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Abstract Migraine attacks increase during the perimenstrual

period in approximately half of femalemigraineurs. There are

differences in the pathogenesis and clinical features of men-

strually related and non-menstrual migraine attacks. The

objective of this study was to compare the characteristics of

migraine in patients with menstrually related and non-men-

strual migraine, and to investigate the differences between

premenstrual, menstrual, and late-menstrualmigraine attacks.

Three-hundred and thirty-two women with migraine without

aura were evaluated using questionnaires and diaries to

determine the characteristics of headache, preceding and

accompanying symptoms, and the relation ofmigraine attacks

and menstruation. One-hundred and sixty-three women had

menstrually related migraine without aura (49.1%). Duration

of disease and duration of headache were longer (p = 0.002

and p\ 0.001, respectively), and nausea, vomiting, phono-

phobia, and aggravation of headache with physical activity

were more frequent in patients with menstrually related

migraine (p = 0.005, p = 0.006, p\ 0.001 and p = 0.006,

respectively). Premonitory symptoms and allodynia were

observed more frequently in the menstrually related migraine

group (p = 0.012 and p = 0.004, respectively). Perimen-

strual migraine attacks occurred premenstrually (days-2 and

-1) in 46 patients (25.3%), menstrually (days 1 to 3) in 90

patients (49.4%), and late menstrually (days 4 to 7) in 19

patients (10.4%). Our results showed that the duration of

headache was longer and accompanying symptoms were

more frequent and diverse in patients withmenstrually related

migraine without aura, suggesting that these findings may

reflect the increase in excitability or susceptibility of the brain

in these patients.

Keywords Migraine � Menstrually related migraine

without aura � Non-menstrual migraine without aura �
Menstruation

Introduction

Migraine has a clear relationship with female sex. The

prevalence of migraine is similar in prepubertal girls and

boys [1, 2], but after menarche and during reproductive

years, this rate changes and the female to male ratio

increases from 1:1 to 2–3:1 [2–4]. Approximately, half of

female migraineurs experience increased incidence of

attacks during the perimenstrual period [5–8].

The International Classification of Headache Disorders

3rd Edition (ICHD 3-beta) described pure menstrual

migraine and menstrually related migraine in the appendix

[9]. A1.1.1 Pure menstrual migraine without aura is defined

as attacks of migraine without aura that occur exclusively

on day 1 ± 2 of menstruation in at least two out of three

menstrual cycles, and at no other times of the cycle,

whereas A1.1.2 menstrually related migraine without aura

is defined as migraine without aura that occurs on day

1 ± 2 of menstruation in at least two out of three menstrual

cycles, and additionally at other times of the menstrual

cycle.

The period that extends from 2 days before to 3 days

after the onset of menstruation, which corresponds to the

late luteal/early follicular phase of the menstrual cycle, is

the most risky period for migraine attacks to occur [10, 11].

The abnormal neurotransmitter and neurohormonal
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responses triggered by estrogen-withdrawal due to the

abrupt drop in serum estrogen levels during this period or

abnormal release of prostaglandins from the endometrium

appear to be involved in the pathophysiology of menstru-

ally related migraine [11, 12]. Fluctuations of estrogen

levels may have direct or indirect effects on serotonergic

and opiatergic neurotransmitter systems, which are con-

sidered to be important regulators of the trigeminal pain

pathways [12].

Perimenstrual migraine attacks have been suggested to

be longer [5, 14–17], more severe [5, 13, 16, 18–20] and

more resistant to treatment [5, 15, 16]. The objective of this

study was to compare the characteristics of migraine

between patients with menstrually related and non-men-

strual migraine, and to investigate the differences between

premenstrual, menstrual, and late-menstrual migraine

attacks.

Methods

We prospectively recruited 673 consecutive women with

migraine with or without aura according to ICHD III-beta

criteria [9] who were followed in the headache outpatient

clinic between Sept 2016 and Feb 2017. The study was

conducted in face to face interview by the investigators.

Patients with migraine with aura, chronic migraine with a

headache frequency of C15 days per month, those with

duration of migraine of less than 1 year, patients with

primary or secondary headache other than migraine, those

with other neurologic disease, patients in menopause, and

patients taking hormone therapy or oral contraceptives

were excluded from the study. Patients who failed to

complete questionnaires and/or headache diaries were also

excluded from the study.

A total of 332 women with natural menstrual cycles who

were diagnosed as having migraine without aura according

to the ICHD III-beta diagnostic criteria [9] were included

in the study. In addition to the demographic characteristics

of patients, age at onset of migraine; duration of disease

frequency; duration, severity, character, and lateralization

of headache; and aggravation of headache with physical

activity were recorded. Premonitory symptoms (sleepiness,

irritability/anxiety, depressive mood, euphoria/hyperactiv-

ity, fatigue, difficulty in concentrating, difficulty in verbal

expression, repetitive yawning, blurred vision, nausea/

vomiting, sensitivity to light/sound, changes in appetite,

neck stiffness), nausea, vomiting, photophobia, phono-

phobia, cranial autonomic symptoms associated with

headache, and family history of migraine were also

obtained. Severity of headache was scored on a visual

analog scale (0–10). The allodynia symptom checklist was

used to determine whether allodynia developed during a

migraine attack. The lateralization of headache was defined

as unilateral, bilateral, and unilateral ? bilateral. Small

hyperintense lesions localized in the periventricular or deep

white matter, or clinically silent infarct-like lesions iden-

tified on brain magnetic resonance imaging were recorded.

Patients were evaluated using questionnaires and

headache diaries for 90 days to investigate the association

of migraine attacks with menstruation. The diary included

questions regarding the presence of menstruation and all

headache characteristics including duration, severity,

character, and lateralization of headache, preceding and

accompanying symptoms. Diaries were collected and

reviewed 30, 60, and 90 days after the initial enrollment,

and if possible corrected. If migraine attacks occurred in

at least 2 out of 3 menstrual cycles, the attacks were

considered menstrually related. Those with migraine

attacks only in the menstrual period were evaluated as

pure menstrual migraine without aura, those with head-

ache in the menstrual period as well as other periods of

the menstrual cycle were evaluated as menstrually related

migraine without aura, and those without headache in the

menstrual period were evaluated as non-menstrual

migraine without aura. Menstrual migraine attacks of the

patients with menstrually related migraine were compared

as premenstrual (defined as days -2 and -1 of men-

struation), and menstrual (defined as days 1–3 of men-

struation). Although the ICHD 3-beta classification of

days -2 to ?3 of menstruation was taken as the basis, the

menstrual period was extended to day 7 when menstrual

bleeding persisted in women who had migraine attacks in

this period and were classified as late menstrual (defined

as days 4–7 of menstruation). The characteristics of pre-

menstrual, menstrual and late-menstrual groups were

compared.

The study was carried out according to the Helsinki

Declaration and was approved by the Institutional Ethics

Committee. All patients participating in the study provided

written informed consent.

Statistical analysis

Statistical analysis was performed using statistical software

(Statistical package for the Social Sciences, version 22.0

for Windows, SPSS Inc., Chicago, IL). The distributions of

continuous variables were evaluated for normal behavior

with Kolmogorov-Smirnov test. Descriptive statistics for

continuous variables were expressed as mean ± SD. The

number of cases and percentages was used for categorical

data. While the differences were not normally distributed,

data between two independent group were compared by

Mann–Whitney U test, otherwise Kruskal–Wallis test was

applied for the comparisons among more than two inde-

pendent groups. Categorical data were analyzed by
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Pearson’s Chi-square test. Statistical significance was

defined as p\ 0.05.

Results

Three-hundred and thirty-two women with migraine without

aura were included in the study. Of the 673 patients, 309 were

not appropriate for evaluation and, thus, excluded from the

study (248 with migraine with aura, 18 with accompanying

another headache disorder, 44 with other criteria above

mentioned, 31 with inadequate questionnaires and/or head-

ache diaries). The mean age of the patients was

35.3 ± 9.3 years, migraine duration was 9.9 ± 8.6 years,

age at onset of migraine was 25.4 ± 8.6 years, frequency of

headachewas 5.1 ± 3.8 per month, duration of headachewas

31.8 ± 22.6 h, and severity of headache was 7.6 ± 1.5.

One-hundred and sixty-three (49.1%) patients had

menstrually related migraine without aura, 142 (42.8%)

had non-menstrual migraine without aura, 8 (2.4%) had

pure menstrual migraine without aura and 19 patients had

late-menstrual migraine attacks (5.7%).

In patientswithmenstrually relatedmigraine, the duration

of disease and duration of headache were longer compared to

patients who had non-menstrual migraine (p = 0.002 and

p\ 0.001, respectively). In patients with menstrually rela-

ted migraine, nausea (p = 0.005), vomiting (p = 0.006),

phonophobia (p\ 0.001) associated with headache, and

aggravation of headache with physical activity (p = 0.006)

were more frequent compared to patients who had non-

menstrual migraine. In the menstrually related migraine

group, the number of patients with premonitory symptoms

was higher (p = 0.012) and allodynia developed more fre-

quently during the attack in this group (p = 0.004)

(Table 1).

Eight patients had pure menstrual migraine without aura.

Themean age of the patientswas 39.1 ± 6.2 years,migraine

duration was 6.7 ± 4.8 years, age at onset of migraine was

32.4 ± 8.2 years, duration of headache was 32.2 ± 25.7 h,

and severity of headache was 7.7 ± 1.2. Of the eight

patients, six had nausea, four had vomiting, six had photo-

phobia, seven had phonophobia, three had cranial autonomic

symptoms, one had allodynia and four had premonitory

symptoms during migraine attacks.

Perimenstrual migraine attacks occurred during the

premenstrual period (days -2 and -1) in 46 patients

(25.3%), during the menstrual period (days 1–3) in 90

patients (49.4%), and during the late-menstrual period

(days 4–7) in 19 patients (10.4%). No definitive distinction

could be made in 27 patients having migraine attacks both

in premenstrual and menstrual period and these patients

were not included in the evaluation. With the exception of

vomiting, which was more frequent in the menstrual group

than the premenstrual group (p\ 0.001), there were no

differences in the clinical features of migraine among 3

groups (Table 2).

Discussion

In the present study, 49.1% of the patients had menstrually

related migraine without aura and 2.4% had pure menstrual

migraine without aura. Previous studies reported that

menstrually related migraine without aura was seen in

40–70% of female patients with migraine [5–7, 10, 21, 22].

The prevalence of pure menstrual migraine without aura

ranged from 5 to 12% [10, 20–22]. Perimenstrual migraine

attacks have been reported to be longer [5, 14–17], more

severe [5, 13, 16, 18–20], and more resistant to treatment

[5, 15, 16]. However, no difference between perimenstrual

attacks and non-menstrual attacks was found in some

studies [23–25]. It has been suggested that the reported

differences in prevalence and clinical characteristics may

be due to the method of evaluation of the attacks and their

association with menstruation, or because the studies were

conducted with population-based patients or patients

selected from tertiary clinics [26].

In our study, the duration of headache was longer in

patients with menstrually related migraine compared with

patients who had non-menstrual migraine. Long headache

duration may be associated with a more pronounced sup-

pression of inhibitory neurotransmitter systems responsible

for the modulation of pain, along with a decrease in

estrogen levels during menstruation [12]; it may also be

explained by the fact that the attacks in this period are more

unresponsive to terminating therapies.

In our study, allodynia during attacks was more frequent

in patients with menstrually related migraine. This result

suggested that hormonal factors may have a facilitating

effect on the development of central sensitization. Men-

strually related migraine has been reported to be more

frequent than non-menstrual migraine in patients who

develop cutaneous allodynia during migraine attacks

[27, 28]. Gonadal hormones affect central pain modulation,

which causes changes in the pain threshold of trigeminal

neurons. In a study where trigeminal sensitization was

induced by intradermal capsaicin injection, the area of

allodynia in female subjects was found wider, more so in

the menstrual phase than in the luteal phase [29]. In our

study, headache was found aggravated by physical activity

in a larger number of patients in the menstrually related

migraine group than in the non-menstrual migraine group.

This result may be related to the fact that peripheral sen-

sitization that developed during the migraine attack was

stronger in patients with menstrually related migraine. The

increase of prostaglandins in the perimenstrual period,
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which are peripheral mediators of pain, may be responsible

for this. It has been suggested that prostaglandins released

from the endometrium during the perimenstrual period may

play a role in the development of migraine attacks [12].

In our study, nausea, vomiting, and phonophobia were

more frequently associated with headache in patients with

menstrually relatedmigraine.Likewise, some studies reported

that nausea and vomiting [13, 17, 19], and phonophobia and

photophobia [22] were more frequent in menstrually related

migraine attacks. In other studies, no differences were found

between menstrually related and non-menstrual migraine

attacks in terms of symptoms associated with headache

[15, 16, 19, 21]. Activation of the nucleus tractus solitarius

neurons, which receive input from the trigeminal nucleus

caudalis, is one of the possiblemechanisms responsible for the

development of nausea and vomiting during migraine attacks

[30–32]. The reason for the more frequent occurrence of

nausea and vomiting during headache in menstrually related

migraineurs, like in allodynia, may be central sensitization of

the trigeminal nucleus caudalis neurons. On the other hand,

the likely presence of nausea and vomiting also in the pre-

monitory period in which hypothalamic activity is shown in

migraineurs [33] points toward a role of the hypothalamus in

the development of nausea and vomiting during migraine

attacks owing to the links revealedbetween the nucleus tractus

solitarius and the hypothalamus [34]. Given that the

hypothalamus has an important role in maintaining hormonal

and autonomic functions, we thought that the more frequent

occurrence of nausea and vomiting in patients with menstru-

ally related migraine may also be related to the hypothalamic

activation developed during migraine attacks. Furthermore,

the more frequent presence of premonitory symptoms in

patients with menstrually related migraine compared with

patients who had non-menstrual migraine in our study may

indicate the presence of a stronger hypothalamic activation in

this patient group.

In the present study, menstrual migraine attacks occurred

in the first 3 days of menstruation in half of the patients with

menstrually related migraine. There was no difference in the

clinical characteristics of migraine except for the more fre-

quent occurrence of vomiting in patients with migraine

attacks on days 1–3 of menstruation compared with those

with premenstrual attacks. Previous studies also reported

thatmigraine attacksweremore frequent in the first 3 days of

Table 1 Comparison of

demographic and clinical

characteristics of patients with

menstrually related and non-

menstrual migraine

Menstrually related migraine

n = 163

Non-menstrual migraine

n = 142

p

Age (years) 35.3 ± 8.5 34.8 ± 10.3 0.709

Age at onset of migraine (years) 24.9 ± 8.4 26.1 ± 9.0 0.290

Duration of migraine (years) 10.4 ± 8.2 8.7 ± 8.9 0.002

Frequency of headache (n/month) 5.0 ± 3.6 5.1 ± 4.0 0.710

Duration of headache (h) 36.0 ± 21.6 26.3 ± 22.3 <0.001

Severity of headache (0–10) 7.6 ± 1.5 7.6 ± 1.5 0.769

Headache lateralization

Unilateral 106 (65.0) 87 (61.3) 0.243

Bilateral 27 (16.6) 34 (23.9)

Unilateral ? bilateral 30 (18.4) 21 (14.8)

Throbbing pain 145 (89.0) 126 (88.7) 0.950

Aggravation with physical activity 146 (89.6) 111 (78.2) 0.006

Nausea 148 (90.8) 113 (79.6) 0.005

Vomiting 89 (54.6) 55 (38.7) 0.006

Photophobia 143 (87.7) 113 (79.6) 0.053

Phonophobia 154 (94.5) 108 (76.1) <0.001

Cranial autonomic symptoms 89 (63.6) 63 (52.5) 0.071

Allodynia 90 (63.8) 55 (45.8) 0.004

Premonitory symptoms 98 (60.1) 65 (45.8) 0.012

Family history of migraine 84 (51.5) 65 (45.8) 0.316

Brain MRI lesions 26 (24.5) 28 (31.8) 0.259

Data are presented as mean ± SD or number (%)

Allodynia was evaluated in 261 patients, cranial autonomic symptoms in 260 patients, and brain MRI was

performed in 194 patients

Statistically significant p values are marked in bold characters

MRI magnetic resonance imaging
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the menstrual period [13, 19, 35, 36]. Only one study com-

pared premenstrual, menstrual, and late-menstrual migraine

attacks, and found no difference between them [15].

Our results showed that the duration of headache was

longer and the prevalence and diversity of accompanying

symptoms were more frequent in patients with menstrually

related migraine without aura. These findings may reflect

the characteristics of menstrual migraine attacks, as well as

the differences of clinical features between patients with

menstrually related and non-menstrual migraine. It is still

unclear why some migraineurs have attacks triggered by

menstruation and others do not. We thought that the

increase in excitability of the brain in some patients with

migraine may be more pronounced, and attacks triggered

by hormonal changes during the menstrual period may be

regarded as a part of this condition.
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