UNIVERSITY OF AMSTERDAM
X

UvA-DARE (Digital Academic Repository)

Dyslexia antedating and postdating epilepsy onset

van lterson, L.; de Jong, P.F.

DOI
10.1007/s40817-023-00146-4

Publication date
2023

Document Version
Final published version

Published in
Journal of Pediatric Neuropsychology

License
CcCBY

Link to publication

Citation for published version (APA):

van lterson, L., & de Jong, P. F. (2023). Dyslexia antedating and postdating epilepsy onset.
Journal of Pediatric Neuropsychology, 9(4), 141-156. https://doi.org/10.1007/s40817-023-
00146-4

General rights

It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, P.O. Box 19185, 1000 GD Amsterdam, The Netherlands.
You will be contacted as soon as possible.

UVA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

Download date:14 Sept 2026


https://doi.org/10.1007/s40817-023-00146-4
https://handle.uba.uva.nl/personal/pure/en/publications/dyslexia-antedating-andpostdating-epilepsy-onset(19c9ed28-268e-4aa0-9ee4-5c85d179559f).html
https://doi.org/10.1007/s40817-023-00146-4
https://doi.org/10.1007/s40817-023-00146-4

Journal of Pediatric Neuropsychology (2023) 9:141-156
https://doi.org/10.1007/540817-023-00146-4

Dyslexia Antedating and Postdating Epilepsy Onset

Loretta van Iterson'2® . Peter F. de Jong?

Received: 26 May 2023 / Revised: 1 July 2023 / Accepted: 10 July 2023 / Published online: 26 July 2023
© The Author(s) 2023

Abstract

Introduction In children with epilepsy, comorbidities are frequent. In dyslexia, comorbidities are increasingly acknowledged.
Little is known about temporal aspects (dyslexia antedating or postdating epilepsy onset, time interval), epilepsy types, and
dyslexia phenotypes.

Method From over 1000 files of children with epilepsy, 51 cases were retrospectively identified with a formal diagnosis of
dyslexia. Ages at diagnoses of dyslexia and epilepsy, epilepsy variables, and dyslexia-related neuro-cognition (phoneme
deletion and rapid letter naming) were recorded.

Analyses Temporal variables, epilepsy variables, and neuro-cognition were analyzed with chi-squared, # tests, ANCOvA, and
generalized linear models.

Results Duration of epilepsy to diagnosis of dyslexia ranged from — 5.5 years (dyslexia antedating epilepsy) to 10.1 years. In
35% of the children, diagnosis of dyslexia antedated the emergence of epilepsy. Dyslexia was seen across seizure types, with
some preference for temporal lobe and rolandic epilepsy; rates for antedating and postdating dyslexia were similar. Notably,
encephalopathic development was also seen. No specific dyslexia phenotype was seen. Children with dyslexia diagnoses after
or in close temporal relationship to diagnoses of epilepsy (shortly before or after) scored lower on phonology and naming.
Conclusion Antedating and postdating dyslexia can be seen in all epilepsy types. In a natural setting, dyslexia may antedate
or postdate the emergence of epilepsy by several years. Around the time the epilepsy is about to surface, scores on dyslexia-
related neuro-cognitive tasks are lowest, suggesting a bidirectional effect of the seizure condition on cognition. Encephalo-
pathic development may be mimicking dyslexia criteria in some cases.

Keywords Dyslexia in epilepsy - Dyslexia antedating epilepsy - Dyslexia postdating epilepsy - Bidirectional effect of the
seizures - ESES - dyslexia

Introduction

In children with epilepsy, reading problems are a common
comorbidity. In children with severe reading disorders (dys-
lexia), the presence of comorbidities, like disorders in lan-
guage, mathematics, attention or emotional development, is
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itersonl @dds.nl Snowling & Melby-Lervég, 2016; Tijms et al., 2021). Asso-
Peter F. de Jong ciated with the recognition of comorbidities in dyslexia,
P.F.deJong@uva.nl questions emerge on the relationships between the condi-

tions: as to whether the different conditions develop in par-

1
Department of Psychology/SEIN Research, SEIN allel, if one condition is primary or whether one develops

Stichting Epilepsie Instellingen Nederland, Heemstede,

The Netherlands as a secondary consequence of the other, how they influ-
2 School De Waterlelie, Spieringweg 801, 2142 ED Cruquius, ence each other, and what coplorbldlty ShOl?lC.l pe t.reate.d
The Netherlands first (Moll et al., 2020). Studies on comorbidities in epi-
3 Faculty of Social and Behavioural Sciences, Research lepsy 51m11ar1’y focus on the possibility that copdltlons may
Institute of Child Development and Education, University be co-occurring by chance; one may be causing the other

of Amsterdam, Amsterdam, Netherlands

@ Springer


http://orcid.org/0000-0003-1307-1628
https://orcid.org/0000-0002-8806-0563
http://crossmark.crossref.org/dialog/?doi=10.1007/s40817-023-00146-4&domain=pdf

142

Journal of Pediatric Neuropsychology (2023) 9:141-156

(directly or indirectly), or one condition may be having the
other as a result; the conditions may share (genetic) risk fac-
tors; or they may have reciprocal, bidirectional relationships
(Keezer et al., 2016). These questions encompass causal and
temporal relationships on comorbidities and may also be
considered relevant in the context of epilepsy and dyslexia.
Research on comorbidities, however, seldom concerns dys-
lexia and epilepsy. The present paper will focus on dyslexia
and epilepsy co-occurring in children.

Reading, Reading Disorders, and Dyslexia

Reading words involves transforming the written letters
(graphemes) or small clusters of letters into their verbal
form (phonemes), blending them into a word and convey-
ing meaning to the word. The reading process is an interplay
of visual and, mainly, phonological and language abilities;
eventually, reading processes become speeded, automatic,
and effortless, and expert readers recognize and comprehend
written words fluently (Castles et al., 2018; Landerl et al.,
2022). Three main brain areas in the left hemisphere have
been identified to play a role in the reading process, and
to show alterations in connectivity patterns in dyslexia: the
dorsal temporo-parietal region, the inferior frontal region,
and, particularly, the ventral occipito-temporal region (Pugh
et al., 2000; Richlan, 2020; Richlan et al., 2013; Simos et al.,
2000; Vanderauwera et al., 2018; Vellutino et al., 2004).
The occipito-temporal and the inferior frontal region show
strong interconnectivity and are activated in word and non-
word reading and early stages of reading development (Pugh
et al., 2000; Vanderauwera et al., 2018).

Dyslexia

Children vary in their ability to learn to read; children hav-
ing severe reading disorders or dyslexia remain persistently
at the lower end in terms of reading accuracy and speed rel-
ative to their age and grade (Hulme & Snowling, 2016; Moll
et al., 2020; Tijms et al., 2021). The categorical diagnosis of
dyslexia involves both inclusionary and exclusionary crite-
ria. Inclusionary criteria may be necessary or explanatory.
Necessary criteria confirm the presence of a severe reading
disorder. Explanatory criteria verify underlying weaknesses
pointing toward a dyslexia phenotype. They comprise (1)
necessary criterion reading disorder: performance in two
domains (word reading, nonword reading, or spelling) at
the lowest 6.7% (5.7 to 10%); (2) explanatory criterion on
neuro-cognitive abilities: problems in phoneme processing,
specifically phoneme awareness, like phoneme deletion,
suggesting a phonological weakness phenotype; or nam-
ing problems, like rapid letter naming, suggesting a rapid
naming weakness phenotype, or both (de Groot et al., 2015;
Hulme & Snowling, 2016; Landerl et al., 2022; Vanasse
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et al., 2005); and (3) familial: if present, a familial risk
factor (de Jong et al., 2016; Ferrer et al., 2022; Hulme &
Snowling, 2016; Snowling & Melby-Lervag, 2016). Exclu-
sionary criteria indicate that the problems in reading should
not be secondary to, or primarily attributable to, improper
schooling, visual impairment, very low IQ, or a neurologi-
cal disorder (Diagnostic and Statistical Manual of Mental
Disorders, DSM-5; APA, 2013).

Reading Disorders in Children with Epilepsy

In children with epilepsy, reading problems are often seen.
Studies including various types of epilepsy (Germano et al.,
2005; Vanasse et al., 2005) have found that children with
epilepsy lagged two years behind in reading compared to
norms, regardless of the type of epilepsy. Using the crite-
rion which is also applied for dyslexia—reading scores at or
below — 1.5 SD of the expected norm (Hulme & Snowling,
2016)—elevated risk of reading disorders (6.5 to 38.3%) in
children with epilepsy was described (Cheng et al., 2022;
Fastenau et al., 2008). Language and reading problems can
be seen across generalized and focal seizure types (Jackson
et al., 2019). Risk factors and underlying neuro-cognitive
abilities, like rapid naming and phonological abilities, have
also been found compromised across epilepsy types, with no
clear dyslexia phenotype (Chaix et al., 2006; Selassie et al.,
2008; Smith et al., 2015; Vega et al., 2015).

While dyslexia and compromised dyslexia-related neuro-
cognitive abilities have been described in various epilepsy
types, the two epilepsy syndromes most frequently associ-
ated with reading problems have been temporal lobe epi-
lepsy (TLE) and benign (self-limited) epilepsy with centro-
temporal spikes (BECTS, SeLECTS or rolandic epilepsy).
Evidence for reading problems in TLE was inconsistent for
both word reading and underlying phonological subskills
(Lah et al., 2017; Vanasse et al., 2005). With few excep-
tions (Jackson et al., 2019), reading problems as well as
rapid naming and phonological problems in children with
BECTS have been described consistently (Germano et al.,
2020; Northcott et al., 2007; Vega et al., 2015). In a meta-
analysis on children with BECTS (Smith et al., 2015), the
authors confirmed that children with BECTS have signifi-
cant problems with single-word reading as well as phono-
logical processing. Children with BECTS scored 0.7 SD
lower in reading and 0.5 SD lower on phonological tasks
than comparison groups.

Less attention has been given to the possible encepha-
lopathic effect that seizure conditions may have on reading
and underlying phonological abilities. Seizure conditions
are known to have potential encephalopathic effects, that is,
epileptic activity may be associated to specific or general-
ized cognitive disorders or even cognitive loss, and therefore
also to learning disorders (Berg et al., 2010; Covanis, 2012;
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Spencer et al., 2022; van Iterson et al., 2014). Reliable cog-
nitive loss of FS-1Q at retesting was documented in 16.4%
of a heterogeneous sample of children with epilepsy (van
Iterson et al., 2013). In addition, syndromes associated with
reading disorders, like BECTS or Panayiotopoulos, may be
considered to be at the milder end of a spectrum of dis-
orders, and may evolve into more severe, encephalopathic,
forms, like the epileptic encephalopathy ESES (Fejerman
et al., 2000; Roulet-Perez & Mayor, 2018). ESES, or elec-
trical status epilepticus in sleep (Berg et al., 2010; Covanis,
2012), is thought to occur in less than 2% of children with
epilepsy (Aaberg et al., 2016). A characteristic feature of
ESES is decline of cognitive function, including develop-
mental arrest and loss of already acquired abilities, which
may occur before clinical seizures emerge, may start around
the time of reading acquisition, and may be global or specific
(Fejerman et al., 2000; van den Munckhof et al., 2015; van
Iterson et al., 2021). As such, ESES could be also thought
to affect reading acquisition or lead to acquired, rather than
developmental, reading disorders (Roulet-Perez & Mayor,
2018).

Time-Related Aspects in Epilepsy and Dyslexia

Language and learning disorders may be seen in children
before or around the diagnosis of epilepsy (Jackson et al.,
2019; Overvliet et al., 2011; Schouten et al., 2001), and may
continue after the epilepsy has resolved (Germano et al.,
2020), suggesting that the seizures may not be the only fac-
tor affecting reading disorders.

Given that epilepsy often surfaces in preschool years
(Germano et al., 2005; Northcott et al., 2007; van Iterson
et al., 2014; van Iterson et al., 2015; Vanasse et al., 2005),
a diagnosis of epilepsy is likely to antedate the diagnosis of
dyslexia. Little is known, however, on dyslexia antedating
the emergence of seizures.

Purpose

The purpose of the present paper was to study the co-
occurrence of dyslexia in a sample of children with epi-
lepsy, focusing on the temporal (i.e., time related) relation-
ship between the diagnosis of epilepsy and the diagnosis of
dyslexia. Within this temporal context, the paper aimed at
addressing both types of epilepsy and dyslexia phenotypes.

Following the natural course of a sample of children with
epilepsy receiving educational support, the research ques-
tions of the present study were (1) in what time sequence
does a diagnosis of dyslexia present in children with epi-
lepsy: do diagnoses of dyslexia antedate and postdate diag-
noses of epilepsy? (2) Is dyslexia more prevalent in children
with TLE and in BECTS than in other epilepsy types, as sug-
gested by the literature? Is dyslexia diagnosed in epileptic

encephalopathies? How do epilepsy types relate to temporal
aspects? (3) Are dyslexia-related neuro-cognitive abilities
(phoneme deletion; rapid letter naming) associated with tem-
poral aspects, suggestive of a specific phenotype?

Methods

The medical, educational, and neuropsychological files of
> 1500 children with epilepsy who had received special-
ized educational support for school-aged children and stu-
dents with epilepsy (LWOE De Waterlelie) between 2018
and 2022 were retrospectively reviewed by the first author
for their reference to dyslexia. The support provided by the
LWOE has a low threshold, and is therefore accessible for
children with epilepsy in the educational setting. The LWOE
De Waterlelie is associated with the Netherlands’ tertiary
epilepsy center Stichting Epilepsie Instellingen Nederland
(SEIN). The children receiving special provisions were not
restricted to those of SEIN, and could also be under the care
of specialists from elsewhere. Children were in regular or in
special education, and at the time of the study ranged from
3.5 to > 20 years of age. In order to focus on school-aged
children, and to establish rates of occurrence of dyslexia,
only children between 7 and 20 years of age were consid-
ered. Also, those in schools for children with moderate and
severe intellectual disabilities were excluded. Thus, the sam-
ple from which the children with dyslexia were identified
comprised 1182 children (see flow diagram, Fig. 1). Median
chronological age = 11; interquartile range 9 to 14 years.
The children were selected for their reference to a diag-
nosis of dyslexia. This information was retrieved from for-
mal dyslexia assessments, or, alternatively, from categorical
statements in medical, neuropsychological, or school reports,
or parent interviews. For a diagnosis of dyslexia, a stepwise
concerted procedure between the school and the psycholo-
gist specialized in dyslexia assessment was required. In the
first stage, the children had to show persistently low scores
(— 1.28 SD or lowest 10%) on reading documented with
consecutive school evaluations before being granted access
to further formal dyslexia assessment. In the next stage, they
had to be formally diagnosed with standardized tests fol-
lowing the criteria of the Netherlands (de Jong et al., 2016).
This diagnosis of dyslexia includes necessary inclusionary
(word reading, nonword reading, or spelling below — 1.28
or — 1.5 SD, two out of three), explanatory (phonological or
rapid naming difficulties or both), and exclusionary criteria
(dyslexia as a primary, rather than secondary disorder). Age
at diagnosis of dyslexia was taken from dyslexia reports or
parental information. The presence of familial risk for dys-
lexia was recorded as well. Beyond the categorical diagno-
sis, in addition, quantitative information of the diagnostic
dyslexia evaluation was collected wherever available. This
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Screened files

Screened n > 1500
................... '
Excluded: 1
1
Not meeting inclusionary criteria as reference for :
prevalence estimates. Age <7 or > 20 years, or special 1
education for intellectual disability :
\
Screened for eligibility
n=1182
[Assessed for eligibility.
Reference to dyslexia
n=68
———— ———————————- -
: Excluded from main analyses: Reading :
1 criterion < 10% met, but no dyslexia :
— assessment done i
i n=17 i
S |
\
Dyslexia
n=>51
Inclusionary criteria: Netherlands' 1 H 1
Dyslexia assessment. DySIeXIa Cr|ter|a
Necessary: -1.28 or -1.5 in word
reading, non word reading, spelling
(2 of 3)
Consistent and resistant Inclusionary criteria: Further explanatory
n=51 neuropsychological assessment
Disorders in phonological awareness, rapid letter
naming, or both
(No exclusionary 1Q criterion)
Analyses n=51
v Y
Dyslexia diagnosis before Dyslexia diagnosis after
epilepsy diagnosis | ——— epilepsy diagnosis.
Antedating dyslexian=18| 1~ TTTTTTTTTTTT Postdating dyslexia n = 33

available n =33

v

1
1
Excluded: no quantitative data :
1
i
i

Quantitative data (Word,
nonword reading, phoneme
deletion, rapid naming) n =18

Fig. 1 Flow diagram

information related to number of months of formal read-
ing instruction (10 months per school year) reading level
achieved (also in months) and test scores (converted to mean
= 100, SD = 15) on word reading (Brus & Voeten, 1979),
nonword reading (van den Bos et al., 1999), phoneme dele-
tion and rapid letter naming (Blomert & Vaessen, 2009; Kort
et al., 2005).

Information on epilepsy was collected from medical or
neuropsychological reports and related to age at onset of
epilepsy, seizure type (focal or generalized), topographic

@ Springer

region (frontal, temporal, occipital), type of epilepsy (e.g.,
BECTS, Panayiotopoulos), side of seizure onset (left or right
hemisphere), presence of MRI abnormalities after neuroim-
aging (MRI+ if abnormalities were reported, MRI— if no
abnormalities were reported or no MRI was done), genetic
findings based on referral for epilepsy genetics (genetic+
if positive findings were reported after genetic testing,
genetic— if no genetic findings were reported or no genetic
testing had been done), status epilepticus (SE) reported in
the history, ESES reported in the history (resolved or still
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active), number of antiseizure medications (ASM) taken,
and ASM at dyslexia assessment. “Encephalopathic develop-
ment” was defined as either (a history of) ESES or a decline
of FS-IQ at retesting—reliable cognitive loss of at least 14
points on FS-IQ—or both. Information on cognitive func-
tioning (psychological testing most closely to diagnosis of
dyslexia) was collected from psychological reports. They
related to age at testing and results on verbal abilities, non-
verbal abilities and processing speed, the three main scales/
index scores of the Wechsler Scales, as well as Full-Scale
1Q (FS-1Q). The children had been tested with the Wechsler
Intelligence Scale for Children, third edition WISC-IIIN:
and fifth edition WISC-VN" (Wechsler, 2005, 2018). The
missing 1Q data for one case with antedating dyslexia was
replaced by the group mean. For most children, only one 1Q
measurement was available; wherever more than one test had
been taken, the test closest to the diagnosis of dyslexia was
taken for the main analyses; data on retesting were used to
determine cognitive loss.

Ethics

Written informed consent was obtained from the parents
for all children in care of LWOE De Waterlelie. The study
complies with the Helsinki Declaration. The present study is
observational retrospective file research, not subject to addi-
tional ethical approval of the CCMO (Central Committee on
Research on Human Subjects) in the Netherlands.

Analyses

In total, reference to dyslexia was found in n = 68 children.
Of these, for n = 51, further dyslexia assessment had been
done; they constituted the sample with dyslexia in the pre-
sent study. For a subset of n = 18, quantitative diagnostic
data were available.

The large sample of n = 1182 eligible cases was used to
establish rates of occurrence, rate of children with dyslexia,
and rate of children with dyslexia in ESES. The values were
contrasted to the reference values from the literature. To
establish whether rates of dyslexia were elevated in BECTS
and TLE, they were contrasted to dyslexia in “other epilep-
sies” from the eligible sample.

To identify children with dyslexia predating epilepsy, the
difference between age at diagnosis of dyslexia minus age at
onset of epilepsy was calculated as “duration of dyslexia to
epilepsy”’; negative values denoted that the diagnosis of dys-
lexia antedated the diagnosis of epilepsy; conversely, posi-
tive values indicated that the diagnosis of epilepsy was first.
The sample with dyslexia was accordingly split into two
groups: “antedating dyslexia” (diagnosis of dyslexia ante-
dating the diagnosis of epilepsy) and “postdating dyslexia”
(diagnosis of dyslexia postdating the diagnosis of epilepsy).

The two groups were contrasted in terms of epilepsy and
neuropsychological variables using chi-squared (or Fisher
exact tests) and ¢ tests (Tables 1 and 2).

To study whether duration of epilepsy to diagnosis of
dyslexia was associated with sex, FS-IQ, or familial dys-
lexia, or whether duration of epilepsy was associated with
epilepsy variables, ANcova was done. Duration of epilepsy
to dyslexia was entered as the dependent variable; together
with sex, FS-1Q, and familial dyslexia, epilepsy variables
(seizure onset side or site, epilepsy types) were entered as
independent variables. Epilepsy variables (scored as 0 =
absent or 1 = present) were included if they were present
at least in 20% of the sample (n > 8 children, see Tables 1
and 2). An exception was made for encephalopathic devel-
opment, which was represented by eight children only, and
was included as well. The analysis was redone for postdating
dyslexia only, adding number of ASM (drug load) at time of
dyslexia assessment as a predictor.

Neuro-Cognitive Patterns To study whether a pattern of
relative weakness suggestive of a particular dyslexia phe-
notype was seen, the scores on word versus nonword reading
and phoneme deletion versus letter naming were analyzed.
At group level, with paired-sample ¢ tests, means of word
versus nonword reading, as well as means of phoneme dele-
tion versus letter naming were compared. At an individual
level, a cutoff was set at a 23-point difference (1.5 SDs) for
a “significant” intraindividual difference between word and
nonword reading (and, separately, between phoneme dele-
tion and rapid letter naming). Rates of children showing no
significant difference or a relative weakness in one or the
other task were contrasted with chi-squared.

Then, focusing on the contribution of time-related vari-
ables (group: antedating or postdating dyslexia; duration
of epilepsy to diagnosis of dyslexia) to the neuro-cognitive
variables, data were analyzed with generalized linear mod-
els with normal identity function. This was done separately
for word reading, nonword reading, phoneme deletion, and
rapid letter naming. In model 0, only sex was entered as a
predictor. In model 1, FS-IQ was added. Thereafter, group
(antedating or postdating dyslexia) and duration of epilepsy
to diagnosis of dyslexia were entered as predictors (model
2a); alternatively, an interaction term of duration of epilepsy
and group (model 2b); and squared duration of epilepsy to
dyslexia (model 2c). Finally (model 3), for the word and
nonword reading only, phoneme deletion and letter naming
were entered as predictors. Given the small sample sizes
for the epilepsy variables in this subset of data, epilepsy
types were not entered. With Akaike’s information criterion
(AIC), the consecutive models were checked for improve-
ment of the model. The most parsimonious model was pur-
sued, and non-significant variables were excluded. To make
a preliminary estimate as to whether drug load would have
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Table 1 Temporal characteristics. Means and SD for age at onset of
epilepsy, age at diagnosis of dyslexia, duration of epilepsy to diag-
nosis and Wechsler scales data of the total sample with dyslexia, and

the breakdown in antedating and postdating dyslexia. Comparison
between antedating dyslexia and postdating dyslexia (chi-squared, ¢
tests)

Dyslexia Diagnosis of dyslexia Test
Total Antedates Postdates t test/X>
Diagnosis of epilepsy 4

Number of children, N (%) 51 (100) 18 (35.3) 33 (64.7)
Sex (boy) 29 (56.9) 11 (61.1) 18 (54.5) 770
Special education 5(9.8) 2 (11.1) 309.1) .585
Familial dyslexia 15 (29.4) 5(26.2) 10 (31.3) .558

Age at onset of epilepsy (years) 7.6 (3.9) 10.9 (2.3) 5.73.4) <.001
Range (years) 0.6-175 8.2t0 17.5 0.6to 13.4

Duration of epilepsy to dyslexia (years) 2.3 (4.0) -2.0(1.4) 4.6 (2.8) <.001
Range (years) -5.5t010.1 -5.5t0-0.1 0.8 to 10.1

Age at dyslexia diagnosis* (years) 9.8 (2.3) 8.9 (1.3) 10.4 (2.6) .028
Range (years) 7.0t0 17.2 7.0to 12.0 73t017.2

Intelligence testing

Test WISC-IIINY/WISC-VNE * 25/25 1077 15/18 370
Verbal abilities 98.1 (12.1) 102.1 (10.4) 95.9 (12.5) .080
Non-verbal abilities 97.8 (10.5) 100.1 (8.4) 96.5 (11.4) 247
Processing speed (n = 39/15/24) 91.2 (13.6) 94.8 (10.8) 88.9 (14.8) 192
FS-1Q 95.5 (12.0) 99.2 (9.7) 93.5 (12.1) 107
Range FS-1Q 70to 123 87to 123 70to 123

WISC-LIMY/WISC-VNt Wechsler Intelligence Scales for Children, third/fifth edition, Netherlands versions, FS-IQ Full Scale 1Q
*In 1 antedating case, missing Wechsler data were replaced by the group mean

an effect on neuro-cognitive scores, and whether this would
be dependent of sex, for postdating dyslexia only, the analy-
ses were redone, first adding number of ASMs at dyslexia
assessment and then replacing sex and ASM by the ASM by
sex interaction term.

Results

The data on antedating and postdating dyslexia for the sam-
ple of 51 children with dyslexia are shown in Tables 1 and
2 and Fig. 2. The data and analyses for the subset of 18 chil-
dren with data on dyslexia assessment are shown in Tables 3
and 4 and Fig. 3a, b.

The 51 children represented 4.3% from the sample of
1182 children, significantly lower (lem,1 =10.8, p =.001)
than the 6.7% of cases with dyslexia expected based on psy-
chometric criteria (Tijms et al., 2021). From the sample,
inn = 18 (35.3%), the diagnosis of dyslexia antedated the
diagnosis of epilepsy; in n = 33 (64.7%), dyslexia postdated
the diagnosis of epilepsy (Table 1). Figure 2 displays the
duration of epilepsy up to the diagnosis of dyslexia; point
0 on the x axis denotes the diagnosis of epilepsy. The dura-
tion ranged from — 5.5 years (negative values denoting

@ Springer

antedating dyslexia) to + 10.1 years. In antedating dyslexia,
dyslexia had been diagnosed a mean of — 2.0 years (SD =
1.4) before epilepsy onset, with a range of — 5.5 years to — 1
month. In postdating dyslexia, dyslexia had been diagnosed
a mean of 4.7 (SD = 2.8) years after the onset of epilepsy,
with a range of 0.8 to 10.1 years. Figure 2 also shows that in
seven children, the diagnoses of dyslexia and epilepsy were
given within 1 year of each other: in four children, dyslexia
antedated; in three, the diagnostic process was ongoing when
the epilepsy started—in these children, epileptogenic pro-
cess and the reading disorder could be considered largely
overlapping.

Epilepsy Variables, TLE, and BECTS Taken together, children
with BECTS (n = 14) or TLE (n = 11) constituted 49.0% of
the sample with dyslexia, with left hemisphere onset in eight,
right hemisphere onset in three children, and bilateral or not
specified in 14. Contrasted to the eligible sample of 1182
children, elevated rates of dyslexia were reported in BECTS
(11.7% versus 3.5% in “other epilepsy types”; X21181,1 =
17.2, p < .001), but not in TLE (6.7% versus 3.9%; X2]181,l
=2.57, p = .109). Epilepsy with temporo-occipital seizure
onset was seen in two children (one left hemisphere, one
not specified), both with antedating dyslexia with seizures
beginning two or more years after diagnosis of dyslexia,
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Table 2 Epilepsy variables

‘ Dyslexia  Diagnosis of dyslexia Test
(N and %). Comparison
between antedating dyslexia Total Antedates Postdates  f test/X>
and postdating dyslexia (chi- . ) .
squared, £ tests) Diagnosis of epilepsy p
N N (%) N (%) N (%)
51 18 33
Focal onset 34(66.7) 12 (66.7) 22(66.7) .999
Left hemisphere onset 10 (19.6) 2(11.1) 8(24.2) 462
Right hemisphere onset 5(9.8) 3(16.7) 2 (6.1) 331
Temporal 11 (21.6) 6(33.3) 5(152) .164
Frontal 6(11.8) 4(222) 2(6.1) .168
Occipital 4(7.8) 2(11.1) 2(6.1) .607
BECTS 14 (27.5) 4(22.2) 10 (30.3) .744
Panayiotopoulos 12.1) 0(0.0) 1(3.0) 647
Generalized 14 (27.5) 5(27.8) 9(27.3) .608
Tonic clonic 4(7.8) 3(16.7) 1(3.0) .120
Absences 9(17.6) 4(22.2) 5(15.2) .703
Myoclonia 1(2.0) 1(5.5) 0(0.0) 353
Childhood absence epilepsy 6 (11.8) 1 (5.5) 5(15.2) 405
Juvenile absence epilepsy 2(3.9) 2(11.1) 0(0.0) 120
Juvenile myoclonic epilepsy 1 (2.0) 1(5.5) 0(0.0) 353
Encephalopathic development 8(157) 1(5.5) 7(21.2) .233
ESES (history) 5(9.8) 0(0.0) 5(15.2) .148
ESES (at test) 2(3.9) 0(0.0) 2 (6.1) 534
Etiology
MRI+ 10 (19.6) 4(22.2) 6(18.2) .727
Genetic+ 4 (7.8) 1(5.5) 30.1) 557
Treatment (results)
Seizure free 24 (47.1) 8 (44.4) 16 (48.5) .508
ASM tried (mean, SD) 1.8(1.2) 1.4(0.8) 21(1.4) .065
Range 0to6 Oto3 Oto6
ASMs at dyslexia diagnosis 1.2 (0.9)
Range 0Oto3

Seizure freedom and ASM tried relate to results achieved in course of time

BECTS benign epilepsy with centro-temporal spikes, ESES history resolved or unresolved electrical status
epilepticus during sleep in history, ESES at test unresolved ESES at time of cognitive testing, SE status
epilepticus in history, MRI+ positive findings at neuroimaging (versus no positive findings reported or no
MRI done), Genetic+ positive findings at epilepsy genetics (versus no positive findings or no genetic test-
ing done), ASM number of anti-seizure medications

while left hemisphere BECTS and occipital involvement was
reported in one child with postdating dyslexia.

Comparison of the sample with antedating and postdat-
ing dyslexia (Tables 1 and 2) revealed that, as expected,
mean age at onset of epilepsy (AOE antedating dyslexia =
10.9 years; SD = 2.3; postdating dyslexia = 5.7; SD = 3.4)
was higher in the children with antedating dyslexia (Fsy; =
33.2,p <.001, 7> = 0.41). Mean age at diagnosis of dyslexia
(antedating dyslexia = 8.9 years; SD = 1.3; postdating dys-
lexia = 10.4; SD = 2.6) was higher in postdating dyslexia
(Fs01=5.1,p=.028, n* = 0.09). No differences were seen
between antedating dyslexia and postdating dyslexia on rates

of any of the epilepsy variables (seizure type, seizure onset
side or site). That is to say, that children with TLE, BECTS,
or any other epilepsy were as likely to be diagnosed with
dyslexia before or after the diagnosis of epilepsy. Famil-
ial risk for dyslexia was reported in 29.4% of the children;
no differences were seen between the two groups. No dif-
ferences were seen in rates according to sex, placement in
special education, ASM tried, or IQ scores between the two
groups.

ANCOVA revealed an association between duration of epi-
lepsy to a diagnosis of dyslexia and FS-1Q (f = — 0.111,
SE = 0.05, p = .038, np2 = .10, meaning higher FS-1Q in
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Fig.2 Temporal relationship
between diagnosis of dyslexia
and diagnosis of epilepsy in 51
cases. The line is set at point

0 of the x-axis differentiating
antedating from postdating
dyslexia

Duration of Epilepsy to Diagnosis of Dyslexia (years)

earlier diagnoses) as well as with TLE (f = — 4.467, SE
= 1.65, p = .010, 5, = .16), but not for BECTS (8 = —
1.490, SE = 1.59, p = .354), or any other epilepsy variable
(left hemisphere, overall partial seizures; absences, overall
generalized seizures; MRI+, encephalopathic development,
sex, or familial risk for dyslexia). In TLE, duration ranged
from — 5.5 years to +6.0 years (mean = — 0.09, SD = 4.0
years); in BECTS, duration ranged from — 2.6 years to +6.9
years (mean = 2.49, SD = 3.1 years). Post hoc analyses, for
antedating and postdating dyslexia separately, showed that
TLE was associated with the largest intervals between ante-
dating dyslexia and emergence of TLE seizures (p = .009);
other variables showed no meaningful associations. Based
on postdating dyslexia only (n = 33), in a separate ANCOVA,
and adding drug load as a variable, no significant associa-
tions were found.

Redoing the aforementioned analyses with the larger
sample of 68 children (that is, including children meeting
the criterion of persistent low scores on reading and a refer-
ence of suspected for dyslexia, but no formal assessment)
showed overall similar results, as well as two conspicuous
differences. The 68 children represented 5.7% of the sample
of 1182 children; an underrepresentation of dyslexia in epi-
lepsy was no longer seen (p = .193). Also, the difference in
age at diagnosis of dyslexia was no longer seen (p = .146),
possibly suggesting that the higher age in postdating dys-
lexia was associated with reluctance to diagnose children
with epilepsy as having comorbid dyslexia.

To downsize the differences in age at onset between
the groups, the aforementioned analyses were also redone
setting age at onset of epilepsy at 7 years or older for
all children. For this largely reduced sample, the overall
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conclusions did not change. The remaining n = 27 chil-
dren with dyslexia (17 antedating, 10 postdating) repre-
sented 4.2% of the reduced comparison sample of 647
children, significantly less than expected (p = .010). Age
at epilepsy onset was similar (p = .226) for antedating
and postdating dyslexia. Relative to antedating dyslexia,
mean duration of epilepsy to dyslexia was still signif-
icantly longer (p < .001), and mean age at testing for
dyslexia was still significantly higher (p = .016) in post-
dating dyslexia. Scores on IQ scales did not differ, and
rates of epilepsy types also were overall similar. Thus,
the reduced sample again showed that given similar age
at onset of epilepsy, epilepsy type, and 1Q, diagnosis of
dyslexia tended to be given later in children with epilepsy.

Encephalopathic Development An epileptic encephalopathy
was seen in eight children (15.7%). Five children (9.8%)
presented with ESES (Table 2), significantly more than the
expected 2% for a sample with epilepsy (X250,1 =158, p
< .001). Of these, two children received the diagnosis of
dyslexia while ESES was still active; one of these showed
(ongoing) reliable cognitive loss. Three additional children
showed reliable loss at retesting.

Dyslexia-Related Neuro-Cognitive Abilities

Preliminary analysis revealed no differences between the
subset of children with available dyslexia assessment (n =
18) and the remaining children (n = 33). No differences were
seen in terms of mean age at onset of epilepsy, age at dys-
lexia testing, duration of epilepsy to dyslexia, and FS-IQ.
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Table 3 Subset of children with dyslexia-related scores on reading, phoneme deletion, and rapid letter naming
Diagnosis of dyslexia
Total subset Antedates Postdates
Diagnosis of epilepsy
N (total/boys/girls) 18/10/8 7/4/13 11/6/5
Age at onset of epilepsy (years) 7.5(3.5) 10.7 (1.7) 54(2.9)
Range (years) 0.6to 13 9to 13 0.6to 11
Duration of epilepsy to dyslexia (years) 2.0 (4.0) -1.8 (1.4) 4.4 (3.1)
Range (years) -4.3 t0 10.1 -4.3 t0 -0.1 1.1to 10.1
Age at dyslexia diagnosis (years) 9.5(2.2) 8.9(1.1) 9.8 (2.6)
Range (years) 7.41016.4 7.7 to 10.5 7.41t016.4
ASM at time of dyslexia diagnosis 1.2 (0.9)
Range Oto3
Reading
Months of reading instruction 33.0(17.8) 29.0 (12.5) 35.5(20.4)
Reading level (in months of instruction) 12.2 (9.3) 10.4 (7.6) 13.3 (10.5)
Word reading 64.9 (11.6) 63.6 (11.1) 65.8 (12.4)
Nonword reading 68.4 (9.1) 72.1(6.4) 66.0 (10.0)
AWord-nonword reading -3.4(14.2) -8.6 (9.5) -0.2 (16.1)
Range -20to 35 -20t0 0 -15t0 35
Dyslexia-related neuro-cognitive tasks
Phoneme deletion 71.1(16.8) 72.9 (21.8) 70.0 (13.8)
Rapid letter naming 73.3 (13.0) 75.6 (12.3) 71.8 (13.8)
APhoneme deletion-letter naming -2.1 (20.8) -2.6 (26.5) -1.8 (17.1)
Range -35t035 -35t0 35 -251t0 28
FS-1Q 92.6 (12.6) 98.0 (12.6) 89.2(11.9)

A difference, F'S-1Q Full Scale IQ

Except for genetic+ (p = .005, dyslexia assessment was pre-
sent for all with reported genetic+ findings), no differences
were seen in rates of children according to sex, epilepsy
side, site or type, findings on neuroimaging, ESES, or SE,
or ASM.

Word and Nonword Reading Paired-sample ¢ test revealed
no group-mean differences between levels of word and
nonword reading (p = .672). Intraindividual differences
between word and nonword reading ranged from — 20 to
+ 25 points. With a cutoff at 23 points, 16 children showed
no specific pattern; two children with postdating dyslexia
showed a weakness in nonword reading. Rates were overall
similar for antedating and postdating dyslexia (X21 g2 =1.43,
p = .231). Generalized linear models showed that, for word
and nonword reading, no model improved the (non-signif-
icant) model 0, indicating that none of the variables (sex,
group: antedating versus postdating dyslexia, duration of
epilepsy to the diagnosis of dyslexia, squared duration,
interaction term duration by group, phoneme deletion or
rapid letter naming) was contributing to word or nonword
reading scores.

Phoneme Deletion and Rapid Letter Naming Paired-sample
t test between levels of phoneme deletion and rapid letter
naming also showed no differences (p = .318), indicating
that at group level, both dyslexia-related neuro-cognitive
tasks were equally affected. Intraindvidual differences
between phoneme deletion and letter naming ranged from —
35 to 435 points. Twelve children showed no specific pheno-
type; in antedating dyslexia, two children showed a relative
weakness in phoneme deletion and two in rapid letter nam-
ing; in postdating dyslexia, one child showed a weakness in
phoneme deletion and one in letter naming. No differences
in rates of phenotypes were seen between antedating and
postdating dyslexia (X213,2 =2.92,p =.232).

The results of generalized linear models are shown in
Table 4. For phoneme deletion, model 2b (sex, interaction
group X duration) improved earlier models. In antedating
dyslexia, longer duration between the diagnoses of dyslexia
and epilepsy (note that duration has negative values in ante-
dating dyslexia) was associated with higher (i.e., better)
phoneme deletion scores (p = .018); while in postdating
dyslexia, longer duration of epilepsy was (also) associated
with higher phoneme deletion scores (p = .012). While not
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Table 4 Generalized linea.r B SE  Wald X2 »
models for phoneme deletion
and rapid letter naming in a Dependent variable: phoneme deletion
subset of children Model 0 Sex (boy) 891 74 144 231
AIC = 156.15
Model 2b  Sex (boy) 499 6.6 .58 447
Group X duration (interaction term)
Group (antedating dyslexia) <756 32 557 .018
Group (postdating dyslexia) 286 1.1 633 012
AIC = 153.55
Model 2¢  Sex (boy) 9.57 64 226 133
Group (antedating dyslexia) 940 7.0 1.81 179
Duration epilepsy to diagnosis of dyslexia (squared) 0.29 0.1 6.45 .011
AIC = 154.51
Dependent variable: rapid letter naming
Model 0 Sex (boy) 506 59 0.74 .389
AIC = 147.65
Model 2a  Sex (boy) 8.86 49 333 .068
Group (antedating dyslexia) 2245 7.7 848 .004
Duration epilepsy to diagnosis of dyslexia 308 1.0 9.64 .002
AIC = 143.55
Model 2¢ Sex (boy) 550 5.1 1.16 282
Group (antedating dyslexia) 855 56 231 128
Duration epilepsy to diagnosis of dyslexia (squared) 0.21 0.1 5.30 .021

AIC = 146.63

AIC Akaike information criterion

Rapid Letter Naming

Phoneme Deletion

$ [

on
=

g

Duration of epilepsy to diagnosis of dyslexia Duration of epilepsy to diagnosis of dyslexia

Fig.3 Duration of epilepsy to diagnosis of dyslexia as predictor of a phoneme deletion and b rapid letter naming. Scatterplot and squared line

with 95% confidence intervals. The vertical line set at point O of the x-axis separates antedating from postdating dyslexia
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significantly improving earlier models, model 2c showed
a significant term for squared duration of epilepsy (p =
.011). Overall, the results suggested lowest scores on pho-
neme deletion around the time of emergence of the seizures.
Figure 3a provides an illustration of an unadjusted squared
function of duration of epilepsy to diagnosis of dyslexia,
explaining 29.5% of the variance of phoneme deletion.

For rapid letter naming, model 2a (duration of epilepsy to
diagnosis and group) showed the best fit, with higher scores
for antedating dyslexia (p = .004) and longer duration of epi-
lepsy to diagnosis of dyslexia (p = .002). The results suggest
that after the emergence of epilepsy, scores on letter naming
were lowest, while they increased when the time elapsed
between epilepsy onset and diagnosis of dyslexia became
longer. Later models did not provide a better fit, but model
2c again showed a significant term for squared duration of
epilepsy (p = .021). Figure 3b shows an unadjusted squared
function of duration to epilepsy to diagnosis of dyslexia,
explaining 15.5% of the variance.

The additional analyses for postdating dyslexia only,
albeit based on a reduced sample of n = 11 children, showed
overall similar results: for word and nonword reading, con-
secutive generalized linear models did not show improved
fit, but a significant term for FS-1Q (higher 1Q associated
with better word reading) and sex (girls outperformed boys
in nonword reading) emerged. No significant effects of drug
load or ASM X sex were seen. For phoneme deletion and
rapid naming, as earlier, duration and squared duration to
epilepsy showed significantly improved models (ps < .008)
relative to the base models. ASM or ASM X sex was not
significant. For rapid letter naming, the best fitting model
included higher IQ, longer duration of epilepsy to diagnosis
of dyslexia, and male sex; all were significantly (ps < .001)
associated with better naming scores.

Discussion

The present paper addressed comorbidities in epilepsy,
focusing on dyslexia and the temporal relationship of the
two diagnoses, in an observational study. Based on a ret-
rospective file review of more than a thousand cases with
epilepsy receiving specialized school services for children
with epilepsy, 51 children were identified with dyslexia.
Notably, 35.3% of the sample had already been diagnosed
with dyslexia before the epilepsy emerged. As expected,
children with antedating dyslexia had an older age of onset
of epilepsy. Otherwise, no differences between the children
with dyslexia before or after the onset of epilepsy in terms
of type, side, site of epilepsy, or cognitive level were found,

suggesting that dyslexia may be seen in any type of epilepsy,
before or after the epilepsy emerges. Sex, familial risk fac-
tors, or antiseizure medication did not play a significant role
in the temporal relationships between dyslexia and epilepsy.
Several children were identified with epilepsy with encepha-
lopathic effects, like cognitive loss or a past history of ESES,
and some were diagnosed with dyslexia while ESES was
still active. No evidence was seen for a specific dyslexia
phenotype associated with antedating or postdating dyslexia.
Noticeably, underlying dyslexia-related neuro-cognitive abil-
ities, like phoneme deletion and rapid letter naming abili-
ties, were lower in children in closer proximity to epilepsy
onset, suggesting that the epilepsy was exerting a negative
influence. The detrimental effect of the seizures was seen on
phoneme deletion before and after epilepsy onset.

Epilepsy and Antedating Versus Postdating Dyslexia

Rates of antedating or postdating dyslexia were similar
across epilepsy types. Also, duration of epilepsy to diagno-
sis of dyslexia was similar across epilepsy variables. Only
antedating dyslexia followed by TLE was associated with
a longer interval between dyslexia and epilepsy. Together,
children with TLE or BECTS comprised half of the cases
with dyslexia. Contrasted to the original sample of which
the children with dyslexia were drawn, elevated rates of chil-
dren with dyslexia were seen in BECTS, confirming earlier
studies (Smith et al., 2015). Elevated rates were not seen
for TLE, and temporo-occipital involvement was not often
encountered in the present sample, only partly in line with
earlier studies (Lah et al., 2017; Richlan et al., 2013; Vanasse
et al., 2005). These findings could be understood based on
earlier results indicating that more brain areas are involved
in early than in proficient reading (Vanderauwera et al.,
2018), and therefore, possibly “any” type of seizure activity
or epileptogenic process may involucrate part of the reading
network. Several children were identified with ESES. ESES
may be seen as having a spectrum of severity, with global or
specific cognitive impact; like BECTS, ESES has been found
to involve disturbed thalamocortical networks, which may
be associated with dyslexia-related neurocognitive disorders,
like phonological problems (Spencer et al., 2022; van den
Munckhof et al., 2020).

Both naming and phonological difficulties have been
reported earlier, and they are often lowered together, par-
ticularly in more severe reading disorders (de Groot et al.,
2015; Selassie et al., 2008; Smith et al., 2015). In the present
study, by definition, word and nonword reading were low,
and while some variability between scores on phoneme dele-
tion and rapid letter naming was seen within individuals,
phenotypes were not often seen.
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Temporal Aspects, Causality, and Bidirectionality

The present paper showed that, in a natural setting, the diag-
nosis of dyslexia may either antedate or postdate the diagno-
sis of epilepsy, also by several years, independent of seizure
type. Seizure onset zone may differ from the areas known to
be implicated in reading, as exemplified by the wide range
of seizure types as well as the low number of children with
temporo-occipital epilepsy present in the sample, suggesting
a disturbance of the larger reading network. These findings
could also support the notion that epilepsy and dyslexia may
run in parallel independent of each other at least in some
cases (Keezer et al., 2016; Moll et al., 2020). In other cases,
genetic aspects may play a role. For both dyslexia (Mascher-
etti et al., 2017) as well as epilepsies commonly associated
with dyslexia, in particular BECTS (Pal et al., 2010; Strug
et al., 2012), predisposing genetic factors have been found.
Noteworthy, the genetic loci identified for dyslexia without
epilepsy and dyslexia in BECTS, however, have been found
to differ (Strug et al., 2012). Regardless of whether shared
risk factors exist between dyslexia and epilepsy, however,
in BECTS as well as in other epilepsy types, the present
study suggests that the epilepsy which a child is predisposed
to have may be seen to emerge after or before the reading
disorder, with wide time intervals between the diagnosis of
dyslexia and the diagnosis of epilepsy.

In discussing causal and temporal relationships between
epilepsy and comorbidities (Keezer et al., 2016), the authors
indicated that one condition could be directly or indirectly
influencing the other, or showing a bidirectional effect.
The present study supports the notion that, when dyslexia
and epilepsy exist together in a child, the epilepsy has an
added impact on underlying neuro-cognitive abilities, like
phoneme deletion and, especially, rapid letter naming abili-
ties. The study provides evidence for a bidirectional effect
of the epileptogenic process (Pitkénen et al., 2015). When
diagnostic testing for dyslexia occurs in close proximity to
the emergence of epilepsy, neuro-cognitive abilities associ-
ated with dyslexia, particularly phoneme deletion, appear
to be more severely compromised. That is, scores on neuro-
cognitive tasks are lowered not only (shortly) after the onset
of seizures, but the impact of the seizure condition which
is about to emerge can already be seen in lowered scores
on neuro-cognitive tasks shortly before the emergence of
seizures.

Diagnostic Bias in Dyslexia in Epilepsy

The rate of children diagnosed with dyslexia was lower than
the expected rate in the general population (Tijms et al.,
2021), and clearly lower than the rates reported earlier
(Fastenau et al., 2008). Andell (2021) has warned for the risk
of one condition gaining precedence over the other, leading
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to underdiagnosis and lack of treatment of comorbidities in
epilepsy. Earlier, the DSM-5 (APA, 2013) had articulated
an exclusionary criterion for a “neurological disorder” in
dyslexia (p 67). Though the thoroughly formulated criterion
(de Jong et al., 2016) does not exclude dyslexia in epilepsy,
it may have contributed to a hesitation to diagnose dyslexia
in epilepsy, leading to underdiagnosis. Reanalysis after
inclusion of children with highly suspected (but not further
diagnosed) dyslexia no longer showed underrepresentation
of dyslexia in epilepsy, while reanalysis of a subset of
children with age at onset of epilepsy above 7 years
confirmed that given similar age at onset of epilepsy, age
at diagnosis of dyslexia was higher in postdating dyslexia.

In contrast, in the present sample, an elevated rate of chil-
dren with epileptic encephalopathies, particularly ESES, was
conspicuous. It underlines that in some children with epi-
lepsy, the cognitive arrest characteristic in ESES (van den
Munckhof et al., 2015) may be mimicking features that are
at the core of the diagnosis of dyslexia: lack of progress in
reading, persistence over time, unresponsiveness to instruc-
tion, and possibly slowness in naming tasks. The identifica-
tion of various children with resolved ESES on the EEG
and stabilized FS-IQ across assessments, who qualified for
the diagnosis of dyslexia, may further support the notion
that resolution of ESES need not imply recovery of spe-
cific functions that were affected (van Iterson et al., 2021).
It remains open up to what extend the children would profit
from targeted dyslexia treatment.

Treatment

Treatment of epilepsy should be targeted by experts in the
field of epilepsy and treatment of dyslexia by experts in the
field of dyslexia. Earlier studies on neurodevelopmental
comorbidities (Denton et al., 2020; Tuchman et al., 2010)
have underlined that each disorder should be treated in its
own right, also in cases where the two conditions are asso-
ciated with each other. Even in the light of a comorbidity,
intensive reading intervention remains the best means to
improve reading (Denton et al., 2020). While cognitive pro-
files have been found to differ in the presence of reading dis-
orders, epilepsy, or both (van Iterson et al., 2015), academic
profiles have described as being similar (Currie et al., 2018;
Germano et al., 2020), suggesting that treatment of dyslexia
could follow the same steps also in children epilepsy.

Assets and Weaknesses of the Study

Compromised neuropsychological function have already
been described in the early stages of epilepsy (Jackson et al.,
2019), and after longer duration of epilepsy (Hermann et al.,
2008; van Iterson et al., 2014). An asset of the present study
is that it takes this information a step further. The study
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does so, reporting on children, formally diagnosed before
the onset of epilepsy, based on academic and neuropsycho-
logical measures. As such, apart from adding to the pre-
sent body of knowledge on cognitive comorbidities after
epilepsy onset, the study also provides new information on
comorbidities antedating epilepsy, exemplified on an impor-
tant academic topic: severe reading disorders. In addition,
the paper provides evidence for a bidirectional relationship
between the seizure condition and compromised dyslexia-
related neuro-cognition.

An asset of the present study, adding to its ecological
validity, is that the children with dyslexia were drawn from
a large data set of children with epilepsy. The LWOE De
Waterlelie is one of the two services providing educational
support for children with epilepsy nationwide, and therefore
represents half the country. The services are easily acces-
sible and can be requested by schools, parents, and physi-
cians; they are inclusionary in terms of familial conditions,
types of developmental and scholastic problems, as epilepsy
types. Access to medical care, educational services, tailored
instruction as well as dyslexia assessment could be consid-
ered largely similar for all children in the study.

A study which is retrospective by nature has associated
weaknesses. The present study addressed dyslexia as a
comorbidity in epilepsy, reviewing retrospectively files of a
large heterogenous sample of school children. While efforts
were made to collect data comprehensively, not all files
included the full assessment on dyslexia, leading to small
sample sizes in part of the analyses. No differences were
seen between the children with or without full assessment,
suggesting that the subset could be considered fairly repre-
sentative, but future studies should include larger samples.
Future studies could also focus on larger and more homo-
geneous samples, in terms of diagnosis of dyslexia and in
terms of age at epilepsy onset, to further elucidate the rela-
tionship between the emergence of seizures and the effect
on neuro-cognition. Also, the inclusion of a more compre-
hensive battery of neurocognitive tasks would aid in further
studying neurocognition around the time of epilepsy onset.

The present study concentrated on time-related variables,
while the impact of other variables would also merit further
research. For example, parental education or socioeconomic
status (SES) was not taken into account. SES is known to
affect reading as well as abilities underlying learning to read
(Waters et al., 2021), like language or working memory,
which can also be compromised in children with epilepsy,
differentially across age groups (Caplan et al., 2009; van
Iterson & de Jong, 2018). It is unknown, however, whether
variables like SES may also have a differential impact on
antedating versus postdating dyslexia. Given the LWOE
monitoring of all children with epilepsy in the sample, it
seems unlikely that SES would have significantly affected
the timing of postdating dyslexia assessment, but it remains

unknown how these variables could have impacted diagno-
ses in antedating dyslexia.

Drug load is known to affect neurocognition (Helmstae-
dter et al., 2010). In the present study, no significant contri-
bution of ASM was found, but, particularly when analyzing
neurocognitive variables, sample sizes were small. Moreo-
ver, while no impact was seen of ASM in association with
sex, this topic would warrant further research, also in the
light of differences in treatment regimen between boys and
girls. Increased knowledge of teratogenic effects of some
types of ASM used by women during pregnancy on the later
neurocognitive development of the child (Huber-Mollema
et al., 2020), has led to adjustments in treatment choices
according to sex, already in school-aged girls. In the present
study, while not associated with drug load, for girls, higher
scores were seen on nonword reading, and for boys on rapid
letter naming.

Conclusions

In children with epilepsy, severe dyslexia as formally
defined (APA, 2013; Tijms et al., 2021) can also be seen.
In a substantial proportion of the children with dyslexia in
epilepsy, the diagnosis of dyslexia was found to antedate the
diagnosis of epilepsy, with up to 5 years. Thus, a spectrum
emerges where dyslexia can be seen to antedate or postdate
epilepsy, independent of epilepsy type. In severe epilepsies
and encephalopathies, developmental arrest may mimic dys-
lexia. When the diagnosis of dyslexia and epilepsy are in
close proximity, that is, during the epileptogenic process,
lower scores on phonological and rapid naming tasks sug-
gest a bidirectional effect of the seizures on dyslexia-related
cognition.

Summary and Clinical Implications

Children with epilepsy often have reading difficulties; in
some, these are so severe as to qualify for dyslexia: they are
persistent over time, also with additional reading instruc-
tion, and associated with underlying neuro-cognitive weak-
nesses, like phoneme deletion or rapid letter naming. While
some types of epilepsies, like BECTS, are more likely to be
associated with dyslexia, it is important to note that dyslexia
can be seen and diagnosed in any type of epilepsy. Type of
epilepsy appeared to be unrelated to whether the dyslexia
was diagnosed before or after the emergence of seizures. For
example, while BECTS is preferentially associated with dys-
lexia, dyslexia may already have been diagnosed before the
epilepsy, suggesting ingrained underlying neurodevelopmen-
tal difficulties of which the dyslexia may be seen first. Some
delay was seen in providing children with epilepsy with a
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diagnosis of dyslexia. This delay appears at least partly jus-
tifiable, given that the most vulnerable period in the child’s
dyslexia-related neuro-cognitive functioning is shortly after
the emergence of seizures. At this stage, the attention is
turned to achieving seizure amelioration. Passed this stage,
however, given tailored medication and compliance, a child
with epilepsy who qualifies for dyslexia according to the cri-
teria could obtain a diagnosis. A word of caution should be
given in the cases with encephalopathic conditions, overall
cognitive arrest, or cognitive loss. In these children, the main
focus is on treating and closely monitoring the encepha-
lopathic condition and overall cognitive development. In
some rare cases, the effects may be circumscribed and the
child may still qualify for a specific reading disorder. When
already acquired reading abilities are lost, it would be more
appropriate to speak of acquired, rather than developmental,
dyslexia.

Clinically, assessment of dyslexia will likely be feasi-
ble in most children with epilepsy, provided that that the
children fulfill the psychometric criteria for dyslexia, that
there is adherence to tailored epilepsy treatment, and that
ongoing encephalopathic effects of epilepsy have been
ruled out. Assessment of dyslexia in children with epilepsy
should always include comprehensive neuropsychological
assessment, particularly assessment of intelligence. Present
neuro-cognitive findings should be contrasted to earlier eval-
uations in order to establish cognitive change. In addition,
the clinician should be aware that arrest in reading develop-
ment could be associated with (worsening of) the epileptic
condition.

Regardless of the feasibility of a formal diagnosis of
dyslexia, it is of utmost importance to provide specialized
services to children with epilepsy and reading—or other
cognitive or learning—disorders. Reading and specialized
reading instruction is the most important vehicle for improv-
ing reading in all children with reading problems.

Specialized educators should stay vigilant for changes in
responsiveness to reading instruction that may be pointing
to changes in the epileptic condition.
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