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Abstract

This case is presented to explain that developmental dyslexia and related autistic spectrum disorders have solely pathological origins. There
is a general consensus of opinion which supports the phonological theory. However, this largely ignores the biological basis for all aspects
of the brain’s development and function, and hence, for its dysfunction. A unified explanation must take into account all salient features
including cognitive dysfunction, encephalograph (EEG) frequencies, neural networks, physiological systems, autonomic nervous system
and the function of the cerebellum. It must explain the significance of the brain waves and neurons and their normally synchronized or
coherent function. This article builds upon an eatlier article by the authors, which incorporates a review and discussion of the prevailing
theories or models for developmental dyslexia. It looks at the issues from a top-down ‘systems biology’ perspective. It concludes that
it may be only the body’s biochemistry and, in particular, the onset of pathologies that explain the phenomena which we recognize as
developmental dyslexia. Pathologies experienced in the early prepubescent years influence neural development. They influence the speed
and coherent transmission of data between the senses and neural centers. It is proposed that this explains the nature and occurrence of
what we recognize as developmental dyslexia.
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Introduction There is no evidence to support any claims for improved
educational standards.® There is no mechanism which
The difficulties diagnosing the existence of autistic  distinguishes between the ability of teachers to teach
spectrum disorders (ASDs)!!l is increasingly  and children to learn. The prevalence of dyslexia has
recognized.**I The absence of a precise understanding of  jncreased significantly since the mid-1970s. Arguably,
the condition and of reliable diagnostic tests, preventsa {0 cognitive abilities of the developed world are in
proper understanding of the condition. Current dyslexia  {ecline, Learning problems are increasingly prevalent.
research fails to consider the influence of pathology, yet 11y the US16% of children are diagnosed with learning
every organ is solely biochemical. dysfunction and circa 2M children are being prescribed
Methyl Phenidate to aid their concentration; 25% of
grade 12 adolescents cannot read at a proficient level!®
Website: and in the UK circa 20% of the adult population has
WWW.Najms.org significant problems with literacy and numeracy. The
occurrences of ASDs are no longer exceptional.

Quick Response Code:

DOI:
10.4103/1947-2714.93878 Any explanation for developmental dyslexia (DD)

should seek to explain, for example:
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1. DD develops in the pre-pubescent child. It becomes
increasingly difficult to treat or manage dyslexia
when the child has progressed beyond puberty;
therefore, its occurrence is associated with pre-
pubescent physiology and is fixed by post-pubescent
physiologies. The pathologies which develop during
early childhood influence the development and/
or function of the neural structures including the
transmission of data through the magnocellular and
parvocellular pathways. DD cannot be due to any
single factor.P!

2. Sense perception and coordination can be altered by
pathologies, by drugs and experiences such as low
gravity during space flight. ASDs which influence
learning abilities are influenced by the brain’s biology,
neural development and associated processes which
regulate its function, rather than any significant
failure of its structures.

3. Many dyslexic children may have excellent speech,
hearing, visual perception, 1Q, memory and/or
balance. DD affects children differently, and exists
in different levels of severity and influences different
aspects of cognitive functions and is not necessarily an
impediment to success. Some very successful people
have Dyslexia. They may be good with numbers, be
creative, motivated, have an active life, be in good
health and/or they might simply have a high IQ.
This indicates that, for many, the condition is more
associated with the brain’s coordinated function
rather than its structures.”!

4. In some autistics the symptoms regress whilst
the child has a fever. This indicates that ASDs are
influenced by the processes which regulate the body’s
function.

5. The existence of prosopagnosia and/ or synaesthesia
illustrate, how the sense perception and sensory
coordination are disrupted by genetic factors which
influence protein expression.®!

6. Genetic changes have been linked to abnormalities in
the brain development and of the associated cognitive
deficits.!

7. The body’s physiology and regulation of its
function is linked to different encephalograph
(EEG) frequencies™™ and how this influences the
system function and/or the regulation or release of
biochemicals in the ANS.

8. Neurons interact in functionally coherent groups or
patterns which are involved in the fixation and recall
of memories.

The Genetic/Epigenetic Component

In general, developmental dyslexia is not an
inheritable genetic condition,™! though some dyslexic
children may inherit the condition because their
parents also have a similar condition." This may not

be genetic, for example, if the parents lead a sedentary
lifestyle then the child is also likely to have the same
lifestyle. It will influence their genetic and epigenetic
profile (in ways which differ from child to child) but,
in many, it may be reversible if addressed in the pre-
pubescent years.

The gene is a dynamic entity which influences its
environment through its expression of proteins. It also
responds to environmental influences,**! for example,
someone with type 2 diabetes will have an altered gene
expression profile. However, if the same person was to
undertake an exercise program their gene expression
profile will return to its pre-morbid state. Nutrition and
exercise alter the gene expression profile; stress alters the
gene expression profile and suppresses immune function;
and viruses and vaccines alter the gene expression
profile, suppress immune function and introduce foreign
proteins. Any alteration to gene expression (genotype)
and the ability of such proteins to react (phenotype) will
ultimately be manifested as pathology.

The Significance of EEG Frequency and
Rhythm

An encephalograph monitors the electrical activity of the
brain. Although the EEG is a widely used tool in medical
research, its link to underlying neural activity during the
processing of sensory data from the external and internal
environments, remains poorly understood. It measures
the electrical fluctuations of ionic current which flows
within the neuronal structures, which are influenced by
the prevailing biochemistries (proteins, pH and levels of
minerals, etc.), and which also influence the functions
of neurons and neuronal networks. These electrical
fluctuations are expressed in terms of frequency and
amplitude. There are four significant frequency bands:
Beta, alpha, theta and delta. Each is perceived to have
a cognitive or biological significance. An EEG measures
the total synchronized activity of many thousands of
neurons. Variations known as sleep spindles and spikes
reflect underlying neuronal and related biochemical
processes. The main clinical applications are the
diagnosis of epilepsy, coma, encephalopathies, and
confirmation of brain death.

Whilst there is a perceived link between EEG
frequencies and the neuronal networks, it is also
recognized that there is a poor level of understanding
of this relationship. Some networks appear to be better
understood than others, for example, the resonant
frequency involving the thalamus and cerebral cortex
which is associated with sleep spindles.™ Furthermore,
the delta frequency plays a role in the consolidation
of memories."! There is, therefore, an established link
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between EEG frequencies and neural networks which
plays a role in the consolidation of memories and the
learning process(es).

The body’s biochemistry and the prevailing EEG
frequencies exist in a dynamic equilibrium."! Exposure
to flashing lights can cause photosensitive migraine
whilst selected flashing lights are used to treat migraine.
Biochemical extremes influence the prevailing EEG
frequency(s), and hence, the ability to fix and recall
memories, concentrate and ultimately influence the
ability of the body to function. Omega-3 fatty acid
supplements lessen the symptoms of dyslexia and
improve the behavior of children” whilst stimulants raise
EEG frequencies, energy levels and lower concentration.
By contrast, elevated levels of ethyl alcohol or blood
glucose are associated with lowered EEG frequencies,
concentration and increased predisposition to sleep.

The body’s multi-level function is linked to the prevailing
EEG frequencies.!'”! In the case of DD the following
associations with EEG frequencies have been recorded:
Delta activity,™ delta and theta, alpha,®” betal®! and
gamma EEG activity. The brain records and reacts
to the physiological significance of an event by using
frequency i.e. in the case of most severe trauma and
to recuperate (delta); when experiencing pain or stress

(theta); violence, stress and/ or significant achievements

(alpha). That the delta and theta frequencies act at the

physiological level is proven by a number of precedents

e.g. For example:

1. Delta and theta are active throughout the 24 h period
whereas gamma, beta and alpha are mainly active
when awake;

2. Growth and repair are significantly enhanced during
the periods of sleep (predominantly delta);

3. Lack of sleep (predominantly delta)increases
morbidity and mortality;

4. Sleep is a physiological system.*!

The development of pathologies, the introduction of
foreign proteins and the consequence of exposure to
viruses and/or through vaccination, alters the delicate
equilibrium which exists between biochemistry and
EEG frequency(s) and also alters the function and
coordination of the senses, for example, influencing
visual perception. In the most extreme case(s) this will
manifest as a pathological functional system where the
brain seeks out the best-fit solution in order to most
effectively maintain the body’s physiological stability.

The EEG reflects the speed of neuronal processing i.e.
the regulation of a physiological significant system is
structured to make slow adjustments, for example, at the
delta (1-4 hz) or theta frequencies (4-8 hz), by comparison
with the rapid adjustments which are required to handle

cognitive input (30-60 hz) and subsequent behavioral

responses.

The effects of nicotine in smokers, decreases delta and

theta frequencies and increases high alpha and beta

frequencies. It increases the speed of the information
being processed.*2!

1. Bothhearing and visual systems handle sensory input
through magnocellular and parvocellular pathways*!
which influence color perception, visual contrast,
sound frequency and loudness.

2. There is a relationship between color perception and
the autonomic nervous system.*!

3. Magnocellular pathways process information more
quickly than the parvocellular pathways.[?!

4. Magnocellular processing deficits have been found
throughout the neuro-visual system.P!

5. Magnocellular and parvocellular processing is linked
to color perception and visual contrast but must also
be linked to the function of the brain.*

6. Alterations of blood glucose levels before and after
meals are associated with increased predisposition
to sleep and lowered levels of concentration. It alters
the speed and significance of the information being
processed.

This indicates that visual perception, in particular
those deficits associated with DD, is associated with
the speed of neural processing, the ANS and prevailing
pathologies.

That speech is rhythmic is significant because the ears
do not work in a continuous mode. Rhythm helps the
brain to identify the nature of the word (e.g., whether a
word comprises of two, three, four or more sounds). The
perception of words is not formed from a combination of
sounds. It is based upon the first and last sounds in each
word.[¥ This is the way that a child forms languagei.e. of
ever increasing complexity but from the simplest origins.
A young child will often shorten a word, for example,
‘Cin-der-ella’ may be shortened to ‘Cin-ella’. Moreover,
sounds can be in and out of phase. If such phasing, or
speed of processing is distorted, a dyslexic child may
miss part of a word or have difficulty discerning the
spoken word from background noise. It explains why
some children with dyslexia have difficulty keeping the
beat in music.

Instability in the dynamic relationship involving
frequency and biochemistry manifests in different ways,
for example, the difficulty keeping the beat in music,
altered vocal spectrum, poor sleep, poor fixation and
recall of memories, etc.

There are various light and sound-based therapies which
are used to treat ASDs . In the treatment of DD flashing
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light biofeedback therapies are used although they are
experiential, controversial and often lack evidence of
effectiveness.’!

The EEG frequencies are linked to the regulation of the
physiological systems.'”! This explains the apparently
synchronized function of the brain and neural networks.
The idea that the learning process requires synchronized
neural activity is not new,**! however, this has excluded
consideration of a link between the brain, sensory organs
and visceral matrix. It illustrates how flashing lights can
induce photosensitivity and also that the frequency and
colors used in flashing light therapies can be selected
with therapeutic effect, for example, in the treatment
of hyperactivity,*"! dyslexia,*!! ASDs,#># tinnitus,
hypertension, asthma, diabetes mellitus, migraine
and sleep apnoea, etc. There is a principle, which
contemporary medical research and/or educational
psychology has yet to explain.041

Neurons interact in coherent groups.*># However, the
nature and significance of their function, coordinating
interactions between the prefrontal cortex and
hippocampus,*!has only recently been recognized.
This is significant because the pre-frontal cortex regulates
or controls the body’s “executive functions.”#%4! The
orthodox opinion considers that this area is associated
with “the coordination and synthesis of emotions,
thinking, memory and body or physical movement’. In
addition the brain uses frequency to organize the activity
of these “functionally coherent groups of neurons.” !

Motor neurons receive signals from the neural centers.
These signals initiate the contractions which alter the
function of the muscles and glands. There is a significant
connection between neuronal function and the ANS.
What we consider as “executive functions” resembles
“the functional or physiological systems.” It is the neural
regulation of the physiological systems and ANS which
influence emotions, thought processes, the establishment
and recall of memories and the function of the body and/
or physical movement.

The nature of this relationship i.e. between cognition,
the neural networks, physiological systems, EEG
frequencies and ultimately with cellular and molecular
biochemistry; 52 has been incorporated into a
mathematical model and technology.[04!

Pathological Precedents

Regulating physiological systems is necessary to ensure
the supply of oxygenated blood to the body and brain, to
regulate the immune system and to maintain the health
and function of the inner and middle ear. Antibiotics and
other medications™ reduce or eliminate ear infections

such as Otitis Media, although, the condition often
appears to re-occur.

There is an unresolved link between cognition and
cellular and molecular biology."*! Cognitive dysfunction
may be the inevitable consequence of extremes of multi-
sensory input which manifests as pathologies.

A lack of exercise or poor diet degrades the condition
of the muscle(s) in the heart and other organs and
influences the levels of minerals which are necessary
for proper metabolic function and the metabolism of
blood glucose. This leads to problems with neural blood
flow in later life, often manifested as pathologies, for
example, diabetes, cardiovascular disease, hypertension,
atherosclerosis, etc.

Exercise is associated with educational achievement.>!
It improves neural blood flow and stimulates the
biochemistries which support neuron and synapse
formation.) Exercise® and a balanced diet®™ in children
reduce the occurrence of DD. Diet influences the supply
of nutrients to the brain. It influences the condition of
the neural structures, and the ability to memorize and
concentrate. For example:

1. Acidic (and/or alcoholic) drinks alter the natural
metabolic processes. Different enzymes (isozymes)
metabolize alcohol at lower pH. The metabolites alter
lipid metabolism and increase weight.[*!

2. The prevailing pH influences the levels and
bioavailability of minerals for example, the levels
of sodium, potassium, magnesium and calcium, !
which are necessary to facilitate the flow of ions across
neuronal membranes. This influences the action
potentials, rates of neuronal firing, and ultimately
the fixation of memories.

3. Low levels of iron influences the delivery of oxygen
to the neural tissuesl®” and affects attention and
concentration.

4. Low levels of magnesium influences the metabolism
of blood glucose.l® This alters EEG frequencies,
predisposition to sleep and concentration.

5. Sensorineural hearing loss has been associated with
hypothyroidism.*! This is significant because the
endocrine glands are integral aspects of the body’s
function.

6. Omega-3-fatty acidsP® are implicated in a range
of neurodevelopmental disorders including ADD,
developmental dyslexia and ASDs. Such substrates
are sources of unsaturated fatty acids and are essential
for neural development and function. The use of
omega-3 fatty acid supplements is associated with
health improvements:

7. The use of Methyl Phenidate to improve concentration
indicates that developmental dyslexia has biochemical
origins.
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8. Higher levels of blood glucose increases blood
viscosity and lowers immune function, and hence
influences the function of the sensory organs.

9. Dietary Protein influences the fixation of memories.*!

10. Cogrutlve dysfunction is acommonly observed feature

of (i) drugs,(ii) diseases and (iii) viral infections, for
example, in herpes simplex, hepatitis C, enteroviruses
and Epstein-Barr virus, etc. Visual and Phonological
deficits are a common feature of diabetes mellitus,*”!
heart disease(s), migraine, alzheimer’s disease,
multiple sclerosis, DD, regressive autism, tetanus,
ADDI®! and viral infections, for example, mumps,
measles, rubella, pneumococcal meningitis.

Such observations indicate that the understanding of DD
must include the structure of the brain and its biological
function, because they are mutually dependent. Poor
diet,!®! lack of exercise and/or the influence of stress
(ors), particularly in early childhood, influences the
development and function of the neural structures
which process sensory input, the fixation and recovery
of memories and concentration etc.

The Relationship between Cognition and
Pathology

The body glows with energy!”! which is emitted as heat
and light. Light"" is a fundamental requirement for many
biochemical processes. Many proteins and enzymes are
visually active. Light is absorbed and / or emitted in many
protein reactions.”? Pathologies influence the spectrum
of light emitted. This bioluminescence influences visual
perception and can be measured.

Proteins exist in different multi-level conformations.
However, they need to be activated in order to react with
their substrates. If the temperature, pH or their associated
biochemistries are not sustained at an optimum level
this will influence protein conformation. Many diseases
are linked to the degree of coiling or uncoiling of
proteins. Biophotons of light deliver the energy which
activates proteins and specific biochemistries; regulates
the function of the physiological systems;"*’! and
synchronizes the activity of groups of neurons” and
their electrical impulses.

The prevailing understanding of color perception is
linked to mutations in specific genes. Any epigenetic
factors which, directly or indirectly, influence the
structure of chromosome and genes will influence
protein expression. However, it is the reaction of
proteins and substrates which influence color perception.
Proteins have the necessary structures and energetic
characteristics to release light as they react. Accordingly
the shifts in color perception which are often associated
with DD are associated with the onset of pathologies.

It is also plausible that sound can be used to deliver a
therapeutic effect although this may be limited by the
phasic way in which the ears function. The delivery of
sound and music, at appropriate frequencies, have a
coherent effect upon the brain waves and our sensory
perception. Indeed, the steady deep rhythms now
employed in contemporary music such as Shamanic
music or aboriginal chanting and dancing, have an
unexplained physiological effect. By contrast, the
experiential selection of frequencies can be expected to
have a hit-and-miss, and/or negative effect.

Problems with the inner ear inevitably influence balance
and the auditory spectrum i.e. the loudness level and
also the ability to discern the spoken word. This has
consequences for memory and learning. If the child
cannot discern the spoken word, or cannot relate the
spoken word to the written word, it will be difficult for
them to engage in spoken or written dialogue with their
peers. Similar outcomes will be observed in the cases of
children who have the symptoms of ‘moving words’
when reading (a symptom occasionally noted in patients
with trigeminal neuralgia) and / or who have untypically
low levels of concentration. Problems with balance are
associated with the function of the cerebellum in which
the Purkinje cells receive information from all parts of the
body. The cerebellum is a significant organ, assimilating
multi-sensory information from the senses and visceral
organs. It contains more neurons than the rest of the
brain. Accordingly, balance will be affected without the
coherent feed-forward of sensory and visceral data to
the cerebrum by the cerebellum i.e. to transfer sensory
coordinates into motor coordinates. This enables the
cerebrum to activate the muscles required to stabilize
balance and coordination.”!

Memories are stored as the biochemical correlate of
sensory input.” The body uses the significance and
importance of memories as a template against which
it can gauge its current or future predisposition and
abilities. There is a link between physiology and memory.
It is the prevailing physiology which determines the
continuous reconstruction of the neural structures and
fixation of memories - from the simplest memories borne
before, during and after birth; and of ever more complex
interneuronal structures which build up throughout life.
If the brain recorded only the memory of every event, the
physiological correlate would not have any meaning. It is
only by correlating the new memory to past memory(s)
that it becomes significant.””!

The body’s function is ultimately attributable to the
rate at which proteins are expressed by genes, the rate
at which proteins react with their substrates (and their
outcomes), and the factors which influence the rates of
their reaction. There is no part of the body’s structure or
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function which does not have a biochemical nature. This
includes its sensory and cognitive abilities. The receipt of
sensory input and the subsequent fixation of memories
are biochemical processes.”!

Cognitive deficits are the consequence of underlying
pathology(s). The fixation of memories is associated with
the prevailing biochemistries. Memories are laid down
from birth as a biochemical data matrix of ever increasing
levels of complexity, linked to the different neural centres
which store and process memories, until the body’s
metabolism is no longer able to sustain the creation and
function of neurons, axons and synapses and of associated
memories; and/or the body’s metabolism is no longer
able to sustain the function of existing neural structures.
Every memory has a biochemical context. Consequently,
the stimulation of past memories, for example, of musical
memories, may have a therapeutic effect by its association
with the memory of the body’s internal health.”!

Thebody’s function and the regulation of the physiological
systems is significant and is frequency dependent. It is
only by understanding the multi-level significance of
the EEG frequencies that dyslexia and ASDs can be
managed. 108081

Conclusions

Current dyslexia research is focussed upon the
qualitative and quantitative determination of the extent
of cognitive dysfunction in those with impaired learning
and DD. However, there is little research which examines
the pathological origins. In order to diagnose a condition
i.e. of cognitive or medical dysfunction, it is necessary
to understand the fundamental nature of the condition.
Without such understanding, any methods used for its
diagnosis or treatment will have inherent limitations.
This is the case with DD. There can be little doubt that
pathologies have a significant influence upon cognition.
Moreover pathologies encountered in the pre-pubescent
stage are likely to alter physiological development. This
article illustrates that pathologies are associated with
visual and auditory perception and coordination, and
the ability to memorize and concentrate. It supports the
earlier article(s) by Ewing, Ewing and Parvez which
indicates that the brain’s coordinated function, in
particular the activity of neurons or the synchronized
activity of groups of neurons, are required to facilitate
and coordinate the sensory processing and memorizing
of information, which is required as part of the
learning process. It indicates that this process requires
synchronized activity between the brain, sensory organs,
ANS (and visceral organs) and limbs.

Pathologies influence the nature and speed of transmission
of data from the senses to the brain. It illustrates how,

in the pre-pubescent child, the coordinated effect of
the factors which influence genotype and phenotype
(such as stress, lack of outdoor exercise, poor diet,
exposure to viruses, and the insidious effect of vaccines
i.e. factors which contribute to lowered immune
function) alter the body’s physiological stability and
contribute to varying degrees of sensory dysfunction,
in particular, a lack of coordination between the senses
arising from the influence of pathologies upon the
speed of processing, involving the magnocellular and
parvocellular pathways. The brain looks to establish
physiological stability. If this is not achievable it looks
for a ‘best-fit’ and selects the most appropriate set of
circumstances, involving frequency, which enables it to
stabilize the body’s function. This explains why dyslexia
becomes a chronic condition - although relatively benign
from the physiological perspective. It also explains how
frequency can be adapted with therapeutic effect.

It indicates that the range of genetic and phenotypic
influences which manifest as DD are too complex to be
attributed to any single genetic cause i.e. that epistasis
influences the complexity of our gene expression
profile. Multiple gene-gene interactions influence the
expression of proteins and ultimately their manifestation
as pathologies.[%]

This paper is based upon a developed technology which
is based upon a mathematical model of the relationship
between visual perception, and the ANS.?*2This model
incorporates a revised understanding of the nature and
significance of the physiological systems. The argument
presented as a unified explanation for developmental
dyslexia appears consistent with the theme of various
reference papers-published by Galaburda, Rosen, Stein,
Baron-Cohen, Fields RD, Richardson, Habib, and others
-many of which appear in the references section of this
article.
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