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Abstract
Background

Headache is among the most frequent comorbidities of epilepsy, yet its clinical profile is poorly
characterised and prospective data on treatment response are scarce, particularly from South Asia. This
study aimed to characterise the prevalence, profile and predictors of primary headache disorders (PHD)
in patients with epilepsy (PWE), and the response of comorbid migraine to 3 months of preventive
treatment.

Methods

Over 18 months at a tertiary-care centre in northern India, PWE were prospectively screened for a co-
existing PHD. Headaches were classified by ICHD-3 and their temporal relationship to seizures.
Predictors of headaches were identified by multivariable logistic regression. Patients with comorbid
migraine received standard preventive treatment, reviewed monthly for 3 months; monthly headache-day,
migraine-day and seizure counts were compared across visits with the Friedman test (post-hoc Wilcoxon
signed-rank), and = 50%-responder proportions with Cochran’s Q, with intention-to-treat sensitivity
analysis.

Results

Of 814 PWE screened, 346 (42.5%; 95% Cl 39.2-45.9) had a PHD. Interictal headache predominated
(314; 90.8%), most often migraine (218; 69.4%). Female sex (adjusted OR 2.41; 95% CI 1.46-3.99) and
poorer seizure control (adjusted OR 1.63 per category; 1.05-2.51) were independently associated with
migraine; antiseizure medication count was not. With migraine preventive treatment, median migraine
days progressively fell from 4 to 1 and headache days from 14 to 6 over 3 months (Friedman p <0.001;
Kendall's W =0.70 and 0.87), with 79.6% achieving = 50% responder rate; seizure frequency fell only
slightly (W =0.15).

Conclusions

Migraine is the predominant interictal headache in PWE; female sex and poorer seizure control
independently mark higher migraine risk. Standard preventive treatment was associated with significant,
progressive reductions in headache and migraine days, supporting routine headache screening in this
subset of population.

Trial registration:
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Not applicable. This was an observational study; migraine preventive treatment was prescribed as
standard of care and was not allocated by the study protocol.

Background

Epilepsy affects approximately 50 million people worldwide, nearly 80% of whom live in low- and middle-
income countries (LMICs) [1], and, together with migraine, ranks among the leading neurological
contributors to global disability [2]; headache disorders alone affect 2.9 billion people worldwide, with
migraine accounting for about 90% of headache-attributed disability [3]. Headaches are one of the most
frequent, yet least systematically examined, comorbidities of epilepsy. A 2026 systematic review and
meta-analysis of 73 studies comprising more than 103,000 people with epilepsy (PWE) estimated a
pooled headache prevalence of 40%, with interictal (= 35%) and postictal (= 27%) headache the most
frequently reported subtypes [4]. An earlier meta-analysis reported a higher pooled estimate of 48%, and
prevalence across individual studies varies widely, underscoring substantial geographic and
methodological heterogeneity [5].

The relationship between epilepsy and headache, particularly migraine, is increasingly understood as
bidirectional rather than coincidental [6]. Both disorders converge on a shared substrate of cortical
hyperexcitability, ion-channel dysfunction, cortical spreading depression and overlapping genetic
susceptibility, which plausibly explains their co-occurrence and their common responsiveness to several
antiseizure medications [7, 8]. Comorbidity is also clinically consequential: in PWE, coexistent migraine
has been associated with a longer duration of epilepsy, a poorer early treatment response and a higher
likelihood of drug-refractory disease [9]. Despite this, the visible and more alarming nature of seizures
tends to overshadow headaches in routine care, leaving it under-recognised and under-treated, even
though contemporary evidence explicitly calls for standardised headache assessment to be integrated
into epilepsy management [4, 10].

Beyond prevalence, the detailed clinical phenotype of primary headache disorders (PHD) in PWE remains
poorly characterised. The relative distribution of various PHD’s varies considerably between cohorts, and
their interictal versus peri-ictal patterning, laterality, quality and anatomical location, together with their
relationship to seizure type, seizure frequency, antiseizure-medication burden and epilepsy duration, have
been described only sparingly and inconsistently. Most available data derive from high-income settings
and cannot be directly extrapolated to LMICs, where the majority of the global epilepsy burden resides
and where prospectively collected Indian data are particularly scarce [1, 10, 11].

The most consequential gap, however, concerns treatment. In the general population, the efficacy of
migraine preventive drugs against placebo is established in randomised trials, and their comparative
effectiveness has been synthesised by network meta-analysis [12]. This evidence base, however, does
not specifically address PWE, and the few epilepsy-specific reports are small and largely confined to
individual antiseizure agents used opportunistically for their dual anti-seizure and anti-migraine action,
such as a 31-patient observational study of perampanel [13], though it is not still the standard of care for
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migraine preventive treatment. Consequently, to our knowledge, no longitudinal study has tracked how
PWE with comorbid migraine respond, over time, to standard-of-care migraine preventive treatment
delivered alongside ongoing seizure management.

We therefore conducted a longitudinal study at a tertiary-care neurology centre to characterise the
clinical profile of primary headache disorders in patients with epilepsy and to evaluate the response to
standard-of-care migraine preventive treatment over a three-month follow-up period.

Methods
Study design and setting

This was a hospital-based, prospective longitudinal study conducted in the Department of Neurology of
the Govind Ballabh Pant Institute of Postgraduate Medical Education and Research (GIPMER), a tertiary-
care teaching hospital in New Delhi, northern India, over an 18-month period (January 2025 to June
2026). The study protocol was approved by the Institutional Ethics Committee of the Govind Ballabh
Pant Institute of Postgraduate Medical Education and Research (GIPMER), New Delhi, India, in
accordance with the guidelines of the Declaration of Helsinki. Written informed consent to participate
and written informed consent to publish were obtained from every participant, or from a parent or legal
guardian for participants younger than 18 years.

Participants

Patients with epilepsy aged 5 years or older attending the neurology outpatient department were
screened for a co-existing primary headache disorder. Epilepsy was diagnosed and classified according
to the 2017 International League Against Epilepsy (ILAE) classifications of seizure types and of the
epilepsies [14, 15]. Eligible participants were those with epilepsy and one or more co-existing
symptomatic primary headache disorders. Patients were excluded if they had (i) a secondary headache
of non-epileptic cause identified on clinical and/or neuroimaging evaluation, (ii) an inability or
unwillingness to provide a reliable headache history, (iii) isolated ictal epileptic headache (headache
occurring as a seizure aura), or (iv) age younger than 5 years. Participants were enrolled by random
(lottery) sampling from the weekly outpatient epilepsy census.

Sample size

The sample size was based on a previous hospital-based study by Cilliler et al. [16], in which the
proportions of migraine and tension-type headache among patients with epilepsy were 26.9% and 17.2%,
respectively. Using the formula for a single proportion (n = Z2p(1 - p)/d?) with a 95% confidence level and
5% absolute precision, the larger estimate yielded a minimum of 302 participants. After inflating this
figure by 10% to allow for non-response, the target sample size was 332.
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Clinical assessment and data collection

Eligible participants were evaluated using a structured proforma that captured demographic details and
a detailed history of both epilepsy and the co-existing headache disorder(s). Epilepsy variables
comprised age at seizure onset, seizure type and epilepsy type (per ILAE 2017) [14, 15], average seizure
frequency per month over the preceding 3 months, and the number (polytherapy =2 ASM’s), class and
duration of antiseizure medications (ASMs). Headache variables comprised age at headache onset,
temporal relationship to seizures (interictal, pre-ictal or post-ictal), headache type (per the International
Classification of Headache Disorders, 3rd edition [ICHD-3]) [17], average headache frequency per month
over the preceding 3 months, duration of individual headache events, laterality, quality, anatomical
location and associated aura. Headaches that could not be assigned to a specific ICHD-3 category were
recorded as “unclassified.” Findings from electroencephalography (EEG) and neuroimaging performed as
part of the routine epilepsy workup were documented.

Definitions

Headaches were defined by their temporal relationship to seizures in accordance with established
criteria [17, 18]: interictal headache, occurring independently of seizures (more than 24 h before or more
than 72 h after a seizure); pre-ictal headache, beginning within 24 h before a seizure and continuing until
its onset; ictal headache, occurring exclusively during a seizure; and post-ictal headache, beginning
within 3 h after a seizure and resolving within 72 h. Seizure control over the preceding 3 months was
categorised as good (no seizures), fair (1-2 seizures/month) or poor (= 3 seizures/month). In
accordance with ICHD-3 criteria [17], migraine was classified as chronic when headache occurred on >
15 days/month (with migraine features on = 8 days/month) and as episodic otherwise. The duration of
individual headache events was recorded as a binary variable, less than 12 h or 12 h or more, rather than
in hours.

Treatment protocol and follow-up

Participants with epilepsy and co-existing migraine were managed according to standard migraine-
preventive recommendations [19, 20]. Those already receiving a standard preventive agent with
adequate benefit continued the same treatment; those with an inadequate response had the agent or
dose modified; and those whose headache worsened were switched to an alternative standard
preventive agent. Preventive agents used included propranolol, amitriptyline, valproate and topiramate,
selected according to guideline recommendations and individual patient factors. Participants with
migraines were reviewed at 1, 2 and 3 months. A favorable response was defined a priori as a = 50%
reduction from baseline in (i) seizure frequency and (ii) monthly headache days and monthly migraine
days.

Outcomes
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The primary outcome was the proportion of the different types of primary headache disorder (by
temporal relationship to seizures and by ICHD-3 subtype) among patients with epilepsy. The secondary
outcome was the response to standard-of-care migraine preventive treatment at 3 months in patients
with epilepsy and co-existing migraine.

Statistical analysis

Data were analysed using R version 4.5.3 (R Foundation for Statistical Computing, Vienna, Austria).
Categorical variables were summarised as frequencies and percentages, and continuous variables as
mean t standard deviation or median (interquartile range) according to their distribution. Categorical
variables were compared using the chi-square test or the Fisher exact test, and continuous variables
using the Mann—Whitney U test (two groups) or the Kruskal-Wallis test (three groups), as appropriate.
Where an omnibus Kruskal—Wallis test was significant, post-hoc pairwise comparisons were performed
using the Wilcoxon rank-sum test. Associations between two quantitative variables were assessed using
the Spearman rank correlation coefficient. Effect sizes were summarised using Cramér’s V for
categorical associations and odds ratios with 95% confidence intervals. Independent predictors of
interictal migraine, relative to the other interictal headache subtypes, were identified using multivariable
binary logistic regression with sex, age, duration of epilepsy, seizure type, etiology, seizure-control
category and number of antiseizure medications entered as covariates. To address multiple testing, p-
values for the subtype comparisons were additionally adjusted using the Benjamini—Hochberg false-
discovery-rate procedure. Longitudinal treatment response was analysed from patient-level monthly
counts: headache days, migraine days and seizure frequency at baseline and at each of the three follow-
up visits were compared using the Friedman test, with post-hoc pairwise Wilcoxon signed-rank tests
(Holm-adjusted) and Kendall's W as the effect size; the change across visits in the proportion of patients
achieving a = 50% reduction was assessed using Cochran’s Q, corroborated by an intention-to-treat
analysis in which withdrawals were classified as non-responders. Proportions are reported with 95%
Wilson confidence intervals; a two-sided p-value < 0.05 was considered statistically significant.

Use of generative artificial intelligence

During the preparation of this work the authors used Claude (Anthropic) to assist with language editing.
After using this tool, the authors reviewed and edited the content as needed and take full responsibility
for the content of the published article.

Results

Prevalence and distribution of primary headache disorders

During the study period, 814 patients with epilepsy were screened, of whom 346 (42.5%; 95% Cl 39.2-
45.9), had a co-existing primary headache disorder and constituted the study cohort (Fig. 1). Interictal
headache was present in 314 (90.8%) and post-ictal headache in 107 (30.9%) patients; 75 had both, and
no patient reported pre-ictal headache. Among patients with interictal headache, migraine was the most

Page 6/22



frequent subtype (218; 69.4%), followed by unclassified headache (70; 22.3%) and tension-type
headache (TTH; 26; 8.3%); no trigeminal autonomic cephalalgia was identified. Among patients with
post-ictal headache, unclassified headache (58; 54.2%) was slightly more frequent than migraine (49;
45.8%), with no TTH or trigeminal autonomic cephalalgia. Relative to the total screened epilepsy
population, interictal headache occurred in 38.6% (314/814), post-ictal headache in 13.1% (107/814),
migraine in 26.8% (218/814), TTH in 3.2% (26/814) and unclassified interictal headache in 8.6%
(70/814).

Demographic and epilepsy characteristics of the headache
cohort

Among the 346 patients with a primary headache disorder, 187 (54.0%) were female and 159 (46.0%)
were male. with a mean age of 26.2 + 11.0 years (range 5 to 70); the 21-to-30-year band was the largest
(126; 36.4%), followed by 11 to 20 years (108; 31.2%). The mean age at seizure onset was 16.0 + 10.0
years and the mean duration of epilepsy was 10.2 + 8.2 years.

Focal seizures were the most common seizure type (177; 51.2%), followed by generalised (90; 26.0%)
and unknown onset (79; 22.8%). The etiology of epilepsy was structural in 144 (41.6%), genetic in 101
(29.2%) and unknown in 101 (29.2%). At presentation, 190 patients (54.9%) had good seizure control,
128 (37.0%) fair and 28 (8.1%) poor. Antiseizure-medication (ASM) polytherapy were used in 178 (51.4%)
patients, respectively (Table 1). Seizure type did not differ by sex (focal 49.2% vs 53.5%, generalised
28.9% vs 22.6%, unknown 21.9% vs 23.9% in females and males respectively; X2 = 1.74, p = 0.420) or
across age bands (x2 = 6.87, p = 0.143). Neither current age, age at seizure onset, nor duration of
epilepsy differed significantly across the three seizure types (Kruskal-Wallis p = 0.080, 0.146 and 0.937
respectively).
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Table 1

Demographic and epilepsy characteristics of the study
cohort (n = 346).

Characteristic Value
Age (years), mean = SD 26.2+11.0
Female sex 187 (54.0)

Age at seizure onset (years), mean+SD  16.0+10.0
Duration of epilepsy (years), mean+SD  10.2+8.2

Seizure type, n (%)

Focal 177 (51.2)
Generalised 90 (26.0)
Unknown 79 (22.8)

Epilepsy etiology, n (%)

Structural 144 (41.6)
Genetic 101 (29.2)
Unknown 101 (29.2)

Seizure control, last 3 months, n (%)

Good (0/month) 190 (54.9)
Fair (1-2/month) 128 (37.0)
Poor (= 3/month) 28 (8.1)

Antiseizure medication, n (%)

Polytherapy 178 (51.4)

SD, standard deviation.

Clinical profile of interictal headache

Most common was Interictal migraine (69.4%, 218) predominantly affected females (62.4%; mean age
26.4 +11.0 years) and was episodic in 85.3% and chronic in 14.7%. It was typically bilateral (86.2%),
pulsating (93.6%) and holocranial (56.4%), with a posterior/parieto-occipital location in 36.2%; aura was
infrequent (2.3%). Interictal TTH (n = 26) showed a male predominance (61.5%), was bilateral in all
patients, predominantly pressing in quality (84.6%), and most often holocranial (50.0%) or frontal
(19.2%). Interictal unclassified headache (n = 70) was also male-predominant (57.1%) and bilateral
(85.7%), and event duration mostly short lasting (< 12 h in 97.1%) and a predominantly posterior/parieto-
occipital location (50.0%).
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On comparison across the three interictal subtypes (Table 2), migraine was significantly more frequent in
females (p < 0.01), more often involved = 15 headache days/month (p < 0.001), longer lasting (> 12 h, p <
0.001), was more often pulsating (p < 0.001). Headache location also differed significantly (p = 0.028),
with a frontal location more typical of TTH and a posterior location of unclassified headache and
migraine. The subtypes did not differ significantly by epilepsy etiology, seizure type, seizure frequency,
headache laterality, age of epilepsy or headache onset, duration of epilepsy or number of ASMs.
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Table 2
Comparison of clinical characteristics across interictal headache subtypes.

Variable Migraine (n = TTH(n= Unclassified (n = p
218) 26) 70)

Female sex, n (%) 136 (62.4) 10(38.5)  30(42.9) <0.01

Seizure type, n (%) 0.52

Focal 114 (52.3) 17 (65.4)  33(47.1)

Generalised 53 (24.3) 6 (23.1) 20 (28.6)

Unknown 51 (23.4) 3(11.5) 17 (24.3)

Epilepsy etiology, n (%) 0.87

Structural 97 (44.5) 12(46.2) 28 (40.0)

Genetic 57 (26.1) 8 (30.8) 22 (31.4)

Unknown 64 (29.4) 6 (23.1) 20 (28.6)

> 15 headache days/month, n (%) 105 (48.2) 6 (23.1) 8(11.4) <
0.001

Event duration > 12 h, n (%) 84 (38.5) 1(3.8) 2(2.9) <
0.001

Quality, n (%) <
0.001

Pulsating 204 (93.6) 4 (15.4) 24 (34.3)

Pressing 8 (3.7) 22 (84.6) 14 (20.0)

Dull aching 5(2.3) 0 (0.0) 10 (14.3)

Other 1(0.5) 0 (0.0) 22 (31.4)

Location, n (%) 0.028

Holocranial 123 (56.4) 13 (50.0) 31 (44.3)

Posterior/parieto-occipital 79 (36.2) 7 (26.9) 35(50.0)

Frontal 8(3.7) 5(19.2) 4 (5.7)

Other 7 (3.2) 1(3.8) 0 (0.0)

Headache duration (years), 5(2-10) 2(1-6.75) 2(0-7) <

median (IQR) 0.001

TTH, tension-type headache; IQR, interquartile range. p-values from the chi-square or Fisher exact test
(categorical variables) and the Kruskal-Wallis test (continuous variables). Effect sizes for the significant
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categorical associations (Cramér’s V): headache quality 0.62, event duration 0.36, > 15 headache
days/month 0.32, location 0.77.

Post-ictal headache

Post-ictal headache (n = 107) was either migrainous (49; 45.8%) or unclassified (58; 54.2%) and none
were TTH in character (Table 3). Generalised-onset seizures tended to be associated with migraine-type
post-ictal headache, although this did not reach statistical significance (p = 0.06). Migrainous post-ictal
headaches more often lasted > 12 h (61.2% vs 43.1%; p = 0.05) and were more often pulsating (71.4% vs
27.6%; p < 0.001) than unclassified post-ictal headaches. The two subtypes did not differ significantly by
gender, etiology, seizure frequency, laterality, location, age at onset, duration of epilepsy or headache, or
number of ASMs. After Benjamini—Hochberg correction for multiple comparisons, neither of the
borderline post-ictal associations (seizure type and event duration) remained significant (both adjusted
p=0.07).

Table 3

Comparison of post-ictal headache subtypes (n = 107).
Variable Migraine (n=49) Unclassified (n=58) p
Seizure type, n (%) 0.06
Focal 23 (46.9) 33 (56.9)
Generalised 20 (40.8) 12 (20.7)
Unknown 6(12.2) 13 (22.4)
Event duration>12h,n (%) 30(61.2) 25 (43.1) 0.05
Quality, n (%) <0.001
Pulsating 35(71.4) 16 (27.6)
Pressing 3(6.1) 12 (20.7)
Dull aching 3(6.1) 2 (3.4)
Other 8 (16.3) 27 (46.6)

p-values from the chi-square or Fisher exact test (categorical variables) and the Mann—Whitney U test
(continuous variables).

Correlations

In the whole cohort, years since headache onset correlated with duration of epilepsy (r=0.39, p<0.001),
attenuating to r=0.27 (p < 0.001) after adjustment for current age, and monthly headache days
correlated negligibly with baseline seizure frequency (r = 0.11, p = 0.04). Within the interictal migraine
subgroup, monthly migraine days correlated weakly with baseline seizure frequency (r=0.26, p < 0.001)
and with the number of ASMs (r=0.17, p =0.01), while years since migraine onset correlated with
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duration of epilepsy (r=0.33, p<0.001;r=0.18, p = 0.007 after adjustment for age). All correlations were
weak in magnitude.

Independent predictors of interictal migraine

To identify factors independently associated with the migraine phenotype, a multivariable logistic
regression model was fitted comparing interictal migraine with the other interictal headache subtypes (n
=314). Only female sex (adjusted OR 2.41, 95% Cl 1.46-3.99; p = 0.001) and poorer seizure control
(adjusted OR 1.63 per category, 95% Cl 1.05-2.51; p = 0.029) were independently associated with
migraine; age, duration of epilepsy, seizure type, etiology and the number of ASMs were not (Table 4).

Table 4

Multivariable logistic regression: predictors of interictal migraine versus other
interictal headache subtypes (n =314).

Predictor Adjusted OR  95% CI P
Female sex 2.41 1.46-3.99 0.001
Age (per year) 1.01 0.99-1.04 0.37
Duration of epilepsy (per year) 1.01 0.97-1.04 0.80

Seizure type (ref. unknown)
Focal 0.83 0.42-1.63 0.58
Generalised 0.94 0.32-2.71 0.90

Aetiology (ref. unknown)

Structural 0.87 0.47-1.60 0.66
Genetic 0.60 0.20-1.81 0.36
Poorer seizure control (per category)  1.63 1.05-2.51 0.029
Number of ASMs 0.69 0.41-1.18 0.18

OR, odds ratio; Cl, confidence interval; ASM, antiseizure medication. Reference categories are male sex and
unknown seizure type/etiology. Seizure control was modelled as an ordinal category (good, fair, poor).

Response to migraine preventive treatment

Of the 218 patients with epilepsy and interictal migraine, 174 (79.8%) required a migraine-preventive
drug, while 44 (20.2%) were managed with acute treatment alone. 11, 18 and 22 patients had withdrawn
by months 1, 2 and 3, respectively. Median monthly headache days fell from 14 (IQR 14-30) at baseline
to 10 (7-24), 8 (6-14) and 6 (4-14) at months 1, 2 and 3, and median migraine days from 4 (2-6) to 2
(1-4),2 (1-3) and 1 (0-2); both reductions were highly significant across visits (Friedman test,
headache days x? = 512.3, migraine days X2 = 409.6, both p < 0.001), with large effect sizes (Kendall's W
=0.87 and 0.70) and significant improvement at every successive visit (post-hoc Wilcoxon signed-rank,
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all Holm-adjusted p < 0.001). Correspondingly, a > 50% reduction in monthly headache days was
achieved in 35.7% (74/207), 70.0% (140/200) and 79.6% (156/196) of patients, and in monthly migraine
days in 44.9% (93/207), 71.5% (143/200) and 79.6% (156/196), at months 1, 2 and 3 (Table 5); this
increase was significant (Cochran’s Q, headache days Q = 139.0, migraine days Q = 94.7, both p < 0.001)
and remained significant in an intention-to-treat analysis classifying all withdrawals as non-responders
(p<0.001). Seizure frequency before treatment was low: 119 of the 218 patients (54.6%) had had no
seizure in the preceding month, and the median was 0 seizures per month (IQR 0 to 1; mean 0.81).
Among the 99 patients (45.4%) who had seizures at baseline, the median was 1 per month (IQR 1 to 2;
mean 1.79, range 1 to 15). Over follow-up the proportion of patients who were seizure-free rose from
54.6% at baseline to 83.1% (172/207), 84.0% (168/200) and 84.7% (166/196) at months 1, 2 and 3, and
the mean monthly seizure frequency fell from 0.81 to 0.52, 0.43 and 0.42, while the median remained 0
at every visit. This change was statistically significant but small (Friedman x2? = 86.8, p < 0.001; Kendall's
W =0.15, indicating a far smaller effect than for headache or migraine days) and was confined to the
interval between baseline and month 1 (Holm-adjusted p < 0.001), with no further change between
months 1 and 2 (p = 0.19) or months 2 and 3 (p = 0.41). A reduction of at least 50% in seizure frequency,
which can be assessed only in patients who had seizures at baseline, was achieved by 68.1% (62/91),
69.3% (61/88) and 70.9% (61/86) at months 1, 2 and 3 (Table 5). Change in seizure frequency correlated
only weakly with change in monthly migraine days at month 2 (r = 0.22, p =0.001) and month 3 (r = 0.20,
p =0.006).

Table 5
Proportion of patients achieving = 50% responder rate over 3 months.

Outcome (= 50% reduction) Month 1 (n=207) Month2 (n=200) Month 3 (n=196)
Monthly headache days, n (%) 74 (35.7) 140 (70.0) 156 (79.6)
Monthly migraine days, n (%) 93 (44.9) 143 (71.5) 156 (79.6)
Seizure frequency, n/N (%)l 62/91 (68.1) 61/88 (69.3) 61/86 (70.9)

Denominators for headache and migraine days reflect attrition (11, 18 and 22 withdrawals by months 1, 2
and 3). The increase across visits in headache-day and migraine-day responder proportions was significant
(Cochran’s Q, p < 0.0017) and robust to an intention-to-treat analysis. iSeizure-frequency response could be
assessed only in the 99 patients who had at least one seizure in the month before treatment, since a
reduction of 50% cannot be defined from a baseline of zero; denominators are those of this subgroup with
available data at each visit.

Discussion

Among 814 people with epilepsy screened, primary headache disorders were identified in 346 (42.5%),
and interictal headache predominated, with migraine the most frequent interictal subtype. On
multivariable analysis, female sex and poorer seizure control were the only independent predictors of
interictal migraine, whereas the number of antiseizure medications was not. Over three months of
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guideline-based preventive treatment, monthly headache days and migraine days fell significantly and
progressively, and nearly 80% of patients achieved a reduction of at least 50% in both. Together these
findings characterise the burden and clinical determinants of headache in epilepsy and add prospective
longitudinal data on treatment response.

PHD in epilepsy, especially Migraine and epilepsy co-occur more often than chance alone would predict;
meta-analysis estimates an approximately 80% higher lifetime prevalence of migraine among people
with epilepsy, and of epilepsy among people with migraine [21]. Cortical hyperexcitability is a feature of
both disorders and is the mechanism most often invoked to explain this overlap [6, 18]. A shared genetic
basis has been proposed [4], with variants in ion-channel genes such as CACNA1A, SCN1A and ATP1A2
cited in support of a common channelopathy model [7]. Direct genetic evidence of causation is
nevertheless lacking, as a recent bidirectional Mendelian randomisation analysis found no evidence that
either condition causes the other [22]. A dual-control study offers an alternative explanation, reporting
migraine to be more frequent in patients with epilepsy than in unrelated controls (OR 2.87,95% Cl 1.42-
5.81) and equally frequent in their first-degree relatives, whereas tension-type headache showed no such
association [23]; this pattern of selective, familially aggregated migraine favours shared susceptibility
over an effect of epilepsy itself. The relationship may also run in the opposite direction, since comorbid
migraine has been linked to longer epilepsy duration, poorer early treatment response and a higher
incidence of intractable epilepsy [9]. Our cross-sectional design can describe this association as our
data showed migraine was prevalent in 26.8% of patients with epilepsy, but cannot explain the
mechanism behind it.

Despite this well-recognised comorbidity, headache in epilepsy is easily overlooked [10]. Consultations
are usually dominated by seizure control and drug safety, and headache remains a frequently ignored
and underreported comorbidity in people living with epilepsy. The consequences are not trivial. Among
280 adults with epilepsy assessed with the Headache-Attributed Lost Time index, half reported grade 3
or grade 4 disability, and the authors concluded that headache imposes a moderate to severe burden on
quality of life and represents a clear clinical need [24]. In children with epilepsy, quality of life is
significantly lower in those with headache on both patient and parent report [25]. Migraine is the
principal driver of this burden, accounting for approximately 90% of headache-attributed disability
worldwide [3]. Systematic screening and appropriate management of headache in people with epilepsy
have accordingly been called for [5], yet prospective data on whether such treatment helps have
remained limited.

Our prevalence of 42.5% lies within the wide range reported from epilepsy-clinic cohorts, which spans
approximately 26% [26] to over 70% [27], and is close to pooled estimates of 48.4% [5] and 40.4% [4].
Interictal headache predominated (90.8%), consistent with the 74.8% reported by Mutlu [26]. Within
interictal headache, however, our subtype distribution was unusual: migraine accounted for 69.4% and
tension-type headache for only 8.3%. Migraine and tension-type headache were equally frequent (33.1%
each) in a prospective cohort of 500 patients with epilepsy [28], tension-type headache accounted for
39% in a Lithuanian series [24], and pooled estimates place it at 26.2% [5]. The migraine-predominant
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distribution is nonetheless consistent with the selective association of migraine, but not tension-type
headache, demonstrated against controls [23].

The interictal migraine phenotype also departed from the classical description. Pain was bilateral in
86.2% and most often holocranial (56.4%) or posterior (36.2%), although the pulsating quality typical of
migraine was preserved in 93.6%. Aura, which affects up to 30% of people with migraine in general
populations [8, 29], was recorded in only 2.3%. The bilateral predominance contrasts with a recent
prospective cohort in which interictal migraine in epilepsy was mainly unilateral (76.3%) [30], indicating
that pain topography in this population is not consistent across settings.

Our multivariable findings both confirm and refine earlier reports. The associations of female sex and
higher seizure frequency with migraine described by Cilliler et al. [16] persisted after adjustment,
identifying women and patients with poorer seizure control as the groups in whom screening is most
likely to be productive. By contrast, the association between antiseizure polytherapy and headache
reported in three previous cohorts [16, 28, 31] was not independent once seizure control was included in
the model, suggesting that it may be partly confounded by seizure burden rather than reflecting a direct
pharmacological effect. Whether headache is genuinely over-represented in epilepsy remains contested
at the level of individual cohorts, with elevated migraine prevalence in some studies using general-
population comparison [27] but no excess in others [31, 32]; our uncontrolled design cannot resolve this
guestion.

Post-ictal headache affected 30.9% of the cohort, closely matching the pooled prevalence of 27.1% (95%
Cl 22.5-32.1) in the most recent meta-analysis [4]. That pooled estimate carries near-maximal statistical
heterogeneity (12 = 96.0%) [4], and individual series diverge widely, one tertiary epilepsy centre reporting
post-ictal headache in 78.5% of patients with headache [33]; post-ictal estimates therefore appear
strongly dependent on setting and ascertainment. ICHD-3 recognises post-ictal headache as a
secondary headache in its own right (code 7.6.2) [17]; we additionally sub-classified these episodes by
phenotype, and more than half (54.2%) did not meet the symptom profile of a recognised primary
headache type. Where a phenotype could be assigned, migrainous post-ictal headache more often lasted
beyond 12 h (61.2% versus 43.1%) and was pulsating (71.4% versus 27.6%). Duchaczek et al. identified
generalised tonic-clonic seizures, antiseizure polytherapy and young age at epilepsy onset as predictors
of post-ictal headache [31]; in our cohort the association with seizure type did not survive correction for
multiple comparisons. Taken with the finding that only five studies of post-ictal headache treatment
exist, none providing good-quality evidence [34], post-ictal headache remains the least characterised
component of headache in epilepsy.

Prospective treatment data in this population remain scarce, and Duchaczek et al. specifically called for
studies using headache and seizure diaries [31]. In our cohort median monthly migraine days fell from 4
to 1 and headache days from 14 to 6 over three months, with 79.6% of patients achieving a reduction of
at least 50% in both. This is closely comparable to the only similar study in this population, a 12-month
observational study of perampanel in which 22 of 27 patients continuing treatment achieved at least a
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50% reduction in migraine attacks and 10 became attack-free [13]. That study, however, used
perampanel, an antiseizure medication licensed only for epilepsy and used off-label in migraine, whereas
our patients received guideline-recommended preventive agents; our findings therefore speak more
directly to what can be expected from standard care in this population. To our knowledge, this is the first
prospective study to report the response of migraine to guideline-recommended preventive treatment in
an adult cohort with epilepsy. An uncontrolled responder proportion of this size cannot, however, be
equated with drug effect. In placebo-controlled trials the increment attributable to topiramate over
placebo is approximately 17 percentage points, or 168 additional responders per 1000 treated [35], and
of the four agents used here only topiramate is supported by high-certainty evidence, propranolol,
valproate and amitriptyline carrying moderate-certainty evidence of benefit [12]. Much of the
improvement we observed is therefore likely to reflect the absence of blinding and of a placebo arm,
since regression to the mean, spontaneous fluctuation in what is a cyclic disorder, and expectation
effects all inflate apparent response in an open-label design. Improvement was also front-loaded, the
proportion of migraine-day responders rising by 27 percentage points between months 1 and 2 but by
only 8 thereafter; this bears on a question the International Headache Society regards as unsettled, since
guidelines advise a minimum preventive trial of four to twelve weeks, most studies assess response at
three months, and delayed responses are recognised [36]. Several agents used here are simultaneously
anti-seizure medications and migraine preventives, so improvement cannot be attributed to headache-
specific treatment, and placebo-controlled trials remain the benchmark against which preventive efficacy
is judged.

Strengths and limitations

Strengths of this study include a prospective design with structured three-month follow-up, the use of
current ICHD-3 criteria, multivariable adjustment that isolates independent predictors, and longitudinal
analysis of patient-level counts (Friedman and Cochran'’s Q tests) with intention-to-treat sensitivity
analysis and false-discovery-rate control.

Several limitations temper interpretation. First, recruitment from a single tertiary centre introduces
referral and selection bias and limits generalisability. Second, the absence of a headache-free or non-
epilepsy control group precludes estimation of the headache excess attributable to epilepsy; notably,
prior studies making such comparisons themselves diverge [27, 31, 32]. Third, the treatment analysis is
observational and uncontrolled, so no efficacy or causal inference is warranted. Baseline headache and
seizure frequencies were recorded as monthly averages recalled over the preceding 3 months rather
than from prospective daily diaries, and are therefore subject to recall bias. Finally, some subgroups
(notably interictal tension-type headache) were small, and headache subtyping relied on clinical ICHD-3
assessment without formal inter-rater reliability testing, with a proportion of post-ictal headaches
remaining unclassifiable.

Conclusions
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Primary headache disorders, predominantly interictal migraine, affect over 40% of people with epilepsy
attending neurology services, yet are easily overlooked in consultations focused on seizure control.
Female sex and poorer seizure control identify those at highest risk. Because headache in this
population carries a measurable burden on quality of life and improved substantially during three months
of standard preventive treatment, systematic enquiry about headache should form part of routine
epilepsy care. Adequately controlled trials are required to establish how much of the observed
improvement is attributable to treatment itself.
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Figure 1
Flow of participants through screening, headache classification and 3-month follow-up.
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