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Abstract

OBJECTIVE—The high prevalence and impact of neurodevelopmental comorbidities in 

childhood epilepsy are now well known, as are the increased risks and familial aggregation of 

reading disability (RD) and speech sound disorder (SSD) in rolandic epilepsy (RE). The risk 

factors for RD in the general population include male sex, SSD and ADHD but it is not known if 

these are the same in RE or whether there is a contributory role of seizure and treatment related 

variables.

METHODS—An observational study of 108 RE probands (age range 3.6–22 years) and their 159 

siblings (age range 1–29 years; 83 with EEG data) singly ascertained in the US or UK through an 

affected RE proband. We used a nested case-control design, multiple logistic regression and 

generalized estimating equations to test the hypothesis of association between RD and seizure 

variables or antiepileptic drug treatment in RE; we also assessed an association between EEG 

focal sharp waves and RD in siblings.

RESULTS—RD was reported in 42% of probands and 22% of siblings. Among probands, RD 

was strongly associated with a history of SSD (OR 9.64, 95% CI: 2.45–37.21), ADHD symptoms 

(OR 10.31, 95% CI: 2.15–49.44), and male sex (OR 3.62, 95% CI: 1.11–11.75), but not with 

seizure or treatment variables. Among siblings, RD was independently associated only with SSD 

(OR 4.30, 95%CI: 1.42–13.0) and not with the presence of interictal EEG focal sharp waves.

SIGNIFICANCE—The principal risk factors for RD in RE are SSD, ADHD and male sex, the 

same risk factors as for RD without epilepsy. Seizure or treatment variables do not appear to be 

important risk factors for RD in RE probands, and there was no evidence to support interictal EEG 

focal sharp waves as a risk factor for RD in siblings. Future studies should focus on the precise 

neuropsychological characterisation of RD in RE families, and on the effectiveness of standard 

oral-language and reading interventions.
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1. Introduction

The existence of cognitive, behavioral, psychiatric and somatic comorbidities is well 

documented in epilepsies of childhood. Some of these comorbidities are shared among 

children with epilepsies traditionally considered to have a favorable prognosis, and others 

are unique. For example, attention deficit hyperactivity disorder (ADHD), and problems in 

language and executive function are all common to the syndromes of childhood absence 

epilepsy, rolandic epilepsy (RE) and juvenile myoclonic epilepsy [1–3]. However, RE 

uniquely has a strong and specific association with both reading disability (RD): Odds Ratio 

5.78 (2.86–11.69), and speech sound disorder (SSD): OR 2.47 (1.22–4.97)[4]. A recent 

meta-analysis of 23 RE studies demonstrated moderate to strong effect sizes for impairments 

in single word reading, phonological processing, and receptive and expressive language [3].

RD is one of the commonest neurodevelopmental conditions in childhood, with a prevalence 

in the general population ranging from 5–12% [5]. RD is defined as a specific learning 

Vega et al. Page 2

Epilepsy Behav. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



difficulty in reading and writing not attributable to general intellectual or sensory 

impairment or to a lack of exposure to an appropriate educational environment (ICD-10), 

and though persistent [6], is remediable [7]. RD arises from a combination of environmental 

and genetic components, and more than nine loci have been mapped for “pure” dyslexia 

(dyslexia without neurological comorbidities like epilepsy) [8]. In RE, familial aggregation 

and endophenotype studies have suggested a genetic basis for RD [4, 9]; and a recent 

genetic linkage study identified two susceptibility loci for RD in RE [10].

Certain risk factors for “pure” dyslexia are known, including male gender, SSD and ADHD 

[11–18] but their applicability to epilepsy is untested. These three factors are over-

represented in RE, and could be used as markers of risk if shown to be associated with RD 

in RE [4, 19]. However, unlike in “pure” dyslexia, children with RE also face exposure to 

seizures and antiepileptic drug treatment, and these may contribute additional risk for RD. 

Also, EEG abnormalities, which frequently occur in siblings of RE probands [20], can be 

associated with transient cognitive impairments and impaired overnight memory 

consolidation, and might therefore be considered as a possible RD risk factor, although the 

evidence is controversial [21–32].

Our aims were therefore to (i) assess the distribution of reading disability among a large 

sample of RE probands and siblings; and (ii) determine the evidence for associations of 

demographic, neurodevelopmental and seizure-related variables with RD in the sample. We 

tested the primary hypothesis that the risk of RD was associated with antiepileptic drug 

treatment, age of seizure onset, or lifetime seizures among RE probands. In a subset of 

siblings, we examined the evidence for an association of EEG focal sharp waves and RD.

2. Methods

2.1 Design

We conducted an observational study of RE probands and their siblings with clinical data 

acquired at a single time point to determine distribution of reading disability. We combined 

this with a nested case-control design to assess associations of RD, in which the source 

population comprised children with RE, and where probands and siblings affected by RD 

were treated as cases and RD unaffected probands and siblings as controls.

2.2 Ascertainment

Typical RE probands and their families were prospectively recruited for genetic studies 

principally from US pediatric neurology centers in New York, New Jersey, Pennsylvania, 

Connecticut, Rhode Island and Massachusetts between 2004–2009; and from south-eastern 

UK pediatric centers between 2009–2012. These centers were the principal diagnostic and 

treatment locations for children with RE from the community. Referring clinicians 

specialized either in pediatric neurology (US) or pediatrics (UK), reflecting national referral 

pathways [33]. Ascertainment was through the proband, with no other family member 

required to be affected. A proportion of the US cases have been included in previous reports 

[4].
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2.3 Case definition

RE cases were enrolled if they met stringent eligibility criteria including: at least one 

witnessed seizure with typical features: nocturnal, simple partial seizures affecting one side 

of the body, or on alternate sides; oro-facial-pharyngeal sensorimotor symptoms, with 

speech arrest and hypersalivation; age of onset between 3 and 12 years; no previous epilepsy 

type; normal global developmental milestones; normal neurological examination; at least 

one interictal EEG with centrotemporal sharp waves and normal background; and 

neuroimaging (if performed) that excluded an alternative structural, inflammatory, or 

metabolic cause for the seizures. Both prevalent and incident cases were eligible. Thus cases 

with unwitnessed episodes, or with only secondary generalized seizures were excluded, even 

if the EEG was typical. Experts in epileptology, neurophysiology, and neuroimaging 

centrally reviewed all of the probands’ charts, EEGs, and neuroimaging for eligibility prior 

to recruitment. Table 1 shows the basic characteristics of probands and siblings. Nineteen 

probands had no corresponding siblings; 56 probands had one sibling; 22 had two; 10 had 

three; and one had four.

2.4 Phenotype assessment

A pediatric-trained physician (TC, ST, DKP) interviewed all families either at home, in 

clinic, or by phone. Both parents were interviewed when possible, either together or 

separately, and the proband and siblings were also interviewed when age appropriate to 

complement information about seizure semiology and education. Participants completed a 

125-item questionnaire covering perinatal, developmental, medical, educational, family 

history and detailed seizure semiology and treatment history [4]. The same relevant 

questionnaire items were used for the siblings. Questions that were answered positively were 

followed up in detail by clinical interview to establish ICD-10 diagnoses and to distinguish 

specific from global learning disability. The questionnaire included nine items addressing 

the ICD-10 definitions of reading disorder F81.0, and 13 items addressing speech sound 

disorder (SSD) F80.0.

RD was identified by significant impairment in the development of reading skills not solely 

accounted for by mental age, sensory problems, mother tongue, or inadequate schooling. 

Operationally, we asked about difficulties and teacher concerns about learning to read in the 

first two years of elementary school; reading remediation; educational assessments and 

repeating a grade. We also excluded, by clinical interview and in some cases by audiological 

examination, hearing impairment, social and educational deprivation, and other factors that 

were inconsistent with the diagnosis of RD. We checked available school and psychologist’s 

reports for confirmation, and validated our phenotype assessments of RD in a subset of cases 

and siblings in New York and Providence, RI by formal neuropsychological evaluation [9], 

showing that ICD-10 classifications in this dataset had a 100% positive predictive value and 

90% negative predictive value for reading impairment [9].

SSD is defined by developmentally inappropriate errors (e.g., deletions and substitutions) in 

speech production that reduce intelligibility [34], and which are distinct from stuttering, 

mutism, or aphasia. Operationally, we sought a history of delay in the normal acquisition of 

milestones expected for age, e.g. no single words at 16 months, no two-word sentences at 2 

Vega et al. Page 4

Epilepsy Behav. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



years of age, age-inappropriate difficulty for strangers to understand speech, and preschool 

speech therapy intervention. We included only families where English was a first language 

and excluded individuals with chronic hearing impairment or recurrent otitis media from the 

definition. SSD has its highest prevalence in the preschool period, and declines sharply by 

the age of 5–6 years [35]. Hence a lifetime history of SSD probably represents a more 

accurate estimate of SSD than a speech pathologist/therapist evaluation conducted many 

years after SSD has resolved.

We asked US parents to fill out Attention Deficit Disorders Evaluation Scale (ADDES-

Third Edition Home Version)[36], and UK parents to fill out Conners Rating Scale [37]. 

Both measures are based on the DSM-IV, the most widely recognised definition of ADHD 

[38]. The ADDES is a 46 item questionnaire, based on symptoms of inattention, 

hyperactivity and impulsivity to be used for children between 3–18 years. Conners CPRS-R 

contains 80 items and gives standardized scores for hyperactivity, inattention, DSM-IV 

symptom subscales as well as an ADHD index. Both measures perform similarly and have 

comparable diagnostic utility [39] and are well validated [40]. We calculated the frequency 

of ADHD among probands in separate US and UK strata; no ADHD data was available for 

siblings.

A subset of siblings, between the ages of 4 and 16 years, who were able to travel to a study 

center (Columbia Medical Center, NYC or Kings College Hospital, London) underwent 45–

60 minute sleep electroencephalographs (EEGs) to assess focal sharp waves [20]. EEGs 

were then evaluated blind to identity by two sets of independent neurophysiologists 

(ZAA/SG in UK and CA/LK in US).

2.5 Statistical Analysis

We calculated the frequency of RD, SSD, ADHD in probands; and RD and SSD in siblings. 

Data were excluded on participants who were below the age range at risk for diagnosis of 

RD (6 years), or SSD (2 years). We also computed kappa scores for the inter-rater reliability 

of the two EEG observers. We then assessed the univariate associations between RD and 

demographic and clinical variables: age at interview; sex; number of lifetime seizures; age at 

seizure onset; exposure to no AEDs, one AED (monotherapy) or multiple AEDs 

(polytherapy) in probands. We also assessed univariate associations between RD and age, 

sex, SSD and EEG focal sharp waves among siblings, using generalized estimating 

equations to account for the clustering of siblings within families.

We used multiple logistic regression to investigate the associations of SSD, ADHD, sex, age 

onset, seizure and treatment variables among probands and to test the principal hypothesis, 

computing the odds ratios (OR), after adjusting for other known risk factors, and 95% 

confidence intervals (CI). We used generalised estimating equations (GEE) with a logit link 

and an exchangeable correlation matrix accounting for the clustering of siblings within 

families, to test the independent effects of the significant univariate risk factors for reading 

on the siblings alone.
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The case-control sample had high power to answer the study questions, eg 91% power to 

detect a 0.4 difference in SSD frequency. Analyses were performed using Stata 13.1 for 

Macintosh OS X [41] blind to subject identity.

2.6 Ethics

The institutional review boards or ethical committees of the New York State Psychiatric 

Institute, Columbia University Medical Center; King’s Health Partners; and all collaborating 

centers approved the study. All participants gave written informed consent, and assent where 

appropriate, in accordance with the Declaration of Helsinki.

3. Results

Table 1 shows the characteristics of the 108 probands and 159 siblings in the study. Eighty-

three siblings underwent EEG: 45/83 had no epileptiform abnormalities and 24 had focal 

sharp waves – 15 predominantly left hemisphere and 9 right hemisphere. of the remainder; 

14/83 did not achieve sleep and epileptiform abnormalities therefore may have been missed. 

Of the remaining siblings, 25 did not have EEG because they were either too old or too 

young to detect this developmental trait; and 51 were beyond geographic range of the study 

center to have EEG performed. There was agreement on the presence of CTS between the 

pairs of EEG observers on all except a single recording that was resolved by consensus. 

Sixteen percent of US and 23% of UK probands met definitions for ADHD (p=0.47). Three 

siblings were excluded from SSD classification because of age; 21 were excluded from RD 

classification. No probands were excluded from SSD classification, and nine were excluded 

from RD classification.

3.1 Distribution of RD, SSD and ADHD

Forty-two percent of probands met criteria for RD, 29% met criteria for SSD, and 19% for 

ADHD (Table 2). Among all those classified with RD, a teacher had either reported 

concerns about reading difficulties to the parent (92% of cases), or the child had received 

reading remediation (91% of cases); 75% had an educational assessment, and 21% had 

repeated a grade (all among US families). Twenty-eight percent of probands had a dual or 

triple cognitive/behavioral comorbidity including SSD, RD or ADHD; 53% of all probands 

with RD and 28% of all siblings with RD had an (antecedent) history of SSD. Notably, 

when ADHD occurs in probands, it frequently (84%) accompanies RD, but conversely 

ADHD does not accompany SSD alone; ADHD was present in 40% of probands with RD.

3.2 Determinants of RD

Univariate analysis of probands suggested RD is significantly associated with age at 

interview, male sex, SSD and ADHD, but the data did not provide evidence that RD is 

associated with seizure variables (Table 3). Although antiepileptic drug treatment did not 

increase the odds of RD in probands, polytherapy was associated with almost four-fold 

increase in odds of RD compared with monotherapy; we therefore included polytherapy as a 

covariate in the multivariable model. We addressed the principal hypothesis in multivariable 

analysis of probands alone: RD was very strongly associated with SSD, ADHD and male 

sex (Table 3); but there were no significant independent associations with age of seizure 
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onset, lifetime seizure number or polytherapy – the association with polytherapy did not 

remain when adjusted for SSD.

Univariate analysis of siblings, accounting for familial clustering of siblings, showed that 

RD is associated with SSD but not with sex, age, or EEG focal sharp waves (Table 4). 

Multiple regression analysis with GEE, incorporating siblings confirmed that SSD is a 

strong and significant risk factor for RD, independent of sex, age and familial clustering 

(Table 4).

4. Discussion

We have shown here that reading disability, classified by ICD-10, is very common in RE 

probands (42%) and siblings (22%), and is often preceded by SSD (53% probands, 28% 

siblings). When ADHD is reported in probands, it is usually associated with RD (84%). RD 

in RE is strongly associated with a history of speech sound disorder (OR 9.64), ADHD (OR 

10.31) and male sex (OR 3.62) among probands; these are the same associations reported for 

RD among children without epilepsy [16–18]. We found no evidence of an independent 

association between RD and seizure or antiepileptic drug related variables after accounting 

for the association with SSD and ADHD. Among siblings, we found evidence of a strong 

association between RD and SSD (OR 4.30), but no association with EEG focal sharp 

waves.

4.1 Risk factors for RD in RE

Although language and behavioural comorbidities are common in childhood epilepsies [1], 

RD is commonly associated with RE [3] but has less commonly been found in other 

childhood epilepsies [42, 43]. SSD appears to be relatively specific and frequently 

associated with RE, occurring in approximately 30–40% of probands and 20% of siblings. 

Interestingly, RD is twice as frequent in probands compared to siblings: the reasons for this 

are not known, but we propose that a higher accumulation of risk factors including doubling 

of the male sex ratio and doubling of the SSD affectedness in probands compared to 

siblings, and potential differential distribution of genetic risk factors within RE families with 

higher loading in probands, could explain this. While SSD usually resolves around the age 

of 5–6 years, RD can have a more pervasive impact on school outcome and merits early 

recognition and intervention [6, 7]. RE itself increases the odds of RD by five times, and a 

RD affected RE proband increases the odds of a sibling with RD by two and a half times [4]. 

Older children had higher odds of RD, and this might be because of diagnostic bias ie older 

children have a longer time to present with academic problems. This study further suggests 

that SSD and ADHD may indeed be useful as clinical markers of increased risk for RD in 

RE: each increases the odds or RD by a factor of ten, 80% of ADHD or SSD affected 

probands also have RD, and both SSD and ADHD usually precede the acquisition of reading 

skills. These same associations are well known in the RD literature of the general child 

population [14, 15].
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4.2 Seizure and Treatment variables

Frequent seizures and early age of onset are associated with cognitive regression or 

retardation in the more severe epileptic encephalopathies, but in answer to our primary 

hypothesis, there is no evidence that they increase risk for RD in RE. If true, this is a point 

of reassurance to families, who may be concerned that repeated seizures might impair this 

important academic skill. Polytherapy compared to monotherapy or no-treatment, when 

considered in isolation, carried an increased odds of RD, but this association disappeared 

when SSD and ADHD were included in multivariable analysis. It is possible that speech and 

attentional comorbidity are markers for a form of RE that requires polytherapy, and this 

hypothesis could be tested in independent, appropriately conducted studies.

4.3 Interictal EEG focal spikes in siblings

The impact of interictal EEG focal spikes on cognition in children with epilepsy has been a 

source of debate for several decades [24, 25, 28–31]. EEG focal spikes temporally and 

regionally correlate with transient cognitive impairment [21], and are associated in RE 

probands with attentional impairment [32] and might disrupt overnight memory 

consolidation [27]. Although this present study was limited to the subset of the sibling 

dataset that were in the appropriate age range to demonstrate focal sharp waves on their 

EEG, and were also able to travel to an EEG center (83/159), we found no evidence of 

association between focal sharp waves and RD among siblings. Previously observed 

associations between high EEG spike index and reading performance [22, 26] were not 

adjusted for potential confounding variables, and might have reflected dynamic cognitive 

performance rather than learned reading ability over the long term.

4.4 Limitations

Specific limitations of the study should be considered when interpreting the study results. 

First, although cases were ascertained through pediatricians and pediatric neurologists where 

they are first diagnosed in the community [33], the families who volunteered for the study 

may have self-selected because of concern about comorbidities and thus inflated 

comorbidity estimates. Nevertheless, study refusal rates were less than 10%, suggesting that 

the influence of such a potential bias is probably minimal; also the prevalence of single 

comorbidities did not vary greatly from earlier estimates [4]. Second, our definitions of, for 

example, RD are based on parental and school report, not on direct neuropsychological 

testing; thus they may either underestimate or overestimate the true occurrence of RD. 

Previous sampling has however, shown that these ICD-10 based operational definitions have 

strong validity (100% PPV and 90% NPV) with regard to subsequent “gold standard” 

neuropsychological assessment [4, 9]. Nevertheless, it would be valuable to replicate these 

findings using formal assessments of RD and ADHD. Third, although we showed no 

evidence of association of EEG focal spikes and RD in siblings, this was based on a subset 

of half of the sibling dataset with EEG data; it might be informative to also look at 

quantitative and microstructural aspects of the EEG (delta power and spindle density). 

Fourth, we were not able to examine ADHD as a risk factor for RD among siblings as we 

did in probands.
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5. Conclusions

In conclusion, our findings suggest the utility of male sex, and antecedent histories of SSD 

and ADHD as markers of higher and specific risk for RD in RE that could potentially 

accelerate the identification and remediation of academically relevant cognitive 

impairments. Within the context of RE, neither seizure number or early seizure onset, nor 

treatment factors, increase risk for RD. Clinicians should keep the possibility of reading 

disability in mind when managing children with rolandic epilepsy, especially in the presence 

of these risk factors. When children present under school age, these risk factors could 

prompt early screening tests to indicate whether children are likely to need intervention in 

the coming years. In cases where parents report difficulty in acquiring reading or spelling 

skills, and in the absence of visual or hearing impairments, a full assessment by an 

Educational Psychologist or Specialist Educator may be valuable.”
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Highlights

• Speech sound disorder, ADHD and male sex increase the risk of reading 

disability in rolandic epilepsy between 3 and 10 fold.

• These are the same risk factors for dyslexia in the general population

• Seizures and treatment variables do not independently increase risk for reading 

disability

• We found no evidence of an association between EEG focal sharp waves and 

reading disability in siblings

• Children with RE who carry any of these risk factors should be screened by an 

educational psychologist
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Table 1

Summary characteristics of rolandic epilepsy probands and siblings

Variable Probands Siblings

Total 108 159

Age at recruitment (range) 9.5 (3–22) 10.8 (0.9–28.7)

Male, % 61 37

Right-handedness, % 82 86

Seizure onset: mean age, sd 6.84, 2.45 –

Lifetime seizures

 <6 49% –

 ≥6 51% –

Antiepileptic drugs

 None 30% –

 One 47% –

 Two or more 23% –

EEG

Sleep recording – CTS – 24

Sleep recording no CTS – 45

Awake recording only – 14

Ineligible – geographic range 51

Ineligible – out of age range 25
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Table 2

Prevalence of RD and associated neurodevelopmental conditions among rolandic epilepsy probands and 

siblings

Outcome Probands, n/total (%) Siblings, n/total (%)

Reading disability 42/99 (42) 30/138 (22)*

Speech sound disorder 31/107 (29) 26/153 (17)**

ADHD 19/101 (19) –

*
Pearson’s chi-squared p=0.015;

**
n/s.
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Table 3

Associations of reading disability among RE probands

Explanatory Variable Odds Ratio 95% CI p value

Univariate analysis

 SSD 8.67 2.71–27.75 <0.0001

 ADHD 11.78 2.70–51.39 <0.0001

 Sex, M vs F 5.07 1.86–13.79 0.0004

 Age at interview 1.13 1.01–1.27 0.0353

 Lifetime seizures, high vs low 1.79 0.79–4.09 0.16

 Age seizure onset, younger vs older 0.95 0.80–1.13 0.58

 AEDs vs no AEDs 1.17 0.48–2.86 0.73

 ≥ 2 AED vs 1 AED 3.79 1.29–11.18 0.009

Multivariable analysis, adjusted for sex, age at interview, lifetime seizures and AEDs

 SSD 9.64 2.45–37.21 0.001

 ADHD 10.31 2.15–49.44 0.004

 Sex, M vs F 3.62 1.11–11.75 0.033
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Table 4

Associations of reading disability among RE siblings

Explanatory Variable Odds Ratio 95% CI p value

Analysis adjusted for familial clustering

 SSD 3.36 1.21–9.34 0.02

 Sex, M vs F 1.57 0.67–3.68 0.30

 Age at interview 1.00 0.94–1.07 0.91

 EEG focal sharp waves 1.27 0.32–5.10 0.74

Multivariable analysis, adjusted for sex, age and familial clustering

 SSD 4.30 1.42–13.0 0.01
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