
Schiller et al. 
European Journal of Medical Research           (2023) 28:49  
https://doi.org/10.1186/s40001-023-01023-8

RESEARCH

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

European Journal
of Medical Research

Primary headache types in adult epilepsy 
patients
Katharina Schiller1,2,3†, Markus Rauchenzauner1,3†, Tamir Avidgor2, Sana Hannan2, Carlo Lorenzen4, 
Manuela Kaml4, Gerald Walser4, Iris Unterberger4, Vera Filippi5, Gregor Broessner5 and Gerhard Luef4* 

Abstract 

Background Headache is among the most common comorbidities in epilepsy. This study examined the distribution 
of different primary headache disorders in a large cohort of patients with diagnosed epilepsy. Headache types were 
analysed with regard to gender, type of epilepsy and antiepileptic drugs (AEDs).

Methods In this prospective single-centre study, 500 patients with epilepsy (250 female, mean age: 
45.52 ± 17.26 years) were evaluated with regards to primary headache types using a validated German headache 
questionnaire categorizing for migraine (MIG), tension-type headache (TTH) or trigeminal autonomic cephalalgias 
(TAC), their combinations and unclassifiable headache. Data regarding type of epilepsy, seizure-associated headache, 
AED treatment and seizure freedom were collected.

Results Of 500 patients with epilepsy, 163 (32.6%) patients (108 female and 55 male) reported suffering from 
headaches at least 1 day per month. MIG (without aura, with aura) and TTH were the most frequent headache type 
(MIG 33.1%, TTH 33.1%). Female epilepsy patients reported headaches significantly more often than male patients 
(x2 = 8.20, p = 0.0042). In contrast, the type of epilepsy did not significantly affect headache distribution. Of 163 
patients with headache, 66 (40.5%) patients reported seizure-associated headache and AEDs were used by 157 
patients. Of importance, patients with AED monotherapy suffered from MIG less often when compared to patients on 
polytherapy (x2 = 4.79, p = 0.028).

Conclusion MIG and TTH are the most common headache types in epilepsy patients and headache is more frequent 
among female epilepsy patients. Monotherapy in AEDs might have a beneficial effect on the frequency of headache 
compared to polytherapy.
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Introduction
Epilepsy is known to be associated with a variety of 
comorbidities with headache being one of the most fre-
quently reported [1]. This may be explained by the shared 
common pathophysiology between epilepsy and head-
ache, especially migraine, and the influence of a genetic 
disposition [2, 3].

Headache can be divided into primary and secondary 
headaches: whereas primary headaches have no appar-
ent underlying cause, secondary headaches are defined as 
being caused by another disorder such as neck trauma, 
vascular disorders or cerebral hemorrhage [4]. According 
to the latest edition of the International Classification of 
Headache Disorders (ICHD-3), primary headache types 
are migraine (MIG), tension-type headaches (TTC), 
trigeminal autonomic cephalgia (TAC) and neuralgias 
[5].

MIG is typically characterised by unilateral, pulsating 
headache of moderate or severe intensity, aggravated by 
physical activity, associated with nausea and sensitivity to 
light or sound and can occur with or without aura. The 
association between epilepsy and migraine is well estab-
lished, but the rate of prevalence varies widely across 
studies [6–8]. In a meta-analysis from Duko et al., 26% of 
epilepsy patients reported MIG with aura, whereas MIG 
without aura was prevalent in 10.4% [9]. To date, there 
are two antiepileptic drugs (AEDs), topiramate and val-
proic acid, which are approved for both MIG prophylaxis 
and treatment of epilepsy [10–17]. Topiramate was also 
shown to reduce TTH [18].

TTH is bilaterally located, of a pressing or tightening 
quality (non-pulsating), with mild to moderate intensity, 
not aggravated by physical activity and not accompanied 
by other symptoms [5]. TTH is quite common in the gen-
eral population [19] and among epilepsy patients; the 
frequency of 26.2% is comparable to the prevalence rate 
of MIG [9]. In general, women are more often diagnosed 
with MIG or TTH than men [9, 19].

TAC such as cluster headache is described as severe or 
very severe unilateral orbital, supraorbital and/or tempo-
ral pain lasting 15–180 min with ipsilateral conjunctival 
injection or lacrimation, nasal congestion, eyelid oedema, 
forehead and facial sweating and miosis, or a sense of 
restlessness [5]. Cluster headache is a severe and rare 
headache type and affects around 0.1% of the population 
with a predominance in men [20]. Data on cluster head-
ache in the context of epilepsy are sparse [21].

The aim of our study was to investigate the distribu-
tion of the three different primary headache types, MIG, 
TTH and TAC, and potential influencing factors such as 
age or type of epilepsy in a population of patients with 
epilepsy. Epilepsy patients were sex-matched (250 female 
and 250 male participants) to study gender differences. 

Furthermore, the influence of different AEDs on head-
ache as well as the relation between headache and seizure 
freedom are evaluated.

Methods
In this prospective single-centre study, patients with epi-
lepsy in the seizure outpatient clinic of the University 
Hospital of Innsbruck were evaluated. Informed consent 
was obtained from all patients in accordance with the 
Declaration of Helsinki and the study was approved by 
the local ethics committee.

The study population consisted of a large cohort of 
n = 500 sex-matched adult patients (250 female) with 
diagnosed epilepsy based on the ILAE classification [22]. 
Patients had to fulfill the criteria of a documented diag-
nosis of epilepsy, age of 18 years or older, and must have 
been able to fill out the questionnaire autonomously. The 
patients were separated into two groups: group 1 with 
headache and group 2 without headache. Patients were 
asked during their outpatient visit if they had a headache 
at least 1  day per month. If they reported having head-
aches one or more days per month, they were handed out 
the headache questionnaire with additional items about 
sociodemographic/epilepsy data and allocated to group 
1. If they declined to have a headache at least 1 day per 
month, they did not fill out the headache questionnaire 
and continued with the questionnaire about the sociode-
mographic/epilepsy data and were allocated to group 2.

Headache questionnaire
Headache was assessed using a validated headache ques-
tionnaire for screening for MIG, TTH TAC [23]. The 
questionnaire was based on the second version of the 
classification criteria of the International Headache Soci-
ety (ICHD-3) [24] and consists of seven items for MIG 
plus two items to separate between MIG with aura and 
without aura, seven items for TTH and six items for 
TAC. The questions were to be answered with “yes” or 
“no”. After each block for MIG, TTH and TAC, the total 
amount of days per month for this block was registered 
to distinguish between chronic headache type (15  days 
per month or more) or episodic headache type (14 days 
and less) or episodic versus chronic cluster headache, 
respectively.

The algorithm allowed the following outcome results: 
MIG with and without aura, TTH, TAC, a combination 
of MIG and TTH (MIG + TTH), a combination of TTH 
and TAC (TTH + TAC), a combination of MIG and TAC 
(MIG + TAC) and “non-classifiable” headache (if all the 
criteria of the ICHD-3 for one headache type were not 
fulfilled).



Page 3 of 7Schiller et al. European Journal of Medical Research           (2023) 28:49  

Sociodemographic/epilepsy data
We added additional items to assess data regarding 
epilepsy and medication. Sociodemographic data con-
sisted of age, sex, date of birth and data regarding epi-
lepsy comprised type of epilepsy (focal, generalised, 
unclassifiable), onset year of epilepsy, current medica-
tion for epilepsy (AEDs) and seizure freedom in the last 
12 months (yes/no).

For the patients reporting headaches at least 1  day 
per month, further standardised items were added. The 
total number of days with headache per month, head-
ache together with a seizure (before/during/after), dif-
ference in headache type during and outside of seizures 

(yes/no) and improvement of headache since the start 
of AEDs (yes/no) were evaluated.

Statistics
Data are presented as absolute numbers and percentages 
in parentheses where appropriate. Normal distribution 
of the data was tested using the Kolmogorov–Smirnov 
test. Contingency tables and Pearson’s chi-squared test 
(x2-test) and Fisher’s exact test were applied. All analyses 
were performed two-tailed with p-values ≤ 0.05 indicat-
ing statistical significance. Statistical analyses were per-
formed using the Statistical Package for Social Sciences 
for Windows (SPSS Inc. Chicago, Illinois, version 27.0).

Results
500 sex-matched patients with diagnosed epilepsy par-
ticipated in our study. Baseline clinical characteristics of 
all patients and patients with headache at least 1 day per 
month are presented in Table 1.

Distribution of headache
Overall, out of 500 epilepsy patients, 163 patients (32.6%) 
reported suffering from headache at least 1  day per 
month.

In the 163 patients with headache, all 3 primary head-
ache types and their combinations were reported by 
patients with epilepsy (Fig.  1). MIG was the most fre-
quent form reported by 54 (33.1%), of which 41 had MIG 
without aura and 13 MIG with aura. This was followed 
by TTH in 54 (33.1%) patients and TAC with 7 (4.3%) 

Table 1 Baseline clinical characteristics and types of epilepsy

All patients 
with epilepsy

Epilepsy 
patients with 
headache

n = 500 163

Age, y (mean ± SD) 45.5 ± 17.3 42.8 ± 14.9

Sex, female/male 250/250 108/55

Age onset epilepsy, y (mean ± SD) 27.2 ± 20.6 24.6 ± 17.6

Duration epilepsy, y (mean ± SD) 18.3 ± 15.1 18.3 ± 15.1

Types of epilepsy, n (%)

 Focal 366 (73.2) 122 (74.8)

 Generalised 118 (23.6) 37 (22.7)

 Unclassifiable 16 (3.2) 4 (2.5)

Fig. 1 Flowchart presenting headache distribution. MIG migraine, TTH tension-type headache, TAC  trigeminal autonomic cephalgia, UCH 
unclassifiable headache
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patients. In 33 (20.2%) patients, answers did not meet the 
full criteria for one of the headache types (non-classifia-
ble headache, NCH).

Altogether, headache was classified as chronic in 15 
(9.2%) patients. 7 (4.3%) patients reported chronic MIG 
(without aura), 5 (3.1%) patients had chronic TTH and 3 
(1.8%) patients described chronic TAC.

Gender distribution
Of 163 epilepsy patients with headache, more female 
patients (n = 108) had headache than male patients 
(n = 55) (Fig.  2). This difference was statistically signifi-
cant (x2 = 8.20, p = 0.0042). Of 108 female patients with 
headache, 40 (37.0%) had MIG, of which 29 patients 
had MIG without aura and 11 had MIG with aura. TTH 
was found in 32 (29.6%) patients. TAC was reported by 
two (1.9%) patients. A combination of MIG + TTH was 
described by six (5.6%) patients (three without aura, 
three with aura) and a combination of MIG + TAC by 
five (4.6%) patients (three without aura, two with aura). 
One (0.9%) patient had a combination of TTH and TAC. 
Twenty-two (20.4%) patients showed NCH.

Of 55 male patients with headache, 14 (25.5%) of our 
patients with headache had MIG, whereof 12 (21.8%) 
patients had MIG without aura and 2 (3.6%) had MIG 
with aura. TTH was reported by 22 (40.0%), whereas 
TAC was described by 5 (9.1%) patients. A combination 

of MIG (without aura) + TTH was reported by one 
patient (1.8%) and two (3.6%) patients had a combina-
tion of MIG (with aura) + TAC. Eleven (20.0%) patients 
had NCH.

The distribution of the headache types was not sig-
nificantly different between female and male patients 
(all p > 0.05).

Two women had chronic MIG, three men chronic 
MIG, two women chronic MIG + TAC, three women 
reported chronic MIG + TTH, one man chronic 
MIG + TTH, one woman and one man chronic TAC, 
two women chronic TTH, one man chronic TTH and 
one woman chronic TTH + TAC.

Headache in relation to the type of epilepsy
In the study population of 500 patients with epilepsy, 
366 patients had focal epilepsy, 118 patients had gener-
alised epilepsy and 16 had unclassifiable epilepsy. 122 
(33.3% of 366) patients with focal epilepsy, 37 (31.4% of 
118) patients with generalised epilepsy and 4 (25% of 
16) patients with unclassifiable epilepsy reported hav-
ing headache at least 1 day per month. The distribution 
of headache types in the different epilepsy types is pre-
sented in Table 2. The type of epilepsy was not associ-
ated with the headache types (x2 = 2.73, p = 0.25).

Fig. 2 Different headache types for female (n = 108) and male (n = 55) epilepsy patients
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AEDs and headache
Of 163 epilepsy patients who reported having head-
ache at least 1 day per month, AEDs were taken by 157 
patients (AEDs per patient mean ± SD: 1.3 ± 0.62, [range: 
0–4]). Of those patients, 105 (66.9%) received monother-
apy, 52 (33.2%) received polytherapy at the time of inter-
view. The distributions of the three main headache types 
during AED treatment with Topiramate (TPM), Valproic 
acid (VPA), Lamotrigine (LTG), Carbamazepine (CBZ) 
and Levetiracetam (LEV) are shown in Table 3.

Patients who received monotherapy reported less 
MIG than patients on polytherapy (x2 = 4.79, p = 0.028), 
whereas there was no difference for TTH and TAC 
(p-values > 0.05).

Seizure‑associated headache
Out of 163 patients of the total study population who 
had headache, 66 (40.5%) reported seizure-associated 
headache. Therein, the isolated preictal headache was 
reported by 8 patients, isolated ictal headache by 2 

patients and isolated postictal headache by 30 patients. 
One patient had preictal and ictal headache, 17 patients 
had preictal and postictal headache, 3 patients showed 
ictal and postictal headache and 5 patients had preictal, 
ictal and postictal headaches.

Relationship between headache and seizure freedom
In the study population of all epilepsy patients (n = 500), 
177 (35%) patients were not seizure-free and 163 (32.6%) 
patients had headache. The association between head-
ache and seizure freedom was marginally significant 
(x2 = 3.25, p = 0.071). Patients that experienced headache 
were disproportionally more likely to not achieve seizure 
freedom.

Discussion
The present work represents the first systematic 
approach to assess the headache distribution of the three 
most common headache types and their associations in 
patients with epilepsy.

The results indicate that primary headaches, espe-
cially MIG and TTH, are common in epilepsy, which is 
in line with previous studies [9, 25]. About one-third of 
patients with epilepsy were suffering from some kind of 
headache at least 1 day per month. MIG and TTH are the 
most common headache types. Around one-third of the 
epilepsy patients reported MIG, demonstrating a higher 
prevalence of MIG compared to the general population 
(10.0%) [26]. In addition, this is congruent with data 
about the frequency of MIG in the epilepsy population 
[9]. Similar results were found in a study in children with 
juvenile myoclonic epilepsy showing higher migraine fre-
quency in patients compared to a healthy control group 
[25]. The prevalence of TTH in our study group was even 
lower than in the general adult population (38.0%) [26] 
but comparable to findings of TTH in adults and children 
with epilepsy [9, 25]. The prevalence of TAC in our study 
was 3.0% higher than in epidemiological studies, includ-
ing five European studies which have reported a lifetime 
prevalence of TAC with values ranging from 0.06 to 0.3% 
[26]. Additionally, we found seven patients with a combi-
nation of MIG and TAC as well as one patient with TTH 
and TAC. We could not determine whether this result is 
due to a higher prevalence of TAC in patients with epi-
lepsy, because there are no data available concerning this 
theme to date. TAC is suspected to show a pathophysiol-
ogy in the trigeminovascular system, autonomic system, 
hypothalamus, and vagus nerve [27, 28]. The activation of 
peripheral and central trigeminovascular neurons by sei-
zures may explain the higher amount of TAC in the epi-
lepsy cohort [29].

Regarding the gender effect, headache was more 
prevalent in female patients (43.2%) compared to males 

Table 2 Different headache types in patients with focal epilepsy, 
total numbers (%)

Type of 
headache

Patients with 
focal epilepsy

Patients with 
generalised 
epilepsy

Patients with 
unclassifiable 
epilepsy

MIG 40 (24.5%) 14 (8.6%) 0

with aura 11 2 0

without aura 29 12 0

TTH 45 (27.6%) 9 (5.5%) 0

TAC 5 (3.1%) 0 2 (1.2%)

MIG & TTH 4 (2.4%) 2 (1.2%) 1 (0.6%)

MIG & TAC 5 (3.1%) 2 (1.2%) 0

TTH & TAC 0 0 1 (0.6%)

NCH 23 (14.1%) 10 (6.1%) 0

Total 122 (74.8%) 37 (22.7%) 4 (2.5%)

Table 3 Number of patients on mono- and polytherapy 
reporting the three main headache types MIG, TTH and TAC 

AEDs MIG TTH TAC 

Topiramate (Monotherapy) 2 0 1

Topiramate (Polytherapy) 3 1 0

Valproic acid (Monotherapy) 5 6 0

Valproic acid (Polytherapy) 7 4 1

Lamotrigine (Monotherapy) 7 7 1

Lamotrigine (Polytherapy) 6 8 1

Carbamazepine (Monotherapy) 8 13 3

Carbamazepine (Polytherapy) 7 5 2

Levetiracetam (Monotherapy) 11 8 1

Levetiracetam (Polytherapy) 14 6 3
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(22.0%). Thereof, 37.0% of female patients matched the 
criteria for MIG compared to 25% of male patients. In 
the general population, MIG seems to be more frequent 
in females with a male-to-female ratio for MIG among 
adults ranging from 1:2 to 1:3 [26]. Previous epidemio-
logical studies have shown a 4:5 male-to-female ratio for 
TTH, whereas we found a slightly higher amount of male 
epilepsy patients reporting TTH compared to females 
[26]. Further, the prevalence of chronic headache (9.2%) 
was slightly higher than that reported in the general pop-
ulation (4.8%) [26, 30].

The type of epilepsy did not influence the frequency 
of headache types. Within the different types of general-
ised, focal and unclassifiable epilepsy, the headache types 
showed similar amounts. No patients with generalised 
epilepsy showed TAC, whereas mostly focal epilepsy 
patients indicated this rare type of headache.

AEDs are widely used. In addition to the treatment of 
epilepsy, TPM and VPA are also approved in many Euro-
pean countries for MIG prevention [11, 12, 14–17]. In 
our study, we focused on the most commonly used AEDs 
such as TPM, VPA, LEV, CBZ and LTG. Patients on mon-
otherapy with these AEDs reported MIG less frequently 
compared to patients on polytherapy. This supports pre-
vious findings of less adverse effects during monotherapy 
compared to polytherapy in patients with epilepsy [31, 
32]. There was no difference in the incidence of MIG 
between these AEDs indicating that as well as TPM and 
VPA being used for MIG prophylaxis, LEV, CBZ and LTG 
may also help to reduce MIG. However, patients treated 
with TPM and VPA had the lowest amount of reported 
MIG. LEV was found to reduce the frequency and inten-
sity of MIG and to be a well-tolerated drug with few side 
effects in previous studies [33–35]. Regarding the effects 
of TPM on migraine prophylaxis, we have not been able 
to evaluate consistent data, because only two epileptic 
patients with MIG were treated with TPM monotherapy.

Around 40% of the patients with epilepsy reporting 
headache indicated having seizure-associated headaches 
expressed by preictal, ictal or postictal headaches. This is 
consistent with previous studies which reported a prev-
alence of any seizure-associated headache up to 47% in 
epileptic patients [36–39]. Postictal headache was the 
most common seizure-associated headache in our cohort 
which is in line with previous findings in adult patients 
with epilepsy [40]. Postictal headache was found to be 
associated to drug-resistance, generalised epilepsy and 
family history [40]. Furthermore, there was a weak asso-
ciation between headache and seizure freedom: patients 
with headache were more likely to not be seizure-free 
compared to patients without headache.

The main limitation of this study is that headache was 
assessed only retrospectively at a single time point. Future 

studies should focus on prospectively assessed headache 
appearance using a headache diary and on the prevalence 
of TAC in epilepsy patients as no studies are reporting on 
this type of headache. However, due to the high number 
of patients recruited in this study, the results are quite 
representative for the epilepsy population.

Conclusion
In patients with epilepsy, MIG and TTH seem to be 
the most frequent headache types. Headache is more 
prevalent in female patients compared to male patients, 
whereas the type of epilepsy did not show any significant 
impact on the headache type. AED monotherapy reduced 
the frequency of MIG when compared to polytherapy. 
The promising results of all AEDs assessed in the study 
being able to reduce the frequency of MIG suggests that 
even AEDs that are not yet approved for MIG prophy-
laxis may be effective in patients with epilepsy.
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