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Review Article
Ovarian Hormones and Migraine Headache: Understanding
Mechanisms and Pathogenesis—Part 2
Vincent T. Martin, MD; Michael Behbehani, PhD
Migraine headache is strongly influenced by reproductive events that occur throughout the lifespan of women.
Each of these reproductive events has a different “hormonal milieu,” which might modulate the clinical course
of migraine headache. Estrogen and progesterone can be preventative or provocative for migraine headache under different circumstances depending on their absolute serum levels, constancy of exposure, and types of estrogen/progesterone derivatives. Attacks of migraine with and without aura respond differently to changes in ovarian
hormones. Clearly a greater knowledge of ovarian hormones and their effect on migraine is essential to a greater
understanding of the mechanisms and pathogenesis of migraine headache.
Key words: menstrual migraine, migraine headache, estrogen, progesterone, menstrual cycle, menarche, pregnancy,
menopause, lactation
Abbreviations: GnRH gonadotropin-releasing hormone, HRT hormone replacement therapy, OCPs oral contraceptives, PROGINS progesterone receptor allele, CVA cerebrovascular accident, CNS central
nervous system, CI confidence intervals, HR hazard ratio, MAO-B monoamine oxidase-B, NMDA
N-methyl-d-aspartate, AUC area-under-the-curve, TNC trigeminal nucleus caudalis, GABA
gamma aminobutyric acid
(Headache 2006;46:365-386)

During part 1 of this series, we reviewed the genomic and nongenomic effects of ovarian hormones
on the central nervous system as well as the current
basic science studies linking them to the pathogenesis of migraine headache. These studies clearly indicate that ovarian hormones can alter neurotransmitter systems theorized to play an important role in the

pathogenesis of migraine headache. Numerous clinical studies also exist to provide clues to how ovarian
hormones might modulate migraine headaches. Migraine headaches are likely influenced by the different
“hormonal milieus” encountered during reproductive
life events that begin during menarche and continue
through menopause. The purpose of this manuscript
will be to review existing clinical studies examining
the course of migraine headache during reproductive
life events (eg, menarche, menstrual cycles, pregnancy,
lactation, and menopause) as well as after administration of exogenous hormones (eg, oral contraceptives
[OCPs] and hormone replacement therapy [HRT]).
We will also define the specific serum levels of ovarian hormones encountered during the different reproductive life events and postulate mechanisms through
which they might affect migraine headache.
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ENDOCRINOLOGY OF THE MENSTRUAL
CYCLE
The menstrual cycle is divided into follicular and
luteal phases. The follicular phase includes all days
from the first day of menstrual bleeding to the day
before ovulation and the luteal phase includes all days
from the first day of ovulation to the last day before
the next menstrual period. The follicular and luteal
phases can further be subdivided into early, mid, and
late time intervals. Serum estradiol levels typically are
low during the early to mid-follicular phases (eg, 25
to 50 pg/mL range), peak during the late follicular
and early luteal phase (eg, 100 to 400 pg/mL range),
plateau during the mid-luteal phase (200 to 300 pg/mL
range), and fall precipitously to levels of 25 to 50 pg/mL
just prior to menstruation. Serum progesterone levels are extremely low during the follicular phase (<1
ng/mL range), peak during the mid-luteal phase at levels ranging from 6 to 10 ng/mL, and then fall precipitously to levels <2 ng/mL during the late luteal phase
(Figure 1).
MENSTRUAL MIGRAINE
Menstrual migraine has recently been defined
by the International Headache Society in the appendix of their diagnostic criteria for headache and
has been divided into 2 subcategories: “menstrually
related MWoA” and “pure menstrual MWoA.” The
criteria for “menstrually related MWoA” include:

Follicular

MENSTRUAL CYCLE
Migraine headaches could theoretically be influenced by changes in ovarian hormones that occur
throughout the female menstrual cycle. Knowledge
of the different “hormonal milieus” encountered during different phases of the menstrual cycle is essential to an understanding of the effects of ovarian hormones on migraine headache. Therefore, in the next
several sections, we will review the endocrinology of
the menstrual cycle as well as the potential mechanisms through which ovarian hormones could modulate menstrual and nonmenstrual migraine headaches.
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MENARCHE
Menarche refers to the onset of menstruation during puberty. The typical age range of menarche is 9.1
to 17.7 years with a median age of 12.8 years within
American girls.1,2 The initial menstrual cycles are often anovulatory and may remain so for the first 12 to
18 months after the onset of menarche. Serum estradiol levels range from 10 to 156 pg/mL during puberty
prior to the onset of ovulatory menstrual cycles; serum
levels of estrogen and progesterone similar to those
encountered during the adult menstrual cycle may
not be reached until several years after the onset of
menarche.3
The prevalence of migraine is similar in preadolescent boys and girls, but diverges at the time of menarche.4 After menarche, the prevalence is 2 to 3 times
higher in girls than in boys and remains so throughout
most of the reproductive years. The age of onset of
migraine tends to differ between girls experiencing attacks of migraine with and without aura. Stewart et al5
reported the peak incidence of migraine was 12 to 13
years of age for girls experiencing migraine with aura
(MWA) (14.1 cases per 1000 person years) and 14 to
17 years of age for those experiencing migraine without aura (MWoA) (18.9 cases per 1000 person years).
Thus MWoA most commonly begins after the onset of
menarche, while MWA usually begins shortly before
or at the time of menarche. Since ovulation and regular
menstrual cycles may not develop for 1 to 2 years after
menarche, it is likely that the onset of MWoA is associated with the establishment of the female menstrual
cycle.

25 28

Days of Menstrual Cycle

Fig 1.—Changes in serum estrogen and progesterone levels during a native menstrual cycle. Day 1 is the first day of menses and
day 27 is the last day before the next menstrual period. The follicular phase includes all days prior to ovulation and the luteal
phase includes all days after ovulation. The follicular and luteal
phases can be divided into early, mid, and late time periods.
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(1) predictable migraine attacks occurring during the
perimenstrual time period (2 days before to 3 days after the onset of menstruation), (2) migraines also occur at other times of the month, and (3) the association
with menses must be confirmed in 2/3 menstrual cycles.
“Pure menstrual MWoA” is similar to the above criteria, except that migraine headaches are strictly limited
to the perimenstrual time period and do not occur at
other times of the menstrual cycle. For the sake of this
review, we will refer to both types of migraine as “menstrual migraine.”
Epidemiology.—The overall prevalence of menstrual migraine in the general population is approximately 3%, but it is much higher within populations
of migraineurs6 ; 35% to 51% of female migraineurs
have “menstrually related MWoA,” while 7% to 19%
have “pure menstrual MWoA”7-13 (Table 1).
Attack Characteristics.—Population-based studies
of nonselected female migraineurs demonstrate little

difference between the attack characteristics of menstrual and nonmenstrual migraine.14,15 Studies within
subspecialty-based clinics, however, suggest that menstrual migraine is more severe, disabling, and associated with greater abortive medication use than
nonmenstrually related migraine.16-18 The discrepancies between specialty- and population-based studies
most likely can be explained by their selection of patients. Subspecialty-based studies may have included a
greater percentage of “hormonally sensitive” patients
than population-based studies, thus allowing a greater
chance of identifying differences between menstrually
related and nonmenstrually related attacks.
Effect on MWoA.—Interestingly only attacks of
MWoA occur during the perimenstrual time period.
Stewart et al15 reported that attacks of MWoA were
2.04 times more likely during the first 2 days of menstruation, while attacks of MWA occurred with equal
frequency throughout the menstrual cycle. Johannes

Table 1.—Prevalence of Menstrual Migraine in Female Migraineurs∗

Author/Year (n)
MacGregor/1990 (n = 55)†
All migraines
Granella/1993 (n = 1277)‡
All migraines
Culpini/1995 (n = 268)†
Migraine with aura
Migraine without aura
All migraines
Granella/2000 (n = 300)†
Migraine with aura
Migraine without aura
All migraines
Dzolijic/2002 (n = 1298)
All migraines
Mattsson/2003 (n = 728)§
Migraine with aura
Migraine without aura
All migraines
Koseoglu/2003 (n = 1146)
All migraines

Study
Population

Method of Ascertainment
of Menstrual Migraine

Headache clinic

Prospective diary study

Headache clinic

Retrospective chart review

Headache clinic

Prospective diary study

Headache clinic

Prevalence
of MRM

7%

35%

9%

51%

4%
14%
10%

33%
56%
49%

4%
3.5%
3.7%

14%
54%
41%

12%

49%

4%
21%
19%

NA
NA
NA

NA

36%

Physician interview

Female students

Written questionnaire

General population

Physician interview

General population

Prevalence
of PMM

Structured interview

Prevalence represents the proportion of female migraineurs with MRM or PMM; Data from references8-13,130 ; Adapted with
permission from Martin, V. Curr Pain Headache Rep 2004;8:229-237.
†The perimenstrual time period was defined as –2 to + 3 days relative to menstruation.
‡The perimenstrual time period was defined as –3 to +3 days relative to menstruation.
§MRM defined as 76% to 100% of attacks –2 to +3 days relative to menstruation.
MRM = menstrually related migraine without aura; NA = not available; PMM = pure menstrual migraine without aura.

∗
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et al14 found that attacks of MWoA were 1.66 times
more common during the first 3 days of menstruation. Mattsson et al12 reported that 21% of patients
experiencing MWoA reported >75% of attacks occurring during the perimenstrual time period as compared
to only 4% of patients with MWA. These data could
suggest that ovarian hormones differentially modulate
these two subtypes of migraine headache.
Ovarian Hormone Levels.—Several studies have
compared serum levels of ovarian steroids between
patients with and without menstrual migraine. Davies
et al19 measured serum estrogen and progesterone for
the 7 days before menses as well as during 1 midcycle day in menstrual migraineurs, nonmenstrual migraineurs, and controls and found similar levels of
ovarian hormones between the groups. Epstein et al20
demonstrated no differences between serum estrogen levels during the follicular and luteal phases of
the menstrual cycle between women with and without menstrual migraine. They did, however, find significantly higher serum progesterone levels during the
early follicular phase in menstrual migraineurs, but
the clinical significance of this finding is questionable,
since progesterone levels are typically quite low at this
time of the menstrual cycle. Therefore, the predominance of evidence indicates that levels of ovarian hormones are similar between menstrual and nonmenstrual migraineurs. This would suggest that menstrual
migraine is likely the result of an “abnormal response”
of the central nervous system to normal fluctuations
in ovarian steroids.
Effect of Medical Oophorectomy.—Menstrual migraine can be significantly improved by medical
oophorectomy, which would imply that ovarian hormones are directly responsible for its development.
Lichten et al21 administered depo-leuprolide to create
a medical oophorectomy in 29 women with severe
menstrual migraine and noted that 17 of the participants had a >50% improvement in the headache index
when compared to a placebo run-in phase. Murray
et al22 gave depo-leuprolide to 5 women with pure
menstrual migraine and demonstrated a 74% decrease
in the headache index during a 2-month treatment
phase when compared to baseline. Therefore, hormonal therapies which minimize fluctuations in ovarian hormones can improve menstrual migraine.
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Estrogen Withdrawal Theory.—The most plausible
theory to explain the pathophysiology of menstrual
migraine is that of “estrogen withdrawal.” The estrogen withdrawal theory was advanced by Somerville,
who demonstrated that the intramuscular injection of
estradiol valerate administered shortly before menstruation could delay the onset of menstrual migraine
by artificially raising serum estradiol levels during the
late luteal and early follicular phases of the menstrual
cycle23,24 (Figure 2). Intramuscular administration of
progesterone prior to menstruation did not affect the
time of onset of menstrual migraine.25 He later administered an intramuscular injection of a short-acting
estrogen preparation to menstrual migraineurs during
the mid-follicular phase of the menstrual cycle, but this
did not trigger an attack. This experiment suggested
that several days of estrogen priming prior to estrogen withdrawal was necessary in order to provoke a
migraine headache.26
The estrogen withdrawal theory is further supported by studies that demonstrate perimenstrual
treatment with estrogen can prevent the development
of menstrual migraine. de Lignieres et al27 reported
that menstrual migraine occurred in 96% of a placebo
group and 31% of a group treated with percutaneous
estradiol gel during the perimenstrual time period. In
an open label study, Calhoun28 administered 0.9 mg
of conjugated estrogens during the placebo week of
OCPs to menstrual migraineurs and noted a 77% reduction in the number of headache days per cycle.
Pradalier et al29 showed that a 100-mcg transdermal
estradiol patch applied perimenstrually was effective
in the prevention of menstrual migraine, while a 50mcg patch was ineffective. These data suggested that
it may be necessary to maintain serum estradiol levels
above the 45 pg/mL range during the perimenstrual
time period to prevent menstrual migraine because
the 100-mcg estradiol patch maintains serum estradiol
levels in a range of 45 to 75 pg/mL.
Prostaglandin Release Theory.—Prostaglandins
are released into the systemic circulation by a shedding endometrium during the perimenstrual time
period secondary to the withdrawal of progesterone.
Several lines of evidence suggest that “prostaglandin
release” plays a role in the pathophysiology of menstrual migraine.30 First, migraine-like headaches can
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Fig 2.—Onset of menstrual migraine during estradiol-treated and native menstrual cycles. In a representative patient, menstrual
migraine breaks through on day 1 when the serum estradiol levels fall below 50 pg/mL during a normal menstrual cycle. In the
estradiol-treated patient, the serum estradiol levels are artificially increased during the perimenstrual time period and therefore
menstrual migraine is delayed until day 6 of the menstrual cycle. Day 1 of the menstrual cycle is the first day of menstrual bleeding.
(Reproduced with permission from Somerville B. JAMA 1972;221:845-846.)

be triggered by injections of prostaglandin E2 in nonmigraineurs.31 Second, serum taken from women during menstruation and later infused back to them at a
later time can induce headache.32 Third, medications
that are prostaglandin inhibitors have been used to
prevent menstrual migraine.33
Magnesium Deficiency Theory.—Magnesium ions
are essential to a number of functions within the cerebral arteries and central nervous system. They regulate the tone of cerebral arteries, modulate release
of nitric oxide (NO) from blood vessels, control the
release of serotonin, block influx of calcium through
N-methyl-D-aspartate (NMDA) receptors, and are essential cofactors for a number of enzymes.34 Ramadan
et al35 measured brain magnesium using 31phosphorus nuclear magnetic resonance spectroscopy
and demonstrated that magnesium levels were low
during a migraine attack. Therefore, magnesium deficiency could theoretically play a role in migraine.

Some authors have proposed that the low magnesium levels may be a trigger for menstrual migraine.
Mauskop et al36 reported a deficiency in ionized
magnesium in 45% of attacks of menstrual migraine,
while only 15% of nonmenstrually related attacks had
a deficiency. They also demonstrated that attacks associated with low ionized magnesium could be aborted
by intravenous magnesium infusions.37 Facchinetti
et al38 demonstrated that menstrual migraine could be
prevented by administration of oral magnesium during
the last 15 days of the menstrual cycle.
Alterations of Neurotransmitter Systems.—Hormone withdrawal, prostaglandin release, or magnesium deficiency during the late luteal and early follicular phases of the menstrual cycle could alter the
function of neurotransmitter systems relevant to migraine pathophysiology. Opiatergic and serontonergic
neurotransmitter systems as well as the production of
NO within platelets have been demonstrated to be
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modulated by the phase of the menstrual cycle in menstrual migraineurs.
Central opiatergic tone may change during
different phases of the menstrual cycle in menstrual migraineurs. The release of β-endorphin and
corticotropin-releasing factor is under negative control from the opiatergic system. Therefore, administration of naloxone, an opioid antagonist, should increase
levels of β-endorphin and cortisol levels. Facchinetti et
al39 found little increase in the serum levels of cortisol and β-endorphin after administration of naloxone
during the late luteal phase of the menstrual cycle in
menstrual migraineurs, while their response during the
follicular phase was similar to controls. This would suggest a failure of central opioid tonus during the late
luteal phase in women with menstrual migraine.
Serotonergic function both within the central nervous system and platelets may be influenced by the
phase of the menstrual cycle. Cassidy et al40 found a
hypersensitivity of 5-HT1A receptors during the early
follicular phase (eg, first 5 days of the menstrual cycle). This hypersensitivity of 5-HT1A receptors was reduced or absent in those with chronic migraine or menstrual status migrainosis.41,42 D’Andrea et al43 showed
that platelet serotonin levels were highest during the
mid-cycle phase (late follicular and early luteal) and
lowest during early follicular and late luteal time periods in migraine patients with and without aura. Fioroni
et al44 demonstrated that platelet monoamine oxidaseB (MAO-B) activity and 5-hydroxyindole acetic acid
levels are increased and platelet serotonin levels are
decreased during the late luteal phase as compared
with the follicular phase in menstrual migraine patients. If platelet serotonin and MAO-B levels reflect
serotonergic activity within the central nervous system, then patients with menstrual migraine could have
decreased serotonergic tone during the late luteal and
early follicular phases secondary to decreased synthesis, increased release, and/or increased catabolism of
serotonin.
Sarchielli et al45 found increased amounts of
collagen-induced NO formation and cGMP production within platelets during the luteal phase of the
menstrual cycle as compared to the follicular phases
in women with menstrual migraine. Controls and patients with nonmenstrually related migraine experienced the greatest amounts of NO and cGMP pro-
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duction during the late follicular time period. They
postulated that enhanced NO production during the
luteal phase of the menstrual cycle could play a role
in menstrual migraine if platelet abnormalities reflect
events within the CNS or vascular endothelium.
Theorized Pathogenesis.—Neurotransmitter systems could be directly affected through “withdrawal”
of ovarian hormones or indirectly modulated through
other chemical mediators (eg, prostaglandins, magnesium, NO). When compared to other phases of the
menstrual cycle, the serotonergic/opiatergic systems
seem to be suppressed during the late luteal and early
follicular phases. These systems have been theorized to
represent important inhibitory neurotransmitter systems for trigeminal pain pathways.
One could hypothesize that menstrual migraine
develops secondary to a delicate balance of excitatory and inhibitory neurotransmission. As mentioned
during part 1 of this review, animal studies suggest that estrogen enhances excitatory neurotransmission of glutamatergic synapses secondary to sprouting
of dendritic spines and formation of NMDA receptors.46-48 We postulate that the presence of estrogen
induces similar structural changes within the trigeminal nucleus caudalis (TNC), but that neuroexcitation
is dampened during the “high estrogen milieu” of the
late follicular and early to mid-luteal phases of the
menstrual cycle secondary to activation of inhibitory
neurotransmitter systems (eg, serotonergic, opiatergic,
GABAergic) in particular the GABAergic system. Recently, it has been established that high levels of sex
hormones cause formation of GABA-A receptors that
contain δ subunits.49 These receptors are located in the
extrajunctional sites and are more efficient in producing inhibitory responses to GABA. However, during
the perimenstrual time period (late luteal and early
follicular periods), a decline in serum estradiol levels leads to inactivation of these neuroinhibitory systems. These changes along with a delayed recovery
of the neuroexcitatory glutamatergic system (because
the structural changes within the TNC induced by estrogen may not reverse as fast) could render the perimenstrual time a particularly vulnerable period for
migraine headache. (Figure 3; see part 1 of review
for further details.) Obviously these hypotheses are
speculative and will need to be confirmed in future
studies.
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Hormone Withdrawal, Prostaglandin Release or Magnesium Deficiency
during Late Luteal/Early Follicular Phases

Effect on Excitatory
Neurotransmitter Systems

Effect on Inhibitory
Neurotransmitter Systems

Enhanced Glutamatergic Tone
Secondary to Delayed Recovery

Decreased Opioid Tone
Decreased GABAergic Tone
Decreased Serotonergic Tone

Increased Vulnerability to
Menstrual Migraine
Fig 3.—Theorized pathogenesis of menstrual migraine. Estrogen and progesterone withdrawal, prostaglandin release, or magnesium
deficiency during the late luteal and early follicular phases of the menstrual cycle lead to effects on excitatory and inhibitory
neurotransmitter systems that increase the vulnerability to menstrual migraine.

NONMENSTRUAL MIGRAINE
The effect of ovarian hormones on attacks of nonmenstrual migraine is less clear. Studies have not convincingly shown an increased frequency of migraine
headache during the mid-cycle or ovulatory time period of the menstrual cycle. Two past studies14,15 have
attempted to identify the day of ovulation by counting
back 14 days from the onset of menstruation from the
next cycle. They did not find an increased incidence of
migraine headache at that time when compared with
the rest of the menstrual cycle, but they may not have
accurately identified the ovulatory time period, since
no independent hormonal monitoring was performed.
Studies16,50 suggest that the mid-luteal intervals
of the menstrual cycle might represent times of less
frequent, severe, and disabling migraine headache.
Martin et al16 reported that the headache index was
highest during the early follicular, intermediate dur-

ing mid-cycle, and lowest during mid-luteal intervals.
There was a trend toward lower headache outcome
measures in mid-luteal intervals when compared with
all other outcome measures (P < .04). Beckham et
al50 also reported that the headache index was lowest
during luteal time intervals in 14 female migraineurs
(11 had menstrual migraine). These data could suggest
that the hormonal milieu of the mid-luteal time period
(eg, high progesterone/high estrogen levels) could play
a preventative role for migraine headache, possibly
secondary to agonism of neuroinhibitory GABA-A receptors by progesterone and/or its metabolites within
trigeminal pain pathways.51,52

ORAL CONTRACEPTIVES
OCPs are commonly used in women of child
bearing age to prevent pregnancy. They are primarily composed of ethinyl estradiol and a progestin
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(a derivative of 19-nortestosterone). Ethinyl estradiol
is a synthetic estrogen that has a high potency to inhibit gonadotropin release from the anterior pituitary
gland. In the 1970s OCPs contained 50 to 100 mcg of
ethinyl estradiol, while more recent pills contain 15 to
35 mcg.53 Progestins also inhibit gonadotropin release
and have been categorized as first (eg, norethisterone),
second (eg, norgestrel, levonorgestrel), third (eg, desogestrel, gestodene, norgestimate), and fourth generation (eg, drospirenone). Third generation progestins
are less androgenic and have less effect on plasma
lipid levels than first or second generation progestins.
Fourth generation progestins are less androgenic and
also have an antimineralocorticoid effect similar to
spironolactone.
OCPs exist in monophasic, triphasic, and extended
duration formulations as well as those that contain progestins only. Monophasic OCPs have a fixed dosage of
synthetic hormones for the first 3 weeks followed by a
placebo week for the last week. Triphasic OCPs change
the dose of synthetic hormones on a weekly basis for
3 consecutive weeks and then a placebo week follows.
Extended duration OCPs contain a fixed dosage of
synthetic hormones for 3 months followed by a placebo
week. Progestin-only pills have a fixed dose of a progestin for 4 weeks.
Preexisting Migraine Headache.—Most of the past
studies evaluating the effect of OCPs on preexisting
migraine headache were conducted during the 1970s
with the higher dose estrogen pills (eg, 50 to 100 mcg
of ethinyl estradiol). Studies using the higher dose
estrogen OCPs have generally demonstrated a worsening of migraine headache. Ryan54 reported that
headaches worsened in 70% and improved in 30%
during treatment with OCPs (50 mcg of ethinyl estradiol/0.5 mg of norgestrel) in a randomized placebocontrolled crossover trial. Other case series55,56 have
reported that migraine headaches typically occur during the placebo week of the OCP, which would be expected if “estrogen withdrawal” triggers migraine in
susceptible patients.
More recent studies have evaluated the impact of
OCPs containing lower dosages of estrogen on migraine headache.9,11,57 They have reported that the
clinical course of migraine was unchanged in 44% to
67%, worse in 24% to 35%, and improved in 5% to
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8% after administration of OCPs. These results suggest that migraine is most often unaffected by the use
of OCPs. None of the above trials specified the type of
OCP (eg, monophasic or triphasic) or the dosage of estrogen/progestin used, but they likely used monophasic OCPs with 30 to 35 mcg of ethinyl estradiol, since
these were the predominant OCPs used at the time of
these studies.
Headache Complaints in Contraceptive Trials.—
Loder et al58 performed a literature review of existing
OCP trials to determine if the incidence of “headache
complaints” (not migraine) was higher in those taking monophasic OCPs when compared to a placebo
group. They concluded the following: (1) most contraceptive trials do not demonstrate statistically significant differences in “headache complaints” between
treatment and control groups, (2) women with a history of migraine or “troublesome” headaches may be
at increased risk of “headache complaints” with OCPs,
(3) the type and dosage of progestin does not influence headache activity, and (4) if headaches begin or
worsen during the first month of OCP use, they will often improve during subsequent months. Others have
demonstrated that the incidence of “headache complaints” may be reduced through the use of extended
duration OCPs, which decrease the frequency of “estrogen withdrawal” by having only 1 placebo week every 3 months. Cachrimanidou et al59 reported an incidence of headache complaints of 9.7% in participants
receiving extended duration OCPs and 17.3% in those
receiving standard OCPs.
Effect on MWA.—Patients experiencing attacks of
MWA are more likely to worsen with administration of OCPs than those with MWoA. Two past trials10,11 noted that 50% to 57% of patients with MWA
worsened with OCPs as compared to 25% to 35%
of those with MWoA. In addition, case reports11,60-62
have demonstrated that visual, sensory, and motor
aura may develop for the first time in those receiving OCPs. Some patients with “new onset aura” or a
“crescendo pattern” to their migraines after the start
of OCPs have progressed to develop cerebrovascular
accidents (CVAs).62
Pathogenesis.—Scant research exists to explain the
mechanisms through which migraine (particularly
MWA) could be triggered by OCPs in some patients.
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PREGNANCY
The human placenta produces the majority of
estrogen and progesterone necessary for a successful pregnancy. Serum levels of estradiol and progesterone begin to rise in the mother during the 6th to
8th weeks of pregnancy as the placenta begins to produce steroids and they continue to gradually increase
to their highest levels during the third trimester.77
During the third trimester, serum estradiol levels are
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Hanington et al63 reported decreases in “platelet aggregation” after cessation of OCPs in patients who
had developed “new onset migraine” with OCPs. The
decreases in platelet aggregation seemed to parallel
improvements in migraine headache. These data suggest that increased “platelet aggregation” induced by
OCPs might play a role in the development of migraine
headache. Another mechanism through which OCPs
might trigger attacks of MWoA could be “estrogen
withdrawal” during the placebo week of the pill.
Risk of CVA.—Past studies64-68 have reported an
increased risk of CVAs in patients with migraine
headache, particularly in young women and those with
MWA. A recent meta-analysis69 reviewed 14 studies (11 case control and 3 cohort studies) to determine the relationship between migraine and risk of
ischemic CVA. They found relative risks of 2.27 (95%
confidence intervals [CI] 1.61, 3.19) for patients with
MWA and 1.83 (95% CI 1.06, 3.15) for those with
MWoA, while migraineurs taking OCPs had a relative
risk of 8.72 (95% CI 5.05, 15.05). Other studies70,71
have suggested an increased risk of CVA in OCPs
with higher estrogen dosages (eg, 30 to 50 mcg vs. 20
mcg) and those containing second and third generation
progestins, while progestin-only pills were not associated with an increased risk. Cardiovascular risk factors (eg, smoking, hypertension) as well as prothrombotic conditions (eg, factor V Leiden, prothrombin,
and methylenetetrahydrofolate mutations) may further increase the risk of CVAs in those consuming
OCPs.67,72,73 One study67 reported an odds ratio of 34
for stroke in female migraineurs who smoked and used
OCPs. These data has led some groups to recommend
that OCPs not be used in patients experiencing MWA
or in those with cardiovascular risk factors.74-76
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Fig 4.—Mean plasma estrogen and progesterone levels during
pregnancy. Plasma estradiol (--) and progesterone (--) levels rise abruptly during the second and third trimesters (weeks
14 to 40) of pregnancy. Note that serum estradiol levels during
the third trimester of pregnancy are 30 to 40 times higher and
progesterone levels are 20 times higher than their peak levels
during natural menstrual cycles. (Adapted with permission from
Tulchinsky D. Am J Obstet Gynecol 1972;112(8):1095-1100.)

30 to 40 times higher and progesterone levels are 20
times higher than peak levels during native menstrual
cycles (Figure 4). Other hormones may also be increased during pregnancy and include human chorionic gonadotropin, human placental lactogen, inhibin,
atrial natriuretic peptide, and α-fetoprotein as well as
others.78
Preexisting Migraine Headache.—Preexisting migraine most often improves with pregnancy. Sances
et al79 conducted a prospective study of 47 female
migraineurs to investigate the course of migraine
headache during pregnancy. Migraine improved in
46.8% of women during the first trimester, 83% during the second trimester, and 87% during the third
trimester. The complete remission rate increased from
11% during the first trimester to 53% and 79% during the second and third trimesters, respectively. Other
retrospective studies have also confirmed that 48% to
79% of women with a history of preexisting migraine
improve during pregnancy, particularly during the second and third trimesters9,80-83 (Table 2). Aura symptoms in particular appear to occur quite frequently during pregnancy in those with a past history of migraine.
Ertresvag et al84 demonstrated that 40.9%, 20.3%, and
15.5% of migraineurs, respectively, had visual, sensory,
or motor symptoms during pregnancy.
Effect on MWA.—Migraine has also been reported
to develop for the first time during pregnancy in
1.3% to 18% of migraineurs.9,81 Several studies85,86
have reported “new onset” visual, sensory, and motor
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Table 2.—The Course of Migraine During Pregnancy∗

Parameter

Number with migraine
New onset of migraine
Prior migraine improved
Prior migraine unchanged or worsened
Type of study

Somerville
1972

Ratinahirana
1990

38
18%
77%
23%
R, I

116
11%
69%
14%
R, I

Granella
1993

943
5%
67%
33%
R, I

Rasmussen
1993

80
NR
48%
52%
R, I

Chen
1994

508
NR
79%
21%
R, I

Maggioni
1995

Sances
2003

80
1%
80%
20%
R

49
17%
87%
23%
P, D

Data obtained from references9,79-83,131 . Table adapted with permission from Silberstein S. Pregnancy, breast-feeding and
headache. In: Headache in Clinical Practice. Oxford, UK: Isis Medical Media; 1998:192.
D = Diary; I = Interview; NR = not reported; P = Prospective; R = Retrospective.
∗

aura during pregnancy. Some of the patients had experienced complicated pregnancies with accompanying thrombocytopenia, pre-eclampsia, and threatened
abortions.85 One might postulate that the “high estrogen milieu” of pregnancy could play a role in initiating
attacks of MWA.
Clinical Predictors for Improvement.—Studies have
attempted to identify clinical predictors that would allow identification of migraineurs more or less likely to
experience improvement during pregnancy. Granella
et al9 reported that a complete remission with pregnancy was more likely in those with a history of onset of migraine during menarche. Sances et al79 found
that a pathological pregnancy course (eg, toxemia) and
prior history of menstrual migraine were negative predictors of improvement during the first and the third
trimesters. Kelman87 noted that female migraineurs
with “exclusively” MWA were less likely to have an
improvement in migraine during pregnancy.
Pathogenesis.—Pregnancy induces a state of
antinociception that has been termed the “analgesia
of pregnancy.” The “analgesia of pregnancy” is likely
mediated through the opiatergic system as intrathecal
administration of antagonists of κ and δ opioid receptors can abolish this antinociception within pregnant
rats.88 Spinal cord levels of enkephalin and dynorphin
levels are also increased in pregnant rats.88 High
serum levels of both estrogen and progesterone are
necessary to produce the “analgesia of pregnancy,” as
administration of either hormone alone fails to induce
antinociception. It is not known if similar mechanisms
exist within the trigeminal pain pathways of female

migraineurs to explain an improvement in migraine
headache during pregnancy.

LACTATION
Lactation commonly inhibits ovulation during the
postpartum period. The mean time to ovulation after delivery is 189 days in breast-feeding women and
45 days in nonbreast-feeding women.89 The duration
of anovulation may be influenced by the intensity
and the frequency of breast-feeding. Seventy percent
of women that practice full or partially full breastfeeding will remain amenorrheic for 6 months.90 The
“hormonal milieu” during lactation depends on the
presence or absence of ovulatory cycles.
Lactation generally leads to an improvement in
the clinical course of migraine headache during the
postpartum time period. Sances et al79 reported that
migraine recurred within the first postpartum month
in 100% of women who bottle-fed and in 43.2% of
those who breast-fed (P = .0003). Marcus et al91 found
that the headache index during the first 3 postpartum
months was similar for patients who breast-fed to that
obtained during the second trimester of pregnancy.
These data likely suggest that the improvement of migraine commonly seen during the second trimester of
pregnancy continues into the postpartum time period
if breast-feeding is maintained.
PERIMENOPAUSE
The World Health Organization has defined the
perimenopause as the time period 2 to 8 years prior
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Fig 5.—Urinary estrogen and progesterone metabolites during natural menstrual cycles in perimenopausal and younger cycling
women. Note that urinary estrogen metabolites are higher and progesterone metabolites are lower in perimenopausal women than
in younger cycling women aged 19 to 38 (Graphs A and B, respectively). Day 1 is the first day of menstruation and day 28 is the last
day before the next menstrual cycle. All urinary hormone values are divided by creatinine to correct for variations in concentrations
within urine samples. (Reproduced with permission from Santoro N. J Clin Endocrinol Metab 1996;81:1495-1501.)

to menopause as well as the year after cessation of
menses.92,93 Women experience variable lengths of
their menstrual cycles, heavier menstrual bleeding,
anovulation, and intermittent amenorrhea during this
time. Levels of ovarian hormones during native menstrual cycles may differ between perimenopausal and
younger women. Santoro et al94 found that the urinary
estrogen metabolites were higher and progesterone
metabolites were lower throughout the menstrual cycle in perimenopausal than younger women (Figure
5). Such a “hormonal milieu” might be provocative
for migraine during the perimenopausal time period if
higher levels or greater fluctuations in estrogen provoke migraine. If mid-luteal progesterone is preventa-

tive for migraine, then anovulation encountered during the perimenopause could be provocative for migraine.
No longitudinal diary studies have been conducted
to determine the exact effect of the perimenopausal
time period on migraine headache. Two cross-sectional
studies,12,95 however, have suggested that the prevalence of migraine headache is higher during the perimenopausal transition than during early menopausal
time periods. The increased prevalence of migraine,
however, was only encountered in those with a past
history of MWoA and premenstrual syndrome. Therefore, these two subgroups of migraineurs may be more
prone to the hormonal effects of the perimenopause.
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MENOPAUSE
The World Health Organization has defined
menopause as the “permanent cessation of menstruation, determined retrospectively after 12 consecutive
months of amenorrhea without any pathological or
physiological cause.”92 Menopause represents a time
period during which women have depleted their supply of follicles from the ovaries resulting in a permanent cessation of ovulation. Serum levels of estradiol
typically range from 10 to 20 pg/mL in most postmenopausal women. Postmenopausal women often
experience symptoms such as hot flashes, fatigue, forgetfulness, loss of memory, inability to concentrate,
anxiety, depression, irritability, and headache.96 Many
of these symptoms can be improved with estrogen replacement therapy.97,98
Preexisting and New Onset Migraine.—The clinical course of migraine headache is quite variable at
the time of menopause. Unfortunately, there have
been no longitudinal cohort studies of migraine patients transitioning through menopause to determine
the true effect of menopause on migraine. Most past
studies have been retrospective questionnaire studies querying patients of the effect of menopause on
their headaches. These studies suggest that preexisting migraine improves in 8% to 36%, worsens in 9%
to 42%, and remains unchanged in 27% to 64% at
the time of menopause9,11,57,99-101 (Table 3). Eight to
13% of female migraineurs may develop migraine for
the first time during menopause.9,11 Patients with a
surgical menopause may fare worse than those with a
natural menopause, with 38% to 87% experiencing a
worsening of existing migraine.9,101 These data could
suggest that an abrupt withdrawal of estrogen such
as that occurring with surgical oophorectomy may be
more provocative for migraine headache than a gradual withdrawal such as that occurring with a natural
menopause. Another potential explanation may be
that the dose of estrogen replacement therapy used
in surgically oophorectomized patients was too low to
prevent migraine (see below).
Pathogenesis.—“Estrogen withdrawal” and its effects on the central nervous system are thought to be
the primary mechanism through which symptoms are
provoked during the menopausal time period (eg, hot
flashes, headaches, etc.). In fact, many of the same
neurotransmitter systems altered during menstrual mi-
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graine secondary to “estrogen withdrawal” may also
be affected by menopause. Decreased opioid tonus
within hypothalamic nuclei, decreased blood serotonin levels, and up-regulation of certain serotonin receptors (eg, 5-HT 2A) have been demonstrated within
studies of postmenopausal women.102-105
While the effects of a natural menopause on migraine headache can be quite variable, there appears
to be a subgroup of women in which migraine arises
“de novo” or worsens with the onset of menopause.
These headaches have been termed “estrogen withdrawal” headaches and share some common features
with hot flashes. “Estrogen withdrawal” headaches
and hot flashes may not resolve for months to years after a natural menopause and both improve with estrogen treatment. This could suggest that the changes in
the central nervous system induced by “estrogen withdrawal” during a natural menopause may not resolve
immediately after removal of the offending stimulus.
A long-standing menopause (>2 years), however, generally leads to an improvement in the clinical course
of migraine headache.

HORMONE REPLACEMENT THERAPY
HRT refers to the administration of estrogens and/or progestins to women to ameliorate the
symptoms encountered during perimenopausal or
menopausal time periods. The estrogen preparations
are categorized as those that contain natural, conjugated, and synthetic estrogens. Natural estrogen
preparations contain estrogens normally found with
women (eg, β-estradiol). Conjugated estrogens are
produced from animal and/or plant sources, while synthetic estrogens are synthesized estrogen derivatives
(eg, ethinyl estradiol). Both conjugated and synthetic
estrogens are primarily composed of estrogen derivatives that are not typically found within humans. The
estrogens within HRT have a much lower potency than
those generally found in OCPs. The oral progestins
include natural progesterone (eg, micronized progesterone) as well as synthetic progestins (eg, medroxyprogesterone). Oral progestins may be administered
daily or for 10 to 12 days each month to prevent endometrial hyperplasia. The routes of delivery of HRT
include pills, transdermal patches/gels, subcutaneous
implants or injections, and vaginal suppositories.
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Table 3.—Effects of Natural Menopause and Hormone Replacement Therapy on Migraine∗

Effect of Natural Menopause
Author/Year

Whitty/1968
Neri/1993
Granella/1995
Culpini/1995
Hodson/2000
Mueller/2000

Improved

8%
67%
25%
30%
36%
24%

Unchanged

Effect of Hormone Replacement

Worsened

69%
24%
45%
27%
48%
40%

23%
9%
29%
42%
16%
36%

Improved

Unchanged

NR
NR
NR
NR
22%
76% IMP or UC

NR
NR
NR
NR
57%

Worsened

NR
NR
NR
NR
21%
23%

Data taken from references9,11,57,99-101 .
IMP = improved; NR = not reported; UC = unchanged.

∗

Preexisting Migraine Headache.—HRT has been
reported to improve migraine in 22% to 23%, worsen
migraine in 21%, and leave it unchanged in 57%100
(Table 3). Hodson et al100 reported that HRT was more
likely to have no effect on migraine headache if a natural menopause left migraine unchanged. The PEPI
trial97 showed an improvement in headache with oral
conjugated estrogens when compared with placebo in
those with a history of headache at baseline, whereas
if there was no history of headache they were more
likely to develop headache as a side effect. In a crosssectional study of 17,107 postmenopausal women from
the Women’s Health Study, Misakian et al106 demonstrated that a diagnosis of migraine was 1.44 times
more likely in current HRT users as compared to
nonusers. This study could not ascertain, however, if
the use of HRT led to the increased migraine prevalence or if migraine patients were simply more likely
to be prescribed HRT.
Effect on MWA.—Case reports have suggested that
aura symptoms can develop secondary to estrogen replacement therapy in some patients.107,108 They may
develop “de novo” or may increase the frequency of
existing attacks of MWA. Higher dosages of estrogen
replacement therapy may be more prone to lead to
the development of aura symptoms. MacGregor108 reported that lowering the dosage or changing to another
type of estrogen replacement may lead to an abatement of aura symptoms.
Dosage of Estrogen Replacement Therapy.—The
dosage of estrogen replacement therapy may have an

influence on the clinical course of migraine in postmenopausal women. Martin et al109 reported that a
100-mcg transdermal estradiol patch produced a modest preventative benefit for migraine headache in 21
women (15 with MWoA; 6 with MWA) who had
a medical menopause induced by a gonadotropinreleasing hormone agonist. A subsequent study110 randomized the same group of patients to two different doses of transdermal estradiol (either 50 or 100
mcg) and found that only the 100-mcg dose was preventative of migraine. Since the 100-mcg patch maintains serum levels of estradiol in the 45 to 75 pg/mL
range, these data could imply that a critical range
of estradiol levels is necessary to prevent migraine
headache.
Type and Route of Administration.—The type and
route of administration of estrogen replacement therapy could have an effect on migraine headache. Nappi
et al111 demonstrated that headache outcome measures worsened in headache patients receiving an oral
conjugated estrogen and medroxyprogesterone, while
they did not change as compared to baseline in those
receiving a 50-mcg transdermal estradiol patch and
medroxyprogesterone. These data could suggest that
HRTs containing conjugated estrogens are provocative for migraine, while those containing natural estrogens have less effect on migraine. Alternatively,
transdermal routes of delivery may be superior to oral
routes, since they maintain a more constant serum
estradiol level, which could prove advantageous if fluctuating estrogen levels trigger headache.112
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Table 4.—Influence of Reproductive Events and Hormonal Therapies on Migraine Headache

Hormonal Event

Hormonal Milieu

Menarche

Anovulation for first 12 to 18 months

Menstrual migraine
Pregnancy

Effect on MWA

Onset before or at onset
of menarche
↓ in serum estradiol levels from 300 to 50 pg/mL No effect
Serum estradiol levels 15,000 pg/mL, serum
No improvement; rare
progesterone levels 150 to 200 ng/mL
new onset aura

Lactation

Anovulation variable during first 6 months

Unknown

Perimenopause

↑ estrogen and ↓ progesterone serum levels
compared with younger women

No effect

Menopause

Serum estradiol levels in 10 to 20 pg/mL range

Effect variable

OCP

Synthetic estrogen and progestin

More likely to worsen;
rare new onset aura

HRT
Estradiol patch 100 mcg Serum estradiol levels of 45 to 75 pg/mL
Conjugated estrogens
Numerous estrogen metabolites

Rare new onset aura
Unknown

Effect on MWoA

Onset after menarche
Triggers migraine attacks
Improvement during
second and third
trimesters
Improvement compared to
before pregnancy
↑ prevalence of migraine
compared with early
menopause
Effect variable; rare new
onset migraine
Mostly unchanged; may
worsen during placebo
week
Improvement in some
Unchanged or worsens

HRT = hormone replacement therapy; MWA = migraine with aura; MWoA = migraine without aura; OCPs = oral contraceptives.

Dosing Regimens.—The dosing regimens of combined estrogens/progestin therapy can also influence
migraine headache. Facchinetti et al113 found that patients receiving regimens of daily continuous HRT
(eg, daily oral estrogens and progestins) had lower
headache outcome measures than those receiving
HRT regimens with intermittent dosing regimens (eg,
regimens with no HRT for 1 week per month or those
that gave progestins for only 2 weeks per month).
These data would imply that HRT regimens using the
same dosage of estrogens and progestins on a daily basis are superior to those using intermittent dosing of
HRT.
Risk of HRT.—HRT does carry some risk to postmenopausal women. The Women’s Health Initiative114
reported that oral conjugated estrogens administered
daily along with a progestin significantly increased the
risk of breast cancer (hazard ratio [HR], 1.26), stroke
(HR, 1.41), pulmonary embolus (HR, 2.13), and coronary heart disease (HR, 1.29). This data has led several
expert panels to discourage use of HRT for the prevention of chronic disease.115-119 They recommended
HRT for short-term use (<2 years) during the early
menopausal time period to manage symptoms of hot
flashes, but to discourage long-term use for other indications.

REPRODUCTIVE LIFE EVENTS AND
HORMONAL THERAPIES
Reproductive life events as well as hormonal therapies can be preventative or provocative for migraine
depending on the “hormonal milieu” to which the
patient is exposed. A decline of serum estradiol levels of the magnitude experienced prior to menstruation (eg, decline from 250 to 300 pg/mL to 25 to
50 pg/mL) is clearly provocative for patients with
menstrual migraine. It is unknown if a similar “magnitude” of decline at higher serum levels would be
provocative for migraine. More stable levels of estrogen (eg, serum levels maintained within a 45 to 75
pg/mL range) as administered in the form of a 100mcg transdermal estradiol patch are preventative for
migraine in some postmenopausal women. A complete
remission of attacks of MWoA can be induced during the third trimester of pregnancy with serum estradiol levels ranging from 13,000 to 15,000 pg/mL and
progesterone levels ranging from 150 to 200 ng/mL.79
Therefore, different hormonal milieus can have vastly
different effects on the clinical course of migraine
(Table 4).
Reproductive life events affect MWA differently
than MWoA (Table 4). The onset of MWoA occurs after the development of menarche suggesting that the

Headache
development of the female menstrual cycle could play
a role in its initiation, while MWA generally begins
prior to menarche or at least prior to development
of consistent menstrual cycles. Falling estradiol levels
at the time of menstruation seem to trigger attacks
of MWoA, but not attacks of MWA. MWoA tends to
improve with pregnancy, but patients with pure MWA
may not.79,87 The prevalence of migraine increases during the perimenopausal time period in patients experiencing MWoA, but remains unchanged in those with
MWA. Therefore, patients with MWoA seem to be
more responsive to the effects of changing ovarian hormones. Interestingly, symptoms of premenstrual syndrome and menopause (eg, hot flashes) have also been
reported in some studies to be more common in patients with MWoA.12,87
There may be different subgroups of migraineurs
that are more sensitive to the changes in hormones
encountered with reproductive events. For example,
women with migraine onset during menarche are more
likely to have improvement in their migraines during pregnancy, while those with menstrual migraine
are less likely to improve during the first and third
trimesters of pregnancy.9,79 Women who experience
hot flashes during the perimenopause or those with a
history of premenstrual syndrome may be more likely
to experience migraine during the perimenopause.12,95
Therefore, a history of menstrual migraine, premenstrual syndrome, hot flashes, or onset of migraine
during menarche may signify that a given patient is
“hormonally sensitive” and thus more likely to be affected, either positively or negatively, by other hormonal events.

ESTROGEN AND MIGRAINE
Estrogen in particular appears to modulate
the frequency, severity, and disability of migraine
headache. The effects of estrogen appear to be strongly
influenced by the specific levels of serum estradiol levels. A decline in estrogen levels during the perimenstrual time period will trigger menstrual migraine, but
only when serum levels fall below a threshold of 45
to 50 pg/mL. Sustained moderate-to-high serum estradiol levels such as these experienced with pregnancy
and HRT seem to be preventative for some patients
with MWoA. High serum levels of estrogen such as
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those experienced with pregnancy and HRT or high
potency estrogens (eg, OCPs) may worsen MWA in
some patients. Thus moderate-to-high levels of serum
estradiol seem to be preventative for some patients
with MWoA while provocative for others with MWA.
How sensitive might some migraineurs be to changes in serum estradiol levels? The above mentioned
medical oophorectomy study109 found that headache
outcome measures were 45–50% higher during the
first 2 days after application of a transdermal estradiol
patch when compared to the fifth and sixth days after a
patch change while no differences were seen between
patch days in the placebo group. Within the estradiol
treated group, serum estradiol levels were maintained
in a very narrow range varying from 50 pg/mL during
the first 2 patch days to 42 pg/mL during the last 2
days of the patch. Therefore, despite an “overall” preventative effect with the transdermal estradiol patch
compared with placebo, a small rise (eg, 11 pg/mL) in
serum estradiol levels on the first 2 days of the patch
might be provocative for migraine headache. These
results emphasize how exquisitely sensitive some migraineurs may be to small changes in serum estradiol
levels and demonstrate that estrogen can be preventative in some situations and provocative in others.
The above data also suggest that migraine with
and without aura are triggered by different mechanisms. Attacks of MWoA are triggered by declines in
serum estradiol, while attacks of MWA are triggered
by sustained high levels of estradiol. The mechanisms
through which estrogen triggers these two subtypes
of migraine are largely speculative. One might hypothesize that moderate-to-high serum levels of estrogen trigger attacks of MWA through enhancement of
cortical glutamatergic neurotransmission or development of platelet microemboli, which could then trigger attacks on a vascular or ischemic basis. In regard to MWoA, declining levels of estradiol might
trigger migraine through effects on excitatory and
inhibitory neurotransmission within trigeminal pain
pathways.

PROGESTERONE AND MIGRAINE
Progesterone and/or its metabolites as well as progestins can have a variable effect on migraine. There
is preliminary evidence to suggest that mid-luteal
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Fig 6.—Theorized mechanisms through which ovarian hormones could modulate migraine headaches. (A) “Rate of change” is
calculated by the slope of the rise or decline in serum hormone levels. (B) “Hormonal burden” is determined by measuring the
area-under-the-curve of hormone peaks. (C) “Magnitude of change” signifies the absolute difference in peak and trough hormone
levels. (D) The “threshold effect” indicates that a certain level of ovarian hormone exists above or below which migraine is triggered.

elevations of progesterone and/or its metabolites
could be preventative for migraine when compared
to other times of the cycle.16 Past studies120-123 have
also reported that daily oral progestins could be preventative for migraine headache in premenopausal
women. Their preventative effect in premenopausal
women may be secondary to induction of anovulation along with a preventative benefit of the particular progestin used. Side effects such as breakthrough
bleeding and mastalgia may, however, limit their
use. Injectable depot medroxyprogesterone and levonorgestrel implants, which are contraceptive agents,
can trigger headache as a side effect in susceptible patients.124,125 Progestins administered episodically for
10 to 12 days each month along with estrogen replacement therapy have been reported to trigger migraine
in some postmenopausal women.113,126 Therefore, progesterone and progestins can prevent or trigger migraines in different clinical situations.

MECHANISMS OF OVARIAN HORMONES
Ovarian hormones, whether encountered during
menstrual cycles or with hormonal therapies, could
modulate migraine headache through a number of
mechanisms including the “rate of change,” “magnitude of change,” “hormonal burden,” or a “threshold
effect.” The “rate of change” of ovarian hormones is
calculated by determining the “slope of a rise or fall” in
hormone levels around a hormonal peak. “Magnitude
of change” is defined as the absolute difference between peak and trough hormone levels of a hormonal
peak. The “hormonal burden” is calculated by measuring the area-under-the-curve of hormones during
hormone peaks. There could also be a “threshold effect” of ovarian hormones, which refers to a level of
serum hormones above or below which migraine may
be triggered or prevented (Figure 6).
A recent study16 did not find that “rates of
change,” “magnitude of change,” or “total hormonal
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burden” of urinary estrogen metabolites influenced
headache outcome measures during menstrual cycles
in premenopausal female migraineurs. Higher “hormonal burdens” of urinary progesterone metabolites,
however, were associated with worse headache outcome measures during mid-luteal time periods. This
might appear to be contrary to the above mentioned
hypothesis that progesterone could be preventative for
migraine during the mid-luteal phase of the menstrual
cycle, but could suggest that a threshold of serum progesterone levels exists above which migraine is provoked and below which it is prevented. There may
also be a “threshold” of serum estradiol levels below which migraine might be triggered after a decline
of estrogen. Sommerville24 and Lichten127 noted that
menstrual migraine was triggered when serum levels of
estradiol fell below 45 to 50 pg/mL during the perimenstrual time period. Therefore, preliminary evidence
would suggest that a “threshold effect” may be the
most relevant mechanism through which ovarian hormones modulate migraine headache.

GENETICS OF OVARIAN HORMONES
RECEPTORS
Migraine may only be influenced by ovarian hormones in those with a specific genetic predisposition.
Colson et al128 demonstrated that G594A polymorphism of the α-estrogen receptor occurred more frequently in migraineurs than controls within an Australian cohort. They later reported that a 306 base pair
insertion within intron 7 of the progesterone receptor
gene (PROGINS allele) was overrepresented within
migraine patients.129 The G594A α-estrogen receptor
and the PROGINS alleles may act synergistically to increase the prevalence of migraine. Individuals possessing both risk alleles were 3.2 times more likely to have
migraine headache than those possessing no alleles
while those possessing just the PROGINS allele were
only 1.8 times more likely to have migraine. Therefore,
polymorphisms of estrogen and progesterone receptors genes may influence migraine prevalence in some
populations.
CONCLUSIONS
Migraine headache is strongly influenced by reproductive events that occur throughout the lifespan
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of women. Each of these reproductive events has a
different “hormonal milieu,” which might modulate
the clinical course of migraine headache. Estrogen and
progesterone can be preventative or provocative for
migraine headache under different circumstances depending on their absolute serum levels, constancy of
exposure, and types of estrogen/progesterone derivatives. Attacks of migraine with and without aura respond differently to changes in ovarian hormones.
Clearly, a greater knowledge of ovarian hormones and
their effect on migraine is essential to a greater understanding of the mechanisms and pathogenesis of
migraine headache.
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