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Abstract

Objective: The present study aimed to examine the prevalence of dyscalculia,
dyslexia, and their comorbidity rates in a large population-based sample of chil-
dren with idiopathic epilepsy (N = 2282) and a comparison sample of typically
developing schoolchildren (N = 2371).

Methods: Both groups of children were screened using an arithmetic fluency
test for dyscalculia and a reading fluency test for dyslexia. Their comorbidity
rates were assessed. The prevalence rates of dyscalculia, dyslexia, comorbidity,
and isolated dyscalculia/dyslexia (ie, participants with comorbid dyslexia and
dyscalculia were excluded) were analyzed.

Results: In both —1.5 SD and —1 SD cutoff criterion, the prevalence rates were
about two times higher in children with idiopathic epilepsy than in other school-
children; the prevalence rates of isolated dyslexia were higher in children with
idiopathic epilepsy than in other schoolchildren (—1 SD: 10.9% vs 8.6%; —1.5
SD: 6.5% vs 4.7%). Meanwhile, comorbidity rates of dyscalculia and dyslexia
were higher in children with idiopathic epilepsy than in other schoolchildren
(32.7% vs 26.6%; 38.3% Vs 23.5%, respectively). Overall, patterns of prevalence
rates were different for children with idiopathic epilepsy and schoolchildren, in
which children with idiopathic epilepsy had a higher prevalence rate of dyscal-
culia than dyslexia, while schoolchildren had a higher prevalence of dyslexia
than dyscalculia, regardless of cutoff criteria. Interestingly, gender differences in
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the prevalence rates of all types of learning disabilities were found in schoolchil-
dren, but there were only gender differences in the prevalence rates of dyslexia in

Significance: The results highlight the vulnerability of children with idiopathic
epilepsy for learning disabilities and a differential pattern of gender differences
in dyslexia. Moreover, different patterns of prevalence rates suggest that children
with idiopathic epilepsy and schoolchildren are more prone to different types
of learning disabilities. The findings suggest needs for special interventions of

CHENG ET AL.
children with idiopathic epilepsy.
learning disabilities for children with idiopathic epilepsy.
KEYWORDS
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1 | INTRODUCTION

Two main types of learning disabilities (LDs) are arithme-
tic disability (eg, dyscalculia) and reading disability (eg,
dyslexia), which afflict about 5% and 6% of school-age chil-
dren, respectively.'! Children with epilepsy are at a much
higher risk of suffering from cognitive impairments and
educational underachievement.”” For example, a study
on 977 children with epilepsy reported a 56% prevalence
rate of learning disabilities.® Another study with a sample
of 31 patients diagnosed with BECTS showed that dyslexia
occurred in 19.4% of these patients.” Under low achieve-
ment model, a study on 164 children with epilepsy found
that 20.1% of children scored —1.5 SD below the average
for reading and 26.8% for math.'?

The prevalence rates of learning disabilities also dif-
fer by gender. Population-based studies in Western coun-
tries have consistently found boys to be more vulnerable
to dyslexia than girls, even after controlling for attention,
activity levels, and race.!! Similarly, studies of Chinese
children have shown that boys were more likely than girls
to experience reading difficulty.'* However, the results on
gender differences in math fluency are mixed. Some stud-
ies showed no significant gender differences,'*'® whereas
others found a higher rate of arithmetic disorder among
females than among males'® or the opposite.'”'® Among
children with epilepsy, most studies found no significant
gender effect,'®*! but the study by Austin and colleagues'’
found that male sex was a significant predictor of poor ac-
ademic achievement in composite, reading, language, and
vocabulary for children with epilepsy.

Although previous studies have documented the vul-
nerability of children with epilepsy for learning disabili-
ties based on relatively small sample sizes (less than 1000
participants), empirical research to examine the preva-
lence of learning disabilities in a large population-based
sample of Chinese children with epilepsy is still scarce. In

Key Points

« School-age children with epilepsy are at a high
risk of developing learning disabilities (mainly
including dyscalculia and dyslexia), but so far
most studies are of small scale. Even less is
known about the prevalence of learning disa-
bilities and their comorbidity rates among chil-
dren with idiopathic epilepsy in China.

o Chinese children with idiopathic epilepsy had
higher prevalence and comorbidity rates of
learning disabilities than other schoolchildren.

« Typical developing schoolchildren and chil-
dren with idiopathic epilepsy had different pat-
terns of prevalence rates for different types of
learning disabilities.

« There were significant gender differences in the
prevalence of learning disabilities among typi-
cal developing schoolchildren, and significant
gender differences in the prevalence of dyslexia
among children with idiopathic epilepsy.

addition, the rates of developing learning disabilities in a
new domain were four to five times higher in people who
already had learning disability in one domain compared to
those who never experienced pronounced problems in an
academic domain.*® For the first time, this study examines
the prevalence of learning disabilities, their comorbidity,
and gender differences in a large population-based sample
of Chinese children with idiopathic epilepsy (N = 2282) in
comparison with a group of typically developing school-
children (N = 2371). Since epilepsy increases children's
risk to develop learning disabilities, we expect higher
prevalence and comorbidity rates of learning disabilities
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in children with idiopathic epilepsy when compared to
other schoolchildren.

2 | METHODS

2.1 | Participants

Children with idiopathic epilepsy, a common type of
childhood epilepsy, were selected. Idiopathic epilepsy in
this study consists of the following conditions: idiopathic
generalized epilepsies including childhood absence epi-
lepsy, juvenile absence epilepsy, juvenile myoclonic epi-
lepsy, and generalized tonic-clonic seizures; self-limited
focal epilepsies including benign childhood epilepsy
with centrotemporal spikes (BECTS), Panayiotopoulos
and Gastaut syndrome; and other frontal lobe, temporal,
and parietal lobe epilepsies with unknown etiologies but
good response to the antiepileptic drugs.* Approval for
this project was granted by the Human Research Ethics
Committee at the Capital Institute of Pediatrics (approval
no.: SHERLL 2019001). Informed and written consent was
obtained from parents or guardians of all participants. For
this study, idiopathic epilepsy was diagnosed according
to the criteria set by the International League Against
Epilepsy.*** The diagnoses were based on classical clinical
features including the onset age, seizure types, and inter-
ictal discharges recorded by video-electroencephalogram
(VEEG) monitor, ictal EEG evolution, and imaging fea-
tures.”® BECTS patients were excluded if they had abnor-
mal magnetic resonance imaging (MRI) and a nonrapid
eye movement (NREM) sleep discharge index >50%. No
epilepsy-related structural abnormalities were present in
these children. Children with idiopathic epilepsy comor-
bid with mental retardation (eg, autism) were excluded
because they could not understand the instructions of
our screening tests. Subsequently, 2282 children with idi-
opathic epilepsy were retrospectively enrolled from the
Department of Pediatric Neurology at the Capital Institute
of Pediatrics (Table 1).

Other schoolchildren were retrospectively enrolled
from a dataset collected by the State Key Laboratory of
Cognitive Neuroscience and Learning at Beijing Normal
University. The dataset included 2371 children from 73

classes of 9 primary schools in Beijing, Shijiazhuang,
China. The classes were randomly selected from these
schools. All students from all selected classes participated
in the study. Each class included approximately 20-40 chil-
dren. The current study's design was approved by the State
Key Laboratory of Cognitive Neuroscience and Learning
at Beijing Normal University and the school principles.
All participants were native Chinese speakers with nor-
mal or corrected-to-normal vision. Given the fact that au-
tistic children are not able to enroll in regular schools in
China, participants in schoolchildren group exclude the
children with autism. Participants’ parents or legal guard-
ians provided written informed consent.

According to the definition and screening criteria of
dyscalculia and dyslexia,>*” children with DD were de-
fined as having scores lower than —1 SD or —1.50 SD in
arithmetic or reading performance but above the 25th
percentile (—0.67 SD) in Raven's Progressive Matrices.
The cutoff criteria (—1 and —1.5 SD) mean that the test
performance in children with learning disabilities was
lower than —1 or —1.5 SDs from the mean standard
scores. For the —1 SD cutoff criterion, the definition of
dyscalculia or dyslexia was a score below the 16th per-
centile for arithmetic fluency or reading fluency. When
the more stringent cutoff criterion (ie, —1.5 SD) was ap-
plied, the definition of dyscalculia or dyslexia was a score
below the 7th percentile for arithmetic fluency or read-
ing fluency. So far, most relevant studies have used —1
SD or both —1 SD and —1.5 SD as the cutoff criteria for
learning disabilities.???>2%28-30 Therefore, the definitions
of dyscalculia and dyslexia in the current study were
aligned with such standards.

Dyslexia was defined using standard scores on reading
fluency tests. The criteria for dyslexia include (1) a score
equal to or less than the 16th and 7th percentile (—1 and
—1.50 SDs from the mean, respectively) for reading flu-
ency; and (2) a score above the 7th percentile (—1.50 SDs
from the mean) for general intelligence.

Dyscalculia was defined using standard scores on arith-
metic fluency tests. The criteria for dyscalculia include (1)
a score equal to or less than the 16th and 7th percentile
(=1 and —1.50 SDs from the mean) for arithmetic fluency;
(2) a score above the 7th percentile (—1.50 SDs from the
mean) for general intelligence.

Children with Other TABLE 1~ Demographic
Variables idiopathic epilepsy  schoolchildren p Value characteristics of the study participants
Number of participants N =2282 N = 2371 N/A
Age (years), mean (SD), range 9.21 (2.34), 6-17 10.20 (1.58), 6-16  0.000
Gender (Male/Female) 1446/836 1256/1115 0.000

Abbreviation: N/A, Not applicable.
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Comorbid dyslexia-dyscalculia was defined using stan-
dard scores on both reading and math fluency tests. The
criteria for comorbid dyslexia and dyscalculia include the
following: (1) a score equals to or less than the 16th and
7th percentile (—1 and —1.50 SDs from the mean, respec-
tively) for arithmetic fluency and reading fluency; and (2)
a score above the 7th percentile (—1.50 SD from the mean)
for reasoning or general intelligence.

Isolated dyslexia was defined using standard scores on
reading fluency tests. The criteria for dyslexia include (1)
a score equal to or less than the 16th and 7th percentiles
(=1 and —1.50 SDs from the mean, respectively) for read-
ing fluency; (2) a score above the 7th percentile (—1.50
SD from the mean) for general intelligence; and (3) a
score above the 16th and 7th percentiles (—1 and —1.50
SDs from the mean, respectively) for arithmetic fluency.
Participants with comorbid dyslexia and dyscalculia were
excluded.

Isolated dyscalculia was defined using standard scores
on arithmetic fluency tests. The criteria for dyscalculia in-
clude (1) a score equal to or less than the 16th and 7th per-
centiles (—1 and —1.50 SDs from the mean) for arithmetic
fluency; (2) a score above the 7th percentile (—1.50 SDs
from the mean) for general intelligence; and (3) a score
above 16th and 7th percentiles (—1 and —1.50 SDs from
the mean, respectively) for reading. Participants with co-
morbid dyslexia and dyscalculia were excluded.

2.2 | Screening tests

2.2.1 | Reading fluency

Similar to a previously described task,*! a sentence com-
pletion task was used to evaluate reading fluency. Items
in the task were adapted from textbooks used in schools
from the 1st grade to the 12th grade. For each trial, an in-
complete sentence was presented in the middle of a com-
puter screen. Participants were instructed to complete the
sentence by selecting one of the two possible words pre-
sented beneath the sentence by pressing a left key (“Q”)
or a right key (“P”). The question remained on the screen
until participants responded. There were 120 questions.
This was a timed task of 5 minutes.

2.2.2 | Arithmetic fluency

Simple subtraction problems were used to measure arith-
metic fluency. Participants were not allowed to use paper
and pencil. For all 92 simple subtraction problems in the
task, the minuends were 18 or smaller and the differences
were single-digit numbers. Two possible answers were

presented beneath each problem. Participants were in-
structed to select the correct answer by pressing the “Q”
key to choose the answer on the left and “P” to choose
the answer on the right. Each incorrect answer was within
+3 values of the correct answer. This was a timed task of
2 minutes.

2.2.3 | Nonverbal matrices reasoning

Raven's Progressive Matrices test was used to assess rea-
soning or general intelligence.*” This task is the simplified
version of Raven's Progressive Matrices test. In each trial,
figures with a missing segment appeared on the top of the
screen. Participants were required to find the rules under-
lying the presented figure and to select the missing seg-
ment of the figure from two choices by pressing the “Q”
key to choose the answer on the left and “P” to choose the
answer on the right. The test included 80 trials and was a
timed task of 3 minutes.

2.3 | Procedure

All participants in the study received and completed the
same three tests: a reading fluency test, an arithmetic flu-
ency test, and a nonverbal matrices reasoning test. Each
participant completed the computerized test battery in
an examination room. All test procedures were presented
on a computer screen, and instructions were given orally.
For each test, instructions were given first, followed by a
practice session. Participants were allowed to ask the ex-
perimenters questions during practice sessions. After the
children finished the practice session and resolved their
doubts, they could press the space key to begin the formal
test. The tasks were administered in the same order for all
participants. Each participant was monitored by one tester
who was trained in the standardized testing procedures.
Participants’ responses were automatically recorded and
conveyed over the Internet to a server located in the Key
Laboratory for storage. All data were collected between
December 2013 and June 2014.

2.4 | Data analysis

For all tasks, corrected scores were calculated by subtract-
ing the number of incorrect responses from the number of
correct responses.>® Subsequently, standard z-scores were
calculated for each participant as the corrected score mi-
nuses the mean score for a given age year and then divided
by the standard deviation for that specific age year.”® In
order to control for the standards, standard deviations and
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means of schoolchildren's results were used to calculate
z-scores for children with epilepsy.

An independent Chi-square test was performed to ex-
amine the relation between learning disabilities (dyscal-
culia/dyslexia/isolated dyscalculia/isolated dyslexia) and
each group (children with epilepsy vs other schoolchil-
dren). Participants were then separated into two second-
ary groups (children with learning disabilities vs children
without learning disabilities) to perform a cross-analysis
between epileptic children and school children. Different
cutoff criteria (—1 and —1.5 SDs) were used to define
learning disabilities. Chi-square tests were also used to ex-
amine gender differences in the prevalence of dyscalculia,
dyslexia, isolated dyscalculia, and isolated dyslexia in chil-
dren with idiopathic epilepsy and other schoolchildren.

Comorbidity rates were calculated for each age group
by dividing the number of individuals with dyslexia or dy-
scalculia by the number of individuals who were classified
as having both dyslexia and dyscalculia, which can be cap-
tured by this formula below:

comorbidity dyslexia and dyscalculia

Comorbidity Rates = dyslexia and dyscalculia
3 | RESULTS
3.1 | Prevalence

Chi-square analyses under two standard cutoff criteria of
—1land —1.5SDsare presented in Table 2. The results show
that there were significant differences between groups re-
garding the prevalence of dyscalculia, dyslexia, isolated
dyscalculia, and isolated dyslexia, regardless of the cutoff
criterion. Specifically, under both —1 and —1.5 SDs cutoff

criteria, children with idiopathic epilepsy had a higher
prevalence rate of dyscalculia (—1 SD: 23.2% vs 10.4%,
—1.5 SD: 12.3% vs 5.4%, all Ps < 0.001), dyslexia (—1 SD:
20.8% vs 12.4%, —1.5 SD: 10.5% vs 6.1%, all Ps < 0.001), iso-
lated dyscalculia (—1 SD: 13.3% vs 6.6%, —1.5 SD: 8.3% Vs
4.0%, all Ps < 0.001), and isolated dyslexia (—1 SD: 10.9%
vs 8.6%, —1.5 SD: 6.5% vs 4.7%, all Ps < 0.05), compared
to other schoolchildren. For all learning disabilities ex-
cept for isolated dyslexia, the prevalence rates were about
two times higher in children with epilepsy than in other
schoolchildren.

The comorbidity rates of dyscalculia or dyslexia are pre-
sented in Tables 3. For children with idiopathic epilepsy,
42.6% (—1 SD) and 32.7% (—1.5 SD) of those with dyscalcu-
lia had reading disabilities; 47.6% (—1 SD) and 38.3% (—1.5
SD) of those with dyslexia had arithmetic disabilities. For
typically developing schoolchildren, 36.4% (—1 SD) and
26.6% (—1.5 SD) of those with dyslexia had arithmetic dis-
abilities; 30.5% (—1 SD) and 23.5% (—1.5 SD) of those with
dyslexia had arithmetic disabilities. In general, the comor-
bidity rates were relatively high for both children with ep-
ilepsy and typically developing schoolchildren, while the
former showed noticeably higher comorbidity rates than
the latter for both dyscalculia and dyslexia.

3.2 | Gender differences

Gender difference in the prevalence of dyscalculia and
dyslexia and their comorbidity are presented in Table 4.
For children with idiopathic epilepsy, significant differ-
ences between boys and girls were found only in dyslexia
under —1 and —1.5 SDs (22.5% vs 17.7%, 11.8% vs 8.3%,
respectively, all P < 0.01), and isolated dyslexia under —1

Other TABLE 2 . Prelvalence ?f d.ys.calcul%a
Children with schoolchildren an.d dyslexia in children w1t1.1 1d10p.ath1c
idiopathic epilepsy epilepsy and other schoolchildren in
(N = 2282) (N =2371) China under different cutoff criteria (—1
and —1.5 SD)
Groups % (N) % (N) X2
-1SD
Dyscalculia 23.2(530) 10.4 (247) 137.125%%*
Dyslexia 20.8 (474) 12.4 (295) 58.477%%x
Dyscalculia (Isolated) 13.3(304) 6.6 (157) 58.479%**
Dyslexia (Isolated) 10.9 (248) 8.6 (205) 6.530*
-1.5
Dyscalculia 12.3 (281) 5.4 (128) 69.357+%*
Dyslexia 10.5 (240) 6.1 (145) 29,683+
Dyscalculia (Isolated) 8.3(189) 4.0 (94) 37.949***
Dyslexia (Isolated) 6.5(148) 4.7 (111) 7.199%*

*P < 0.05, **P < 0.01, ***P < 0.001.
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TABLE 3 Prevalence rates of comorbidity in children with idiopathic epilepsy and schoolchildren under different cutoff criteria (—1
and —1.5 SD)
Children with idiopathic epilepsy Other schoolchildren
(N = 2282) (N = 2371)
% of dyscalculia/dyslexia % of dyscalculia/dyslexia
% (N) +Dyscalculia +Dyslexia % (N) +Dyscalculia +Dyslexia
Dyscalculia
—1SD 23.2(530) / 42.6 10.4 (247) / 36.4
—1.5SD 12.3 (281) / 32.7 5.4 (128) / 26.6
Dyslexia
—1SD 20.8 (474) 47.6 / 12.4 (295) 30.5 /
—1.5SD 10.5 (240) 38.3 / 6.1 (145) 23.5 /

TABLE 4 Gender difference in the prevalence of dyscalculia and dyslexia and their comorbidity in children with idiopathic epilepsy

and other schoolchildren in China

Children with idiopathic

epilepsy
Girls
Boys (N = 1446) (N = 836)
Groups % (N) % (N)
—-1SD
Dyscalculia 23.6 (341) 22.6 (189)
Dyslexia 22.5(326) 17.7 (148)
Dyscalculia (Isolated) 12.9 (187) 14.0 (117)
Dyslexia (Isolated) 11.9(172) 9.1(76)
—-1.5SD
Dyscalculia 12.4 (180) 12.1 (101)
Dyslexia 11.8 (171) 8.3 (69)
Dyscalculia (Isolated) 7.6 (110) 9.4 (79)
Dyslexia (Isolated) 7.0 (101) 5.6 (47)

*P < .05; **P < .01; ***P < .001.

SD (11.9% vs 9.1%, > = 4.300, P < 0.05). No gender differ-
ences were found for children with idiopathic epilepsy in
dyscalculia or isolated dyscalculia.

On the contrary, there were significant gender differ-
ences among other schoolchildren in all categories of
learning disabilities under both cutoff criteria. Prevalence
rates of dyscalculia and isolated dyscalculia were signifi-
cantly higher among schoolboys than schoolgirls under
both —1 SD (13.1% vs 7.4%, 7.8% vs 5.3%, respectively, all
Ps < 0.05) and —1.5 SD (6.9% vs 3.7%, 4.9% vs 2.9%, re-
spectively, all Ps < 0.05). Prevalence rates of dyslexia and
isolated dyslexia were also significantly higher in school-
boys compared to schoolgirls under —1 SD (16.7% vs 7.6%,
11.5% vs 5.5%, respectively, all Ps < 0.001) and —1.5 SD
(8.4% vs 3.5%, 6.4% vs 2.7%, respectively, all Ps < 0.001).

Other schoolchildren
Girls

Boys (N =1256) (N = 1115)
X % (N) % (N) X
282 13.1 (164) 7.4 (83) 19.943%**
7.546%* 16.7 (210) 7.6 (85) 44.863%%*
518 7.8 (98) 5.3(59) 6.023*
4.300* 11.5(144) 5.5(61) 26.868%**
.066 6.9 (87) 3.7 (41) 12.213%#*
7.183** 8.4 (106) 3.5(39) DORIVEES
2.368 4.9 (62) 2.9(32) 6.624*
1.622 6.4 (81) 2.7 (30) 18.698#*

4 | DISCUSSION

The current study examined whether children with epi-
lepsy exhibited a higher prevalence and comorbidity of
learning disabilities compared to other schoolchildren as
well as gender differences in the prevalence of learning
disabilities within two large population-based samples of
children. The results showed that children with epilepsy
had significantly higher prevalence rates of dyscalculia,
dyslexia, isolated dyscalculia, isolated dyslexia, and co-
morbidity rates under both —1 and —1.5 SDs cutoff criteria
when compared with other schoolchildren. Gender differ-
ences were presented in all types of learning disabilities
among typically developing schoolchildren, but only in
dyslexia among children with idiopathic epilepsy.
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The higher prevalence of learning disabilities among
children with epilepsy is consistent with prior studies
which have shown that different epilepsy syndromes
are associated with educational underachievement.***’
A recent nationwide study in Germany reported higher
prevalence of epilepsy in patients with developmental dis-
orders of speech and language compared with those in the
general population.’’” Another recent study reported that
childhood epilepsy occurs in a fundamentally abnormal
brain that also has a higher risk for neurobehavioral co-
morbidities, which is conducive to the underdevelopment
of academic ability.38 In addition, one high risk factor, the
epileptic seizure, negatively affects brain development
and self-esteem in children with epilepsy. For example,
Cheng et al*’ reported an association between childhood
idiopathic epilepsy with interictal epileptiform discharges
and arithmetic performance deficits. Increased frequency
of seizures also results in higher vulnerability to disease
and low self-esteem.*® Low self-esteem, in turn, decreases
the academic performance in children with epilepsy.*!

The higher prevalence rate of dyscalculia than dyslexia
among children with idiopathic epilepsy could be related
to the nature of arithmetic. Comparing to reading tasks,
arithmetic tasks require the use of manifold cognitive op-
erations and are therefore more vulnerable to the effects
of epilepsy. Specific learning disabilities were shown to be
the greatest in arithmetic performance in a study of 122
children with epilepsy.** A study on 94 participants with
new-onset epilepsy and 72 healthy controls found better
performance on reading than arithmetic among the epi-
lepsy group and an opposite trend in the control group.*
Another study on 136 children who had undergone resec-
tive epilepsy surgery found 22% underachieved in arithme-
tic while only 8%-9% in other academic domains including
reading and spelling.** Other than the complex nature of
arithmetic, a lack of direct educational resources in arith-
metic compared to reading could further contribute to the
more pronounced decrements in arithmetic skills.

An interesting finding of the current study is that chil-
dren with idiopathic epilepsy also had higher comorbidity
for learning disabilities than typically developing chil-
dren. Specifically, for children with idiopathic epilepsy,
the proportion of individuals with dyslexia to those with
dyscalculia, and the proportion of individuals with dyscal-
culia to those with dyslexia, were higher than for typically
developing schoolchildren. The overlap between reading
and arithmetic deficiencies has been well documented
by previous studies.*>***” A proposed explanation for
the overlap is that children may develop problems in ver-
bal number tasks if language impairments are present.*’
Alternative hypotheses for the comorbidity include defi-
cits in verbal short-term and long-term memory retrieval.**
However, no prior study has examined comorbidity rates

of learning disabilities among children with epilepsy or
made equivalent comparisons with a control group; there-
fore, results from the present study could serve as a refer-
ence for future examinations on this topic.

Gender differences existed only in dyslexia (—1 and
—1.5 SDs) and isolated dyslexia (—1 SD) for children with
idiopathic epilepsy, in which boys had higher prevalence
rates than girls. A study of 108 probands with rolandic ep-
ilepsy (age range: 3.6-22 years) found that male sex is one
of the markers of higher risk for reading disability in chil-
dren with Rolandic epilepsy.*’ Nonetheless, most studies
on gender differences regarding academic achievement in
children with idiopathic epilepsy have found no significant
gender effects.>" Previous systematic investigations on
the prevalence of epilepsy in China have reported higher
prevalence estimates in males than in females, which
could be caused by the inherent differences in brain de-
velopment and social effects.’® The different proportional
contribution of epilepsy subtypes could intensify such
gender imbalance. Relevant studies have found higher
prevalence of localization-related symptomatic epilepsy in
males.”® Therefore, the gender imbalance in our epilepsy
sample is likely due to that males are more susceptible
to epilepsy in general than females. Thus, future studies
should examine the effects of other demographic charac-
teristics (such as grades and urban/rural settings) on the
prevalence of learning disabilities and should also exam-
ine the possible mediation effect of epilepsy-related clini-
cal variables on gender differences in learning disabilities.

For typically developing schoolchildren, boys exhib-
ited a higher prevalence of dyscalculia, dyslexia, isolated
dyscalculia, and isolated dyslexia regardless of cutoff
criteria. According to a meta-analysis on dyslexia, men
are more likely to be identified as having dyslexia com-
pared to women, regardless of methodological and sta-
tistical influences.> This reading disadvantage in males
could be caused by several factors, including (but not
limited to) sex differences in cognition® and learning
strategies.%’57 Moreover, the evidence in typically devel-
oping children suggests that girls generally outperform
boys in arithmetic.’® However, previous studies have re-
ported that gender ratios in arithmetic disorder are usu-
ally balanced.”®® Gender differences in the prevalence
of dyscalculia in our study could be due to differences in
screening criteria used to assess dyscalculia. Dyscalculia
has often been defined in terms of performance on arith-
metic, in which girls are shown to be more skilled in.
Therefore, in the current study, boys had a higher prev-
alence rate of dyscalculia compared to girls because
the test used to define dyscalculia, a simple subtraction
test, kept girls’ advantage in arithmetic. These findings
altogether indicate that children with epilepsy are at a
much higher risk of having learning disabilities when
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compared to other schoolchildren. Moreover, boys with
epilepsy exhibited the highest risk of having dyslexia
when compared to all other groups, and typical develop-
ing boys were about two times more likely than typical
developing girls to have learning disabilities. Our results
suggest that pediatric clinicians should pay more atten-
tion to the diagnosis and intervention of learning disor-
ders in children with idiopathic epilepsy.

The current study has some limitations. First, our
control group was on average 1 year older than the epi-
lepsy group. This is caused by the different sources of
data collection. Children with epilepsy from the hospital
tend to get diagnosed and treated earlier, therefore most
of them were young children. However, schoolchildren
were collected from all grades in schools, in which the age
had uniform distribution. In an effort to control for the
effect of age, the prevalence of learning disabilities was
calculated based on standard scores for the arithmetic and
reading tests using the mean score and standard deviation
for each given age in the sample. Second, we used only
arithmetic fluency and reading fluency tests to screen the
participants with learning disabilities. These two tests are
the typically used assessments, and all participants were
capable of performing these tasks. However, it would
be better if future research could employ more tests for
each domain to assess academic performance. Third, the
current study did not examine the effect of syndrome-
related clinical variables, such as type of epilepsy, age at
epilepsy onset, epileptic seizure, and treatment. Although
syndrome-related clinical variables have been considered
as potential influencing factor of learning disabilities,
these factors cannot account for whether learning disabili-
ties occurred or not.>?!31:61:626364 The present study aimed
to examine whether children with epilepsy exhibited a
higher prevalence and comorbidity of learning disabili-
ties compared to other schoolchildren, rather than focus
on the effects of the detailed epilepsy-related variables on
learning disabilities.

5 | CONCLUSION

This study extends previous findings by examining the
prevalence rates of learning disabilities among children
with idiopathic epilepsy in China and confirming that they
have higher prevalence and comorbidity rates of learning
disabilities than other schoolchildren. Typically develop-
ing children and children with idiopathic epilepsy had
different patterns of prevalence rates for different types
of learning disabilities; specifically, typically developing
children are more prone to dyslexia than dyscalculia, and
the opposite is true for children with idiopathic epilepsy.
We also found that there were gender differences in the

prevalence of learning disabilities among typical develop-
ing schoolchildren, and gender differences in the preva-
lence of dyslexia among children with idiopathic epilepsy.
These findings suggest that children with idiopathic epi-
lepsy have much higher risk to exhibit dyscalculia and
dyslexia compared to other schoolchildren, and that boys
are generally more at risk than girls to have learning dis-
abilities. Future studies should clarify the effect of clinical
variables on the prevalence of learning disabilities in chil-
dren with idiopathic epilepsy.

ACKNOWLEDGMENTS

This research was supported by two grants from the
Natural Science Foundation of China (Grant No.
31700977 and 31671151), Natural Science Foundation of
Beijing (Grant No. 5212004), the 111 Project (Grant No.
BP0719032), a grant from CAMS Innovation Fund for
Medical Sciences (CIFMS) (Grant No. 2016-12M-1-008),
a grant from Shenzhen-Hong Kong-Macao Science
and Technology Innovation Project (Category C)
(SGDX2020110309280100), and a grant from the
Directional Guidance Fund for the Capital Institute of
Pediatrics (Grant No. FX-2019-03).

CONFLICT OF INTEREST
None of the authors has any conflict of interest to disclose.

ETHICAL APPROVAL

We confirm that we have read the Journal's position on
issues involved in ethical publication and affirm that this
report is consistent with those guidelines.

ORCID
Dazhi Cheng
Qian Chen

https://orcid.org/0000-0002-5570-2240
https://orcid.org/0000-0002-6068-8893

REFERENCES

1. Butterworth B, Kovas Y. Understanding Neurocognitive
Developmental Disorders Can Improve Education for All
Science. 2013;340:300-5.

2. Caplan R, Siddarth P, Stahl L, Lanphier E, Shields WD.
Childhood absence epilepsy: Behavioral, cognitive, and linguis-
tic comorbidities. Epilepsia. 2008;49:1838-46.

3. ChengD, Yan X, Gao Z, Xu K, Zhou X, Chen Q. Common and
distinctive patterns of cognitive dysfunction in children with
benign epilepsy syndromes. Pediatric Neurol. 2017;72:36-41
el.

4. Hermann BP, Jones JE, Sheth R, Koehn M, Becker T, Fine J,
et al. Growing up with epilepsy: A two-year investigation of
cognitive development in children with new onset epilepsy.
Epilepsia. 2008;49:1847-58.

5. Hoie B, Sommerfelt K, Waaler PE, Alsaker FD, Mykletun A. The
combined burden of cognitive, executive function, and psycho-
social problems in children with epilepsy: a population-based
study. Dev Med Child Neurol. 2010;50:530-6.


https://orcid.org/0000-0002-5570-2240
https://orcid.org/0000-0002-5570-2240
https://orcid.org/0000-0002-6068-8893
https://orcid.org/0000-0002-6068-8893

18 | Epilepsia Open®

6.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

CHENG ET AL.

Jones JE, Bell B, Fine J, Rutecki P, Hermann B. A controlled
prospective investigation of psychiatric comorbidity in tempo-
ral lobe epilepsy. Epilepsia. 2008;48:2357-60.

Jones JE, Siddarth P, Gurbani S, Shields WD, Caplan R.
Cognition, academic achievement, language, and psychopa-
thology in pediatric chronic epilepsy: Short-term outcomes.
Epilepsy Behav. 2010;18:211-7.

. Russ SA, Larson K, Halfon N. A national profile of childhood

epilepsy and seizure disorder. Pediatrics. 2012;129:256-64.

. Oliveira E, Neri M, Capelatto L, Guimardes C, Guerreiro

M. Rolandic epilepsy and dyslexia. Arq. Neuropsiquiatr.
2014;72(11):826-31.

Fastenau PS, Shen JZ, Dunn DW, Austin JK. Academic un-
derachievement among children with epilepsy proportion
exceeding psychometric criteria for learning disability and
associated risk factors. J Learn Disabil. 2008;41(3):195-207.
Article

Flannery KA, Liederman J, Daly L, Schultz J. Male prevalence
for reading disability is found in a large sample of black and
white children free from ascertainment bias. J Int Neuropsychol
Soc. 2000;6:433-42.

Gao Y, Zheng L, Liu X, Nichols ES, Liu L. First and second
language reading difficulty among Chinese-English bilingual
children: the prevalence and influences from demographic
characteristics. Front Psychol. 2019;10:2544.

Dirks E, Spyer G, Lieshout EV, Sonneville LD. Prevalence of
combined reading and arithmetic disabilities. J Learn Disabil.
2008;41:460-73.

Gross-Tsur V, Manor O, Shalev RS. Developmental dyscalculia:
Prevalence and demographic features. Dev Med Child Neurol.
1996;38:25-33.

Lewis C, Hitch GJ, Walker P. The prevalence of specific
arithmetic difficulties and specific reading difficulties in
9-to 10-year-old boys and girls. J Child Psychol Psychiatry.
1994;35:283-92.

Usha B. Arithmetic disabilities: training in attention and
memory enhances arithmetic ability research. J Biol Sci.
2008;3(11):1305-12.

Badian NA. Persistent arithmetic, reading, or arithmetic and
reading disability. Ann Dyslexia. 1999;49(1):43-70. Article
Barbaresi WJ, Katusic SK, Colligan RC, Weaver AL, Jacobsen
SJ. Learning disorder: Incidence in a population-based birth
cohort, 1976-82, Rochester, Minn. Ambul Pediatr. 2005;5:281-9.
Article

Austin JK, Huberty TJ, Huster GA, Dunn DW. Academic
achievement in children with epilepsy or asthma. Dev Med
Child Neurol. 1998;40(4):248-55. Article; Proceedings Paper.
Dunn DW, Johnson CS, Perkins SM, Fastenau PS, Byars AW,
Degrauw TJ, et al. Academic problems in children with sei-
zures: Relationships with neuropsychological functioning and
family variables during the 3 years after onset. Epilepsy Behav.
2010;19:455-61. Article

Fastenau PS, Shen JZ, Dunn DW, Perkins SM, Hermann BP,
Austin JK. Neuropsychological predictors of academic un-
derachievement in pediatric epilepsy: moderating roles of
demographic, seizure, and psychosocial variables. Epilepsia.
2004;45(10):1261-72. Article

Landerl] K, Moll K. Comorbidity of learning disorders: preva-
lence and familial transmission. J Child Psychol Psychiatry.
2010;51:287-94.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Scheffer I, Berkovic S, Capovilla G, Connolly M, French
J, Guilhoto L, et al. ILAE classification of the epilepsies:
Position paper of the ILAE Commission for Classification and
Terminology. Epilepsia. 2017;58:512-21.

Fisher R, Cross J, French J, Higurashi N, Hirsch E, Jansen
F, et al. Operational classification of seizure types by the
International League Against Epilepsy: Position Paper of
the ILAE Commission for Classification and Terminology.
Epilepsia. 2017;58(4):522-30.

Butterworth B, Varma S, Laurillard D. Dyscalculia: from brain
to education. Science. 2011;332(6033):1049-53.

Cheng D, Xiao Q, Chen Q, CuiJ, Zhou X. Dyslexia and dyscalcu-
lia are characterized by common visual perception deficits. Dev
Neuropsychol. 2018;43(6):497-507.

Landerl K, Fussenegger B, Moll K, Willburger E. Dyslexia and
dyscalculia: Two learning disorders with different cognitive
profiles. J Exp Child Psychol. 2009;103(3):309-24.

Mazzocco MMM, Feigenson L, Halberda J. Impaired Acuity
of the Approximate Number System Underlies Mathematical
Learning Disability (Dyscalculia). Child Dev. 2011;82:1224-37.
Price GR, Holloway I, Rédsdnen P, Vesterinen M, Ansari D.
Impaired parietal magnitude processing in developmental dy-
scalculia. Curr Biol. 2007;17(24):R1042-3.

Cheng D, Xiao Q, Cui J, Chen C, Zeng J, Chen Q, et al. Short-
term numerosity training promotes symbolic arithmetic in chil-
dren with developmental dyscalculia: The mediating role of
visual form perception. Dev Sci. 2020;23:€12910.

Mummery CJ, Patterson K, Hodges JR, Price CJ. Functional
neuroanatomy of the semantic system: divisible by what? J
Cogn Neurosci. 1998;10:766-77.

Raven JC, Raven JC, Court JH. Manual for Raven’s progres-
sive matrices and vocabulary scales. Section 1: general over-
view. Oxford: Oxford Psychologists Press, The Psychological
Corporation;1998.

Cirino PT. The interrelationships of mathematical precursors in
kindergarten. J Exp Child Psychol. 2011;108:713-33.
Aldenkamp AP, Weber B, Overweg-Plandsoen WCG, Reijs R,
van Mil S. Educational underachievement in children with ep-
ilepsy: a model to predict the effects of epilepsy on educational
achievement. J Child Neurol. 2005;20:175-80.

Wald E, Klinkenberg S, Voncken TPC, Ebus SCM, Aldenkamp
AP, Vles JSH, et al. Cognitive development in absence ep-
ilepsy during long-term follow-up. Child Neuropsychol.
2019;25(8):1003-21. Article.

Wo SW, Ong LC, Low WY, Lai PSM. The impact of epilepsy on
academic achievement in children with normal intelligence
and without major comorbidities: A systematic review. Epilepsy
Res. 2017;136:35-45.

Sommer M, Waltersbacher A, Schlotmann A, Schroder H,
Strzelczyk A. Prevalence and therapy rates for stuttering, clut-
tering, and developmental disorders of speech and language:
evaluation of german health insurance data. Front. Hum.
Neurosci. 2021;15:645292.

Lin JJ, Mula M, Hermann BP. Uncovering the neurobe-
havioural comorbidities of epilepsy over the lifespan. Lancet.
2012;29(380):1180-92.

Cheng DZ, Yan XX, Xu KM, Zhou XL, Chen Q. The effect of
interictal epileptiform discharges on cognitive and academic
performance in children with idiopathic epilepsy. BMC Neurol.
2020;20(1):7. Article.



CHENG ET AL.

169

Epilepsia Open®

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Huberty TJ, Austin JK, Risinger MW, McNelis AM. Relationship
of selected seizure variables in children with epilepsy to perfor-
mance on school-administered achievement tests. J Epilepsy.
1992;1992(5):10-6.

Sturniolo MG, Galletti F. Idiopathic epilepsy and school
achievement. Arch Dis Childhood. 1994;70:424-8.

Seidenberg M, Beck N, Geisser M, Giordani B, Sackellares J,
Berent S, et al. Academic achievement of children with epi-
lepsy. Epilepsia. 1986;27(6):753-9.

Jackson D, Dabbs K, Walker N, Jones J, Hsu D, Stafstrom C,
et al. The neuropsychological and academic substrate of new/
recent-onset epilepsies. J Pediatrics. 2012;162(5):1047-53.

Puka K, Khattab M, Kerr E, Smith M. Academic achievement
one year after resective epilepsy surgery in children. Epilepsy
Behav. 2015;47:1-5.

Kulak A. Parallels between math and reading disability: common
issues and approaches. J Learn Disabil. 1994;26(10):666-673.
Light J, DeFries J. Comorbidity of reading and mathematics dis-
abilities: genetic and environmental etiologies. J Learn Disabil.
1995;28(2):96-106.

Raddatz J, Kuhn J-T, Holling H, Moll K, Dobel C. Comorbidity
of arithmetic and reading disorder: basic number processing
and calculation in children with learning impairments. J Learn
Disabil. 2016;50(3):298-308.

Koponen T, Eklund K, Heikkila R, Salminen J, Fuchs L, Fuchs
D, et al. Cognitive correlates of the covariance in reading and
arithmetic fluency: importance of serial retrieval fluency. Child
Dev. 2020;91(4):1063-80. Article.

Vega Y, Smith A, Cockerill H, Tang S, Agirre-Arrizubieta Z,
Goyal S, et al. Risk factors for reading disability in families with
rolandic epilepsy. Epilepsy Behav. 2015;53:174-9.

Reilly C, Neville BGR. Academic achievement in children with
epilepsy: A review. Epilepsy Res. 2011;97:112-23.

Williams J, Bates S, Griebel ML, Lange B, Mancias P, Pihoker
CM, et al. Does short-term antiepileptic drug treatment in
children result in cognitive or behavioral changes? Epilepsia.
1998;39:1064-9.

Gu L, Liang B, Chen Q, Long J, Xie J, Wu G, et al. Prevalence of
epilepsy in the People's Republic of China: A systematic review.
Epilepsy Res. 2013;105(1-2):195-205.

Christensen J, Kjeldsen MJ, Andersen H, Friis ML, Sidenius P.
Gender differences in epilepsy. Epilepsia. 2005;46:956-60.
Quinn JM. Differential identification of females and males with
reading difficulties: A meta-analysis. Read Writ. 2018;31:1039-61.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Halpern DF, LaMay ML. The smarter sex: A critical re-
view of sex differences in intelligence. Educ Psychol Rev.
2000;12:229-46.

Eleni G, Anastasia A, Klio S. Reading preferences and strategies
employed by primary school students: gender, socio-cognitive
and citizenship issues. Int Educ Stud. 2012;5(2):24-34.

Poole A. Gender differences in reading strategy use among ESL
college students. J Coll Read Learn. 2005;36:7-20.

Wei W, Lu H, Zhao H, Chen CS, Dong Q, Zhou XL. Gender dif-
ferences in children’s arithmetic performance are accounted
for by gender differences in language abilities. Psychol Sci.
2012;23(3):320-30. Article.

Koumoula A, Tsironi V, Stamouli V, Bardani I, Siapati S, Graham
A, et al. An epidemiological study of number processing and
mental calculation in Greek schoolchildren. J Learn Disabil.
2004;37:377-88.

Shalev RS, Auerbach J, Manor O, Gross-Tsur V. Developmental
dyscalculia: prevalence and prognosis. Eur Child Adolesc
Psychiatry. 2000;9(S2):S58-64.

Germano E, Gagliano A, Arena C, Cedro C, Vetri L, Operto FF,
et al. Reading-writing disorder in children with idiopathic epi-
lepsy. Epilepsy Behav. 2020;111:107118.

Jackson DC, Jones JE, Hsu D, Stafstrom C, Lin J, Almane D,
et al. Language function in childhood idiopathic epilepsy syn-
dromes. Brain Lang. 2019;193:4-9.

Jones J, Siddarth P, Gurbani S, Shields W, Caplan R. Cognition,
academic achievement, language, and psychopathology in pe-
diatric chronic epilepsy: Short-term outcomes. Epilepsy Behav.
2010;18(3):211-7.

Mitchell W, Chavez J, Lee H, Guzman B. Academic un-
derachievement in children with epilepsy. J Child Neurol.
1991;6(1):65-72.

How to cite this article: Cheng D, Miao X, Wu H,
Chen C, Chen Q, Zhou X. Dyscalculia and dyslexia in
Chinese children with idiopathic epilepsy: Different
patterns of prevalence, comorbidity, and gender
differences. Epilepsia Open. 2022;7:160-169. https://
doi.org/10.1002/epi4.12577



https://doi.org/10.1002/epi4.12577
https://doi.org/10.1002/epi4.12577

