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Background

 Attention deficit/hyperactivity disorder (ADHD) 

A common brain disorder with onset in early 

childhood in widespread, but specific areas of the 

brain

 Frequent comorbidity with epilepsy

 Negative impact on their quality of life, 

significant risk factor for academic 

underachievement

Epidemiology of ADHD among 

children with epilepsy

 ADHD in children with epilepsy: 12 to 39% in 

epidemiological studies (3-5% in general population ;in 

patients with epilepsy and overall normal IQ)

 Epidemiologic studies demonstrated an increased 

incidence in all kinds in children with epilepsy

 52% had combined type, 35% inattentive type, and 13% 

hyperactive-impulsive type (Rhode,1999) 
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First Author, 

Year of 

Publication

Study Population
% With Hyperactivity 

or Combined

% With In 

attention

Onsted, 1955 [3] 830 children with epilepsy 8.4%

Rutter, 1970 [4] 64 children with epilepsy 1.6%

Holdsworth, 

1974 [5]
85 children epilepsy 21% 42%

Bravidor, 1990 

[6]

43 children <6 yr 60% intractable 

epilepsy
47%

Hoare, 1991 [7]
108 children with poorly controlled 

epilepsy, 5-15 yr

48% (54% parent rating 

scales)

Dunn, 2003 [8]
175 children with epilepsy for > 6 mo, 

9-14 yr
14% 24%

Epidemiology of ADHD among 

children with epilepsy

Demographic factors

Gender: boys at increased risk—inconsistent

Family history of ADHD—probable

Neurologic variables

Learning disability or mental retardation

Frontal lobe damage—possible association

Seizure variables

Intractable seizures

Frontal or temporal lobe focus—inconsistent

Frequent subclinical discharges—possible

AEDs

phenobarbital, benzodiazepines, topiramate, gabapentin

Risk Factors for Inattention or ADHD 

in Children With Epilepsy
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Background

 Several factors may contribute to this 

comorbidity, including 

– underlying brain pathology

– chronic effects of seizures and of the epileptiform 

EEG discharges,

– effects of antiepileptic drugs.

– psychosocial factors (environment)

 Neurodevelopmental disorders :

characterized by aberrant and delayed early-life 

development of the brain, leading to deficits in language, 

cognition, motor behaviour and other functional domains, 

often accompanied by somatic symptoms. 

 Environmental factors: 

increase the risk of the heterogeneous, multifactorial and 

polygenic disorders. 

Background
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having gain-of-function versus loss-of-function point mutations at a 
single locus or, alternatively, reflecting epigenetic phenomena, as is 
the case with regard to 15q11-q13 deletions leading alternatively to 
Angelman or Prader Willi syndromes. Fifth, these could reflect the 
involvement of shared behavioral endophenotypes among distinct 
disorders, for example language functioning or attention; and, finally, 
type 1 error combined with publication bias must be considered.

All of these explanations are reasonable, but none convincingly 
account for the entirety of recent observations. For example, although 
distinguishing ASD and schizophrenia may be difficult in  some 
cases, their natural histories are markedly different in  most, making 
it unlikely that diagnostic substitution would be sufficiently common 
to explain the observed overlap. Similarly, although there are certainly 
cases in which children with ASDs go on to develop psychosis in 
adulthood, review of the longitudinal data, although limited, does 
not suggested a substantial increase in risk for psychotic illness in 
adulthood among children presenting initially with ASDs76. Notably, 
given the number of regions that have been found to carry risks for 
both, these questions may now be evaluated directly via prospective 
longitudinal studies of genetically homogenous subjects.

Recent data should also temper arguments that studies of rare muta-
tions are likely to find ID genes, with ASDs appearing as a secondary 
phenomenon. For instance, although large de novo CNVs carry marked 
risks for an ASD diagnosis, we found that they correlate very modestly 
with lower IQ in males and show no such effect in females in the Simons 
simplex collection21. The converse was also true: lower IQ served as a 
poor predictor for an individual carrying an ASD de novo risk CNV. 
These findings, which are consistent with a recent population-based 
twin study that found only a modest correlation of autistic traits and 
lower IQ77, suggest that the co-occurrence of ID and ASDs does not 
necessarily imply a predominant biological role for the former.

A final and, we think important, possibility is that the divergent pheno-
types emerging from identical genetic variation(s) are a consequence 
of the combination of pleiotropy and locus heterogeneity (Fig. 2).  
As considered in more detail below, this model would suggest that 
mutation(s) at hundreds of targets could converge on a much smaller 

number of molecular, cellular and anatomical pathways that are criti-
cal to the development and function of the CNS. Subtle alterations 
in these basic processes would then set the stage for developmental 
trajectories that could encompass a wide array of behavioral, emo-
tional and social phenomena. The emergence of a complex behavioral 
phenotype would consequently be influenced by multiple inputs (not 
addressed in detail here) beyond the initial genetic insult, including 
environmental factors, epigenetic mechanisms, stochastic events and 
additional genetic variations, either in the form of multiple rare alleles 
or additional modulatory common variants.

What is clear at present is that the field has not yet arrived at a new 
coherent understanding of the relationship of genotype and phenotype in 
ASDs. The observations of profound genetic heterogeneity present a clear 
contrast to the coherence of ASDs observed at the phenomenological and 
clinical level, as exemplified in replicable neuroimaging, eye-tracking and 
other neuropsychological findings across patient cohorts. The next big 
hurdle, in the wake of the current exciting era of gene discovery, will be 
to not only clarify how identical risks emerge as distinct phenomena, but 
to integrate this understanding into the development of new therapeutics 
and the reconceptualization of approaches to psychiatric diagnosis.

Top down versus bottom up: the hard work of next steps
Given the sheer amount of genomic, transcriptomic and proteomic 
data already available, combined with an ever-increasing, detailed 
understanding of the organization of local and long distance circuits 
involved in higher social-emotional and cognitive processes, the 
task of extending beyond correlational relationships in  childhood-
onset neurodevelopmental disorders is daunting. Studies that delve 
deeply into single risk factors currently remain the most tractable for 
investigators. However, these require more than the observation of a 
genetic variation accompanied by a descriptive analysis of behavioral 
outcomes. Risk must be connected to specific neurodevelopmental 
phenomena to make findings relevant and translatable.

However, given that there are literally thousands of genes involved 
in the histogenic processes of neuronal and glial specialization, 
migration, axon targeting, synaptogenesis, and activity-dependent  

Figure 2  Convergent rare risks and common 

modulators leading to divergent neuropsychiatric 

disorders. The figure illustrates one explanatory 

model for the combination of specific rare 

variations, carrying large effects for ASDs,  

with common functional variants modulating  

the risk for clinically distinct phenomena.  

The ideogram on the left represents the human 

genome, the black bars indicate the high degree 

of locus heterogeneity underlying ASD, and the 

dashed lines link divergent loci to rare mutations 

that disrupt protein function and/or structure 

and subserve coherent molecular pathways. 

Here this is illustrated as multiple mutations 

in synaptic molecules, although, as noted in 

the text, it is likely that a variety of distinct 

neural-developmental processes are altered by 

ASD-related mutations. In this model, alterations 

to basic cellular and molecular processes are 

expressed through increasingly complex layers 

of organization, represented in the figure by the 

diffusion tensor imaging data showing long-range neural pathways. Moreover, the manifestations of these altered molecular and cellular processes play out 

across development and are influenced by a variety of factors, including common functional genetic variation (most likely regulatory in nature), stochastic 

effects, environmental inputs and epigenetic phenomena. The graph on the far right further illustrates that particular genetic variations may launch and 

simultaneously influence diverse developmental trajectories (lines of similar colors reflect rare mutations in the same CNV or gene) that may ultimately 

correspond to a range of distinct clinical phenomena (in this example, ASDs and schizophrenia (Scz)) or to typical development.
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Genetics of neurodevelopmental

disorders 
 The same large (100 kb) deletions/duplications present in 

patients with a wide range of neurodevelopmental 

phenotypes 

 Including autism, developmental disability, 

schizophrenia, attention deficit hyperactivity disorder 

(ADHD), and seizures 

 An abnormality in one gene, perhaps acting in concert 

with other genetic or environmental factors, could 

manifest in many different phenotypes

The Genetics of Related 

Disorders 

 Copy-number changes 

– schizophrenia

– epilepsy

– attention deficit–hyperactivity disorder (ADHD) 

– Autism

– Intellectual disability

– Tourette syndrome
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 Developmental neurobiology of ASD risk genes. (A) Diverse subcellular 

distribution and pleiotropic roles for syndromic and idiopathic ASD proteins. (B) 

Expression profiles of select previously established and newly identified ASD 

genes during development of the human neocortex.    Science Vol 337, Sep 2012

Many-to-one relationship

 Gene-brain-behavior relationships

 Emergence of higher-order functions disrupted in psychiatric 

disorders influenced by neurodevelopmental processes guided by 

thousands of genes 

 Organized circuitries that include sensory and motor, autonomic 

regulatory, social emotional and cognitive domains 

 ASD has steadily increased, now reaching well into the hundreds,  

with no single locus accounting for more than 1% of cases.

 This suggests that future studies need to go beyond isolated 

molecular dissections of single mutations.
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“One-to-many” phenomenon

 Overlap of risks for distinct disorders.

 Identical highly penetrant variants in different individuals 

carry large effects but for a wide range of outcomes, 

including, but likely not limited to, ASD, epilepsy, 

intellectual disability, and schizophrenia.

 This ―one-to-many‖ phenomenon, combined with the 

biological pleiotropy of genes that have so far been 

implicated in ASD
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1340 samples and 16 human brain regions, 15 

developmental periods, ranging from embyronic 

development to late adulthood
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Background

 6.1% of ADHD abnormal  EEG results; only 3.5% of healthy 

children (Pediatr Neurol, 2002).

 Children with unprovoked seizures: behavioral disturbances more 

common before the onset of the first seizure compared to controls 

(Pediatrics, 2001). 

 148 children with first unprovoked seizures and 89 seizure-free 

sibling controls: attention problems before the first seizure 2.4-fold 

more common in children with seizures (8.1%) than in controls 

(3.4%) (Seizure, 1997)

Background

 Most of the previous study regarding relationship between 

ADHD and epilepsy were:

– Case control study (minority)

– Review of medical records

– Most studies have been undertaken in clinic settings and not in large 

populations
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Objective

 Since there is a high association between the ADHD 

and epilepsy, there might be a bidirectional 

relationship between these two disorder.

 We performed a population-based cohort study to 

evaluate correlation between ADHD and epilepsy.

Epilepsy …..ADHD

ADHD….. Epilepsy
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Data source

 An electronically claims database of Taiwan National Health 
Insurance (NHI) program 

– covering 99% of the total 23 million population

– contracting with more than 90% of health care facilities in 
Taiwan

 A subset of the longitudinal data containing randomly selected 
cohort of one-million insurants was used in this study. 

 we conducted two analysis for evaluating the bidirectional 

relation between 

– attention-deficit hyperactivity disorder 

 ADHD; International Classification of Disease, Ninth Revision 

[ICD-9], Clinical Modification, code: 314.00, 314.01 

– epilepsy (ICD-9 345) using the same procedure to select study 

subjects. 

 Study subjects in this study were children under age 18 and 

without mentally retarded (ICD-9 317-319). 

Study design and subjects



13

 In analysis 1, we selected children newly diagnosed epilepsy during 
1999-2008 and a non-epilepsy comparison group, excluding those 
with ADHD before.

 Analysis 2 contains children newly diagnosed ADHD during 1999-
2008 and a non-ADHD comparison group, excluding those with 
epilepsy before. 

 Index date was defined as the date of diagnosis with epilepsy (analysis 
1) or ADHD (analysis2). 

Study design and subjects

 Comparison groups: 

– randomly selected 

– matched on exact age, sex and the index year 

– based on a control-to-case ratio 4.

 All patients were observed from the index date to the date of ADHD 

(analysis 1) or epilepsy (analysis 2), cancellation of insurance coverage, 

death or December 31, 2008, whichever came first.

Study design and subjects
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excluding those with ADHD before excluding those with epilepsy before

Analysis 1: epilepsy and subsequent risk 

of ADHD

 Prevalence for epilepsy: 0.34% 

 The mean age was 8 years (SD 5.3 years) in epilepsy 

group, the same as the comparison group; 

 male : female = 1.2 : 1.0

 distribution of the area : no significant difference
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Analysis 1: epilepsy and subsequent risk 

of ADHD
 The median follow-up 

– epilepsy group : 7.0 years 

– comparison group: 7.5 years

 The incidence of ADHD

– Epilepsy: 7.76 per 1000 person-years 

(0.77%)

– Comparison: 3.22 per 1000 person-years (0.32%)



16

excluding those with ADHD before excluding those with epilepsy before

Analysis 2: ADHD and subsequent risk of 

epilepsy

 Prevalence for ADHD:  0.5%

 The mean age was 9 years (SD 3.0 years) in ADHD group, the 

same as the comparison group; 

 male : female = 4 : 1 

 Children living in higher urbanized area had higher percentage 

of ADHD. 
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Analysis 2: ADHD and subsequent risk of 

epilepsy

 The median follow-up 

– ADHD group: 3.3 years

– comparison group: 3.5 years

 The incidence of epilepsy

– ADHD group:3.24 per 1000 person-years (0.32%) 

– comparison group: 0.78 per 1000 person-years 

(0.08%) 



18

Discussion

 Analysis 1: epilepsy and subsequent risk of 

ADHD

– Our sample (general population)

 male : female = 1.2/1.0 (no difference)

 Prevalence of epilepsy = 0.34% (0.5-1%)

Analysis 1: epilepsy and subsequent risk of 

ADHD

 Previous retrospective studies :

– Children with epilepsy have a significant risk for ADHD, a 
prevalence of 12–39% , 

– general pediatric population: 3-7%

 the incidence of ADHD

– Epilepsy: 7.76 per 1000 person-years 

(0.77%)

– Comparison: 3.22 per 1000 person-years (0.32%)

 Children with epilepsy had higher risk of developing ADHD 

– adjusted HR=2.54, 95% CI=2.02-3.18
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Discussion

 Analysis 2 : ADHD and subsequent risk of 

epilepsy

– Our sample (general population)

 male : female = 4:1 (5:1)

 Prevalence of ADHD = 0.5% (3-7 %)

Discussion

 Analysis 2 : ADHD and subsequent risk of epilepsy

– population-based case-control study (n=109): 

 A history of ADHD was 2.5-fold more common among 

children with newly diagnosed seizures 

 The association was restricted to ADHD 

predominantly inattentive type (odds ratio [OR], 3.7; 

95% CI, 1.1-12.8), 

 not ADHD predominantly hyperactive-impulsive type 

(OR, 1.8; 95% CI, 0.6-5.7) or 

 ADHD combined type (OR, 2.5; 95% CI, 0.3-18.3). 

Pediatrics 2001
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Analysis 2: ADHD and subsequent 

risk of epilepsy

 The incidence of epilepsy

– ADHD group:3.24 per 1000 person-years (0.32%) 

– comparison group: 0.78 per 1000 person-years 

(0.08%) 

 Children with ADHD had higher risk of 

developing epilepsy

– adjusted HR=3.94, 

Discussion
 Epileptic seizures can, by themselves, cause or aggravate 

ADHD

– Epilepsy-induced impairment of networks

 ADHD and epilepsy

– a common underlying causative factors,

 including genetics and environmental factors

– leading to a cascade of transcriptional changes in the brain 

(plasticity, apoptosis, neurogenesis) 

– alters behavior or cognition prior to the appearance of 

seizures.
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Discussion

 Limitation of our study:

– Which type of ADHD had higher risk of developing epilepsy is 
unknown

– Diagnoses of ADHD using standard diagnostic criteria? 
underdiagnosis?

– Factors other than mental retardation, e.g cerebral palsy, 
predicting attention problems were not excluded

– Influence of AEDs/ADHD medication on subsequent seizure or 
inattention were not excluded

Discussion

 Are the child’s seizures adequately controlled?

 EEG monitoring: determine the presence of unrecognized 

seizure (particularly inattention , the predominant 

symptom) 

 Subclinical EEG subtle effect: still controversial

 AED side effect: particularly on phenobarbital, 

benzodiazepines, gabapentin or topiramate

 Treatment with stimulant medication in most children 

with ADHD
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Conclusion

 Early identification of ADHD and epilepsy 
comorbidity is crucial .

 Pediatrics neurologist should look for temporal 
relationships between the course of the epilepsy, and 
the onset of ADHD

 In children with epilepsy, might need drugs 
combination to improve long-term cognitive and 
behavioral prognosis.

, i
Children’s Medical Center ,China Medical University & Hospital

Thanks for Your Attention !!


