
Evidence for a shared genetic susceptibility tomigraine and

epilepsy
*†Melodie R.Winawer, †Robert Connors, and 1the EPGP Investigators

*G.H. Sergievsky Center, ColumbiaUniversity, NewYork, NewYork, U.S.A.; and

†Department of Neurology, ColumbiaUniversity, NewYork, NewYork, U.S.A.

SUMMARY

Purpose: Although epilepsy and migraine are known to

co-occur within individuals, the contribution of a shared

genetic susceptibility to this comorbidity remains unclear.

We investigated the hypothesis of shared genetic effects

on migraine and epilepsy in the Epilepsy Phenome/Gen-

ome Project (EPGP) cohort.

Methods: We studied prevalence of a history of migraine

in 730 EPGP participants aged � 12 years with nonac-

quired focal epilepsy (NAFE) or generalized epilepsy (GE)

from 501 families containing two or more individuals with

epilepsy of unknown cause. Information onmigraine with-

out aura (MO) andmigraine with aura (MA) was collected

using an instrument validated for individuals � 12 years.

Because many individuals have both MO and MA, we con-

sidered two nonoverlapping groups of individuals with

migraine: those who met criteria for MA in any of their

headaches (MA), and those who did not (“MO-only”).

EPGP participants were interviewed about the history of

seizure disorders in additional nonenrolled family mem-

bers.We evaluated associations of migraine prevalence in

enrolled subjects with a family history of seizure disorders

in additional nonenrolled relatives, using generalized esti-

mating equations to control for the nonindependence of

observations within families.

Key Findings: Prevalence of a history of MA (but not MO-

only) was significantly increased in enrolled participants

with two or more additional affected first-degree rela-

tives.

Significance: These findings support the hypothesis of a

shared genetic susceptibility to epilepsy andMA.

KEY WORDS: Epilepsy, Seizure, Migraine, Genetic,

Comorbidity.

The comorbidity of migraine and epilepsy is well estab-
lished. The prevalence of epilepsy in migraineurs substan-
tially exceeds that of the general population (Andermann &
Lugaresi, 1987; Tellez-Zenteno et al., 2005), and the inci-
dence of migraine headaches in individuals with epilepsy is
nearly twice that of individuals without epilepsy (Ottman &
Lipton, 1994). Although both epilepsy and migraine are
individually influenced by genetic factors, the contribution
of a shared genetic susceptibility to their comorbidity
remains unclear (Ottman & Lipton, 1996).

Several lines of evidence support shared genetic effects
on migraine and epilepsy. First, migraine and epilepsy have
been linked to the same chromosomal regions within indi-
vidual families. Linkage of migraine, epilepsy, or the com-
bined phenotype has been reported for loci on 9q21–q22,
12q24.2–24.3, and 14q12–q23 (Deprez et al., 2007; Polvi

et al., 2012). Second, epilepsy and the rare migraine variant,
familial hemiplegic migraine (FHM), have overlapping
genetic contributions. Mutations in CACNA1A and ATP1A2
were identified in both FHM and epilepsy (Imbrici et al.,
2004; Dichgans et al., 2005; Deprez et al., 2008), and muta-
tions within the SCN1A gene may cause FHM (Dichgans
et al., 2005), genetic epilepsy with febrile seizures plus
(GEFS+), or Dravet’s syndrome (Escayg et al., 2000; Claes
et al., 2001). Third, migraine was found to be nearly twice
as common in probands with rolandic epilepsy and their sib-
lings without epilepsy than in controls without epilepsy and
their siblings without epilepsy (Clarke et al., 2009). Taken
together, these studies support the existence of shared
genetic influences on migraine and epilepsy; however, they
are all restricted to single families and/or specific epilepsy
or migraine syndromes.

Results from the Epilepsy Family Study of Columbia
University (EFSCU) did not support a shared genetic
susceptibility to migraine and epilepsy (Ottman & Lipton,
1996). In EFSCU, migraine prevalence was not increased in
individuals with a family history of epilepsy in first-degree
relatives, compared to those without a family history of
epilepsy. Similarly, the risk of epilepsy was not increased in
the first-degree relatives of individuals with both epilepsy
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and migraine, compared to the relatives of those with epi-
lepsy but without migraine. These results corroborated
those of another study that failed to find an increased preva-
lence of migraine in relatives of probands with epilepsy
compared with relatives of controls (Andermann & Ander-
mann, 1987). Therefore, the extent to which a shared
genetic susceptibility for epilepsy and migraine underlies
the comorbidity of these two disorders is unclear.

We examined the occurrence of migraine in families with
generalized epilepsy (GE) or nonacquired focal epilepsy
(NAFE) from the Epilepsy Phenome/Genome Project
(EPGP). In EPGP, participants were evaluated for a history
of migraine and were asked to list additional relatives with
seizures beyond those family members already enrolled.
We were therefore able to assess the relationship between
the number of additional relatives with seizure disorders in
the family and the prevalence of a history of migraine in
EPGP participants, taking into account the closeness of rela-
tionship of these additional affected relatives to enrolled
participants.

Methods

The Epilepsy Phenome/Genome Project
EPGP is an ongoing study whose goal is to recruit,

perform detailed phenotyping on, and collect DNA from
3,750 participants with epilepsy. EPGP includes 27 clinical
centers in the United States, Canada, Argentina, Australia,
and New Zealand. Participants are ascertained through
screening of patients at local centers, referrals, and a
national recruitment campaign. At each clinical site,
detailed information is collected on epilepsy phenotype,
family history, electrophysiologic characteristics, neuro-
imaging findings, demographic variables, and response to
anticonvulsant medications.

One arm of EPGP focuses on the enrollment of affected
sibling pairs and parent-child pairs with epilepsy of
unknown cause. Participants in this arm of the study are
required to have well-characterized GE or NAFE; families
need not necessarily be concordant for epilepsy type to be
eligible. The analysis presented here is restricted to these
NAFE and GE families.

Each site’s institutional review board has approved the
use of human subjects for this study, and all participants
provided written informed consent.

Participants
Eligibility requirements for GE/NAFE participants

included a lifetime history of two or more unprovoked
seizures or one seizure with epileptiform electroencepha-
lography (EEG) activity. In the GE/NAFE arm of the study,
participation (enrollment) of at least an affected sibling pair
or parent-child pair with epilepsy was required; less
commonly, more than two relatives were enrolled (e.g.,
three siblings, or a sibling pair plus a parent). Individuals

with only febrile or other acute symptomatic seizures were
excluded, as were those with a history of acquired central
nervous system injury before epilepsy onset. Individuals
with autistic disorder, pervasive developmental disorder, or
severe developmental delay prior to the onset of seizures
and medication use were also excluded. Potential partici-
pants were considered ineligible if they had an identified
pathogenic mutation in a previously identified epilepsy
gene.

To be classified as NAFE, neuroimaging was required to
be normal or demonstrate mesial temporal sclerosis (MTS)
or focal cortical dysplasia (FCD). Individuals with MTS or
FCDwere not excluded because these lesions are not clearly
a result of exogenous injury. Patients with NAFE were also
required to have focal EEG abnormalities or unambiguous
clinical semiology consistent with focal seizures. Partici-
pants with benign rolandic epilepsy diagnosed by clinical
presentation were not required to have neuroimaging.

To be classified as GE, participants had to have general-
ized onset seizures, normal neuroimaging if done (though
not required), and an EEG showing generalized epilepti-
form activity with a normal posterior dominant rhythm for
age.

Data collection
Phenotypic information was collected using telephone

or in-person interviews (Nesbitt et al., 2012) and medical
record abstraction. Participants with epilepsy were adminis-
tered a detailed semistructured diagnostic interview
designed to ascertain seizure types, semiology, seizure fre-
quency, age at onset, history of status epilepticus, epilepsy
syndrome, anticonvulsant response, and additional medical
conditions including migraine. The interview was modified
from a previously validated instrument (Ottman et al.,
1990, 1993b). Basic laboratory data (e.g., serum AED
levels), high-resolution magnetic resonance imaging (MRI)
scans, EEG studies, and results of video-EEG telemetry
were abstracted from the medical record. A blood sample
was drawn from each participant and sent to the National
Institute of Neurological Disorders and Stroke (NINDS)
Human Genetics DNA and Cell Line Repository at the
Coriell Institute for Medical Research for DNA extraction.
Representative EEG and MRI and medical records were
reviewed by EPGP’s Electrophysiology and Imaging Cores,
respectively. A final diagnosis was completed by the local
site principal investigator based on all the collected infor-
mation, and served as the source of the NAFE and GE diag-
noses for our analyses. The diagnoses of a subset of cases
were reviewed independently by two members of EPGP’s
Data Review Core to ensure data quality and consistency.
We restricted analysis to individuals who had completed
final diagnoses at the time of the analysis (April, 2012), and
who had either GE or NAFE, but not both.

Migraine in EPGP participants was assessed using a stan-
dardized and validated interview, as recommended in the
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NINDS Common Data Elements Project (Lipton et al.,
2001). Because this interview is validated for individuals
aged 12 or older, we restricted our analyses to individuals in
this age range. Individuals were diagnosed with migraine
with aura (MA) or migraine without aura (MO) based on the
criteria of the International Classification of Headache Dis-
orders (2004). Because many individuals have both MO and
MA, we considered two independent groups of individuals
with migraine: those who met criteria for MA in any of their
headaches (denoted MA) and those who did not (denoted
“MO-only”).

Data on history of seizure disorders in other family mem-
bers were collected through a single interview question that
asked enrolled participants to report any additional relatives
affected with epilepsy or a seizure disorder. For each family,
we identified the total number of relatives reported to be
affected beyond the enrolled participants (denoted “addi-
tional” affected relatives below), and also the number who
were first-degree relatives of enrolled participants (i.e., par-
ents, siblings, or offspring of enrolled participants).

Statistical analysis
We computed odds ratios (ORs) and 95% confidence

intervals (CIs) for migraine in EPGP participants, using the
history of seizure disorders in additional relatives as the pre-
dictor. For this analysis we used generalized estimating
equation (GEE) models to control for the nonindependence
of participants within the same family. To control for poten-
tial confounding by age, sex, participant type (e.g., proband,
parent, or sibling), and epilepsy type (GE or NAFE), we
added these variables to the model and computed adjusted
ORs and CIs. These analyses were repeated using any
migraine, MO-only, and MA as the outcome, and using as
the predictor either the total number of relatives reported to
have had seizure disorders (0, 1, or, � 2), or the number of
affected first-degree relatives. We also examined the effect
of stratifying by epilepsy type (GE or NAFE) in enrolled
participants.

Results

The analysis included 730 EPGP participants (probands,
siblings, or parents) aged 12 or older with either GE orNAFE
(but not both), completed epilepsy diagnoses, and complete
information on migraine history. These participants were
from 501 families (Table 1), averaging 1.5 (range 1–4)
EPGP participants, and 0.4 (range 0–4) additional relatives
reported to have had seizure disorders per family. (Although
all EPGP families contain � 2 affected individuals, in many
cases only one EPGP participant per familymet the inclusion
criteria for the current analysis.) The distribution of Interna-
tional League Against Epilepsy (ILAE) syndromes in the
included participants is shown in Table 2.

We examined the factors associated with prevalence of a
history of migraine in EPGP participants (Tables 3–5).

Table 1. Distribution of EPGP families by number of

enrolled and nonenrolled affected individuals

Number of

additional

(nonenrolled) family

members with

seizure disorders

Number of enrolled family

members with GE or NAFE

Total1 2 3 4

0 199 164 6 1 370

1 56 37 1 0 94

2 20 6 0 0 26

3 5 3 0 0 8

4 1 2 0 0 3

Total 281 212 7 1 501

Table 2. Distribution of ILAE syndromes in participants

included in analysis

ILAE syndrome N (%)

1000 LRE-NOS 23 (3.2)

1100 Idiopathic LRE-NOS 47 (6.4)

1110 BECTS 12 (1.6)

1120 Childhood epilepsy with occipital paroxysms 1 (0.1)

1200 cLRE-NOS 90 (12.3)

1210 cTLE-NOS 68 (9.3)

1211 cTLE-Amygdalohippocampal 8 (1.1)

1212 cTLE-lateral 4 (0.5)

1220 Cryp parietal 3 (0.4)

1230 Cryp occipital 7 (1.0)

1240 Cryp frontal-NOS 9 (1.2)

1300 Symp LRE-NOS 4 (0.5)

1310 Symp TLE-NOS 6 (0.8)

1311 Symp TLE-Amygdalohippocampal 7 (1.0)

1312 Symp TLE-lateral 1 (0.1)

1340 Symp frontal-NOS 5 (0.7)

2000 GE-NOS 6 (0.8)

2100 IGE-NOS 170 (23.3)

2140 CAE 62 (8.5)

2145 CAE-JAE indistinguishable (onset age 9–11) 27 (3.7)

2150 JAE (onset 12 or older) 21 (2.9)

2160 JME (onset 10 or older) 102 (14.0)

2170 Epilepsy with GTCs on awakening 2 (0.3)

2180 IGE with sz precip by spec modes of activation 6 (0.8)

2190Other IGEs not defined above 13 (1.8)

2191 Late-onset IGE, NOS 5 (0.7)

2192 CAE-JME indistinguishable 3 (0.4)

2193 JAE-JME indistinguishable 8 (1.1)

2200 Gen cryp or symp epil-NOS 2 (0.3)

2240 Epilepsy with myoclonic-astatic seizures 2 (0.3)

2250 Epilepsy with myoclonic absences 2 (0.3)

2290Other cryp-symp epilepsy 2 (0.3)

2300 Symp generalized epilepsy NOS 1 (0.1)

4120 Isolated unprovoked seizurea 1 (0.1)

Total 730

NOS, Not otherwise specified; LRE, localization-related epilepsy; cLRE,
cryptogenic LRE; BECTS, benign epilepsy with centrotemporal spikes; cTLE,
cryptogenic TLE; cryp, cryptogenic; symp, symptomatic; GE, generalized epi-
lepsy; IGE, idiopathic generalized epilepsy; CAE, childhood absence epilepsy;
JAE, juvenile absence epilepsy; JME, juvenile myoclonic epilepsy; GTC, general-
ized tonic–clonic seizure.

aIndividuals with isolated unprovoked seizures were enrolled in EPGP if
they had epileptiform EEG abnormalities. The single individual with an isolated
unprovoked seizure had a generalized epileptiform EEG abnormality and was
therefore coded as GE in our analyses.
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Prevalence of a history of any migraine in enrolled partici-
pants (probands, siblings, or parents) was significantly
greater in women (32%) than in men (15%; Table 3), and in
older versus younger individuals. Migraine prevalence in
probands was also higher in women (30%) than in men
(17%). Prevalence was higher in parents than probands or
siblings, but this difference disappeared after adjustment,
suggesting that it was attributable to older age and a greater
proportion of female versus male parents compared with
probands and siblings (72% of parents were female, com-
pared with 55% of probands and 63% of siblings). Preva-
lence did not differ significantly by epilepsy type (GE vs.
NAFE). These trends were similar for MO-only (Table 4)
andMA (Table 5).

The prevalence of any migraine and MA in enrolled par-
ticipants (i.e., siblings, probands, or parents) increased when
two or more additional first-degree relatives were reported
to have seizure disorders in the family (Tables 3 and 5;
Fig. 1), but the prevalence of MO-only did not (Table 4).
The association of MA prevalence with number of addi-
tional affected relatives was restricted to first-degree rela-
tives with seizure disorders; when MA prevalence was
examined in relation to the total number of relatives with
seizure disorders, the OR was much reduced and was not
significant (adjusted OR for � 2 vs. 0 affected relative of
any type = 1.4, 95% CI 0.77–2.53). The effect of the num-
ber of affected relatives with epilepsy on MA prevalence

Table 3. Anymigraine in EPGP participants

No. participants
Unadjusted Adjusted

Total

With any

migraine (%) OR (95%CI)a OR (95%CI)b

All participants 730 184 (25.2) – –
Female 445 140 (31.5) 2.5 (1.72–3.66) 2.4 (1.62–3.52)
Male 285 44 (14.5) 1.0 (referent) 1.0 (referent)

Age (years)

12–24 340 56 (16.5) 1.0 (referent) 1.0 (referent)

25–39 189 66 (34.9) 2.7 (1.79–4.13) 2.3 (1.50–3.67)
� 40 201 62 (30.8) 2.3 (1.48–3.46) 1.6 (1.02–2.82)

Probands 371 87 (23.5) 1.0 (referent) 1.0 (referent)

Siblings 231 52 (22.5) 1.0 (0.65–1.38) 0.9 (0.62–1.35)
Parents 128 45 (35.2) 1.8 (1.16–2.70) 1.2 (0.70–1.95)
Generalized

epilepsy

435 103 (23.7) 1.0 (referent) 1.0 (referent)

Focal epilepsy 295 81 (27.5) 1.2 (0.86–1.73) 1.2 (0.83–1.73)
No. additional

first-degree

relatives with

seizure

disorders

None 549 131 (23.9) 1.0 (referent) 1.0 (referent)

1 133 33 (24.8) 1.1 (0.66–1.69) 1.0 (0.59–1.58)
� 2 48 20 (41.7) 2.3 (1.19–4.38) 2.0 (0.99–3.85)

aBivariate odds ratio and 95% confidence interval, computed by generalized
estimating equations.

bMultivariate odds ratio and 95% confidence interval, computed by general-
ized estimating equations, with all variables in table included in the model.

Table 4. Migraine without aura only (MO-only) in EPGP

participants

No. participants
Unadjusted Adjusted

Total

With

MO-only

(%) OR (95% CI)a OR (95%CI)b

All participants 730 102 (14.0) – –
Female 445 74 (16.6) 1.8 (1.15–2.93) 1.8 (1.11–2.83)
Male 285 28 (9.8) 1.0 (referent) 1.0 (referent)

Age (years)

12–24 340 34 (10.0) 1.0 (referent) 1.0 (referent)

25–39 189 39 (20.6) 2.3 (1.43–3.84) 2.1 (1.23–3.46)
� 40 201 29 (14.4) 1.5 (0.87–2.65) 1.2 (0.62–2.35)

Probands 371 53 (14.3) 1.0 (referent) 1.0 (referent)

Siblings 231 25 (10.8) 0.7 (0.44–1.20) 0.7 (0.43–1.19)
Parents 128 24 (18.8) 1.4 (0.83–2.31) 1.2 (0.63–2.14)
Generalized

epilepsy

435 59 (13.6) 1.0 (referent) 1.0 (referent)

Focal epilepsy 295 43 (14.6) 1.1 (0.70–1.68) 1.1 (0.70–1.69)
No. additional

first-degree

relatives with

seizure

disorders

None 549 76 (13.8) 1.0 (referent) 1.0 (referent)

1 133 18 (13.5) 1.0 (0.54–1.76) 0.9 (0.49–1.63)
� 2 48 8 (16.7) 1.3 (0.56–2.76) 1.1 (0.50–2.38)

aBivariate odds ratio and 95% confidence interval, computed by generalized
estimating equations.

bMultivariate odds ratio and 95% confidence interval, computed by general-
ized estimating equations, with all variables in table included in the model.

Table 5. Migraine with aura (MA) in EPGP participants

No. participants
Unadjusted Adjusted

Total With MA (%) OR (95%CI)a OR (95% CI)b

All participants 730 82 (11.2) – –
Female 445 66 (14.8) 2.9 (1.67–5.13) 2.7 (1.51–4.76)
Male 285 16 (5.6) 1.0 (referent) 1.0 (referent)

Age (years)

12–24 340 22 (6.5) 1.0 (referent) 1.0 (referent)

25–39 189 27 (14.3) 2.4 (1.31–4.43) 2.1 (1.07–3.98)
� 40 201 33 (16.4) 2.8 (1.63–4.93) 2.2 (1.15–4.22)

Probands 371 34 (9.2) 1.0 (referent) 1.0 (referent)

Siblings 231 27 (11.7) 1.3 (0.83–2.08) 1.2 (0.74–2.11)
Parents 128 21 (16.4) 1.9 (1.10–3.43) 1.1 (0.57–2.14)
Generalized

epilepsy

435 44 (10.1) 1.0 (referent) 1.0 (referent)

Focal epilepsy 295 38 (12.9) 1.3 (0.83–2.08) 1.3 (0.77–2.04)
No. additional

first-degree

relatives with

seizure

disorders

None 549 55 (10.0) 1.0 (referent) 1.0 (referent)

1 133 15 (11.3) 1.1 (0.60–2.16) 1.1 (0.55–2.09)
� 2 48 12 (25.0) 3.0 (1.42–6.32) 2.5 (1.13–5.46)

aBivariate odds ratio and 95% confidence interval, computed by generalized
estimating equations.

bMultivariate odds ratio and 95% confidence interval, computed by general-
ized estimating equations with all variables in table included in the model.
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did not differ by epilepsy type (GE vs. NAFE), although
small numbers in each group widened CIs for the ORs (not
shown in tables: adjusted OR for GE = 2.8 [0.96–8.05];
NAFE = 2.2 [0.72–6.52]).

Discussion

To our knowledge, this is the first demonstration of a
shared genetic susceptibility to migraine and epilepsy in a
large cohort of participants with nonacquired generalized
and focal epilepsy. The association of migraine only with
first-degree relatives rather than any affected relatives, and
with two or more first-degree relatives (and not one addi-
tional affected relative) also provides support for a shared
genetic etiology for migraine and epilepsy, because
migraine is more prevalent in families in which a stronger
genetic effect on epilepsy appears to be operating. A history
of seizure disorders in additional (nonenrolled) relatives
was associated with MA, but not MO-only, in enrolled rela-
tives. This effect persisted in both GE and NAFE. These
results suggest that the genetic influences we observed are
specific to MA and epilepsy, but act across epilepsy types
(GE and NAFE).

Because the EPGP questionnaire elicits lifetime headache
history, our results are roughly similar to cumulative inci-
dence; thus to compare the rates of migraine we observed in
EPGP families with rates in the general population, we
examined previous estimates of population cumulative inci-
dence up to the median age of our EPGP participants
(23 years in males, 29 years in females; Stewart et al.,
2008). Previous estimates of population cumulative inci-
dence to these ages are approximately 10% in males (vs.
17% in our study) and 25% in females (vs. 30% in our study;
Stewart et al., 2008). The slightly elevated rates of migraine
in this familial epilepsy sample are consistent with a shared
genetic susceptibility to migraine and epilepsy.

Our data provide evidence for a shared genetic suscepti-
bility to epilepsy and MA but not MO-only. This finding is
consistent with previously published reports of within-
individual (as opposed to within-family) comorbidity of
migraine and epilepsy. In a rural Norwegian population-
based study, the prevalence of active epilepsy was increased
among individuals with MA but not among individuals with
any migraine, compared with controls (Brodtkorb et al.,
2008). In Iceland, prevalence ofMA, but notMO,was higher
among children with a first unprovoked seizure when com-
pared to age-matched controls (Ludvigsson et al., 2006).
These previous studies differ from ours in their focus on
comorbidity within individuals rather than in families; hence
our findings provide the first evidence for a shared genetic
cause linkingMA and commonly occurring epilepsies.

Evidence supporting a shared genetic susceptibility for
epilepsy and migraine is not universally restricted to MA,
however. In the study of rolandic epilepsy referred to above,
no proband or sibling was diagnosed with MA (Clarke

et al., 2009). In a Finnish family with significant evidence
of linkage for a combined migraine and epilepsy phenotype
to chromosome 12q24.2–24.3, MO was the most frequent
migraine phenotype reported (Polvi et al., 2012).

The prevalence of migraine in our subjects did not differ
significantly by epilepsy type (GE vs. NAFE). This is
consistent with results from the EFSCU cohort (Ottman &
Lipton, 1994), and the Icelandic children’s study (Ludvigs-
son et al., 2006).

Migraine is comorbid with specific pediatric partial epi-
lepsy syndromes, including rolandic epilepsy (Clarke et al.,
2009) and idiopathic childhood epilepsy of Gastaut, a focal
occipital epilepsy in which partial seizures are frequently
followed by migraine headaches (Panayiotopoulos et al.,
2008). The comorbidity of migraine and partial epilepsy is
not unique to these specific syndromes; migraine headaches
occur with similar frequency in age-matched cohorts of
rolandic and cryptogenic/symptomatic partial epilepsies
(Wirrell & Hamiwka, 2006).

Genes implicated in migraine also play a role in both gen-
eralized and focal epilepsies. A point mutation within the
CACNA1A gene was found in a single family with absence
(generalized) epilepsy and ataxia (Imbrici et al., 2004). In
two families, ATP1A2 mutations have been found to be
associated with mostly partial epilepsies, sometimes with
secondary generalization (Deprez et al., 2008). Mutations
within the SCN1A gene raise the risk for generalized
epilepsy, specifically GEFS+ and the Dravet syndromes
(Escayg et al., 2000; Claes et al., 2001).

We considered the possibility that a few large multiplex
families might be driving the results we observed, possibly
families with FHM. Among 37 families with two or more
additional (nonenrolled) first-degree relatives reported to
have seizure disorders in our analysis, the number of addi-
tional relatives reported to be affected was 2 in 21 families,
3 in 11 families, and 4 in the remaining five families. There
was no evidence that the effect arose primarily from a small
number of multiplex families. The presence of FHM was
not systematically ascertained, but syndromes with a known
genetic cause were excluded.

Our study design has several potential limitations. EPGP
is not a population-based study; most enrolled subjects were
identified from a tertiary-care referral population of individ-
uals with familial epilepsy. However, specialized popula-
tions such as the EPGP cohort, enriched for genetic causes
because of the requirements of multiple affected individuals
per family and nonacquired etiologies for epilepsy, are
well-suited for the identification of the genetic underpin-
nings of comorbidity. Furthermore, the EPGP requirement
of detailed medical records, diagnostic interviews, imaging,
and EEG data allows the examination of a great deal of
phenotypic detail that would not be possible in a
population-based study.

A second potential limitation is that no controls were
collected in the GE/NAFE arm of the EPGP study. For this
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reason, we could not assess migraine prevalence in relatives
of unaffected individuals, which would be of interest in a
typical familial aggregation design. However, this is not a
familial aggregation study; rather, it is an assessment of the
predictors of migraine occurrence among individuals with
familial epilepsy. In our analysis, the number of individuals
with additional relatives reported to have epilepsy in the
family served as a proxy for the strength of a genetic influ-
ence on epilepsy in the family, and the prevalence of
migraine in families with a strong family history (two or
more additional affected relatives) was compared with the
prevalence of migraine in families with no affected addi-
tional relatives (Fig. 1).

We did not systematically collect information on family
size in EPGP, and therefore were unable to compute the pro-
portion of all family members affected with epilepsy. This
should not have biased our results—although family size is
likely to be associated with the number of additional rela-
tives with epilepsy (larger families are more likely to con-
tain additional affected relatives), it is unlikely to be related
to the history of migraine in EPGP participants.

Another potential limitation is that we did not perform
direct interview of nonenrolled family members reported to
have seizure disorders; information was collected indi-
rectly, in the interview with the enrolled family members.
Family history information collected in this way has been
shown to have reasonably high sensitivity and specificity
for identifying first-degree relatives with epilepsy; if any-
thing, underreporting is more likely than artificially inflated
rates of seizure disorders, particularly for affected parents
(Ottman et al., 2011). For our analysis, the most important
issue with regard to family history reporting is bias—

whether sensitivity of the family history data is likely to
differ according to migraine history of the EPGP partici-
pants—which we believe is unlikely.

We were not able to assess history of migraine in the non-
enrolled family members because family history informa-
tion for migraine (unlike that for seizure disorders) has poor
sensitivity and specificity (Ottman et al., 1993a). We
therefore could not examine the effect of the number of indi-
viduals with known epilepsy in the family on the history of
migraine in nonenrolled relatives. In future studies expand-
ing on the EPGP population and infrastructure, we hope to
be able to enroll these additional reported family members,
and obtain direct information from them about their history
of seizures and migraine, as well as other neuropsychiatric
comorbidities that have been shown to co-occur with
epilepsy.

Our results differ from those in EFSCU, although a simi-
lar analytic strategy was used in that study (i.e., assessment
of association between occurrence of migraine and family
history of epilepsy, among individuals with epilepsy). One
major difference between EFSCU and EPGP is that the
EPGP sample is entirely familial epilepsy, whereas the
EFSCU sample was ascertained independently of family
history, so that the majority of families contained only one
affected individual. Given our finding that migraine in
EPGP participants was associated with a family history of
epilepsy only when two or more additional affected
relatives were reported (i.e., beyond the enrolled pair), an
effect might not have been observed in EFSCU because of
the very small proportion of families with so many affected
individuals.

Our results provide a foundation for the exploration of the
genetics of neuropsychiatric comorbidity in epilepsy. Neu-
ropsychiatric comorbidity presents a tremendous problem
for people with epilepsy and their caregivers, affecting qual-
ity of life, treatment success, and mortality (Christensen
et al., 2007; Hitiris et al., 2007; Kanner, 2007, 2009; Baca
et al., 2011). In fact, comorbidities have been shown to have
a greater impact on quality of life in people with epilepsy
than the seizures themselves (Gilliam et al., 2003). Comor-
bidity in epilepsy is an National Institutes of Health (NIH)
benchmark (Area III) and is emphasized in the Institute of
Medicine report on epilepsy because of the widespread
recognition of the importance of research in this area
(www.iom.edu). Elucidation of the genetic contributions to
neuropsychiatric comorbidity in epilepsy can help clarify
the relationships among these diseases, identify neurobio-
logic underpinnings of comorbidity, and suggest novel
targets for therapy and prevention (Johnson & Shorvon,
2011; Mula, 2012). Future innovative phenotype definition
in epilepsy will incorporate more than single disorders
alone, and begin to focus on constellations of disorders with
shared pathophysiology. This may improve recognition and
treatment of comorbid disorders, and help reconceptualize
disease boundaries (Jensen, 2011).

Figure 1.

Lifetime prevalence of migraine in enrolled participants, by his-

tory of seizure disorders in first-degree relatives. MO-only,

Migraine without aura only; MA, migraine with aura.
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