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ADHD: Course of the Disorder 
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Predictors of Persistence of ADHD 

Biederman et al, 1995 (N=128) 

Risk for ADHD in Probands 
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p < 0.001 Risk Factors: 
1. Family History of ADHD 
2. Comorbidity 
3. Adversity 



Is ADHD in Adults a Valid Diagnosis? 

SYNDROMATIC CONTINUITY  

Family- Genetic 
Studies 

Treatment 
Effectiveness 

Comorbidity and 
Neuropsych 
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Functional specialization 
 

Localisation 

Functional integration 
 

Connectivity 

Principles of Organisation 



1.  Fifteen studies met inclusion criteria 

2.  Alterations in white matter integrity were found in widespread 
areas 

3.  Most consistently in the right anterior corona radiata, right 
forceps minor, bilateral internal capsule, and left cerebellum 



ALE meta-analysis of VBM studies of WM 



Persistence vs  remittence of ADHD 

T1  
T2 

    ADHD 

   ADHD-P 

  ADHD-R 

 ??  



Can we predict persistence vs remission from white 
matter integrity?  The NeuroIMAGE study 

Francx, Zwiers, Buitelaar, in progress 



Data-analytic strategy 

•  Defining subgroups of persisters vs remitters:  
– Persisters > 6 HI symptoms 
– Remitters < 6 HI symptoms 
– We corrected for gender, age, scan site, 

duration of medication use and symptom rate 
at T1 

•  Dimensional analysis: we examined whether 
the change in ADHD symptoms over time did 
relate to white matter structures in the brains of 
the adolescents with ADHD. 



MRI – DTI data processing  

•  MR imaging data was acquired at 1.5 T at two sites (Nijmegen and 
Amsterdam).  

•  The DTI data was realigned using the diffusion tensor residuals as 
a cost function (Andersson & Skare, 2002) and potential biases 
from head and/or cardiac motion artefacts were effectively 
eliminated by use of an in-house developed robust tensor 
estimation software (Zwiers, 2010).  

•  Preprocessed data were used to compute fractional anisotropy 
(FA) and mean diffusivity (MD) for each voxel using the estimated 
diffusion tensors.  

•  Tract-based spatial statistics (TBSS) as implemented in FSL 5.0 
(Smith et al., 2006a) was used for analysis of the diffusion 
parameters.  



Persisters versus remitters 

Red: comparison persistent hyp/imp (n=45) with 
remittent hyp/imp (n=42): FA persist > FA remit 
persistent: >6 symptoms at follow-up, remittent: <6 
symptoms at follow-up  



Persisters vs remitters 

Tractography results out of significant 
results of TBSS analysis, in 75% of the 
subjects: corticospinal tract  



Dimensional analysis: low FA is associated with 
greater decrease of HI symptoms 

Red: correlation FA with change of hyp/imp symptoms over 
time: lower FA = greater decrease;   
Blue: correlation MD with change of hyp/imp symptoms over 
time: higher MD = greater decrease  



Dimensional analysis 

Red: correlation FA with change of hyp/imp symptoms over time: 
lower FA = greater decrease;   
Blue: correlation MD with change of hyp/imp symptoms over 
time: higher MD = greater decrease  



White matter tracts and persistence vs remittence 

•  Consistency between categorical and dimensional 
analysis 

•  The regions with significant results were identified as the 
internal capsule (anterior, retrolenticular and posterior), 
external capsule, corona radiata (anterior, superior and 
posterior), the superior longitudinal fasciculus, the corpus 
callosum (genu, body and splenium) and the cingulum.  

•  Probabilistic tractography showed that these regions are 
most likely part of the corticospinal tract, connecting the 
motor cortex with the spine (JHU White-Matter 
Tractography Atlas). 

Francx, Zwiers, Buitelaar, in progress 



Diagnostic Efficiency of Neuropsychological 
Test Scores for Discriminating Boys With and 
Without ADHD 
 

Doyle et al. (2000) Journal of Consulting and Clinical 
Psychology, 68, 477-488 



Tests 

•  Stroop Color-Word Test 
•  Wisconsin Card Sorting Test 
•  California Verbal Learning Test 
•  Auditory Continuous Performance Test 
•  Letter Cancellation Task 
•  Rey-Osterreith Complex Figure  
•  Freedom from Distractibility Index (WISC/WAIS) 



Diagnostic Efficiency of Neuropsychological 
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Test hypothesis of 3 independent pathways:  
1.  dorsal frontostriatal pathway involved in 

cognitive control,  
2.  ventral frontostriatal pathway involved in 

reward processing 
3.  frontocerebellar pathway related to temporal 

processing.  



•  149 subjects (83 controls, 57 
ADHD) participated in a short 
computerized battery 
assessing cognitive control, 
timing and reward sensitivity. 

•  Principal Component Analysis 
was used to find independent 
components underlying the 
variance in the data. 

•  The segregation of deficits 
between individuals was 
tested using Loglinear 
Analysis 



Evidence for the dissociation of timing, inhibitory, 
and delay-related impairments in ADHD  
 
•  Nine tasks designed to tap three domains (inhibitory control, 

delay aversion and temporal processing) were administered to 
ADHD probands (n=71; ages 6 to 17 years), their siblings (n=71; 
65 unaffected by ADHD) and non-ADHD controls (n=50) 

•  Temporal processing, inhibitory control and delay-related deficits 
represented independent neuropsychological components. 

•  ADHD children differed from controls on all factors.  
•  For ADHD patients, the co-occurrence of inhibitory, temporal 

processing and delay-related deficits was no greater than 
expected by chance with substantial groups of patients showing 
only one problem.  

•  Domain-specific patterns of familial co-segregation provided 
evidence for the validity of neuropsychological subgroupings. 

Sonuga-Barke et al., JAACAP 2010; 49(4):345-55  



Abnormal reward processing in ADHD 
 
 



Hedonic hotspots 



Wanting versus liking 



Wanting, learning, and liking 



Wanting – learning - liking 

1.  The reward components occur together 
simultaneously, 

2.  but have different neural substrates, 
3.  and different psychological features 

4.  Liking – hedonic impact: accumbens – pallidum-
brainstem 

5.  Wanting – incentive saliency – mesolimbic dopamine 
projects to striatum and cortico-limbic ciruits 

6.  Cognitive goal values – orbitofrontal cortex 
7.  Reward components have explicite and implicite 

forms 
Berridge et al. Trends in Neuroscience, 2003, 26, 507-513 



Outline of the talk 

Wanting versus liking  

Reinforcers/reward and ADHD 

Neural correlates of reward in ADHD 

Future perspectives  





Effects of reinforcement in ADHD 

1.  Stronger positive effects of reinforcers on cognitive 
performance in ADHD than in controls 

2.  Strong preference for options that are rewarding now, 
but unfavorable in the future 

3.  Children with ADHD favor small immediate rewards 
over larger delayed rewards 

4.  Feedback related physiological responses normalize 
when reward is added to feedback 

Luman et al. 2005 Clin Psychology Review, 25, 183-213; 
Drechlser ; Sonuga-Barke; Luman et al., 2010, NBR 34, 744-54 



Different reinforcement-delay gradient in ADHD 



Background 

•  Neural studies (few, all with small/moderate sample 
size) 
–  Frontostriatal circuit (Rubia, 2009; ADHD 10) 
–  Reward anticipation (Scheres, 2007; ADHD 11) 
–  Reward receipt (Paloyelis, 2012; ADHD 29) 
–  Reports about neural changes are limited and 

inconsistent 
•  It is unknown if the neural measure of reward 

processing is a valid endophenotype  

Reward Processing in Adolescents with ADHD 



Experimental questions 

•  Is reward processing abnormal in ADHD? 

•  Which phase of reward processing is altered in 
ADHD? 
– Reward anticipation 
– Reward receipt 
– Both 

•  Is reward processing a valid endophenotype? 

 

Reward Processing Adolescents with ADHD 



•  Monetary Incentive Delay (MID) Task  
– Known to elicit a response in the reward system 

(Knutson et al, 2001) 
– During reward anticipation (ventral striatum) 
– During reward receipt (ventral striatum, MPFC) 

 
 

Reward Processing in Adolescents with ADHD 



NeuroIMAGE project  

IMAGE 
•  2004-2006 
•  350 ADHD + 150 

control families 
•  N=1100 
•  11.5 years 

IMAGE II 
•  2008 

NeuroIMAGE 
•  2009-2012 
•  369 ADHD + 150 

control families 
•  N=800 
•  16.5 years 

NeuroIMAGE II 
•  2013-2016 
•  350 ADHD + 

100 control 
families 

•  20 years 



NeuroImage sample 

Reward Processing in Adolescents with ADHD 

! ADHD! SIBLINGS! CONTROLS! Statistics!for!Group!by!Condition! Significance!

N!(%)! 137!(44.8)! 83!(27.1)! 86!(28.1)! ! !

%!Men! 71.5! 46.6! 38.4! ChiMsqu!=!28.4! P!<!0.001!

Age! 17.5!(3.1)! 17.9!(3.7)! 17.3!(2.9)! F!(2,303)!=!0.7! P!>0.46!

Range! 10.2!–!25.9! 11.8!–!26.6! 10.8!–!23.2! ! !

IQ! 98.4!(15.5)! 99.1!(15.2)! 108.9!(14.1)! F!(2,300)!=!13.4! P!<!0.001!

Range! 64!M!132! 65!–!141! 75!M!147! ! !

Inattentive!symptoms! 7.2!(1.7)! 0.7!(1.5)! 0.5!(1.4)! F!(2,303)!=!651.6! P!<!0.001!

Range! 1!M!9! 0!–!8! 0!M!7! ! !

Hyperactive!symptoms! 6.0!(2.3)! 0.6!(1.0)! 0.4!(0.9)! F!(2,303)!=!399.9! P!<!0.001!

Range! 0!M!9! 0!–!4! 0!M!5! ! !

!



Behavioral Results 

Reward Processing in Adolescents with ADHD 

• Reward had a significant main effect 

• There were no significant group differences 
 



Imaging Results: Reward Anticipation in the VS 

Reward Processing in Adolescents with ADHD 

• Reward elicited a significant response during anticipation in all 3 groups 
• There were no significant group differences 
• There was no effect of familiality 
 



Imaging Results: Reward Receipt in the VS 

Reward Processing in Adolescents with ADHD 

• Reward elicited a significant response during receipt all 3 groups 
• There was a significant diagnosis x Reward interaction for ADHD vs CON 

 
• The linear contrast for all three groups was also significant 

VS 



Imaging Results: Reward Receipt in OFC 

Reward Processing in Adolescents with ADHD 

• Reward elicited a significant response in the OFC during receipt all 3 groups 
• Significant interaction Diagnosis by Reward  for ADHD versus controls 
• Siblings similar as the ADHD probands 
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Fig 4. Mean signal from structurally defined orbitofrontal cortex (OFC) ROI during reward 
receipt for contrast reward (hit minus miss) versus nonreward (hit minus miss), stratified by 
diagnostic group (probands (ADHD), unaffected siblings (SIBS) and healthy controls 
(CON)).Error bars indicate standard error of the mean
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