an Verzdgerungsaversion, wahrend Kinder mit
einer Zwangsstorung gegenuber Kontrollkindern ein Defizit im impliziten Lernen

zeigen (Studie 2).

. Sowohl Kinder mit ADHS als auch Kinder mit Adipositas zeigen im Vergleich zu

Kindern ohne ADHS und Kindern ohne Adipositas ein erhohtes AusmaR an
Verzogerungsaversion (Studie 3).

. Sowohl Kinder mit ADHS als auch Kinder mit Adipositas zeigen im Vergleich zu

Kindern ohne ADHS und Kindern ohne Adipositas ein dysfunktionales Essverhalten
(Studie 3).

Kinder, die sowohl unter ADHS als auch unter Adipositas leiden, zeigen das hdchste
Ausmal an Verzogerungsaversion und die starksten Auffélligkeiten im Essverhalten
(Studie 3).

. Sowohl bei Kindern mit ADHS als auch bei Kindern mit Adipositas wird das

dysfunktionale  Essverhalten durch Impulsivitit und Verzdgerungsaversion

vorhergesagt (Studie 3).

. Aufgrund einer erhohten Sensitivitdt gegeniiber Belohnung und einer verminderten

Sensitivitdt gegentiber Bestrafung bewerten Kinder mit ADHS die positive Valenz
antizipierter Belohnung hoher und die negative Valenz antizipierter Bestrafung
geringer als Kinder ohne ADHS (Studie 4).
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8. In Erwartung alltagsrelevanter, subjektiv hoch bedeutsamer Verhaltenskonsequenzen
(Belohnung und Bestrafung) wahlen alle Kinder, unabhdngig vom diagnostischen
Status, haufiger die zeitlich verzdgerte Alternative, d. h. die groRere Belohnung bzw.
die geringere Bestrafung, um ihre experimentellen Ergebnisse zu optimieren. Kinder

mit ADHS zeigen somit kein erhdhtes Ausmald an Verzdgerungsaversion (Studie 4).
9. Erwachsene ADHS-Patienten zeigen gegentuber Kontrollpersonen ein erhohtes
Ausmall an Verzbgerungsaversion, wenn nicht die Aussicht auf eine

performanzassoziierte Belohnung besteht (Studie 5).

10. Die Aussicht auf eine performanzassoziierte finanzielle Belohnung mindert das

Ausmal’ an Verzégerungsaversion bei Erwachsenen mit ADHS (Studie 5).
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4 Darstellung der durchgefihrten Studien
4.1 Studie 1
Marx, I., Hibner, T., Herpertz, S. C., Berger, C., Reuter, E., Kircher, T., Herpertz-Dahlmann,

B., & Konrad, K. (2010). Cross-sectional evaluation of cognitive functioning in children,
adolescents and young adults with ADHD. Journal of Neural Transmission, 117, 403-4109.
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Abstract  Attention-deficit/hyperactivity disorder (ADHD)
often persists into adulthood, albeit with changes in clinical
symptoms throughout the life span. Although effect sizes of
neuropsychological deficits in ADHD are well established,
developmental approaches have rarely been explored
and little is yet known about age-dependent changes in
cognitive dysfunction from childhood to adulthood. In this
cross-sectional study, 20 male children (8-12 years), 20
adolescents (13-16 years), and 20 adults (18-40 years)
with ADHD and a matched control group were investigated
using six experimental paradigms tapping into different
domains of cognitive dysfunction. Subjects with ADHD
were more delay-aversive and showed deficits in time dis-
crimination and time reproduction, but they were not
impaired in working memory, interference control or time
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production. Independent of age, the most robust group
differences were observed with respect to delay aversion
and time reproduction, pointing to persistent dysfunction in
the mesolimbic reward circuitry and in the frontal-striatal-
cerebellar timing system in subjects with ADHD. Across all
tasks, effect sizes were lowest for adolescents with ADHD
compared to age-matched controls. Developmental disso-
ciations were found only for simple stimuli comparison,
which was particularly impaired in ADHD children. Thus,
in line with current multiple-pathway approaches to
ADHD, our data suggest that deficits in different cognitive
domains are persistent across the lifespan, albeit less pro-
nounced in adolescents with ADHD.

Keywords ADHD - Delay aversion - Time perception -
Interference control - Working memory - Brain maturation

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is char-
acterised by developmentally inappropriate levels of
activity, impulsivity and inattentive behaviour. In recent
years, evidence has been accumulating showing that
ADHD persists into adulthood, with a prevalence rate of
about 5-10% in school-aged children (Scahill and Schwab-
Stone 2000), declining to about 5% by the age of 18
(Polanczyk et al. 2007) and to 4-3% in older adults (Fayyad
et al. 2007). Approximately 65% of children and adoles-
cents with ADHD show partial remission by the age of 25,
while 15% still meet full DSM-IV criteria (Faraone et al.
2006). While hyperactivity declines in the course of the
disorder, the inattention and impulsivity symptoms seem to
persist (Biederman et al. 2000). Although changes in
clinical symptoms and neurobiological data suggest age-
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related maturational processes in the ADHD phenotype, the
developmental changes in cognitive and motivational
functions are still poorly understood.

Over the past few years, evidence has been accumu-
lating that children with ADHD have poor executive
functions (EFs; for reviews, cf. Barkley 1997; Pennington
and Ozonoff 1996). However, these cognitive deficits are
not present among all children with the disorder, and the
importance of taking this heterogeneity into account has
repeatedly been emphasised. Thus, recent studies dem-
onstrated not only that executive deficits persist into the
adolescent and adult years (McLoughlin et al. 2009), but
also that inattentive-disorganised symptoms, but not
hyperactive-impulsive symptoms, are associated with
executive dysfunction (Nigg et al. 2005; Martel et al.
2007). Expanding theories that consider executive dys-
function as the core deficit of ADHD and current mul-
tiple pathway models of ADHD emphasise the
involvement of additional circuits in the formation of the
ADHD phenotype. From their perspective, the patho-
physiology of the disorder bases upon deficient prefrontal
control of striatal, cerebellar and limbic neural activation
patterns as well as dysfunctional interconnections, which
together affect cognitive control, motivation, attention,
and affect regulation (Halperin and Schulz 2006; Nigg
and Casey 2005: Sonuga-Barke 2002). Sonuga-Barke
(2002), for example, suggested that ADHD symptoms
develop along two separate and neurobiologically distinct
pathways: (1) a cognitive pathway which is associated
with alterations in a circuitry encompassing the dorsal
striatum and dorsolateral prefrontal cortex and that may
cause deficits in executive functioning which are associ-
ated with cognitive and behavioural dysregulation and
therefore lead to poor task engagement and behavioural
ADHD symptoms; (2) a motivational pathway which is
associated with alterations in a circuitry encompassing
the ventral striatum (especially the nucleus accumbens),
frontal regions (including anterior cingulate and orbito-
frontal cortex), and the amygdala, causing alterations in
reward mechanisms which are associated with delay
aversion and its manifestations on the behavioural level.
The distinctiveness of both pathways was demonstrated
by Solanto et al. (2001) and Sonuga-Barke et al. (2003),
who showed that inhibitory deficits and delay aversion
independently contributed to the prediction of ADHD
symptoms. Beyond this, many studies addressed state
regulation and processing of temporal information in
subjects with ADHD, indicating in particular the presence
of increased within-subject variability of responses as
well as abnormal timing mechanisms in ADHD (Nigg
2006, for a review).

Results from recent brain imaging studies suggest that
both children and adults with ADHD suffer from a
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functional hypofrontality, and that this deficit might
increase in adulthood (Ernst et al. 1998). The typical stri-
atal abnormalities that have been reported in children with
ADHD, however, have not been found in affected adoles-
cents and young adults (Castellanos et al. 2002; Garrett
et al. 2008). In a longitudinal volumetric study, Castellanos
et al. (2002) found that caudate nucleus volume, which was
initially reduced in children with ADHD, became equal to
that of healthy controls during adolescence. In contrast,
differences in cerebellar volume became more pronounced
with age, a finding that was confirmed by Mackie et al.
(2007). Since striatal dysfunction seems to be associated
with hyperactive behaviour in particular, this result is in
line with observations of declining hyperactivity across the
lifespan.

Despite their differences in terms of detail, available
multiple-pathway-models of ADHD show remarkable
overlaps concerning the neuronal networks that potentially
cause the disorder. Retaining a developmental perspective,
one may assume that as the brain undergoes developmental
changes, cognitive deficits associated with these networks
can become attenuated or aggravated with increasing age
(Halperin et al. 2008). Four of these cognitive functions,
which have been extensively examined at least in children
and adolescents, and in part in adults with ADHD, will now
be described in further detail, as they represent the foun-
dation of our study.

Working memory

The term working memory (WM) refers to a temporally
and quantitatively limited storage mechanism in which
information is actively processed (i.e., stored, monitored
and manipulated) in order to provide complex goal-direc-
ted behaviour. Meta-analytic evidence points to deficits in
verbal and nonverbal storage processes, as well as central
executive processes, in children and adolescents with
ADHD (Martinussen et al. 2005; Willcutt et al. 2005).
Previous studies suggest that these deficits persist into
adulthood (Boonstra et al. 2005; Dowson et al. 2004).

Interference control

Interference control denotes the ability to resist irrelevant
aspects of a task while focusing attention on task-relevant
content. In behavioural studies, the interference effect
results in higher error rates and extended reaction times in
interference trials compared to neutral trials. The results of
two recently conducted meta-analyses show moderate
performance deficits in interference control in subjects with
ADHD, irrespective of the subjects’ age, indicating similar
deficits in children, adolescents and young adults with
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ADHD (Homack and Riccio 2004; van Mourik et al. 2005;
Hervey et al. 2004; Lijffijt et al. 2005).

Time perception

Studies on time discrimination report consistent deficits in
children and adolescents with ADHD in terms of their
ability to differentiate between two stimuli differing in
presentation duration by several milliseconds. This was
evidenced by a diminished sensitivity threshold in subjects
with ADHD (Himpel et al. 2009; Smith et al. 2002), which
seemed to be independent of the presentation mode
(Toplak and Tannock 2005). In time estimation and time
production tasks, either temporal intervals are presented,
with participants being required to estimate their duration,
or numbers indicating a certain number of seconds are
presented, which participants have to produce by pressing a
button. Time reproduction tasks require button presses in
order to reproduce given temporal sequences that were
previously presented in full length. The results of these
studies seem to indicate that children and adolescents with
ADHD show deficits in time reproduction, but not in time
estimation tasks. Compared to healthy controls, they seem
to overestimate short temporal intervals and underestimate
long intervals (Mclnerney and Kerns 2003; Mullins et al.
2005). They also appear to reproduce larger deviations with
increasing interval length (Barkley et al. 2001b; Bauer-
meister et al. 2005), which altogether results in larger
deviations from the temporal intervals to be reproduced.
Up to now, no time perception studies have been reported
in adults with ADHD.

Delay aversion

Delay aversion denotes a motivational style of avoiding
delays in the course of time, with the individual instead
preferring immediate consequences of his or her own
actions in order to reduce waiting situations that are lacking
in stimulation. Sonuga-Barke et al. (1992) showed that
children with ADHD preferred smaller, immediate rewards
over larger, more temporally delayed rewards when this
choice resulted in a shorter overall experimental duration.
When delay is unavoidable, children with ADHD choose
an immediate reward with a subsequent delay (post-reward
delay) rather than a delay that is followed by the reward
(pre-reward delay), a finding that underlines the preference
for immediacy (Tripp and Alsop 2001).

Study objectives

Although there are neurobiological data demonstrating
persisting hypofrontality, increasing cerebellar dysfunction

and striatal normalisation (Castellanos et al. 2002; Ernst
et al. 1998; Mackie et al. 2007), as well as clinical data
showing age-dependent changes in the behavioural phe-
notype (Biederman et al. 2000), barely any neuropsycho-
logical studies have examined the course of cognitive
functioning in subjects with ADHD longitudinally, using
the same experimental paradigms. One of these few studies
was conducted by Biederman et al. (2007), and showed that
a high proportion of male subjects (69%) who were diag-
nosed as having ADHD at the age of 6-18 and who dis-
played deficits in executive functions at that time continued
to show impaired executive functioning 7 years later,
suggesting a comparably high stability of deficits associ-
ated with frontal brain structures. In their study, executive
dysfunction was defined as two or more tests 1.5 standard
deviations from the mean of the controls in tasks measuring
sustained attention, interference control, selective attention
and visual scanning, planning and organisation, set shifting
and categorisation, verbal and visual learning, and mem-
ory. Likewise, Halperin et al. (2008) found, in a predom-
inantly male sample of subjects, that those who were
diagnosed as having ADHD at age 7-11 and whose
symptoms were not remitted 10 years later continued to
show deficits in executive control functions in terms of
impaired working memory and deficits in a continuous
performance task. The authors further noted that both
ADHD persisters and remitters differed from controls in
response variability and perceptual sensitivity (the ability
to discriminate signal plus noise from noise only) associ-
ated with arousal deficits based on subcortical dysfunction
(Halperin and Schulz 2006; Sergeant et al. 1999).

In the present cross-sectional study, we aimed to
investigate neurocognitive deficits in subjects with ADHD
across different age groups within a cross-sectional study
design. So far, the few longitudinal studies with ADHD
patients have been restricted to executive and attention
functions (Biederman et al. 2007; Drechsler et al. 2005;
Halperin et al. 2008). In our study, we selected experi-
mental tasks that tap into different cognitive domains
associated with different neural circuitries (prefrontal cor-
tex: working memory (Bunge et al. 2001; Valera et al.
2005; Wager and Smith 2003); frontal cortical: interference
control (Peterson et al. 2002; Blasi et al. 2006); fronto-
striatal-cerebellar: time perception (Ivry 1996; Neufang
et al. 2008; Smith et al. 2003); striatal-limbic: delay
aversion (McClure et al. 2004; Scheres et al. 2007; Strohle
et al. 2008). Although these tasks have already been
applied to school-aged children with ADHD, hardly any
study investigated adolescents and adults with ADHD; this
is particularly true for delay aversion and time perception
using intervals in the range of milliseconds (Plichta et al.
2009; Smith et al. 2008). Application of identical para-
digms that do not suffer from ceiling or floor effects across
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the different age groups within a cross-sectional study
allows direct comparison of task performance of children,
adolescents and adults with ADHD and thus enables us to
identify age-dependent changes in the neurocognitive
phenotype. Compared to studies which examined specific
cognitive functions in single age groups, this approach has
the advantage that task-specific variance in the results can
be ruled out. We decided to investigate three age groups of
ADHD patients, since these age groups have been typically
included in previous studies (Crone et al. 2006; Rubia et al.
2006; Scheres et al. 2006), enabling an easier comparison
of results from the present study with studies that exclu-
sively focused on one age group.

According to our neurodevelopmental hypothesis
derived from the above-mentioned findings regarding
altered brain maturation processes and morphometric and
functional distinctions within altered neuronal networks in
subjects with ADHD, impairments in working memory and
interference control should persist into adulthood due to
enduring frontal dysfunction. Moreover, deficits in time
perception should even deteriorate in adulthood due to
increasing cerebellar dysfunction. We further assume that
deficits in delay aversion may be more pronounced in
childhood and adolescence, with normalisation of striatal
functioning in later years at least partially balancing out
these impairments.

Methods
Participants

We examined male subjects with ADHD in three different
age categories (children 8-12 years; adolescents 13-16
years; adults 18—40 years), along with their age-matched
controls. The age classes were defined considering neuro-
biological findings of age-related structural changes in the
brain that suggest substantial developmental changes
before the age of 12 and after puberty (Giedd et al. 1999;
Sowell et al. 2003; Thompson et al. 2000).

Patients with ADHD were recruited either from the
outpatient clinic of the Department of Child and Adoles-
cent Psychiatry, Aachen University, or from the outpatient
clinics of the Department of Psychiatry and Psychotherapy,
Rostock and Aachen University. Healthy children, ado-
lescents and adults were recruited via announcements in
primary and secondary schools and in supermarkets in a
broad area around Aachen or Rostock (Germany).

For all children and adolescents, the diagnostic proce-
dure included the German version of the Kiddie-Sads-
Present and Lifetime Version (K-SADS-PL, Kaufman et al.
1997), which is a semi-structured interview to assess life-
time and current psychiatric diagnoses based on DSM-IV
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criteria; it was administered by a senior child and ado-
lescent psychiatrist. To be diagnosed as having ADHD,
children and adolescents had to currently fulfil the rele-
vant number of diagnostic criteria, including those related
to age of onset. As the K-SADS-PL does not yield
severity ratings for clinically significant symptoms, the
interviewer additionally rated a diagnostic checklist
regarding the DSM-IV symptoms of ADHD based on the
answers and comments given by the parent (Diagnostic
System for Psychiatric Disorders in Childhood and Ado-
lescence DISYPS: DCL-HKS, Doepfner and Lehmkuhl
1998). This assessment resulted in a severity score for
each item, ranging from 0 (not appropriate) to 3 (partic-
ularly appropriate).

Following DSM-1V criteria, a senior psychiatrist asses-
sed adult ADHD based on a diagnostic interview and
German versions of the following questionnaires. Within
the clinical examination, adults underwent the Barkley
Interview (Barkley 1998). Additionally, they completed a
short version of the Wender Utah Rating Scale (WURS-K,
Retz-Junginger et al. 2002, 2003), Conners’ Adult ADHD
Rating Scales (CAARS-S-L, Conners et al. 1998) and a
short self-rating behavioural questionnaire, the ADHS-SB
(Rosler et al. 2004), based on DSM-IV criteria for the
assessment of ADHD symptoms. Except for one item, the
ADHS-SB is equivalent to the FBB-HKS. Adults also
underwent extensive psychiatric examination using the
SCID, a structured clinical interview for axis I and II dis-
orders based on DSM-IV criteria (Wittchen et al. 1997).
Criteria for ADHD diagnosis in adults, according to the
DSM-1V, were both a WURS-k sum score >30 points
(Retz-Junginger et al. 2003) and an age- and gender-
adjusted total ADHD symptom subscale score of >1.5 SD
above the mean in the CAARS-S:L, as well as substantial
impairment in more than one setting and clinically relevant
psychological strain.

Exclusion criteria for all participants included 1Q below
85. In children and adolescents, IQ was measured through
German adaptations of Cattell’s Culture Fair Intelligence
Tests, including two age-related subscales (Weiss and
Osterland 1997; Weiss 1998). Adults completed a short
version of the revised Wechsler Intelligence Scale
(HAWIE-R, Tewes 1994). Patients who fulfilled the criteria
for the following mental disorders were excluded from the
study: pervasive developmental disorder, dyslexia, psy-
chosis, Tourette syndrome, anxiety or mood disorders and
current psychotropic substance abuse disorder. Although
we are aware of the fact that ADHD is accompanied by a
high rate of comorbid disorders (Biederman et al. 1993;
Gillberg et al. 2004; Pliszka 1998; Spencer et al. 1999;
Steinhausen et al. 1998), we excluded comorbidities that
might significantly affect test performance, in order to
attain ADHD-specific results.
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Allowing for exclusion criteria, the final ADHD sample
consisted of 21 children, 22 adolescents and 20 adults. One
child and two adolescents failed to discontinue medication
and were thus excluded from the study. The resulting
analysed ADHD sample consisted of 20 subjects in each
age group. Within this sample, two children and two ado-
lescents suffered from an early-onset conduct disorder, and
two adolescents were diagnosed with oppositional defiant
disorder. The following comorbidities were found in
adults: two narcissistic, one antisocial, one borderline and
one passive-aggressive personality disorder, and one
combined with dependent, avoidant and borderline traits.
Forty per cent of the subjects were drug-naive (seven
children, four adolescents, and 13 adults); the others had
taken methylphenidate previously, but had been free of any
medication for a minimum of 24 (immediate-release MPH)
or 48 h (retarded MPH) prior to testing, with a median of
72 h (SD = 21).

The control sample of 20 subjects per age group was
recruited according to an age- and IQ-matching procedure.
Diagnostics were carried out in the same manner as for the
ADHD subjects. No psychiatric diseases or personality
disorders were found within the resulting control sample. A
severity score for patients and controls was computed for
the dimensions of inattentiveness, hyperactivity and
impulsivity, based on parental ratings on the DCL-HKS
items for children and adolescents and on the psychiatrist’s
ratings on the ADHS-DC items for adults.

Overall, ADHD subjects and controls did not differ in
terms of age and IQ, but differences in IQ became evident
in the sub-sample of adolescents. It should be noted here
that the relatively higher IQ in the adult group could be due
to use of the short version of WAIS, which depends on
relatively old German norms. Rather than examining a
group of only well-educated adults, educational and
occupational levels were mixed in both adults with ADHD
and healthy controls. Children, adolescents, and adults with
ADHD differed neither in their overall symptom severity
nor in inattentive, hyperactive, or impulsive behaviours.
Demographic characteristics, ADHD subtype profile and
severity scores are presented in Tables 1 and 2.

Procedure

After receiving a comprehensive description of the study,
informed consent was obtained from the parents, children
and adolescents, as well as from the adult participants. All
tasks consisted of computerised paradigms, which were
conducted on three different computers with comparable
performance features. The order of tasks was randomised,
and the total duration of testing was approximately 90 min,
including one break. The study was carried out in accor-
dance with the latest version of the Declaration of Helsinki,
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Table 1 Descriptive statistics
ADHD Control
M SD M SD F(1,38) p
Age
Children 975 184 9.76 159 0.00 0.98
Adolescents 1425 1.19 1412 111 0.14 0.71
Adults 2422 562 2526 591 033 0.57
All 1607 699 1638 747 054 0.82
IQ
Children 10426 1034 107.15  9.05 0.86 0.36
Adolescents  98.70  7.74 107.35 1020 9.13**  0.004
Adults 11920 13.02 117.05 19.60 0.17 0.69
All 107.44 13.63 11052 1433 144 0.23

* p <0.05; ¥* p <0.01

and the study design was reviewed by the local ethics
committee. Subsequent to task completion, each subject
received a 20.00 € honorarium for participating.

Tasks

All tasks were executed on Pentium 3 desktop computers
with 850 MHz, 512 MB RAM and were presented with a
resolution of 1024 x 768 x 32 (100 Hz). In all tasks, a
cross served as the central fixation point. The background
was black, and the font size for stimuli was 48, except for
the interference task, in which we chose a font size of 22.
The stimuli were printed in white. For all experiments, the
answer buttons were either the left (yes) and right (no)
mouse buttons, or the buttons D, F, J, and K for the number
of stimuli presented on the screen (1-4) or the position of a
stimulus on the screen. For all tasks, the instructions were
to respond as quickly and as accurately as possible. All
tasks were preceded by a short practice trial with error
feedback. During task completion, the participants received
visual feedback about their choice, but no error feedback.

Working memory

The WM task was a classic n-back task with the condi-
tions 1-back and 2-back. The participants had to track
letters that were presented consecutively on the computer
screen and had to decide for each successive letter whether
it had already been presented one (1-back) or two (2-back)
positions before. In each condition, 60 stimuli were pre-
sented with a duration of 500 ms and a fixed inter-stimulus
interval of 3,000 ms. Each condition contained ten target
stimuli, and the reaction time window was 3,000 ms. A
proportional measure for performance accuracy called
discriminability served as a dependent measure. Discrimi-
nability was calculated by the number of correctly
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Table 2 ADHD subtypes (N) and severity scores for inattention, hyperactivity and impulsivity
Subtypes
Children Adolescents Adults
Inattentive 4 4 1
Hyperactive/ 5 6 2
impulsive
Combined 11 10 17
Severity scores
M SD M SD M SD F(2, 58)" p
Inattention
ADHD 16.45 6.00 15.16 5.83 15.47 5.31 0.27 0.77
Control 545 3.03 5.15 4.40 3.65 3.15 1.45 0.24
F(1, 38), p° 53.60%* <0.001 36.81%* <0.001 70.35%* <0.001
Hyperactivity
ADHD 8.40 355 7.16 6.13 8.06 4.67 0.33 0.72
Control 1.50 1.50 1.20 1.70 2.60 3.12 2.19 0.12
F(1, 38). p 64.20%* <0.001 17.49%* <0.001 17.96%* <0.001
Impulsiveness
ADHD 7.90 3.52 7.53 5.07 6.00 3.28 1.11 0.34
Control 3.00 2N 0.95 1.47 1.45 1.54 S5iTT*® 0.005
F(1, 38), p 24.28%* <0.001 30.96%* <0.001 30.69%* <0.001
Sum score
ADHD 32.75 10.69 29.84 15.46 29.53 10.95 0.38 0.68
Control 9.95 5217 7.30 6.21 7.70 5.72 1.24 0.30
F(1,38). p 73.20** <0.001 36.40%* <0.001 60.33%* <0.001

Severity scores are sum scores for the dimensions of inattention, hyperactivity, impulsiveness and the total score of DCL-HKS (children and

adolescents) and ADHS-DC (adults)

N = Number of subjects

*p <0.05; ** p <0.01

# Comparison of age groups within the diagnostic groups

® Comparison of ADHD versus control subjects per age group

identified targets (true positives/number of targets) minus
the number of wrongly selected distractors (false positives/
number of distractors). The values ranged from 0 = low
accuracy to 1 = high accuracy (Ragland et al. 2002).

Interference control

A number-counting Stroop task (Bush et al. 1999) was used to
assess interference control. Subjects were shown one to four
identical words, which were presented on top of each other on
the screen, with the instruction to press the button corre-
sponding to the number of words being presented. The
experiment consisted of 90 trials for each condition, whereby
control stimuli (fish, house, door, arm) and interference
stimuli (one, two, three, four) were presented randomly. In the
interference condition, subjects had to suppress the automatic
tendency to press the answer button according to the semantic
content of the stimulus rather than according to its physical
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number shown on the screen. The stimuli were presented for
1,200 ms, preceded by a 500 ms fixation cross. The reaction
time window was 1,200 ms. Again, trial length was fixed,
meaning that the experiment could not be shortened by faster
reaction times. Interference trial median reaction time in
milliseconds and the number of false responses in the inter-
ference condition, both corrected for neutral baseline
(RTlnlcrfcrcncc =" RTNcutml); (Errorslntcrfcrcncc == Errorchulral)v
served as dependent variables.

Time discrimination

Participants were shown a red and a green circle in quick
succession, which hardly differed in the duration of their
presentation. They were then required to decide which of
the circles was presented for a longer duration (Smith et al.
2002). One of the circles was always presented with a
duration of 1,000 ms; the other one was initially presented




4. Darstellung der durchgefiihrten Studien

Cross-sectional evaluation of cognitive functioning in ADHD

409

with a duration of 1,300 ms, but was successively short-
ened by 15-ms intervals. In each successive trial, colours
and positions were randomly interchanged in order to rule
out guessing strategies. The two circles were separated by a
fixation cross, which was shown for 800 ms. Subsequent to
the presentation of the second circle, a delay of 500 ms was
introduced, followed by the instruction to choose one of the
circles by responding with either the left or the right mouse
button. Correct answers were followed by a reduction in
the presentation duration of the longer circle by 15 ms,
while incorrect answers were followed by an increase of
15 ms. This staircase method was introduced by Levitt
(1971). The point of subjective equality between the cir-
cles, i.e., the point at which subjects failed to discriminate
the presentation duration of the circles adequately and
assessed them as being equal, served as a dependent vari-
able. The sensitivity threshold was computed according to
Smith et al. (2002).

Time production and time reproduction

Time estimation in the range of several seconds was
assessed by a time production and a time reproduction
paradigm (Meaux and Chelonis 2003). In the time produc-
tion task, subjects saw a number on the screen, which was a
time in seconds, and were asked to press the left mouse
button for the duration of the time interval being displayed.
In the time reproduction task, yellow “smiley faces™ were
presented for a certain time interval. Participants then had to
infer the duration for which the smileys were shown on the
screen and, again, were asked to press the left mouse button
to indicate this time interval. During the button press phase,
a green smiley was displayed on the screen. In both the time
production (production phase) and the time reproduction
(inference and production phase) task, subjects were
explicitly instructed to count the seconds in their heads. The
time intervals were 2, 6, 12, 24, 36 and 48 s. In both tasks,
the time intervals were presented twice, in two successive
blocks and were randomised within the blocks. In the time
reproduction task, the presentation of the smiley was sig-
nalled by a 3-s countdown. To rule out the possibility that
overestimations and underestimations would average each
other out, the absolute value of the deviation between the
specified and the produced time interval, as a measure of
accuracy, served as a dependent variable, reflecting the
overall magnitude of error regardless of its direction.

Delay aversion

To evaluate delay aversion, participants could decide
between two alternative stimuli (e.g., red or green circle),
each of which was linked to different consequences. One of
the circles was associated with a 2-s delay, followed by a

reward of one Euro; the other circle was associated with a
30-s delay and was rewarded with two Euros. Effects of
colour preference were controlled by balancing the com-
bination of colour and reward across subjects (Sonuga-
Barke et al. 1992). In five preceding trials, subjects were
able to test which colour was connected with which con-
sequence. In the main experiment, subjects were asked to
make their decisions under two different conditions: in the
time constraint condition, the participants had 5 min to
make their decisions, while in the trial constraint condition,
they could make exactly 20 decisions, independent of time
restrictions. When the pre-reward delay had elapsed, the
circles disappeared, and the cumulative earnings were
shown in the centre of the screen. The best strategy to
maximise the profit in the time constraint condition was to
press the button associated with the smaller but more
immediate reward as often as possible, whereas the best
strategy in the trial constraint condition was to prefer the
button associated with the larger reward. The number of
decisions for the more delayed reward in the trial constraint
condition was used as a dependent measure. Importantly,
only datasets from those subjects who recognised the best
strategies, at least for the trial constraint condition, were
analysed, irrespective of their response behaviour.

Statistical analysis
Testing assumptions

The data were analysed using the SPSS statistical package.
Prior to analysis, all variables were screened for violations of
the assumptions associated with univariate and multivariate
tests. The Kolmogorov—Smirnov test showed a normal dis-
tribution of all but three variables (number of decisions for
the longer delayed reward, Z = 2.00, p = 0.001, I-back
discriminability, Z = 1.52, p = 0.02, and time reproduction
absolute error, Z = 1.68, p = 0.01). The Levene test yiel-
ded homogeneity of variance for six of the eight variables,
with the exceptions being number of errors in the interfer-
ence trials, F(5, 104) = 3.66, p = 0.004, and time repro-
duction absolute error, F(5, 104) = 5.33, p < 0.001. The
assumption of homogeneity of variance—covariance matri-
ces was violated, Box-M: F = 1.87, p < 0.001.

Missing data and outliers

Missing data, for instance due to delayed reaction or slip-
ping off the answer button, occurred in 1.75% of the
neuropsychological data points and were replaced by group
means. Furthermore, a few individual data sets were
excluded due to excessive demand or deficient under-
standing of the instructions, resulting in slightly different
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case numbers for the different dependent variables (see
next paragraph). Raw data were Z-transformed in order to
examine outliers. No extreme outliers (Z>4) were
observed in the ten selected measures (Wilcox et al. 1998).

Data analysis

In order to investigate group and age effects as well as
group x age interactions, a 2 (diagnosis) x 3 (age group)
factorial multivariate analysis of variance was conducted,
and results were Bonferroni-corrected for multiple com-
parisons. Significant group effects or group x age inter-
actions were followed by univariate post-hoc analyses for
each age group. As ADHD and healthy adolescents dif-
fered in terms of IQ, this variable was entered as a
covariate in all analyses (MANCOVA). Subjects with
missing values in any of the dependent variables were
excluded listwise, resulting in slightly but not significantly
different case numbers between cells (children 18 controls
and 17 ADHD:; adolescents 20 controls and 19 ADHD;
adults 19 controls and 17 ADHD; 7> = 0.40, p = 0.99, ns).
As parameter-free methods do not allow for covariation
with IQ, while we were additionally interested in
age x diagnosis interactions, no parameter-free methods
were used for those variables that violated the assumptions.
However, as samples were sufficient in size (at least 70%
more cases in each cell than dependent variables) and equal
in terms of case number, the F test should be robust
(Tabachnick and Fidell 1996). The global significance level
was set at 0.05.

In the case of delay aversion, only data from subjects
who recognised the best strategy were analysed. As this
procedure would reduce the number of cases in multi-
variate analyses for another seven datasets due to listwise
exclusion, we conducted a separate 2 (diagnosis) x 3
(age group) ANCOVA with Bonferroni correction for
multiple comparisons. The resulting sample size was as
follows: 18 control and 19 ADHD children, 17 control
and 20 ADHD adolescents, and 19 control and 17 ADHD
adults. Cell sizes did not differ significantly, 7> = 0.40,
p = 0.99, ns.

Effect size

Partial eta-squared (;]f,) is reported as a measure of effect
size, with 0.01 representing a small, 0.06 a medium, and
0.14 a strong effect (Kittler et al. 2007).

Results

Omnibus MANCOVA: The omnibus MANCOVA of the
nine neuropsychological variables revealed significant
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effects for group, F(7, 97) = 3.44, p = 0.002, and age,
F(14, 196) = 3.00, p < 0.001, but no group x age inter-
action, F(14, 196) = 1.02, p = 0.43, ns. All group effects
are depicted in Table 3.

Working memory

1-back: There was a main effect for group, ;1,2, = 0.08, and
a group x age interaction, :1,2, = 0.07, but no effect of age.
Subjects with ADHD showed lower discriminability. For
group X age interaction, it became evident that children,
F(1, 35) = 14.93, p < 0.001, but not adolescents, F(1,
36) = 0.07, p=0.79, ns, or adults, F(1, 35) = 1.25,
p = 0.27, ns, with ADHD underperformed compared to
healthy controls.

2-back: For 2-back discriminability, only the age effect,
r]f, = 0.08, but not the effect for group, was significant.
Children achieved lower values than adolescents
(p = 0.02), whereas there were no differences between
children and adults (p = 0.06, ns) or between adolescents
and adults (p = 0.65, ns).

For both n-back conditions, reaction times for all stimuli
were compared between the diagnostic groups, using a 2
(group) x 3 (age) factorial MANCOVA. This analysis
revealed a significant effect of age, F(4, 214) = 12.21,
p < 0.001, but not of group, F(2, 106) = 0.22, p = 0.80,
ns, or group X age interaction, F(4, 214) = 0.95,
p = 0.43, ns. Bonferroni-corrected post-hoc tests revealed
that children answered more slowly than adolescents and
adults, whereas there were no differences between ado-
lescents and adults (1-back: children vs. adolescents:
p < 0.001; children vs. adults: p < 0.001; adolescents vs.
adults: p = 1.00, ns; 2-back: children vs. adolescents:
p < 0.01; children vs. adults: p < 0.001; adolescents vs.
adults: p = 0.15, ns).

Interference control

For interference control, no group effects were found for
corrected mean reaction time or the corrected number of
errors in the interference trials. Furthermore, an age effect
was found for reaction time, r]f, = 0.06, but not for errors.
Bonferroni-adjusted pairwise comparisons between age
groups revealed no significant differences.

Time discrimination

Subjects with ADHD were characterised by a higher
sensitivity threshold. indicating poorer time discrimi-
nation, 11,2, = 0.04. Beyond this, there was an effect of
age, tﬁ, = 0.06, on time discrimination threshold.
Again, Bonferroni-adjusted pairwise comparisons remained
insignificant.
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Time production

There was no effect of group or age on time production
absolute error across all time intervals. In order to evaluate
how errors develop with increasing time interval, depend-
ing on ADHD status and age group, and in order to
examine error direction, i.e. over- or underproduction of
interval length, 2 (diagnosis) x 3 (age group) x 6 (time
intervals) x 2 (blocks) repeated-measures ANCOVAs with
repeats on two factors (time intervals, blocks) were con-
ducted for time production and time reproduction error as
well as accuracy coefficient. The latter is computed by
dividing the manually produced time intervals by the actual
interval presented (Meaux and Chelonis 2003). An accu-
racy score higher than 1.00 indicates overreproduction and
a score lower than 1.00 indicates underreproduction.
Analysis revealed no within-subject interaction effects
with increasing interval length for production error either
for group, F(5,555) = 1.02, p = 0.41, ns, or for age, F(10,
555) = 0.96, p = 0.48, ns. In the case of accuracy score, a
between-subjects effect for group, F(1, 111) = 10.36,
p = 0.002, but not for age, F(2, 111) = 1.96, p = 0.15, ns,
was found. As Fig. 1 shows, control subjects overproduced
and ADHD subjects underproduced the presented temporal
intervals. Post-hoc comparisons revealed significant
differences at interval durations of 6 (p = 0.009), 12
(p =0.003), 24 (p =0.001), 36 (p =0.001) and 48

Fig. 1 Interaction effect

Time Production Error Development

(p = 0.005) s. No within-subjects interaction effects with
increasing interval length for accuracy score were found
either for group, F(5, 555) = 0.90, p = 0.48, ns, or for age,
F(10, 555) = 0.37, p = 0.96, ns.

Time reproduction

Time reproduction absolute error yielded a significant
group, ng = 0.12, and age, r]f, = 0.10, effect. Subjects with
ADHD produced larger errors. Furthermore, children pro-
duced larger errors than adolescents (p = 0.012) and adults
(p = 0.03), whereas adolescents and adults did not differ
from each other (p = 0.99, ns).

Additionally, there was a within-subjects interaction
effect with increasing time interval for time reproduction
error x group, F(5, 560) = 6.87, p < 0.001, indicating that
subjects with ADHD produced larger errors with increasing
interval length when compared with healthy controls. Post
hoc comparisons revealed significant differences at interval
durations of 36 (p =0.04) and 48s (p = 0.04) (see
Fig. 1). No significant within-subjects interaction effect
was found with increasing time interval for time repro-
duction error x age, F(10, 560) = 1.31, p = 0.22, ns.

The direction of time reproduction error depended on
age, F(2, 112) =4.67, p =0.01, and on age x group
interaction, F(2, 112) = 3.43, p = 0.04. No group effect
was found, F(1, 112) =2.87, p = 0.09, ns. Children
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underreproduced time intervals compared to adults
(p = 0.01), whereas no differences were found between
children and adolescents (p = 0.10, ns) or between ado-
lescents and adults (p = 0.99, ns). However, Bonferroni-
corrected post-hoc comparisons did not reveal significant
differences at any time interval. The interaction effect
denotes that subjects with ADHD underreproduced time
intervals when compared with controls, although this was
only true for adolescents, F(1, 37) = 7.06, p = 0.01, and
adults, F(1, 37) = 4.58, p = 0.04, but not for children,
F(1, 36) = 0.70, p = 0.41, ns. A reproduction accuracy x
group within-subjects interaction effect with increasing
time interval, F(5, 560) = 3.55, p = 0.004, indicates that
subjects with ADHD showed an increasing underrepro-
duction with increasing interval length when compared
with controls. Post-hoc comparisons revealed significant
differences at interval durations of 36 s (p = 0.04) and
48s (p = 0.04) (see Fig. 1). There was no significant
within-subjects interaction effect with increasing time
interval for reproduction accuracy x age, F(5, 560) = 0.48,
p = 091, ns.

Fig. 2 Effect sizes separated

Working Memory 1-back

Delay aversion

The choice for the more delayed reward in the trial constraint
condition yielded a significant group, 1712, = 0.12, and age
effect, ;]‘:; = 0.08. Subjects with ADHD chose the more
delayed reward less frequently than control subjects. Analys-
ing the age effect, adolescents chose the delayed reward more
often compared to children (p = 0.01), whereas no such dif-
ferences were found between children and adults (p = 0.98,
ns) or between adolescents and adults (p = 0.15, ns).

Effect sizes (;],2,) for each age group with significant
group differences are displayed in Fig. 2.

To obtain a quantitative measure of impairment, we
computed a cutoff score for each of the six neuropsycho-
logical paradigms and identified, for each age group, the
percentage of subjects with ADHD falling below this score
(see Table 4). This cutoff was defined as the subject
showing a performance of 1.5 standard deviations from the
mean of the corresponding control group in the particular
neuropsychological task. For the purpose of comparison,
one healthy control per age group was expected to fall
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Tal?le % Perc?ntage oIf fADHD Age Group size Number of % of
subjects showing cognitive impaired subjects Group
impairment across the six
neuropsychological paradigms Working memory
Discriminability 1-back 8-12 19 11 58
13-16 20 3 15
1840 19 5 26
Discriminability 2-back 8-12 17 4 24
13-16 20 1 5
Cognitive impairment was 18-40 19 5 26
defined as showing a Interference control
perf.or!nance of 1.5 standard RT improvement 8-12 18 3 17
deviations below the mean of
the corresponding age control 13-16 19 2 1
group (Z < —1.5). % of Group 1840 19 1 5
denominates the percentage of Interference errors 8-12 17 1 6
impaired ADHD subjects in the 13-16 19 0 0
relevant age group.
Discriminability = number of 18-40 16 2 11
correctly identified targets (true Time discrimination
posifives/mumberof Sensitivity threshold 8-12 19 0
targets) — the number of
wrongly selected distractors 13-16 20 1 5
(false positives/number of 18-40 20 2 10
distractors). RT Time production
improvement = mean Absolute error 8-12 18 0 0
interference trial reaction
time — mean neutral trial 13-16 20 0 0
reaction time. Interference 18-40 20 0 0
errors = mean interference trial Time reproduction
error — mean neutral trial error.
Sensitivity threshold = point of ~/Absolute error B-12 19 0 0
subjective equality, measured in 13-16 20 0 0
milliseconds. Absolute 18-40 20 0 0
error = sum of absolute values .
Del s
of the deviation between the gy ayerin . 5
specified and the produced time Large reward decision 8-12 19 8 42
intervals. Large reward 13-16 20 3 15
decision = number of decisions 18-40 17 8 47

for the more delayed reward

below this cut-off. The highest percentage of neuropsy-
chologically impaired subjects was found for delay aver-
sion and working memory. Rather moderate numbers of
ADHD subjects were classified as impaired in the inter-
ference control and time discrimination task. Neuropsy-
chological impairment was most prominent in the groups
of children and adults with ADHD.

Discussion

The aim of this neuropsychological study was to evalu-
ate age-related patterns of cognitive dysfunction in
ADHD. Six tasks, which were appropriate for all three
age groups and which tapped into different domains
according to a multi-pathway approach to ADHD were
selected.

@ Springer
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Working memory

The total group of adolescents identified more true posi-
tives and true negatives in the 2-back condition, and thus
outperformed children in terms of working memory per-
formance. Furthermore, adolescents and adults answered
faster than children in both conditions. This is in line with
data from Crone et al. (2006), who found developmental
improvement in maintaining and manipulating information
from childhood to adolescence.

Subjects with ADHD underperformed controls in the
1-back condition. This effect was primarily caused by a
performance deficit in ADHD children, which was not
apparent in adolescents and adults with ADHD. In fact, low
task difficulty due to simple pair matching and low stim-
ulus density rendered the 1-back condition somewhat
similar to a continuous performance task (CPT), meaning
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that observed performance deficits in children with ADHD
may be caused by deficits in sustained attention. Interest-
ingly, in line with our results, previous studies demon-
strated particularly strong effect sizes for sustained
attention deficits in children with ADHD compared to
adolescents or adults (Conners et al. 2003; Tucha et al.
2008).

In contrast to other authors (Boonstra et al. 2005; Dige
and Wik 2005; Dowson et al. 2004), and contrary to our
hypothesis, we did not find working memory impairments
in subjects with ADHD in the more demanding 2-back
condition. This might be due to task-specific effects; for
example, we did not use even more challenging conditions,
e.g., a 3-back condition. However, ceiling effects, which
would have indicated that the 2-back condition was too
easy (especially for adolescents and adults), were not
present, as proven by the low detection accuracy across all
age groups and subjects, irrespective of ADHD diagnosis.

Interference control

No differences in interference control were found between
the different age groups or between subjects with and
without ADHD. Other studies have reported lower inter-
ference control in ADHD; however, the effects were rather
small and heterogeneous (Hervey et al. 2004; Homack and
Riccio 2004; van Mourik et al. 2005). Accordingly, Albr-
echt et al. (2008) compared the performance of children
with and without ADHD on two different kinds of inter-
ference tasks. Children with ADHD showed higher inter-
ference scores in the widely applied colour Stroop, but not
in a counting Stroop task, as was used in our study. Thus, it
may be that subjects with ADHD are not generally impaired
in interference control, and that some of the effects reported
in the literature are due to task-inherent attributes of the
widely applied colour Stroop task. However, even for the
colour Stroop task, there is a lack of clear empirical evi-
dence; a recently conducted meta-analysis by Schwartz and
Verhaeghen (2008), which included subjects aged 941, did
not find the interference effect in ADHD subjects to be
larger than in non-affected controls and did not find older
subjects to be more affected than younger ones.

Time perception

Whereas time discrimination abilities generally improved
with age, the entire group of subjects with ADHD was
impaired. No age or group effects were found for overall
time production accuracy. Control subjects overproduced
and ADHD subjects underproduced the presented temporal
intervals, with the absolute amount of errors being equal
across the two groups. In the time reproduction task,
children produced a larger overall error compared with

adolescents and adults, as they underreproduced the pre-
sented time intervals. Similarly, subjects with ADHD
produced a larger overall error compared with healthy
controls. Furthermore, subjects with ADHD produced lar-
ger errors with increasing interval length, as adolescents
and adults successively underreproduced the presented
time intervals. Notably, both control and ADHD subjects
underestimated the presented time intervals. Accordingly,
we did not find an overestimation of short temporal inter-
vals, in contrast to other studies (McInerney and Kerns
2003; Mullins et al. 2005), but in line with other investi-
gations, we did detect an underestimation of long intervals.

Interestingly, no differences between ADHD subjects
and controls were found in time production accuracy,
whereas subjects with ADHD were less accurate in time
reproduction, especially for long intervals. This was also
found in other studies, but was never examined along with
time production (Barkley et al. 2001a; Bauermeister et al.
2005; Meaux and Chelonis 2003). This qualitatively dif-
ferent performance in two timing tasks with quite compa-
rable demands is a remarkable finding, as deficits in time
reproduction with concomitant intact time production
abilities argue against a pure time perception deficit. As
subjects with ADHD show marked delay aversion, it might
instead be that deficits in time reproduction are caused by a
lack of motivation to wait patiently, i.e., to infer the
duration of the stimulus presented and then again to press a
button for the same amount of time. Correspondingly, the
age effect might also be explained by more pronounced
deficits in volitional control of motivational functions in
children compared to adolescents or adults. A further
explanation could be that subjects with ADHD had a
dysfunction in the analysis of temporal characteristics of
the stimuli used for temporal estimations.

Delay aversion

Delay aversion was more pronounced in subjects with
ADHD. Although ADHD adolescents showed fewer defi-
cits in this task than ADHD children, contrary to our
hypothesis, our data did not show a normalisation of task
performance with age. Thus, the results of our study sug-
gest, on the behavioural level, that even adults with ADHD
cannot compensate for their aversion towards delay. As
dysfunctional patterns of reward processing had been
demonstrated on the neural level in adolescents and adults
with ADHD (Scheres et al. 2007; Strohle et al. 2008), the
question remains open whether their tendency towards
immediacy results from a stronger delay aversion per se,
from a stronger reward dependency, or both, when com-
pared with healthy controls. As the impact of reward sig-
nificance, task interest, reward magnitude and probability
of reward was demonstrated by several authors (Carlson
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and Tamm 2000; Drechsler et al. 2009; Scheres et al.
2006), the influence of contextual factors on delay aversion
needs to be explored in more detail.

General discussion

This study was one of the first to comparatively examine
children, adolescents and adults with ADHD and the first
study to investigate different aspects of time perception in
adults with ADHD. Based on neuroimaging findings, we
hypothesised that impairments in working memory and
interference control would persist into adulthood and that
deficits in time perception would even increase in adult
years, whereas delay aversion should normalise with
increasing age in subjects with ADHD.

From a neurodevelopmental perspective, some of the
functions examined, i.e., interference control and time per-
ception, seemed to be already fully developed in children,
whereas others improved as a function of age. Working
memory, time reproduction abilities and delay tolerance
improved from childhood to adolescence, and time dis-
crimination abilities also improved as a function of age.
Improvement in working memory performance might be
related to the development of the prefrontal cortex, and
increasing abilities in delay tolerance and time reproduction
might be linked to the maturation of frontal top—down con-
trol mechanisms of motivational and emotional networks.

In line with our hypothesis, we found deficient time
perception in subjects with ADHD across the life span.
Contrary to our expectations, delay aversion did not
improve as a function of age, but remained stable into
adulthood. Whereas deficits in time discrimination may be
traced to impairment of the fronto-striatal-cerebellar cir-
cuitry, as evidenced by others (Neufang et al. 2008; Smith
et al. 2003), intolerance to delayed reward delivery might
be attributable to persistent dysfunction in the reward
system, including fronto-striatal and fronto-amygdalar
interconnections (Halperin and Schulz 2006; Nigg and
Casey 2005; Plichta et al. 2009).

We did not find significant impairment in interference
control and working memory, which we had suspected
would be evident across all age groups in ADHD. In the
case of working memory, it might be that the task we
applied was not sufficiently challenging to produce dif-
ferences between the diagnostic groups. For interference
control, the effects reported in the literature are generally
rather small, and counting Stroop tasks might measure
different aspects of interference control compared with
colour Stroop tasks (Albrecht et al. 2008).

Contrary to our hypotheses, virtually no developmental
dissociations in cognitive functioning were found between
subjects with ADHD and healthy controls, except for an

@ Springer
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interaction effect between age and diagnostic group in the
I-back task. Interestingly, effect sizes were lowest for
adolescents with ADHD across all tasks compared to age-
matched controls. This finding, which is not attributable to
lower ADHD symptoms in this age group, suggests that
cognitive dysfunction might be modulated by age, possibly
due to developmental changes in brain maturation patterns
and/or better compensation for deficits during certain
developmental periods. For a shorter time window, this has
already been demonstrated by Drechsler et al. (2005).
Using a simple reaction time task and examining a group of
children with ADHD longitudinally, the authors found
reaction time variability to be most pronounced before
adolescence (at time 1, when the mean age was 11.0 years),
and then to decline over the next 2 years, with no differ-
ences between ADHD and control subjects emerging at
time 3. Although their study contributes to the under-
standing of cognitive development from childhood to
adolescence, it is limited by the fact that at time 3, only 11
of 28 children formerly diagnosed as having ADHD still
fulfilled the diagnostic criteria. Thus, the decrease of
reaction time variability might have paralleled the remis-
sion of ADHD symptoms. However, authors who used
larger samples found reaction time variability to be more
pronounced in ADHD adolescents (Martel et al. 2007) and
adults (Nigg et al. 2005) compared with healthy controls.

Limitations

The sample size in this study was quite small, thus reducing
the power to detect group differences. Moreover, correcting
for IQ differences in our analyses may have contributed to
decreased group differences, in particular within the group
of adolescents. However, statistical analysis without IQ as a
covariate revealed a marginally stronger, but similar, effect
size pattern. We included only male subjects, meaning that
our results cannot be generalised to female subjects with
ADHD. In addition, since our study design was cross-sec-
tional, we cannot completely rule out that our results might
have been influenced by cohort effects, although age groups
were highly comparable with respect to ADHD symptom-
atology and subtype classification. However, subjects with
ADHD differed in the kind of prescribed drugs, frequency
and degree of dosage adaptation, continuity of intake of
medication, experience with inpatient treatment and thera-
peutic interventions, making it difficult to evaluate the
influence of these factors on performance. Furthermore, it
should be taken into consideration that in children and
adolescents, medication began while brain maturation was
still ongoing. In adults, medication mostly began after
maturation processes had already been completed. The
question here is whether drugs might have exerted an
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influence on brain maturation in early medicated subjects
(Konrad et al. 2007).

Due to the large age range of the subjects examined in
our study, we cannot rule out a differing level of task
difficulty between the three age groups. We chose rather
simple tasks in order to avoid placing excessive demands
on the group of children, which implies the risk of under-
challenging adolescents and adults. However, an exami-
nation of our results shows that we mostly managed to
avoid floor and ceiling effects, with the latter merely being
indicated in the 1-back discriminability score and the
number of interference errors.

Conclusions

Subjects with ADHD displayed performance deficits up to
adulthood; deficits were most pronounced in delay toler-
ance and timing abilities. The observed enduring deficits in
the ability to wait patiently are consistent with the clinical
persistence of impulsivity in ADHD throughout life. As
these abilities had been previously associated with fronto-
striatal, frontocerebellar and frontoamygdalar networks in
healthy subjects, from a neuropsychological perspective
our data support current multiple-pathway approaches,
which assume altered information processing in these
networks in subjects with ADHD. Future longitudinal
neuroimaging studies should clarify how enduring perfor-
mance deficits are reflected in brain maturation processes.
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Abstract Attention-deficit/hyperactivity Disorder (ADHD)
and obsessive—compulsive disorder (OCD) have both been
linked to dysfunction in the cortico-striato-thalamo-cortical
circuitry (CSTCC). However, the exact nature of neuro-
cognitive deficits remains to be investigated in both
disorders. We applied two neuropsychological tasks that
tap into different functions associated with the CSTCC,
namely a serial reaction time (SRT) task, developed to
assess implicit sequence learning, and a delay aversion
(DA) task in order to assess abnormal motivational
processes. The performance data of boys with ADHD
(n=20), OCD (n=20) and healthy controls (n=25), all aged
10-18 years, were compared. Subjects with ADHD less
frequently chose the larger, more delayed reward compared
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to those with OCD and controls, while subjects with OCD
showed impaired implicit learning. In contrast, the ADHD
group was unimpaired in their implicit learning behavior
and the OCD group was not characterized by a DA style.
Within the OCD-group, severity of obsessions was
associated with implicit learning deficits and impulsive
symptoms with DA in the ADHD-group. This double
dissociation highlights the distinct cognitive dysfunctions
associated with ADHD and OCD and might possibly point
to different neural abnormalities in both disorders.

Keywords ADHD - OCD - Implicit learning -
Delay aversion - Neuropsychology - Child

Introduction

Attention-deficit/hyperactivity disorder (ADHD) and ob-
sessive—compulsive disorder (OCD) are both neurodeve-
lopmental disorders associated with deficits in inhibitory
functions. While children with ADHD have problems
focusing attention and are often distracted and impulsive,
children with OCD typically show an inability to stop
intrusive thoughts and ritualistic behaviors (Casey et al.
2002). Since both disorders share deficits in the adaptation
of behavior (i. e. initiation, execution, or withholding) to
environmental situations, it has been argued that the
underlying etiopathophysiology of ADHD and OCD is
linked to impairments of the cortico-striato-thalamo-cortical
circuitry (CSTCC) (for reviews, see Bradshaw and
Sheppard 2000; Durston and Konrad 2007; Miller and
Cohen 2001; Rauch et al. 2001a; Sonuga-Barke 2005).
It has been suggested that meso-limbic branches within
the CSTCC in particular are crucial for motivational
processes assumed to be impaired in children with ADHD
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(Sonuga-Barke 2005). In this context, delay aversion (DA)
tasks have frequently been applied to ADHD samples. In
general, the results indicated abnormal motivational
processes in some subjects with ADHD (Bitsakou et al.
2009; for review see Sonuga-Barke et al. 2008), who prefer
smaller, immediate rewards over larger, more temporally
delayed rewards, when this choice results in a shorter
overall experimental duration (Sonuga-Barke 2002, 2003,
2005). Pooled effect sizes for group comparisons between
subjects with and without ADHD in different DA tasks
vary from 0.57-0.71 (for review, see Sonuga-Barke et al.
2008.).

With regard to OCD symptomatology, an imbalance of
positive and negative feedback loops within the CSTCC
has been postulated to lead to exaggerated OCD activity
(Rauch et al. 2001b; Rauch 2003; Savage and Rauch 2000;
for reviews see MacMaster et al. 2008; Maia et al. 2008;
Marsh et al. 2009). Moreover, it has been suggested that
the affected network also plays a critical role in maintain-
ing a balance between what is processed consciously and
what is dismissed without significant conscious awareness
(Rauch and Savage 2000). Hence, it has been hypothe-
sized that individuals with OCD would be characterized
by impairments in implicit learning. This term refers to the
process of knowledge acquisition through repetition of
exposure and is expressed without conscious reference to
the learning episode. A related neuropsychological
paradigm is the serial reaction time (SRT) task, which
was developed to assess implicit sequence learning. It
refers to the unconscious acquisition of knowledge by
observation or repeated reproduction of behavioral
sequences (Nissen and Bullemer 1987). Former studies
have shown that adults with OCD are characterized by
impaired implicit learning (Deckersbach et al. 2002;
Kathmann et al. 2005), while data of children and
adolescents are still missing.

In sum, pathophysiological models of ADHD and OCD
point to a common neurobiological origin although both
disorders are characterized by relatively distinct sympto-
matologies. Neuropsychological studies have shown a
reduced performance of individuals with ADHD in DA
tasks, as well as impairments in SRT tasks in subjects with
OCD. It remains to be clarified whether there is overlap or
differences in the neuropsychological performance i. e. how
performance in one of these tasks is related to the other, and
so far no data are available with respect to DA in OCD or
implicit learning abilities in ADHD. The identification of
disorder-specific neuropsychological dysfunction might be
helpful for further our understanding of the underlying
pathophysiology in these related disorders and could also
be adjuvant for treatment considerations.

Hence, the current study aims to assess both implicit
sequence learning and DA in children with ADHD and

@ Springer

OCD in comparison to healthy controls. Based on previous
data, we hypothesized impaired task performance for the
ADHD group in the DA task, as well as an impaired task
performance in the SRT tasks for the OCD group. However,
given the lack of previous findings regarding task
performance of ADHD subjects in SRT tasks and OCD
subjects in DA tasks, no direct hypotheses are stated for
these experimental conditions.

Methods
Participants and Selection Procedure

A total of 65 boys, aged 1018 years, participated in the
study. Of these, 20 fulfilled the diagnostic criteria for
ADHD and 20 for OCD (according DSM-IV; American-
Psychiatric-Association 1994). Twenty-five boys constitut-
ed the healthy control group. All patients had been
consecutively admitted to the in- or out-patient clinics of
the Department of Child and Adolescent Psychiatry at the
University Hospital, Aachen, with suspected ADHD or
OCD symptomatology. The children in the healthy control
group were recruited by broad announcement at local
secondary schools, without referring to the aim of the
study. All participants underwent an extensive child
psychiatric examination conducted by an experienced child
and adolescent psychiatrist. The severity of ADHD
symptoms was assessed by means of the German Parental
and teacher Report on ADHD symptoms (FBB-HKS)
which is part of the Diagnostic System of Mental Disorders
in Children and Adolescents (DISYPS-KJ) (Dépfner and
Lehmkuhl 1998). It is commonly used in Germany to
assess ADHD symptomatology with internal consistencies
and retest reliabilities in a good to very good range (Breuer
et al. 2009). The FBB-HKS subsumes all items given in the
diagnostic categories of the ADHD subtypes according to
DSM-IV. It does not only provide the number of criteria
that have been fulfilled but also a severity score of each
item ranging from 0 to 3.

Current OCD symptoms were assessed using the child
version of the Yale-Brown Obsessive Compulsive Scale
(CY-BOCS) for child/adolescent participants. It is a
rater-administered, semi-structured interview, consisting of
a checklist of various types of OCD-symptoms and a
10-item severity scale (Goodman et al. 1989a, b).
Psychiatric classification, according to DSM-IV, was based
on a German semi-structured interview conducted with the
parents and the child (KDIPS Unnewehr et al. 1995) and
included developmental history, playroom observation and
an extensive neuropediatric examination. All healthy
controls underwent the same diagnostic assessment to rule
out any psychiatric disorder. Describing our sample in more
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detail, 45% (n=9) of the individuals with ADHD fulfilled
the criteria for the combined subtype, 45% (n=9) were
predominantly inattentive and 10% (n=2) were predomi-
nantly hyperactive—impulsive. In the OCD group, 90%
(n=18) of all subjects showed both obsessions and
compulsions, while one boy had compulsions only and
one boy had obsessions only.

Participants were excluded from the study if they had a
general IQ below 80 (WISC-II; Tewes et al. 1999),
evidence of a neurological disorder or a history or current
diagnosis of psychosis, mania, substance abuse, pervasive
developmental disorders, or receptive language disorders.
Tic disorders were not excluded. Two boys in the OCD
group and two boys in the ADHD group showed chronic
motor tics. Within the ADHD group, no participant had
comorbid OCD, or vice versa. Of the subjects, 60%
with ADHD (n=12) had been treated with short-acting
psychostimulants. To rule out medication-effects, treatment
with psychostimulants was discontinued at least 48 h before
the investigation. Subjects on additional medication
(e.g., atomoxetine, neuroleptics, antidepressants or mood
stabilizers) during the assessment session, aside from
selective serotonin re-uptake inhibitors (SSRIs), were
excluded from the study. Ten participants with OCD were
treated with SSRIs such as fluvoxamine, clomipramine, and
cipramile. At the time of testing, the number of comorbid
tics, oppositional defiant, and anxiety disorders was
comparable between the two clinical groups. All three
groups were comparable with respect to age and IQ (see

Table 1 Characteristics of the Main Group

Table 1 for more details). As expected we found significant
differences in the ADHD symptom severity between the
three groups. Parent rating indicated that children of
the ADHD group were more inattentive and impulsive
compared to children with OCD and controls and were
more hyperactive compared to controls.

The study was carried out in accordance with the
ethical principles for the medical community regarding
human experimentation (latest version of the Declaration
of Helsinki). All subjects and their parents gave their
written informed consent, after receiving a comprehensive
description of the study protocol.

Experimental Procedure

Delay Aversion To evaluate DA, participants could decide
between two alternative stimuli (e.g., red or green circle),
each of them being connected with different consequences.
One of the circles was associated with a 2-second delay,
followed by a reward of one Euro. The other circle was
associated with a 30-second delay and was rewarded with
two Euros. Depending on the final score, each participant
received a reward of either one pencil or one pencil and two
other small items of their choice (e.g., eraser, ruler, etc.).
Effects of color preference were controlled (Sonuga-Barke
et al. 1992). Subjects were asked to make their decisions
under two different conditions: in the time constraint
condition, the participants had five minutes to make their
decisions, while in the trial constraint condition, they could

ADHD group OCD group Control group Group differences® Post-hoc comparisons
(n=20) (n=20) (n=25)
M (SD) M (SD) M (SD)
Age (in years) 143 (2.2) 142 (23) 14.0 (1.6) ns.
1Q (WISC-IIT) 105 (8.2) 109 (10.0) 108 (9.5) ns.
ADHD symptom severity (PR) as assessed by the FBB-HKS (parent rating)
Inattention 87 (15) 76 (11) 20 (12) p<0.001 ADHD > con, ADHD > OCD
Hyperactivity 71 (19) 58 (12) 31(9) p<0.001 ADHD > con
Impulsivity 83 (20) 48 (18) 16 (5) p<0.001 ADHD > con, ADHD > OCD
OCD symptom severity as assessed by mean CY-BOCS sub-scores of
Compulsions 0.50 (0.85) 6.31 (3.88) 0.25 (0.63) p<0.001 OCD>con, OCD>ADHD
Obsessions 0.58 (0.98) 9.8 (5.52) 0.4 (0.87) p<0.001 OCD>con, OCD>ADHD
Comorbid disorders:
Chronic motor tic disorder n=2 = n= n.s.
Anxiety disorders n=3 n= n= n.s.
ODD, CD n=3 = n=1 ns.

ADHD attention-deficit/hyperactivity disorder, OCD obsessive—compulsive disorder, con controls, CD conduct disorder, ODD Oppositional
defiant disorder, M mean, SD standard deviation, n number, PR percentile range, WISC-III Wechsler-Intelligence-Scale for Children 3rd edition,
ADHD symptom severity (assessed by the German-Parental-Report on ADHD symptoms; FBB-HKS), CY¥-BOCS Yale-Brown Obsessive

Compulsive Scale for children, ».s. not significant
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make exactly 20 decisions, independent of time restrictions.
When the pre-reward-delay had elapsed, the circles
disappeared, and the cumulative earnings were shown in
the center of the screen. The best strategy to maximize the
profit in the time constraint condition would be to press
the button associated with the smaller, but more immediate
reward as often as possible, whereas the best strategy in the
trial constraint condition would be to show preference for
the button associated with the larger reward. Subjects were
asked after the experimental session what the best strategy
had been to get the maximum of money. All children
fulfilling inclusion criteria were able to name this strategy.
Thus, group differences in this task could not be explained
by differences in problem-solving abilities.

The number of impulsive decisions (smaller, but more
immediate reward) in the trial constraint condition was used
as a DV.

Implicit Learning The SRT task is a widely-used paradigm
for the examination of implicit motor sequence learning
(Nissen and Bullemer 1987). In this task, participants must
trace a repeating sequence of items by motor performance.
According to Thomas and Nelson (2001), subjects had to
catch a Golden Retriever, which could appear in one of
four different horizontal positions, by pressing the
corresponding button on the keyboard. The task consisted
of five blocks, with each block containing 80 stimuli.
While the dog followed a random order in blocks one
and four, the remaining three blocks consisted of the same
repeating 10-item-sequence. According to Thomas and
Nelson (2001), the reduction in reaction time (RT)
in sequenced compared to random trials (MedianRT4-
MedianRT5)/(MedianRT4+MedianRT5), serves as a
dependent variable (DV).

Statistical Analysis

Data were analyzed using SPSS 16 (Statistical Product and
Service Solution, SPSS Inc., Chicago, USA). Group
differences were evaluated using analysis of variance
(ANOVA) for each DV, with group as independent variable
(controls, ADHD, and OCD). The critical alpha for Pillais
trace statistics was set as 0.05. When a significant group
difference emerged in this analysis, the effect was tested in
pairwise comparisons between the groups. For post-hoc
comparisons, the Tukey HSD test and an alpha level of
0.05 were used. In order to control for medication effects
in the OCD group, additional ANCOVA analyses were
conducted, using medication status as a covariate. In order
to test whether certain symptoms (such as impulsivity,
inattention or compulsions) are closer associated with
neurocognitive task performance than diagnostic groups,
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additional ANCOVA models (with group as between-
subject factor and symptom severity as covariate) were
calculated if significant correlations between psychopath-
ological symptoms and task performance had emerged.
Finally, correlation analyses were conducted with clinical
symptom severity and variables of task performance across
all subjects and within each group. Alpha was adjusted for
multiple comparisons according to Holm.

Results
Delay Aversion Task

A significant main effect of group was found for the choice
of the smaller immediate rewards in the trial constraint
condition (F(2, 63)=2.8, p<0.05) (Fig. 1 and Table 2).
Subjects with ADHD chose the more delayed reward less
frequently than the controls (p<0.01) or the OCD subjects
(»<0.001). Groups did not differ in their choices under the
time constrained condition. ANCOVA analyses with SSRI
status as a covariate did not change any of the findings.
Interestingly, testing for associations between severity of
ADHD and OCD symptoms and choice responses in the
trial constraint condition significantly correlated with
the severity of impulsive symptoms only, for all subjects
(r=0.39, p<0.001), which was primarily due to an
association within the ADHD group (»=0.59, p<0.001).
In contrast, no association was observed between the
severity of OCD compulsions or obsessions and the DV
of the DA task (Table 3). Interestingly, within an ANCOVA
model with group as independent factor and impulsivity as
a covariate the difference in the choice behaviour between
the groups disappeared (F=0.9., p>0.2) while only the
effect of the covariate remained significant (F=8.6,
p<0.005). Excluding subjects with comorbid tic disorders

Delay Aversion

‘ ® tnal constraint
‘ O time constraint
ADHD

ocD controls
groups

N
o

-
(%]

(2]

number of Immediate
rewards
aa
=

o

Fig. 1 Number of choices for small immediate rewards in the delay
aversion task for the different groups in the trial and time constraint
condition. ADHD attention-deficit/hyperactivity disorder, OCD obses-
sive—compulsive disorder. Error bars show standard error of mean,
red columns display the number of immediate rewards within the trial
constraint condition, green columns represent the time constraint
condition
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Table 2 Cognitive Task Performance for the Three Groups

ADHD group OCD group Control group Post-hoc comparisons
(n=20) (n=20) (n=25)
M (SD) M (SD) M (SD)
Delay aversion
Trial constraint: Number of immediate small rewards 10 (6) 4 (7 6 (7) ADHD=>con (p<0.01)
ADHD>0CD (p<0.001)
con>0CD (p<0.12)
Time constraint: Number of immediate small rewards 16 (6) 16 (6) 17 (7) ns.
Implicit learning
RT random blocks 557 (91) 568 (134) 531 (94) ns.
RT sequence blocks 510 (87) 577 (118) 485 (101) OCD>con (p<0.01)
Implicit learning effect 0.06 (0.01) 0.01 (0.01) 0.08 (0.01) OCD<con (p<0.05)
Error rates random blocks 3.6 2.3) 3.7 (3.0) 3.5 23) n.s.
Error rates sequence blocks 33 2.1 3.6 (2.6) 33 2.1) ns.

ADHD attention-deficit/hyperactivity disorder, OCD obsessive—compulsive disorder, con controls, RT reaction time, M mean, SD standard

deviation, n number, n.s. not significant

did not change our results significantly but only lowers
the association between impulsivity and DA (r=0.32,
p<0.05)

Serial Reaction Time Task

For each participant, the median RT was calculated for sets
of 10 trials, resulting in 40 medians (eight per block) across
the 400 trials. Medians excluded any responses made
before the appearance of the stimulus, RTs longer than
10 s, and any trials for which the initial response was
incorrect. The mean of these medians was then calculated
for each block, resulting in five overall block means for
each child. A 3x5 (group % block) mixed-model ANOVA
with block as a repeated measure revealed a significant
main effect of block (F(4, 59)=5.9, p<0.001), as well as a
significant “group by block™ interaction effect (F(8, 113)=
25, p<0.01). Post-hoc comparisons revealed that although

subjects with OCD showed numerically slower RTs across
all trials, they showed significantly longer RTs during the
sequence blocks only, compared to controls (Fig. 2 and
Table 2). No significant group differences were observed
between controls and subjects with ADHD.

To control for baseline RT differences between groups, a
sequence-specific learning effect (SSLE) was calculated
using a proportional measure of magnitude, comparing the
difference between random and sequence trials to overall
RT for each subject, i.e., [Block 4-Block 5]/Block 4 +
Block 5] (Cherry and Stadler 1995; Meulemans et al.
1998). A significant main effect of group was found (F(2,
63)=7.3, p<0.001). Subjects with OCD showed impaired
sequence learning compared to controls (p<0.05). This
effect held true after correcting for medication status within
an ANCOVA model.

Accuracy during the SRT task was high for all three
groups (above 95%). Groups did not differ in the accuracy

Table 3 Correlation coefficients
between clinical parameters and
task performance for all subjects

DA (number of small
choices in trial constrained

Implicit learning

condition) RT RT SSLE
random  sequence

Age -0.08 —0.23 —0.39%* 0.32*

1Q -0.29* -0.11 -0.17 —0.18

DA (number of small choices in trial 1 -0.20 —0.24 -0.21

constrained condition)

Inattentive symptoms 0.16 0.29* 0.23 0.25

DA delay aversion, RT reaction Hyperactive symptoms 0.19 0.04 0.20 —-0.08

time, SSLE sequence specific Impulsiveness 0.39%* 0.18 0.19 -0.01

leaming effect Severity obsessions -0.05 0.16 0.23 -0.15

*p<0.05 uncorrected, Severity compulsions -0.08 0.05 0.10 -0.04

**p<0.001 corrected

@ Springer

49



4. Darstellung der durchgefiihrten Studien

50

966

J Abnorm Child Psychol (2010) 38:961-969

700

T
}\ I I —+— Controls
T =~ ADHD
500 { . \‘I
450

400

mean reaction time [ms]

Fig. 2 Mean reaction times across blocks in the implicit leaming task for
the different groups. ADHD attention-deficit’hyperactivity disorder,
OCD obsessive—compulsive disorder, R random block, S sequence
block. Error bars show standard error of mean

of responses (Group x Block interaction effect: F=0.25,
p>0.9), with respect to the sequence or random blocks.

No significant association was observed between the
OCD symptom severity and any of the DVs of the implicit
learning task across all subjects. However, within the OCD
group, a significant correlation coefficient emerged for the
association between the severity of obsessive thoughts, as
assessed by the CY-BOCS, and the mean RT in the
sequence blocks (=0.53, p<0.02), while no association
was found with the severity of compulsions. Including the
severity of obsessions in an ANCOVA model, however, did
not change the pattern of results of the between-group
comparisons.

In addition, the severity of inattentive symptoms
significantly correlated with the mean RT in the first
random block of the implicit learning task (»=0.2 and,
p=0.04 for all subjects). This effect was strongest within
the OCD group (#=0.63, p<0.001), while no significant
associations were evident in controls or subjects with
ADHD. Excluding subjects with comorbid tic disorders
again did not change the results.

Cross-Tasks Correlations

For all subjects, Pearson correlation coefficients were
calculated for the DVs of the DA and SRT tasks. No
significant association was found between these variables,
even without adjusting alpha for multiple comparisons.
Interestingly, while implicit learning was only associated
with age for all subjects (r=0.32, p<0.007), choice
behavior in the trial constrained condition was only
positively correlated with IQ (»=0.29, p<0.01).

Previous findings suggested that duration of illness
might impact on neurobiological correlates in children and
adolescents with OCD (for a review see: Huyser et al.
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2009). Note however that in our sample illness duration
was below 13 months in all subjects and that there was no
association between illness duration and any DV.

Discussion

The aim of this study was to assess different neurocognitive
abilities associated with ADHD and OCD. Therefore, 20
boys with ADHD, 20 with OCD and 25 healthy controls,
all aged between 10-18 years, participated in a DA and
SRT task. Based on previous data, we hypothesized that
children with ADHD would be characterized by DA,
compared to healthy controls. Moreover, we assumed that
children with OCD had reduced capabilities of implicit
learning. We identified a delay aversive cognitive style only
in subjects with ADHD while implicit leaming deficits
could be only observed in OCD. Thus, our data support a
double dissociation of these neurocognitive abilities in both
disorders. This was also confirmed by the distinct patterns
of SRT- and DA-related symptom severities. These findings
point to separate disorders and distinct pathophysiological
deficits present in subjects with ADHD and OCD. From a
developmental point of view this delineation is also in line
with the different age of onset of ADHD and OCD
symptoms (Leckman 2002) with OCD typically emerging
later during childhood and adolescence than symptoms of
ADHD. While during development the basic ability to
learn implicitly in various everyday life situations is not
grossly impaired by ADHD, this is not the case for subjects
with OCD. However, other studies pointed out that—by
contrast—explicit learning seems to be unaffected by OCD
(Kathmann et al. 2005). Thus, conscious awareness might
be required for leaming processes and the acquisition of
information during development of a child with OCD.
Facing the specific impairments, the corresponding intact
processes in ADHD and OCD might have important impact
for the cognitive development and remediation of the
affected children. In this context one could speculate that
behavioral interventions in subjects with ADHD and OCD
should focus on different targets, i. e. with more emphasis
on immediate motivational instructions for subjects with
ADHD and more explicit learning strategies in OCD.

Interestingly, the implicit learning performance of
ADHD subjects was numerically between the performance
data of controls and OCD subjects, while OCD patients
performed numerically better than controls (and ADHD
children) in the DA task. Thus, one might speculate that
OCD protects subjects from choosing small, immediate
rewards, which is consistent with the clinical symptomatol-
ogy of OCD, especially obsessive slowness, while subjects
with ADHD might compensate for small impairments in
implicit learning.
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Our results are generally in line with previous findings.
In particular, the difference in DA between the ADHD
group and healthy controls was not unexpected, since it is
one of the most consistent findings in motivational research
in ADHD. There are many studies that have used different
forms of DA tasks that indicate altered delay-related
processes in the pathophysiology of ADHD (for review,
see Sonuga-Barke et al. 2008). However, what is even more
interesting is the finding that DA was more closely
associated with impulsivity than diagnostic grouping across
all subjects. This might point to an important neuro-
cognitive trait that should be considered when applying
dimensional approaches to the classification of childhood
developmental disorders that are characterized by increased
impulsivity.

We further assumed that boys with OCD would be
characterized by impaired implicit learning, compared to
healthy controls. As predicted, the OCD group revealed a
reduced ability of implicit leaming, indexed by significantly
slower RTs within the sequence blocks and reduced sequence
learning effects. Our results replicate findings from former
studies that applied SRT tasks to OCD samples and found
deficits in implicit learning in the affected individuals
(Deckersbach et al. 2002; Goldman et al. 2008; Kathmann
et al. 2005; Marker et al. 2006). However, to our knowledge,
this is the first neuropsychological study that reports
evidence for impaired implicit leaming in children and
adolescents with OCD. This implicit leaming deficit was
independent of medication status within the OCD group.
Based on previous findings, it has been speculated that
implicit learning deficits might contribute to the intrusive
and repetitive cognitions in OCD subjects, while healthy
individuals with intact implicit leaming mechanisms might
be able to rest without permanent conscious representation or
development of anxiety (Rauch et al. 2007). This is also
confirmed by the specific association between severity of
obsessions and implicit learning performance in subjects
with OCD. Since implicit learning deficits seem to exist
already in childhood one could speculate that this cognitive
impairment is closely associated with the psychopathology
of OCD and does not develop during the course of OCD or
does not represent a consequence of the disorder or
medication. However, though differences in implicit leaming
performance and associated neurofunctional correlates have
been investigated in healthy children and adults (Thomas et
al. 2004) a comparative study with individuals with OCD is
still missing.

In line with previous findings, we found an age-dependent
improvement in implicit leaming (Thomas et al. 2004;
Thomas and Nelson 2001) and an association between DA
and IQ (Dalen et al. 2004).

In the last years, neuropsychological studies have
investigated associations between ADHD symptoms in

children and choice response in DA tasks. In this respect,
most studies found a positive association between
symptoms of hyperactivity/impulsivity and DA (Thorell
2007; Tripp and Alsop 2001; Wahlstedt et al. 2009), while
others found a positive association between hyperactivity/
impulsivity, as well as inattentive symptoms and DA
(Sonuga-Barke 2003; Wahlstedt 2009). In our study, we
identified a significant positive correlation between the
severity of impulsive symptoms and the choice responses in
the trial constrained condition of the DA task. However,
recently Paloyelis et al. (2009) investigated a large sample
of 1,062 children and found that only inattention ratings
predicted preference for smaller, immediate rewards, and
no significant association with hyperactivity/impulsivity
ratings of boys with ADHD was observed. To some extent,
these contradictory results might by caused be different
sample sizes, heterogeneity of the investigated samples,
with respect to age, ADHD subtypes, and methodological
differences in the assessment of ADHD symptoms.
Additionally, Paloyelis and co-workers investigated an
epidemiological sample that might have included more
children with less severe ADHD symptoms, compared to
our clinical sample. However, the result of a positive
association between impulsivity/hyperactivity and DA is
also supported by an integrative model of different
executive dysfunctions in ADHD that was developed
by Castellanos et al. (2006). Those authors reviewed
neuropsychological data distinguishing "hot” from ‘cold’
executive functions, connected with different neurobiolog-
ical networks. In this context, the authors argued
that hyperactivity/impulsivity belongs to ‘hot’ executive
functions related to DA, while inattention symptoms are
characterized as ‘cold’ executive functions. Although our
results support this theory, with respect to impulsivity
symptoms, we did not find an association between
hyperactivity and choice response in our sample.

While there was no association between the severity of
OCD compulsions or obsessions and the DVs of the DA
task, the SRT task correlation analyses revealed a positive
association between OCD symptoms and DVs. The severity
of obsessive thoughts positively correlated with the mean
RT in the sequence blocks, and the same was true for the
severity of inattentive symptoms and the mean RT in the
first random block. The latter might indicate that for all
subjects, inattentive symptoms, in particular, led to
increased RTs at the beginning of a new task when stimuli
were presented at unexpected locations.

Therefore, we identified a disorder-specific correlation
between behavioral symptoms and DVs of the DA and SRT
tasks. Moreover, these associations were dependent on the
severity of the symptomatology. This finding emphasizes
that ADHD and OCD are both characterized by distinct
pathophysiological deficits.

Q_] Springer

51



4. Darstellung der durchgefiihrten Studien

52

968

J Abnorm Child Psychol (2010) 38:961-969

Conclusions

In sum, our neuropsychological results showed distinct
cognitive impairments associated with ADHD and OCD.
The dissociation between these disorders, with respect to
implicit learning and DA tasks, is in contrast to previous
data on shared neuropsychological deficits that demonstrated
an association with prefrontal brain functions, such as
set-shifting or inhibitory control deficits (see Chamberlain et
al. 2005 for a review). While we replicated the earlier finding
of DA in ADHD, our study is the first to demonstrate
implicit learning deficits in children and adolescents with
OCD. We showed that, within our implicit learning task,
boys with ADHD did not differ from healthy controls, while
DA did not characterize the OCD sample. These unaltered
cognitive abilities might be useful therapeutic targets. Future
investigations are necessary to replicate our findings.
Furthermore, studies on children with ADHD and comorbid
OCD are necessary in order to assess independence of
cognitive dysfunctions and whether those deficits show
additive effects within the comorbid group.
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Abstract

Objecrives. Despite growing evidence for an association between overweight and attention-deficit/hyperactivity disorder
(ADHD), still little is known about the mechanisms underlying this relationship. Methods. Within a two (no ADHD,
ADHD) X two (normal weight, overweight) factorial design (z = 94) we tested disordered eating behaviour in a laboratory
breakfast procedure as well as delay aversion (DA) in male children aged 7-15 years. Results. While children with ADHD
tended to eat above the normal level particularly at the beginning of the meal, children with overweight tended to eat above
the normal level throughout the whole meal. Furthermore, preference for immediately available food was predicted by
parental ratings of inattention and neuropsychological measures of DA in overweight children, and by impulsivity in chil-
dren with ADHD. Conclusions. Our results suggest distinct neuropsychopathological pathways to abnormal eating in ADHD
and overweight. Thus, children with overweight might benefit more from specialized treatment programmes that aim at
improving attention functions while in children with ADHD the treatment should focus on impulsivity.

Key words: ADHD, overweight, impulsivity, eating behaviour

Introduction Body Mass Index (BMI) than healthy controls

In recent years, the prevalence of overweight and (Holtkamp et al. 2004; Lam and Yang 2007; Pagoto

obesity in children has increased worldwide (Wang
and Lobstein 2006; Kurth and Schaffrath Rosario
2007), and growing evidence for an association
between obesity and attention-deficit/hyperactivity
disorder (ADHD) has emerged. The prevalence of
ADHD is higher in clinical and epidemiological
samples of adult and young obese patients than in
their non-obese counterparts (Agranat-Medged
et al. 2005; Fleming et al. 2005; Braet et al. 2007;
Herpertz-Dahlmann et al. 2008; see Cortese et al.
2010, for a review). Vice versa, studies with clinical
and epidemiological samples that have analysed the
weight status of subjects with ADHD found that chil-
dren and adolescents with ADHD have a higher

et al. 2009). However, still little is known about the
mechanisms underlying this relationship.

Some authors supposed a common biological
dysfunction of ADHD and obesity putting either
emphasis on the role of common genetic mutations,
such as melanocortin-4-receptor (MC4R) deficiency
(Agranat-Meged et al. 2005) or on shared dopamine-
related dysfunction of the reward system (Cortese
etal. 2010). Indeed, a stronger than normal tendency
towards immediacy with a preference for smaller
immediate over larger delayed rewards has been
repeatedly demonstrated in subjects with ADHD
(Bitsakou et al. 2009; Marx et al. 2010; Sonuga-Barke
et al. 1992) and has been linked to neurofunctional
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alterations in the reward system (Plichta et al. 2009).
Shared mechanisms are also suggested by recent
research, indicating that subjects with ADHD pre-
ferred immediately available food choices, such as
fast food, over healthy food (Davis et al. 2006), and
that obese subjects displayed increased emotional
reactivity to food cues in the reward system (Stoeckel
et al. 2008). However, no study conducted so far has
examined the combined influence of ADHD and obe-
sity on measures of eating behaviour and delay aver-
sion (DA), as well as the association between ADHD
symptoms and DA with disordered eating behaviour,
in both groups within the same study design.
Therefore, we examined eating behaviour in a stan-
dardised laboratory procedure and DA towards mon-
etary and food incentives by use of an experimental
delaytaskbyimplementingatwo (noADHD = ADHD',
ADHD = ADHD") X two (normal weight = OW",
overweight = OW™) factorial design. We assumed that
if ADHD and obesity share a common dysfunction in
the reward system, both factors should contribute to
abnormalities in reward processing and disordered eat-
ing, with comorbid cases showing the largest abnor-
malities. In both groups, disordered eating should be
predicted by measures of impulsivity and DA.

Methods
Participants

Boys aged 7-15 years participated in this study. Chil-
dren with ADHD were admitted to inpatient or out-
patient treatment at the Department of Department
of Child and Adolescent Psychiatry, Psychosomatics
and Psychotherapy, University Clinics of Aachen.
Controls were recruited by advertising our study in
the University Clinics of Aachen by posters, and by
announcement in the hospital’s newspaper. Diagnos-
tic procedure included the Kiddie SADS-Present and
Lifetime Version (K-SADSPL, Kaufman et al. 1997)
in order to assess psychiatric comorbidity based on
DSM-1V criteria, the German Parental and Teacher
Report on ADHD symptoms (FBB-HKS; Doepfner
and Lehmkuhl 1998) in order to assess ADHD
symptom severity, and a German adaptation of Cat-
tells’ Culture Fair Test (CFT 20-R, Weif3 1998) for
IQ estimation. In addition, children’s Body Mass
Index (BMI) and parental socioeconomic status
(SES) using four categories of education that corre-
spond to the German school diplomas (see Lamerz
et al. 2005) were computed. Exclusion criteria for all
participants were an IQ<80 and current psychiatric
comorbidities and neurological or endocrine disor-
ders that might significantly affect test performance.

All boys with ADHD met criteria for the com-
bined subtype (DSM-IV; APA, 2000). Thirty-one

boys with ADHD were drug-naive, and 15 boys
(eight OW-, seven OW*) had taken methylphenidate
previously but discontinued medication for a mini-
mum of 48 h prior to testing. Both groups did not
differ in age, 1Q, SES, BMI, and ADHD symptom
severity (all P> 0.10). The final sample consisted of
46 boys with ADHD and 48 controls. Children with
a BMI =90th percentile were classified as being
overweight, including obese participants (BMI =97th
percentile). By definition, subjects with overweight
(OW™) had a higher BMI compared to subjects with
normal weight (OW"), and subjects with ADHD
(ADHD™) exhibited higher FBB-HKS scores when
compared with subjects without ADHD (ADHD").
Age, IQ and SES were equally distributed across
conditions. Sample characteristics are presented in
Table I.

Procedure and tasks

Parents were instructed to have their children adhere
to an overnight fast initiated the night before the visit.
At the day of examination, all children were exam-
ined individually with a standardised test meal first,
followed by neuropsychological investigation. The
study was carried out in accordance with the latest
version of the Declaration of Helsinki. The protocol
was reviewed and accepted by the local ethics com-
mittee, and all parents gave their informed consent.

Assessment of eating behaviour. Breakfast was prepared
in a standardised way for all participants and was
served in a buffet. The meal consisted of typical
breakfast items representative of a common German
breakfast, supplemented by energy dense, high-fat
food and high-carbohydrate drinks. Dependent vari-
ables were: (1) overall amount of kcal eaten, (2)
absolute amount and percentage of kcal eaten in the
first and in the second half hour to assess impulsive-
ness in eating behaviour, as well as (3) absolute
amount and percentage of kcal eaten via snacks to
determine whether the children preferred the imme-
diately available ’fast food’ compared to healthier
food choices, like rolls or cereals, which had to be
prepared before eating (Davis et al. 2006).

Neuropsychological assessment of delay aversion. All
children completed a modified version of the DA
task introduced by Sonuga-Barke et al. (1992), con-
sisting of two reward conditions (money, sweets),
each with 20 trials. In each trial, children choose
between a small immediate and a large delayed
reward. For task details, see Sonuga-Barke et al.
(1992). The number of disadvantageous decisions
(choice for the small immediate reward) in both con-
ditions served as dependent variable.
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Table I. Sociodemographic and clinical data.

Diagnostic group

ADHD-OW- ADHD OW* ADHD*OW-  ADHD*OW* F(1,90)
(n=127) (n=21) (n=24) (n=122)
M (SD) M (SD) M (SD) M (SD) ADHD ow ADHD x OW
Age 10.25 (1.98) 10.58 (1.63) 10.73 (1.90) 10.92 (2.01) 1.12 0.45 0.03
1Q 106.70 (12.49)  103.95 (11.74)  103.75 (8.13)  100.41 (10.33) 2.09 1.84 0.02
SES 2.59 (0.80) 2.24 (0.83) 2.08 (1.06) 2.27 (0.94) 1.58 0.19 2.08
BMI 17.58 (2.71) 23.88 (2.69) 18.05 (2.35) 25.42 (3.37) 3.03 139.40" 0.86
BMI (SDS)  -0.10 (0.82) 1.74 (0.55) 0.07 (0.86) 1.95 (0.41) 1.80 164.51°*° 0.02
FBB-HKS® (n=27) (n = 20) (n=22) (n=21)
IN 4.96 (1.40) 4.75 (2.34) 7.46 (1.26) 7.10 (1.09) 52.70"** 0.74 0.05
HYP 4.15 (2.38) 3.95 (2.28) 6.59 (2.24) 6.81 (1.25) 35.06""* 0.00 0.22
IMP 4.04 (2.81) 455 (2.54) 7.05 (2.17) 7.86 (0.79) 43.34" 1.91 0.10
SUM 4.56 (1.70) 4.70 (1.87) 7.27 (1.20) 7.10 (0.89) 66.72"" 0.00 0.27

Note. n, number of subjects; ADHD", subjects without ADHD; ADHD™, subjects with ADHD; OW-, subjects without overweight; OW*,
subjects with overweight; SES, socioeconomic status; BMI, Body Mass Index; BMI (SDS), BDI z-score. FBB-HKS subscales: IN,
inattention; HYP, hyperactivity; IMP, impulsivity; SUM, sum score. ADHD, main effect of diagnostic group; OW, main effect of weight;
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ADHD OW, interaction effect between diagnostic group and weight. M, mean; SD, standard deviation.

'P<0.05; ““P<0.01; "“"P<0.001.
aStanine scores.

Statistical analyses

Data were analysed using SPSS version 17 (SPSS
Inc., Chicago, IL). Group comparisons for sociode-
mographic and clinical data were performed using
univariate analyses of variance (ANOVAs). Group
differences with regard to the eating behaviour
parameters were analysed using a 2 X 2 MANOVA
with diagnostic group (ADHD-, ADHD™) and
weight status (OW-, OW™) as between-subjects fac-
tors. For DA, repeated measures ANOVA was con-
ducted with the two reward conditions (sweets,
money) as within-subject factors and diagnostic
group and weight status as between-subjects factors.
In order to control for rebound effects in previously
medicated boys, all analyses were conducted with
medication (mg per kg body weight) as covariate.
Tests for significance were performed using Pillai’s
trace statistic. Significant main and interaction effects
were followed by univariate analyses of variance. The
significance level for all tests was P < 0.05. Partial
eta-squared (T\pz) is reported as a measure of effect
size.

Results
Eating behaviour

MANOVA revealed a global effect for diagnostic
group, F(7,83) = 2.45, P = 0.04, npz =0.16, and
weight status, F(7,83) = 2.14,P = O.OS,nPZ =0.15,
whereas the interaction effect was not signifi-
cant, F(7,83) = 0.44, P = 0.87, ns. The medication
effect was significant, F(7,83) = 2.76, P = 0.01,

n.2=0.19. With regard to group differences,
A%)HD* tended to show a higher amount of abso-
lute kcal eaten in the first half hour, F(1,89) = 3.08,
P = 0.08,and OW™ tended to show a higher amount
of overall kcal eaten, F(1,89) = 2.90, P = 0.09.
Post-hoc analyses revealed no significant between-
subjects effects for weight status (all Pvalues > 0.10).
Previous medication affected amount of overall kcal
eaten, F(1,89) = 7.19,P = 0.009,11pZ = (.08, absolute
amount of kcal eaten via snacks, F(1,89) = 15.00,
P <.001, n 2 = 0.14, and percentage of kcal eaten
via snacks, F(1,89) = 7.28, P = 0.008, npz = 0.08.

Delay aversion

Repeated measures analysis revealed a significant
within-subjects effect for task condition, F(1,89) =
5.85, P=0.02, 'npz = 0.06, all children displayed
more disadvantageous choices in the sweet condition
as compared to the monetary condition. Previous
medication affected the number of disadvantageous
reward choices, F(1,89) =4.12, P = 0.05, npz =
0.04. No further significant effects emerged (all
p’s >.10). Means and standard deviations with
regard to eating behaviour parameters and delay
choices are presented in Table II.

Association between eating behaviour, ADHD
symptoms, and delay aversion

Multiple linear regression analyses were carried out
to predict the amount of kcal eaten in the form of
snacks (supposed to measure uncontrolled eating
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Table II. Measures of eating behaviour and neuropsychological test performance.

Diagnostic group

ADHD OW- ADHD OW* ADHD" OW ADHD* OW* F(1,89)
(n=27) (n=21) (n=24) (n=22)
M (SD) M (SD) M (SD) M (SD) ADHD OW ADHD X OW
Eating behaviour
Overall kcal 1049.27 (439.98) 1253.70 (546.38) 1352.34 (548.41) 1497.59 (666.78) 1.27 2.906) 0.02
kcal 1st half 825.23 (278.30) 873.13 (381.03) 1019.36 (423.89) 1143.82 (550.96) 3.08G) 1.19 0.28
kcal 2nd half 223.67 (285.77) 364.42 (285.38) 329.65 (249.18) 373.13 (307.74) 0.01 2.83 0.57
% kcal 1st half 83.52 (17.84) 73.32 (18.90) 76.21 (16.51) 76.00 (19.99) 0.00 2.04 1.61
% kcal 2nd half 16.48 (17.84) 26.00 (18.24) 23.80 (16.51) 23.27 (19.37) 0.03 1.56 1.70
snack kcal 432.14 (405.17) 515.64 (412.28) 611.51 (482.76) 624.81 (581.73) 0.03 0.49 0.05
% snack 35.49 (27.21) 35.70 (23.44) 44.02 (26.87) 37.58 (26.95) 0.05 0.22 0.26
Delay Aversion Task
SDC sweets 7.22 (7.85) 8.95 (6.24) 10.92 (7.14) 11.14 (7.07) 0.81 0.60 0.18
SDC money 7.48 (8.52) 7:33:(7:57) 8.33 (8.17) 7.91 (7.72) 0.06 0.01 0.00

Note. ADHD, subjects without ADHD; ADHD * , subjects with ADHD; OW-, subjects without overweight; OW*, subjects with overweight;
overall kcal, overall amount of kcal eaten, kcal 1st half/kcal 2nd half, absolute amount of kcal eaten in the first/second half hour of the
meal; % kcal 1st half/% kcal 2nd half, percentage of kcal eaten in the first/second half hour of the meal; snack kcal, absolute amount of
kcal eaten via snacks; % snack, percentage of kcal eaten via snacks; SDC sweets, number of short delay choices in the “sweets”-condition;
SDC money, number of short delay choices in the “money”-condition; ADHD, main effect of diagnostic group; OW, main effect of weight;
ADHD X OW, interaction effect between diagnostic group and weight. M, mean; SD, standard deviation.

‘P <0.05; "P<0.01; " P<0.001.

behaviour) for ADHD™® and OW™. Predictor vari-
ables-which were included simultaneously in the
model-were ADHD symptom severity (FBB-HKS
inattention, hyperactivity, and impulsivity subscale
scores) and DA measures (number of disadvanta-
geous choices in the reward conditions). For ADHD ™,
medication was included as an additional regressor.
In ADHD", preference for immediately available
food was predicted by impulsivity, § = 0.35, 7 = 1.92,
P=0.06, and medication, B =0.31, T =221,
P=0.03 (adjusted R?>=0.30; F(6,36)=4.01,
P = 0.004), and in OW™, it was predicted by inat-
tention, = 0.50, T'= 2.23, P = 0.03, and number
of disadvantageous choices in the money condition,
B=0.41, T=1.84, P=0.07 (adjusted R? = 0.25;
F(5,35) = 3.64, P = 0.009).

Discussion

In the present study, we examined boys with ADHD
and boys with overweight in order to analyze possible
shared neuropsychopathological mechanisms of dis-
ordered eating behaviour, assuming common dys-
functions in the reward system. We found that
ADHD™ tended to show a higher amount of abso-
lute kcal eaten in the first half hour of a standardized
breakfast situation, whereas OW™* tended to show a
higher amount of overall kcal eaten. Thus, eating
habits may differ between ADHD* and OW™*, with
ADHD™ eating above the normal level particularly
at the beginning of a meal, and OW™ eating above

the normal level throughout the whole meal. Clearly,
these results have to be replicated in further studies
with larger sample sizes.

Looking at possible mechanisms underlying the
preference for immediately available food in particu-
lar, we found that in OW*, the amount of snacks
eaten was predicted by parental ratings of inattention
and neuropsychological measures of DA. The asso-
ciation between DA and increased snack consump-
tion is in line with previous research in adults (Davis
et al. 2006) and with children with loss of control
eating (Tanofsky-Kraff et al. 2009), and inattention
has recently been found to be associated with disor-
dered eating behaviour (Altfas 2002; Cortese et al.
2007). In line with this, Davis et al. (2006) specu-
lated that attention deficits might result in neglecting
internal signs of hunger or satiety. In contrast, the
amount of snacks eaten was predicted by impulsivity
in ADHD™. Thus, our results suggest differential
pathways to disordered eating behaviour in ADHD™*
and OW*, with a preference for immediacy resulting
from impulsivity in ADHD™, and from delay intoler-
ance and inattention symptoms in OW+.

In addition, we found that previous medication
history affected eating behaviour in terms of amount
of overall kcal eaten, absolute and relative amount of
kcal eaten via snacks (reflecting a preference for
immediately available food) and number of disadvan-
tageous choices in the reward conditions (reflecting
delay aversion). Furthermore, it predicted the prefer-
ence for immediately available food in ADHD™, sug-
gesting an influence of medication discontinuation
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on eating behaviour and delay tolerance which
deserves further systematic investigation (Martins
et al. 2004).

Our study was limited by the fact that the stan-
dardised eating procedure may have been somewhat
artificial for the children, and only one meal was
assessed. Future investigations should study eating
behaviour in a more natural setting over a longer
period of time in order to increase ecological validity
of the experimental situation. Second, eating behav-
iour was observed after a fasting period, so that all
children participated in a hungry state. It might be
that impulsivity and DA are more reliably investigated
after a standardised meal in a more satiated state.

Conclusions

Our results indicate a differential pattern of disor-
dered eating in subjects with ADHD* and OW™,
with first ones showing increased calorie intake at
the beginning of the meal, and the latter ones show-
ing increased calorie intake throughout the whole
meal. Likewise, preference for immediately avail-
able food was best predicted by impulsivity in
ADHD™" and by delay intolerance and inattention
symptoms in OW*. Thus, our results suggest dis-
tinct neuropsychopathological pathways to abnor-
mal eating behaviour in both disorders. This pattern
should be analyzed in larger studies, examining
drug-naive subjects with ADHD in order to exclude
rebound-effects. As disordered eating behaviour
seems to be differentially influenced by either inat-
tention or impulsivity, subjects with OW ¥, with and
without ADHD, might benefit more from special-
ised treatment programmes that aim at improving
attention functions while subjects with ADHD™
might benefit more from programmes that aim at
impulsivity.
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In this study, we examined the influence of both reward and penalty on delay decisions in subjects with
ADHD. Eighteen 6- to 13-year-old boys with ADHD (combined or hyperactive-impulsive subtype) along
with age- and IQ-matched control participants performed a memory game. If the children were
successful at the game, they could choose between a small immediate reward (one white chip in
exchange for 5 s of waiting) or a large delayed reward (two white chips in exchange for 60 s of waiting). If
they failed, they could choose between a large immediate penalty (two black chips in exchange for 5 s of
waiting) or a small delayed penalty (one black chip in exchange for 60 s of waiting). Subsequent to task
completion, white chips were exchanged for video time and black chips were exchanged with
completion of a written task. All of the participants, regardless of ADHD diagnosis, were motivated to
complete the task and chose the delayed alternative most often. We conclude that under highly moti-
vating conditions, children with ADHD are not more delay averse than children from the control group
with respect to anticipation of reward and penalty.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Parents of children with hyperactive and impulsive behavioral
problems often report excessive motor activity, elevated levels of
restlessness, and marked difficulty with waiting patiently. In
everyday life, such symptoms can cause difficulty in a variety of
situations: when doing homework for a less favored school subject,
when performing monotonous or perseverative tasks, when sitting
in a physician’s waiting room, or when standing in a supermarket
queue.

Sonuga-Barke, Taylor, Sembi, and Smith (1992) considered this
dysfunctional behavior to reflect a stronger than normal tendency
toward immediacy, which they termed delay aversion (DA). Origi-
nally, this term exclusively referred to the abnormal choice
behavior of children with ADHD in reward-related experimental
situations. It referred to the lack of willingness to wait a longer
period of time for a larger reward and to choose the immediate
small reward instead (Sonuga-Barke et al., 1992). According to the
dual-pathway model (Sonuga-Barke, 2002), DA is caused by

* Corresponding author. Tel.: —49 381 494 9690; fax: +49 381 494 9502.
E-mail address: ivo.marx@med.uni-rostock.de (L. Marx).

0005-7916/$ — see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jbtep.2011.05.005

motivational deviance in subjects with ADHD and is due to the
biological basis of the disorder. Alterations in the reward circuitry
encompassing the ventral striatum (especially the nucleus
accumbens), frontal regions (including the anterior cingulate and
orbitofrontal cortex), and amygdala result in a shortened delay
reward gradient. In other words, subjects with ADHD discount the
value of future events at a higher rate than control subjects, leading
to performance deficits based on the motivation to generate reward
as quickly as possible. Accordingly, Plichta et al. (2009) found that
adult subjects with ADHD were emotionally averse to the delayed
delivery of a monetary reward; the more the reward was delayed,
the more its value decayed, and the more the amygdala was
activated.

Some studies more strongly accentuate the aversiveness of the
delay experience and demonstrate that DA also occurs in experi-
mental settings that are not associated with reward but that
provide the opportunity to shorten the duration of the experiment
or at least the perceived passage of time (Antrop et al, 2006;
Sonuga-Barke, Williams, Hall, & Saxton, 1996). Furthermore, these
studies have shown that the abnormal tendency toward immediacy
normalized when delay throughout task completion was
unavoidable or if errors resulted in additional time on a task. Under
these circumstances, hyperactive children were able to withhold
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their decisions for as long as controls and to improve their task-
related performance (Antrop et al, 2006; Sonuga-Barke et al.,
1992, 1996).

Integrating the results reported above, the term DA denotes
a motivational tendency to avoid delays over time, with a prefer-
ence for the immediate delivery of consequences to reduce waiting.
This tendency is likely due to the perception in these children that
waiting time is loathed, presumably because stimulation is lacking
and/or because of the individual’s hypersensitivity toward highly
valued outcomes. According to this broader, contextual definition
of DA, task properties (e.g., delay length or the valence of the task
itself), conditional factors (e.g., the opportunity to influence
experimental duration or the opportunity to shorten the subjective
passage of time during delay periods by task-independent stimu-
lation), properties of the anticipated behavioral consequences (e.g.,
quality and magnitude of reinforcement) and interactions between
these factors may all be relevant for the manifestation of DA at the
behavioral level.

Whereas hypersensitivity to immediate reward has been
repeatedly demonstrated (Bitsakou, Psychogiou, Thompson, &
Sonuga-Barke, 2009; Marx et al., 2010; Sonuga-Barke et al., 1992),
the examination of punishment sensitivity in ADHD has been
restricted to response cost paradigms, and no study using different
aversive stimuli (e.g., aversive noise, aversive tasks) has been con-
ducted thus far. In a review on the impact of reinforcement
contingencies in ADHD, Luman, Oosterlaan, and Sergeant (2005)
found that reward and response cost improve task performance
and that this improving effect seems to be more prominent in
children with ADHD than in controls. However, response cost may
be perceived to be poorly reflective of a penalizing condition, as the
subject does not incur a net loss of belongings that he had before
the experiment. Findings from the psychophysiological literature
on reward and penalty feedback show decreased autonomic
responsiveness, especially to aversive events (Herpertz et al., 2003)
and, therefore, argue for physiological insensitivity in subjects with
ADHD to the delivery of penalty. In line with this, it has been shown
that control subjects show enhanced heart rate decelerations in
response to errors and feedback (Crone, Jennings, & Van der Molen,
2003, 2006; Somsen, Van der Molen, Jennings, & Van Beek, 2000)
and, even more noticeably, after error feedback than after positive
feedback (Crone, Jennings, & Van der Molen, 2004; Groen, Wijers,
Mulder, Minderaa, & Althaus, 2007), whereas subjects with ADHD
show reduced heart rate decelerations after errors, irrespective of
feedback quality (Crone et al, 2003; Groen, Mulder, Wijers,
Minderaa, & Althaus, 2009).

Much of the research conducted on increased reward sensitivity
and decreased penalty sensitivity in subjects with ADHD is in line
with (Quay’s inhibition model 1997). Quay argued that children
with ADHD have an underactive behavioral inhibition system (BIS),
which causes decreased behavioral inhibition in the face of
punishment and an overactive behavioral activation system (BAS),
resulting in increased approach behavior in the face of reward.
However, to date, there has been no experimental research
employing penalizing conditions apart from response cost para-
digms. Additionally, there has been no research on the response
behavior of subjects with ADHD under conditions of delayed
delivery of penalty. The aim of the present study was to examine
the delay-related response pattern of children with ADHD (both
combined and hyperactive/impulsive subtypes) in anticipation of
highly motivating, both positive and negative, behavioral conse-
quences. We hypothesize that children with ADHD rate reward
valence higher and penalty valence lower than controls due to
increased reward sensitivity and decreased penalty sensitivity, as
suggested by the research literature cited above. Moreover, we
hypothesize that when faced with highly valued rewards and

penalties that reflect those found in everyday life, all children,
regardless of ADHD status, will choose the delay condition more
frequently than the immediate condition with no differences
shown between reward and penalty.

It is well known from the scientific literature that 20%—70%
of the subjects that have been diagnosed with ADHD additionally
suffer from comorbid oppositional defiant disorder/conduct
disorder (ODD/CD), with a mean of approximately 50% across
studies (Biederman, Newcorn, & Sprich, 1991). Although the
majority of studies found DA to manifest itself independently from
comorbid ODD and CD symptoms in subjects with ADHD (Antrop
et al, 2006; Bitsakou et al., 2009; Marco et al, 2009; Solanto
et al., 2001; Wahlstedt, Thorell, & Bohlin, 2009), one study found
that group differences on the DA measure disappeared when
controlling for conduct problems. This finding suggests that
comorbid ODD/CD symptoms may account for a large proportion of
between-group variance in DA measures when comparing subjects
with and without ADHD (Kuntsi, Oosterlaan, & Stevenson, 2001).
Based on the studies cited above, we did not expect comorbid
symptoms of ODD and CD to be significantly associated with
increased levels of DA in subjects with ADHD.

2. Methods
2.1. Participants

In this study, we examined boys (6—13 years) diagnosed with
ADHD (either combined or hyperactive/impulsive subtype) in
addition to age- and IQ-matched controls. All of the patients had
been consecutively admitted to the inpatient or outpatient clinics of
the Department of Child and Adolescent Psychiatry, Rostock
University, Germany. Control subjects were recruited from primary
and secondary schools via announcements on notice boards with
no reference to the aim of the study.

For all children, diagnostic procedures included the German
version of the Kiddie-Sads-Present and Lifetime Version (K-SADS-
PL, Kaufman et al., 1997), which is a semi-structured interview to
assess lifetime and current psychiatric diagnoses based on DSM-IV
criteria. The diagnosis of ADHD was assessed by an independent
rater (a senior child and adolescent psychiatrist). For a diagnosis of
ADHD, children had to currently fulfill the relevant number of
diagnostic criteria, including those related to age of onset. To obtain
parental ratings of the children’s behavioral problems, the German
version of the Child Behavior Checklist (CBCL; Doepfner &
Lehmkuhl, 1998) was used. The severity of ADHD symptoms,
according to the DSM-IV subtype classification, was assessed by
means of the German Parental and Teacher Report on ADHD
symptoms (FBB-HKS; Doepfner & Lehmkuhl, 1998). ODD and CD
symptoms were recorded by means of the German Parental and
Teacher Report on disruptive behavior symptoms (FBB-SSV;
Doepfner & Lehmkuhl, 1998), using a four-point rating scale
(0 = not at all; 3 = very much). Exclusion criteria for all participants
included an IQ below 80, as measured by a German adaptation of
Cattell's Culture Fair Intelligence Tests that included two age-
related subscales (Weiss, 1998; Weiss & Osterland, 1997). Further-
more, to exclude psychiatric comorbidities (e.g., pervasive devel-
opmental disorder, psychosis, tics, obsessive-compulsive disorders,
language disorders, current anxiety or mood disorders, and
substance abuse disorders) and neurological disorders that might
significantly affect test performance, we conducted an extensive
neuropediatric physical exam and assessed psychiatric state using
the K-SADS interview. Although we are aware of the fact that ADHD
is accompanied by a high rate of comorbid disorders (Biederman
et al, 1993; Pliszka, 1998; Shekim, Asarnow, Hess, Zaucha, &
Wheeler, 1990; Spencer, Biederman, & Wilens, 1999; Steinhausen,
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Metzke, Meier, & Kannenberg, 1998), we excluded these comor-
bidities to attain ADHD-specific results.

The initial ADHD sample consisted of 28 boys. However, ten
boys were excluded from the study: four boys with a tentative
diagnosis of ADHD did not fulfill the relevant diagnostic criteria,
three boys fulfilled the criteria for the primarily inattentive
subtype, one boy suffered exclusively from ODD, and two boys were
diagnosed as having an autism spectrum disorder during the course
of their hospital stay. The final ADHD sample consisted of 18 boys
(16 combined, 2 primarily hyperactive/impulsive). Of them, 4 were
inpatients, and 14 were outpatients. Within this sample, three
children suffered from ODD, one from reactive attachment disorder,
and two from sibling rivalry disorder. Five children were drug-
naive, while the others had previously taken methylphenidate
(mean dosage was 28 mg, with a range of 20—40 mg) but had been
medication-free for a minimum of 72 h prior to testing.

A total of 23 control children were tested. Two children were
excluded because the manipulation check was not effective (see
below), and three more children were excluded due to the age- and
1Q-matching procedure. No psychiatric disorders were found
within the resulting control sample. ADHD subjects and controls
did not differ in terms of age or IQ. Significant group differences
were found for all CBCL and FBB-HKS subscales. Sample charac-
teristics are presented in Table 1.

2.2. Task and measures

2.2.1. Delay task

The experimental delay task was introduced to the children as
a memory game with motorcar playing cards. Twenty-four
masked playing cards (12 pairs of identical cards) were pre-
sented on the screen. Children were asked to turnover two cards
at a time via mouse click to find the matching pairs of cards.
Correctly identified pairs remained discovered on the screen, and
non-identical pairs were turned back over. If the children were
successful, they could choose between a small immediate reward
(one white chip in exchange for 5 s of waiting) and a large
delayed reward (two white chips in exchange for 60 s of waiting).
If they failed, they could choose between a large immediate
penalty (two black chips in exchange for 5 s of waiting) and

Table 1
Sample characteristics.

ADHD (N = 18) Controls (N=18) F1,34) p-

mean (SD) mean (SD) value
Age 9.16 (1.76) 9.61 (1.61) 0.63 043
Q 101.28 (8.51) 104.44 (12.35) 0.80 038
Child behavior checklist*
Withdrawn 59.72 (7.09) 53.67 (5.59) 8.09 0.007
Somatic complaints 57.94 (8.50) 51.72 (2.99) 8.59 0.006
Anxious/depressed 64.22 (9.05) 54.39 (6.02) 1473 0.001
Social problems 61.56 (11.19)  52.39 (3.40) 11.06  0.002
Thought problems 57.44 (9.21) 51.39 (4.46) 6.30 0.017
Attention problems 67.33 (9.00) 52.22 (4.08) 42.06 <0.001
Delinquent behavior 61.50 (8.45) 52.83 (4.95) 1409  0.001
Aggressive behavior 67.56 (9.59) 51.72 (3.27) 4399 <0.001
Internalizing problems  62.17 (10.85) 51.28 (7.78) 1197 0.001
Externalizing problems  65.72 (8.86) 46.22 (8.78) 4396 <0.001
FBB-HKS"
Attention problems 7.33(0.91) 3.94(1.47) 6898 <0.001
Hyperactivity 7.50 (1.15) 4,67 (0.91) 6730 <0.001
Impulsivity 8.11 (0.96) 4.94(1.16) 7924 <0.001
Note. N = Number of subjects. SD = Standard Deviation. FBB-
HKS = Fremdbeurteilungsbogen Hyperkinetische Stérung (Informant’'s Rating
Scale).
¢ T-Scores.

b Stanine Scores.

a small delayed penalty (one black chip in exchange for 60 s of
waiting). Their decision, i.e., the number of obtained chips, was
displayed on the screen for 2 s, and the experimenter immedi-
ately delivered the corresponding number of chips. The remain-
ing waiting time was displayed as a countdown on the bottom of
the screen. During the waiting period, the mouse pointer was
fixed to prevent children from playing with it. The next trial
started automatically after the waiting period was complete. The
task consisted of 20 trials, and after every five trials, the playing
cards were shuffled. Subsequent to task completion, the white
chips were exchanged with video time (1 min of a self-selected
cartoon per chip), and the black chips were exchanged for
completion of a written task (1 min per chip). The written task
consisted of the children searching through an interactive CD-
ROM and answering questions about bees and honey produc-
tion. The cartoons and the written task were introduced to the
children during the initial instructions, and thus, the children had
knowledge of them throughout the task-processing period. The
experimental procedure is displayed in Fig. 1.

To generate an equal number of reward and penalty decisions,
the likelihood of turning over two identical playing cards was set at
50%. The best strategy to optimize outcomes, i.e., to maximize
reward and minimize penalty, was to always choose the large delay.
By contrast, the best strategy to shorten experimental duration was
to always choose the short delay. The following variables served as
dependent measures: the number of decisions made for the more
delayed but larger reward, the number of decisions made for the
more delayed but smaller penalty, the point of turnover of the first
playing card relative to trial onset (RT1), and the point of turnover
of the second playing card relative to the point of turnover of the
first playing card (RT2).

2.2.2. Valence of reward and penalty/manipulation checks

To evaluate (1) whether the experimentally-induced rewards
and penalties were assessed as different from one another and (2)
whether children with ADHD are differentially motivated by
reward and penalty when compared with controls, the children
were asked how much they were looking forward to their preferred
video and to the written task. This was assessed on a seven-point
rating scale (1 = not at all; 7 = very much).

2.2.3. Questionnaire of Current Motivation

(QCM; Rheinberg, Vollmeyer, & Burns, 2001): The QCM was
designed to assess current motivational aspects regarding task
completion by means of four subscales (challenge, interest, prob-
ability of success, and apprehension of failure). As differences in
education history (subjects with ADHD more often attend special
schools, repeat grades, more often receive special educational
services and are less likely to graduate from school, Murphy,
Barkley, & Bush, 2002; Taanila, Hurtig, Miettunen, Ebeling, &
Mailanen, 2009), self-esteem, and control beliefs (subjects with
ADHD have a more external locus of control and suffer from lower
self-esteem, Carlson, Mann, & Alexander, 2000; Niederhofer, 2008;
Rucklidge, Brown, Crawford, & Kaplan, 2007) may differentially
affect task-related motivation in both experimental groups, the
QCM was considered to be a possible covariate of interest in the
present study in order to rule out motivational explanations other
than DA, which could cause group differences in experimental
choice behavior.

2.3. Procedure
The study was conducted in a quiet room with a sun-blinded

window; only the experimenter and child were present. Before
performing the delay task on the computer, the children were given
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Fig. 1. Task paradigm. The task consists of 20 trials. Success = identification of identical pairs. Failure = non-identification of identical pairs. Success is rewarded with one white chip
in exchange for 5 s of waiting and with two white chips in exchange for 60 s of waiting. Failure is penalized with one black chip in exchange for 60 s of waiting and with two black
chips in exchange for 5 s of waiting. Subsequent to task completion, white chips are exchanged with video time (1 min of a self-selected cartoon per chip), and the black chips are

exchanged for completion of a written task (1 min per chip).

comprehensive instructions and were asked to repeat the instruc-
tions using their own words. After this, the manipulation checks
were evaluated. The children were then asked to complete two
example trials with real playing cards, which were situated on the
table. The QCM was completed after these two trials. The experi-
menter read aloud and, if necessary, explained the items while the
children rated their judgments. Subsequently, the DA task was
performed on a Pentium 4 desktop computer with 2.4 GHz, 512 MB
RAM and a resolution of 1024 x 768 x 32 (100 Hz). The children
were asked to work in a quiet and concentrated way. The total
duration of testing was approximately 80 min. Both parents and
children were blind to the aims of the study but were debriefed
subsequent to task completion. Initially, they were told that they
would be participating in an assessment of memory processes. The
study was carried out in accordance with the latest version of the
Declaration of Helsinki. The protocol was reviewed and accepted by
the local ethics committee, and all parents gave their informed
consent. The families were compensated for their time and expense
with 10 Euros.

3. Results

The data were analyzed using the SPSS statistical package
(SPSS 17.0), and partial eta-squared (npz) is reported as
a measure of effect size. Post-hoc power analyses were per-
formed for the dependent variables using G*Power (Faul,
Erdfelder, Lang, & Buchner, 2007). To examine the potential
influence of ODD/CD symptoms on DA, all statistical models
were computed with and without FBB-SSV oppositional-
aggressive and dissocial-aggressive behavior subscale sum
scores as covariates. There were significant differences between
the experimental groups on both measures (ODD, controls:
M = 256, SD = 2.85; ODD, ADHD: M = 12.18, SD = 5.02;
Mann—Whitney U = 15.50, p < .001; CD, controls: M = 0.44,
SD = 0.98; CD, ADHD: M = 3.18, SD = 2.83; Mann—Whitney
U = 35.0, p < .001), but because the effects of ODD/CD were
not significant and did not significantly change the F-values in
our analyses, only the results without ODD/CD as covariates are
referred to.
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3.1. Task-related motivation

A one-factorial multivariate analysis of variance (MANOVA),
with the group as the between-subject factor and the QCM subscale
scores as the dependent variables, was conducted to explore
motivational group differences in task completion. QCM ratings
from one subject with ADHD were omitted due to his tendency to
answer all items with “completely appropriate.” Children with
ADHD and their matched controls did not differ significantly on any
of the QCM subscales, {4, 30) = 0.54, p = .71, ns. Therefore, QCM
scores were not entered as covariates into the statistical analyses.
The results are presented in Table 2.

3.2. Valence of the anticipated consequences

A repeated measures analysis of variance (ANOVA), with the
group as the between-subject factor and the valence ratings for the
video and the written task as dependent variables, revealed
a significant within-subject effect for valence, F(1, 34) = 132.79,
p <.001, n,,z = 0.80. The children rated the video considerably more
positively (M = 6.28, SD = 1.11) than the written task (M = 2.64,
SD = 1.52). The valence x group interaction was not significant, (1,
34) = 1.74, p = .20, ns. Post-hoc comparisons revealed no differ-
ences between ADHD and control children in the motivational
appeal of both reward, #(34) = —1.53, p = .14, ns, and penalty,
t(34) = 0.55, p = .59, ns.

3.3. Delay decisions

The response behavior in the memory task was analyzed using
a repeated measures ANOVA, with the group as the between-
subject factor and the number of choices for the more delayed
alternative (i.e., the larger reward or the smaller penalty) as
dependent variables. In general, all of the children tended to choose
the delayed reward more often than the delayed penalty, 1,
34) = 554, p = .02, npz = 0.14 (reward: M = 16.86, SD = 4.52;
penalty: M = 14.89, SD = 6.42). The group x interaction effect was
not significant, {1, 34) = 0.01, p = .92, ns. Post-hoc comparisons
revealed no differences between ADHD and control children in the
number of decisions made for the larger but more delayed reward,
t(34) = —0.25, p = .80, ns, and in the number of decisions made for
the smaller but more delayed penalty, t(34) = —0.26, p = .80, ns. In
both conditions, subjects with ADHD and participants in the control
group were more likely to choose the more delayed alternative,
either the larger reward or the smaller penalty, respectively.
Valence ratings and reward decisions are displayed in Fig. 2.

3.4. Reaction times

One-way ANOVAs with the group as the between-subject factor
and the reaction times (RT1, RT2) as the dependent variables were
conducted to explore speed differences in decision-making.
Subjects with ADHD and members of the control group did not

Table 2
Task-related motivation (QCM scores).

ADHD (N = 17) Controls (N = 18) F1,33) p-value

mean (SD) mean (SD)
Interest 4.82(1.49) 519 (1.17) 066 042
Challenge 5.40 (1.34) 5.28 (0.93) 010 076
Probability of success  5.44 (1.26) 5.83 (1.00) 1.04 032
Apprehension of failure 2.97 (1.46) 2.32(1.23) 2.00 0.17

Note. N = Number of subjects. SD = Standard Deviation. QCM = Questionnaire of
Current Motivation.

differ significantly in their decision times with regard to the first,
F(1,34) = 2.60, p = .12, ns, and second playing card, A1, 34) = 1.85,
= .18, ns. The reaction times are displayed in Fig. 3.

3.5. Power-analyses

Post-hoc power analyses were performed for between-subject
effects and within-subjects x group interactions with regard to
valence ratings and delay decisions, using a priori information from
DA research literature. Because several studies suggest medium
effect sizes concerning the delay-related response behavior in
children with ADHD, which range from d = 0.36—0.54 (Bitsakou
et al, 2009; Kuntsi et al., 2001; Marx et al., 2010), we chose an
estimated medium population effect size for the DA measures. As
the available literature did not provide effect sizes for valence
ratings, we decided to choose a medium effect size as well. Analyses
based on an estimated effect size of f = 0.25 revealed power values
of 1 — B = 0.56 (valence ratings) and 1 — B = 0.36 (delay decisions)
for between-subject effects and power values of 1 — B = 0.53
(valence ratings) and 1 — B = 0.93 (delay decisions) for with-
in—between interaction effects.

4. Discussion

In this study, using an everyday, life-like paradigm, we exam-
ined the influence of highly valued positive (reward) and negative
(penalty) contingencies on delay decisions in boys with ADHD
(combined and hyperactive-impulsive type). To our knowledge,
this is the first study to examine delay aversion with regard to
penalty and to objectively evaluate contingency valence. Moreover,
we implemented the longest delay intervals used in research
studies conducted to date.

We found that the entire sample evaluated the anticipated
reward significantly more positively than the anticipated penalty,
indicating that the experimental manipulation of reward contin-
gencies was effective. Based on our data, we could not accept the
primary hypothesis that children with ADHD value reward and
penalty differently from controls. However, this insignificant
finding needs to be considered in light of limited statistical power.
Irrespective of ADHD diagnosis, the children more often chose the
more delayed (i.e., reward-maximizing or penalty-minimizing)
alternative, with the larger reward being preferred over the
smaller penalty. In doing so, there were no differences in the point
of turnover of the first and the second playing card between the
two experimental groups, suggesting that children with ADHD did
not make impulsive decisions when compared with controls.
Importantly, the lack of differences in delay decisions between both
experimental groups cannot be attributed to differences in task-
related motivation or comorbid ODD.

We conclude that under highly motivating conditions, children
with ADHD are not more delay averse than children without ADHD
in anticipation of reward and penalty, despite their high impul-
siveness. This conclusion may be supported by a significant positive
correlation between large delay decisions with regard to reward
and penalty (r = 0.64, p < .01) which may suggest a tendency
towards an outcome-oriented (i.e. reward-maximizing and
penalty-minimizing) choice behavior under both conditions in all
subjects. Additionally, a lack of correlation between the reward and
penalty valence ratings (r = —0.04, ns) would be consistent with
the assumption that both contingencies reflect independent
constructs. However, these findings need replication in indepen-
dent studies for final interpretation.

The results of our study coincide with motivational theories
that assume that human behavior is not only motivated by the
approach of positive consequences but also by the avoidance of
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Fig. 2. Valence ratings for the anticipated consequences of delay decisions. Valence Score = subjective degree of liking, assessed on a seven-point rating scale. Number of delayed
choices in the winning and losing condition, i.e., number of decisions for the larger reward or the smaller penalty. *p < .05. **p < .01.

negative consequences (Elliot, 2006; Rheinberg, 2006; Steel &
Ko6nig, 2006). Studying DA in subjects who anticipate negative
behavioral consequences and, consequently, adding a dimension
of negative consequences to the DA model would provide a more
holistic view of the nature of human decision-making in delay-rich
settings. Our study represents a further step toward an extension
of the conditional factor side of the DA model. Until now, the DA
model was based upon research that examined choice behavior in
subjects with ADHD according to whether delay in delay-rich
settings can be avoided or not and, consequently, postulates
primary (more frequent choice of small immediate over large
delayed reward) and secondary (behaviors to speed up the
subjective passage of time) adaptive behaviors (Sonuga-Barke,
Wiersema, van der Merre, & Roeyers, 2010). However, it does not
explain why subjects actively decide to accept delay, as in the
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Fig. 3. Mean group reaction times for the point of turnover of the first (RT1) and the
second (RT2) playing card in milliseconds (ms). RT1 = point of turnover of the first
playing card relative to trial onset. RT2 = point of turnover of the second playing card
relative to the point of turnover of the first playing card. *p < .05. **p < .01.

present study, although the experimental paradigm allows for
avoiding delay. If being replicated using larger sample sizes and
systematically varying task and contingency valence, the results of
our study would suggest that individual choice behavior may not
only be affected by the task-inherent amount of delay but also by
conditional factors (e.g., task valence or the valence of the antici-
pated behavioral consequences).

Taking a broader view beyond task-related characteristics, more
complex interactions between the children’s, significant others’,
and environmental characteristics account for the development of
DA (Sonuga-Barke, 2005). For example, repetitive failure in the
mastery of delay-associated demands reduces the opportunity to
develop delay-related skills and strategies and elicits negative or
punitive responses from principal caregivers. For these reasons,
delay settings acquire negative connotations and elicit a negative
affective response from which the child with ADHD tries to escape.
Moreover, continuous negative parental responses place the child
at additional risk of developing oppositionality. On the other hand,
principal caregivers may comply with the child’s impulsiveness to
avoid permanent strain, maintaining the dysfunctional DA circuit.
Keeping in mind the influential role of parental behavior, DA theory
suggests that frequent and immediate reinforcement may be
effective in reducing DA and associated dysfunctional behavior in
children with ADHD (Sagvolden, Johansen, Aase, & Russell, 2005),
and it has been proposed to successively implement strategies that
may help the child to bridge even larger delays between behavior
and associated consequences. In this sense, delay fading (i.e., the
repeated presentation of predictable and rewarded delay of grad-
ually increasing size) may reduce DA by increasing sensitivity to
reinforcer amount and quality and thus may help the child to
develop self-control (Neef, Bicarc, & Endo, 2001; Sonuga-Barke,
2004). Linking our study results with DA theory, we suggest that
principal caregivers should provide highly valued behavioral
contingencies to motivate children to show adaptive behavior in
delay-rich settings and that, under these circumstances, immediate
reinforcement of appropriate behavior appears to not necessarily
always be required. Furthermore, the conclusion may be drawn that
additional effort on the part of children should be honored not only
by increased levels of reward, but also by decreased levels of
restrictive contingencies or aversive consequences.
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For future studies, the application of physiological measures (e.g.,
electrodermal response and functional magnetic imaging) could
help to clarify whether highly valued contingencies also account for
reduced perceived aversiveness in delay-rich situations on the
physiological level. In this context, it will also be important to
examine the relationship between the emotional appraisal of
a stimulus and the subjects’ individual response to its delayed
delivery. It has been demonstrated that subjects with ADHD respond
more aversively to delayed reward delivery in terms of increased
amygdala activation (Plichta et al., 2009), and that especially those
with high levels of hyperactive-impulsive symptoms seem to be less
emotionally reactive on the physiological level, especially with
regard to positive stimuli (Conzelmann et al., 2009; Herrmann et al.,
2009). Given these findings, one might assume that DA results from
a reduced emotional reactivity to - and accordingly from a reduced
motivational valence of - the anticipated reinforcers, which in turn
minimizes their willingness to hold out patiently throughout the
experimental procedure. The main motivation for the subject in this
case would be escape from boredom. However, because studies that
have been conducted so far largely neglected to evaluate group
differences in reward valence and to manipulate reward valence
systematically, it cannot be ruled out that DA in ADHD may also arise
from an increased motivational valence of the anticipated reinforcer.
The main motivation in this case would be to obtain a highly valued
reward as quickly as possible. It would be of great interest to address
this question in further studies. Importantly, one might assume that
both alternatives display a deficit in the regulation of upcoming
negative emotions associated with delay, and an emotion regulation
deficit is suggested by research that has been published recently
(Brotman et al., 2010; Passarotti, Sweeney, & Pavuluri, 2010).

As our contextual definition of DA includes conditional factors,
such as self-stimulation during the delay period, as a possible
mechanism for shortening the subjective passage of time, future
studies should monitor behavioral markers of increased physical
activity (e.g., playing with the computer mouse, humming, and
spinning in the chair) during task completion, especially changes in
activity during long delay periods. Antrop, Buysse, Roeyers, and van
Oost (2005) compared physical activity of children with and
without ADHD in the classroom, but they did not find a differential
increase in self-stimulation in subjects with ADHD in a waiting
situation compared with a non-waiting situation. However, their
study was limited by small sample size.

4.1. Limitations

In our study, we included only male subjects; thus, our results
cannot be generalized to female subjects with ADHD. Although the
exclusion of comorbid psychiatric disorders that may have affected
test performance resulted in a higher specificity of our findings, the
impact of these comorbidities on DA behavior will have to be
examined in future studies.

In addition, we examined boys with ADHD of the combined and
hyperactive-impulsive subtypes. These children are supposed to
show the largest deficits in affective reactivity and delay tolerance
due to an association between hyperactive-impulsive, but not
inattentive, symptoms and a reduced responsiveness to the reward
system (Conzelmann et al., 2009; Scheres, Milham, Knutson, &
Castellanos, 2007). Using highly motivating contingencies, as
measured by individual valence ratings, we did not find these
children to be more delay averse than controls. However, as reward
and penalty valence were not manipulated systematically, our
findings can only be traced back indirectly to the motivational
appeal of both contingencies. Future research should therefore
systematically examine the effect of contingency valence on delay
decisions in subjects with ADHD.

However, it is unlikely that the lack of significant group differ-
ences in our study depends on selection effects, in terms of low
symptom severity. Although the majority of participants with
ADHD were outpatients, the mean parental rating of hyperactivity
was in the 89th percentile (Stanine Score = 7.5), and the mean
parental rating of impulsivity was in the 94th percentile (Stanine
Score = 8.1) This finding is consistent with a symptom severity of
approximately +1.5 SD above the mean, which has been reported in
recent delay and reward research literature (Antrop et al., 2005;
Bitsakou et al., 2009; Carlson & Tamm, 2000; Kuntsi et al., 2001;
Luman et al, 2009; Scheres et al., 2006; Solanto et al., 2001).
Apart from hyperactive-impulsive symptom severity, direct
measures for increased levels of DA should be incorporated into
future studies (e.g., DA questionnaires) (Clare, Helps, & Sonuga-
Barke, 2010). As suggested by Kuntsi et al. (2001), an increased
level of comorbid ODD/CD may account for group differences in DA
measures in subjects with ADHD when compared with controls. In
our study, despite significant group differences in ODD/CD
symptom severity, the number of clinical ODD/CD cases was rather
underrepresented, as only three boys with ADHD (17%) suffered
from comorbid ODD, whereas mean comorbidity rates across
studies average about 50% (Biederman et al., 1991). For this reason,
underrepresentation of comorbid ODD/CD cannot be ruled out as
a possible explanation for the absence of impaired delay tolerance
in subjects with ADHD in our study.

In addition, our study was limited by the fact that the amount of
motivational stimulation, measured by valence ratings, was not
equal for the two contingencies due to the ethical considerations in
choosing a rather mild penalty. With a scale mean of 3.5, the reward
valence was stronger than the penalty valence, which may have
prompted children to choose the more delayed reward more often
compared to the more delayed penalty. Furthermore, task valence
was not systematically manipulated. Future research should
examine the combined effects of task and contingency valence on
delay decisions in subjects with ADHD, which could help to identify
more complex environmental conditions under which DA may be
reduced. For example, the arrangement of both educational and
therapeutic settings could be altered depending on whether a high
contingency valence is found to have an additional lowering effect
on the degree of DA, even when task valence is already high, or vice
versa. It should also be noted that in the present study, the prob-
ability to detect group differences was reduced due to limited
statistical power. The only test which was sufficiently powered was
the delay decisions x group interaction effect, incorporating group
differences in delayed reward and penalty preference. Therefore,
the results of our study should be replicated using larger sample
sizes that are based on a priori power analysis.

5. Conclusions

When faced with highly relevant positive and negative behav-
ioral contingencies, children with ADHD were not more delay
averse than controls. That is, children with ADHD were equally
interested in maximizing reward and minimizing penalty rather
than attempting to shorten the overall experimental duration. In
doing so, they were not more impulsive with respect to decision-
making time. We conclude that adding a dimension of negative
consequences to the DA model would provide a more holistic view
of the nature of human decision-making in delay-rich settings
because human behavior is not only motivated by the approach of
positive consequences but also by the avoidance of negative
consequences.

Highlighting the potential influence of conditional factors such as
task and contingency valence, the results of our study show a further
step toward an extension of the conditional factor side of the DA
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model to explain why subjects with ADHD, despite their high
impulsiveness, sometimes decide not to choose immediacy even
though the situational context provides the opportunity to do this.
Due to a lack of studies that measured and systematically
manipulated contingency valence, from our view, it is not suffi-
ciently assured if DA results from reduced emotional reagibility,
and accordingly from a reduced emotional valence of the antici-
pated reinforcer (aim: escape from boredom), or if it results from an
increased emotional valence of the anticipated reinforcer (aim: to
obtain a highly valued reward as fast as possible), or both. Taken
together, further research is needed to elucidate the influence of
task properties, conditional factors, properties of the anticipated
contingencies, and interaction effects on delay decisions in subjects
with ADHD, according to our contextual definition of DA. In this
regard, it will be informative to consider different levels of mani-
festation (i.e., behavioral, electrophysiological, and neurofunc-
tional), as the absence of DA at one level does not necessarily imply
its absence at another. In addition, more naturalistic designs with
a high ecological validity should be implemented, allowing
researchers to evaluate the external validity of the DA concept.
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Abstract

Objectives: Although it is well established that cognitive performance in children with attention-deficit/hyperactivity
disorder (ADHD) is affected by reward and that key deficits associated with the disorder may thereby be attenuated or even
compensated, this phenomenon in adults with ADHD has thus far not been addressed. Therefore, the aim of the present
study was to examine the motivating effect of financial reward on task performance in adults with ADHD by focusing on the
domains of executive functioning, attention, time perception, and delay aversion.

Methods: We examined male and female adults aged 18-40 years with ADHD (n =38) along with a matched control group
(n=40) using six well-established experimental paradigms.

Results: Impaired performance in the ADHD group was observed for stop-signal omission errors, n-back accuracy, reaction
time variability in the continuous performance task, and time reproduction accuracy, and reward normalized time
reproduction accuracy. Furthermore, when rewarded, subjects with ADHD exhibited longer reaction times and fewer false
positives in the continuous performance task, which suggests the use of strategies to prevent impulsivity errors.

Conclusions: Taken together, our results support the existence of both cognitive and motivational mechanisms for the
disorder, which is in line with current models of ADHD. Furthermore, our data suggest cognitive strategies of “stopping and
thinking” as a possible underlying mechanism for task improvement that seems to be mediated by reward, which highlights
the importance of the interaction between motivation and cognition in adult ADHD.
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Introduction

Attention-deficit/hyperactivity disorder is a multidimensional
disorder that is characterized by developmentally inappropriate
levels of activity, impulsivity, and inattentive behavior. ADHD
affects 5-10% of school-aged children [1] and remains prominent
in 3-5% of adults previously diagnosed with childhood ADHD
[2,3]. In recent years, causal models of ADHD shifted from
explaining the phenotype of the disorder according to single core
deficits [4,5] towards multiple-pathway approaches, and current
models also incorporate motivational/emotional pathways [6-9].
This development was stimulated by data that challenged the
opinion that ADHD is exclusively caused by deficits in executive
functions [4,5]. Thus it has been shown that measures of executive
functioning demonstrate only medium effect sizes and high intra-
group variability [10,11], and that executive dysfunctions are
linked dimensionally to inattention rather than to hyperactivity/
impulsivity [10,12-13], which suggests that especially those with
the inattentive subtype might be impaired. Additionally, the
discriminatory value of single tasks measuring executive functions
in differentiating between subjects with and without ADHD
appears to be minimal [10], and the correlations between

PLOS ONE | www.plosone.org

72

measures of executive functioning and ADHD symptoms are
nominal [14-15], which suggests that these measures cannot
completely account for ADHD symptom variability. Furthermore,
it has been shown that executive dysfunctions are not specific to
ADHD [16-17], and that non-executive domains are also
impaired in subjects with ADHD [18-21]. As measures of
cognitive functioning in the executive and non-executive domain
are uncorrelated but are both associated with ADHD symptoms,
which has been demonstrated particularly in the domain of
motivation/emotion [22-24], these measures permit for the
definition of distinct neuropsychological subgroups of patients
(executive deficit only, non-executive deficit only, combined
executive and non-executive deficits, and no impairment) [10].
One of the most influential models at present, the dual-pathway
model [9,25], specifies alterations in two pathways which cause the
disorder’s phenotype. The first pathway is a cognitive pathway and
involves alterations in the executive circuit. These executive circuit
alterations which comprise regions of the frontal cortex, especially
the dorsolateral prefrontal cortex, lead to executive dysfunction
and cause cognitive and behavioral dysregulation (e.g., poor
planning, ineffective behavior monitoring, and impaired emotion
regulation). Alterations in the second pathway, a motivational
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pathway, affect the reward circuit, which incorporates the
orbitofrontal cortex, anterior cingulate, nucleus accumbens, and
amygdala. These alterations lead to performance deficits in delay-
rich and potentially rewarding contexts. In particular, a shortened
delay reward gradient, i.e., an increased level of delayed reward
discounting, prompts the patient to attempt to avoid delay.
Depending on whether or not this opportunity is available, the
patient is led to make immediate choices or enact immediate
behaviors in an attempt to minimize the experience of delayed
results. Again, these behaviors constitute the symptoms of the
disorder; immediate choices confer impulsivity, acting on the
environment to provide stimulation creates hyperactivity, and
directing attention to task-irrelevant stimuli in the environment
manifests as inattention. This dysfunctional motivational style with
a higher-than-normal tendency toward immediacy is termed delay
aversion and has been demonstrated in both children [26,27] and
adults [28] with ADHD. The dual-pathway model suggests that
reward contingencies such as the proximity of the reward and
reward valence [29] may influence task performance by modu-
lating ADHD symptoms.

Another influential model, the cognitive-energetic model [8],
suggests that state factors such as activation (tonic physiological
readiness to respond) and arousal (phasic responses associated with
actual stimulus processing) influence individual task performance.
According to this model, effective cognitive functioning relies on
an optimal energetic state wherein arousal and activation are
optimally adjusted to actual task demands. When the adjustment is
suboptimal, i.e., when under- or overactivation occurs, perfor-
mance deficits are predicted to occur. Adjustments to the actual
task demands are provided by the ¢ffort pool, which increases or
decreases activation and arousal. In subjects with ADHD), deficient
functioning of the effort pool is assumed to cause energetic
maladjustment and, as a consequence, impaired task performance.
Support for the cognitive-energetic model has been largely derived
from the literature on event rate effects, i.e., the speed with which
stimuli are presented (for reviews, see [30,31]). Based on these
findings, it has been proposed that best performance will be
obtained at medium event rates. When the event rate is low,
patients with ADHD exhibit slow and inaccurate responses, and
when the event rate is high, patients exhibit fast and inaccurate
responses. However, only a few studies have tested this inverted U-
shaped performance pattern directly, and most of these studies
[31], though not all [32], seem to support model predictions,
especially for low event rates. Similarly, analyses of reaction time
variability in the frequency domain revealed a greater amplitude
for intra-individual reaction time fluctuations in low frequency
ranges (0.07 and 0.2 Hz) across different tasks in children with
ADHD compared with controls [33]. It has been argued that these
behavioral fluctuations may be related to fluctuations of (neuro)-
physiological processes [34-36].

Thus, the cognitive-energetic model describes  suboptimal
performance in ADHD as a response modulation deficit that is
triggered by contextual factors such as event rate. Because effort is
thought to be sensitive to motivation [30], reward constitutes a
further contextual factor that has the potential to improve task
performance by optimizing energetic states. In this sense,
experiments manipulating stimulus event rates and reward
conditions suggest that response time variability may be a key
target variable that is susceptible to reward. When reaction time
performance under low event rates was contrasted with that under
fast, incentivized conditions, a higher event rate in combination
with reward normalized the initially slower and more variable
reaction times in children with ADHD. This effect was caused by a
greater improvement in reaction time and a greater decrease in
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reaction time variability in the ADHD group compared with the
control group [37,38].

The dynamic developmental theory [7] explains altered
reinforcement mechanisms in ADHD. According to this model,
ADHD symptoms are caused by the hypofunctioning of the
dopaminergic system and the subsequent altered reinforcement of
novel behaviors and slower extinction of inadequate behaviors. As
a result, subjects with ADHD fail to develop adaptive behavior in
terms of long integrated behavioral chains and rather demonstrate
impulsive, disorganized and highly variable behaviors that
comprise the ADHD phenotype. Consistent with the dual pathway
model [25], altered reinforcement mechanisms are described in
terms of a steeper and shorter delay-of-reinforcement gradient. As
a result, the time available for associating behavior with its
consequences is shorter in ADHD than in normal children, and
reinforcers (consequences) outside this narrow time window will
not be effective. With regard to the delivery of the reward, the
model suggests that reinforcement has to be delivered immediately
and frequently to be effective.

With regard to the potential effects that reward may have on
performance according to the above-mentioned models, the dual
pathway model [25] and the dynamic developmental theory [7]
predict that subjects with ADHD will perform best under
immediate and frequent reinforcement [39-41], with frequency
being more relevant than magnitude [42]. The cognitive-energetic
model, in contrast, assumes an inverted U-shaped function rather
than a linear function. Thus, the cognitive-energetic model
predicts the best performance when contextual factors, such as
reward frequency, reward magnitude, or task-associated delay, are
of medium strength, thereby promoting an optimal energetic state
[8,42]. Despite these differences in detail, however, all three
models exhibit motivational pathways for ADHD, assuming that
subjects with ADHD will benefit from rewarding conditions.

Thus, if motivational factors significantly affect task perfor-
mance in subjects with ADHD, subjects with ADHD should
exhibit cognitive deficits in the absence of motivational stimulation
compared with controls, and motivational stimulation should
improve the task performance of ADHD patients. Therefore, the
lack of improvement would suggest a “pure” cognitive deficit,
partial improvement would be expected for a combined motiva-
tional and cognitive deficit, and compensation of performance
deficits would demonstrate a ““pure” motivational deficit.

Cognitive Dysfunction Profile in Adult ADHD

Inhibition. The ability to inhibit prepotent motor responses
has been argued to be one of the core deficits in ADHD [43]. One
of the most widely used tasks to examine inhibitory control in
patients with ADHD is the stop-signal task [44], which requires
the patient to respond as quickly as possible to a target stimulus
but to withhold the response when a stop signal is presented in a
varying time interval shortly after the presentation of the target
stimulus. Measurements derived from this task include the reaction
time to the target stimulus in trials where no stopping is required
(RT), the reaction time variability (SDRT) in those trials, the stop-
signal reaction time (SSRT) (ie., the time needed to stop the
initiated motor response), and the SSR'T" relative to RT as an
indicator of an abnormally prolonged stopping process. Measures
of accuracy are also examined, including the number or
proportion of successful inhibitions and omission errors. These
measures are explained in more detail in Logan [44] and
Verbruggen & Logan [45]. Meta-analyses indicate a slower RT
and higher SDRT as well as prolonged SSRT in children with
ADHD [16,46], with no abnormalities observed for SSRT relative
to RT. In contrast, adults with ADHD were not observed to have
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longer RT, but they exhibited higher SDRT and prolonged SSR'T
as well as abnormally prolonged SSR'T relative to R'T" [46]. Based
on their meta-analytical findings [46], the authors therefore
assume that in children, impaired stop-signal task performance
may primarily be based on attention deficits (slow and variable
responding, slow stopping), whereas the inhibitory deficit itself
may be more prevalent in adults with ADHD (no effect on RT but
disproportionally elongated SSRT relative to R'T). Another meta-
analysis [19] and further studies [47,48] observed SSRT to be
prolonged in adult ADHD as well. By contrast, the evidence for
RT differences appears to be inconclusive, as it supports slower
[47,48], equal [46], and faster RT" [19]. In addition to differences
in the speed components of the stop-signal task, analyses of
accuracy measurements suggest that children with ADHD are
impaired in the probability of inhibition [16], whereas adults do
not seem to exhibit impaired performance accuracy in terms of the
number or proportion of successful inhibitions [47,49-52] but
seem to commit more omission errors than controls [47].

Working memory. The term working memory refers to a
temporally and quantitatively limited storage mechanism in which
information is actively processed (i.e., stored, monitored and
manipulated) to provide complex goal-directed behavior. In adults
with  ADHD, meta-analyses have revealed working memory
deficits [18,20] that seem to be more distinct in the spatial than
in the verbal domain [11]. A spatial working memory task that
captures increasing attention in adult ADHD research is the n-
back task. Subjects are shown, in quick succession, sequences of
visual stimuli and asked to decide whether the displayed stimulus
matches the one that was presented n positions before, with task
difficulty varying as a function of n. Measurements that can be
derived from this task include RT, SDRT, and performance
accuracy, which can be a single measurement (e.g., true positives
or “hits”; false positives or “false alarms”) or a composite
measurement (e.g., discriminability score d’ that takes both hits
and false alarms into account). Using the n-back task, two studies
found performance accuracy to be unimpaired in adults with
ADHD [28,53], and one study found performance accuracy to be
impaired in adults with ADHD [48]. Although the RT for
correctly identified targets did not differ between experimental
groups in the study by Marx et al. [28], the overall RT was
prolonged in the study by Bayerl et al. [54]. One of the studies
cited did not report measurements of performance accuracy [54],
and two studies did not analyze the R'T [48,53]. To the best of our
knowledge, no studies to date have analyzed SDR'T.

Sustained attention. The term sustained attention denotes
the maintenance of attention allocation over a longer period of
time. One of the most typically applied tasks in the domain of
sustained attention is the continuous performance task (CPT),
which requires the patient to detect a target sequence that is
embedded in randomly presented visual stimuli. Variables of
interest include measurements of performance accuracy, omission
errors, RT, and SDRT. Four meta-analyses addressed CPT
performance in adults with ADHD and consistently found that
subjects with ADHD performed less accurately and exhibited a
higher number of omission errors and higher SDRT, whereas no
RT differences were observed between the groups [11,18,19,21].
Omission errors occurred more often when the frequency of target
stimuli was low [19].

Time Discrimination. Time discrimination tasks evaluate
the ability of a patient to discriminate between stimuli that differ in
their presentation time for only several milliseconds. Dependent
variables of interest include the performance quality (i.e., the
number of correct decisions in choice paradigms; the sensitivity
threshold in adaptive paradigms, i.e., the point at which a subject
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fails to discriminate the presentation time of both stimuli
adequately and reports them as equal), and the time needed to
make a decision. Discriminatory deficits have been consistently
observed in children and adolescents with ADHD [28,55-57], as
well as in adults with ADHD [28,57]. Valko et al. [57] observed a
differential pattern of task processing in children and adults with
ADHD. Although children did not differ from controls with regard
to decision time but made fewer correct decisions, adults were
slower than controls but performed equally well. This behavior
could reflect strategy use; adults took more time than children to
make a decision, thereby resulting in a better performance quality.

Time Reproduction. In this type of task, stimuli are
presented for a defined time interval (usually in the range of 2 to
60 seconds), and participants have to infer the duration of stimulus
presentation and indicate this time interval by pressing a button.
Absolute discrepancy scores (i.e., the absolute value of the
deviation between the specified and the produced time interval),
which reflect the overall magnitude of error regardless of its
direction, and accuracy coeflicient scores (i.c., the produced time
interval divided by the specified time interval), which reflect the
under- and over-reproductions, are used as dependent variables.
Compared with controls, children and adolescents with ADHD
seem to overestimate short time intervals and underestimate long
time intervals [28,57-59]. They also appear to reproduce larger
discrepancies with increasing interval length [60,61], which results
in higher absolute discrepancy scores. Thus far, only two studies
have examined time reproduction in adults with ADHD. Marx et
al. [28] determined that children, adolescents and adults with
ADHD exhibit higher absolute discrepancy scores compared with
controls and produce larger discrepancies with increasing interval
lengths. Notably, the latter finding was attributed to the
underestimation of long time intervals by ADHD adolescents
and adults but not children with ADHD. Similarly, Valko et al.
[57], using a time reproduction task with short time sequences (up
to 8 seconds), observed decreased accuracy coeflicient scores and
higher reproduction variability in children and adults with
ADHD.

Delay Aversion. As outlined above, the term delay aversion
denotes a motivational tendency to avoid delays over time, with a
preference for the immediate delivery of consequences to reduce
waiting. The Choice Delay Task [22] and its variants were used in
most of the studies conducted thus far. Using the Choice Delay
Task, several studies have demonstrated that children and
adolescents with ADHD choose small, immediate rewards more
often than large, delayed rewards [22,26-28,62-70], but only one
study thus far has demonstrated impairment in adult ADHD [28].
Recently, Miiller et al. [71] presented a game-like paradigm that
we adopted for our study and that, to the best of our knowledge,
has not yet been established in adult ADHD research.

To summarize, the inhibitory deficit in adults with ADHD
appears to be most prominent in terms of an abnormally
prolonged stopping process, and sustained attention appears to
be most affected in terms of impaired performance accuracy.
Furthermore, both domains are characterized by increased
reaction time variability, whereas reaction time itsell appears
largely unaffected. For the remaining domains in focus, the body
of literature is less substantial. Research on working memory
performance using the n-back task is deficient in the fact that most
studies report measures of either performance accuracy or speed,
complicating the interpretation of heterogeneous findings; how-
ever, both speed and accuracy measures were found to be
impaired. In time discrimination tasks, adults with ADHD appear
to perform less accurate but performance strategies of slowing
might help the subjects to overcome their deficits, and in time
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reproduction tasks, they seem to underreproduce especially long
time intervals which results in decreased reproduction accuracy.
Furthermore, adults with ADHD seem to prefer small immediate
over large delayed rewards.

Experimental Findings on Rewarded Task Performance in
ADHD

Although there are no pre-data on rewarded task performance
in adults with ADHD, a performance-enhancing eflect of reward
contingencies has been found in studies in children and
adolescents with ADHD (see Table 1). Summarizing the literature
available, the implementation of reward seems to improve the
performance in children with ADHD and in controls largely to the
same extent. This has been demonstrated most consistently in
terms of decreased SSRTs in the stop signal task [72-75] and was
also found for CPT perceptual sensitivity which improved in the
reward conditions [77], as well as for stop-signal R'T [73], stop-
signal SDR'T [74] and time reproduction error [58] which
decreased in the reward conditions. Group x condition interac-
tions were observed for SSRT and RT in the stop-signal task
[72,73] and for absolute discrepancy scores in time reproduction
[58], which indicates that children with ADHD benefited from
rewards to a greater degree than controls and even equaled the
performance of controls with regard to SSRT [72].

Delay aversion has extensively been examined within reward
paradigms, but no study thus far has compared rewarded and non-
rewarded conditions directly. Studies in which children received
physical rewards (e.g., small gifts, sweets, and money)
[22,26,27,62-64,66-69] and studies in which only reward
feedback was given or the type of reward was not specified
[28,65,68,70] predominantly report a preference for small,
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immediate rewards over large, delayed rewards in children with
ADHD, and only four studies observed no group differences
between children with ADHD and controls [29,79-81]. No
published study to date has examined the influence of rewards on
working memory and time discrimination in ADHD. Because
these domains reflect key domains that are affected in individuals
with ADHD and contain target variables known to be susceptible
to reward (RT, SDRT, and performance accuracy), they were
included in the present study.

Taken together, several studies on the influence of reward
contingencies on cognitive task performance in children and
adolescents with ADHD are available, and these studies suggest
that parameters of response speed and homogeneity [37,38,72-76]
and parameters of performance quality [58,77,78] may be
influenced by incentives. However, the whole range of key
cognitive domains affected in ADHD has not yet been examined
for susceptibility to rewards. Furthermore, most of the studies
conducted used only one or two tasks rather than a range of tasks
and, in doing so, varied in the complexity of the dependent
variables that were examined, which makes it difficult to analyze
complex performance patterns that incorporate measurements of
speed, homogeneity, and accuracy within a sample of affected
subjects across different domains. Furthermore, no published study
has examined the influence of reward contingencies on cognitive
task performance in adults with ADHD. Given the neuroanatom-
ical [82] and neurofunctional alterations in the reward system in
children [78,83] and adults [84,85] with ADHD that point to an
increased sensitivity to reward and decreased activity of regulatory
mechanisms during rewarded task performance and in response to
the receipt of anticipated reward, we expect an increased
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Table 1. Rewarded Task Performance in Children and Adolescents with ADHD'".
Number of Group x Condition Interaction
Paradigm Studies Reward Type Main Effect of Group Main Effect of Condition Effect
SST n=57279  reward 7274 SSRT analyzed in 5/5 studies 7279
response cost 7>’ ADHD>CON [7%7+7¢] no reward > reward 727 subjects with ADHD improved more
strongly than controls and
normalized in the reward condition
721
RT analyzed in 3/5 studies 72747
ADHD<CON [ no reward < reward 7% subjects with ADHD slowed down
more strongly than controls in the
reward condition 7%
SDRT analyzed in 3/5 studies 7374761
ADHD>CON [7*7476] no reward > reward 74 -
CPT n=2778  reward 7778 d’ analyzed in 1/2 studies 77!
ADHD<CON ["”! no reward < reward 77} -
OF analyzed in 1/2 studies 7®
ADHD>CON ["® = =
Time n=108 reward ERR
Reproduction
ADHD>>CON - subjects with ADHD improved more
strongly than controls in the reward
condition
*Studies are cited which (1) included a control group, (2) contrasted reward and non-reward conditions, (3) used real rewards in terms of money or small gifts, and (4)
discontinued medication in the ADHD group.
SST, stop-signal task; CPT, continuous performance task. SSRT, stop-signal reaction time; RT, reaction time in the “go”-trials; SDRT, standard deviation of reaction time in
the “go”-trials; d’, performance accuracy; OE, omission errors; ERR, absolute value of the deviation between specified and produced time interval in milliseconds.
doi:10.1371/journal.pone.0067002.t001
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susceptibility to rewards to be a common characteristic indepen-
dent of age.

The aim of the current study was (1) to identify core cognitive
deficits in adult ADHD that have been repeatedly reported in
children and adolescents with ADHD and (2) to use well-
established paradigms for these domains to examine the influence
of financial reward contingencies as potentially motivating factors
for relevant performance parameters in adults with ADHD. We
followed a task-oriented approach, which allowed the direct
comparison of rewarded task performance patterns in children and
adults with ADHD. Simultaneously, implementing a substantial
number of tasks across several key domains of cognitive
functioning allowed us to follow a parameter-oriented approach;
we were able to determine which task parameters are the most
susceptible to motivational incentives across domains. With regard
to the dependent variables, we therefore considered a holistic
approach and incorporated parameters of accuracy, speed, and
reaction time variability. We are convinced that this approach best
reflects the possible patterns of task performance (e.g., performing
a task in a very fast and error-prone manner), as well as the
possible changes in task performance strategies that may be
induced by incentives (e.g., working more slowly and thus
committing fewer errors). Based on the literature described above,
the cognitive domains of interest for this study incorporate
executive functioning (inhibition and working memory), attention
(sustained attention), time perception (time discrimination and
time reproduction), and delay aversion.

We hypothesized that subjects with ADHD in the non-rewarded
condition would exhibit deficits in all cognitive domains examined
and that they would demonstrate improved stop-signal task
performance, CPT performance, and time reproduction perfor-
mance in anticipation of a reward. Because group x condition
interaction effects have been demonstrated for stop-signal task
parameters and time reproduction parameters as outlined above,
thus demonstrating that children with ADHD benefit more from
rewards than controls, we anticipated that the performance
improvements would be most pronounced for the stop-signal task
and the time reproduction task. To the best of our knowledge, no
study thus far has examined the influence of reward on working
memory, time discrimination and delay aversion, but we anticipate
the performance-improving effect of rewards to be present in these
tasks as well.

Methods

Participants

We examined males and females with ADHD who were aged
18-40 years, together with gender-, age-, and IQ-matched
controls. Patients were recruited from the ADHD outpatient
service of the Department of Psychiatry and Psychotherapy,
University of Rostock. Patients were screened for exclusion criteria
by telephone before being invited to participate in the study. The
detailed diagnostic procedure included German versions of the
Barkley Interview [86], the Wender-Reimherr Interview [87], and
German versions of the following questionnaires: a short version of
the Wender Utah Rating Scale (WURS-k) [88], which was used to
quantify ADHD symptoms in childhood; the Conners’ Adult
ADHD Rating Scales (CAARS-S:I)) [89] and a short self-rating
questionnaire based on the DSM-IV criteria (ADHS-SB) [90],
which were used to assess current ADHD symptoms; and the
Barratt Impulsiveness Scale (BIS-10) [91]. Adults also underwent
extensive psychiatric examination using the SCID-I and II and a
short version of the German Wechsler Adult Intelligence Scale -
Revised (HAWIE-R) [92]. ADHD diagnoses, which were assigned
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by a senior clinical psychiatrist, included the following criteri,
WURS-k sum score =30 points [93], an age- and gender-adjusted
total ADHD symptom subscale score =1.5 SD above the mean in
the CAARS-S:L, substantial impairment in more than one setting,
and clinically relevant psychological strain. University hospital
employees and students who were personally contacted or
recruited via announcements in the university hospital served as
controls. Controls underwent the same diagnostic procedure as
subjects with  ADHD. Exclusion criteria for all participants
included 1Q=85, neurological or endocrine disorders known to
affect brain function, a previous head injury, a current mental
disorder (schizophrenia, depression, anxiety disorder, and sub-
stance abuse or dependency) and borderline personality disorder
(BPD).

Fifty-one subjects with a clinical diagnosis of ADHD and 43
controls were screened for participation in the study. According to
the exclusion criteria, eight subjects with borderline personality
disorder, one subject with epilepsy and tic disorder, and four
subjects with subclinical symptom severity were excluded from the
ADHD group. From the control group, one subject with epilepsy
was excluded, and two additional subjects were excluded as a
result of the age- and IQ-matching procedure. The final sample
consisted of 38 subjects with ADHD (22 males, 16 females) and 40
controls (19 males, 21 females). With respect to ADHD subtypes,
30 subjects met the criteria for the combined subtype, seven
subjects were primarily inattentive, and one subject was primarily
hyperactive-impulsive. Eighteen ADHD subjects were drug-naive;
the others had previously taken methylphenidate but were free of
any medication for a minimum of 72 h prior to testing. Within the
ADHD group, the following comorbidities were present: two
subjects with recurrent depressive disorders, currently remitted;
one subject with an adjustment disorder; two subjects with a binge-
cating disorder; and nine subjects with personality disorders
(except for BPD). Within the control group, no psychiatric or
personality disorders were observed. Subjects with ADHD were
older but did not differ from the controls in terms of 1Q). It should
be noted that the relatively high 1Q) values could have resulted
from the use of the short version of the WAIS, which utilizes
relatively old German norms. We did not examine a group of only
well-educated subjects; rather, educational and occupational levels
were mixed in both experimental groups. Basic demographic and
clinical sample characteristics are provided in Table 2.

All subjects were randomly assigned to the reward conditions
(no performance-associated reward; performance-associated re-
ward). Gender was equally distributed in the resulting four
experimental groups, 1~ = 1.09, p=.78, ns (ADHD, non-reward
condition: 11 males, 7 females; ADHD, reward condition: 11
males, 9 females; controls, non-reward condition: 9 males, 11
females; controls, reward-condition: 10 males, 10 females). The
ADHD subtype distribution and medication status was as follows:
ADHD, non-reward condition: 13 combined, 4 inattentive, 1
hyperactive-impulsive, and 11 drug-naive; ADHD, reward condi-
tion: 17 combined, 3 inattentive, and 7 drug-naive.

ca

Tasks and Measures

Stop-Signal Task. The stop-signal task was designed based
on the task of Carter et al. [94], although we used arrows as
stimuli. The task consisted of 456 randomly presented arrows
pointing to the left or to the right. In 160 of these trials, we
presented stop signals subsequent to arrow presentation that
occurred at four different proportions of “go”-RT (20%: 16
arrows; 40%: 64 arrows; 60%: 64 arrows; 80%: 16 arrows). As
described in Carter et al. [94], the stop-signal task was preceded by
a choice reaction time task consisting of 60 arrows (30 pointing to
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Table 2. Sample Characteristics.

Reward and Cognition in Adult ADHD

Diagnostic Group
ADHD R— ADHD R+ CON R— CON R+ Diag ic GroupR d X Reward
M (SD) M (SD) M (SD) M (SD)
(n=18) (n=20) (n=20) (n=20) F(1, 74)
Age 27.72 (6.21) 2931 (6.58) 24.75 (3.63) 25.13 (5.43) 8.06** 0.61 0.23
Q 12333 (16.82) 128.10 (17.29) 127.65 (12.33) 125.45 (15.28) 0.06 0.13 0.98
CAARS-S:L (n=16) (n=19) (n=20) (n=20) F(1, 71)
IN 93.72 (11.50) 92.95 (21.72) 36.44 (32.77) 43.23 (28.90) 80.81%** 0.26 0.40
HI 83.16 (17.04) 75.38 (33.96) 26.42 (28.42) 24.85 (26.41) 70.71%%* 0.54 0.24
TOT 93.93 (8.51) 89.99 (24.01) 26.27 (28.13) 28.57 (28.58) 130.89*** 0.02 0.31
ADHS-SB (n=20) (n=20) (n=18) (n=20) F(1, 74)
IN 5.33 (2.20) 5.90 (2.86) 0.70 (2.03) 0.40 (0.75) 113.32%* 0.08 0.83
HI 4.17 (2.55) 5.25 (3.63) 0.80 (1.91) 0.85 (1.18) 47 .62%** 1.01 0.84

doi:10.1371/journal.pone.0067002.t002

the left and 30 pointing to the right) that was used to compute the
individual reaction times as an initial value for the first stop-signal
task block. The following variables served as dependent measures:
SSRT, median reaction time (MDRT), SDRT in the go-trials,
number of correct inhibitions, and omission errors. For a detailed
description of the task and measures, sce Carter et al. [94].

N-back Task. Altogether, 12 n-back blocks (six 1-back, six 2-
back) were randomly presented. Each block contained 14 letters (4
targets, 10 distractors) and was preceded by the numbers “1” or
“2”, which indicated the respective n-back condition. The trial
length was 3,000 ms. After 1,250 ms had elapsed, the n-back letter
was presented for 500 ms. Consequently, subjects had a time
window of 1,750 ms to respond. All subjects performed two 1-back
and two 2-back practice trials prior to the task. The reaction time
for correctly identified targets (RT) and performance accuracy (d’)
served as  dependent variables. Performance
analyzed based on signal detection theory, in which individual
discrimination indices were calculated as follows: [d" = z (hits/
number of targets) — z (false alarms/number of distractors)|.

Continuous Performance Task (CPT). In this task, 525
letters are randomly presented on the screen, and the participants
have to press the left mouse button as fast as possible if the letter
“X” appears subsequent to the letter “A”. The task comprised 52
target-sequences (“A-X") and 20 “A” without “X” to measure
omission errors. Each letter was presented for 250 ms, and the
inter-stimulus interval was 1,500 ms. The task was preceded by a
practice trial that contained 30 letters and three targets. False
positives (FP), omission errors, MDRT for correctly identified
targets and SDRT served as dependent variables.

Time Discrimination Task. Participants were shown a red
circle and a green circle in quick succession that barely differed in
presentation duration. The participants were then required to
decide which of the circles was presented for a longer duration.
One of the circles was always presented for 1,000 ms; the other
circle was initially presented for 1,300 ms. Correct answers were
followed by a 15-ms reduction in the presentation duration,
whereas incorrect answers were followed by an increase of 15 ms.
For task details, see Smith et al. [56]. The sensitivity threshold
served as a dependent variable.

accuracy was
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ADHD, ADHD group; CON, control group; R—, no financial reward; R+, financial reward. Diagnosis, main effect of diagnostic group; Reward, main effect of reward
condition; Diagnosis x Reward, interaction effect of diagnostic group and reward condition. n, number of subjects; M, median; SD, standard deviation; F, F-values.
CAARS-S:L subscales (PR): IN, DSM-IV Inattentive Symptoms; Hl, DSM-IV Hyperactive-Impulsive Symptoms; TOT, DSM-IV Total ADHD Symptoms. ADHS-SB subscales: IN,
number of fulfilled criteria for inattention (DSM-IV); HI, number of fulfilled criteria for hyperactivity/impulsivity (DSM-IV). *p<<0.05; **p<0.01; ***p<0.001.

Time Reproduction Task. The ability to estimate a several-
second interval of time was assessed using a time reproduction
paradigm [95]. Subjects observed yellow smiley faces on the screen
for a certain time interval (2, 6, 12, 24, 36, 48 or 60 s). They then
had to infer the duration for which the smiley face was presented
on the screen and were asked to press the left mouse button to
indicate this time interval. During the button press phase, a green
smiley face was displayed on the screen. In the inference and
production phases, subjects were explicitly instructed to count the
seconds non-verbally. The time intervals were presented twice, in
two successive blocks, and their order was randomized within the
blocks. The presentation of the smiley face was signaled by a 3-s
countdown. Absolute discrepancy scores and accuracy coeflicient
scores were computed as dependent variables. With regard to
accuracy coeflicient scores, a score higher than 1.00 indicated
over-reproduction, and a score lower than 1.00 indicated under-
reproduction.

Delay Aversion Task. The applied delay aversion task was a
modified version of the continuous delay aversion test introduced
by Miiller et al. [71]. In each of 22 subsequent trials, subjects were
presented with a donkey whose mouth deposited gold into a
basket. The amount of gold being delivered decreased over the
course of the trial, and after 60 s, the distribution of earnings
stopped, but waiting time was still registered. The trial duration
was non-limited, and subjects decided at the push of a button
when to complete the ongoing trial and obtain the next donkey.
The subjects were instructed to collect as much gold as desired.
Each trial was followed by a feedback trial that informed the
subject of the number of trials remaining. For a more detailed task
description, see Miiller et al. [71]. The mean trial duration in
seconds in the first and the second half of the experiment was used
as the dependent variable. Subjects with ADHD have been
demonstrated to avoid delay more strongly than controls if the
experimental trial duration is not fixed, and ADHD subjects are
not more delay-averse under conditions where the trial duration is
fixed. However, it is unknown how an unavoidable preceding
delay affects subsequent delay-related decisions in subjects with
ADHD. For this reason, we manipulated the feedback trial length
(7 feedback trials with a duration of 3, 15, or 45 seconds) and
analyzed subsequent trial durations. Thus, the mean trial duration
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in seconds, which depended on previous feedback trial lengths,
was used as an additional dependent variable.

Questionnaire of Current Motivation (QCM) [96]. The
QCM is an 18-item questionnaire that was designed to assess
current motivational aspects regarding task completion, including
the dimensions of task interest, perceived challenge, mastery
confidence, and incompetence fear, according to the cognitive-
motivational process model [97]. Subjects are asked to evaluate
the items on a seven-point Likert rating scale (from 1 = disagree to
7= agree) and higher scores reflect higher task-related motivation.
As differences in education history (subjects with ADHD more
often attend special schools, repeat grades, more often receive
special educational services and are less likely to graduate from
school [98,99]), self-esteem, and control beliefs (subjects with
ADHD have a more external locus of control and suffer from
lower self-esteem [100-102]) may differentially affect task-related
motivation in both experimental groups, the QCM was considered
to be a possible covariate of interest in the present study in order to
rule out systematic motivational group differences which might
already have existed prior to the experimental manipulation of
reward options in the present study and which might indepen-
dently impact the dependent variables. The prognostic value of the
QCM was demonstrated by showing that mastery confidence and
incompetence fear predicted learning performance in a complex,
computer-simulated system [97]. Moreover, the task properties
(self-regulated vs. question guided) and characteristics of the
subject (“slow learners” vs. “fast learners”) were demonstrated to
mediate the association between task interest and challenge with
learning success [96]. In this study, we adopted the following
QCM items: (1) “I enjoy doing this kind of task.” (2) “The task
seems very interesting to me.” (3) “I’'m very curious about how
well T will perform the task.” (4) “I'm a little bit scared that I could
make a fool of myself.” For each task, the subjects answered these
four items subsequent to the practice trial, and the individual
mean score, with item four being inverted, served as an indicator
of the potential motivational group differences in task engagement.

Procedure

The study was conducted at the Department of Psychiatry and
Psychotherapy, University of Rostock. After explaining the general
study purpose (the study was introduced as an examination of
differences in attention, memory, and time perception between
subjects with and without ADHD), the study procedure was
explained, and the subjects underwent IQ) testing. Subsequently,
the subjects were seated in a quiet and dimmed experimental room
and worked on the experimental tasks in the following order: delay
aversion task, time reproduction task, n-back task, stop-signal task,
time discrimination task, and CPT. For all tasks, a global
instruction asked the subjects to perform the computerized tasks
as fast and as accurately as possible. Each subsequent task was
introduced by practice trials.

Additionally, subjects who participated in the reward condition
were given the opportunity to earn extra money, depending on
their performance quality. In doing so, reward conditions for each
single task were explained after the subjects had performed the
practice trials and after they had indicated their task-specific
motivational ratings. The design of the reward options was guided
by the aim of distributing overall gains homogeneously across
tasks. In this way, we intended to prevent differences in the degree
of reward-induced motivation between tasks. For three tasks, a
response-cost option was used (stop-signal task: seed money of 0.50
€, +0.01 € for each correct answer and —0.01 € for each
incorrect answer, +0.03 € for each correct inhibition and —0.03 €
for each incorrect inhibition, CPT: seed money of 0.50 €, +0.03 €
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for each correct answer and —0.03 € for each incorrect answer; n-
back task: +0.01 € for each correct answer and —0.05 € for each
incorrect answer). The reward conditions for the remaining tasks
were as follows: time discrimination task, +0.10 € for each correct
answer; delay aversion task, +0.10 € for trial duration =60 s,
+0.08 € for =50 s, +0.06 € for =40 s, and +0.04 € for =30 s;
time reproduction task, +0.10 € if the deviation between the
demanded and the reproduced time interval was =20%.
Assuming perfect performance, a maximum of 13.97 € could be
gained across all tasks. Subjects in the reward condition were
provided feedback on their earnings at the end of the task (stop-
signal task, CPT, or time discrimination task) or they were
provided trial-based feedback in addition to feedback at the end of
the task (n-back task, time reproduction task, and delay aversion
task). The reward feedback was contingent on the subject’s task
performance.

The tasks were projected onto a white screen using a Sanyo
LCD Z2 projector. The subject’s distance to the screen was
approximately 138 inches, and the screen was 51 inches wide. The
visual angle was 21 degrees. The experimental paradigm was
presented using Presentation software (Neurobehavioral Systems),
which was installed on a desktop PC (Compaq HP dc 5700; CPU:
Pentium 4.3 GHz; | GB RAM). The total duration of the tests was
approximately 2.5 hours.

The study was performed in accordance with the latest version
of the Declaration of Helsinki. The ethics committee of the Faculty
of Medicine of the University of Rostock specifically approved this
study, and written informed consent was received from all
participants. At the beginning of the study, all of the subjects
were told that they would be compensated for their time and
expense with 20 €. Additionally, the subjects in the reward
condition were told that they could earn extra money depending
on the quality of their performance. To show equal appreciation
for the effort of all subjects, however, all subjects received 30 €
after finishing the study, irrespective of their performance quality.
This procedure was already applied by other authors [103] (C.
Bidwell, personal communication, September 28, 2012).

Statistical analyses

Data were analyzed using SPSS version 17 (SPSS Inc., Chicago,
IL, USA). Group comparisons for sociodemographic and clinical
data were performed using univariate analyses of variance
(ANOVAs). Because of significant group differences in age, age
was included as a covariate in all statistical analyses. Group
comparisons for task-related motivations were also performed
using univariate ANCOVAs. Group differences in the dependent
variables were analyzed using univariate analyses of covariance
(time discrimination task), multivariate analyses of covariance
(stop-signal task, CPT), and repeated-measures ANCOVAs with
the diagnostic group and motivational condition as between-
subject factors and the n-back level (n-back task), the seven time
intervals (time reproduction task), and the first and second half of
the test (delay aversion task) as within-subject factors. For repeated
measurement analyses, tests for significance were performed using
Pillai’s trace statistic, and in case of significant main or interaction
effects, post-hoc comparisons were performed by two-tailed
univariate  ANCOVAs, as well as independent-sample and
paired-sample t-tests. The significance level for all tests was
p=0.05. The partial eta-squared ()]PQ) is reported as a measure-
ment of effect size. Prior to analysis, raw data were z-transformed
to identify extreme outliers (z>3.0), which were replaced by the
respective group mean. The data are available at hpps://www.
researchgate.net/profile/Ivo_Marx/.

June 2013 | Volume 8 | Issue 6 | €67002



4. Darstellung der durchgefiihrten Studien

Results

Task-Related Motivation

The initial task motivation for the six different tasks ranged from
3.71 to 5.13, which reflects an intermediate motivational baseline
across the four experimental groups. Univariate ANCOVAs
revealed a significant effect for the diagnostic group
(M1,73)=7.10, p=.009) and the reward condition
(H1,73)=17.05, p=.01) for the n-back task. The controls exhibited
higher QCM-scores than the ADHD subjects, and the subjects in
the non-reward condition exhibited higher QCM-scores than the
subjects in the reward condition. Therefore, individual QCM-
scores were included as covariates in n-back analyses. In all other
tasks, no significant effects emerged (p>.05). QCM-scores for the
initial task motivations are presented in Table 3.

Task Performance

Stop-Signal Task. MANCOVA revealed a global effect for
the diagnostic group (/15,64) = 2.34, p=0.05), and univariate post-
hoc ANCOVAS revealed a significant between-subjects effect for
the number of omission errors (F1,68) = 7.39, p=.008, '7|)2 =0.10),
which was elevated in the ADHD subjects (CON: M=5.51,
SD=7.04; ADHD: M= 1242, SD=14.81). No further significant
effects emerged (p>.05). A post-hoc analysis was conducted to
explore whether SSRT was abnormally prolonged relative to RT
in the ADHD group, but no significant effects emerged (p>.05).
Incentives did not affect performance in the stop-signal task
(p>.05).

N-back Task. A significant between-subjects effect for d’
emerged (1,71)=20.04, p<.001, 7,°=0.22), with ADHD
subjects impaired in both the l-back (F1,71)=12.35, p=.001,
11,,2=0.15) and the 2-back condition (M1,71)=11.84, p=.001,
r]p2 =0.14). Incentives did not affect performance in the n-back
task (p>.05).

CPT. MANCOVA revealed a global effect for the diagnostic
group (F4,70)=4.21, p=.004), and univariate post-hoc ANCO-
VAs exhibited elevated SDRT in  the ADHD subjects
(M1,73)=5.30, p=.02, 111,22().()7). Furthermore, we observed a
global diagnostic group x reward condition interaction
(M4,70)=3.02, p=.02), which was significant for FP
(F1,73)=5.40, p=.02, )1p2=0.07) and MDRT (F1,73)=4.38,
p=.04, i1p2 =0.06). Post-hoc ANCOVAs revealed a higher
prevalence of FP in the non-reward condition in ADHD subjects
compared with the controls (/1,35)=6.89, p=.01, )7p2=0.16),

Table 3. QCM Scores for Initial Task Motivation.
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whereas no group differences were observed in the reward
condition (F1,37)=0.06, p=.81, ns). With regard to MDRT,
subjects with ADHD exhibited prolonged MDR'T in the reward
condition than in the non-reward condition ((36)=2.00, p=.05),
but no such effect was observed in the controls (#38)=0.70,
p= .49, ns).

Time Discrimination. No significant effects emerged for the
sensitivity threshold (p>.05). To determine whether performance
accuracy in the ADHD group was correlated with slower and
more variable reaction times, which could be interpreted as the
need for an additional effort to make correct decisions [57], we
further analyzed our data with respect to RT and SDRT. We
observed an effect of reward condition on RT (F1,73)=7.72,
p=.007, n,,z:.lO) and SDRT (HM1,73)=11.57, p=.001,
)]p2 =.14); all subjects were faster and less variable in their decision
times in the reward condition compared with the non-reward
condition  (RT:  non-reward  condition: ~ M=855.0 ms,
SD=294.39 ms; reward condition: M=693.04 ms,
SD=249.70 ms; SDRT: non-reward condition: M=845.60 ms,
SD=487.54 ms; reward condition: M=536.89 ms,
SD=289.15 ms). Overall, no differences emerged between the
experimental groups (p>.05); the incentives affected task perfor-
mance for all subjects.

Time Reproduction. Absolute discrepancy scores were
clevated in subjects with ADHD (F1,72)=14.66, p<<.001,
17],2=0.17). Absolute discrepancy scores increased as the time
interval to be reproduced increased in length (F6,432)=3.57,
p=.002, n},g =.05). Furthermore, the absolute discrepancy scores
increased more in the ADHD group (/16,432)=5.49, p<<.001,
11])2=.07), and there was a significant interaction among the
absolute discrepancy score increase, block order, and the reward
condition (/16,432)=2.49, p=.02, np2 =.03). However, post-hoc
repeated measures ANCOVAs revealed no significant interactions
between the increase in absolute discrepancy score and block
order under both reward conditions (p>.05). Additionally, we
observed a significant increase in the absolute discrepancy score
with  the diagnostic group and the reward condition
(116,432)=3.58, p=.002, n|,2=.05). Post-hoc repeated measures
ANCOVAs revealed larger absolute discrepancy score increases in
the ADHD group than in the control group in the non-reward
condition (£16,204)=6.35, p<<.001, npz =.16) but not in the
reward condition (/16,222)=0.94, p= .47, ns). Consequently, the
mean absolute discrepancy score across all time intervals differed
significantly between the groups in the non-reward condition

Diagnostic Group
ADHD R— ADHD R+ CON R- CON R+ Diagnostic GroupReward X Reward
(n=18) (n=20) (n=20) (n=20)
M (SD) M (SD) M (SD) M (SD) F
SST 4.38 (1.00) 4.47 (1.32) 5.03 (1.09) 466 (1.10) 2.63 0.26 0.80
n-back 4.22 (1.06) 3.71 (1.19) 5.13 (1.47) 4.23 (0.88) 7.10%* 7.05* 0.55
CPT 4.40 (1.26) 4.61 (1.35) 4.99 (1.16) 4.49 (0.89) 0.74 0.30 1577,
Time Discrimination  4.26 (1.09) 4.38 (1.21) 5.03 (1.11) 4.23 (0.98) 1.50 191 334
Time Reproduction  4.08 (1.01) 4.41 (1.25) 4.78 (1.28) 4.18 (0.93) 0.79 0.28 3.28
Delay Aversion 4.22 (1.27) 463 (1.31) 4.47 (1.10) 3.98 (0.93) 0.57 0.03 291

doi:10.1371/journal.pone.0067002.t003
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ADHD, ADHD group; CON, control group. R—, no financial reward; R+, financial reward. Diagnostic Group, main effect of diagnostic group; Reward, main effect of
reward condition; Diagnostic Group x Reward, interaction effect of diagnostic group and reward condition. n, number of subjects; M, median; SD, standard deviation.
SST, stop-signal task; n-back, n-back task; CPT, continuous performance task. F =F-Values.*p<0.05; **p<0.01; ***p<0.001.
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(M1,34)=19.00, p<.001, I],,2= .36) but not in the reward
condition (/{1,37)=1.80, p=.19, ns).

The accuracy coeflicient scores were lower in the reward
condition than in the non-reward condition (F1,72)=4.81,
p=.03, r],,z =.06). Furthermore, there was a significant interaction
between the diagnostic group and block order (F1,72)=4.91,
p=.03, r;l,2=.06), and post-hoc analyses revealed a decrease in
accuracy coeflicient scores in the second task block compared with
the first task block in ADHD subjects ((37)=2.71, p=.01) but not
in controls (£38)=0.22, p=.82, ns).

Delay Aversion. The overall mean trial duration differed
significantly depending on the diagnostic group (#{1,72)=10.73,
p=.002, r]|,2 =.13) and reward condition (/{1,72)=8.92, p=.004,
np2 =.11), with ADHD subjects and subjects in the non-reward
condition exhibiting shorter time intervals. Univariate ANCOVA
with post-hoc comparisons revealed that ADHD subjects in the
reward condition did not demonstrate different performance
compared with controls in the non-reward condition
(M3,72)=6.76, p<.001, ADHD, reward condition vs. CON,
non-reward condition: p=1.00, ns). Repeated-measures AN-
COVA revealed no effect of imposing post-trial delays of different
lengths on subsequent interval lengths (p>.05).

No further between- and within-subject main effects or
interaction effects were observed (p>0.05). The means and
standard deviations for all dependent measures can be derived
from Table 4. Significant between-subject effects are presented in
Figure 1 (diagnostic groups), Figure 2 (reward conditions) and
Figure 3 (interaction effects), and significant within-subject effects
are presented in Figure 4.

Cumulative Earnings

Across all tasks, controls gained slightly more money
(M=8.49%2.47 €; range: 4.49-12.54 €) than ADHD subjects
(M=7.13%2.35 €; range: 2.46-11.48 €), but this difference was
not significant (F1,31)=2.04, p= 16, ns).

Discussion

The aim of the present study was to examine the motivating
effect of financial reward contingencies on task performance in
adults with ADHD. We hypothesized that subjects with ADHD
would exhibit performance deficits in all applied tasks in the
absence of reward but that they would improve their performance
in anticipation of a reward. The improvement was anticipated to
be most pronounced in the domains of inhibition (stop-signal task)
and time perception (time reproduction task).

As expected, impaired performance was observed across several
cognitive domains in subjects with ADHD, including stop-signal
task omission errors, n-back accuracy, reaction time variability in
the CPT, and time reproduction accuracy. Moreover, subjects
with ADHD demonstrated shorter time intervals in the delay
aversion task. However, although our data are consistent with
recent findings of increased delay aversion in adults with ADHD
[28], the shorter trial durations in the current study cannot
definitely be interpreted in terms of increased delay aversion
because of ceiling effects in the implemented task. Subjects with
ADHD exhibited optimal performance; they produced trial
durations of about one minute, and waiting beyond this period
of time was no longer rewarded. It is possible that the task was too
casy to provoke marked delay aversion in subjects with ADHD.

With regard to the domains that were impaired in subjects with
ADHD in the present study, reward affected the task performance
in different ways. Whereas stop-signal omission errors, n-back
accuracy and response time variability in the CPT were not
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affected by rewards, a differential group effect was observed for
time reproduction. Subjects with ADHD exhibited higher absolute
discrepancy scores with increasing time interval lengths and, as a
consequence, a higher overall absolute discrepancy score only in
the non-reward condition but not in the reward condition. Thus,
reward minimized absolute discrepancy score increases in subjects
with ADHD and equalized the performance between the groups.
Likewise, McInerney and colleagues [58] found time reproduction
performance accuracy to normalize in the reward condition in
children with ADHD. With regard to the delay aversion task
performance, all subjects exhibited decreased delay aversion in the
presence of reward, and subjects with ADHD in the reward
condition did not differ from controls in the non-reward condition.

Furthermore, reward affected task performance in cognitive
domains where subjects with ADHD were not impaired. A
differential group effect was observed for CPT performance;
subjects with ADHD exhibited longer reaction times in the reward
condition than in the non-reward condition, whereas controls did
not. In addition, ADHD subjects exhibited a higher number of
false positives in the non-reward condition but not in the reward
condition. Thus, it may be concluded that subjects with ADHD,
when rewarded, take more time to make their decisions, which
results in a lower number of impulsivity errors as measured by false
positives. Similarly, a speed-accuracy trade-off for the stop-signal
task was reported by Scheres et al. [73] in children with ADHD. In
the time reproduction task, reward negatively affected task
performance because all subjects, irrespective of diagnosis,
exhibited decreased time reproduction accuracy coeflicient scores
in the reward condition, which indicates that they under-
reproduced the presented time intervals.

In accordance with recently conducted studies, we determined
that subjects with ADHD were not impaired with respect to the
number of successful inhibitions [47,49-52], but that they
committed more omission errors than the controls in the stop-
signal task [47]. Although our performance accuracy results are
consistent with the literature, we observed no group differences in
speed measurements, especially larger reaction time variability and
prolonged SSRT, which were previously indicated by meta-
analyses [46]. The lack of a significant effect is not likely the result
of the gender or ADHD subtypes in the ADHD group, which were
similar to those of other studies. However, because the subjects
with ADHD scored only 0.8 SD above the mean on the
hyperactive-impulsive symptoms subscale in our study, the lack
of hyperactive-impulsive symptom severity may have contributed
to these results.

In line with the literature, we further found decreased
performance accuracy in the CPT in the absence of reward
[11,18,19,21]; however, we failed to identify increased reaction
times in the n-back task as indicated by Bayerl and colleagues [54].
In the current study, like in the study conducted by Marx et al.
[28], subjects with ADHD were impaired in n-back performance
accuracy but did not display prolonged reaction times. In contrast,
two other studies found performance accuracy to be unimpaired
but they failed to analyze reaction times [48,53], and another
study found reaction time to be prolonged but they failed to
analyze performance accuracy [54]. Thus, it might be speculated
that n-back performance underlies a speed-accuracy trade-off in
adult ADHD, as it had been demonstrated for the stop-signal task
previously [73]. Future studies should address this issue by
collecting both accuracy and speed measurements.

Furthermore, although studies in children and adolescents
[55,56,104] as well as adults with ADHD [28] consistently report
deficits in discriminating stimuli that differ in their presentation
duration by only several milliseconds, no discriminatory deficits
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Figure 1. Between-Subjects Effects: Controls vs. ADHD. CON, control group; ADHD, ADHD group. SST, stop-signal task; CPT, continuous
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performance task. d’, discriminability score; SDRT, standard deviation of reaction time. n, number; ms, milliseconds; s, seconds. *p <.05, **p<.01,

*exp< 001,
doi:10.1371/journal.pone.0067002.g001

were observed in adults with ADHD in the present study. In
contrast, the numerical values for the sensitivity threshold in
subjects with and without ADHD are very similar to those
reported for controls in the study by Marx et al. [28]. Similarly,

another study [57] failed to identify differences in the number of

correct decisions in adults with ADHD, but the authors observed
qualitative differences in task completion between children and
adults with ADHD. Children produced fewer correct discrimina-
tions but did not differ in reaction time and reaction time
rariability compared with control children, whereas adults
exhibited higher and more variable reaction times but did not
differ from controls in the number of correct discriminations. The
authors interpreted this diverging pattern as evidence of an
additional effort needed for correct decision making in adults. This
additional eflect may point to the development of compensatory
strategies throughout the course of a lifetime. Testing for group
differences in reaction times and reaction time variability in our
sample, however, did not identify any impairment in the ADHD
group, which indicates that the subjects in our study did not
exhibit any time discrimination deficit. Again, because perfor-

mance quality was found to be associated with the extent of

hyperactive-impulsive symptoms [55], the lack of group differences
in the present study may be a result of a lack of hyperactive-
impulsive symptom severity in the ADHD group.

Our results provide support for current models of ADHD that
incorporate motivational pathways to the disorder. First, the

cognitive-energetic model [8] suggests that motivation improves
cognitive performance, as evidenced by our data. However, future
studies should identify which specific cognitive functions are
influenced by reward, how large these effects are, and what
amount of reinforcement is necessary to achieve maximum
performance in subjects with ADHD. Answering these questions
will aid the understanding of the particular contribution of
cognitive and motivational factors to the phenotype of the disorder
and will help to suitably evaluate reinforcer quality and quantity to
improve or even compensate for existing performance deficits.

With regard to the dual-pathway-model of ADHD [25], our
data suggest a stronger-than-modeled linkage between the
executive and the reward circuit that is mediated by strategy use
contingent on reward. In this sense, highly valued reward
contingencies may motivate subjects with ADHD to self-impose
ssted by the CPT
performance in our study, such that delay-rich situations do not
necessarily lead to poor task performance. Self-imposing cognitive
strategies in delay-rich settings may help subjects with ADHD to
learn to successively bridge even larger delays, thereby leading to
repetitive mastery of delay-associated demands and, as a
consequence, reducing delay aversion.

There are some limitations of our study. First, we examined
subjects who visited the ADHD outpatient service of our
outpatient clinic. As indicated by the symptom severity scores,
the ADHD symptom severity was rather moderate. The relatively

cognitive strategies in delay-rich settings, as sugg:
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Within-Subjects Effects
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*¥H< 001,
doi:10.1371/journal.pone.0067002.g004

low symptom severity and the low rate of comorbid disorders
could indicate that we included rather moderately affected subjects
in our study. In addition, one of the tasks used (the delay aversion
task) appears to display a ceiling effect. Therefore, the presence of
group differences between subjects with and without ADHD in
some of the domains, namely, response inhibition and time
discrimination, should be replicated in samples with higher
symptom severity. In addition, a more challenging task for delay
aversion may be needed so that the resultant findings can be
interpreted in terms of marked delay aversion. Second, it is
possible that the 20 € compensation for study participation
increased the initial degree of motivation such that the additional
reward produced a performance increase in addition to this effect.
For this reason, it is possible that the motivational power of
financial reward was not as strong as it could have been with non-
compensated study participation or if larger rewards were used.
Third, as the order of experiments in our study was not
randomized, order effects cannot be ruled out. Fourth, we
implemented reward and response cost options, which makes it
difficult to directly compare the performance-increasing effect of
both contingencies. Because there is some evidence that both
contingencies may be differentially effective [105], further studies
should either maintain or systematically manipulate the type of
reward contingency. Another point that has to be discussed is the
reward valence. As it is intuitive that personal relevance is essential
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for reward efficacy, future studies should systematically examine
which motivational factors others than financial reward may be
(more) effective in improving performance, particularly with
respect to individuals of different ages. This issue has implications
both for research, as effective reinforcers are needed to examine
reward-induced increases in cognitive performance, and for
therapeutic settings, as the success of behavior modification efforts
depends on reinforcer adequacy. In this context, monetary
rewards have already been demonstrated to affect performance
more strongly than social rewards in subjects with ADHD [106].
Finally, as a substantial number of statistical group comparisons
were computed in the current study, the possibility cannot be ruled
out that some of the findings may have been identified due to
chance.

Conclusions

By implementing a large test battery that covered different key
domains of cognitive functioning associated with ADHD, the
current study succeeded in reproducing cognitive dysfunctions
typical of children and adults with ADHD and demonstrated for
the first time that the cognitive functioning of adults with ADHD is
susceptible to reward. Forging a bridge to current models of
ADHD, our results suggest the existence of primarily motivational
deficits in delay aversion and time reproduction, with rewards
equalizing the performance of subjects with and without ADHD.
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Furthermore, our data suggest cognitive strategies of “stopping
and thinking” as possible underlying mechanisms for performance
improvements that seem to be mediated by reward (CPT), thereby
highlighting the interaction between motivation and cognition in
ADHD.

Future studies are needed to identify domains that may be
influenced by reward (identification of cognitive vs. motivational
deficits), the extent to which influence is possible (effect size of
reward), and finally, the quality and amount of reinforcement
necessary to achieve maximum performance in subjects with
ADHD (improvement vs. compensation). In addition to theoretical
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model specifications, this knowledge may help to determine which
therapeutic interventions are most effective in different settings
associated with different cognitive demands (mediation of cogni-
tive strategies vs. motivational incentives).
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6 Diskussion

Der Begriff der Verzégerungsaversion benennt einen motivationalen Stil von Kindern mit
ADHS, Verzogerungen in Handlungsabldaufen moglichst zu vermeiden und unmittelbare
Handlungskonsequenzen zu bevorzugen, um aversive Zustdnde des Wartens zu vermeiden
(Sonuga-Barke, 2003; Sonuga-Barke et al., 2010). Das Ziel der vorliegenden Arbeit war es,
das Konstrukt der Verzdgerungsaversion hinsichtlich seiner Altersstabilitdt (Marx et al.,
2010) und seiner Spezifitat fur das Storungsbild der ADHS (Vloet et al., 2010; Wilhelm et al.,
2011) sowie hinsichtlich moglicher moderierender Faktoren (Marx et al., 2011; 2013) n&her
zu untersuchen. Die Ergebnisse dieser Studien werden nachfolgend vor dem Hintergrund

aktueller Forschungsergebnisse diskutiert.

6.1 Entwicklungsaspekte

Zum Zeitpunkt der in die vorliegende Arbeit eingeflossenen Untersuchungen (Marx et al.,
2010; 2013) war nicht bekannt, ob es sich bei Verzdgerungsaversion lediglich um ein
Ph&nomen des Kindes- und Jugendalters handelt, oder ob dieser motivationale Stil, der eine
,Tendenz zur Unmittelbarkeit“ beinhaltet und Uberwiegend in Belohnungskontexten
untersucht wurde, moglicherweise bis in das Erwachsenenalter hinein persistiert. Aufgrund
des Wissens um die Rolle des Nucleus accumbens bei der Verarbeitung belohnungsrelevanter
Informationen und vor dem Hintergrund striataler Reifungsprozesse (Castellanos et al., 2002)
sowie vor dem Hintergrund einer Veranderung des klinischen Phénotyps der ADHS mit einer
Abnahme von Hyperaktivitdt und Impulsivitat im Entwicklungsverlauf (Biederman et al.,
2000) wurde in der ersten Studie (Marx et al., 2010) angenommen, dass das Ausmal} an
Verzogerungsaversion bei Personen mit ADHS mit zunehmendem Alter abnimmt. Diese
Hypothese konnte nicht bestétigt werden. Zwar fand sich ein globaler Alterseffekt, der anzeigt,
dass das Ausmal an Verzdgerungsaversion bei allen Probanden, unabhangig vom
diagnostischen Status, von der Kindheit zum Jugendalter hin abnahm, dennoch zeigten
Personen mit ADHS, unabhéngig von ihrem Alter, im Vergleich zu den Kontrollpersonen ein
hoheres AusmaR an Verzdgerungsaversion. Gemittelt Gber alle Altersgruppen waren etwa
35% der Probanden mit ADHS betroffen, was die Befunde von Nigg, Willcutt, Doyle und
Sonuga-Barke (2005) recht gut widerspiegelt.
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Das bei Personen mit ADHS erhdhte Ausmald an Verzdgerungsaversion scheint demnach auf
zeitlich Uberdauernde, persistierende Dysfunktionen des Belohnungssystems zuriickzufuihren
zu sein, wobei diese Annahme auch durch die Befunde der funften Studie (Marx et al., 2013)
gestitzt wird. In der Tat fanden Untersuchungen bei Jugendlichen und Erwachsenen mit
ADHS eine verminderte Aktivierung des ventralen Striatums wahrend der Antizipation von
Belohnung (Scheres et al., 2007; Strohle et al., 2008) sowie eine verstarkte Aktivierung des
orbitofrontalen Cortex als Reaktion auf den Erhalt von Belohnung (Stréhle et al., 2008). Da
das ventrale Striatum die Valenz positiver und negativer Belohnungen in der
Antizipationsphase und der orbitofrontalen Cortex die Evaluation der erhaltenen Gewinne in
der Ergebnisphase codiert (vgl. Costafreda et al., 2008; Haber & Knutson, 2010; Liu et al.,
2011; Phan et al., 2002) kann angenommen werden, dass antizipierte Gewinne das
Belohnungssystem von Personen mit ADHS nicht stark genug aktivieren, wahrend erhaltene
Gewinne das Belohnungssystem beraktivieren. Dies legt einen dysfunktionalen
Belohnungsgradienten mit einer Pré&ferenz fur unmittelbare Gewinne nahe, dessen
Zusammenhang mit affektiven Mechanismen jedoch erst wahrend der laufenden
Untersuchung durch Plichta et al. (2009) neurofunktionell objektiviert werden konnte. So
fanden Plichta et al. (2009) einen Valenzabfall antizipierter Belohnungen, der umso groRer
ausfiel, je weiter diese Belohnung in der Zukunft lag, wobei dieser Valenzabfall bei Personen
mit ADHS starker ausgepréagt war und positiv mit dem AusmafR der Amygdala-Aktivierung
korrelierte, d. h. Personen mit ADHS empfanden zeitlich verzdgerte Belohnungen als

aversiver (vgl. S. 6; S. 17).

Die Befunde von Scheres et al. (2007) und Stréhle et al. (2008) einer Unteraktivierung des
ventralen Striatums bei Erwachsenen mit ADHS wéhrend der Antizipation von Belohnung
sprechen ferner dafir, dass strukturelle Reifungsprozesse, wie sie durch Castellanos et al.
(2002) im Sinne einer volumetrischen Normalisierung des Striatums wéhrend der Adoleszenz
beschrieben wurden und wie sie auch durch die Ergebnisse einer rezenten Meta-Analyse
nahegelegt werden (Frodl & Skokauskas, 2011), nicht zwangsldufig auch mit einer
funktionellen Normalisierung einhergehen. Einen Grund hierfiir konnte eine dennoch
verminderte striatale Dopamin-Verfligbarkeit darstellen, wie sie beispielsweise Volkow et al.
(2007) bei Erwachsenen mit ADHS im Nucleus caudatus fanden. Auch der Zusammenhang
zwischen Volumen und Funktion weiterer Strukturen des Belohnungssystems, die flr die
Verzbgerungsaversion eine Rolle spielen, ist bislang nicht hinreichend bekannt. So wurde bei

Erwachsenen mit ADHS gegeniiber Kontrollpersonen sowohl ein geringeres (Frodl et al.,
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2009) als auch ein unauffalliges (Amico, Stauber, Koutsouleris, & Frodl, 2011) Amygdala-
Volumen beschrieben, jedoch berichteten Plichta et al. (2009) auf neurofunktioneller Ebene
eine Uberaktivierung der Amygdala bei der Antizipation zeitlich verzogerter Belohnungen.
Diese Art von Dissoziationen zwischen volumetrischen Alterationen und neurofunktionellen
Korrelaten zeigt die Notwendigkeit auf, bei der Erklarung pathopsychologischer
Mechanismen an Stelle singuldrer Struktur-Funktions-Assoziationen die zugrundeliegenden,
komplexen neurofunktionellen Netzwerke starker zu berlcksichtigen, um z. B. auch
interaktive Regulationsmechanismen identifizieren zu konnen. Im menschlichen Cortex
scheinen sieben solcher grundlegenden neurofunktionellen Netzwerke zu bestehen: das
visuelle, das somatosensorische, das dorsale und das ventrale Aufmerksamkeits-, das
limbische, das frontoparietale und das Default-Mode-Netzwerk. Darauf deuten die Ergebnisse
der bislang umfangreichsten resting-state-Konnektivitatsstudie hin, in die Daten von 1.000
gesunden Probanden eingeschlossen wurden (Yeo et al., 2011).

Die Relevanz des frontoparietalen und des limbischen Netzwerks flr das Stérungsbild der
ADHS konnte auf struktureller Ebene anhand von Cortexdichte-Messungen nachgewiesen
werden, die Proal et al. (2011) mit erwachsenen Probanden durchfiihrten, die im Mittel 33
Jahre zuvor mit ADHS diagnostiziert wurden. Die Autoren fanden eine verminderte
Cortexdichte in frontalen (Gyrus praecentralis, Gyrus frontalis superior, frontaler Pol) und
parietalen (rechter Precuneus, superiorer Parietallappen) sowie in emotionsverarbeitenden
(temporale Pole, Inselrinde, dorsales ACC) Hirnregionen. Zusammen mit metaanalytisch
generierten Daten, die auf neurofunktioneller Ebene verminderte Aktivierungen in frontalen
(Dickstein, Bannon, Castellanos, & Milham, 2006; McCarthy, Skokauskas, & Frodl, 2013),
fronto-striatalen (Hart et al., 2013), ventral-striatalen (Plichta & Scheres, 2013), fronto-
parietalen (Cortese et al., 2012) und fronto-parieto-cerebelldren (Hart, Radua, Mataix-Cols, &
Rubia, 2012) Hirnregionen und eine Uberaktivierung des Default-Mode-Netzwerks (Cortese
et al., 2012) sowie auf struktureller Ebene Volumenminderungen im Striatum (Ellison-Wright,
Ellison-Wright, & Bullmore, 2008; Frodl & Skokauskas, 2012; Valera, Faraone, Murray, &
Seidman, 2007), im anterioren cinguldren Cortex (Frodl & Skokauskas, 2012) und im
Cerebellum (Valera et al., 2007) objektivieren konnten, kann geschlossen werden, dass es sich
bei der ADHS um ein Stérungsbild handelt, dem Dysfunktionen in komplexen fronto-parieto-

striato-limbo-cerebelldren Netzwerken zugrunde liegen.

Zusammenfassend finden sich bei Personen mit ADHS Hinweise fur das Vorliegen von
zeitlich Gberdauernden, d. h. im Entwicklungsverlauf stabilen neurofunktionellen Alterationen
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des Belohnungssystems (Plichta et al., 2009), die auf der Verhaltensebene nicht nur bei
Kindern (vgl. S. 7), sondern auch bei Erwachsenen mit ADHS (Marx et al., 2011; 2013) ein
erhohtes Ausmal an Verzogerungsaversion bedingen. Diese neurofunktionellen Alterationen
weisen auf eine verstarkte Kopplung zwischen Amygdala und dorsalem Striatum wéhrend der
Antizipation zeitlich verzdgerter Belohnung sowie auf eine verminderte Aktivitat exekutiver
Regulationsmechanismen hin (vgl. Abschnitt 1.4.2). Damit legen sie eine Beteiligung
limbischer (Affekt und Arousal), striataler (Belohnungssystem) und fronto-parietaler
(exekutives Kontrollsystem; siehe Niendam et al., 2012; Castellanos & Proal, 2012, fur

Ubersichtsartikel) Netzwerke am Zustandekommen von Verzégerungsaversion nahe.

Obwohl auf der Verhaltensebene insbesondere im Kindes- und Jugendalter bereits vielfach
repliziert, sind weitere neurofunktionelle Studien zur Untersuchung der Verzogerungsaversion
sowohl bei Kindern als auch bei Erwachsenen notwendig, um die wenigen bislang
vorliegenden Befunde zu replizieren und die zugrundeliegenden neurofunktionellen
Mechanismen und deren moglichen Veranderungen im Entwicklungsverlauf noch besser zu
verstehen. Eine interessante Fragestellung ist dabei die, ob VVerzdgerungsaversion bei Kindern
und Erwachsenen mit ADHS vergleichbaren neurofunktionellen Prozessen unterliegt, oder ob
sich entwicklungsbedingte Dissoziationen in den Aktivierungsmustern zeigen. Letztere
werden durch meta-analytische Befunde nahegelegt, nach denen Kinder und Erwachsene mit
ADHS unterschiedliche Bearbeitungsmuster im SST zeigen (Lijffijt, Kenemans, Verbaten, &
van Engeland, 2005). Wahrend Kinder mit ADHS im Vergleich zu Kontrollkindern
verlangsamte Reaktionszeiten und eine erhohte Reaktionszeitvariabilitat in den nicht zu
inhibierenden Versuchsdurchgangen zeigten, jedoch keinen verlangsamten Inhibitionsprozess,
zeigten Erwachsene mit ADHS keine verlangsamten Reaktionszeiten, jedoch eine erhdhte
Reaktionszeitvariabilitdt und einen verzggerten Inhibitionsprozess. Die Autoren schlieRen
deshalb, dass Beeintrachtigungen in der Performanz bei Kindern mit ADHS eher durch
Aufmerksamkeitsdefizite, bei Erwachsenen mit ADHS hingegen eher durch ein

Inhibitionsdefizit bedingt sind.

Betrachtet man die neuronalen Strukturen, die bei der Bearbeitung des SST funktionell aktiv
sind (Rae, Hughes, Weaver, Anderson, & Rowe, 2013), dann fallt auf, dass sich diese mit
Strukturen Uberschneiden, die auch fir die Verarbeitung von belohnungsassoziierten
Informationen relevant sind (Costafreda et al., 2008; Haber & Knutson, 2010; Liu et al., 2011;
Phan et al., 2002; vgl. S. 18). Hierzu z&hlen die supplementdr-motorische Rinde (SMA),

insbesondere der anteriore Teil (pre-SMA), der mit komplexeren, kognitiv gesteuerten
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motorischen Kontrollprozessen in Verbindung gebracht wird (Kim et al., 2010), die anteriore
Inselregion und der inferior parietale Cortex. Wie die meta-analytischen Ergebnisse von
Lijffijt et al. (2005) nahelegen, kdnnten Erwachsene gegentber Kindern mit ADHS eine
starkere neurofunktionelle Beeintrachtigung von Arealen aufweisen, die mit kognitiven
Regulationsmechanismen assoziiert sind, was wiederum altersassoziierte neurofunktionelle
Dissoziationen bei der Verarbeitung belohnungsrelevanter Informationen wéhrend der
Bearbeitung von Verzogerungsaversions-Paradigmen vermuten lasst: So  konnte
Verzdgerungsaversion bei Erwachsenen mit ADHS stérker als bei Kindern mit ADHS durch
exekutive Dysfunktionen bedingt sein. Wéhrend sich bei Kindern mit ADHS ein heterogenes
Bild zeigt und Zusammenhdnge zwischen Verzogerungsaversion und exekutiven
Dysfunktionen (Torell, 2007), zwischen Verzdgerungsaversion und Unaufmerksamkeit
(Paloyelis, Asherson, & Kuntsi, 2009) sowie zwischen Verzégerungsaversion und sowohl
exekutiven Dysfunktionen als auch Unaufmerksamkeit (Wahlstedt, 2009) gefunden wurden,

liegen bislang keine Ergebnisse fur Erwachsene mit ADHS vor.

Entwicklungsassoziierte Fragestellungen wurden in der vorliegenden Studie mit Hilfe eines
Querschnittsdesigns untersucht. Da Querschnittstudien zwar die Analyse eines aktuellen Ist-
Zustandes erlauben, darliber hinaus jedoch nicht geeignet sind, um intraindividuelle
Verénderungen oder differentielle Entwicklungsverlaufe zwischen Gruppen (ber die Zeit zu
erfassen, sollten zukinftige Studien auch longitudinale Designs implementieren, die bislang
fiir die Untersuchung von Verzégerungsaversion nicht vorliegen. L&ngsschnittstudien weisen
zudem den Vorteil auf, dass durch wiederholte Messungen derselben Personen
personenspezifische Messfehler konstant gehalten werden. Allerdings muss dafur in Kauf
genommen werden, dass mit zunehmender Anzahl von Wiederholungsmessungen aufgrund
mangelnder Compliance auch die Abbruchrate ansteigt, so dass die finale Stichprobe
zunehmend selektiv wird. Das bedeutet, dass sich Personen, die bis zum Ende der
Untersuchungsreihe ,,durchhalten”, vermutlich in bestimmten Merkmalen (z. B.
Personlichkeitsmerkmale, motivationale Faktoren) von denjenigen unterscheiden, die die
Untersuchung bereits vorher abgebrochen haben, was die Generalisierbarkeit der Ergebnisse
auf die zugrundeliegende Population erschwert. AulRerdem wird mit zunehmender Anzahl von
Wiederholungsmessungen auch der Einfluss von Ubungseffekten wahrscheinlicher,
insbesondere dann, wenn die Messungen in geringen zeitlichen Abstdnden voneinander
erfolgen. Bei der Untersuchung von Entwicklungsaspekten besteht ferner die

Herausforderung, in den untersuchten Altersgruppen Paradigmen zu implementieren, die
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vergleichbare inhaltliche Anforderungen und Schwierigkeitsgrade aufweisen, um kognitive (z.
B. Uber- bzw. Unterforderung; unterschiedliche Verfugbarkeit von Strategiewissen in
verschiedenen Altersgruppen) und motivationale Alternativerklarungen fur eventuell

gefundene Effekte zu minimieren.

6.2 Differentialdiagnostische Aspekte

Inwiefern ein erhohtes AusmaR an Verzégerungsaversion spezifisch fur das Storungsbild der
ADHS gegeniiber anderen psychischen Stoérungsbildern ist, war bislang nicht untersucht und
war das Ziel der zweiten (Vloet et al., 2010) und dritten (Wilhelm et al., 2011) Studie.
Aufgrund gemeinsamer pathophysiologischer Mechanismen im Sinne einer Dysfunktion des
Belohnungssystems wurde sowohl fiir Kinder mit ADHS als auch fur Kinder mit Adipositas
ein erhohtes Ausmal’ an Verzogerungsaversion angenommen, das folgerichtig fur Kinder, die
unter beiden Storungsbildern litten, am héchsten ausgeprégt sein sollte. Ferner wurde flr die
ADHS und fir Zwangsstorungen eine Doppel-Dissoziation im Sinne gemeinsamer
Dysfunktionen in differenten kortiko-striato-thalamo-kortikalen Regelkreisen vermutet. ES
wurde vermutet, dass Kinder mit ADHS, nicht aber Kinder mit einer Zwangsstérung, unter
einem erhohten Ausmal an Verzdgerungsaversion leiden, wéhrend Kinder mit einer
Zwangsstorung, nicht aber Kinder mit einer ADHS, unter Defiziten im impliziten Lernen
leiden. Diese Studie (Vloet et al., 2010) war zudem die erste, die implizites Lernen bei
Kindern und Jugendlichen mit Zwangsstérungen untersuchte, wahrend frihere
Untersuchungen bislang nur erwachsene Zwangspatienten einschlossen (Deckersbach et al.,
2002; Kathmann et al., 2005; Marker, Calamari, Woodard, & Riemann, 2006).

Die Hypothesen in Bezug auf die Zwangsstérung konnten bestétigt werden. Verglichen mit
den gesunden Kontrollprobanden zeigten lediglich die Kinder und Jugendlichen mit ADHS
ein erhohtes Ausmall an Verzdgerungsaversion, d. h. sie wahlten die zeitlich verzigerte,
grollere Belohnung seltener, wahrend lediglich die Kinder und Jugendlichen mit einer
Zwangsstorung Defizite im impliziten motorischen Sequenzlernen zeigten, d. h. sie zeigten
einen geringeren Tempozuwachs in den Durchgéngen, in denen die implizite Lernsequenz
enthalten war, gegenlber den Durchgangen, in denen die Stimuli randomisiert dargeboten
wurden. Die abhé&ngigen Variablen des CDT und des impliziten Lernparadigmas korrelierten
zudem nicht miteinander, d. h. es konnte gezeigt werden, dass beide Aufgaben voneinander

unabhangige Konstrukte erfassen. Die Studienbefunde sprechen somit fiir separate
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pathophysiologische Alterationen bei Patienten mit ADHS und bei Patienten mit
Zwangsstorungen. Auch spatere Untersuchungen, die Paradigmen zum sequentiellen
Positionslernen nutzten, fanden keinen Beleg flr eine Beeintrachtigung impliziter
Lernfunktionen im Sinne eines verminderten Tempozuwachses in den Sequenz- gegenuber
den randomisierten Blocken bei Kindern (Barnes, Howard, Howard, Kenealy, & Vaidya,
2010) und Erwachsenen (Laasonen et al., 2013; Pedersen & Ohrmann, 2012) mit ADHS.
Wahrend drei dieser Untersuchungen dartiber hinaus auch keine Unterschiede in der
Sorgfaltsleistung fanden (Barnes et al., 2010; Laasonen et al., 2013; Vloet et al., 2010),
erzielten Erwachsene mit ADHS in einer weiteren Untersuchung (Pedersen & Ohrmann,
2012) erhohte Fehlerraten, die sowohl in den Sequenz- als auch in den randomisierten
Blocken auftraten. Zwar wurden in jener Studie Distraktoren implementiert, um die
Erkennung der zugrundeliegenden impliziten Lernsequenz zu verschleiern, so dass eine
interferenzbedingt erhdhte Fehlerneigung zu vermuten ist; jedoch unterschieden sich die rein
distraktionsbedingten Fehlerraten zwischen ADHS- und Kontrollpersonen nicht voneinander,
so dass die generell erhéhte Fehlerneigung bei den ADHS-Patienten als distraktorunabhéngig
angesehen werden kann. Dies harmoniert auch mit meta-analytischen Befunden, nach denen
der Interferenzeffekt bei Probanden mit ADHS eher moderat ausgeprégt ist (Lansbergen,
Kenemans, & van Engeland, 2007; Schwartz & Verhaeghen, 2008; van Mourik et al., 2005).
Maoglicherweise liegt daher ein additiver Effekt aus einem Interferenzkontrolldefizit und
einem Daueraufmerksamkeitsdefizit, wie es meta-analytisch konsistent fir Erwachsene mit
ADHS berichtet wird (Balint et al., 2009; Boonstra et al., 2005; Hervey et al., 2004; Willcutt
et al., 2005), vor. Da die Autoren jedoch keine Korrelationen zwischen den Fehlermalen in
der impliziten Lernaufgabe und dem Auspréagungsgrad der unaufmerksamen Symptomatik
berichten, bleibt diese Schlussfolgerung spekulativ. Es wurde ferner zwischenzeitlich eine
weitere Studie publiziert, die, in Ubereinstimmung mit friiheren Untersuchungen, Defizite im
impliziten motorischen Sequenzlernen auch bei erwachsenen Zwangspatienten berichtet
(Blom et al., 2011). Die Befunde zusammenfassend ergibt sich das robuste Bild einer
altersinvarianten  Beeintrdchtigung impliziter Lernfunktionen bei Zwangspatienten,
wohingegen implizite Lernfunktionen bei Personen mit ADHS, unabhéngig vom Alter, nicht

beeintrachtigt erscheinen.

Da implizites Lernen mit einem fronto-striato-cerebellaren Netzwerk in Zusammenhang
gebracht wird (Bernard & Seidler, 2013; vgl. S. 23), welches bei Personen mit ADHS

neurofunktionell beeintrachtigt ist (vgl. S. 95), erscheint es umso erstaunlicher, dass Personen
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mit ADHS nicht auch Defizite im impliziten Lernen aufweisen. Dieser scheinbare
Widerspruch kann mdglicherweise durch einen kirzlich veréffentlichten Ubersichtsartikel
aufgeldst werden, der den Prozess des impliziten motorischen Sequenzlernens differenziert
beleuchtet (Albouy, King, Maquet, & Doyon, 2013). Die Autoren belegen anhand von
Studienbefunden, dass explizites und implizites Lernen nicht véllig unabhéngig voneinander
abzulaufen scheinen. Implizites Lernen scheint, insbesondere in der friihen Akquisitionsphase,
unter exekutiver Kontrolle zu stehen, wobei diese Kontrolle im spateren Aufgabenverlauf
kontinuierlich abnimmt. In der Akquisitionsphase interagieren Hippocampus und Striatum
miteinander, und zwischen beiden Strukturen scheint eine negative Kopplung zu bestehen:
Wahrend der Hippocampus insbesondere initial aktiv ist und seine Aktivitdt im weiteren
Aufgabenverlauf sukzessive abnimmt, nimmt die zundchst gering ausgepréagte Aktivitat des
Striatums im  Aufgabenverlauf kontinuierlich zu, wobei diese Zunahme von
Performanzverbesserungen begleitet ist. Die Autoren nehmen deshalb an, dass die Aktivitat
des Hippocampus so lange dominiert, bis eine interne Reprasentation der Lernsequenz besteht.
Ist diese dann etabliert, werden die Kontrollmechanismen herunterreguliert, um eine striatal
vermittelte Automatisierung der Lernsequenz zu ermdglichen. Es wird angenommen, dass
diese neurofunktionelle Kopplung zwischen Hippocampus und Striatum durch den
prafrontalen Cortex moduliert wird. Da auch die Aktivitat des Cerebellums mit dem Grad der
Automatisierung abnimmt (fiir einen Ubersichtsartikel, s. Doyon et al., 2003), liegt auch fiir
das Cerebellum eine solche Kontrollfunktion nahe. Nach dieser Interaktionshypothese
expliziten und impliziten Lernens sollte sich eine Stérung des fronto-striato-cerebelldren
Netzwerkes bei Personen mit ADHS insbesondere in der friihen, unter exekutiver Kontrolle
stehenden Akquisitionsphase gegenuber der spéteren, stdrker automatisierten Lernphase
zeigen, Untersuchungen zu dieser Fragestellung stehen jedoch bislang aus.

Die Hypothesen in Bezug auf gemeinsame Pathomechanismen im Belohnungssystem bei
Kindern und Jugendlichen mit ADHS wund Kindern wund Jugendlichen mit
Ubergewicht/Adipositas konnten nicht bestatigt werden. Beide Patientengruppen zeigten
weder ein verstarktes Ausmall an Verzogerungsaversion noch gemeinsame Determinanten
gestorten Essverhaltens: Patienten mit ADHS verhielten sich nicht verzdgerungsaversiver als
jene ohne ADHS, und Patienten mit Ubergewicht/Adipositas verhielten sich nicht
verzogerungsaversiver als jene ohne Ubergewicht/Adipositas. Patienten mit ADHS nahmen
tendentiell mehr Kalorien in der ersten halben Stunde des Frihsticks zu sich, wahrend

Patienten mit Ubergewicht/Adipositas tiber das gesamte Friihstiick hinweg tendentiell mehr
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Kalorien zu sich nahmen. Unkontrolliertes, impulsives Essverhalten, operationalisiert durch in
Form von Snacks aufgenommenen Kalorien, wurde bei Patienten mit ADHS durch
Impulsivitat, bei Patienten mit Ubergewicht/Adipositas hingegen durch Unaufmerksamkeit
und Verzogerungsaversion vorhergesagt. Auch fand sich weder in Bezug auf
Verzigerungsaversion noch in Bezug auf das Essverhalten eine Interaktion zwischen den
Gruppenzugehdrigkeiten, d. h. Patienten, die sowohl unter ADHS als auch unter

Ubergewicht/Adipositas litten, waren nicht am starksten beeintrachtigt.

Differentielle &tiopathologische Zugénge zu beiden Storungsbildern werden auch durch die
aktuelle Literatur nahegelegt. So fand sich in groB angelegten, epidemiologischen
Interviewstudien mit 11.159 Kindern und Jugendlichen in Deutschland (van Egmond-Frohlich,
Widhalm, & de Zwaan, 2012) sowie mit 34.653 Erwachsenen in den USA (Cortese, Faraone,
Bernardi, Wang, & Blanco, 2013) ein Zusammenhang zwischen der ADHS-
Kindheitssymptomatik und aktueller Adipositas (Cortese, Faraone et al., 2013) bzw. zwischen
aktueller ADHS-Symptomatik und Ubergewicht/Adipositas (van Egmond-Fréhlich et al.,
2012) nach Kontrolle potentiell konfundierender Variablen (z. B. sozio6konomischer Status,
BMI der Eltern, Raucherstatus) lediglich fir das weibliche Geschlecht. Auch in der einzigen
bislang vorliegenden longitudinalen Untersuchung von Cortese, Olazagasti, Castellanos, Proal
und Mannuzza (2013) wiesen 24 mannliche Probanden, die im Schnitt 33 Jahre zuvor in der
Kindheit mit ADHS diagnostiziert wurden und bei denen die ADHS bis in das
Erwachsenenalter hinein persistierte, keinen erhthten BMI und keine erhéhten Raten an
Adipositas auf. Ein Zusammenhang zwischen ADHS und Ubergewicht scheint demnach
allenfalls geschlechtsspezifisch fiir Frauen zu bestehen. Zu diesen Ergebnissen passen auch
Befunde von Choudrhy et al. (2013), die Kinder mit ADHS im Alter von 6-12 Jahren,
uberwiegend Jungen, untersuchten, die entweder normalgewichtig, Gbergewichtig oder adipds
waren. Wahrend die Autoren keine Unterschiede im Ausmaf an Verzdgerungsaversion und in
der Funktionalitdt exekutiver Kontrollmechanismen zwischen den drei Versuchsgruppen
fanden, zeigten sich Unterschiede beziiglich einer Reihe von sozio6konomischen Variablen, z.
B. dem Alter der Eltern zur Geburt des Kindes, dem jahrlichen Einkommen der Familie und
dem Raucherstatus der Mutter wahrend der Schwangerschaft. Die Ergebnisse dieser
Untersuchung legen, in Ubereinstimmung mit den zuvor angefiihrten Befunden, nahe, dass
Ubergewicht/Adipositas in einer Stichprobe von ADHS-Probanden tiberwiegend ménnlichen

Geschlechts nicht durch verminderte Selbstregulationsmechanismen kognitiver oder
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motivationaler Natur, sondern in erster Linie durch sozioOkonomische Variablen determiniert

werden.

Neben sozio6konomischen Variablen und dem Geschlecht scheinen Ubergewicht/Adipositas
auf dimensionaler Ebene primédr mit unaufmerksamen gegentber hyperaktiv-impulsiven
Symptomen assoziiert zu sein. Pauli-Pott, Albayrak, Hebebrand, & Pott (2010) untersuchten
ubergewichtige und adipose Kinder und Jugendliche im Alter von 8-15 Jahren mittels zweier
kognitiver Aufgaben, die der Erfassung inhibitorischer Funktionen dienen (Go/NoGo,
Inkompatibilitdt), und untersuchten den Zusammenhang zwischen der Performanz in diesen
Aufgaben und dem BMI. In ihrer Untersuchung sagte Unaufmerksamkeit, erfasst Giber einen
faktorenanalytisch generierten Score, der insbesondere die Reaktionszeitvariabilitat
beinhaltete, die HOhe des BMI vorher. Impulsivitat hingegen, erfasst (ber einen
faktoranalytisch  generierten Score, der insbesondere schnelles und inakkurates
Antwortverhalten beinhaltete, sagte den erhéhten BMI lediglich bei den jingeren Probanden
vorher, wahrend bei den alteren Probanden hingegen sogar ein inverser Zusammenhang
bestand. Auch eine Studie, die mit Kindern und Jugendlichen mit ADHS durchgefihrt wurde,
lasst einen Zusammenhang von Ubergewicht/Adipositas mit der Unaufmerksamkeits-
Symptomatik vermuten (Erhart et al., 2011). Zwar zeigten die Kinder und Jugendlichen selbst
nach Korrektur fur soziodemographische Variablen ein 1.9-fach erhthtes Risiko fiir das
Auftreten von Ubergewicht/Adipositas, was den zu Beginn dieses Abschnitts dargestellten
Ergebnissen epidemiologischer (van Egmond-Frohlich et al.,, 2012) und longitudinaler
(Cortese, Olazagasti et al.,, 2013) Studien scheinbar widerspricht, jedoch war der
unaufmerksame Subtyp der ADHS in dieser Untersuchung Uberreprasentiert: In der
Stichprobenzusammensetzung finden sich fast doppelt so viele Kinder vom unaufmerksamen
Subtyp wie vom kombinierten und hyperaktiv-impulsiven Subtyp zusammengenommen, und
die Rate von Ubergewichtigen/adipdsen Kindern war beim unaufmerksamen Subtyp etwa
doppelt so hoch ausgepragt wie beim kombinierten und hyperaktiv-impulsiven Subtyp

Zusammengenommen.

Ubergewicht/Adipositas scheinen, die aktuelle Befundlage zusammenfassend, groRtenteils
durch soziodokonomische Variablen determiniert zu werden. Ein dariiber hinausgehender
Zusammenhang mit der ADHS scheint lediglich fur Frauen zu bestehen (s. auch Davis et al.,
2012; jedoch de Zwaan et al., 2011, fur einen Gegenbefund), wobei die Ursache fir diesen

Zusammenhang noch unklar ist. Ein erhéhtes Ausmal} an unaufmerksamer Symptomatik
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scheint, unabhingig vom diagnostischen Status, zur Entwicklung von Ubergewicht/Adipositas

beizutragen.

Zur aktuellen Befundlage passend wurde unkontrolliertes Essverhalten bei Kindern und
Jugendlichen mit Ubergewicht/Adipositas in der vorliegenden Studie (Vloet et al., 2010) am
besten durch eine verstarkte Unaufmerksamkeitssymptomatik sowie durch Alterationen im
Belohnungssystem (verstarktes Ausmal an Verzégerungsaversion) vorhergesagt. Fur Kinder
und Jugendliche mit Ubergewicht/Adipositas scheint Essen demnach einen
uberdurchschnittlich hohen motivationalen Anreiz darzustellen, und der Zusammenhang mit
der Unaufmerksamkeitssymptomatik konnte darauf hinweisen, dass sie innere Anzeichen von
Hunger und Séttigung vernachlassigen (Davis, Levitan, Smith, Tweed, & Curtis, 2006). Diese
Befunde wurden in einer kirzlich durchgefuhrten Studie repliziert, in der adipdse Jugendliche
ebenfalls Dysfunktionen im Belohnungssystem (ein verstarktes Ausmal? an delay discounting,
d. h. eine Uberproportionale Abnahme des subjektiven Wertes eines antizipierten Verstarkers
mit dessen zunehmender zeitlich verzogerter Vergitung) und in der Daueraufmerksamkeit,
jedoch nicht in der Impulskontrolle, zeigten (Fields, Sabet, & Reynolds, 2013). Im Gegensatz
dazu wurde das unkontrollierte Essverhalten von Kindern und Jugendlichen mit ADHS in der
vorliegenden Studie durch ein erhohtes Ausmal? an Impulsivitat vorhergesagt. Allerdings sind
diese Befunde mit dem Medikationsstatus konfundiert, d. h. Probanden, die die Einnahme von
Methylphenidat fir die Teilnahme an der Untersuchung pausierten, waren in besonderem
MaRe von einer verstarkten Kalorienaufnahme betroffen. Fraglich ist also, inwiefern
impulsives Essverhalten bei Kindern und Jugendlichen mit ADHS in der aktuellen
Untersuchung einen medikamentds bedingten Rebound-Effekt darstellte (Davis et al., 2012).
Zukinftige Studien zum Essverhalten von Personen mit ADHS sollten daher stets den
Medikationsstatus der Probanden mit erheben und dessen Einfluss auf das Essverhalten
systematisch untersuchen.

Bezuglich des CDT stellt sich die Frage, warum weder Kinder und Jugendliche mit ADHS
noch Kinder und Jugendliche mit Ubergewicht/Adipositas ein verstarktes AusmaR an
Verzbdgerungsaversion zeigten. Eine mogliche Erklarung fur diesen Befund ist die Wahl des
statistischen Designs: Um Interaktionseffekte zwischen dem Diagnosestatus und dem
Gewichtsstatus zu untersuchen und dadurch herauszufinden, ob Patienten, die sowohl unter
ADHS als auch unter Adipositas leiden, hinsichtlich der untersuchten abhangigen Variablen
in besonderem MaRe beeintréchtigt sind, wurde ein zweifaktorielles Design (ADHS ja/nein;
Ubergewicht/Adipositas ja/nein) anstatt eines Viergruppen-Designs mit nachgelagerten Post-

103



6. Diskussion

Hoc-Tests (weder ADHS noch Ubergewicht/Adipositas; ADHS ohne
Ubergewicht/Adipositas; Ubergewicht/Adipositas ohne ADHS; sowohl ADHS als auch
Ubergewicht/Adipositas) gewahlt. Designbedingt wurden alle Probanden, die unter einer
ADHS leiden (unabhéngig davon, ob sie zusatzlich unter Ubergewicht/Adipositas leiden),
gegen alle Probanden kontrastiert, die nicht unter einer ADHS leiden (unabhéngig davon, ob
sie zusatzlich unter Ubergewicht/Adipositas leiden) und alle Probanden, die unter
Ubergewicht/Adipositas leiden (unabhédngig davon, ob sie zusitzlich unter einer ADHS
leiden), wurden gegen alle Probanden kontrastiert, die nicht unter Ubergewicht/Adipositas
leiden (unabhdngig davon, ob sie zusétzlich unter einer ADHS leiden). Das gewéhlte Design
enthdlt damit fir jeden Gruppenvergleich eine gemischte Kontrollgruppe, die sich aus
gesunden und klinischen Probanden zusammensetzt, so dass gemeinsame é&tiopathologische
Mechanismen  beider  klinischer  Stérungsbilder  bestehende  Gruppenunterschiede
maoglicherweise nivellieren. Eine explorative Re-Analyse der Daten mittels Viergruppen-
Design ergab jedoch ebenfalls keine signifikanten Gruppenunterschiede, so dass,
insbesondere vor dem Hintergrund der umfangreichen Befundlage zum CDT bei Kindern und
Jugendlichen mit ADHS, am ehesten eine mangelnde statistische Power aufgrund einer zu

geringen StichprobengréRe anzunehmen ist.

Fur zukinftige Studien zur Untersuchung der Spezifitdt von Verzbdgerungsaversion fur das
Storungsbild der ADHS erscheint es ratsam, entsprechende Hypothesen aus Gemeinsamkeiten
oder Unterschieden im Belohnungssystem bei Personen mit ADHS gegeniber Personen mit
anderen psychiatrischen Stérungsbildern abzuleiten. Eine Ableitung von Hypothesen aus
Impulsivitatsmalien ist hingegen nicht geeignet, da Verzégerungsaversion in frilheren Studien
mit Impulsivitat, jedoch auch mit Unaufmerksamkeit oder sowohl Impulsivitit als auch
Unaufmerksamkeit in Verbindung gebracht wurde, und weil Verzogerungsaversion und
Impulsivitdat zwei voneinander abgrenzbare Konstrukte darstellen. Interessant wére die
Abgrenzung gegentiber der Stérung des Sozialverhaltens (Finger et al., 2011) und gegenuber
der Schizophrenie (Nielsen et al., 2012), die ebenfalls mit Alterationen im Belohnungssystem

einhergehen.

6.3 Bedingungsfaktoren

Auch Bedingungen, die das AusmaR an Verzdgerungsaversion moderieren koénnen, sind

bislang kaum untersucht. Bis zu den in diese Arbeit eingeflossenen Untersuchungen war
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lediglich bekannt, dass die fehlende Moglichkeit, die Experimentaldauer durch das eigene
Belohnungswahlverhalten zu verkilrzen, sowie zusatzliche Stimulationsmdglichkeiten
wéhrend der Warteperioden, Verzogerungsaversion reduzieren kénnen. Das Ziel der vierten
(Marx et al., 2011) und flinften (Marx et al., 2013) Studie lag daher in der Untersuchung des
Einflusses der Valenz der wahrend der Aufgabenbearbeitung antizipierten Verstarker auf die

Verzdgerungsaversion.

In der vierten Studie (Marx et al., 2011) wurde der Einfluss subjektiv hoch bewerteter
Belohnung und Bestrafung auf das Wahlverhalten von Kindern mit ADHS gegentber
Kontrollkindern im Rahmen eines Spielparadigmas untersucht. Da menschliches Verhalten
nicht nur durch das Streben nach positiven, sondern auch durch die Vermeidung von
negativen Konsequenzen motiviert ist (Elliot, 2006; Rheinberg, 2006; Steel & Kdnig, 2006),
erlaubt die Untersuchung von Verzogerungsaversion wahrend der Antizipation sowohl
positiver als auch negativer Handlungskonsequenzen einen ganzheitlicheren Blick auf das
Entscheidungsverhalten von Personen mit ADHS in verzdgerungsreichen Kontexten.
Aufgrund einer erhohten Sensitivitat fir Belohnungen und einer verminderten Sensitivitat fur
Bestrafungen wurde angenommen, dass Kinder mit ADHS die positive Valenz der
antizipierten Belohnung héher und die negative Valenz der antizipierten Bestrafung geringer
einschatzen als Kinder ohne ADHS. Diese Hypothese konnte, wahrscheinlich aufgrund einer
durch eine zu geringe StichprobengroRe bedingten mangelnden statistischen Power, nicht
bestatigt werden. Kinder mit ADHS beurteilten die subjektive Valenz der Belohnung und der
Bestrafung nicht unterschiedlich von den Kontrollkindern. Ferner wurde angenommen, dass
Kinder mit ADHS angesichts alltagsrelevanter, subjektiv hoch bedeutsamer Belohnung und
Bestrafung kein erhdhtes Ausmald an Verzogerungsaversion zeigen, sondern ebenso wie die
Kinder ohne ADHS bestrebt sind, ihre experimentellen Ergebnisse zu optimieren. Diese
Hypothese konnte bestatigt werden. Trotz der langsten bislang in der Literatur verwendeten
Verzogerungsintervalle verhielten sich Kinder mit ADHS nicht verzégerungsaversiver als
Kinder ohne ADHS. Alle Kinder wahlten die zeitlich verzogerte Alternative haufiger, um
mdoglichst viel Belohnung zu generieren und mdoglichst viel Bestrafung zu vermeiden. Dabei
trafen Kinder mit ADHS keine impulsiveren Gewinnentscheidungen, d. h. sie drehten die
Karten des in der Untersuchung eingesetzten Memory-Spiels nicht schneller um, sondern

lieRen sich fur ihre Entscheidungen genauso viel Zeit wie Kinder ohne ADHS.
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Dieser Befund hat wichtige Implikationen fir das Dual Pathway-Modell (Sonuga-Barke,
2003; Sonuga-Barke et al., 2010), welches bislang nicht erklaren konnte, warum Personen mit
ADHS Wartezeiten bewusst in Kauf nehmen, obwohl das experimentelle Paradigma es
ermoglicht, diese zu vermeiden: Die Studienergebnisse liefern einen deutlichen Hinweis
darauf, dass die subjektive Wertigkeit der antizipierten Belohnung und Bestrafung der durch
Verzogerungsaversion bedingten ,,Fluchttendenz® motivational entgegenwirkt. Um diese
Schlussfolgerung in nachfolgenden Studien zu validieren, ist es allerdings notwendig, nicht
nur anhand der hohen subjektiven Wertigkeit der antizipierten Handlungskonsequenzen und
fehlender Gruppenunterschiede im Belohnungs- bzw. Bestrafungswahlverhalten indirekt auf
den moderierenden Einfluss der Valenz von Belohnung und Bestrafung zu schlie3en, sondern
deren Valenz systematisch experimentell zu manipulieren. Zukunftige Studien sollten daher
den Einfluss einer subjektiv hoch bedeutsamen vs. einer subjektiv wenig bedeutsamen
Belohnung bzw. Bestrafung auf das experimentelle Wahlverhalten von Personen mit ADHS

als Ausdruck von Verzggerungsaversion untersuchen.

In der funften Studie (Marx et al., 2013) wurde erstmals der Einfluss performanzabhangiger,
realer finanzieller Gewinne auf die Verzbégerungsaversion bei Erwachsenen mit ADHS
untersucht. Vor dem Hintergrund einer verstarkten Belohnungsabhéngigkeit, wie sie bei
Kindern mit ADHS fiir eine Reihe von kognitiven Aufgaben gezeigt wurde, wurde vermutet,
dass Erwachsene mit ADHS gegenliber Kontrollpersonen ein erhohtes AusmaR an
Verzogerungsaversion zeigen, wenn nicht die Aussicht auf eine zusétzliche, von der
Leistungsgute abhangige Belohnung besteht, wéahrend die Aussicht auf eine solche finanzielle
Belohnung das Ausmal} an Verzggerungsaversion mindern sollte. In der Tat zeigte sich, dass
Probanden mit ADHS gegeniiber Probanden ohne ADHS im Mittel kirzer in den
experimentellen Durchgdngen verharrten. Aufgrund von Deckeneffekten kann dieses
Verhalten jedoch nicht eindeutig im Sinne einer erhdhten Verzogerungsaversion interpretiert
werden: Die Probanden mit ADHS erzielten eine optimale Leistung, da sie Uber alle
Durchgénge hinweg im Mittel etwa eine Minute lang Gold des Esels sammelten. Die
Probanden ohne ADHS warteten im Mittel zwar fast eine halbe Minute l&nger, aber die Uber
eine Minute hinausgehende Wartezeit wurde nicht mehr finanziell vergtet, d. h. der Esel gab
nach Ablauf einer Minute kein Gold mehr. Die Aufgabe war also mdéglicherweise zu leicht,
um bei den Probanden mit ADHS eine ausgepréagte Verzégerungsaversion hervorzurufen. Die
Studienergebnisse belegen ferner, dass Probanden, die nicht die Aussicht auf eine zusétzliche,

von ihrer Leistungsglte abhangige finanzielle Belohnung hatten, gegeniiber Probanden, denen
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ein zusatzlicher finanzieller Gewinn in Aussicht gestellt wurde, kiirzere Verweildauern in den
experimentellen Durchgangen zeigten. Antizipierte Belohnung fuhrte demnach bei allen
Probanden zu einer Steigerung der Verweildauer, und Probanden mit ADHS, die durch
zusétzliche finanzielle Anreize motiviert wurden, erzielten vergleichbare Ergebnisse wie
Probanden ohne ADHS, die nicht zusatzlich motiviert wurden. Finanzielle Belohnung hat bei
Erwachsenen mit ADHS somit das Potential, die Effekte von Verzdogerungsaversion auf der

Verhaltensebene zu nivellieren.

Zusammenfassend legen beide Studien nahe, dass subjektiv hoch bedeutsame, alltagsrelevante,
nicht-finanzielle positive und negative Verhaltenskonsequenzen sowie finanzielle Belohnung
dem auf der Verhaltensebene gezeigten AusmaR an Verzdgerungsaversion entgegenwirken
kénnen. Dabei scheinen unterschiedliche Arten von Belohnung unterschiedlich stark wirksam
zu sein: In der Studie von Wilhelm et al. (2011) zeigten alle Kinder und Jugendlichen,
unabhéngig vom diagnostischen Status, ein verstarktes Ausmal an Verzdgerungsaversion in
der Aufgabe, in der SiRigkeiten als Belohnung in Aussicht gestellt wurden gegeniber der
Aufgabe, in der Geld als Belohnung in Aussicht gestellt wurde. Die Aussicht auf eine hohere
finanzielle Belohnung veranlasste die Kinder und Jugendlichen demnach mehr als die
Aussicht auf mehr Siifigkeiten sich ,,zusammenzureilen” und geduldig abzuwarten.
Allerdings ist bei dieser Interpretation einschrankend anzumerken, dass Reihenfolgeeffekte
nicht ausgeschlossen werden konnen: Alle Kinder fuhrten den CDT nach dem standardisierten
Frihstiick durch, so dass sie die SuRigkeiten mdglicherweise weniger attraktiv bewerteten als
das Geld, weil sie bereits gesattigt waren. In einer anderen Studie, in der Jungen im Alter von
8-13 Jahren eine Aufgabe zur Uberpriifung der Inhibitionsleistung (,,go/no-go*) bearbeiteten,
fuhrte soziale Belohnung in Form von frohlichen Gesichtern, die als Rickmeldung auf
korrekte Inhibitionen prasentiert wurden, gegeniber einer neutralen Riickmeldung bei Jungen
mit ADHS gegeniiber Jungen ohne ADHS zu einer starkeren Performanzsteigerung, wéhrend
sich bei finanzieller Belohnung keine Leistungsunterschiede zwischen beiden Gruppen
zeigten (Kohls, Herpertz-Dahlmann, & Konrad, 2009).

Da die subjektive Valenz einer antizipierten Belohnung augenscheinlich uber deren
Wirksamkeit als potentieller Verstarker bestimmt, sollte in zukiinftigen Studien untersucht
werden, welche Art der Belohnung, auch in Hinblick auf verschiedene Altersgruppen, am
effektivsten ist, um verzégerungsaversives Verhalten bei Personen mit ADHS zu modifizieren.

Dies hat sowohl therapeutische Implikationen, da beispielsweise der Erfolg
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verhaltenstherapeutischer Interventionen von der Angemessenheit der eingesetzten Verstarker
abhdngig ist, als auch Implikationen fur die theoretische Modellbildung, da effektive
Verstéarker bendtigt werden, um z. B. belohnungsassoziierte Veranderungen des motivational-
kognitiven Phanotyps der ADHS zu untersuchen. So legen die Befunde von Marx et al.
(2013) nahe, dass eine Verbindung zwischen dem exekutiven und dem motivationalen Pfad
des Dual Pathway-Modells (Sonuga-Barke, 2003) besteht, der durch die subjektive Valenz
antizipierter Belohnungen vermittelt wird: In Anwesenheit von subjektiv relevanten
Belohnungen scheint eine verstarkte exekutive Kontrolle motivationaler Funktionen
stattzufinden, die Personen mit ADHS dazu bewegt, trotz eines verzogerungsreichen Kontexts

maoglichst optimale Leistungsergebnisse zu erzielen (vgl. S. 84).

6.4 Zusammenfassende Diskussion

Die vorliegende Arbeit konnte zeigen, dass Verzogerungsaversion ein zeitlich Gberdauerndes
motivationales Defizit darstellt, welches nicht allein bei Kindern, sondern auch bei
Erwachsenen mit ADHS auftritt (Marx et al., 2010; 2013). Dieses Defizit ist jedoch nicht
invariant, sondern es kann durch motivationale Anreize positiv beeinflusst werden. So kénnen
antizipierte finanzielle Belohnungen und subjektiv hoch bedeutsame, alltagsrelevante, nicht
finanzielle positive und negative Verhaltenskonsequenzen das gegentber Kontrollpersonen
erhdhte AusmaR an Verzogerungsaversion reduzieren und sogar nivellieren (Marx et al.,
2011; 2013). Unterschiedliche Arten von Belohnung scheinen dabei unterschiedlich stark
wirksam zu sein (Wilhelm et al., 2011), wobei vergleichende Untersuchungen zu dieser
Fragestellung bislang weitestgehend ausstehen. Hinsichtlich der Spezifitdit wvon
Verzogerungsaversion fir das Storungsbild der ADHS konnte eine Abgrenzung gegeniber
der Zwangsstérung gezeigt werden (Vloet et al., 2010), eine atiopathologische
Differenzierung von Essstorungen gelang anhand des CDT jedoch nicht (Wilhelm et al.,
2011).

Eine Gemeinsamkeit bislang durchgefiihrter Studien zur Verzgerungsaversion ist die, dass
die subjektive Valenz antizipierter Verstarker nicht hinreichend erfasst und systematisch
manipuliert wurde. So wurden beispielsweise kleine finanzielle Betrédge, SlRigkeiten,
Bleistifte, Radiergummis und Sticker als Belohnung in Aussicht gestellt, ohne deren
subjektiven Wert fur den Probanden zu erfassen. Daher scheint es bislang nicht gesichert, ob

Verzdgerungsaversion aus einer verminderten subjektiven Valenz der antizipierten Verstéarker
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resultiert und das Individuum aufgrund des daraus resultierenden fehlenden motivationalen
Anreizes den Focus seiner Aufmerksamkeit verstarkt auf die Wartezeit legt, die es mit
zunehmender Lange zunehmend als aversiv erlebt (Ziel: Vermeidung von Langeweile), oder
ob Verzogerungsaversion aus einer gegenuber Kontrollpersonen héheren subjektiven Valenz
der antizipierten Verhaltenskonsequenzen resultiert, wobei hier ebenfalls die L&nge der
Wartezeit Uber die emotionale Bewertung des Verzdgerungsintervalls bestimmen diirfte (Ziel:
den Verstarker so schnell wie mdglich zu erhalten). Die Frage scheint kurzum, ob Wartezeiten
deshalb als aversiv erlebt werden, weil Personen mit ADHS den antizipierten Verstéarker als
subjektiv wenig relevant erleben und deshalb nicht so lange auf ihn warten mochten, oder ob
sie ihn als subjektiv hoch relevant erleben und deshalb so schnell wie mdglich erhalten
mdochten. Das verstirkte delay discounting bei Personen mit ADHS, d. h. die gegeniber
Kontrollpersonen stéarkere Abnahme der subjektiven Valenz eines antizipierten Verstarkers
mit zunehmender zeitlicher Verzégerung seiner Vergutung (Plichta et al., 2009), leistet als
Veranderungsmall nur einen begrenzten Beitrag zur Klarung dieser Frage, da es keine
Aussage darlber erlaubt, ob die Valenz des antizipierten Verstarkers gegenlber
Kontrollpersonen initial gleich stark, hoher oder niedriger ausgepragt war. Auf den ersten
Blick lasst die Befundlage die Hypothese des verminderten Anreizwertes plausibler
erscheinen, da Personen mit ADHS auf neurofunktioneller Ebene die Valenz antizipierter
Gewinne, unabhangig davon, ob diese unmittelbar oder zeitlich verzdgert vergutet werden,
geringer codieren als Personen ohne ADHS, sie also generell antizipierten Belohnungen
gegeniiber weniger sensitiv zu sein scheinen (Plichta et al., 2009). Andererseits zeigen
Personen mit ADHS eine Uberaktivierung des orbitofrontalen und des lateralen prafrontalen
Cortex in der Ergebnisphase (Strohle et al., 2008), d. h. sie bewerten den Erhalt von
Gewinnen hoher als Kontrollpersonen, wobei sie auf neurofunktioneller Ebene nicht zwischen
hohen und niedrigen Gewinnen differenzieren (Wilbertz et al., 2011). Um die zugrunde
liegende Fragestellung naher zu untersuchen, sollten in zuklnftigen Studien Valenzratings
beziglich der antizipierten Verstarker implementiert werden. Ferner sollte die
Verstérkervalenz systematisch manipuliert werden, d. h. Verzégerungsaversion sollte in
Erwartung subjektiv hoch bewerteter gegentiber subjektiv gering bewerteten Verstéarkern,

maoglichst unter Nutzung bildgebender Verfahren, untersucht werden.

Neben der Valenz der antizipierten Verstarker kdnnten auch aufgabeninhédrente Merkmale,
beispielsweise die Anzahl der Versuchsdurchgange des CDT, einen Einfluss auf das auf der

Verhaltensebene gezeigte AusmaR an Verzdgerungsaversion ausiiben. Wahrend die Original-
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Aufgabe von Sonuga-Barke, Taylor, Sembi, et al. (1992) 20 Versuchsdurchgénge beinhaltet,
existieren auch Versionen der Aufgabe mit 10 (Yang et al., 2011), 15 (Bitsakou et al., 2009)
und 30 (Gupta et al., 2011) Durchgéngen. Die Ergebnisse dieser Studien lassen vermuten,
dass die Anzahl der Entscheidungen fir die groRere, zeitlich starker verzdgerte Belohnung mit
zunehmender Anzahl von Versuchsdurchgangen bei Kindern mit ADHS starker abnimmt als
bei Kontrollkindern. Da das Warten auf den antizipierten Gewinn negative emotionale
Zustande hervorruft (Plichta et al., 2009) und Personen mit ADHS deshalb starker als
Kontrollpersonen bestrebt sind, die Experimentaldauer zu verkdrzen, anstatt ihre Ergebnisse
zu optimieren (Sonuga-Barke, Taylor, Sembi, et al., 1992), kann ferner angenommen werden,
dass auch die Lange des pre-reward delays, also die Lange des Zeitintervalls bis zur
Vergutung der antizipierten Belohnung, einen Einfluss auf das Verzégerungswahlverhalten
ausubt: Je kurzer die Wartezeit auf den hohen antizipierten Gewinn, desto geringer sollte
Verzogerungsaversion ausgepragt sein. Beide Fragestellungen sind bislang nicht
experimentell untersucht, sind jedoch Inhalt einer in Auswertung befindlichen Meta-Analyse
(Marx et al., in Vorbereitung).

Im Rahmen zukinftiger Studien sollte auch der medikamentdse Status der untersuchten
Probanden stérker als bisher berticksichtigt und in seiner Wirkungsweise auf die abhéngigen
Variablen systematisch untersucht werden. Schatzungsweise 30-50% aller mit ADHS
diagnostizierten Kinder und Jugendlichen im Alter von 6-18 Jahren werden in Deutschland
mit Stimulantien behandelt (32%, Braun, Russo, Zeidler, Linder, & Hodgkins, 2013; 36.8%,
Lindemann et al., 2012; 52%, Garbe et al., 2012), wobei Methylphenidat mit 91.6% der
grofte Stellenwert zukommt (Garbe et al., 2012). Ein Vergleich der Jahre 2000 und 2007
zeigte bei AOK-Versicherten in Hessen im Alter von 6-18 Jahren eine Zunahme der
Diagnosehé&ufigkeit von ADHS um 45% (2.21% der Versicherten) und, damit einhergehend,
eine Zunahme der Verschreibung von Methylphenidat. Im Jahre 2007 wurde 1.06% der
Versicherten in dieser Altersgruppe mindestens einmal Methylphenidat verschrieben. Dies
entspricht einer Steigerung um 96% gegenuber dem Jahre 2000, wobei sich die hochsten
Verschreibungsraten bei den 10- bis 14-jahrigen fanden. Auch die verschriebene Dosis
steigerte sich fir diesen Zeitraum um +82% (Schubert, Koster, & Lehmkuhl, 2010). Kirzlich
konnte gezeigt werden, dass Methylphenidat nicht nur nach unmittelbarer Einnahme
kurzfristig die neuronale Aktivitat steigert, sondern darliber hinaus auch langfristige Effekte
in neurofunktioneller (fur Meta-Analysen, s. Hart, Radua, Nakao, Mataix-Cols, & Rubia,

2013; McCarthy et al., 2013) und struktureller (geringer ausgepragte Volumenminderungen
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gegentiber niemals mit Methylphenidat behandelten ADHS-Patienten, z. B. im anterioren
Cingulum, im Nucleus caudatus, im Cerebellum und im Thalamus) Hinsicht auszuiiben
scheint, so dass ein positiver Einfluss von Methylphenidat auf die Neuroplastizitat diskutiert
wird (fur Ubersichtsartikel, s. Kasparek, Theiner, & Filova, 2013; Schweren, de Zeeuw, &
Durston, 2013). Vor dem Hintergrund zunehmender Verschreibungsraten und Dosismengen
ergibt sich an zukinftige Studien die Herausforderung, dass optimalerweise Stichproben
stimulantiennaiver  Probanden inkludiert werden sollten, um stérungsassoziierte
Pathomechanismen unabhédngig von potentiell verzerrenden Medikamenteneffekten zu
untersuchen, was jedoch experimentelle Studien Uberwiegend an die Erstdiagnostik binden
und damit die Anzahl an verfligbaren Probanden stark einschranken wirde. Daher erscheint es
als Mindeststandard ratsam, den Medikationsstatus der untersuchten Probanden routinemaRig
zu erheben und den Einfluss der vorbestehenden Medikation in den eingesetzten statistischen
Modellen, z. B. kovarianz- oder regressionsanalytisch, zu berticksichtigen. Grol3 angelegte,
longitudinale Studien sollten darliber hinaus auch den Einfluss von Stimulantien auf
neuronale Reifungsprozesse untersuchen und einen Zusammenhang mit relevanten Outcome-
MaRen (z. B. Einfluss auf die klinische ADHS-Symptomatik; Leistungsverbesserungen)
herstellen, denn “The important issue of whether methylphenidate-induced brain changes in
children with ADHD are accompanied by behavioral changes has rarely been addressed

directly, and results have been inconsistent.” (Schweren et al., 2013, S. 1160).
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7 Zusammenfassung

Die Aufmerksamkeitsdefizit-/Hyperaktivitatsstorung (ADHS) ist eine Stérung des Kindes-
und Jugendalters, die bis in das Erwachsenenalter hinein persistieren und sich in den
Dimensionen Unaufmerksamkeit, Hyperaktivitat und Impulsivitat manifestieren kann. Bei der
Erklarung der Ursachen des Stoérungsbildes spielen in jungerer Zeit neben dysexekutiven
Ansatzen (Barkley, 1997; Quay, 1997) zunehmend auch motivationale Faktoren (Sagvolden
et al., 2005; Sergeant, 2000; Sonuga-Barke, 2002) eine Rolle. Die Verzégerungsaversions-
Hypothese (Sonuga-Barke, Taylor, Sembi, et al., 1992), die im Laufe der Jahre zu einem
umfassenden theoretischen Erklarungsmodell des Storungsbildes weiterentwickelt wurde
(Marco et al., 2009; Sonuga-Barke, 2002; 2005) und die auch durch neurofunktionelle
Befunde gestitzt wird (Plichta et al., 2009; vgl. Abschnitt 1.4.2), geht davon aus, dass Kinder
mit ADHS gegenuber nicht von ADHS betroffenen Kindern Uber einen starker ausgepréagten
motivationalen Stil verfiigen, Verzogerungen in Handlungsabldufen bewusst zu vermeiden
und maoglichst unmittelbare Handlungskonsequenzen zu bevorzugen, um aversive Zusténde
des Wartens zu vermeiden. Die vorliegende Arbeit beschaftigte sich mit den Fragestellungen,
ob Verzdgerungsaversion lediglich ein Phdnomen des Kindes- und Jugendalters darstellt, oder
ob es auch bei Erwachsenen mit ADHS auftritt (Marx et al., 2010), wie spezifisch
Verzogerungsaversion fur das Storungsbild der ADHS gegeniiber anderen psychischen
Storungsbildern ist (Vloet et al., 2010; Wilhelm et al., 2011) und inwiefern externe Anreize
im Sinne moderierender Faktoren geeignet sind, das auf der Verhaltensebene gezeigte
Ausmall an Verzdgerungsaversion positiv zu beeinflussen, d. h. es zu mildern oder

maoglicherweise sogar zu nivellieren (Marx et al., 2011; 2013).

Zur Untersuchung dieser Fragestellungen kamen experimentelle Kontrollgruppendesigns mit
Kindern, Jugendlichen und Erwachsenen mit ADHS zur Anwendung, wobei neben nicht-
klinischen Kontrollstichproben in einem Teil der Studien (Vloet et al., 2010; Wilhelm et al.,
2011) auch Klinische Kontrollstichproben (Probanden mit Ubergewicht/Adipositas;
Probanden mit  Zwangsstérungen) untersucht  wurden.  Entwicklungsassoziierte
Fragestellungen wurden mithilfe eines Querschnittsdesigns untersucht (Marx et al., 2010). Die
Auswertung der Daten erfolgte mittels varianzanalytischer Methoden, wobei multi- und
univariate  Varianzanalysen ein- oder mehrfaktorieller ~Natur, teilweise unter
kovarianzanalytischer ~ Berticksichtigung ~ von  Gruppenunterschieden  hinsichtlich

soziodemographischer Variablen oder des Medikationsstatus der Patienten, durchgefuhrt
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wurden. Auch univariate Messwiederholungsdesigns kamen zur Anwendung. Zusétzlich

wurden Korrelationen zwischen Symptomdimensionen und abhé&ngigen Variablen berechnet.

Die Ergebnisse dieser Arbeit belegen, dass Verzdgerungsaversion ein zeitlich berdauerndes
motivationales Defizit darstellt, welches nicht allein bei Kindern, sondern altersinvariant auch
bei Erwachsenen mit ADHS auftritt (Marx et al., 2010; 2013). Dieses Defizit kann jedoch
durch motivationale Anreize positiv beeinflusst werden. So kdnnen antizipierte finanzielle
Belohnungen und subjektiv hoch bedeutsame, alltagsrelevante, nicht finanzielle positive und
negative Verhaltenskonsequenzen das gegentiber Kontrollpersonen erhohte AusmaR an
Verzogerungsaversion mindern und sogar ausgleichen (Marx et al., 2011; 2013). Dabei
scheinen unterschiedliche Arten von Belohnungen unterschiedlich wirksam zu sein (Wilhelm
et al., 2011). Hinsichtlich der Spezifitdt von Verzdgerungsaversion fiir das Stérungsbild der
ADHS konnte eine Abgrenzung gegenuber der Zwangsstorung gezeigt werden (Vloet et al.,
2010), eine atiopathologische Differenzierung von Essstorungen gelang hingegen nicht
(Wilhelm et al., 2011).

Die Befunde der vorliegenden Arbeit haben wichtige Implikationen fir die theoretische
Modellbildung, indem sie den Geltungsbereich des Dual Pathway-Modells der ADHS
(Sonuga-Barke, 2003) auf das Erwachsenenalter ausweiten. Ferner schaffen sie eine
Verbindung zwischen dem exekutiven und dem motivationalen Pfad des Modells, die durch
Moderatoreffekte generiert wird: In Abhéangigkeit von der subjektiven Valenz antizipierter
Verstérker scheint eine verstirkte exekutive Kontrolle motivationaler Funktionen
stattzufinden, die Personen mit ADHS dazu bewegt, trotz verzégerungsreicher Kontexte
geduldig abzuwarten, um mdglichst optimale Leistungsergebnisse zu erzielen. Ferner lasst
sich aus der vorliegenden Arbeit auch ein therapeutischer Nutzen ableiten: Wéhrend die
Verzogerungsaversions-Hypothese davon ausgeht, dass das auf der Verhaltensebene mit
Verzogerungsaversion assoziierte dysfunktionale Verhalten von Kindern mit ADHS in
verzdgerungsreichen Kontexten durch die haufige und unmittelbare Belohnung funktionalen
Verhaltens positiv beeinflusst werden kann (Sagvolden et al., 2005), lassen die aktuellen
Ergebnisse (Marx et al., 2011) vermuten, dass eine unmittelbare Verstarkung erwiinschten
Verhaltens nicht zwangslaufig immer notwendig ist, sondern dass auch langere Zeitintervalle
uberbruckt werden kénnen, wenn die antizipierte Belohnung eine hohe subjektive Relevanz
aufweist.
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