Encyclopedia

" onEarly Childhood

W |/ Development

ADHD and Neuroscience

'SAMUELE CORTESE, MD, PhD
2FRANCISCO XAVIER CASTELLANOS, MD

NYU Langone Medical Center Child Study Center, USA"’
Nathan Kline Institute for Psychiatric Research, USA’

(Published online December 2010)

Topic
Hyperactivity

Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD) is a highly prevalent childhood
neuropsychiatric condition estimated to affect 3 to 7% of school-age children worldwide.'
Because of ADHD symptoms and frequently associated psychiatric comorbidities,
individuals with ADHD are at risk for family conflict, poor peer relationships and
academic/work failure. Therefore, ADHD exacts an enormous burden on society.’

Problems
e Currently, ADHD is diagnosed according to a set of behavioural criteria,'
fostering controversy because of the “subjective” nature of the diagnosis.
e Individuals with ADHD may differ in the clinical presentation, leading to
confusion in clinical as well as in research settings.
e Current classification does not account for developmental variations in symptoms.
e No long-term curative treatments are currently available.’

Subject

Insights from the emerging field of pediatric neuroscience are required to transition from
a classification based on the clinical description of symptoms toward a model based on
the causes of the disorder. Such mechanistic models are expected to lead to objective
characterization of patients with more precisely defined subtypes of ADHD and to the
eventual development of effective physiopathology-based treatments.

Research Context

The most fruitful contributions to understanding ADHD are likely to derive from a
multidisciplinary translational research framework including physiology, psychology,
neurology, psychiatry, bioinformatics, neurogenetics, cellular and molecular biology, and
systems neuroscience.
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Key Research Questions
Among the issues amenable to investigation by neuroscience methods, the following are
pivotal:
e Is the brain of individuals with ADHD morphologically different from non-
ADHD controls?
Does the brain of individuals with ADHD function differently?
Does brain neurochemistry differ in ADHD?
What are the causes of the supposed dysfunctions?
What are the developmental pathways of brain abnormalities?

Recent Research Results

Is the brain of individuals with ADHD morphologically different?

Early structural MRI (Magnetic Resonance Imaging) studies have reported several
significant morphological differences in ADHD vs. controls, although the findings have
not always been consistent.® A meta-analysis’ demonstrated that the brain regions
showing the largest area or volumetric reductions in ADHD vs. controls include some
specific regions of the brain involved in movement control and organization, as well as
the total and right cerebral volume. However, most of these studies were based on a
region-of-interest approach with an undue concentration on relatively few and easily
measurable cerebral structures. A more recent meta-analysis® of voxel-based
morphometric studies (which are spatially unbiased) found that only right putamen
volume loss was significant across studies, although this conclusion remains tentative
given the limited number (seven) of available studies. Recently, previously overlooked
aspects such as thickness, curvature, depth of folds of the brain, and shape of cerebral
structures have also been considered. Atypical pattern and decrease in surface area as
well as shape anomalies in structures scarcely explored in early studies, such as the limbic
system and the thalamus, have been reported.’

Finally, recent studies of Diffusion Tensor Imaging, which allow quantitative exploration

of white matter, point to altered structural connectivity in tracts connecting the right

prefrontal cortex to the basal ganglia as well as the cingulate gyrus to the entorhinal
8

cortex.

Does the brain of individuals with ADHD function differently?
The functional imaging literature in ADHD is too extensive to be systematically explored
here. We report results of the main available systematic review/meta-analyses.

Pooled evidence’ from functional MRI studies shows frontal hypoactivity affecting
various regions of the cortex (anterior cingulate, dorsolateral prefrontal, inferior
prefrontal, and orbitofrontal cortex), as well as related regions (such as portions of the
basal ganglia, thalamus and parietal cortex). Interestingly, these findings mirror, in
general, the anatomy implicated by structural imaging studies.

A meta-analysis of quantitative EEG studies found theta power increase and beta power
decrease in ADHD vs. controls.'” The most consistent finding from event-related
potential studies is reduced posterior P3 in the auditory oddball task.'' Taken together,
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the structural and functional findings suggest widespread anomalies encompassing
multiple brain structures.

Indeed, currently, researchers in the field are focusing on the study of dysfunction in
distributed networks. A relatively novel approach assessing functional connectivity
during rest and task states seems to be particularly promising for gaining insight into the
complex network anomalies presumably underlying ADHD.'? Preliminary evidence
supports the so-called default-mode interference hypothesis of ADHD, according to
which ineffective modulation of default network fluctuations interferes with optimal
functioning of the neuronal circuits underlying active task performance."

Does brain neurochemistry differ in ADHD?

Converging genetic, neuroimaging, neuropsychophamacological and animal model data
suggest that several neurotransmitter systems (like dopaminergic, noradrenergic,
serotonergic and, possibly, nicotinic cholinergic systems) are involved in the
pathophysiology of ADHD."

Altered ratios to creatine of several compounds (choline compounds, N-acetyl-aspartate
and glutamate/glutamine [a regulator of dopamine]) have been reported in preliminary
spectroscopic studies.'

What are the causes of the supposed dysfunctions?

ADHD is highly heritable (heritability ~0.76).'° However, the findings from genetic
studies have been disappointing so far. A genome-wide scan meta-analysis found
genome-wide significant linkage only for a region on chromosome 16, suggesting that
many genes of moderately large effect are unlikely to exist.'” A recent meta-analysis of
genome-wide association studies failed to find any significant associations.'® A small but
significant contribution of several single candidate genes involving mainly the
dopaminergic system (DRD4, DRDS5, DAT1, HTR1B and SNAP25) has been supported
by meta-analyses but data are inconsistent for many other candidate genes."” Recently,
the potential role of a novel gene, latrophilin 3 (LPHN3) has been highlighted by
genome-wide significant association and linkage identified by positional cloning and
multiple replications.”**!

Among several candidate environmental risk factors, a recent systematic review”” has
confirmed a plausible role for premature delivery and maternal smoking during
pregnancy.

What are the developmental pathways of brain abnormalities?

A recent longitudinal study reported a delay in brain maturation in ADHD of about three
years. Persistent ADHD was characterized by a deviant developmental trajectory, while
remission tended to be associated with normalization of anatomic deficits.’
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Research Gaps

e How are structural and functional connectivity abnormalities related?

e At which developmental stages do disruptions in neural networks first emerge and
manifest clearly?

e Can genetic factors with small effects be identified if we assemble appropriately
large samples? What would be the relevant phenotypes for such large-scale
approaches?

e What are the roles of genetic factors beyond single nucleotide polymorphisms? A
recent study found increased copy-number variations (CNV) in ADHD.* These
structural variations in DNA, such as insertions, deletions and duplications, occur
frequently in the population, but their specific clinical significance is uncertain.

e How best can the interactions of genes and environmental (biological as well as
psychosocial) variables be understood?

e How do various etiological factors lead to neuronal anomalies?

e What are the potential benefits of pathophysiology-based interventions? For
example, neurofeedback’® and, to a less extent, transcranial magnetic
stimulation® are promising approaches, although more evidence is needed.

Conclusions

Insights from neuroscience have unequivocally shown that the brains of children with
ADHD differ from those of controls. Recently, research on the neurobiological bases of
ADHD has shifted from a model based on brain regional differences to a framework
characterized by altered connectivity among several areas. Currently, we are still mostly
obtaining information on individual elements of these networks. In the near future, we
need to gain insight on how these pieces fit together.

We are also discovering, although technical and methodological obstacles remain, the
genetic bases of these dysfunctions and the possible environmental factors that interact, in
a complex way, with the genetic underpinnings.

Challenging and expensive longitudinal studies have begun to yield insights into the
developmental pathways of brain abnormalities and their relationships with ADHD
symptoms. As these elements become clearer, the field will be better able to design
etiopathophysiologically-based interventions for ADHD with the potential for long-term
effectiveness.

Implications for Parents, Services and Policy

Although neuroscience has helped to advance our knowledge of the etiopathophysiology
of ADHD, so far we have not found sensitive and specific neurobiological markers.
Therefore, parents need to be aware that ADHD diagnosis is still based on behavioural
criteria.

However, the veritable explosion of ADHD research grounded in neuroscience,
combined with the rapid pace of technologic advances, will make the next years exciting
and fruitful for understanding ADHD. Possible future neurobiological tests for ADHD
will not replace clinical judgment. However, in the near future, services will need to
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integrate methods from neuroscience into clinical practice. Large networks of researchers
in the fields of imaging and genetics will be necessary to confront future research
challenges. Inevitably, substantial funding will be necessary to support this work but the
potential results and their implications in terms of public health are expected to justify the
economic costs.
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