®PLOS | one

Check for
updates

G OPEN ACCESS

Citation: Barbiero C, Montico M, Lonciari |,
Monasta L, Penge R, Vio G, et al. (2019) The lost
children: The underdiagnosis of dyslexia in Italy. A
cross-sectional national study. PLoS ONE 14(1):
€0210448. https://doi.org/10.1371/journal.
pone.0210448

Editor: Chung-Ying Lin, Hong Kong Polytechnic
University, HONG KONG

Received: March 6, 2018
Accepted: December 21,2018
Published: January 23, 2019

Copyright: © 2019 Barbiero et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: Data from this study
were gathered from nine Italian Regions and, in

each Region, by different Centers and Associations.

Data however can be made available to all
interested researchers upon specific requests by
the corresponding author (dr. Luca Ronfani,
Clinical Epidemiology and Public Health Research
Unit, IRCCS Burlo Garofolo; luca.ronfani@burlo.
trieste.it), who will seek permission from each
Center and Association involved; or, alternatively,
an interested researcher may contact each of the
Centers and Associations to request data

RESEARCH ARTICLE

The lost children: The underdiagnosis of
dyslexia in Italy. A cross-sectional national
study

Chiara Barbiero'?, Marcella Montico', Isabella Lonciari?, Lorenzo Monasta®",

Roberta Penge®, Claudio Vio?, Patrizio Emanuele Tressoldi®®, Marco Carrozzi?, Anna De
Petris®®, Anna Giulia De Cagno’, Flavia Crescenzi’, Giovanna Tinarelli,

Antonella Leccese®, Alessandra Pinton®, Carmen Belacchi'®, Renzo Tucci'’,

Maria Musinu'2, Maria Letizia Tossali® '3, Anna Maria Antonucci'®, Anna Perrone'?,
Mara Lentini Graziano'4, Luca Ronfani®'*, of behalf of the EpiDIt (Epidemiology of
Dyslexia in Italy) working group"

1 Clinical Epidemiology and Public Health Research Unit, Institute for Maternal and Child Health—IRCCS
“Burlo Garofolo”, Trieste, Italy, 2 Child Neurology and Psychiatry Ward, Institute for Maternal and Child
Health—IRCCS “Burlo Garofolo”, Trieste, Italy, 3 Child Neuropsychiatry Department, UOC NPI B La Sapienza
University, Rome, Italy, 4 Child Neuropsychiatry Unit, Hospital of San Dona di Piave, San Dona di Piave,
Italy, 5 Department of General Psychology, University of Padua, Padua, Italy, 6 Department of
otolaryngology and Head and Neck Surgery, “Santo Spirito” Hospital, Pescara, Italy, 7 ASL Rm3, Rome,
Italy, 8 Centro di neuropsicologia clinica dell’eta evolutiva Giorgio Sabbadini, Perugia, Italy, 9 Societa
Scientifica Logopedisti Italiani (SSLI), Campobasso, Italy, 10 Department of Communication Sciences,
Humanities and International Studies, University of Urbino “Carlo Bo”, Urbino, Italy, 11 Studio di Psicologia e
Logopedia, Verona, Italy, 12 Associazione ltaliana per la Ricerca e I'Intervento nella Psicopatologia
dell’Apprendimento (AIRIPA), Padua, Italy, 13 Unita Operativa Complessa NPI ASL Viterbo, Civita
Castellana, Italy, 14 Associazione Italiana Dislessia, Bologna, Italy

9 Membership of the EpiDIt (Epidemiology of Dyslexia in Italy) working group is provided in
Acknowledgments.
* luca.ronfani@burlo.trieste.it

Abstract

Background

Developmental dyslexia is one of the most common neurobehavioral disorders affecting
children, but prevalence data on this condition are poor. The objective of the present study
is to determine the prevalence of dyslexia in Italy in an unselected school population, using
clearly defined diagnostic criteria and methods.

Methods

Cross-sectional study carried out in nine Italian Regions: two located in Northern Italy (Friuli
Venezia Giulia and Veneto), three in Central Italy (Marche, Lazio and Umbria) and four in
Southern Italy (Abruzzo, Molise, Puglia and Sardegna). Three consecutive levels of screen-
ing were carried out: the first two at school, to screen the population and identify children
with suspect dyslexia; the last in centers with multi-professional staff specialized in learning
disabilities to confirm the diagnosis. The key outcome measure is the prevalence of dys-
lexia, defined as the ratio between the number of children confirmed positive at the third
level of screening and the total number of children enrolled in the study.
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Results

We finally recruited 11094 children aged 8—10 years, of which 9964 constituted the final
working sample after applying exclusion criteria and including only children who received
parents’ consent to participate. The prevalence of dyslexia in the whole sample was 3.5%
(95% CI 3.2-3.9%), with little differences between Northern, Central and Southern Italy
(respectively 3.6%, 3.2% and 3.7%). In almost two out of three children with dyslexia the dis-
order had not been previously diagnosed.

Conclusions

This study confirms that in primary school children at the age of 8—10 years in Italy dyslexia
is widely underestimated. Reliable data on dyslexia prevalence are needed to allocate nec-
essary human and financial resources both to Health Services and Schools, ensuring timely
support to children and families.

Introduction

Developmental dyslexia is among the most common neurobehavioral disorders affecting chil-
dren. Prevalence data on this condition are poor and often dated. Studies conducted in
English-speaking countries show a wide range of prevalence (from 5 to 17.5%), [1-3] mainly
due to different methods, tests and definitions adopted for the diagnosis, the type of disability
assessed (i.e., dyslexia vs. learning disabilities), and the different ages considered. [4-8] Italy is
also affected by this variability with a limited number of studies showing a prevalence ranging
from 1.3% to 8.5%. [9-19]

To overcome this situation, in 2008 a group of associations and institutions dealing with dys-
lexic children in Italy (see Annex) established a National Committee (CENDI) to define methods,
instruments and diagnostic criteria to be used in research to accurately ascertain the prevalence
of dyslexia. In particular, to confirm the diagnosis, a detailed and unequivocal diagnostic algo-
rithm, combining different tests and cut-offs, was developed and tested in an Italian region (Fri-
uli Venezia Giulia). [20] This study showed that the tools and the methodology defined by the
CENDI could be effectively applied to estimate the prevalence of dyslexia. Furthermore, the
study showed, in an unselected grade four school population, a large underestimation of dyslexia:
prior to the study, out of 1365 children screened, 13 (1%) had a formal diagnosis of dyslexia; at
the end of the study, the prevalence of dyslexia rose to 3.1-3.2%. Therefore, dyslexia had not
been diagnosed in two out of three children aged 8-10 years. At this age, the disorder is clearly
expressed and can thus be identified unequivocally. The non-recognition of two-thirds of the
cases of dyslexia has relevant negative consequences at both the clinical and pedagogical levels,
translating into insufficient resources for diagnosis, rehabilitation and education.

Given the relevance of these results, for both the importance of early diagnosis and a better
allocation of resources to Health Services and Schools, the CENDi decided to extend the study
to the national level.

Material and methods

A cross-sectional study was carried out between 2008 and 2013 in nine Italian Regions: two
located in Northern Italy (Friuli Venezia Giulia and Veneto), three in Central Italy (Marche,
Lazio and Umbria) and four in Southern Italy (Abruzzo, Molise, Puglia and Sardegna). At the
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national level, Centers and Associations expressed their interest in participating in the study.
Thus the study was conducted in selected areas of their reference Regions. In each Region a
coordinator was identified from the participating Centers and Association. Furthermore, local
supervision was ensured by the psychologist (Chiara Barbiero) who coordinated the pilot
study in Friuli Venezia Giulia. The study methodology has been extensively described else-
where. [20] Briefly, the sample consisted of children aged 8-10 years attending the 4 year of
the Italian primary school. Children were excluded if: 1) certified with mental retardation by
local health authorities according to Italian Law n® 104/92 (framework law on disabled per-
sons); [21] 2) not of Italian nationality; 3) had been absent from school for more than two
months since 1* grade.

Starting at the beginning of the school year, three consecutive levels of assessment were car-
ried out to reach a diagnosis of dyslexia.

The first level was carried out at school by specifically trained psychologists, and adopted
the following tools:

- A short anamnestic questionnaire to be filled in by parents, with questions concerning the
child and his/her family (age, language spoken at home, health status of the child, handicap
certification and previous diagnosis of Learning Disability, parental formal education level
and working status).

- A questionnaire derived from the validated questionnaire “RSR-DSA. Questionario per la
rilevazione di difficolta e disturbi dell apprendimento”, [22] to detect Learning Disabilities
(LD), filled in for each child by the classroom teacher.

- A 4™-grade dictation task, derived from the “BVSCO-Battery for the assessment of writing
skills in children from 7 to 13 years old”. [23]

Children who scored positive on the teachers’ questionnaire and/or in the dictation task,
and who did not fall under the exclusion criteria, moved to the second level. To ensure all chil-
dren with reading difficulties were identified, teachers were further asked to indicate 1) chil-
dren who read more slowly than classmates and 2) children who made more reading errors
than classmates. All children falling under one of these two criteria were also selected for sec-
ond level testing. Furthermore, to avoid discrimination from peers, in classes in which chil-
dren with reading difficulties had been identified, classmates not falling under the selection
criteria were also randomly selected for the evaluation at the 2" level.

The 2" level evaluation, aiming at the identification of children with reading difficulties
and adequate cognitive ability through individual tests, was conducted at school by the same
trained psychologists involved in the 1% level evaluation. For individual testing, the following
tools were used:

- word and non-word reading tasks deriving from the DDE-2 Battery (Battery for the assess-
ment of Developmental Dyslexia and Dysorthographia-2), [24] to assess reading speed and
accuracy.

- Vocabulary and Block Design subtests of the WISC-III (Wechsler Intelligence Scale for
Children) [25,26] to appraise the cognitive ability of the child.

Children with adequate subtest scores at the WISC-III and poor reading tasks performance
were thus selected for the 3" level of screening.

The 3™ level evaluation aimed to confirm the diagnosis of dyslexia and was carried out in
each area at centers with multi-professional staff specialized in the diagnosis of learning dis-
abilities. All children were assessed as follows:
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a) Detailed questionnaire filled in by parents and discussed with a psychologist during an
interview. This tool allowed to collect information on the development of the child (gait,
autonomy, speech, etc.), kindergarten and primary school attendance (social and commu-
nication skills, learning disabilities, etc.), clinically significant events occurred during child-
hood (i.e., illnesses, injuries), and information regarding the formal education of close
relatives (school performance, learning difficulties, etc.).

b) A test to evaluate the cognitive performance (Raven’s Progressive Matrices PM47 or
Wechsler Intelligence Scale for Children- 3" Ed.). [25-28]

c) MT battery (Prove di lettura MT per la scuola elementare-2) to evaluate text reading speed
and accuracy. [29,30]

d) DDE-2 (Battery for the evaluation of Dyslexia and dysorthography-2) to evaluate word
and non-word reading speed and accuracy (tasks 2 and 3), and spelling accuracy (tasks 6
and 7). [24]

e) Strengths and Difficulties Questionnaire (SDQ) administered to parents to evaluate the
mental health status of their child. [31]

The criteria adopted to guide the diagnosis of dyslexia by combining the results of these
tests is comprehensively described in our previous paper (see also S1 Fig and S1 Table). [20]
The study was approved by the Independent Bioethics Committee of the Institute of Maternal
and Child Health, IRCCS “Burlo Garofolo”, Trieste, Italy. Before children’s enrollment, an
informed consent form was signed by parents.

Statistical analysis

The sample size was calculated to obtain an accurate estimate of dyslexia prevalence in the
three Italian macroregions (Northern, Central and Southern Italy). The total population of
children attending 4™ grade in Northern, Central and Southern Italy was estimated to be
250.000, 100.000 and 200.000, respectively. Given these data, and under the hypothesis of a 4%
prevalence of dyslexia, ranging from 3 to 5%, with a precision of 5% and a power of 80%, a
sample size of 1500 children per area was calculated. We decided to enroll an extra 15% to
compensate for possible dropouts. A cluster randomization of schools was carried out only in
Friuli Venezia Giulia Region. In the others Regions, schools were mainly selected in the refer-
ence territory of the participating Centers and Associations. School participation was
voluntary.

Continuous data were presented as means and standard deviations, while categorical data
as frequencies and percentages.

Prevalence of dyslexia was defined as the number of children positive to the third level of
screening (numerator) divided by the total number of children analyzed at the first level.

To estimate the diagnoses of dyslexia in children lost to the third level of follow up, we
adopted a multinomial logistic regression analysis, applying the prediction model developed
for the Friuli Venezia Giulia Region. [20] Based on this model, these subjects were classified as
with or without dyslexia and included in the calculation of the total prevalence.

To evaluate if the enrolled population was representative of the population of the whole par-
ticipating Regions and, possibly, of the three Italian Macroregions, a comparison between the
before study prevalence of dyslexia in children analyzed at the first level and the prevalence
estimated by administrative school data (certification of dyslexia known to the school) was
made. Administrative data were provided by the Statistical Office of the Italian Ministry of
Education, Universities and Research (MIUR) for the school year 2013/14. [18] Unfortunately,
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only pooled data with all the five years of the primary school were available. Since it is possible
to formalize the diagnosis of dyslexia only from the end of the second year of primary school,
and consequently to certificate it to the school, to avoid a possible underestimation, the preva-
lence of dyslexia was calculated using the number of children attending the last three years of
primary school as the denominator.

Results

A total of 712 grade four classes were enrolled. Overall, 11094 pupils were contacted, and 9964
were analyzed at first level, after exclusion of children without parental consent or absent from
school (n = 520), with mental retardation (n = 111) and without Italian nationality (n = 499)
(Fig 1).

Two thousand six hundred and forty-nine children were from Northern Italy, 3518 from
Central Italy and 3797 from Southern Italy.

First level evaluation

Characteristics of children evaluated at the first level are presented in Table 1.

The study group is representative of the national population in terms of educational level of
the parents (68.5% vs 65.0% Upper Secondary or Degree education in mothers; 61.0% vs
60.0% Upper Secondary or Degree education in fathers) (www.istat.it).

One hundred and twenty-six out of the 9964 children (1.3%) had already received a formal
diagnosis of dyslexia.

Two thousand two hundred and ninety-four children scored positive in at least one of the
two tests (dictation or teachers” questionnaire) or were identified by the additional questions
addressed to the teachers (n = 215).

Second level evaluation

Overall, 2798 children were selected for the second level assessment (2294 selected at the first
level of screening and 504 randomly selected among children with adequate performance).
Unfortunately, 248 children were lost to follow up (of which 16 with a previous diagnosis of
dyslexia), and consequently, 2550 children were seen at the second level. Seven hundred and
forty-four scored positive in the tests and were selected for the third level of screening.

Third level evaluation

Three hundred and fifty-three out of 744 children underwent further testing to confirm the
diagnosis. Twenty presented cognitive delay (n = 19) and social disadvantage (n = 1) and were
consequently excluded; 189 were diagnosed with dyslexia; 144 were classified as not having
dyslexia. Among 391 subjects lost to follow up at the third level evaluation, 32 had a previous
diagnosis of dyslexia. For the 359 remaining subjects, the logistic model built for the prediction
of dyslexia classified as dyslexics further 113 children.

The prevalence of dyslexia was 3.5% (350/9964) (95% CI 3.2-3.9), counting children who
fell under the diagnostic criteria (n = 189), children lost to follow up at the 2" and 3" level but
with a previous diagnosis of dyslexia (n = 48), and children estimated to have dyslexia with the
logistic model (n = 113).

The main characteristics of the children with and without dyslexia are reported in S2 Table.

Tables 2 and 3 show the data stratified by the three Italian macroregions before and after
the study and the comparison with administrative data provided by the Italian Ministry of
University and Research (MIUR). [18]
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Total number of children contacted
11094

Excluded=1130
- No parental consent or absent from school=520

- Mental retardation (according to Italian Law n°® 104/92)=111
- Non-Italian nationality=499

A4

Total number of children analysed

9964
A4
Selected for the second level assessment
2294 Randomly selected among children
< with adequate performance
504
Lost to follow up without previous
> diagnosis of dyslexia
232
Lost to follow up with previous
» diagnosis of dyslexia
v 16

Children in second level assessment
2550

A\ 4

Selected for third level assessment

744
Excluded < »| Lost to follow up
20 391 Non dvslexi
Social disadvantage=1 on dyslexics

Cognitive delay=19 \ (multivariate analysis)

246

v \4
. . Previous diagnosis Estimated Dyslexia

Non dyslexics Dyslexics of dyslexia (multivariate analysis)

144 189 32 113

v v . .

Total children with dyslexia
350

Fig 1. Study flow chart.
https://doi.org/10.1371/journal.pone.0210448.9001
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Table 1. Main characteristics of the selected population.

Variable Children evaluated Data available for
(n =9964) (number)

Sex Female 4679 (49.0%) 9543

Male 4864 (51.0%)
Language spoken at home Italian 8791 (92.0%) 9548

Dialect 658 (6.9%)

Other 99 (1.1%)
Age of the mother, mean (standard deviation) 40.4 (4.8) 9759
Age of the father, mean (standard deviation) 43.6 (5.6) 9646
Mother’s formal education level None/ 188 (2.0%) 9698

elementary

Lower 2865 (29.5%)

secondary

Upper 4901 (50.5%)

secondary

Degree 1744 (18.0%)
Father’s formal education level None/ 281 (3.0%) 9586

elementary

Lower 3496 (36.4%)

secondary

Upper 4311 (45.0%)

secondary

Degree 1498(15.6%)
Mother with job 6461 (66.7%) 9682
Father with job 9193 (96.0%) 9576
Children with previously formalized dyslexia diagnosis 126 (1.3%) 9964
Children with previously formalized Learning Disabilities diagnosis (dyslexia, dysgraphia, 282 (2.8%) 9964
dysorthography, dyscalculia)

https://doi.org/10.1371/journal.pone.0210448.t001

Table 2. Results on prevalence of dyslexia before and after the study and comparison with school administrative data (certification of dyslexia known to the school)
for the participating regions.

Study results MIUR# data
Children attending the 4™ year of Italian primary schools School year 2013-2014
Children with Children with Population Prevalence Prevalence Children with | Children attending | Prevalence
diagnosis of diagnosis of analyzed before the | after the study| certification of | the last three years | (95% CI)
dyslexia before | dyslexia after the | (number) study (95% CI) dyslexia of the primary
the study study (95% CI) (number) school
(number) (number) (number*)
Northern Italy 38 96 2649 1.4% 3.6% 2701 170714 1.6%
Regions (Veneto, (1.0-2.0%) (2.9-4.4%) (1.5-1.6%)
FVG)
Central Italy 58 112 3518 1.6% 3.2% 3181 225186 1.4%
Regions (Marche, (1.3-2.1%) (2.6-3.8%) (1.4-1.5%)
Umbria, Lazio)
Southern Italy 30 142 3797 0.8% 3.7% 2300 201469 1.1%
Regions (Abruzzo, (0.5-1.0%) (3.2-4.4%) (1.1-1.2%)
Molise, Puglia,
Sardegna)
All Regions 126 350 9964 1.3% 3.5% 8182 597370 1.4%
(1.1-1.5%) (3.2-3.9%) (1.3-1.4%)

# Italian Ministry of Education, Universities and Research
* estimate.
https://doi.org/10.1371/journal.pone.0210448.t002
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Table 3. Prevalence of dyslexia in Italy from school administrative data (certification of dyslexia known to the school).

MIUR# data
School year 2013-2014

Children with certification of dyslexia Children attending the last three years of the primary school Prevalence of dyslexia (95% CI)

(number) (number*)
Northern Italy 15199 759177 2.0% (2.0-2.0%)
Central Italy 5085 321787 1.6% (1.5-1.6%)
Southern Italy 4336 615399 0.7% (0.7-0.7%)
Ttaly 24620 1696363 1.5% (1.4-1.5%)

# Italian Ministry of Education, Universities and Research

*estimate

https://doi.org/10.1371/journal.pone.0210448.1003

These data underline that: 1) in the participating Regions the prevalence of dyslexia before
the study was similar to that estimated using school administrative data both from the same
Regions and from the three Italian macroregions; 2) the prevalence of dyslexia in primary
school children is widely underestimated, particularly in the Regions of Southern Italy. Over-
all, only 1 out of 3 dyslexic children is diagnosed at the age of 8-10 years, and this value rises to
almost 5 in Southern Italy Regions (Table 2).

Discussion

By using rigorous diagnostic criteria and methods, this study extended to the national level the
estimate of the prevalence of dyslexia calculated on an unselected school population of a single
Italian Region. The results of the pilot study conducted in the Friuli Venezia Giulia Region
[20] have been fully confirmed in the new areas involved: dyslexia is not recognized in almost
two out of three children at the age of 8-10 years, when the disorder should be clearly
expressed and identified. Before the study, 126 out of 9964 children screened had a formal
diagnosis of dyslexia, with a prevalence of 1.3%. At the end of the study the prevalence rose to
3.5%. Interestingly, while administrative school data show a north-south gradient in dyslexia
prevalence (Tables 2 and 3), with a higher prevalence in Northern Italy, our study shows a sim-
ilar prevalence in the three Italian macroregions. This means that the level of underestimation
of dyslexia is worse in Southern Italy. The consequence of the non-recognition of two-thirds
(or more) of the cases of dyslexia is the lack of adequate and timely intervention, leading to
internalizing (anxiety and depressive) behaviors, [32-38] suicidal ideation, school failure and
drop out. [39,40] Children with specific learning disabilities experience feelings of failure
within the school education system, in particular if their problem is not recognized and ade-
quate support is not provided; [41] they can experience poor emotional well being and self-
esteem, and a high level of dissatisfaction in their relationships with family and friends. [42]
Children with specific learning disabilities are often subject to stigmatization by families,
teachers and peers, which can lead to increased self-stigma and reduced motivation to learn.
[43,44] Evidence shows that, in children with learning disorders, early diagnosis when associ-
ated to appropriately designed interventions, substantially improves self-confidence and social
competency, providing better opportunities at school and at work, and consequently improv-
ing the quality of life. [36] A timely diagnosis of dyslexia is needed, as also addressed by the
Italian law 170/2010, to guarantee the right to education and ensure equal opportunities for
capacity building in the social and professional sphere. [45, 46]

As discussed in our previous paper, [20] it is difficult to compare the prevalence obtained in
the present study with those previously reported for Italy, given the differences in methods,
definitions and diagnostic criteria adopted. [9-17]
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Given the lack of adequate ad hoc funding, this study was only possible through the volun-
tary participation of researchers and structures. For this reason, we could not guarantee the
complete coverage of the national or regional territory nor carry out a cluster randomization,
exposing the study to the risk of selection bias. This is the main study limitation. The compari-
son with the school administrative data described in Table 2 suggests that the risk of selection
bias is very limited for the participating Regions, except for Southern Italy. However, we had
expected a positive selection bias, i.e., a higher prevalence of dyslexia in the participating areas
given the possible participation in the study of more motivated schools and health profession-
als. This risk seems not to be present. Table 3 shows that the prevalence of dyslexia at the start
of the study in the covered areas is similar to that estimated for the whole macroregions from
school administrative data. Another limitation, extensively discussed in our previous paper, is
that it was not possible to administer individual reading tests to all children at the 1* level,
given the large size of the sample.

The study presents several strengths: the detailed and unequivocal validated diagnostic
algorithm, combining different tests and cut-offs, used to confirm the diagnosis; the large sam-
ple size; the rigorous application of screening tools by specifically trained staff; the confirma-
tion of the diagnosis performed in centres with multi-professional staff specialized in the
diagnosis of learning disabilities to avoid bias in the diagnostic process; the involvement in this
process of both child neuropsychiatrists and psychologists.

Conclusions

This study confirms that in primary school children in Italy dyslexia is widely underestimated:
at the age of 8-10 years, in two out of three children, dyslexia had not been previously diag-
nosed. Reliable data on dyslexia prevalence are necessary to adequately allocate human and
financial resources both to Health Services and Schools.
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