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Developmental disorders: A group of conditions identified In
childhood that involve serious impairment in different areas

Dyslexia: phonological awareness
Dyscalculia: number sense
ADHD: executive functioning
ASD: social awareness

My research: Cognitive and biological markers; comorbidity

« Qutline:
1. Genes, environment (neuroplasticity) and early brain development
2. Genes, environment and ADHD
3. New remediation programme



My background: longitudinal research

The Relationship Between Learning
Disabilities and Persisting Delinquency

Karen Waldie and Otfried Spreen

Recidivism of delinquency in juveniles with learning disabilities (LD), the focus of the
present study, has been virtually unexplored in previous research. Data from a longitudinal
study initiated in 1978 are examined, Sixty-five subjects with LD (47 males and 18 females)
who had been diagnosed and assessed between the ages of 8 and 12 years were located and,
during a personal structured interview at the median age of 18 years, reported police contact.
This population was subdivided into two groups on the basis of whether police contact had
continued or discontinued, as reported in a second personal interview at the age of 25 years.
Discriminant analysis on parent and subject variables correctly classified 75% of the subjects and
revealed that certain personality characteristics, such as impulsivity and poor judgment, dis-
criminate between persisting and nonpersisting delinquency in youth with learning disabilities.

Journal of Learning Disabilities, 26(6), 1993, 417-23.

Age at time of observation
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1. DMHDS
2. ABC Study

3. Growing Up in NZ (


http://www.growingup.co.nz/

Modern brain imaging methods

In the last 20 years, the field of cognitive
neuroscience has developed non-invasive methods for

studying healthy human brains in action, in adults and
now children.
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http://upload.wikimedia.org/wikipedia/commons/b/bd/Modern_3T_MRI.JPG

My background: brain scanning
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fMRI allows us to map increases in oxygenated blood flow
that accompany local brain activity during mental tasks
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General introduction

My 15t developmental psychology lectures:
1. Born with 100 billion brain cells

2. Following ~ the first 3 years of life the brain was relatively static

neurogenesis occurs in humans up to 72 years of age
stress Inhibits neurogenesis

environmental enrichment enhances neurogenesis

— The capacity of the brain to rewire through experience




1. Neuroplasticity

Progressive synapse elimination:

 Brain cells make connections (dendrites, synapses), then prune
those which are not used. This process continues into adulthood

Gabel et al. (2010), Neurobiology of
disease
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1. Neuroplasticity

Responsiveness to experiences:
— Can be negative
* Vulnerable to damage
 Antenatal maternal perceived stress, smoking
« (Gene x environment
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1. Neuroplasticity

Responsiveness to experiences:
— Can be negative:
* Vulnerable to damage
« Antenatal maternal perceived stress, smoking
« (Gene x environment
— Can be positive:
» Aids in recovery from brain damage/injury (e.g., hemispherectomy)

FERLANILEN

Line bisection following hemuspherectomy

Markns Hausmann amie T Wichael C. Corballis




1. Neuroplasticity

Responsiveness to experiences:

— Can be negative:
* Vulnerable to damage
« Antenatal maternal perceived stress, smoking
« (Gene X environment
— Can be positive:
 Alds in recovery from brain damage/injury (e.g., hemispherectomy)

 Can benefit from stimulation (e.g., playing a musical
Instrument; learning a new language; cognitive intervention)




1. Neuroplasticity

Playing a musical instrument:

———————— I Right motc_)r c_ortex In musicians is
Wi N expanded in size

(1< « The earlier they started learning —
the bigger!
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Musicians Non-Musicians
Amunts et al. (1997), Human Brain Mapping



1. Neuroplasticity

earning a new language:
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journal homepage: v . Vier.: ate/neuropsycho

Language lateralisation in late proficient bilinguals:
A lexical decision fMRI study

djkov, Karen E. Waldie*
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1. Neuroplasticity

Responsiveness to experiences:

— Can be negative:
* Vulnerable to damage
« Antenatal maternal perceived stress, smoking
« (Gene X environment
— Can be positive
« Aids in recovery from brain damage/injury (e.g., hemispherectomy)

 Can benefit from stimulation (e.g., playing a musical
Instrument; learning a new language; cognitive intervention)

« Can compensate when areas are not functioning optimally
Bottom line: Allows for adaptability




2. Neuroplasticity and ADHD

ADHD and the frontal lobe:

Frontal lobe under-activity
« Reduced size / density (MRI)

» Decreased blood flow (activation) during executive
tasks (PET, fMRI)




2. Neuroplasticity
ADHD and the frontal lobe:

Due to a genetic impairment in neurotransmitter metabolism



2. Neuroplasticity
ADHD and the frontal lobe:

Executive functions:
 Planning
 Inhibition

» Response selection

« Top-down allocation
of attention

« Regulation of emotion

» Working memory Prefronta

Limbic




2. Neuroplasticity
ADHD and the frontal lobe:
Frontal lobe under-activity
— Frontal cortex has the most connections
— Fronto-striatal pathway inadequate in ADHD

, = |nattention and failure
Basal Ganglia and Related ] .
Structures of the Brain to inhibit motor responses




2. Neuroplasticity
ADHD and the frontal lobe:
These areas under-active because of neurotransmitter

depletion (faulty metabolism of dopamine and/or
norephinephrine at the synapse)

= poor transmission of neural impulses in fronto-striatal pathway

Pryr v Press
AP Pchakogy Pre

: phetamine Normalises Electrophysiological Activity
in —\‘[tunu n Deficit-Hyperactivity Disorder during
the Stroop Task

Challenge: non-pharmaceutical intervention to normalize the
frontal lobe (see: http://movincog.org/)




Long-term safety?

Medicine must have the following
characteristics:

1. Has been used for a long time

2. Many individuals have taken it for extended
periods of time

3. Has a high public profile
4. Individuals who take it are regularly
examined

See: Long-term stimulant treatment of ADHD: results from a
population-based study. Journal of Developmental & Behavioral
Pediatrics, 2006, 27, 1-17.



substance abuse
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Unmedicated Medicated Non-ADHD
ADHD ADHD

Treatment with Ritalin reduces substance abuse
In ADHD (from Biederman, et al., Pediatrics, 1999)




2. Neuroplasticity

ADHD and developmental course:

20% completely outgrow ADHD after ~ 18 years of age
* 80% will not: 60% mild residual, 20% severe residual

When children with ADHD grow up:
)

I Mild Residual (60%,
@ Severe Residual (20%,
O No residual (20%)

Why?

Impossible to complete projects, procrastination, ‘tune out’, difficult to relax,
frustration, organization, addiction, verbal impulsivity, spend $, poor memory, risks...



Risk Factors

Genetic Defects

Concordance rates: If one identical twin has it, the other will too:
Ranges from 70-90%

« ADHD genes are common In the general population. When genes
from both parents combine — additive effect to cause condition

If genetic susceptibility:
* Low birth weight, Adverse environment,
« Smoking/alcohol during pregnancy

o Stress during pregnancy

The catechol-0-methyltransferase (COMT) Val158Met polymorphism
moderates the effect of antenatal stress on childhood behavioural
problems: longitudinal evidence across multiple ages

JOHN SON'| EDMUND J SONUGA-BARKE*? | ANGHARAD R MORGAN*S |
CHRIST NFORTH? | DARKO TURIC? | LYNNETTE R FERGUSON®® | EDWIN A MITCHELL' |
K




Some examples of other “ADHD genes”

Gene

« Dopamine transporter gene
(DAT1 gene?*)

* Dopamine receptor D4 gene
(DRD4 gene*)

 Dopamine beta-hydroxylase
 DOPA decardoxylase gene

« Adrenergic ,, receptor gene

*most studied; DRD4 is longer than normal

Effect of the gene

Excessive re-absorption of
dopamine by nerve

Blunted response to dopamine by
receptor (“novelty-seeking gene”)

Decreased dopamine synthesis

Reduced amount of dopamine
stored in vesicles

Blunted response to
norepinephrine by receptor



Comorbidity
* The tendency of a condition to co-exist with another

 From med term “morbidity”: the proportion of people having a
particularly disorder (vs. mortality)

Condmons that are more common in ADHD

Tic disorder

Dyslexia

Asperger syndrome
Depression

Anxiety disorder

Obsessive compulsive disorder
Bipolar disorder

Oppositional disorder

Conduct disorder



Severity of defiant behaviour

Milder form of conduct disorder

25% w ADHD “Jekyll and Hyde” — every discussion is an
argument. Time out? Destroy possessions

problems attract a greater degree of social disapproval — often
results in law-breaking



“passionate, deviant, spiteful,
and lacking inhibitory volition”

Country Prevalence Age
NZ 7% 11
USA 8% 6-9

Canada 6% 4-16
Puerto Rico 9% 4-16
UK 5% 6-8
Hong Kong 9% I

Has become the most studied developmental disorder in childhood



Research Article

Hemispheric Coherence in ASD with and without
Comorbid ADHD and Anxiety

A. Saunders, 1. J. Kirk, and K. E. Waldie

School of Psychology, The University of Auckland, Auckland 1010, New Zealand
Correspondence should be addressed to K. E. Waldie; k.waldie@auckland.ac.nz
Received 14 December 2015; Accepted 6 March 2016

Academic Editor: Eiji Kirino

Copyright ® 2016 A. Saunders et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

There is a growing body of evidence suggesting that altered brain connectivity may be a defining feature of disorders such as autism
spectrum disorder (ASD), anxiety, and ADHD. This study investigated whether resting state functional connectivity, measured by
128-channel EEG oscillation coherence, differs between developmental disorders. Analyses were conducted separately on groups
with and without comorbid conditions. Analyses revealed increased coherence across central electrodes over the primary motor
cortex and decreased coherence in the frontal lobe networks in those with ASD compared to neurotypical controls. There was
increased coherence in occipital lobe networks in the ADHD group compared to other groups. Symptoms of generalised anxiety
were positively correlated with both frontal-occipital intrahemispheric (alpha only) coherence and occipital interhemispheric
coherence (alpha, approaching theta band). The patterns of coherence in the ASD pure group were different when comorbid
conditions were included in the analyses, suggesting that aberrant coherence in the frontal and central areas of the brain is
specifically associated with ASD. Our findings support the idea that comorbid conditions are additive, rather than being symptoms
of the same disorder.




Summary

Developing critical consumers
— Community outreach from Centre for Brain Research
— More neuroscience / psychology in teacher training
— Debunking neuromyths

Next steps:

« Understanding the limits of plasticity
— Earlier instruction/intervention more effective?
— Our new remediation programme



Participate Publications Latest News

 4-year goal: Designing, testing and implementing a program that
IS: Evidence-based, free of charge, offered to anyone who needs it


http://movincog.org
http://movincog.org

23 March 2015

George Dawson & Stephanie D'Souza

Supervised by:

Dr. David Moreau PhD & A/Prof. Karen Waldie PhD

Centra for Brain Research and Schaal of Psy
The University of Auckland

Auckland, New Zealand

Contact emails:
george.dawson@live.com
sdsn012@aucklanduni.ac.nz

d.moreau@auckian

PROGRAMME OVERVIEW & IMPLEMENTATION

CosT/FEES

RESEARCH-BASED EVIDENCE

*NZD est. based on exchange rate 9/15

Arrowsmith regular school for 3 to 4 years. Students spend 4 periods per day, NZ$15,000 per student
S days per week with specially-trained teachers in a 1:10 classroom
Pr°gram performing computer, auditory, and pen and paper exercises. Training workshop:
Claims a wide range of learning-disabled students will be able to NZS$5,600 + travel to Toronto
participate in age-appropriate academic curriculum upon completion.
System of “educational kinesiology” (learning through movement); In.trodu[:tml\ to
N N N Brain Gym course:
based on the notion that learning difficulties arise from poor NZ$150
- coordination between the brain and body. Uses 26 distinct exercises
Brain Gym

Brain Time

Aims to strengthen weak cognitive capacities underlying
learning disabilities through specific cognitive exercises. Replaces

to improve integration of specific brain functions with body
movements. Offered as intensive 2-3 day training courses,
typically 8 hours per day. Targeted at all ages and abilities.

Biometric technology that measures and improves timing with
specialised computer equipment, targeting the ability to focus,
accuracy and efficiency of information processing, executive

Annual Tuition:

One-on-one training:
8 sessions: NZ$800
10 sessions: NZ$1,000

School package
(training, support,
and equipment):

functions, and motor coordination. Used with a wide range of REE
Interactive neurological conditions in adults and children, as well as athletes .
Metronome enhancing sports performance. Private home training occurs Lrmeitmhe

3-5 days per week for 5, 8, or 12 weeks (15-40 hours) with
ongoing professional consultation. Also available for
school-based implementation.

equipment: NZ3625
5 week tuition: NZ$325
8 week tuition: NZ5800

No published, peer-reviewed evid

ilable evaluating the
efficacy of the programme. Anecdotal evidence and unpublished
research conducted by Arrowsmith company claims large academic
gains, however, the present scientific literature does not provide
support for the use of the Arrowsmith programme in the remediation
of learning disabilities.

Limited peer-reviewed research support; publications in
self-funded “Brain Gym Journal” claim gains in cognition. Other
peer-reviewed work has labeled Brain Gym as “pseudoscience,”

due to invalid theoretical assumptions (neurological repatterning
procedures invalidated, idea that cerebral dominance affects
learning repeatedly refuted, and no demonstrated support for
impacts of perceptual-motor training on learning).

Several published, peer-reviewed studies (about half of which are
case studies) have reported varied significant positive effects of
treatment with isolated clinical and nonclinical populations, including
boys with ADHD, elementary math students, soldiers with blast-
related traumatic brain injury, and golfers. However, each of these
studies evaluated and reported on different cognitive and motor
functions, with conflicting evidence regarding the overall efficacy
of Interactive Metronome training as a general therapeutic
treatment toal.

12 week tuition: NZ51,200
k.waldie@auckland.2

Too few individuals have access to the cognitive remediation
programs they need (financial costs, limited evidence)
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HYPOTHESIS AND THEORY

Phonological and visual processing, reading and writing skills in students with dyslexia and ADHD.

MINI REVIEW ARTICLE

Front. Psychol., 12 January 2016

Developmental Learning Disorders: From
Generic Interventions to Individualized
Remediation

£ David Moreau'and | Karen E. Waldie

Centre for Brain Research, School of Psychology, The University of Auckland, Auckland, New Zealand
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Working Memory %
Sound Bites @
Phonemic Awareness 2%

Soundscape @
Auditory Discrimination 0%

Key idea: adaptive training. Software adapts to core deficits by
allocating more time to tasks where performance is lower. Allows
combining domain-general training (needed for everyone) and
domain-specific (impaired in a particular learning disorder)

Physical Space

Classification (%) High Intensity (HIT), video-based exercise. Classroom-
Cleanup Crew (3) friendly, Standardized

Critter Count (3) Short-term: Priming children for learning; Long-term:
Microbe Match (3) Increase neurogenesis

MovinCog



Conclusions

Three key points

1. The brain 1s “plastic” — it can change In response to experience,
stimulation and training.

2. Science has shown that the ADHD brain is often lacking typical
chemical and neurological functioning in the frontal cortex (and
projections to the motor and mood areas of the brain). Genes and
environment both contribute to the likelihood of ADHD.

3. The next step Is to provide kids with a new cognitive training
programme that will be used in schools and will be freely
available.
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