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Vladimir Maletic, MD, is a

clinical professor of psychiatry

and behavioral science at the
University of South Carolina School
of Medicine in Greenville,and a
consulting associate in the Division
of Child and Adolescent Psychiatry,
Department of Psychiatry, at

Duke University in Durham, North
Carolina. Dr. Maletic is a member of
several professional organizations,
including the Southern Psychiatric
Association and the American

College of Psychiatrists. In 2013-
2014, he served as a program
chair for the US Psychiatric and
Mental Health Congress, and has
presented at, and participated in,
many national and international
meetings and congresses. He has
published 2 books, and numerous
articles, and has authored several
book chapters. Dr. Maletic's areas
of special interest include the
neurobiology of mood disorders,
schizophrenia, and pain, as well
as the regulation of sleep and
wakefulness. He is board certified
in both psychiatry and neurology.
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The current understanding of ADHD suggests an interesting interaction between
genetic, anatomic, and functional differences in the brain of those affected.

Genetics of ADHD

Insight into the genetic underpinnings of ADHD comes from a recent, large-scale
genome-wide association study that compared the genetic makeup of ~20,000
individuals with ADHD with that of 35,000 healthy individuals. Interestingly, the
genetic makeup associated with ADHD was also associated with increased risk for
specific emotional behaviors and several comorbidities (eg, irritability, mood swings,
depression and substance use).

Neural network affected by ADHD

The cognitive-executive network comprises interconnected cortical areas that

have a role in executive function, working memory, and selective and sustained
attention. Prefrontal cortical areas that connect to premotor cortices participate in
the planning of motor activity; whereas dorsal prefrontal cortical areas participate in
attention, working memory, executive function and “top—down” regulation of emotion.

The cortico-striatal-thalamic network is comprised of parallel loops that connect
the prefrontal cortex with the basal ganglia and thalamus. This network regulates
ascending sensory information that reaches the prefrontal cortex, and inhibition
of inappropriate actions and motivations.

The corticolimbic network originates in the ventral prefrontal cortex and connects
with areas in the limbic system (such as the amygdala insular, reward related
ventral striatum and hypothalamus) and the brainstem norepinephrine center, which
regulates arousal. Dysfunction of these connections may result in emotional lability
and deficits in impulsivity and motivation.

Anatomic differences in ADHD

ADHD is associated with structural changes in the dorsolateral prefrontal cortex, and
the anterior cingulate cortex. These are some of the most replicated findings in ADHD,;
both areas are involved with top—down regulation emotions and are hubs for the
cognitive-executive network. Additional differences include smaller ventral striatum
in the basal ganglia and smaller globus pallidus, thalamus, and putamen in ADHD.
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This issue’s Hot Topics were provided by Rakesh Jain, MD, MPH, clinical professor, Department of Psychiatry
Texas Tech University School of Medicine—Permian Basin, Odessa, Texas

This study offers more support for the concept of underlying neurobiological perturbations in
individuals with ADHD. This study will help explain to parents that the seemingly “bad” behaviors of
their children with ADHD have a neurobiological basis in various brain regions that control impulsivity,
hyperactivity, inattention, emotional regulation, etc.

Neuroplasticity in individuals with ADHD is positively affected by treatment with methylphenidate

This medication-related improved neuropathology has clinical consequences and transmitting this
information to parents in a positive manner may improve long-term adherence with ADHD medications

To review the pattern of morphologic and functional brain changes in both children and adults with
ADHD that emerges from the recent literature. Additionally, the task of the present review is to explore
how to understand the nature of the brain changes.

Literature review.

Neuroimaging studies provide a multitude of information that currently allows us to expand the notions of
ADHD neurobiology beyond its traditional understanding as a manifestation of frontostriatal dysfunction.
These studies point to disorders of several other areas of the brain, particularly the anterior cingulum,
the dorsolateral and ventrolateral prefrontal cortex, the orbitofrontal cortex, the superior parietal regions,
the caudate nucleus, the thalamus, the amygdala, and the cerebellum. Imaging studies point to the
persistence of changes in both brain structure and function into adulthood, although there might be

a tendency for improvement of caudate nucleus pathology. Changes in neuronal (dendritic) plasticity,
which are under the modulatory influence of the dopaminergic system, may be in the background of
disorders of brain morphology and anatomical connectivity with subsequent brain dysfunction. Growing
evidence suggests that treatment with methylphenidate can lead to improvement of brain changes seen
in neuroimaging by its positive effect on neuroplasticity.

Changes in neuronal plasticity may be behind persistent brain changes in ADHD. Current treatment
approaches seem to improve these neuroplastic processes, and, therefore, may have a positive effect
on the neuropathology of ADHD.

KEY FINDINGS:

¢ “Connectome” is a new buzz word in psychiatry. It is a promising new neurobiological tool to aid in
the understanding of how different parts of the brain are connected in health and iliness. This study
examines the brain anatomy and its connectivity in individuals with ADHD compared with controls

¢ This study found both micro- and macrostructural abnormalities in those with childhood onset of ADHD
symptoms; these abnormalities were found in both white matter bundles and in gray matter density

¢ The accuracy of these morphometric abnormalities in diagnosing ADHD accurately was an astonishing
83%, thereby raising the possibility that in the future clinicians might be able to use brain morphometric
examination to accurately diagnose ADHD
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The Brain Anatomy of Attention-Deficit/Hyperactivity Disorder in Young Adults—

A Magnetic Resonance Imaging Study

Gehricke JG et al.
;YNa <c: 010 Ip] This is one of the first studies to examine the structural brain anatomy and connectivity associated

METHODS

RESULTS

CONCLUSION

with an ADHD diagnosis and child as well as adult ADHD symptoms in young adults. It was hypothesized
that an adult ADHD diagnosis and in particular childhood symptoms, are associated with widespread
changes in the brain macro- and microstructure, which can be used to develop a morphometric
biomarker for ADHD.

Voxel-wise linear regression models were used to examine structural and diffusion-weighted MRI data
in 72 participants (31 young adults with ADHD and 41 controls without ADHD) in relation to diagnosis
and the number of self-reported child and adult symptoms.

Findings revealed significant associations between ADHD diagnosis and widespread changes to the
maturation of white matter fiber bundles and gray matter density in the brain, such as structural shape
changes (incomplete maturation) of the middle and superior temporal gyrus and fronto-basal portions of
both frontal lobes. ADHD symptoms in childhood showed the strongest association with brain macro- and
microstructural abnormalities. At the brain circuitry level, the superior longitudinal fasciculus (SLF) and

corticolimbic areas are dysfunctional in individuals with ADHD. The morphometric findings predicted an
ADHD diagnosis correctly up to 83% of all cases.

An adult ADHD diagnosis, and in particular childhood symptoms, are associated with widespread
micro- and macrostructural changes. The SLF and corticolimbic findings suggest complex audio visual,
motivational, and emotional dysfunctions associated with ADHD in young adults. The sensitivity of the
morphometric findings in predicting an ADHD diagnosis was sufficient, which indicates that MRI-based
assessments are a promising strategy for the development of a biomarker.
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Functional imaging studies have shown interesting differences in individuals with and without ADHD. In one study,
viewing photographs with strong emotional expressions (such as fear) have different limbic system responses.
Individuals with ADHD who are not taking medication have a more intense response in the amygdala than
individuals without ADHD. The difference is normalized when those with ADHD are treated with medication.

ADHD and neurotransmitters

In addition to genetic and anatomic correlates to ADHD, there are abnormalities in neurotransmission and the
neurotransmitter pathways that innervate these cortical and limbic regions. In particular,

When there is too little norepinephrine and dopamine flowing into the prefrontal cortex, individuals are likely
to be distracted or disorganized

When there is excess norepinephrine and dopamine, these neurotransmitters start to bind to low- affinity
receptors or receptors located outside of the synapse, associated with distraction, irritability, anxiety, and
difficulty falling asleep
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Inattentive ADHD is Much Harder to Diagnose
Download this resource to help recognize the
9 symptoms of Inattentive ADHD.
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