SimoneA parecida Capellini*

Desempenho em consciéncia fonolégica, memoria operacional,
leitura e escrita na dislexia familial******

Phonol ogical awareness, working memory, reading and writing
performancesin familial dyslexia

NiuraAparecidade Mouro Ribeiro Padula**
Lara Cristina Antunes dos Santos* **

MariaDalval ourenceti****
ErikaHasse Carrenho* ***
LucileneArilho Ribeiro*****

*Fonoaudidloga. Doutora em Ciéncias
Médicas pela Faculdade de Ciéncias
Médicas da Universidade de Campinas
(FCM - Unicamp). Docente do
Departamento de Fonoaudiologia da
Faculdade de Filosofia e Ciéncias da
Universidade Estadual Paulista (FFC -
Unesp). Endereco para
correspondéncia: R. Bartolomeu de
Gusméo, 10-84 - Bauru - SP - CEP
17017-326 (sacap@uol.com.br).

**Neurologista. Doutora em Ciéncias
Médicas pela FCM - Unicamp. Docente
do Departamento de Neurologia e
Psiquiatria da Faculdade de Medicina
(FM) da Unesp Botucatu.

***Neurologista do Departamento de
Neurologia e Psiquiatria da FM -
Unesp Botucatu.

****Médica. Especializanda em
Neuropsicologia pela FCM - Unicamp.
Psicdloga do Ambulatério de
Neurologia Infantil do Hospital das
Clinicas (HC) daFM - Unesp Botucatu.

***%%Médica Doutora em Genética
pelo Instituto de Biociéncias da Unesp
Botucatu. Bidloga do Setor de Genética
do Hospital de Reabilitagdo
Craniofacial de Bauru.

*xxx**Trabalho Realizado no
Ambulatério de Neurologia Infantil do
HC daFM - Unesp Botucatu e Centro
de Estudos da Educagéo e Salide da
Unesp Marilia

Artigo Original de Pesguisa

Artigo Submetido a Avaliaggo por Pares
Conflito de Interesse: ndo

Recebido em 03.08.2006.

Revisado em 06.09.2006; 18.09.2006;
28.05.2007; 10.07.2007; 18.09.2007;
06.11.2007.

Aceito para Publicagdo em 06.11.2007.

Referenciar estematerial como:

Abstract

Background: familial dyslexia. Aim: to characterize and compare the phonological awareness, working
memory, reading and writing abilities of individuals whose family members are also affected. Method: in
this study 10 familia nuclei of natural family relationship of individuals with dyslexia were analyzed.
Families of natural individualsliving in the west region of the state of S&o Paulo were selected. Inclusion
criteriawere: to be a native speaker of the Brazilian Portuguese language, to have 8 years of age or more,
to present positive familial history for learning disabilities, that is, to present at least one relative with
difficultiesin learning. Exclusion criteriawere: to present any neurological disorder genetically caused or
not, in any of the family members, such as dystonia, extra pyramidal diseases, mental disorder, epilepsy,
attention deficit and hyperactivity disorder (ADHA); psychiatric symptoms or conditions; or any other
pertinent conditions that could cause errors in the diagnosis. As for the diagnosis of developmental
dyslexia, information about the familia history of the adolescents and children was gathered with the
parents, so that adetail ed pedigree could be delineated. Neurological, psychological, speech-language, and
school performance evaluations were made with the individuals and their families. Results: the results of
this study suggest that the dyslexic individuals and their respective relatives, also with dyslexia, presented
lower performances than the control group in terms of rapid automatic naming, reading, writing and
phonological awareness. Conclusion: deficits in phonological awareness, working memory, reading and
writing seem to have genetic susceptibility that possibly determine, when in interaction with the
environment, the manifestation of dyslexia.

Key Words. Dyslexia; Learning; Reading.

Resumo

Tema: dislexia familial. Objetivo: caracterizar o desempenho em consciéncia fonolégica, memaria
operacional, leiturae escritado probando com dislexiae de seusfamiliares af etados. M étodo: participaram
deste estudo 10 nucleos familiais de parentesco natural deindividuos com queixa especificade problemas
de leitura e compreensdo. Foram selecionadas familias de probandos naturais e residentes na regiao do
oeste do estado de S&o Paulo. Os requisitos de inclusdo dos probandos foram: ser falante nativo do
Portugués Brasileiro, ter idade acimade o0ito anos, apresentar historico familial positivo paraos problemas
de aprendizagem, ou segja, apresentar no minimo um outro parente com dificuldade para aprender em trés
geragdes. Os critérios de exclusdo para o grupo de probandos foram: apresentar qualquer distirbio
neurol 6gi co-genético tais como distonia, doengas extras piramidais, deficiénciamental, epilepsia, transtorno
do déficit de atengdo e hiperatividade (TDAH); sintomas ou condig¢des psiquidtricas; ou outras condigdes
pertinentes que poderiam gerar erros no diagnostico. Para o diagndstico de dislexia do desenvolvimento
foram coletados dados de antecedente familial na historicaclinicacom os pais das criangas e adol escentes
pararealizagdo do heredograma. Foram realizadas avaliagtes neurol égica, fonoaudiol gica, psicoldgicae
de desempenho escolar nos probandos e em seus parentes. Resultados: os resultados deste estudo sugeriram
gue os probandos e seus familiares com dislexia apresentaram desempenho inferior ao grupo controle
guanto anomeacao rapida, leitura, escritae consciénciafonol égica. Conclusdo: alteragdes em consciéncia
fonolégica, memaria de trabalho, leitura e escrita tem susceptibilidade genética que possivelmente em
interacdo com 0 meio ambiente determinam o quadro de dislexia.

Palavras-Chave: Dislexia; Aprendizagem; Leitura.
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I ntroduction

Dyslexiaisboth familial and heritable. Family
history is one of the most important risk factors,
being that from 23% to as much as 65% of children
who have a parent with dyslexia are reported to
havethedisorder aswell1,2. Therateamong siblings
of affected persons is approximately 40% and
among parentsit ranges from 27% to 49%.

Despite the strong genetic involvement,
dyslexiadoes not commonly segregate in families
inasimple mendelian fashion3,4. Rather, ability to
do reading related to cognitive tasks tends to
decrease as a function of increasing genetic
relatedness of relatives to the dyslexic probands.
Thisfinding suggests that several or many genetic
factors determine reading ability, and that some or
all of these factors might interact with one another
to bring about particular influences on the reading
ability.

Linkage analysis studies showed variouslocus
chromosomes that can have candidate genes to
dyslexia Thislocusinclude the chromosomes 1p5,
2p6, 6p7, 1598, and 18p9. Some genes have been
associated to dysexia such as: KIAA031910 and
DCDC211 in chromosome 6p and EKN1 in
chromosome 15g12.

Identification of these genetic variants may
mean that a child's particular risk of developing
certain types of reading problems could be
estimated before severe problems devel op.

Based on what was exposed above, thisarticle
will present astudy made with families of children
with developmenta dydexiawhichaimsat:

. Investigating familial prevalence and gender
reason of learning disabilities among the families
of individualswith dyslexia,

. Characterizing phonological, working memory,
reading and writing abilitiesof dysexicindividuals
and their familieswho are al so affected.

Method

This study has been previously approved by
the Committee of Ethicsin Research of the Science
and Philosophy Faculty of the State University of
S40 Paulo - UNESP/Marilia - Sao Paulo - Brazil,
under the protocol number 2231/2006.

Inthisstudy 10 familia nuclei of natural family
relationship of individuals with dyslexia were
analyzed. Therequisitesof inclusion of thedydexics
were: being anative speaker of Brazilian Portuguese,
being 8 years old or more, presenting positive
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familial history of learning disabilities, that is,
presenting at |east another relative with difficulties
for learning in 3 generations. The criteria of
exclusion for the group of dyslexics were:
presenting any neurological disorder, genetically
caused or not, in family members, such asdystonia,
extra pyramidal diseases, mental retardation,
epilepsy, attention-deficit/ hyperactivity disorder
(ADHD); psychiatric symptoms or conditions; or
other pertinent conditionswhich could cause errors
in diagnostics.

Theclinical history was made with the parents
of the dyslexics with the purpose of verifying the
presence of any problem, such as neurological,
hearing, cognition and/or visual deficits and
complaint of speech-language disorders.

Specific data about the natural history of
dydlexia, timeof beginning and specific disabilities
related to reading and writing, was checked with
the parents.

The data of the familial antecedents for the
detailed pedigree were collected in the end of the
clinical history. In order to obtain precise
information, therelativeswere encouraged to check
the information referred to the reading problems
with their own parents or other relatives of first
degree. The information of the detailed pedigree,
for this study, was used to determine the familial
prevalence and the sexual ratio of dyslexiain the
first degreerelatives.

Thedyslexicsand their parentswere evaluated
intheAmbulatory of Child Neurology of the Clinical
Hospital of State University of S&o Paulo - UNESP
(UNESP-Botucatu - S8o Paulo - Brazil) and in the
Centre of Study of Education and Health (CEES/
UNESP- Marilia- S0 Paulo - Brazil). Only the
relatives of the dyslexics that had complaints of
reading comprehension difficultieswere eval uated.

The subjects were considerated dyslexic when
presented thefollowing criteriain interdisciplinary
assessment: static balance; appendicular
coordination; motor persistence, dynamic balance,
torso-limb coordination and sensitivity alteration
in the neurological evaluation, discrepancy
between verbal intellectual quotient and
performance intellectual quotient in the
psychological assessment, memory, reading and
writing ateration in the neuropsychological battery,
phonemic, syllabic, rhymeand alliteration alteration
in the phonological awareness test, reading level
and reading speed lower to age and school level,
phonological disorder in the phonological
assessment, singleword and non-word reading and
writing, thematic essay, and partial comprehension
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of text reading.

The interdisciplinary assessment of learning
disabilities was considered when the subjects or
their relatives presented, besidesthe criteriaabove,
syntactic-semantic structure alteration in both oral
language and the thematic essay, besides
difficultiesin arithmetic cal culus, bothin resolving
single calculus and resolving calculus that
depended on the reading comprehension of atext.

With the purpose of obtaining adequate
reliability of the dataiin this study, data collection
wasrealized with acontrol group. Thus, the groups
in this study were distributed as:

. Group 1 (G1): formed by 10 dyslexic, between 8
and 15yearsold, 8 (80%) malesand 2 (20%) females,
studying from 2nd to 6th grades.

. Group 2 (G2): formed by 10 students without
learning difficulties paired according to gender, age
and school level withthe GI.

. Group 3(G3): formed by 22 rdativesof thedydexic,
aged from 8to 70 yearsold, 6 (27,2%) malesand 16
(72,8%) femal es, studying from 2nd to 5th grades.

. Group 4 (G4): formed by 22 subjects without
learning difficulties paired according to gender, age
and school level withthe GlII.

The procedures of assessment utilized in this
study, after the signing of aTerm of Post-Informed
Consent (according to resolution of the National
Health Council - CNS 196/96), were thefollowing:

. traditiona neurological eval uation: thisevaluation
is composed of a neurological examination that
evaluates: Perimeter and Cranial form, Conscious
state, spontaneous, passive, automatic, reflex and
involuntary movement, static and dynamic balance,
coordination, sensitivity, cranial nerves and
meningorradicular signs, in accordanceto standards
used inthe Medical College of UNESP -Botucatu-
S&o0 Paulo-Brazil. It was conducted by a child
neurologist et the Clinical Hospital- HC/FM/UNESP-
Botucatu-S&o Paulo - Brazil - to exclude neurol ogical
disorders.

.intelligence scalefor children - WISC-111-R13: it
was used in the subjects aged from 6 to 16 years
old, aiming at quantitatively measuring their general
cognitivelevel, through mental operations such as
associations, deductions, types of reasoning,
among others.
.adultintelligencescale-WAIS-R14: itwasused in
thesubjectsfrom 17 yearsof ageand older, aiming
at quantitatively measuring their general cognitive
level, through mental operations such as
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associations, deductions, types of reasoning,
among others.

The use of theWISC and WA | Swas conducted
by psychologistsat the Clinical Hospital- HC/FM/
UNESP-Botucatu-So Paulo - Brazil :

. school performance test™: the subjects were
submitted to the application of an assessment the
fundamental capacitiesin school performance, such
aswriting, arithmetic and reading.

. rapid automatized naming - RAN16: the subjects
were submitted to the Rapid Automatized Naming
test, computer version, composed of subtests of
color, digits, letters and objects naming. The
subjects were told about that the time would be
measured from theinitial moment of thetest.

. phonological awarenesstest'’: the procedure used
was the Phonological Awareness Test. The test
consists of ten subtests, each one consisting of
four items to verify synthesis, segmentation,
manipulation and transposition syllabic and
phonemic, rhyme and alliteration. The findings of
the test are presented by score.

Theresultswere analyzed statistically. We have
adopted the significance level of 5% (*= 0,0050),
for the application of the statistic test in this study.
The SPSS program was used (Statistical Package
for Socid Sciences), inits13.0version, for obtaining
the results. The statistically significant results are
marked by an asterisk (*).

Results
Sexual prevalence and sexud ratio

In the results presented here about the familial
prevalence and the sexual ratio for dyslexia, we
considered all affected relatives (n=38) of the
dydexics, however only 22 wereeva uated. Theother
16 relatives were not evaluated for some reasons
such asmental retardation, encephalic trauma, death
or living far away from the datacollection place.

The familial prevalence of dyslexia was
investigated by counting the number of relatives
with dydexia for each subject. The prevaence of
dyslexia in male relatives of all subjects was
considered smaller (0,185) thaninfemalesrelatives
(0,312). The difference of the dydexia prevalence
among the two genders was significant (0,001)
accordingto Table 1.

From the 22 relatives evaluated, 6 were males
and 16 were females. Added to the dydexics this

Capellini et al.
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resultedinatotal of 32 affected individuas(14 males
and 18females). The sexud prevalenceof al affected
individuals evaluated was 0,77 male individuals to
1,00 femae. Among the rel atives of dyslexicsthere
were 12 individua swith dysexiadiagnosisand 10
with learning disabilities diagnosis. The data about
the sexual ratio in the dysexia showed a higher
prevalencein malesthaninfemales(1,75).

Characterization of phonological, working memory,
reading and writing findings

Following, we present the results of the
cognitive and linguistic performance in the tests
used in this study of the 10 familial nuclei.

When the Mann-Whitney Test and the
Friedman Test were used for comparing the average
scoreintheWISCin Group 1 and among theaverage
score of WAIS in Group 3, significant statistic
difference was observed in the performances of
the dyslexics and performances of the relatives of
dysdexicsfrom VIQ and PIQ (table 2). Inthe same
tableit is possible to see the comparison between
the performance of Group 1 and the Group 2 inthe
School Performance Test, using the T of Student
Test controlled for Levene Test, statistically
significant difference between the obtained score
and expected score.

In table 3, significant statistic difference was
verified in the performances of the dyslexics and
the relatives of the dyslexics in the digit span,
picture completion and coding subtests when
compared to the performances of Group 1 and Group
3withtheir respective control groups, Group 2 and
Group 4.

The findings showed statistically significant
difference in the subtests of syllabic synthesisand
transposition and all the phonemic subtests when
the T of Student Test controlled by Levene Test
was used. By comparing the findings of Group 3
and Group 4, statistically significant differencewas
not verified only in the subtests of syllabic
manipulation (SMan) when applied the T of Student
Test controlled by Levene Test.

By comparing the performances of Group | and
Group |1 in the Rapid Automatized Naming using
the Friedman Test and T of Student Test controlled
by Levene Test, significant statistic differencein
the subtests of letters, number and objects naming
was observed. By comparing the performance of
Group 3 and Group 4, statistically significant
difference was observed in al the subtests.

TABLE 1. Familial prevalence of developmental dyslexia in the relatives of dyslexics, represented in number of individuals with

developmental dyslexia of both male and female genders, divided by the total number of male and female relatives and sexual ratio

(M/F).

Male Gender Female gender Total
Relatives with the learning difficulties of male 12/67 = 0,179 1/3=0,333 13/70=0,185
gender
Relatives with learning difficulties of female 23/73=0,315 2/7=0,285 25/80=0,312
gender
Ratio M/F 0,52 0,5 0,52

Desempenho em consciéncia fonoldgica, memaria operacional, leitura e escrita na dislexia familial
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TABLE 2. Distribution of Average (A), Standard deviation (Sd) and value of p (P) to comparison of performances of the dyslexics
(G1) and the dydlexic's relatives (G3) in relation to verbal, performance and total intelligence quotients of the WISC, WAIS and

School Performance Test.
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Skills Gl G3
Verbal A 74,20 84,36
Intelligence s 13,51 6,37
Quotient (VIQ)

Performance A 87,90 89,00
Intelligence s 19,59 11,23
Quotient (P1Q) P 0,031* 0,012*
Verbal A 74,20 84,36
Intelligence s 13,51 6,37
Quotient (VIQ)
Total Intelligence A 81,20 86,36
Quotient (TIQ) sd 16,33 12,46
P 0,109 0,278
Performance A 87,90 89,00
Intelligence s 19,59 11,23
Quotient (PIQ)
Total Intelligence A 81,20 86,36
Quotient (TIQ) s 16,33 12,46
P 0,072 0,053
Writing obtained A 12,50 22,73
score Sl 7,69 5,01
Writing - age A 30,70 32,45
expected score s 4,32 0,86
P < 0,001* < 0,001*
Arithmetic A 13,30 17,18
obtained score < 411 5,48
Arithmetic - age A 22,40 24,41
expected score < 5,83 381
P 0,001* < 0,001*
Reading obtained A 28,80 32,64
score s 9,59 10,95
Reading - age A 68,40 68,73
expected score d 1,90 1,28
P < 0,001* < 0,001*

Capellini et al.
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TABLE 3. Distribution of Average, Standard deviation and value of p to the comparison of performance from G1, G2, G3 and G4 in
digit span, picture completion and coding subtests of WISC and WAIS, syllabics, phonemics and supra-phonemics subtests of
Phonological Awareness Test and color, letters, digit and objects subtests of RAN.

Skills Groups Average Standard Deviation Valueof P
1 7,50 0,71 < 0,001
Digit Span 2 9,80 0.42
3 7,55 0,96 < 0,001
% 4 9,55 0,51
z Coding 1 7,40 0,97 < 0,001
z 2 9,60 0,52
3 3 7,18 1,44 < 0,001
z 4 9,59 0,50
Picture Completion 1 7,40 0,97 < 0,001*
2 9,60 0,52
3 7,36 1,33 < 0,001
4 9,68 0,48
1 1,00 1,05 0008
Syllabic Synthesis 2 0,00 0,00
: 25 1oL 0,001*
4 0,00 0,00 !
1 3,80 0,63 < 0.001*
Phonemic Synthesis 2 1,20 0,79
3 391 0,43 < 0,001
4 1,09 0,68 "
> S 084 0,168
Syllabic Segmentation g ggg ggg
’ y 0,011*
4 0,00 0,00 '
1 4,00 0,00 < 0,001
Phonemic Segmentation 2 0,40 0,52
3 4,00 0,00 < 0,001
4 0,50 0,51 "
1 0,40 0.84
Y y 0,168
2 0,00 0,00 ’
Rhyme 3 odE s —
= 4 0,00 0,00 2
<8 1 0,40 0,84
g Y y 0,151
§ ° Alliteration 2 0,00 0,00
§ ¢ 3 045 0,86 0021
g < 4 0,00 0,00 :
o
1 0,40 0,84
) N 2 0,00 0,00 0,151
Syllabic Manipulation
3 027 0,70 0.083
4 0,00 0,00 g
1 3,80 0,63 0,000%
Phonemic Manipulation 2 0,70 0,67
3 3,82 0,59 <0001
4 0,82 0,73 g
1 2,00 0,00 <0001
Syllabic Transposition 2 0,00 0,00
3 2,00 0,00 <0001
4 0,00 0,00 "
1 3,80 0,63 N
Phonemic 2 0,40 0,52 < 0,001
Transposition 3 364 0.79
y y <0,001*
4 0,41 0,50 g
1 20,00 1,63
; : <0,001*
2 2,70 1,06 '
Score 3 19,91 1,69 < 0,001*
4 2,82 1,05 g
1 34,92 2917
: . 0,434
2 42,50 2,84 ’
Collor 3 26,65 28,75 .
4 39,55 4,23 '
1 52,80 7,94
y - <0,001*
2 28,50 2,42 '
Letters 3 51,09 7,07 < 0,001
Z 4 30,68 4,08 )
& 1 25,60 5,40 oo
igi 2 27,00 2,62 g
oot 3 4723 6,32 <0,001*
4 28,32 434 g
1 18,23 27,68
: - 0,008*
) 2 47,90 2,08 '
Objects 3 8,85 20,13 < 0.001*
4 42,59 6,36 g
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Discussion

The present study indicates that from the 10
familieswho participated, 12 reletives of the subjects
presented dyslexia, and 10 presented learning
disabilities, corroborating previous findings10
regarding the evidence that in families that present
onemember with dydexia, at least onemoremember
aso presentssimilar difficulties.

The sexual ratio found in this study for the
dydexicwas4:1, showing higher prevalencefor males
(M/F ratio = 0,52). Although this study was not
conclusive because of the small sample, it points
out important aspects to be considered such as:
smaller prevalence of dysexia among the males
relatives of all dyslexic in comparison to females,
and higher frequency of male subjects suggesting
that dyslexia is a disorder that can be related to
chromosome X. Segregation studies indicate that
the disorder is usually inherited as autosomal
dominant4. Recently, a study developed in the UK
evidenced that single word reading disorder is
related to X269 and Xg2718. A recessiveallele of
an X linked geneincreasing therisk for dydexiacould
explain why males are more commonly or more
severely affected than females.

Thefindingsof thisstudy inrelation to cognitive
level corroborate previousfindings19,20, which were
evidenced in studieswith dydexicswith VIQinferior
to PIQ. This discrepancy has been noticed in the
dydexicsaswdl asintheirsrelatives, not only related
with the verbal and execution quotient, but also
between the quotients that indicate information
processing speed and working memory,
demonstrating that this would be a profile of a
dyslexic person and their affected relatives.

Another characteristic of these students with
specific reading disabilities noticed in thisstudy was
their difficulty inrelation to arithmetic cal culus.

According to the literature21 subjects with
specific reading disabilities present disorders in
information processing, and as this processing is
based on cognitive and linguistic skills, the
comprehension problems and arithmetic calculus,
which need lexicon-mental correspondence and
number representation, impair the performance of
arithmetic.

There is a consensus that phonological
awarenessplaysacritical roleinreading acquisition.
The phonological deficit hypothesis has been
supported by a number of studies that have
specifically identified delaysin sensitivity torhyme,

380

Pré-Fono Revista de Atualizagdo Cientifica. 2007 out-dez; 19(4).

alliteration, and phonemic segmentation as
precursorsto the devel opment of reading?4. In Brazil,
these studies with dyslexia have specifically
identified delays in aliteration, manipulation and
phonemic segmentation'®?,

These finding about phonological deficit
hypothesis have also been extended to adult
populations. A recent study? described that
phonological deficitshave also been foundin adults
withdydexia

In this study, the dydexics and their relatives
with dydexiapresented lower performancethanthe
control group in the RAN, and the same happened
with thereading, writing, arithmetic and phonological
tests, what indicates that there are difficultiesin the
phonological processing, recognition, and speed of
information processing, in addition to attention
difficulties, phonological skills, rapid naming and
working memory?-%,

The findings of this study showed the
relationship between RAN, phonological processing,
reading and writing, because the subjects with
dydexiaand theirs parents presented naming speed,
working memory and, phonological skillsdteration,
what was directly reflected in their inferior
performance in reading, writing and arithmetic
calculus.

In casesof dydexiathereareusudly phonological
deficits. These deficits are related to a difficulty in
accessing and retaining phonological information,
which is necessary to perform reading and writing
tasks. However, wemust consider that these deficits
may have family origin, according to the
literature21,23,24,28, corroborating the etiological
genetic of the phonological deficit hypothesis in
these dydexics and their relatives in this study.

Conclusion

The sexual ratio found in this study for the
dyslexic showed higher prevalence for the males.
There was smaller prevalence of dyslexia among
the male relatives of al subjectsin comparison to
females, and high frequency of male subjects with
dydexia

Subjects with dyslexia presented disorders in
phonological accessing of information, temporal
processing speed, working memory, phonological
storage, what is directly related to poor
associations and memorizing, resulting in
dterationsinwriting and calculations.

Capellini et al.



Pr6-Fono Revista de Atualizacdo Cientifica. 2007 out-dez;19(4).

References

1. Scarborough HS. Very early language deficits in dyslexic
children. Child Dev. 1990;61(6):1728-43.

2. Meng H, Smith SD, Hager K, Held M, Liu J, Olson RK,
Pennington BF, Defries JC, Gelernter J, O'reilly-Pol T,
Somlo S, Skudlarski P, Shaywitz SE, Shaywitz BA, Marchione
K, Wang Y, Paramasivam M, Loturco JJ, Page GP, Gruen
JR. DCDC2 is associated with reading disabilities and
modulates neuronal development in the brain. Proc. Nat.
Acad. Sci, 2005;102(47):17053-8.

3. Marlow AJ, Fisher SE, Richardson AJ. Investigation of
quantitative measures related to reading disability in a large
sample of sib-pairs from the UK. Behav Genet, 2001;31(2):
219-30.

4. Wijsman, EM, Peterson, D, Leutenegger, AL. Segregation
analysis of phenotypic components of learning disabilities:
nonword memory and digit span. Am J Hum Genet. 2002;
67(3):631-46.

5. Tzenova J, Kaplan BJ, Petryshen TL, Field LL.
Confirmation of a dyslexia susceptibility locus on
chromosome 1p34-p36 in a set of 100 Canadian families.
Am. J. Med. Genet. 2004;27(1):117-124.

6. Kaminen N, Hannula-Jouppi K, Kestila M, Lahermo P,
Muller K, Kaaranen M, Myllyluoma B, Voutilainen A,
Lyytinen H, Nopola-Hemmi J, Kere J. A genome scan for
developmental dyslexia confirms linkage to chromosome
2p11 and suggests a new locus on 7¢g32. J. Med. Gent. 2003;
40(5):340-5.

7. Petryshen TL, Kaplan BJ, Liu MF, Schmill DE, French
N, Tobias R, Hughes ML, Field LL. Evidence for a
susceptibility locus on chromosome 6q influencing
phonological coding dyslexia. Am. J. Med. Genet. 2001;
105(6):507-17.

8. Chapman NH, Igo RP, Thomson JB, Matsushita M, Brkanac
Z, Holzman T, Berninger VW, Wijsman EM, Raskind WH.
Linkage analyses of four regions previously implicated in
dydexia confirmation of alocus on chromosome 15g. Am. J.
Med. Genet B. Neuropsychiatr. Genet. 2004;131(1):67-75.

9. Fisher SE, Francks C, Marlow AJ, Macphie IL, Newbury
DF, Cardon LR, Ishikawa-Brush Y, Richardson AJ, Talcott
JB, Gayan J, Olson RK, Pennington BF, Smith SD, Defries
JC, Stein JF, Monaco AP. Independent genome-wide scans
identify a chromosome 18 quantitative-trait locus
influencing dyslexia. Nat. Genet. 2002;30(1):86-91.

10. Cope N, Harold D, Hill G, Moskvina V, Stevenson J,
Holmans P, Owen MJ, O'donovan MC, Williams J. Strong
evidence that KIAA0319 on chromosome 6p is a
susceptibility gene for developmental dyslexia. Am. J. Hum.
Genet. 2005;76(4):581-91.

11. Schumacher J, Anthoni H, Dahdouh F, Konig IR, Hillmer
AM, Kluck N, Manthey M, Plume E, Warnke A,
Remschmidt H, Hulsmann J, Cichon S, Lindgren CM,
Propping P, Zucchelli M, Ziegler A, Peyrard-Janvid M,
Schulte-Korne G, Nothen MM, Kere J. Strong genetic
evidence of DCDC?2 as a susceptibility gene for dyslexia.
Am. J. Hum. Genet. 2006;78(1):52-62.

Desempenho em consciéncia fonoldgica, memaria operacional, leitura e escrita na dislexia familial

12. Meng H, Hager K, Held M, Page GP, Olson RK,
Pennington BF, Defries JC, Smith SD, Gruen JR. TDT-
association analysis of EKN1 and dyslexia in a Colorado
twin cohort. Hum. Genet. 2005;118(1):87-90.

13. Wechdler D. Escala de inteligéncia para criangas (WISC
I11). S&o Paulo: Casa do Psicologo; 2002.

14.Wechgler D. Escala de inteligéncia para adultos (WAIS-
I11). Sdo Paulo: Casa do Psicélogo; 2004.

15. Stein LM. Teste de desempenho escolar: manual para
aplicacdo e interpretagdo. S&o Paulo: Casa do psicélogo;
1994.

16. Denckla MB, Rudel R. Rapid Automatized naming of
picture objects, colors, letters, and numbers by normal
children. Cortex, 1974;10(2):186-202.

17. Capovilla AGS, Capovilla FC. Prova de consciéncia
fonolégica: desenvolvimento de dez habilidades da pré-escola
a segunda série. Temas Desenvolv. 1998;7(37):14-20.

18. Kovel CGF, Hol FA, Heister JGAM, Willemen JJHT,
Sandkuijl LA, Franke B, Padberg GW. Genomewide scan
identifies susceptibility locus for dyslexia on Xg27 in an
extended Dutch family. J. Med. Genet. 2004;41(9):652-7.

19. Capellini AS, Padula NAMR, Ciasca SM. Desempenho
de escolares com distirbio especifico de leitura em programa
de remediagdo. Pré-fono Rev. Atual. Cient. 2004;16(3):
261-74.

20. Swanson HL, Howard CB, Saez L. Do different
components of working memory underlie different subgroups
of reading disabilities? J. Learn. Disab. 2006;39(3):252-69.

21. Geary DC. Mathematics and learning disabilities. J.
Learn. Disab. 2004;37(1):4-15.

22. Barros AFF, Capellini SA. Avaliagdo fonoldgica, de
leitura e escrita em criangas com distdrbio especifico de
leitura. J. Bras. Fonoaudiol 2003;4(14):11-9.

23. Snowling MJ, Gallagher A, Frith U. Family risk of dydexia
is continuous: individual differences in the precursors of
reading skill. Child. Dev. 2003;74(2):358-73.

24. Savage RS, Frederickson N, Goodwin R, Patni U, Smith
N, Tuersley L. Relationship among rapid digit naming,
phonological processing, motor automaticity, and speech
perception in poor, average, and good readers and spellers.
J. Learn. Disab. 2005;38(1):12-28.

25. Wilson AM, Lesaux NK. Persistence of phonological
processing deficits in college students with appropriate
reading skills. J. Learn. Disab. 2001;34(5):394-400.

26. Chiappe P, Stringer R, Siegel LS, Stanovich KE. Why the
timing deficit hypothesis does not explain reading disabilities
in adults. Reading and Writing. 2002;15(1):73-107.

27. Lyytinen P, Eklund K, Lyytinen H. Language
development and literacy skills in late-talking toddlers with
and without familial risk for dyslexia. Ann. Dyslexia. 2005;
55(2):166-92.

28. Rescorla L. Age 13 language and reading outcomes to
age 9 in late-talking toddlers. J. Speech Lang. Hear. Res,
2005;48(2):459-72.

381



