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Abstract 

Background  Currently, there is no evidence-based hormonal treatment for migraine in women. Several small stud-
ies suggest a beneficial effect of combined oral contraceptives, but no large randomized controlled trial has been 
performed. As proof of efficacy is lacking and usage may be accompanied by potentially severe side effects, there 
is a great need for clarity on this topic.

Methods  Women with menstrual migraine (n = 180) are randomly assigned (1:1) to ethinylestradiol/levonorgestrel 
30/150 μg or vitamin E 400 IU. Participants start with a baseline period of 4 weeks, which is followed by a 12-week 
treatment period. During the study period, a E-headache diary will be used, which is time-locked and includes 
an automated algorithm differentiating headache and migraine days.

Results  The primary outcome will be change in monthly migraine days (MMD) from baseline (weeks − 4 to 0) 
to the last 4 weeks of treatment (weeks 9 to 12). Secondary outcomes will be change in monthly headache days 
(MHD) and 50% responder rates of MMD and MHD.

Conclusions  The WHAT! trial aims to investigate effectivity and safety of continuous combined oral contraceptive 
treatment for menstrual migraine. Immediate implementation of results in clinical practice is possible.

Trial registration  Clinical trials.gov NCT04​007874. Registered 28 June 2019.

Keywords  Migraine, Headache, Hormones, Treatment, Combined oral contraceptive pill

†Britt W. H. van der Arend and Daphne S. van Casteren have shared first 
authorship.

†Antoinette MaassenVanDenBrink and Gisela M. Terwindt have shared last 
authorship.

*Correspondence:
Gisela M. Terwindt
g.m.terwindt@lumc.nl
1 Department of Neurology, Leiden University Medical Center, PO 
Box 9600, Leiden 2300 RC, The Netherlands
2 Division of Vascular Medicine and Pharmacology, Department 
of Internal Medicine, Erasmus Medical Center, Rotterdam, The 
Netherlands

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13063-024-07955-8&domain=pdf
http://orcid.org/0000-0001-8999-0087
https://www.clinicaltrials.gov/study/NCT04007874


Page 2 of 9van der Arend et al. Trials          (2024) 25:123 

Background
Sex hormones have long been known to play a prominent 
role in the pathophysiology of migraine. Menstruation is 
an important factor increasing the susceptibility for an 
upcoming attack, with the highest risk in the period of 
2 days before the menstrual period until the first 3 days 
of bleeding [1]. Before the onset of menarche, the prev-
alence of migraine is equal between prepubertal boys 
and girls, but subsequently the balance shifts towards an 
increased prevalence of migraine in women, with a peak 
prevalence between 30 and 40 years of age [2]. Hormo-
nal fluctuations during menopausal transition are also 
associated with increased susceptibility for migraine [3]. 
Furthermore, the majority of women with migraine with-
out aura report improvement of their migraine attacks 
during pregnancy and breastfeeding [4, 5]. Migraine with 
aura can also improve during pregnancy but more often 
remains the same or worsens [6, 7].

Despite the well-documented relationship between 
sex hormones and migraine in women, the underly-
ing mechanisms through which hormonal factors influ-
ence migraine susceptibility remain poorly understood. 
It is hypothesized that perimenstrual migraine might 
be due to the sudden drop in estradiol prior to menses 
[8–10]. However, a similar decrease in circulating estra-
diol occurs at ovulation, but this decline does not seem 
to be consistently related to the provocation of migraine 
attacks. This may be due to the preventive properties of 
increasing progesterone levels during ovulation or its 
derivate allopregnanolone [11, 12]. With this estrogen 
withdrawal theory in mind, some small studies suggest 
that combined oral contraceptives might have beneficial 
effects in migraine [13–15]. A small double-blind pla-
cebo-controlled crossover study found a 22% reduction 
in migraine frequency after daily administration of estra-
diol (1.5 mg) [16]. However, a 40% increase in migraine 
frequency was observed 5  days after cessation of the 
intervention. It is therefore suggested that a migraine 
attack can be delayed by preventing the estrogen with-
drawal prior to menstruation.

Combined oral contraceptives (COC) are the most 
prescribed type of combined hormonal contracep-
tion (CHC). They are primarily composed of an estro-
gen (typically ethinylestradiol) and progestin to prevent 
pregnancy in women of childbearing age. The composi-
tion of COC includes a wide range of hormones, doses, 
and regimes. The 21/7 regimen, in which 21  days of 
pill administration is followed by a 7-day hormone-
free interval (HFI), is the most common. As the drop 
in estrogen levels prior to menstruation is suggested to 
provoke migraine attacks, studies have been investigat-
ing the effect of a shorter or absent HFI and of estrogen 
supplementation during the HFI on the occurrence of 

menstrual migraine [10, 17]. Shortening the HFI might 
also lead to a reduction in migraine intensity and fre-
quency [14, 18]. However, worsening of symptoms was 
also observed in some cases. Extended regimens (without 
HFI) were found to be more effective than the traditional 
21/7 regimen in terms of reducing daily headache days 
and medication days [19, 20].

In a small study, a beneficial effect of vitamin E was 
found with respect to pain severity and functional dis-
ability [21]. Its effect was suggested to be mediated by a 
reduction of prostaglandin production in the endome-
trium. The study, notwithstanding, had methodologi-
cal shortcomings, such as a short duration of treatment 
solely during the perimenstrual period and a lack of 
clearly defined outcome definitions.

In clinical practice, combined oral contraceptive 
pills are frequently prescribed for migraine in women. 
However, proof of efficacy is lacking and usage may be 
accompanied by side effects, with an increased relative 
risk for stroke in young women with migraine [22, 23]. 
Hence, there is a strong need for clarity on this topic. We 
hypothesize that continuous daily use of a combined oral 
contraceptive pill will be an effective and well-tolerated 
preventive treatment for menstrual migraine.

Methods
The primary objective of this randomized controlled 
trial is to investigate the efficacy of continuous daily 
use of ethinylestradiol/levonorgestrel (30/150  μg/day) 
compared to vitamin E (400  IU/day) in treating men-
strual migraine. This study follows the latest protocol, 
dated August 1, 2022, version 5.0. This trial employs an 
open-label randomized controlled design due to ethi-
cal and practical considerations regarding the use of a 
placebo-controlled study with a combined oral contra-
ceptive pill. However, a control group with an alterna-
tive treatment, vitamin E (400 IU/day, soft gel capsules), 
was included to account for potential confounding biases 
such as treatment expectations and placebo and nocebo 
effects. Our patient focus group panel was highly in favor 
of using vitamin E as a comparator treatment for hor-
monal intervention. Given the nature of the interven-
tions, participants, investigators, and study personnel 
are aware of the treatment assignments. Blinding is not 
feasible in this trial due to the distinct characteristics of 
the interventions and the practical challenges associated 
with a placebo-controlled study involving a combined 
oral contraceptive pill. The study design is visualized in 
Fig. 1. All endpoints are defined as the mean change from 
baseline (week − 4 to 0) in a 28-day period as assessed at 
the 12-week timepoint (week 9 to 12). The primary effi-
cacy endpoint for the trial is the mean change in mean 
monthly migraine days (MMD) from baseline to the 
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12-week timepoint. An automated algorithm based on 
ICHD-3 criteria verifies for each day whether criteria 
for headache and migraine are met [24–26]. Secondary 
efficacy endpoints are defined as the mean change from 
baseline to the 12-week timepoint and include the num-
ber of monthly headache days (MHD), migraine attacks, 
and the amount of 50% responders, defined as patients 
who had ≥ 50% reduction in the number of migraine days. 
Secondary safety endpoints are the occurrence of adverse 
events and serious adverse events. Finally, exploratory 
endpoints are defined as the mean change from baseline 
in a 28-day period as assessed at the 12-week timepoint 
(weeks 9–12). The prespecified exploratory endpoints for 
this trial are as follows: (1) the amount of 75% respond-
ers, defined as patients who had ≥ 75% reduction in the 
number of migraine days; (2) the amount of complete 
responders, defined as patients who had 100% reduc-
tion in the number of migraine days; (3) total migraine 
hours; (4) acute medication treatment days; (5) migraine 
severity; (6) migraine-related symptom severity; (7) num-
ber needed to treat (NNT); (8) number needed to harm 
(NNH); (9) Migraine-Specific Quality of life question-
naire (MSQ); (10) Headache Impact Test (HIT-6); (11) 
Patient Global Impressions scales (PGI-S and PGI-I) and; 
(12) Perceived Stress Scale (PSS) (Fig. 2).

Characteristics of participants
Female participants aged 18 or older with a diagnosis 
of menstrual migraine, who do not use hormonal sup-
plementation and have had no changes to their prophy-
lactic medication for at least 2  months, are eligible for 
this study (Tables  1  and  2). If participants are already 
using hormonal contraceptives, they should be willing to 
undergo a washout period of two consecutive months. 
Subjects will be recruited from our previous WHAT! 
diary cohort (P18.181), the Headache clinic at the Leiden 
Headache Center (LHC), and through national advertis-
ing and our dedicated websites (whats​tudy.​nl/​en/ and 
hoofd​pijno​nderz​oek.​nl/​en/). At our Headache Center, 
we employ electronic tools in the screening process for 
our patients. This approach is particularly important as 
we have previously demonstrated the limited accuracy 
of self-reported menstrual migraine diagnosis [25]. Rec-
ognizing the necessity of a prospective headache E-diary 

for a reliable menstrual migraine diagnosis, we mandate 
that all patients participating in research studies or receiv-
ing clinical care at the Leiden Headache Center complete 
these electronic diaries.

Ethical considerations
The study is performed in accordance with the declara-
tion of Helsinki Ethical Principles and Good Clinical 
Practices. The study design has been approved by the 
local and national ethics committees of the Netherlands 
(NL67994.058.19). In case of a protocol modification, the 
investigators, ethics committees, and clinical trial regis-
tries will be informed trough written communication. 
Informed consent is obtained from all participants before 
inclusion. No financial rewards will be granted to par-
ticipants. Travel expenses will be compensated. A data 
monitoring committee (DMC) is established to oversee 
the safety and integrity of the study. This committee is 
an independent committee, consisting of an epidemiolo-
gist and a statistician. Both members have no conflict of 
interest with the principal investigator of the study. They 
are tasked with interim analyses on safety data and can 
advise on early termination of the trial. The advice of the 
DSMB will only be sent to the principal investigator of 
the study. Should the principal investigator decide not 
to fully implement the advice of the DSMB, the principal 
investigator will send the advice to the reviewing ethical 
committee of the Netherlands, including a note to sub-
stantiate why (part of ) the advice of the DSMB will not 
be followed. Auditing is conducted twice a year at the 
LUMC by an internal pool of monitors. The auditing 
process is independent of both the investigators and the 
sponsor.

Study procedures
Subjects with proven menstrual migraine according to 
their headache electronic diary (E-diary) data or sub-
jects who have indicated an interest via our web form 
will receive an information form, an informed consent 
form, and a response leaflet as an invitation to participate 
in this trial [25]. If there is no response within 2 weeks, 
a telephone call will be made by a researcher to provide 
further information. Participants will visit the LHC to 
determine eligibility. For this purpose, initial history 

Fig. 1  Flowchart study design

https://whatstudy.nl/en/
https://hoofdpijnonderzoek.nl/en/
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(including cardiovascular risk factors and comorbidity) 
and neurological examination (including also blood pres-
sure measurement) will be performed. A blood sample 
will also be taken to determine hormone and cholesterol 
status. If participants give permission, 40 ml extra blood 
will be collected and stored for biobanking purposes in 
the LUMC Biobank Headache (neurological disorders). 
The regulations of the LUMC Biobank Headache Collec-
tion protocol will be applicable to this biobank collection, 
registered under BB23.003 (the Netherlands).

After the first visit to the LHC, participants will 
start with a baseline period of 1  month. During the 
baseline period, participants start or continue filling 
out a daily headache E-diary. After completion of this 
month, remaining exclusion criteria will be checked 
(chronic migraine and medication-overuse headache). 
If a woman is found eligible, she will be randomized 

for either the combined oral contraceptive pill or vita-
min E using Castor EDC [28]. Before the start of treat-
ment, all participants will take a urine pregnancy test 
and complete questionnaires (15  min). During the 
baseline visit, participants will receive an invitation 
to fill out an online expectations questionnaire, the 
Stanford Expectations of Treatment Scale (SETS). This 
questionnaire will be used to help assess expectancy 
effects of both interventions. For participants whom 
already registered 1  month of E-diary data prior to 
the inclusion visit, additional baseline measurements 
are not needed. The questionnaires filled out during 
this period serve as baseline measurements for these 
participants.

The baseline period is followed by the intervention 
period of three months. Participants will start with 
either ethinylestradiol/levonorgestrel 30/150  μg or 

Fig. 2  SPIRIT figure for the schedule of enrolment, interventions, and assessments
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vitamin E 400 IU once daily. We will actively implement 
strategies to enhance participant retention in this study. 
This proactive approach involves monthly contact 
with patients throughout the treatment period. Regu-
lar communication aims to strengthen the engagement 
and commitment of participants to the study, thereby 
minimizing the likelihood of attrition. Participants on 
oral contraceptives will be strongly encouraged to take 
the medication without a stop week if mild spotting or 
break through bleeding occurs. In case of long lasting 
or unacceptable break through bleedings, women are 
allowed to skip the combined oral contraceptive pill for 
7  days, during which they will be prescribed ethinyle-
stradiol 25 μg once daily for 7 days. Participants should 
continue other prescribed prophylactic treatments and 
are allowed to take their acute treatment in case of a 
migraine attack.

Participants will be contacted twice (t = 1 and t = 2) to 
evaluate (serious) adverse events ((S)AEs), which will 
be asked using open-ended questions. Follow-up visit 3 
(t = 3) includes questionnaires (15  min) and evaluation 

of therapy (Fig. 1). If necessary, regular clinical follow-up 
visits will be planned.

Data storage
All data gathered during this study will be stored in 
compliance with the European Union General Data Pro-
tection Regulation (EU GDPR). Data collection will be 
conducted by authorized investigators using two-factor 
authenticated, password-protected web-based interfaces, 
ensuring secure access. To further safeguard participant 
privacy, all data will be assigned a unique four-digit study 
code that cannot be linked back to the participant’s iden-
tity. Participants can withdraw their consent for the cur-
rent use of their data, as well as for use in future research, 
at any time without consequences.

Sample size calculation
To achieve the primary objective of the study, at least 168 
participants are estimated to be needed for random allo-
cation into the two treatment arms (84 per group). The 
study is designed to have 90% power and a type 1 error 

Table 1  Patient selection criteria

Inclusion criteria

  • Female sex

  • Age ≥ 18 years

  • Menstrually related migraine or pure menstrual migraine (ICHD-3 criteria [25, 27])

  • Demonstrated at least 80% compliance with the E-diary during the baseline period

  • No or stable for at least 2 months on prophylactic medication

Exclusion criteria

  • Migraine with aura with ≥ 50% of their migraine attacks accompanied by auras

  • Chronic migraine (ICHD-3 criteria [27])

  • Medication-overuse headache (ICHD-3 criteria [27])

  • Women who are breastfeeding, pregnant, or planning to become pregnant

  • Hormonal contraceptive use and not willing to undergo a washout period (stop for two consecutive months)

  • Vitamin E use at start of the study

  • Use of other sex hormone-containing treatments

  • Increased risk of venous thromboembolism (VTE): history of VTE or thrombophlebitis, hereditary predisposition for VTE (APC resistance, protein C 
or S deficiency, antithrombin deficiency), VTE in first-degree family member at young age, long-term immobilization

  • Increased risk of arterial thromboembolism (ATE): history of ATE, hereditary predisposition for ATE (hyperhomocysteinemia, antiphospholipid anti-
bodies), ATE in first-degree family member at young age, diabetes mellitus, total cholesterol ≥ 6.5

  • Other contraindication for combined oral contraceptives: liver malignancy, schistosomiasis, HIV/aids, use of immunosuppressives, tuberculosis, sex-
hormone-dependent malignancies (breast, endometrial or ovary carcinomas), pancreatitis, vaginal bleeding with unknown cause, other diseases 
that can influence vessels (malignancies, heart valve disorders, atrial fibrillation, SLE, hemolytic uremic syndrome, chronic inflammatory bowel 
disease, sickle cell disease)

  • Contraindication for vitamin E: vitamin K deficiency

  • Hypersensitivity for any of the compounds in the combined oral contraceptive pill or vitamin E

  • Spontaneous postmenopausal status (menstrual bleedings have ceased for 12 consecutive months)

  • Iatrogenic postmenopausal status

  • Inability to complete the E-diary in an accurate manner

  • Any serious illness that can compromise study participation
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Table 2  Trial registration data

Data category Information

1. Primary registry and trial identifying number ClinicalTrials.gov
NCT04007874

2. Date of registration in primary registry 28 June, 2019

3. Secondary identifying numbers 2018–004096-12 (EudraCT)

4, Source(s) of monetary or material support Netherlands Organization for Health Research (849200007) and the Dutch Brain Foundation 
(HA2017.01.05)

5. Primary sponsor Leiden University Medical Center, Leiden, The Netherlands

6. Secondary sponsor(s) Erasmus Medical Center, Rotterdam, The Netherlands

7. Contact for public queries B.W.H.van_der_Arend@lumc.nl

8. Contact for scientific queries B.W.H.van_der_Arend@lumc.nl

9. Public title Oral Contraceptive Pill Compared With Vitamin E in Women With Migraine (WHATT)

10. Scientific title Open-label Randomized Controlled Trial for the Effects of Continuous Ethinylestradiol/Levonorgestrel 
(30/150 μg/Day) Compared With Vitamin E (400 IU/Day) in the Treatment of Menstrually-related 
Migraine

11. Countries of recruitment Netherlands

12. Health condition(s) or problem(s) studied • Migraine
• Migraine; menstrual

13. Intervention(s) Active comparator: ethinylestradiol/levonorgestrel
• Ethinylestradiol/levonorgestrel 30/150 μg oral tablets once daily without a stop week for 3 months
• Other names:
◦ Microgynon 30
◦ RVG 08204

Placebo comparator: vitamin E
• Vitamin E 400 IU oral capsules once daily for 3 months

14. Key inclusion and exclusion criteria Inclusion criteria:
• Female
• Menstrual migraine
• Demonstrated at least 80% compliance with E-diary during baseline period
• No or stable for at least two months on prophylactic medication

Exclusion criteria:
• Smoking
• Migraine with aura
• Chronic migraine with 15 or more headache days per month/with 8 or more migraine days 
per month
• Medication-overuse headache (ICHD-3 criteria)
• Women who are breastfeeding, pregnant, or planning to become pregnant
• Oral contraceptive use and not willing to undergo washout period (stop for two consecutive months)
• Vitamin E use at start of the study
• Use of other sex hormone containing treatments
• Increased risk of VTE: history of VTE or thrombophlebitis, hereditary predisposition for VTE (APC resist-
ance, protein C or S deficiency, antithrombin deficiency), VTE in first-degree family member at young 
age, long-term immobilization
• Increased risk of ATE: history of ATE, hereditary predisposition for ATE (hyperhomocysteinemia, 
antiphospholipid antibodies), ATE in first-degree family member at young age, diabetes mellitus, total 
cholesterol ≥ 6.5
• Other contraindication for oral contraceptives: liver malignancy, schistosomiasis, HIV/aids, use 
of immunosuppressives, tuberculosis, sex-hormone-dependent malignancies (breast, endometrial 
or ovary carcinomas), pancreatitis, vaginal bleeding with unknown cause, other diseases that can influ-
ence vessels (malignancies, heart valve disorders, atrial fibrillation, SLE, hemolytic uremic syndrome, 
chronic inflammatory bowel disease, sickle cell disease)
• Contraindication for vitamin E: vitamin K deficiency
• Hypersensitivity for any of the compounds in oral contraceptive or vitamin E
• Spontaneous postmenopausal status (menstrual bleedings have ceased for 12 consecutive months)
• Iatrogenic postmenopausal status
• Inability to complete the electronic diary in an accurate manner
• Any serious illness that can compromise study participation

15. Study type Interventional

Allocation: randomized intervention model. Parallel assignment masking: none (open-label)

Primary purpose: prevention

Phase III
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of 0.05 for the detection of a between-group difference in 
MMD of 2 days. Based on previous studies on preventive 
therapy, we expect a standard deviation (SD) of 4.0 days 
for the MMD.

Considering potential drop-out, we aim to include 
n = 90 participants per treatment group (n = 180 in total) 
(Fig. 1).

Outcome measurements
An intention-to-treat approach (all participants who 
were randomly assigned and received at least one dose 
of study drug) will be used for the primary analysis. In 
addition, an as-treated analysis will be performed with 
only those participants who used study medication daily 
during three months (without a stop week and estrogen 
supplementation). A p-value less than 0.05 will be con-
sidered significant. All statistical analysis will be per-
formed using R.

The primary endpoint is change in MMD from base-
line to the last 4 weeks of treatment (weeks 9–12). Group 
differences (ethinylestradiol/levonorgestrel 30/150  μg 
versus vitamin E 400 IU) will be analyzed using a mixed-
effects model of repeated measures with patients’ base-
line value and treatment as fixed effects and patients as 

n(number needed per group) = (1.96+ 1.28)2 × 2× SD2 / diff2

n = 10.5× (32/4) = 84

random effects. Secondary continuous efficacy endpoints 
will be analyzed using a linear mixed-effects model 
including appropriate terms and covariates. The adjusted 
mean change from baseline for each treatment group, 

associated 95% confidence intervals, and p-values will 
be reported. Dichotomous endpoints derived from cor-
responding continuous endpoints will be analyzed with 
stratified Cochran-Mantel–Haenszel tests. For dichoto-
mous efficacy endpoints, adjusted odds ratios for ethi-
nylestradiol/levonorgestrel compared with vitamin E, 
associated 95% confidence intervals, and p-values will be 
reported. The primary end point and continuous second-
ary end points will be analyzed without any imputation of 
missing data. Sensitivity analyses will be conducted with 
imputation under missing-at-random or missing-not-at-
random assumptions. The data analyst will be blinded.

Safety analysis will include all participants who received 
at least one dose of study drug. AEs and SAEs will be 
coded and summarized by Medical Dictionary for Regu-
latory Activities. All adverse events will be documented.

Discussion
This article presents the rationale and design of an 
ongoing randomized controlled trial that aims to inves-
tigate the preventive effect of continuous daily use of 

Table 2  (continued)

Data category Information

16. Date of first enrolment June 2019

17. Target sample size 180

18. Recruitment status Recruiting

19. Primary outcome(s) • Number of migraine days [time frame: from baseline to the last 4 weeks of treatment (weeks 9–12)]
◦ Change in monthly migraine days

20. Key secondary outcomes • Number of headache days [time frame: from baseline to the last 4 weeks of treatment (weeks 9–12)]
◦ Change in monthly headache days
• Number of migraine attacks [time frame: from baseline to the last 4 weeks of treatment (weeks 9–12)]
◦ Change in monthly migraine attacks
• Number of probable migraine attacks [time frame: from baseline to the last 4 weeks of treatment 
(weeks 9–12)]
◦ Change in monthly probable migraine attacks
• Number of 50% responders [time frame: from baseline to the last 4 weeks of treatment (weeks 9–12)]
◦ Patients who had ≥ 50% reduction in the number of migraine days
• (Serious) adverse events [time frame: up to 3 months]
◦ Occurrence of adverse events and serious adverse events

21. Ethics review Ethical approval was assigned by the CCMO of the Netherlands (NL67994.058.19). All participating 
patients will provide written informed consent

22. Completion date 2024–12 (Final data collection date for primary outcome measure)

23. Summary results Not completed yet

24. IPD sharing statement Plan to Share IPD: no
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ethinylestradiol/levonorgestrel (30/150  μg/day) com-
pared with vitamin E (400 IU/day) in women with men-
strual migraine. Our trial is designed to provide evidence 
for the effectiveness of the combined oral contraceptive 
pill as a preventive treatment for menstrual migraine. 
Vitamin E is being used as a placebo control group in 
this trial. The choice of vitamin E as a placebo was based 
on its limited efficacy in the prevention of menstrual 
migraine attacks and its good tolerability profile [21]. 
This will allow for a fair comparison between the two 
treatment groups while minimizing the risk of bias. To 
correct for the unblinded settingof the study, the Stan-
ford Expectations of Treatment Scale will be used [29]. 
This scale is designed to assess the expectations of par-
ticipants regarding the effectiveness of the treatment they 
receive. By using this scale, we can measure and adjust 
for any potential differences in expectations between the 
two treatment groups, which could influence the out-
comes of the trial.

Menstrual migraine affects an important proportion of 
women of reproductive age, as it concerns two thirds of all 
women with migraine [25]. Despite the availability of pro-
phylactic medications, many women still experience fre-
quent attacks, particularly during the menstrual window 
[30]. These perimenstrual attacks are often longer of dura-
tion with increased risk of recurrence, more severe, and 
less responsive to acute medication [27]. Previous studies 
have suggested that the use of combined oral contracep-
tives, such as ethinylestradiol/levonorgestrel, can reduce 
the frequency and severity of perimenstrual migraine 
attacks. However, the current evidence is limited and 
conflicting, and the optimal dosing regimen and duration 
of treatment remain unclear. Therefore, this large rand-
omized controlled trial is an imperative necessity to deter-
mine the efficacy of the continuous use of ethinylestradiol/
levonorgestrel in women with menstrual migraine.

Conclusion
The results of the WHAT! trial will have important 
implications for the clinical management of women 
with menstrual migraine and can be implemented in 
future guidelines and recommendations regarding the 
use of combined oral contraceptive pills as a preventive 
treatment.

Trial status
Recruiting started on 10t September 2019. The current 
protocol is version 5.0 of 01 August 2022. Currently (12t 
October 2023), we included 106 patients. Patient recruit-
ment is estimated to be completed around December 2024.

Abbreviations
WHAT	� Women, Hormones, Attacks and Treatment
COC	� Combined oral contraceptives
CHC	� Combined hormonal contraception
HFI	� Hormone-free interval
MMD	� Monthly migraine days
MHD	� Monthly headache days
RCT​	� Randomized controlled trial
LHC	� Leiden Headache Center
E-diary	� Electronic diary
SETS	� Stanford Expectations of Treatment Scale
SAE	� Serious adverse event
AE	� Adverse event
SD	� Standard deviation

Acknowledgements
We thank our past, current, and future participants of the WHAT! study.

Authors’ contributions
DvC, AMvdB, and GT designed the study. BvdA and DvC are responsible for 
drafting the manuscript. BvdA is the current coordinator of the study and 
is responsible for collecting and analyzing the data. IV was the coordinator 
of the study in the first 2 years after the start of inclusion. AMvdB and GT 
are the principal investigators and supervise this study. All authors read and 
approved the final manuscript. Authorship eligibility for future trial publica-
tions will be limited to investigators directly involved in the trial’s conduc-
tion. No external professional writers will be engaged. Eligible authors will 
be determined based on their substantial contributions to the design, 
execution, or analysis of the trial, ensuring a transparent and collaborative 
approach to authorship.

Funding
This trial is supported by grants from the Netherlands Organization for Health 
Research (849200007) and the Dutch Brain Foundation (HA2017.01.05).

Availability of data and materials
The data that support the findings of this study are available on reasonable 
request from the corresponding author. Trial results will be communicated to 
participants, healthcare professionals, the public, and other relevant groups 
trough publication.

Declarations

Ethics approval and consent to participate
The study is performed in accordance with the declaration of Helsinki Ethical 
Principles and Good Clinical Practices and was approved by the local and 
national ethics committees (NL67994.058.19).

Competing interests
The authors declared the following potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article: B.W.H. van der 
Arend, D.S. van Casteren, I.E. Verhagen, A. MaassenVanDenBrink and G.M. 
Terwindt report independent support from the Netherlands Organization for 
Health Research (849200007) and the Dutch Brain Foundation (HA2017.01.05). 
A. MaassenVanDenBrink reports consultancy or industry support from 
Novartis, Lillyand Teva, and Allergan/Abbvie and independent support from 
the Dutch Research Council (Vici grant) and the Dutch Heart Foundation. G.M. 
Terwindt reports consultancy or industry support from Novartis, Lilly and Teva, 
Allergan/Abbvie, and Lundbeck and independent support from the European 
Community, Dutch Heart Foundation, IRRF and Dioraphte.

Received: 19 October 2023   Accepted: 29 January 2024

References
	1.	 MacGregor EA, Hackshaw A. Prevalence of migraine on each day of the 

natural menstrual cycle. Neurology. 2004;63(2):351–3.



Page 9 of 9van der Arend et al. Trials          (2024) 25:123 	

	2.	 Launer LJ, Terwindt GM, Ferrari MD. The prevalence and characteristics of 
migraine in a population-based cohort. Neurology. 1999;53(3):537.

	3.	 Ripa P, Ornello R, Degan D, et al. Migraine in menopausal women: a 
systematic review. Int J Womens Health. 2015;7:773–82.

	4.	 Hoshiyama E, Tatsumoto M, Iwanami H, et al. Postpartum migraines: a 
long-term prospective study. Intern Med. 2012;51(22):3119–23.

	5.	 Sances G, Granella F, Nappi RE, et al. Course of migraine during pregnancy 
and postpartum: a prospective study. Cephalalgia. 2003;23(3):197–205.

	6.	 Menon R, Bushnell CD. Headache and pregnancy. Neurologist. 
2008;14(2):108–19.

	7.	 Nappi RE, Albani F, Sances G, et al. Headaches during pregnancy. Curr 
Pain Headache Rep. 2011;15(4):289–94.

	8.	 MacGregor EA, Frith A, Ellis J, et al. Incidence of migraine relative to 
menstrual cycle phases of rising and falling estrogen. Neurology. 
2006;67(12):2154–8.

	9.	 Somerville BW. The role of estradiol withdrawal in the etiology of men-
strual migraine. Neurology. 1972;22(4):355–65.

	10.	 Nappi RE, Tiranini L, Sacco S, et al. Role of estrogens in menstrual 
migraine. Cells. 2022;11(8):1355.

	11.	 Rustichelli C, Bellei E, Bergamini S, et al. Serum levels of allopregnanolone, 
progesterone and testosterone in menstrually-related and postmenopau-
sal migraine: a cross-sectional study. Cephalalgia. 2020;40(12):1355–62.

	12.	 Somerville BW. The influence of progesterone and estradiol upon 
migraine. Headache. 1972;12(3):93–102.

	13.	 Calhoun AH. A novel specific prophylaxis for menstrual-associated 
migraine. South Med J. 2004;97(9):819–22.

	14.	 Nappi RE, Terreno E, Sances G, et al. Effect of a contraceptive pill 
containing estradiol valerate and dienogest (E2V/DNG) in women with 
menstrually-related migraine (MRM). Contraception. 2013;88(3):369–75.

	15.	 Morotti M, Remorgida V, Venturini PL, et al. Progestin-only contraception 
compared with extended combined oral contraceptive in women with 
migraine without aura: a retrospective pilot study. Eur J Obstet Gynecol 
Reprod Biol. 2014;183:178–82.

	16.	 MacGregor EA, Frith A, Ellis J, et al. Prevention of menstrual attacks of 
migraine: a double-blind placebo-controlled crossover study. Neurology. 
2006;67(12):2159–63.

	17.	 Sacco S, Merki-Feld GS, Ægidius KL, et al. Effect of exogenous estrogens 
and progestogens on the course of migraine during reproductive age: 
a consensus statement by the European Headache Federation (EHF) 
and the European Society of Contraception and Reproductive Health 
(ESCRH). J Headache Pain. 2018;19(1):76.

	18.	 De Leo V, Scolaro V, Musacchio MC, et al. Combined oral contracep-
tives in women with menstrual migraine without aura. Fertil Steril. 
2011;96(4):917–20.

	19.	 Coffee AL, Sulak PJ, Hill AJ, et al. Extended cycle combined oral contra-
ceptives and prophylactic frovatriptan during the hormone-free interval 
in women with menstrual-related migraines. J Womens Health (Larchmt). 
2014;23(4):310–7.

	20.	 Sulak P, Willis S, Kuehl T, et al. Headaches and oral contraceptives: 
impact of eliminating the standard 7-day placebo interval. Headache. 
2007;47(1):27–37.

	21.	 Ziaei S, Kazemnejad A, Sedighi A. The effect of vitamin E on the treatment 
of menstrual migraine. Med Sci Monit. 2009;15(1):Cr16-19.

	22.	 Bousser MG, Welch KM. Relation between migraine and stroke. Lancet 
Neurol. 2005;4(9):533–42.

	23.	 Kurth T, Slomke MA, Kase CS, et al. Migraine, headache, and the risk of 
stroke in women: a prospective study. Neurology. 2005;64(6):1020–6.

	24.	 van der Arend BWH, Verhagen IE, van Leeuwen M, et al. Defin-
ing migraine days, based on longitudinal E-diary data. Cephalalgia. 
2023;43(5):3331024231166625.

	25.	 Verhagen IE, Spaink HAJ, van der Arend BWH, et al. Validation of 
diagnostic ICHD-3 criteria for menstrual migraine. Cephalalgia. 
2022;42(11-12):1184–93.

	26.	 Van Casteren DS, Verhagen IE, De Boer I, et al. E-diary use in clinical 
headache practice: a prospective observational study. Cephalalgia. 
2021;41(11–12):1161–71.

	27.	 van Casteren DS, Verhagen IE, van der Arend BWH, et al. Comparing 
perimenstrual and nonperimenstrual migraine attacks using an e-diary. 
Neurology. 2021;97(17):e1661–71.

	28.	 Castor EDC. Castor electronic data capture. 2019.

	29.	 Younger J, Gandhi V, Hubbard E, et al. Development of the Stanford 
Expectations of Treatment Scale (SETS): a tool for measuring patient 
outcome expectancy in clinical trials. Clin Trials. 2012;9(6):767–76.

	30.	 van Casteren DS, Verhagen IE, Onderwater GL, et al. Sex differences in 
prevalence of migraine trigger factors: a cross-sectional study. Cephalal-
gia. 2021;41(6):643–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Continuous combined oral contraceptive use versus vitamin E in the treatment of menstrual migraine: rationale and protocol of a randomized controlled trial (WHAT!)
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Characteristics of participants
	Ethical considerations
	Study procedures
	Data storage
	Sample size calculation
	Outcome measurements

	Discussion
	Conclusion
	Trial status
	Acknowledgements
	References


