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Abstract
Background and Objectives
Endogenous and exogenous female sex hormones are considered important contributors to
migraine pathophysiology. Previous studies have cautiously suggested that perimenstrual mi-
graine attacks have a longer duration and are associated with higher disability compared to
nonperimenstrual attacks, but they showed conflicting results on acute therapy efficacy, pain
intensity, and associated symptoms.We compared perimenstrual and nonperimenstrual migraine
attack characteristics and assessed premenstrual syndrome (PMS) in women with migraine.

Methods
Women with migraine were invited to complete a headache e-diary. Characteristics of perimenstrual
attacks and nonperimenstrual attacks were compared. The primary outcome was attack duration.
Secondary outcomes were headache intensity, accompanying symptoms, acute medication intake,
and pain coping.Mixed effectsmodels were used to account formultiple attackswithin patients. PMS
was assessed in patients without hormonal contraceptives. Subgroup analyses were performed for
women with menstrually related migraine (MRM) and nonmenstrually related migraine (non-
MRM) and women with a natural menstrual cycle and women using hormonal contraceptives.

Results
A representative group of 500 participants completed the e-diary for at least 1 month. Peri-
menstrual migraine attacks (n = 998) compared with nonperimenstrual attacks (n = 4097) were
associated with longer duration (20.0 vs 16.1 hours, 95% confidence interval 0.2–0.4), higher
recurrence risk (odds ratio [OR] 2.4 [2.0–2.9]), increased triptan intake (OR 1.2 [1.1–1.4]),
higher headache intensity (OR 1.4 [1.2–1.7]), less pain coping (mean difference −0.2 [−0.3 to
−0.1]), more pronounced photophobia (OR 1.3 [1.2–1.4]) and phonophobia (OR 1.2
[1.1–1.4]), and less aura (OR 0.8 [0.6–1.0]). In total, 396/500 women completed the diary for
≥3 consecutive menstrual cycles, of whom 56% (221/396) fulfilled MRM criteria. Differences
in attack characteristics became more pronounced when focusing on women with MRM and
women using hormonal contraceptives. Prevalence of PMS was not different for women with
MRM compared to non-MRM (11% vs 15%).

Discussion
The longer duration of perimenstrual migraine attacks in women (with MRM) is associated
with higher recurrence risk and increased triptan use. This may increase the risk of medication
overuse and emphasizes the need to develop female-specific prophylactic treatment.
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Endogenous and exogenous female sex hormones are con-
sidered important contributors to migraine pathophysiology.
Migraine prevalence strongly increases in women after men-
arche, and attack frequency notably changes during hormonal
milestones, such as pregnancy and menopause.1,2 Menstrua-
tion is the most reported migraine trigger factor in women.3

The exact underlying pathophysiologic mechanism is sug-
gested to be the drop in estrogen level prior to the men-
struation leading to increased brain excitability and triggering
the trigeminovascular system.4-6 The rate of estrogen decline
seems important in attack provocation.7 Although previous
(small) diary-based studies cautiously suggested that peri-
menstrual migraine attacks have a longer duration and are
associated with higher disability compared to non-
perimenstrual attacks, they showed conflicting results on
acute therapy efficacy, pain intensity, and associated
symptoms.8-11

Many patients with migraine report prodromal symptoms
before the headache phase. It is hypothesized that a mech-
anism of subcortical and diencephalic brain activation at the
start of an attack and prior to the headache, including that of
basal ganglia, hypothalamus, and thalamus, causes a top-
down effect on brainstem structures involved in trigemino-
vascular nociception.12 Interestingly, the affective, behav-
ioral, and physical symptoms belonging to the premenstrual
syndrome (PMS) show many similarities with the pro-
dromal migraine phase.13-15 Previous studies suggested an
increased risk of migraine in women with PMS of approxi-
mately 60%.15,16 Due to the strictly defined temporal rela-
tionships between menstrual related migraine, PMS, and
menstruation, prospective diaries are needed to reliably
confirm diagnoses.17,18

With this prospective electronic diary (e-diary) study, we
aimed to study perimenstrual and nonperimenstrual mi-
graine attack characteristics in a large group of women with
migraine. Furthermore, we assessed PMS in women ful-
filling criteria of menstrually related migraine (MRM) and
women in whom attacks were not menstrually related
(non-MRM).

Methods
Study Design and Population
This study is a longitudinal prospective cohort study among
women with migraine conducted between February 2019 and
October 2020.

Participants’ Background Information
Dutch patients with migraine aged 18–80 years were recruited
by the Leiden Headache Center and our research website
(lumc.nl/hoofdpijn). They were considered eligible after a
2-step inclusion process using validated questionnaires via the
dedicated Leiden University Migraine Neuro-Analysis (LU-
MINA) website. Patients were first asked to fill out a validated
web-based screening questionnaire with a sensitivity of 0.93
and specificity of 0.36.19 Patients who fulfilled the screening
criteria were sent a validated web-based extended migraine
questionnaire20 based on International Classification of
Headache Disorders–3 (ICHD-3) criteria.21 The specificity of
the second questionnaire was 0.95 and sensitivity was 0.45.20

We consider the cohort a well-defined web-based cohort; 87%
of the participants were previously diagnosed with migraine
by a physician. Final diagnoses were made based on the
ICHD-3 criteria21 after a clinical interview by a neurology
resident with consultation of a headache specialist or a re-
searcher with headache expertise.

Pregnant, breastfeeding, and postmenopausal women were
excluded from participation. In addition, women using con-
tinuous sex hormonal therapies were excluded (e.g.,
hormone-releasing intrauterine device, progesterone-only
pill, etonogestrel implant or medroxyprogesterone injection
for contraception, or oral estradiol/dydrogesterone as hor-
mone replacement therapy to reduce climacteric symptoms).
No women were using combined hormonal patches or vaginal
rings for contraception. When using combined oral contra-
ceptives, patients had to be willing to insert a pill-free period
every month. Women with a current gynecologic malignancy
or a history of oophorectomy or hysterectomy were excluded.

Standard Protocol Approvals, Registrations,
and Patient Consents
The study was approved by the medical ethics committee of
Leiden UniversityMedical Center (METC number P18.181).
All participants provided written informed consent.

e-Diary
For this study, we used our self-developed time-locked
e-diary.22 Patients received a daily link at 9.00 AM by email to
access the e-diary covering the previous 24 hours (from
midnight to midnight), consisting of 6–31 questions
depending on the absence or presence of headache including
its detailed characteristics and associated symptoms (1 sided/
throbbing/intensity/increasing with physical activities/
photophobia/phonophobia/nausea/vomiting/pain coping),
presence of aura symptoms including characteristics and

Glossary
ACOG = American College of Obstetricians and Gynecologists;CI = confidence interval;CSD = cortical spreading depression;
DRSP = Daily Record of Severity of Problems; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, 4th edition;
ICHD-3 = International Classification of Headache Disorders–3; LUMINA = Leiden University Migraine Neuro-Analysis;
MRM = menstrually related migraine; OR = odds ratio; PMS = premenstrual syndrome.
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duration, acute and prophylactic medication, and menstrua-
tion. Up to 5 additional questions were asked depending on
the absence or presence of menstruation, including intensity
of the bleeding, menstrual pain, and associated use of anal-
gesics. Questions regarding the presence of PMS based on the
Daily Record of Severity of Problems (DRSP) scale were
incorporated in the e-diary.17 The DRSP scale consists of 21
items regarding affective and physical symptoms and 3 items
on associated functional impairment, all rated on a 6-point
severity scale. If an e-diary was not completed at 11:00 AM, an
alert with the same link was sent by text message as reminder.
An additional check on e-diary adherence was performed
twice a week, and if necessary, a final reminder was sent by
email to avoid missing e-diaries. No adjustments could be
made after completion of an e-diary. When e-diaries were not
completed, they were time-locked after 6 days. We aimed to
collect data for 1–3 menstrual cycles per patient. Patients who
completed the e-diary for less than 1 month were excluded.
Missing days were considered headache-free. Single days with
spotting or bleeding were not considered to belong to a
menstruation period. In patients with a natural menstrual
cycle, menstrual bleedings with a gap up to a maximum of 3
days were interpreted as 1 continuous menstruation. Finally,
cycle lengths with a duration <14 days were visually inspected
and adjusted when accidently wrong answers were suspected
(n = 27).

An automatic algorithm calculated for each day whether it was
a headache day. A headache day was defined as a day with a
headache lasting for at least 1 hour or for which acutely acting
medication (analgesics or triptans) was used. If a headache
was present, the algorithm verified diagnostic criteria for mi-
graine according to ICHD-3 criteria.21 Days on which a
triptan was used or days with aura symptomatology lasting
5–60 minutes were also interpreted as migraine days. By
definition, each migraine day was also considered a headache
day. Headache days not fulfilling criteria of migraine days were
labeled as nonmigrainous headache days.

Outcome Measures
All registered migraine attacks were divided into peri-
menstrual attacks and nonperimenstrual attacks according to
the ICHD-3 criteria.21 MRM was defined based on the
ICHD-3 criteria as migraine attacks that occur between day 1
of menstruation ±2 days, during at least 2 of 3 menstrual
cycles, while additional attacks may occur at other times of the
cycle.21 The primary outcome was the difference in migraine
attack duration in hours between perimenstrual attacks and
nonperimenstrual attacks. A migraine attack that was tem-
porarily remitted, regardless of the intake and effectivity of
acutely acting medication, and then recurred within 24
hours was considered as 1 attack. Time in between was also
included in the attack duration. The secondary outcomes
were differences in attack duration when migraine-free pe-
riods of <48 hours are included in the duration, maximum
headache intensity (rated as mild, moderate, or severe), as-
sociated symptoms (i.e., photophobia, phonophobia, nausea,

vomiting, all rated as mild, moderate, or severe), aura symp-
toms, use of acute medication (analgesics/triptans), 2-hour
headache response, 2-hour pain-free response, recurrence of
migraine within 24 hours, recurrence of migraine within 48
hours, and pain coping (rated on a visual analogue scale from
0.0 to 10.0; lower score means less coping). A 2-hour head-
ache response was defined by a reduction of moderate or
severe predose headache to mild or no pain 2 hours after the
intake of a triptan. A 2-hour pain-free response was defined by
a reduction of moderate or severe predose headache to no
pain 2 hours after the intake of a triptan. Recurrence was
defined as migraine that recurred after the intake of a triptan
among patients who were pain-free 2 hours postdose. Di-
agnosis of chronic migraine, medication overuse headache,
and the use of oral combined contraceptives were considered
potential confounders for all outcomes and were therefore
included as covariates in all statistical models. The use of
analgesics due to menstrual pain was in addition considered a
potential confounder for differences in headache intensity and
for differences in the use of analgesics during migraine attacks.
Chronic migraine was defined as a mean of ≥15 headache days
per month, from which ≥8 days fulfilled criteria of a mi-
grainous headache or triptan intake.21 Medication overuse
was defined based on the average use of acutely acting treat-
ment (analgesics ≥15 days per month or triptans ≥10 days per
month or a combination of analgesics and triptans ≥10 days
per month).21

PMS was assessed in women with MRM and non-MRM who
were not using combined oral contraceptives. A minimum of
2 registered menstrual cycles is required to reliably assess
PMS.17 This criterion was automatically met because only
those women who completed E-diaries during 3 menstrual
cycles, which was needed to assess criteria of MRM, were
included in the analyses on PMS. There are multiple criteria
available for PMS, and there is not one widely accepted and
universally used option. Furthermore, existing criteria for
PMS have not been validated in women with migraine spe-
cifically, while overlapping symptomatology among PMS, the
premonitory phase of migraine attacks, and depression and
anxiety, which are strongly associated with migraine, further
complicates the diagnosis in women with migraine. In this
study, we used questions from the DRSP scale to diagnose
PMS, which were inquired in the e-diary on a daily basis. The
DRSP scale consists of 21 items regarding affective and
physical symptoms and 3 items on associated functional im-
pairment, all rated on a 6-point severity scale.17 We calculated
the mean total DRSP symptom score during the late luteal
phase (defined as the 5 days prior to the onset of menstrua-
tion) and the midfollicular phase (defined as 6–10 days from
the start of menstruation). In addition, the mean total func-
tional impairment score was calculated for the late luteal
phase and the midfollicular phase. Subsequently PMS was
defined as (1) a 30% higher mean total DRSP symptom score
in late luteal phase compared to midfollicular phase and (2)
higher mean total functional impairment score in late luteal
phase compared to midfollicular phase. This definition was
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adapted from the DRSP, DSM-IV, and American College of
Obstetricians and Gynecologists (ACOG) criteria with a few
adjustments.23,24 Due to the strong association between mi-
graine and depression, exclusion of patients with depression
would lead to an unrepresentative group of patients with
migraine.25-27 Thus, women with depressive or anxiety
symptoms were not excluded. Secondly, according to DSM-
IV criteria, premenstrual symptoms should remit completely
following the onset of menstruation. This criterion was also
dropped, as similar symptoms could be attributed to (the
premonitory phase of) a migraine attack, and could therefore
still occur after the onset of menstruation.

Data Analysis and Statistics
Descriptive statistics were used to present characteristics of
the included women with migraine. To account for the cor-
relation between the repeated observations of the same pa-
tient, we used mixed effects regression models with a random
intercept per patient for all our analyses. The relation between
migraine attacks and menstruation and potential confounders
were added as fixed effects. Migraine attack duration was log
transformed to achieve a normal distribution. Linear mixed
effects models were used to assess the difference in continu-
ous outcome measures (i.e., attack duration and pain coping)
between perimenstrual migraine attacks and non-
perimenstrual migraine attacks. Ordinal logistic mixed effects
models were used to investigate differences in ordinal out-
come measures (i.e., headache intensity, nausea, vomiting,
photophobia, and phonophobia) and logistic mixed effects
models were used to assess differences in binary outcome
measures (i.e., aura symptoms, use of analgesics, use of trip-
tans, 2-hour headache response, 2-hour pain-free response
and recurrence of migraine). Subgroup analyses were per-
formed by diagnosis (MRM and non-MRM), based on
completed E-diaries during 3 menstrual cycles, which was
needed to assess criteria of MRM. In addition, women using
hormonal contraceptives and women with a natural menstrual
cycle were analyzed separately. Two-sided p values < 0.05
were considered statistically significant. All analyses were
performed in R, version 3.6.1.

Data Availability
Data not published within the article will be shared by request
from an investigator.

Results
As part of our LUMINA program, a total of 3,596 women
were invited to participate, of whom 901 women indicated
they were interested and potentially met the inclusion criteria.
Of these, 518/901 started with the e-diary, and 500/901
completed the e-diary for at least 1 month between February
2019 and October 2020 (Figure 1). Few women (n = 45)
prematurely ended their participation due to the start of
continuous sex hormonal therapy or pregnancy or personal
(health-related) circumstances. Overall, e-diary adherence

was high, with 396 women who completed E-diaries for at
least 3 menstrual cycles, 41 women who completed E-diaries
for 2menstrual cycles, 34 womenwho completed E-diaries for
1 menstrual cycle, and 29 women who did not menstruate
during e-diary registration. Baseline characteristics of the
study population are shown in Table 1. The study population
that was included (n = 500) was representative for the total
group of 3,596 invited women, regarding migraine, medica-
tion use, and comorbid depression (data not shown).

Primary Outcome
The median attack duration was 20.0 hours for perimenstrual
migraine attacks and 16.1 hours for nonperimenstrual mi-
graine attacks when migraine-free periods of less than 24
hours were included in the duration (Figure 2 and Table 2).
The average attack duration of perimenstrual attacks was 35%
longer compared to nonperimenstrual attacks after correction
for possible confounders (β = 0.30, 95% confidence interval
[CI] 0.2–0.4, p < 0.001).

Secondary Outcomes
The average attack duration of perimenstrual attacks was 84%
longer than the duration of nonperimenstrual attacks after cor-
rection for possible confounders when migraine-free periods of
less than 48 hours were included in the duration (β = 0.61, 95%
CI 0.5–0.7, p < 0.001) (Figure 2 and Table 2). The 2-hour
headache and pain-free response after triptan intake were not
different between perimenstrual and nonperimenstrual attacks,
but perimenstrual attacks recurred more often than non-
perimenstrual attacks (odds ratio [OR] 2.4, 95% CI 2.0–2.9, p <
0.001). Perimenstrual migraine attacks were also more often
associated with triptan intake (OR 1.2, 95% CI 1.1–1.4, p =
0.004). Pain coping (rated 0–10) was lower (adjusted mean
difference −0.2, 95% CI −0.3 to −0.1, p < 0.001) and headache
intensity (rated mild/moderate/severe) higher during peri-
menstrual migraine attacks compared to nonperimenstrual at-
tacks (OR 1.4, 95%CI 1.2–1.7, p< 0.001) (Figure 3). Associated
symptoms of photophobia and phonophobia were more pro-
nounced, but nausea and vomiting were not (Table 3). No
difference was found regarding aura (Table 3).

Subgroup Analyses: MRM and Non-MRM
In women with MRM, the average attack duration of peri-
menstrual attacks was 44% longer compared to non-
perimenstrual attacks when migraine-free periods of less than
24 hours were included in the duration (β = 0.36, 95% CI
0.3–0.4, p < 0.001) and 107% longer when migraine-free
periods of less than 48 hours were included in the duration (β
= 0.73, 95% CI 0.6–0.8, p < 0.001). In women with non-
MRM, perimenstrual attacks were only 13% longer when
migraine-free periods of less than 24 hours were included in
the duration (β = 0.12, 95%CI −0.04–0.3, p = 0.137) and 30%
longer when migraine-free periods of less than 48 hours were
included in the duration (β = 0.26, 95%CI 0.1–0.4, p = 0.004).

Pain coping (rated 0–10) was lower during perimenstrual
attacks compared to nonperimenstrual attacks in women with
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MRM (adjusted mean difference −0.2, 95% CI −0.4 to −0.1,
p < 0.001), but no difference was found in women with non-
MRM (adjusted mean difference −0.05, 95% CI −0.3 to 0.2,
p = 0.693). Similarly, headache intensity (rated mild/
moderate/severe) was higher during perimenstrual migraine
attacks in women with MRM (OR 1.6, 95% CI 1.3–1.9, p <
0.001), but no difference was found in women with non-
MRM (OR 0.9, 95% CI 0.6–1.2, p = 0.412). A complete
overview of all outcomes for perimenstrual vs non-
perimenstrual attacks for women with MRM and non-MRM
is presented in eTables 1 and 2 (links.lww.com/WNL/B509
and links.lww.com/WNL/B510).

Subgroup Analyses: Natural Menstrual Cycle
and Hormonal Contraceptives
In women with a natural menstrual cycle, the average attack
duration of perimenstrual attacks was 31% longer compared
to nonperimenstrual attacks when migraine-free periods of
less than 24 hours were included in the duration (β = 0.27,
95% CI 0.2–0.3, p < 0.001) and 79% longer when migraine-

free periods of less than 48 hours were included in the du-
ration (β = 0.58, 95% CI 0.5–0.7, p < 0.001). In women on
hormonal contraceptives, perimenstrual attacks were 60%
longer when migraine-free periods of less than 24 hours were
included in the duration (β = 0.47, 95% CI 0.3–0.7, p < 0.001)
and 116% longer when migraine-free periods of less than 48
hours were included in the duration (β = 0.77, 95% CI
0.5–1.0, p < 0.001).

Pain coping (rated 0–10) was lower during perimenstrual
attacks compared to nonperimenstrual attacks in women with
a natural menstrual cycle (adjusted mean difference −0.2, 95%
CI −0.3 to −0.05, p = 0.001), but not in women on hormonal
contraceptives (adjusted mean difference −0.6, 95% CI −0.9
to −0.3, p = 0.693). Headache intensity (rated mild/
moderate/severe) was higher during perimenstrual migraine
attacks in women with a natural menstrual cycle (OR 1.4, 95%
CI 1.2–1.6, p < 0.001), and even higher in women on hor-
monal contraceptives (OR 1.7, 95% CI 1.2–2.6, p = 0.007). A
complete overview of all outcomes for perimenstrual vs

Figure 1 Flowchart of Included Participants

MRM = menstrually related migraine.
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nonperimenstrual attacks for women with a natural menstrual
cycle and women on hormonal contraceptives is presented in
eTables 3 and 4 (links.lww.com/WNL/B511 and links.lww.
com/WNL/B512).

Premenstrual Syndrome
DRSP total symptom scores were slightly higher during the
midfollicular phase in women with MRM compared to non-
MRM, but not during the late luteal phase (Table 4). Func-
tional impairment scores were slightly higher in women with
MRM during both the midfollicular and late luteal phase
(Table 4). Prevalence of PMS was not different between
women with MRM vs non-MRM (Table 4).

Discussion
This large prospective e-diary study clearly showed that per-
imenstrual migraine attacks have a longer duration and are
more severe compared to nonperimenstrual attacks, due to a
higher recurrence risk after triptan intake with no difference in
2-hours headache and pain-free response. Perimenstrual at-
tacks are also associated with increased triptan intake. This fits
with our recent systematic review and meta-analysis where we
found that despite the higher drug exposure of triptans in
women, they have higher headache recurrence rates, which we
suggested might be due to longer attack duration related to
sex hormonal changes.28 In the current study we demonstrate
that this is indeed the case for perimenstrual migraine attacks
as opposed to nonperimenstrual attacks. This has practical
implications for migraine treatment in women.

The longer attack duration of perimenstrual attacks and
higher risk of recurrence are consistent with results of pre-
vious small studies.8-11 The sex hormonal triggering effect,
which is hypothetically due to estrogen changes that modulate
neuronal brain excitability and the trigeminovascular system,4-6

seems to result in a longer attack duration with failure of
effectiveness after an initial adequate triptan response. Thus,
in contrast to what has been suggested about acute migraine
treatments that would be less effective for perimenstrual mi-
graine attacks,8 our e-diary study showed similar 2-hour re-
sponse rates after triptan use, but higher recurrence rates. This
finding fits our expectations since we recently showed that
women have a higher triptan exposure compared to men and
similar 2-hour response rates.28 The prolonged attack dura-
tion of perimenstrual migraine attacks in our study was found
in a population that consisted of women with natural men-
strual cycles and women using combined oral contraceptives.
We have performed subgroup analyses comparing peri-
menstrual and nonperimenstrual attacks in women with nat-
ural menstrual cycles and women on hormonal contraceptives
and found longer perimenstrual attack duration in both
groups. This is in line with a small diary-based study that
specifically studied pill use in 28 women and also found that
attacks during the hormone-free interval lasted longer.29 In
addition, we have performed subgroup analyses comparing
women diagnosed with MRM and women with non-MRM.
These subgroup analyses indicate that, in general, differences
between perimenstrual and nonperimenstrual attacks are
more pronounced in women with MRM than in women with
non-MRM.

Table 1 Baseline Characteristics of the IncludedMigraine
Population

Women with
migraine (n = 500)

Age, y 40.5 ± 8.9

BMI 24.1 ± 4.1

Migraine subtype

Migraine without aura 267 (53)

Migraine with auraa 187 (37)

Chronic migraineb 46 (9)

Migraine attacks/mo 2.8 ± 1.5

Migraine d/mo 5.5 ± 4.2

Nonmigrainous headache d/mo 3.8 ± 3.6

Headache d/mo 9.3 ± 5.7

Days with use of analgesics/mo 4.7 ± 4.2

Days with use of triptans/mo 2.7 ± 2.9

Use of preventive medication 149 (30)

MOHc 80 (16)

MOH and chronic migraine 19 (4)

Use of combined oral contraceptives 65 (13)

Menstrual cycle length, dd

Women with a natural menstrual cycle 27.5 (25.5–29.5)

Women using combined oral contraceptives 28.0 (28.0–28.7)

Association between migraine attacks and
menstruation (n = 396)e

Menstrually related migraine 221 (56)

Nonmenstrual migraine 175 (44)

Depressive/anxiety symptoms (n = 422)f

HADS-D ≥8 or CES ≥16 or HADS-A ≥8 173 (41)

Abbreviations: BMI = body mass index; CES = Center for Epidemiologic
Studies Depression Scale; HADS-A = Hospital Anxiety and Depression
Scale–anxiety; HADS-D = Hospital Anxiety and Depression Scale–
depression; MOH = medication overuse headache.
Values are mean ± SD, n (%), or median (interquartile range).
a Most women with auras also experienced attacks without aura (123/187).
b Chronic migraine was defined as a mean of ≥15 headache d/mo, of which
≥8 days fulfilled criteria of a migrainous headache or triptan intake.21
c Medication overusewas defined based on the average use of acutely acting
treatment (analgesics ≥15 d/mo or triptans ≥10 d/mo or a combination of
analgesics and triptans ≥10 d/mo).21
d Menstrual cycle length was determined in 437/500 patients with ≥2
documented menstruations.
e The association between migraine attacks and menstruation was de-
termined in 396/500 patients with ≥3 documented menstruations.
f The presence of depressive or anxiety symptoms could be determined in
422/500 patients.
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Cortical spreading depression (CSD), which is thought to be the
underlying mechanism of the migraine aura, is also suggested to
be affected by estrogen levels. High estrogen levels were shown
to increase CSD susceptibility, whereas estrogen withdrawal and
low estrogen levels appeared to decrease the risk for CSD,30-32

which may explain why perimenstrual migraine attacks are less
likely to be associated with aura in women with MRM. The
observed more pronounced photophobia during perimenstrual
migraine attacks seems noteworthy in that light because previous
studies suggested photophobia to be associated with visual
aura.33,34 A greater visual cortex hyperexcitability in migraine
with auramay induce abnormal processing of light sensitivity and
may be the link between symptoms of photophobia and CSD
susceptibility.35-38

Women with MRM did not have a higher PMS prevalence
compared to women with non-MRM, in contrast to what

some small diary-based pilot studies suggested.13,39-41 The
prevalence of PMS in our large cohort of women with mi-
graine is comparable to the prevalence in the general pop-
ulation, which ranges between 5% and 20%.18 Our finding
corresponds with previous studies reporting PMS in
10%–30% of women with migraine and we did not find a
difference in PMS between women with and without
MRM.13-15,42 However, as there is important overlap in
symptomology between PMS and the prodromal phase of
migraine it is conceivable that women with MRM are less
likely to differentiate between these 2 phenomena. Impor-
tantly, we did find slightly higher PMS symptom scores and
functional impairment scores in women withMRM compared
to women with non-MRM. Previously, the potential comor-
bidity between PMS and migraine was suggested to be due to
the involvement of serotonin in both disorders and cyclical
changes in its levels resulting from estrogen fluctuations.24,43

Figure 2 Violin Plots of Migraine Attack Duration Visualizing Distribution and Probability Density

(A) Duration when migraine-free periods of less than 24 hours are included. (B) Duration when migraine-free periods of less than 48 hours are included.
Intraindividual mean duration was calculated for perimenstrual attacks and nonperimenstrual attacks to account for the correlation between migraine
attacks within the same participant.

Table 2 Descriptive Statistics on the Continuous Outcomes Duration (Hours) and Pain Coping (0–10, Lower Score Means
Less Coping) for Perimenstrual and Nonperimenstrual Migraine Attacks

Perimenstrual attacks (n = 998) Nonperimenstrual attacks (n = 4097)

Duration, h, including 24 hours migraine-free 20.0 (8.5–37.0) 16.1 (9.7–26.6)

Duration, h, including 48 hours migraine-free 35.4 (16.0–63.0) 22.7 (12.3–35.2)

Pain coping score (0–10 scale) 5.1 ± 1.6 5.4 ± 1.3

Values aremedian (interquartile range) ormean ± SD. Intraindividualmeanswere calculated for perimenstrual attacks and nonperimenstrual attacks prior to
group calculations to account for the correlation between migraine attacks within the same participant. Numbers of attacks included in the analyses on
duration when migraine-free periods of less than 48 hours were included in the duration were lower than presented in the Table (n = 894 and n = 3,253,
respectively). The adjusted mean difference on pain coping presented in the text is calculated with a linear mixed effects model corrected for potential
confounders and therefore slightly deviates from the result presented in this table.
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However, growing evidence suggests that affective symptoms
of PMS reflect suboptimal GABA(A) receptor sensitivity to
fluctuating levels of the positive modulator allopreg-
nanolone,44 which is a neuroactive metabolite of progesterone
with an inhibitory effect on neuronal excitability.45 Reduced
levels of allopregnanolone have been associated with the de-
velopment of depressive disorders and menstrual cycle–
related disorders such as PMS.46 However, conflicting results
were observed in small studies for serum allopregnanolone
concentrations between women with and without
migraine.47,48

Strengths of the current study include the large sample of
well-defined female patients with migraine and the use of our
self-developed and validated time-locked e-diary with an au-
tomated algorithm differentiating headache andmigraine days
based on detailed characteristics according to ICHD-3 crite-
ria.22 In almost all currently available daily E-diaries, migraine
days are defined based on whether the patient reports a day as
a migraine or headache day just stating yes or no. Missing
e-diary days were considered free of symptoms, which is
expected to have a negligible influence on our results since
e-diary adherence was very high and patients report that they

are more likely to register days with complaints than days
without complaints. The Leiden E-headache diary is time-
locked, meaning that no adjustments can be made after
completion of a day or the diary is locked when it is not filled
out after a predefined time period, which prevents patients
from changing their input. The study also has some limita-
tions. Firstly, we defined recurrences only after the intake of
triptans, and not after intake of painkillers or nonsteroidal
anti-inflammatory drugs, as we considered this to be more
robust. However, in the definition of migraine attack duration,
migraine-free periods of 24 hours or 48 hours were included
regardless of the intake and effectivity of acutely acting
medication. Secondly, women with chronic migraine were not
excluded, although it might be disputed whether women with
chronic migraine can be diagnosed withMRMdue to the high
likelihood of chance diagnosis.49 We did correct for chronic
migraine in our analyses by adding it as a covariate. Further-
more, we performed a sensitivity analysis for our primary
outcome by excluding women with chronic migraine and we
found similar results (data not shown). We therefore expect
the inclusion of women with chronic migraine to have a
negligible influence on our results. Thirdly, we performed
subgroup analyses by diagnosis (MRM and non-MRM), and

Figure 3 Prevalence of Headache Intensity Scores Separately for Perimenstrual and Nonperimenstrual Migraine Attacks
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in addition, by contraceptive use (women using combined
oral contraceptives and women with a natural menstrual cy-
cle). The study was not powered to detect differences within
these subgroups and the number of perimenstrual attacks in
women with non-MRM was small. Therefore, nonsignificant
p values should be interpreted cautiously. No subgroup
analyses were performed for women using preventive medi-
cation, as only a minority of included women used preventive
medication and type and dosage differed between these pa-
tients. Earlier research in women treated with topiramate

suggests that perimenstrual and nonperimenstrual attacks
respond similarly to preventive treatment.50 Lastly, the lack of
uniformity in the interpretation of what is substantial PMS in
combination with the fact that research on PMS in women
with migraine is further complicated by overlapping symp-
tomatology of PMS, the premonitory phase of migraine at-
tacks, and depression and anxiety, which are strongly
associated with migraine,25-27 made us choose to adjust
DRSP, ACOG, and DSM-IV criteria into a definition that we
considered clinically relevant for women with migraine.23

Table 3 Prevalence of Ordinal and Binary Outcomes Separately for Perimenstrual and Nonperimenstrual Migraine Days
With Corresponding Results of Mixed Effects Models

Perimenstrual migraine
d (n = 2272)

Nonperimenstrual migraine
d (n = 7399) Adjusted OR (95% CI) Adjusted p value

Photophobia 86.3 82.9 1.3 (1.2–1.4) <0.001

Phonophobia 82.7 79.5 1.2 (1.1–1.4) <0.001

Nausea 63.6 60.9 1.0 (0.9–1.1) 0.850

Vomiting 7.2 7.7 0.9 (0.7–1.1) 0.205

Aura symptoms 7.3 9.4 0.8 (0.6–1.0) 0.054

Use of analgesics 44.8 41.9 1.3 (0.7–2.2) 0.370

Use of triptans 53.7 48.8 1.2 (1.1–1.4) 0.004

2-hour headache response 61.2 62.4 0.9 (0.8–1.1) 0.414

2-hour pain-free response 29.7 29.2 1.0 (0.8–1.2) 0.993

Recurrence <24 hours 16.3 8.3 2.4 (2.0–2.9) <0.001

Recurrence <48 hours 17.2 7.5 2.8 (2.4–3.3) <0.001

Abbreviations: CI = confidence interval; OR = odds ratio.
Values are percentages. The associated symptoms photophobia, phonophobia, nausea, and vomiting were rated on an ordinal scale (no–mild–moderate–
severe); all other outcomes presented in the Table are rated on a binary scale (no–yes). To obtain frequency numbers on associated symptoms, a comparison
was made between negative replies and positive replies (i.e., mild, moderate, or severe were rated as yes). ORs for associated symptoms were calculated
based on the ordinal results with ordinal logistic mixed effects models and for all other outcomes with logistic mixed effects models, adjusted for chronic
migraine, medication overuse, and the use of combined oral contraceptives. Analgesics use was in addition corrected for use because of menstrual pain.
Prevalence of 2-hour responses is calculated based onmigraine days with triptan intake (respectively n = 1,244 and n = 3,699 days). Recurrence is calculated
based on days with triptan intake including respectively 24 hours and 48 hours.

Table 4 Crude Data on Daily Record of Severity of Problems Scale Scores During the Late Luteal Phase and Midfollicular
Phase of the Menstrual Cycle and Premenstrual Syndrome

Total population
(n = 344)

Menstrually related migraine
(n = 187)

Nonmenstrual migraine
(n = 157) p Value

Luteal total symptom score 31.4 (26.0–38.8) 31.8 (27.4–39.6) 30.4 (24.9–37.6) 0.053

Follicular total symptom score 28.5 (24.6–35.2) 28.8 (25.1–38.5) 27.4 (23.8–34.5) 0.012

Luteal total impairment score 4.3 (3.5–6.2) 4.4 (3.7–6.4) 4.1 (3.3–6.0) 0.021

Follicular total impairment score 4.4 (3.5–6.0) 4.5 (3.6–6.5) 4.0 (3.3–5.7) 0.013

Premenstrual syndrome diagnosis 44 (13) 20 (11) 24 (15) 0.268

Values are median (interquartile range) or n (%).
Women with migraine who were not using combined oral contraceptives and with at least 3 registered menstrual cycles were included. Daily Record of
Severity of Problem total symptom score ranges from 21 to 126; total functional impairment score ranges from 3 to 18. The following criteria needed to be
met for premenstrual syndrome: (1) 30% higher mean total symptom score in late luteal phase compared to midfollicular phase; (2) higher mean total
functional impairment score in late luteal phase compared to midfollicular phase. Group differences on symptom scores and impairment scores were
calculated with Wilcoxon rank-sum tests and on premenstrual syndrome diagnoses with a χ2 test.
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Therefore, women with depressive or anxiety symptoms were
not excluded and premenstrual symptoms did not have to
remit completely following onset of menstruation in order to
meet our definition of PMS, as such symptoms may also be
attributed to (the premonitory phase of) a migraine attack.

Physicians treating women with MRM should be aware of a
long duration of perimenstrual attacks with a high risk of
recurrence. Although women are more likely to report adverse
events after the intake of triptans than men,28 they often need
to take triptans repeatedly during their perimenstrual attacks.
Consequently, women with MRM are at increased risk for
medication overuse. Physicians should be encouraged to
prescribe preventive treatments in women with disabling
perimenstrual migraine attacks to diminish duration and se-
verity of attacks, because this may prevent the need for these
women to use triptans during multiple subsequent days. In
addition, physicians should consider prescribing long-acting
triptans such as eletriptan or frovatriptan for the acute treat-
ment of migraine attacks, aiming to reduce the risk of re-
currence. Alternatively, long-acting nonsteroidal anti-
inflammatory drugs such as etoricoxib or naproxen could be
added to a triptan with a short half-life time such as suma-
triptan or rizatriptan. The intake of etoricoxib or naproxen
should be timed based on the expected timing of recurrence
(e.g., before going to sleep if the recurrences normally are the
next morning or on awakening). Short-term prophylaxis with
frovatriptan or etoricoxib starting 1–2 days prior to the onset
of menstruation with a maximum of 7 subsequent days should
only be considered in women with pure menstrual migraine,
because it can easily induce medication overuse in women
who have additional attacks at other times of the cycle.

The long duration of perimenstrual migraine attacks with a
high risk of recurrence highlights the need to improve un-
derstanding of the role of sex hormones in the provocation of
attacks in women with migraine. Ultimately, this knowledge
will contribute to the development of an urgently needed
female-specific prophylactic treatment intervening with sex
hormones. To begin with, the potential efficacy of existing
hormonal treatments, such as combined oral contraceptives,
in the prevention of migraine attacks should be clarified
(WHAT! Study [ClinicalTrials.gov NCT04007874]). In ad-
dition, future large-scale daily e-diary studies are needed to
assess symptoms belonging to the premonitory phase in
women with migraine and to determine their contribution in
the prediction of an upcoming migraine attack.
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