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Cumulative exposure to estrogen may
increase the risk of migraine in women

Nora Stensland Bugge', Kjersti Gratta Vetvik*?>,
Karl Bjgrnar Alstadhaug**® ® and Tonje Braaten'

Abstract

Background: Migraine is a common disorder, particularly affecting women during their reproductive years. This female
preponderance has been linked to exposure to female sex hormones.

Methods: We used self-reported data from women born in 1943—1965 enrolled in the Norwegian VWomen and Cancer
Study to examine the differences between women with migraine and women without migraine in a prospective design
with respect to both endogenous and exogenous female sex hormone exposure.

Results: In total, 62,959 women were included in the study, of whom 24.8% reported previous migraine (n = 15,635).
Using a Cox proportional hazards model, we found that higher age at menarche reduced the risk of migraine (hazards
ratio (HR) =0.96, 95% confidence interval (Cl) =0.95-0.98) and that oral contraceptive use and parity increased the
risk of migraine (HR=1.12, 95% Cl=1.06—1.18 and HR = 1.37, 95% Cl = 1.29-1.46, respectively).

Conclusions: Older age at menarche appears to reduce migraine risk, whereas oral contraceptive use and having

children appear to increase the risk. Further research is required to investigate the causality of these associations.
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Introduction

Migraine is a common, debilitating disease; in 2019,
according to the Global Burden of Disease Study,
migraine was the second highest cause of disability,
and first among young adults (1). Migraine not only
causes individual suffering, but also places a strain on
society in terms of economics and employment. The
prevalence of migraine in European adults has been esti-
mated at around 15% (2), and a similar figure has been
identified in the Norwegian population, with a one-year
prevalence of 12% (3).

Prior to puberty, the prevalence of migraine is
approximately 7.5% (4), with a similar figure for
males and females. However, after puberty, the condi-
tion is more common in females than males, with a
one-year prevalence of about 17% among women
and 8% in men (2). In one study, the lifetime preva-
lence of migraine was three times higher in women than
in men, at 25% compared to 8% (5).

Puberty distinctly changes the prevalence of
migraine in women, with fluctuations in female sex

hormone levels considered to play an important role.
During the menstrual cycle, a decrease in progesterone
levels induces menstruation, whereas a rapid decrease
in estrogen levels occurs around the time of menstrua-
tion. It has been hypothesized that the decrease in
estrogen levels increases the susceptibility to attacks
of migraine without aura, although the exact
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mechanisms remain unclear (6-8). However, the
“estrogen withdrawal hypothesis” has been challenged,
and a causal relationship between declining estrogen
levels and migraine remains to be determined (9).
Nonetheless, women strongly associate their migraine
with menstruation; a large cross-sectional study from
2021 found that women reported menstruation as the
most common trigger for migraine (10). By contrast,
high estrogen levels are associated with an increased
risk of migraine attacks with aura (11). Migraine gen-
erally improves during the second and third trimesters
of pregnancy (12), which may be attributed to the high
and stable levels of estrogen and progesterone present in
this period. However, migraine with aura may worsen
or occur ex novo during pregnancy. Moreover, lower
and stable estrogen levels, as seen after well-
established menopause, are associated with migraine
improvement and consequent decrease in prevalence
(13). In the perimeopausal period, frequent and erratic
hormonal fluctuations may worsen migraine (14). The
premenstrual syndrome (PMS) is a combination of
physical, psychological and cognitive symptoms, such
as breast tenderness, headache, and mood swings,
which occurs in 48-90% of menstruating women (15).
Symptoms of PMS appear during the luteal phase of the
menstrual cycle and cease soon after the onset of men-
struation. Studies have shown conflicting results regard-
ing PMS and migraine. One study found a correlation
between the severity of PMS symptoms and menstrual
migraine (15), whereas another did not find a relation-
ship between the two conditions (16).

Migraine in women undoubtedly fluctuate with nat-
ural changes in female sex hormones; however, whether
cumulative exposure to estrogen increases the risk of
migraine remains unclear. In some women, the onset of
migraine coincides with menarche, whereas in others,
migraine appears to start during pregnancy (17,18).
The prevalence of migraine is higher in women with
early menarche than in those with later menarche
(19). Furthermore, the use of oral contraceptives
(OCs) containing estrogen has also been linked to a
higher prevalence of migraine (20).

In the present study, we used self-reported data from
the Norwegian Women and Cancer Study (NOWAC)
to examine possible differences in women with and
without migraine in a prospective design with respect
to both endogenous and exogenous female sex hor-
mone exposure.

Methods

The study population of NOWAC

The NOWAC study is a national, population-based,
prospective cohort study initiated in 1991. The cohort

consists of 172,478 Norwegian women aged 30-70
years at recruitment. The participants responded to
questionnaires sent by mail with repeated measures
two or three times after six to eight years.
Participants were randomly sampled from the national
population register to ensure adequate representative-
ness in estimating both relative and absolute risks (21).
The study, which has been described in detail elsewhere
(22), was initiated to investigate possible associations
between Norwegian women'’s lifestyles, particularly the
use of OCs, and cancer. The cohort is linked to
the Norwegian National Cancer Registry and the
Norwegian Cause of Death Registry. The overall
response rate was 52.7% and written informed consent
was obtained from all participants. The NOWAC study
was licensed by the Norwegian Data Inspectorate (2002/
2241) and approved by the Regional Committee for
Medical and Health Research Ethics (REC-635219).

The questionnaires

The participants received questionnaires containing
detailed questions on their lifestyle, health status and
diet. The length of the questionnaire and specific ques-
tions changed over the years. Questions were added or
removed as the research questions changed. However,
the core questions (including body height and weight,
education, smoking, physical activity, alcohol con-
sumption, and use of OCs and hormone replacement
therapy) were consistent. Among other specific topics,
the questionnaires covered socioeconomic factors, diet,
self-reported health and various diseases including
migraine. The participants were asked if they had
ever had migraine (yes or no) and at what age their
migraine began (if “yes”, “how old were you when
they started?”). A subsample (n=24,323) received a
questionnaire that contained more detailed questions
about migraine. These questions were based on the
International Classification of Headache Disorders
(ICHD-2) criteria for migraine (23) and included age
at first and last migraine, migraine frequency, attack
duration, typical headache characteristics, aura,
accompanying symptoms (phono- and photophobia,
nausea) and use of prescription migraine medication.
The questionnaire included detailed information on
OC use. A leaflet was included in the questionnaire that
contained all OCs available in Norway, with images
and brand names. Furthermore, the women were
asked to describe their pattern of use in detail with
the OC brand name, age at start, and the number of
months and/or years they had used the specific OC.
Additionally, reproductive factors such as menarche,
age at first birth, number of children, months of breast-
feeding and PMS were included. The question about
PMS was as follows: Do you ever have premenstrual
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complaints: none, breast engorgement, depression, or
others?

Definition of the subcohort

Of the entire NOWAC cohort, 90,048 women were
asked at least once whether they had experienced
migraine. Women born before 1943 were excluded
from analysis, for several reasons. First, women born
in 1927-1942 were part of a different subcohort and
were given slightly different questionnaires. Second,
OCs were introduced to Norway in 1967; consequently,
women born before 1943 reported significantly lower
OC use. Finally, a larger proportion of these women
had missing values for age at migraine onset, and we
considered that, as a result of their older age when
answering the questionnaires, the risk of recall bias
was higher. The remaining sample consisted of 62,959
women; most participants in this subcohort were
between 40 and 60 years of age when they returned
the first questionnaire.

Statistical analysis

The aims of the statistical analysis were to explore
whether there were any differences between women
with and without migraine regarding endogenous and
exogenous female sex hormone exposure, as well as to
investigate whether increased hormone exposure (early
menarche, childbirth and combined oral contraceptive
use) increased the risk of migraine.

To assess the presence of a crude difference in par-
ticipant characteristics and hormonal exposure accord-
ing to the prevalence of migraine, the Mann—Whitney
U-test was used for ordinal variables and the chi-
squared test was used for nominal variables. These
tests were used to examine the association between
migraine and female sex hormone exposure in a
cross-sectional design and did not assess the temporal
association between endogenous or exogenous hor-
mone exposure and migraine onset.

The continuous variables age at first migraine, birth
year, body mass index (BMI), age at menarche, age at
first birth and age at first OC use were all categorized
into meaningful categories for more appropriate anal-
ysis. Age at first migraine was grouped in five-year
intervals, although any individuals with age at first
migraine before 10 years were grouped together in the
first category and any individuals with age at first
migraine after 60 years were grouped together in the
last category. Birth year was grouped in 10-year inter-
vals. BMI was categorized into underweight (less than
18.5kg/m?) normal weight (18.5-25.0kg/m?), over-
weight (25.1-29.9kg/m?) and obese (more than
30.0kg/m?). Age at menarche was grouped in one-

year intervals, where participants with age at menarche
before age 10 where grouped together in the first cate-
gory and those with age at menarche 17 years or older
where grouped together in the last category. Age at first
birth was categorized into four categories, where those
under 20 years were in the first category, and those over
30 years were in the last category, with the remainder in
five-year intervals. Lastly, age at first OC use was
grouped the same way as age at first birth.

The data were analyzed prospectively to determine
the association between the incidence of migraine and
different hormonal exposures using a Cox proportional
hazards regression model with age as the time scale.
Thus, women who reported ever having had a
migraine, yet did not provide any information about
age at onset, were not included in this analysis because
it would not be possible to assess which occurred first
of migraine, menarche, childbirth and OC use. All
exposures were entered as time-dependent variables in
the Cox model as they occurred during the study
period. The beginning of the study period in the Cox
model was defined as 10 years of age. Because the study
design is prospective, the exposures had to occur before
migraine, to exclude all prevalent cases. As one of the
exposures in the Cox model was menarche, 10 appeared
to be a reasonable age to set as the start.

We assessed year of birth and BMI at 18 years as
confounders and adjusted for these factors in the final
model. BMI at 18 years was considered a proxy for
BMI at the start of the study.

The proportional hazards assumption was assessed
by Schoenfeld residuals.

The results were given as hazard ratios (HRs) with
corresponding 95% confidence intervals (CI) as meas-
ures of association.

Statistical analyses were performed using STATA,
version 17 (StataCorp, College Station, TX, USA).
By convention, p<0.05 was considered statistically
significant.

Results

In total, 62,959 women were included in this study. The
lifetime prevalence of migraine was 24.8%, and the
mean age of +=SD onset was 259412 years, as
shown in Table 1.

A slight trend was observed where the women with
self-reported migraine tended to be older than those
without migraine. The BMI at 18 years also varied
somewhat between the two groups; a tendency towards
a lower BMI in women with migraine was observed.
Table 1 summarizes the baseline characteristics of
women with self-reported migraine compared to
women without migraine.
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Table 1. Characteristics of the study population (n=62,969).

All women with  Women without

Characteristic ~ migraine, n (%)  migraine, n (%)  p-value
15,635 (24.8) 47,324 (75.2)
Age at first migraine (years)
<10 468 (3.7)
10-19 3863 (30.5)
20-29 3386 (26.8)
30-39 2670 (21.1)
4049 1782 (14.1)
50-59 413 (3.3)
60+ 68 (0.5)
Mean &+ SD 259+£11.9
Year of birth <0.001*
194049 7677 (49.1) 22,097 (46.7)
1950-59 7596 (48.6) 23,796 (50.3)
1960-65 362 (2.3) 1431 (3.0)
BMI at 18 years <0.001*
<185 2580 (17.4) 6862 (15.3)
18.6-25 11,515 (77.5) 35,645 (79.7)
25-30 653 (4.4) 1887 (4.2)
>30 103 (0.8) 335 (0.8)
Mean + SD 20.7+£2.6 20.8+2.6

*Mann—-Whitney U-test.
BMI, body mass index.

Endogenous hormone exposure

A difference was observed in age at menarche, parity
and age at first birth between women with and without
self-reported migraine (Table 2). Women with migraine
reported earlier menarche. In the Cox model, an HR of
0.96 (95% CI=0.95-0.98) was found, indicating that
the risk of migraine was lower with a higher age of
menarche.

Moreover, fewer women with migraine were nullip-
arous than women without migraine, and women with
migraine had their first child earlier than those without
migraine. Regarding parity, no difference was found in
the effect of giving birth two or more times (data not
shown). An HR of 1.37 (95% CI=1.29-1.46) was
found in association with parity, indicating an
increased risk of migraine in women who had given
birth. Fewer women with migraine reported no PMS
symptoms, and more women with migraine reported
having more than one PMS symptom. Table 2 summa-
rizes these findings.

Exogenous hormone exposure

An increased risk of migraine was identified in ever
users compared to never users of OCs in the Cox
model, as seen in Table 3, with an HR of 1.12 (95%
CI=1.06-1.18). However, this association was not sta-
tistically significant according to the chi-squared test.

Women with migraine more often reported to have
used progestin- only oral contraceptives (POC) or
both combined oral contraceptives (COC) or POCs,
compared to women without migraine. Regarding
which type of OC that was used at first ever OC use,
more women with migraine reported to have used
POCs, and an increased risk of migraine with an HR
of 1.19 (95% CI=1.07-1.31) was found for POC com-
pared to COC with an HR of 1.08 (95% CI=1.02—
1.14).

No significant association was observed in age at
first OC use or in OC use before the first childbirth
between the two groups. However, a larger proportion
of women with migraine reported using OCs for rea-
sons other than contraception and discontinuing OC
use for medical reasons. Table 3 summarizes these
findings.

Educational level was also considered as a con-
founder. Because migraine occurred early in the
women’s lives; however, we chose not to include this
in the final Cox model. The education level changed the
estimates by less than 1% when the sensitivity analysis
was completed.

Migraine with and without aura

In total, 24,323 women (38.6% of the total sample)
received the questionnaire that contained detailed ques-
tions about migraine. In this subsample, 7215 (29.6%)
reported to ever have had migraine and, of these,
17.4% (n=1250) reported migraine with aura (MA).
Compared to women with migraine without aura
(MO), women with MA showed a tendency towards
younger age at migraine onset and age at menarche.
An HR of 0.97 (95% CI=0.95-0.99) was found for
menarche in MO compared to MA, and an HR of
098 (95% CI = 0.96-1.0) for MO compared to
women without migraine, and HR 0.94 (95% CI =
0.89-0.98) for MA compared to women without
migraine. (More women with MA reported >1 PMS
symptom. Regarding parity, women with MO and MA
appeared similar regarding frequency, but the HR for
parity was 1.22 (95% CI=1.12-1.34) for MO com-
pared to MA, as well as 1.19 (95% CI=1.07-1.32)
for MO compared to women without migraine and
1.38 (95% CI=1.12-1.70) for MA compared to
women without migraine. For OC use, an HR of 1.23
(95% CI=1.13-1.32) was found for women with MO
compared to MA, and an HR of 1.23 (95% CI=1.13—
1.34) for MO compared to women without migraine
and an HR of 1.21 (95% CI=1.02-1.45) for MA com-
pared to women without migraine. More women with
MA reported POC use, and the HR for POC with first
OC use was 1.43 (95% CI=1.23-1.65) and 1.12 (95%
CI=1.03-1.22) for COC use in MO compared to MA.
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Table 2. Endogenous hormones.

All women with

Women without

Characteristic migraine, n (%) migraine, n (%) p-value HR (95% Cly**+*
Age at menarche (years) <0.001* 0.96 (0.95-0.98)
<10 266 (1.7) 575 (1.2)
I 1326 (8.6) 3360 (7.2)
12 3174 (20.6) 9236 (19.8)
13 4365 (28.3) 13,638 (29.3)
14 3691 (24.0) 11,726 (25.2)
I5 1873 (12.1) 5813 (12.5)
16 552 (3.6) 1759 (3.8)
>17 166 (1.1) 471 (1.0)
Mean + SD 132+ 14 133£1.3
Premenstrual syndrome <0.001*
No symptoms 1645 (16.9) 7317 (25.3)
One symptom 4862 (50.0) 14,525 (50.3)
More than one symptom 3213 (33.1) 7034 (24.4)
Parity <0.001**
Parous 14,484 (92.6) 43,214 (91.3) 1.37 (1.29-1.46)
Nulliparous 1151 (7.4) 4110 (8.7)
Mean + SD 22+ 1.1 22+ 1.1
Age at first birth (years) <0.001*
<20 2079 (14.4) 5490 (12.7)
20-24 7068 (48.9) 20,198 (46.9)
25-29 3827 (26.5) 12,305 (28.5)
>30 1471 (10.2) 5107 (11.9)
Mean £+ SD 23.8+44 24.1 £4.5

*Mann-Whitney U-test.
**Chi-squared test.

**kHazard ratio (HR) (95% confidence interval (Cl)) (Cox proportional hazards model) mutually adjusted for the exposures, birth year and BMI at age

I8 years.

For type of OC at first use in women with MO com-
pared to women without migraine, an HR of 1.15 (95%
CI=1.05-1.26) was found for COC and an HR of 1.44
(95% CI=1.22-1.69) was found for POC. In women
with MA compared to women without migraine, an
HR of 1.03 (95% CI=0.85-1.24) was found for COC
and an HR of 1.41 (95% CI=1.02-1.94) was found for
POC. More women with MA had stopped using OC for
medical reasons. Table 4 summarizes these findings.

Discussion

Both endogenous and exogenous exposure to female
sex hormones appear to affect migraine occurrence in
women. In the present study, we found a marginally
lower age of menarche in women with self-reported
migraine compared to women without self-reported
migraine, notably when we did not consider whether
migraine or menarche occurred first. However, we also
found that a higher age at menarche resulted in a
slightly lower risk of migraine in the Cox model,
which did take account of which event occurred first.
These results are consistent with the findings of previ-
ous studies, in which early menarche was associated

with an increased prevalence of migraine (19). Our
findings suggest that older age at menarche may play
a protective role against the development of migraine.

We also demonstrated that fewer women with
migraine were nulliparous than women without
migraine. Women with migraine also presented a slightly
lower age at first birth than those without migraine. The
Cox model suggests an association between increased
risk of migraine in parous women compared to nullipa-
rous women. We did not observe an increase in risk with
an increase in the number of children. Most women with
established migraine prior to pregnancy report fewer
migraine during pregnancy, particularly during the
third trimester (24,25). A possible explanation for the
increase in migraine prevalence in parous women is
that pregnancy may have triggered the onset of migraine
in some women; however, this association is uncertain
because we did not find an increased risk of migraine
with an increasing number of pregnancies, and because
migraine commonly occurs during the reproductive age.
Another potential explanation for parous women having
a higher risk of migraine is that having a child is a major
life event that often causes significant changes in every-
day life, such as irregular sleep or sleep deprivation,
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Table 3. Exogenous hormones.

All women with

Women without

Characteristic migraine, n (%) migraine, n (%) p-value HR (95% Cly**+*
Oral contraceptive Status 0.111%*
Ever used 9821 (64.1) 29,563 (63.4) 1.12 (1.06—-1.18)
Never used 5497 (35.9) 17,067 (36.6)
Type of oral contraceptive use 0.003**
Combination oral contraceptives (COC) 6340 (75.7) 19,833 (77.4)
Progestin-only oral contraceptives (POC) 1027 (12.3) 3015 (11.8)
Both COC and POC 1005 (12.0) 2771 (10.8)
Type of oral contraceptive first used 0.003**
CcocC 5589 (84.6) 17,475 (86.1) 1.08 (1.02—-1.14)
POC 1014 (15.4) 2819 (13.9) 1.19 (1.07-1.31)
Missing information 9032 27,030
Age at first use (years) 0.451%*
<20 2459 (25.3) 7204 (24.6)
20-24 4616 (47.5) 14,051 (48.1)
25-29 1918 (19.8) 5930 (20.3)
>30 721 (7.4) 2053 (7.0)
Mean £ SD 225+42 225+42
Use before first birth 0.485%*
Yes 3019 (41.4) 8832 (41.9)
No 4267 (58.6) 12,245 (58.1)
Other use than contraception <0.001%*
Yes 905 (14.5) 1990 (10.6)
No 5490 (85.5) 16,798 (89.4)
Stopped use for medical reasons <0.001**
Yes 1470 (23.1) 2775 (14.7)
No 4896 (76.9) 16,087 (85.3)

*Mann-Whitney U-test.
**Chi-squared test.

**Hazard ratio (HR) (95% confidence interval (Cl)) (Cox proportional hazards model) mutually adjusted for the exposures, birth year and BMI at age

18 years.

increased responsibilities and increased levels of stress;
previous studies have reported a higher risk of chronic
headaches associated with major life changes (26).

In the present study, we suggest a greater risk of
migraine in women who had used OCs. Women with
migraine were also more likely to use contraception for
other indications than contraception, and had stopped
OC use for medical reasons. Headaches, including
migraine, are known side effects of OCs, and studies
have shown that OC use can both exacerbate and
improve migraine (27). We could not determine wheth-
er the women with migraine in the present study had
different patterns of OC use (i.e. whether they started
or continued using OCs because it improved migraine,
or discontinued OC use because it worsened migraine).
However, it is a possible assumption that some of the
women who reported discontinued use of OCs for med-
ical reasons did so because it worsened their migraine.
Because headaches and migraine are known to be pos-
sible side effects of OCs, it is also possible that different
prescription practices contributed to the differences in
the patterns of OC use. In Norway, women with

migraine with aura are advised not to use combined
hormonal contraception as a result of the associated
increased risk of stroke and thromboembolic events
(28). Regarding type of OC used, women with migraine
had more often used either POCs exclusively or both
COCs and POCs, compared to women without
migraine. By contrast to previous studies, we found
an increased risk of migraine amongst those who had
used POCs as first ever OC compared to COCs (29).
However, our results must be interpreted with caution
because there were many women with missing values,
and fewer POC users compared to COC users.

The methodological limitations of the present study
must be considered. First, the diagnosis of migraine
and its subtypes was not made using the diagnostic
gold standard, fulfilling the diagnostic criteria after
evaluation by a physician/neurologist, but by responses
to questionnaires. However, the simple question “Have
you ever had migraine?” was validated with a substan-
tial chance-corrected agreement rate (kappa=0.77)
(30). Furthermore, the prevalence of migraine found
in the NOWAC study was similar to that found in
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other reports (2,3,5). Additionally, a recent validation
study was conducted to assess the agreement between
new validated questions about migraine, based on the
International Headache Society’s diagnostic criteria
(23), compared to the simple question (“Have you
ever had migraine?”) in a subcohort of the NOWAC;
this study found a kappa value of 0.71, indicating good
consistency across the series (unpublished results, Bugge
NS and Braaten T). It should also be noted that a
respondent may develop migraine during the study
period, which makes perfect agreement improbable.

In the present study, most participants were between
40 and 60 years of age when they returned the first
questionnaire. A possible limitation of the study is
the accuracy of the reported age at menarche and
first migraine because of the elapsed time from the
event to the questionnaire. Nevertheless, menarche is
an important event in most women’s lives, and it is
reasonable to assume that women would have a good
recollection of when it happened. Furthermore, there is
no reason to believe that women with migraine have a
better or worse recall of age at menarche; therefore, it is
unlikely that systematic differences between the two
groups would exist. Similarly, for age at first migraine
onset, it may be reasonable to assume that a woman
has some recollection of this. However, 19.0%
(n=2976) of the participants did not report age at
first migraine in the present study. Childhood migraine
is often seen as somewhat different from adult migraine
and this condition is often not acknowledged until long
after its onset. Therefore, the exact onset of migraine
can be difficult for women to determine.

The present study used a prospective design to ascer-
tain whether migraine or different hormonal exposures
occurred first. However, the women returned the ques-
tionnaires when they were between 40 and 50 years old
and the data were therefore collected retrospectively; con-
sequently, we cannot dismiss the possibility of recall bias.

Numerous studies have examined the relationship
between migraine and hormones, particularly between
menstruation and migraine (31). In the present study,
we could only distinguish between migraine with and
without aura for one third of the sample. MO and MA
behave differently according to estrogen levels and hor-
monal life events, and the lack of subclassification for all
participants in this study is a limitation. The results from
the subsample where it was distinguished between MO
and MA displayed a slight earlier onset of both age at
first migraine and menarche in patients with MA and a
stronger relation to COC use, supporting the general
view that high levels of estrogen predispose for the occur-
rence. One could thus contemplate higher levels of nat-
urally occurring estrogen in subjects with migraine aura
(32), with the consequence of earlier menarche and ear-
lier onset of migraine, and eventually an increased risk of

stroke. This is a hypothesis that potentially could be
tested in future studies. Further support for an increased
estrogen/testosterone-ratio in migraine aura can perhaps
be found at the other end of the migraine onset distribu-
tion. Migraine aura, often without headache, has a ten-
dency to occur in the elderly, especially in men (33).

Furthermore, we observed that women with migraine
reported more PMS symptoms than those without
migraine. The definition of PMS varies; however, there
is a requirement for a symptom-free interval between the
end of menstruation and ovulation to distinguish it from
other conditions. Therefore, using OCs that suppress
ovulation violates this definition and, in our analysis,
we did not exclude women who might have used hor-
monal contraceptives. It is also possible that some
women with presumptive migraine who reported more
PMS symptoms actually experienced non-migrainous
headaches related to their PMS. Another aspect is the
similarities between symptoms of PMS and the prodro-
mal phase of migraine attacks, which has previously
been described (34). In the present study, we did not
know whether women had menstrual migraine or not,
nor the timely relationship between PMS and the
migraine headache, and therefore this cross-sectional
design is not well suited for determining a relationship
between the two, with prospective diary studies being
more reliable to define a relationship (35).

Previous studies have shown no difference in estrogen
levels between women with and without migraine, and
prophylactic treatment of women with menstrual
migraine with estrogen has shown divergent results
(36,37). The present study provided analyses of a large
data set to support the idea that the cumulative doses of
estrogen during the reproductive years of a woman’s life
might affect the risk of migraine development. We sug-
gest that the risk of migraine increases with parity and
OC use and decreases with an older age at menarche.
We do not have information about the exact timing of
each migraine attack and its possible relation to hor-
monal events, nor whether it was influenced by menstru-
ation, childbirth or OC use. However, our findings show
that estrogen may play a role in the onset of migraine.
Estrogen alone cannot explain the sex gap in migraine
prevalence. More research is needed to further explain
the mechanisms involved in migraine in women, includ-
ing the role of other hormones such as progesterone and
oxytocin, as well as the way in which sex hormones
impact both the onset and course of the disease (27).

Conclusions

Older age at menarche is associated with reduced risk
of migraine, whereas using OCs and parity may appear
to increase its risk. Further research is required to
explore the causality of these associations.
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Clinical implications

e Women with migraine have a slight lower age at menarche compared to women without migraine.

e Women with migraine reported more PMS symptoms compared to women without migraine.

e Women with migraine more often reported to use OCs for other reasons than contraceptive, compared to
women without migraine, and also more often reported to discontinue OC use for medical reasons.

e Women with MA had a lower age at first migraine, earlier age at menarche, more PMS symptoms and
more often discontinued OC use for medical reasons, compared to women with MO.
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