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Production of knowledge: genetic basis,
biochemical and immunological
of Meares-Irlen Syndrome

Producdo do conhecimento: bases genéticas, bioquimicas e
imunoloégicas da sindrome de Meares-Irlen
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ABSTRACT

Meares-Irlen syndrome, deficiency of the visual processing identified in individuals with dyslexia can be defined as a visual perceptive
disorder that is believed to be originated in the primary visual cortex. This study deals with an integrative literature review aimed to
analyze the scientific production in relation to biochemical, genetic and immunological basis that may be understood in this condition.
Data were obtained via online query the databases of the Virtual Health Library (VHL) that interconnects several reference databases
such as SciELO (Scientific Electronic Library Online), (Latin American and Caribbean Literature Rev Sciences health), MEDLINE
(International Literature on Health Sciences), and the Digital Library of UFMG. A total of 16 articles, falling between 1996 and 2014 who
met the inclusion criteria were included in the proposed study. Many studies have suggested an association of the syndrome with
biochemical and genetic alterations. Some support the hypothesis that immune changes and metabolism of fatty acids are involved in
cognitive and learning problems. Despite the scarce volume of studies on the subject, there is increasing evidence that there is a biochemical
basis involved in a variety of visual disorders and learning.
Keywords: Dyslexia; Cholesterol; Perceptual disorders; Immunology; Genetics; Heredity

Resumo

A Sindrome de Meares-Irlen, deficiéncia de processamento visual identificada em individuos com dislexia, pode ser definida como
um distdrbio visual perceptivo que acredita ser originado no cértex visual primdrio. Este estudo consiste em uma revisao integrativa
da literatura que teve como objetivo analisar a producéo cientifica em relagdo as bases bioquimicas, genéticas e imunoldgicas que
podem estar compreendidas nesta condi¢do. Os dados foram obtidos por meio de consulta online as bases de dados da Biblioteca
Virtual de Satde (BVS) que interconecta varias bases de dados referenciais, como SciELO (Scientific Electronic Library Online),
LILACS (Literatura Latino-Americana e do Caribe em Ciéncias da Satide), MEDLINE (Literatura Internacional em Ciéncias da
Satde) e Biblioteca Digital da UFMG. Foram incluidos no estudo um total de 16 artigos, compreendidos entre os anos de 1996 ¢ 2014
que atenderam aos critérios de inclusdo propostos. Muitos estudos t&m sugerido associacdo da sindrome com altera¢des bioquimi-
cas e genéticas. Alguns sustentam a hip6tese de que alteragdes imunoldgicas e no metabolismo de dcidos graxos estejam envolvidas
com problemas cognitivos e de aprendizado. Apesar do escasso volume de estudos sobre o tema, existem evidéncias crescentes de
que hd uma base bioquimica envolvida em uma variedade de transtornos visuais e de aprendizagem.
Descritores: Dislexia; Colesterol; Transtornos da percepcao; Imunologia; Genética; Hereditariedade
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INTRODUCTION

impairments in the visual processing of individuals with

dyslexia. Meares-Irlen Syndrome falls into one of these
impairments, and can be defined as a visual-perceptual disorder
that is believed to be originated in the primary visual cortex®.

It is suggested that the syndrome is caused by excessive
retinal sensitivity to specific frequencies of the spectrum of light.
This sensitivity distorts the post-retinal processing, causing the
electrical impulses to reach the cerebral cortex at different times,
with loss of visual interpretation quality. It features a disruption
in brain processing of information received by the visual system.
These changes are not typically assessed by optometry
examination. The symptoms described while reading include blur
and presence of shadows on letters and words, duplication,
movement, eye strain and fatigue®.

A new area of research aims at analyzing biochemical
abnormalities and their implications for the deficits of visual
processing and dyslexia. A variety of studies have suggested an
association between essential fatty acids and visual problems in
learning disabilities®.

Many findings associated to dyslexia, autism and other
learning disorders are consistent with deficiency mainly in fatty
acids omega 3 and omega 6. Polyunsaturated fatty acids (PUFA),
especially the arachidonic acid (AA 20:4 n-6) and
docosahexaenoic acid (DHA 22:6 n-3) are essential for human
consumption because they are important components of the
neuronal membranes, constituting 15-20% of the dry mass of
the brain and more than 30% of the retina®.

AA and DHA also play an essential role in cellular proces-
ses related to learning and memory, and adequate levels of these
fatty acids are essential for normal visual and cognitive
development. Thus, abnormalities in fatty acid metabolism may
be involved in cognitive and behavioral changes of these
conditions, as well as on attention, language processing and
difficulties associated to mood, digestion, sleep and temperature
adjustment. In addition, reduced blood concentrations of long-
chain polyunsaturates fatty acids were found by several studies
in individuals with Attention Deficit Hyperactivity Disorder
(ADHD). Development disorders overlap with each other, being
difficult to find a “pure” case. Thus, it is possible that this finding
described for ADHD is also related to other such deficiencies as
dyslexia, dyspraxia and autism®.

Some studies support the hypothesis that immunological
and metabolical changes of AGPI are involved with the deficiency
of these compounds in individuals with cognitive and learning
problems. These conditions tend to group into families, and that
evidence points to the possible existence of common genetic
factors that may predispose the constitutional anomalies in the
metabolism of fatty acids and phospholipids®?..

From these literature findings, the aim of this study was to
analyze the scientific studies regarding the biochemical, genetic
and immunological bases that can be included in the Meares-
Irlen Syndrome.

In recent years, researchers have identified a series of

METHODS

An extensive literature survey was conducted, which
included an interactive review of the literature. The
methodological design of the study was carried out with data
collection from secondary sources.

The integrative review of the literature is a research
method which allows the incorporation of evidence into clinical
practice. This is a method ranging from the theoretical and
empirical literature to the studies with different methodological
approaches. For this, we use the results of research on a topic in
a systematic and orderly manner, contributing to greater
knowledge on the topic proposed®.

For access to articles in the sample of the present review
we used the database from the Virtual Health Library (VHL),
which organizes information in a structure that integrates and
interconnects multiple reference databases, such as SciELO
(Scientific Electronic Library Online), LILACS (Latin-American
and Caribbean System on Health Sciences Information),
MEDLINE (International Literature on Health Sciences), and
UFMG Digital Library, consulted online on March 2014, using as
descriptors: Dyslexia, Cholesterol, Perceptual Disorders,
Immunology, Genetics, Heredity.

The descriptors were used in pairwise fashion, with 24
articles having been found in the search. All articles addressing
the key words mentioned were included as a selection criteria,
since they were available in full and mentioned Meares-Irlen
Syndrome and its genetic, biochemical and immunological
relations, and were published in Portuguese and in English. This
way, 08 articles were deleted.

The year of publication was not cause of restriction in the
choice of the articles due to the scarcity of recent literature on
the topic discussed. The analysis of the data followed a
questionnaire meeting the criteria for identifying authors, year
of publication, title of magazine objectives of the research and
content analysis, with the sample consisting of 16 quotations, 14
from articles and 02 from dissertations.

ResuLts

Of the 16 items used for the discussion of the topic
proposed, 2 (12.5%) were published in 1996, 1 (6.25%) in 2001,
01 (6.25%)1in 2002,1 (6.25%) in 2003, 1 (6.25%) in 2004, 2 (12.5%)
in 2005, 2 (12.5%) in 2006, 1 (6.25%) in 2008, 1 (6.25%) in 2009, 1
(6.25%) in 2011, 1 (6.25%) in 2012, 1 (6.25%) in 2013, and 1
(6.25%) in 2014.

Regarding the publication language, 14 (87.5%) were
published in English and 02 (12.5%) in Portuguese, and the
articles in Portuguese from Brazil and the ones in English were
1 from Australia and the rest from the USA.

All the articles selected came from medical journals, and 11
(68.75%) are about case-control studies, 2 (12.5%) dissertations,
and 3 (18,75%) are literature reviews.

DiscussioN

Visual processing problems and dyslexia

The Meares-Irlen Syndrome, a specific visual-perceptual
impairment, has been increasingly accepted as a research area
for visual problems that can be associated to dyslexia®.

In an attempt to elucidate its causes, there’s a chance that
there is an abnormal distribution of cones in the retina with the
existence of extra peripherals cones and greater light sensitivity
in peripheral vision. Due to the effort spent in processing visual
information, reading becomes slower and segmented, producing
fatigue, inversions and exchange of words, loss of lines in the
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text, loss of focus, drowsiness, visual disorders, headaches,
irritability, nausea, distraction and photophobia, after a relatively
short interval in reading, which compromises the speed of
cognitive processing and memorization®?.

The clinical features, such as the visual distortions of the
printed words and the sense of movement or vibration of the
text present in the Meares-Irlen Syndrome are common to the
Visual Chronic Fatigue Syndrome, which may indicate an
association between them. The symptoms described occur even
in the absence of ophthalmologic abnormalities®.

Some studies have demonstrated benefits to reading with
the use of colored transparencies on white paper for patients
with Meares-Irlen Syndrome. Randomized clinical trials
demonstrate that different people require different and specific
colors, requiring that definition by the patients of the degree of
accuracy 9,

Despite the findings of improvement in reading with the
use of colored filters, the causal basis to describe the visual
symptoms and the reason why colored transparencies reduce
these symptoms still need further research. Because of this,
hypotheses about the biochemical bases related to the syndrome
have been proposed?!?,

Biochemical aspects related to the Syndrome of Meares-Irlen

Some studies on the abnormal metabolism of fatty acids in
people with dyslexia suggest that the visual processing can be
affected by these disorders. Long-chain polyunsaturated fatty
acids (PUFA) are important as structural components of the
brain and the eyes, and are required for the normal functioning
of the nervous system. There are two types of unsaturated fatty
acids, omega-6 and omega-3, and both can be converted into
important essential fatty acids. Some of these fatty acids like
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)
make up about 15% to 30% of the dry weight of the retina, and
are required for the structure, growth, remodeling and neuronal
function, as well as play an essential role in cellular processes
related to learning and memory. Thus, adequate levels of these
fatty acids are essential for normal visual and cognitive
development®?,

A number of studies related to the abnormal metabolism
of fatty acids in people with dyslexia suggests that visual
processing can be affected by these anomalies, especially on
Meares-Irlen Syndrome®.

A deficiency of essential fatty acids is significantly related
to the onset of visual symptoms in reading, and even with some
symptoms indicative of Meares-Irlen Syndrome as headache,
sensitivity to light, movement and pulsation of words, and the
halo effect around the words. Children with great clinical signs
of fatty acid deficiency have significantly lower reading capability,
and the severity of clinical signs is directly related to visual
problems and symptoms during readingV.

Researchers have identified significant variations between
blood lipids and urinary amino acids between a group of Meares-
Irlen Syndrome patients and the control group, which could be
indicative of activation of the immune system of the patient® ?.

Findings from previous studies showed that the total plas-
ma cholesterol values of Meares-Irlen Syndrome was significantly
lower compared to the control group. On the other hand, there
was an increase in the values of heptadecanoic acid found in the
plasma of patients. The increased levels of heptadecanoic acid
may involve changes in the membrane functions and in
neurotransmission®.
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There is some evidence suggesting that supplementation
with essential fatty acids can improve neural function and the
retina, which has been investigated as a possible cause of dyslexia
and Meares-Irlen Syndrome®.

Genetic predisposition and family nature

Most research published is currently focused on the search
for uni-causal solutions for dyslexia, emphasizing biological,
environmental or cognitive factors. However, dyslexia and in
particular the Meares-Irlen Syndrome is genetically
heterogeneous, and can be caused by both genetic and
environmental factors.

While investigating the family incidence of Meares-Irlen
Syndrome in parents of children identified as carriers, researchers
found 84% of incidence of symptoms similar to those of children.
In this study, there was no distinction between data found for
mothers and fathers. These findings suggest a possible genetic
basis for visual processing deficits in patients with reading
difficulties!?.

Furthermore, the gene expression of the molecule carrier
of apolipoprotein B100 lipids (APO-B100) has been correlated
to abnormal metabolism of lipids, mainly related to plasma
cholesterol levels. Cholesterol esters have proven importance in
carrying essential fatty acids into the retina. The APO-B100-
encoding gene is located on the short arm of chromosome 2, and
establishes close vicinity with DYX3 gene proven to confer
susceptibility to dyslexia®¥.

The APO-B100 locus is recognized as one of the most
polymorphic regions of the human genome. In a pilot study we
found that certain variant alleles of APO-B100 were most
commonly found in participants diagnosed with Meares-Irlen
Syndrome than in those without this condition.

Relations to the immune system

It has been suggested by some researchers that the
construction of the metabolic profile of patients with Meares-
Irlen Syndrome could help develop more valid diagnostic
categories and allow further investigation of disorders of the
immune system as causal factors for learning and behavioral
disorderst15-17,

Some studies have shown differences in amino acid
metabolism and lipid components in individuals with Meares-
Irlen Syndrome, and it indirectly supports the hypothesis that
there is a biological and biochemical origin for this condition.
Differences were found in the excretion of amino acids like
proline, hydroxyproline and 3-methylhistidine, and this may result
in dysregulation of the renewal of proteins and tissues. From
this, it is speculated that this dysregulation may be related to
immune system activation and cytokine production, which may
have an effect on the genesis of visual dysfunction.

There is evidence that dyslexic individuals and their families
have a higher-than-normal incidence of autoimmune disorders.
Evidence of this was suggested, showing that changes in the skill
of reading were associated to the presence of signs indicative of
infection evidenced by the finding of increased and sore lymph
nodes?.

Further investigation is still required to establish how
changes in amino acids represent abnormal levels, confirm the
relationship between biochemical anomalies identified and the
metabolic functions that they represent, and also the association
between these abnormalities and possible dysfunction of the
immune system.
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CONCLUSION

Among the many causes that can lead to difficulties in
reading, Meares-Irlen Syndrome remains little known, and its
diagnosis can often be confused with developmental dyslexia.
The study of this condition can help patients improve their
difficulties with low-cost interventions, giving conditions for
literacy and reading habits.

Many studies have focused on elucidating the causal factors
of the Meares-Irlen Syndrome. This is important for new
alternatives to be outlined in order to contribute to the visual
development and learning their carriers, if possible, still during
school literacy stage.

There is growing evidence that there is a biochemical base
involved in a variety of visual and learning disorders, including
the Meares-Irlen Syndrome, a subtype of dyslexia. Some
questions remain unanswered, requiring more research to
delineate the causal factors involved in this condition. Despite all
the theories suggested for the Meares-Irlen Syndrome, its
neurophysiological substrate is yet to be clarified.
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