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Abstract Migraine is, to a great extent, a genetically deter-
mined disorder and once it has manifested itself, it generally
continues for years if not for decades. While the migraine is
active, headaches can seemingly occur spontaneously but are
often reportedly precipitated by events or factors, known as
migraine triggers, the interplay of which is the topic of this
paper. Among migraine triggers, the menstrual cycle is an
important one that probably accounts for much of the excess
of migraine in women compared with men. Much has also
been written about stress as a trigger of migraine, with head-
ache occurring after rather than during stress, when relaxation
occurs. Stress is also 1 of the 4 most often acknowledged
headache triggers in general, the others being fatigue, not
eating on time, and lack of sleep. Singularly, the triggers are
generally necessary but not sufficient, ie, not powerful enough

to bring on headache by themselves and, hence, compounding
of those triggers is usually required. There is evidence to
suggest that the premenstrual phase has a magnifying effect
on the stress-headache interaction. The same is true for low-
sleep duration with the (predictive) model fitting best when
stress and low-sleep duration are considered additive. Men-
struation has been identified as possibly the only absolute
trigger of headache that is both necessary and sufficient. The
scientific study of migraine triggers requires knowledge not
just of how often in an individual a trigger is followed by
migraine headache but also of how often it is not. Having
identified trigger-headache associations, it needs to be deter-
mined which triggers are causative in the individual, either
singly or in combination with others. This requires running an
experiment with the individual that involves behavioral inter-
vention to change exposure to a given trigger and determine
whether that improves migraine. The ubiquitous adoption of
the smart phone as a personal-data entry device, along with the
possibility of bringing the results of sophisticated statistical
analysis into the hands of patients and physicians, may well
provide us with an important set of tools that will finally allow
the unravelling of the age-old migraine-trigger puzzle.

Keywords Migraine . Trigger . Menstruation . Stress .

Estrogen . Caffeine . Alcohol . Fatigue . Lack of sleep .

Oversleeping . Time-series relation . Aura . Prodrome

Introduction

Migraine is, to a great extent, a genetically determined disor-
der with an onset, accordingly, often in childhood. Childhood
migraine is typically associated with vomiting, which at the
same time tends to provide headache relief. Sleep often pro-
vides the ultimate relief of headache in both childhood and
adulthood, with the headache often resolved by a daytime nap
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in children and generally requiring overnight sleep in adults.
Beyond childhood, migraine onset is often brought on by
particular events, for example, migraine onset in almost
30 % of women is at the time of menarche in puberty [1].
Interestingly, menarche at age 12 or younger is associatedwith
a higher prevalence of headache and migraine than menarche
over age 12, also when adjusted for important cofounders,
such as age, body mass index, and oral-contraceptive use [2].
In adolescence and early adulthood, the use of an estrogen-
containing contraceptive can initiate migraine as can, in adult-
hood, pregnancy, although with the latter the onset occurs
more commonly after pregnancy/nursing than during preg-
nancy. During pregnancy, especially in the second and third
trimesters, migraine tends to improve.

Menarche, the use of an estrogen-containing contraceptive,
and pregnancy are of course exclusively female events, caus-
ing postpubertal women to suffer from migraine 2–3 times
more commonly thanmen, whereas in childhood boys slightly
outnumber girls. The circumstances of headache onset, when
it occurs in adulthood, ie, after menarche in women, were
looked at in a study of 566 patients attending a headache
practice [3]. Of these patients, almost 40 % reported a specific
event related to the onset of their headaches: Head, neck, or
back injury in 29.0 %; stress in 17.2 %; pregnancy in 12.2 %;
oral-contraceptive use in 5.4 %; surgery in 5.0 %; flu-like
illness in 4.5 %; illness in 4.1 %; spinal tap in 4.1 %; estrogen-
replacement therapy in 3.2 %; and dental procedure in 3.2 %.
In the remaining 60 %, the patients were not able to mention a
specific initiating event.

Once manifested, migraine generally continues for years if
not for decades, sometimes lasting until the end of life, al-
though often mitigated from a headache perspective with the
advancement of age. While the migraine is active, varying in
frequency from occasionally to several times per week, head-
aches can seemingly occur spontaneously but are often report-
edly precipitated by events or factors, known as migraine
triggers, the interplay of which is the topic of this paper.

Of the triggers noted in the literature, the menstrual cycle is
an important one that probably accounts for much of the
excess of migraine in women compared with men. Women
are particularly vulnerable to migraine perimenstrually but
also, although often to a lesser extent, mid-cycle at the time
of ovulation. Headaches triggered by the menstrual cycle tend
to be severe, disabling, and relatively long-lasting, often con-
tinuing for days. In a relatively recent study of 38 women with
menstrually-related migraine, daily early-morning urine sam-
ples were collected for measurement of estrone-3-glucuronide
and pregnanediol-3-glucuronide, urinary metabolites of estra-
diol and progesterone, respectively [4]. The data were shifted
1 day for comparison with headache occurrence recorded on
daily diary cards, to account for the fact that the early-morning
urinemeasurements reflect serum hormone levels 12–24 hours
earlier. The menstrual cycle was divided into phases of rising

estrogen and those of falling estrogen and migraine occur-
rence was found to be statistically significantly lower during
the former and higher during the latter. Most migraine head-
aches were observed to occur between 3 days before menstru-
ation and 4 days into menstruation.

Other common chemicals are also believed to cause head-
ache, including caffeine, either in caffeine-containing bever-
ages or in caffeine-containing (headache) medications, some-
times upon introduction into the system but to a greater extent
upon withdrawal [5]. Alcoholic drinks tend to bring on head-
ache as well but with a certain delay, although it is not clear
whether this is (always) due to the alcohol or due to other
implicated chemicals, such as congeners and biogenic amines.
Biogenic amines are also present in dietary products, such as
aged cheese and dark chocolate, which are food products often
avoided by individuals with migraine because of their poten-
tial headache-triggering properties.

Much has been written about stress as a trigger of migraine
headaches and 3 patterns have been described [6]. Following
stress in the afternoon, migraine headache tends to develop in
the evening or during the night, when the mind and body
relax. When stress extends into the evening, the migraine
patient wakes up the next morning feeling tired and develops
headache during the course of the morning. The stress in the
evening possibly results from tension, which in turn leads to
fatigue upon awaking. The situation is different when the
tension seems to have more of an arousing effect, making
the patient particularly alert. Then the patient feels stressed the
next morning and becomes tense and irritable, which is
followed by headache in the evening.

Stress or tension and fatigue were among the 4 most often
acknowledged triggers of headache in a study of 28 patients
with migraine, the other 2 being not eating on time and lack of
sleep [7]. These 4 triggers were acknowledged by 74 %–84 %
of the migraine patients, which was about the same in the 17
patients with tension-type headache studied, suggesting that
these are general and nonspecific headache triggers. When
genetically predisposed to migraine, the triggers bring on
migraine headache; otherwise, tension-type headache will be
the consequence. No specific triggers were identified for
tension-type headache but the 4 additional triggers that differ-
entiated migraine from tension-type headache were weather,
odors, tobacco smoke, and bright light.

The Migraine Firecracker: Necessity and Sufficiency

Clinically, it seems that the chemical triggers mentioned,
particularly estrogen and caffeine but possibly also alcohol,
are potent enough to act on their own, ie, they are necessary
and sufficient to cause migraine headache. Stress may be in
the same category if followed by relaxation, allowing the
migraine pathophysiology to express itself [8]. Alternatively,
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stress may be necessary but not sufficient and needs fatigue,
irritability, or other subsequent and additive or potentiating
triggers to generate a migraine headache. John R. Graham, a
mentor of the first author, promulgated the additive view on
migraine triggers, as illustrated by Fig. 1, depicting the “mi-
graine firecracker” [9]. He wrote: “Thus, the migraine patient
may be compared with a highly explosive firecracker, which
can be set off easily by any one of these naughty boys, the
stimuli from the external or physiologic or psychologic envi-
ronment, to produce the migraine ‘explosion’ or attack…One
alone may not produce the migraine attack when combinations
will. Thus, alcohol on a hot day, or the smell of paint plus the
noise of construction may league together to push the sensitive
subject into an attack. In the same way, a number of common
stimuli from the physical and emotional environment may,
singly, or in pairs, operate to produce headache. A day shop-
ping, without lunch, at the time of the menstrual cycle is a good
example; or loss of sleep and excessive nicotine and prolonged
mental strain make an effective combination.”

In summary, migraine triggers are intrinsic or extrinsic
factors that interact with susceptible individuals to cause mi-
graine headache. They may be either necessary and sufficient
or necessary and insufficient, the latter, at least in theory,
requiring additional, additive or potentiating triggers. What
makes individuals susceptible to migraine is probably, to a
great extent, genetic but this is not the topic of this paper. Nor
is the identification of the triggering events, which can be and
often is challenging, or the nature of the interaction between
triggers and individuals, ie, the biology of triggered migraine
headaches. Instead, this paper focusses on the interaction
between the triggers and the individuals per se and how the
necessity and sufficiency of potentially interacting triggers can
be studied scientifically.

Partial or Absolute Nature of Triggers

An indication of whether single triggers are both necessary
and sufficient is reflected by the consistency with which they
provoke migraine headaches, as determined in a study of 120
patients with migraine or tension-type headache [10]. With
regard to their acknowledged triggers, patients were asked on
the basis of their personal experience whether they brought on
headache always, ie, consistently, or sometimes, ie, occasion-
ally. Of the 15 most common triggers acknowledged, ie,
menstruation, weather, stress, red wine, smoking, hunger,
alcohol, skipping meals, noise, change in sleeping habits,
glare, relaxation after stress, exhaustion, odors, and physical
activity, only menstruation was statistically significantly more
often indicated as a consistent rather than an occasional trig-
ger. This suggests that, singularly, the triggers are generally
necessary but not sufficient, ie, not powerful enough to bring
on headache by themselves. Hence, compounding of those
triggers is usually required to bring on migraine headache.

Additive or Potentiating Nature of Triggers

In a study of 12 menstruating migraineurs and 12 age-matched,
nonheadache female controls, excluding those on birth control
pills as well as those with pure menstrual migraine, it was
found that stress coping varied across the menstrual cycle
similarly in both groups of women [11]. In the women with
migraine, headache activity was statistically significantly in-
creased premenstrually, despite the exclusion of women with
pure menstrual migraine, while stress was not found to vary
by phase of the menstrual cycle. However, it was only pre-
menstrually that headache and stress were statistically

Fig. 1 The migraine firecracker.
Reproduced from Graham JR,
Michigan Med. 1965;650–4
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significantly correlated, suggesting a magnifying effect of the
premenstrual phase on the stress-headache interaction.

In a study of the interaction of the effects of stress and sleep
duration in 33 patients with chronic migraine and 22 with
chronic tension-type headache, the time-series relations be-
tween stress, sleep duration, and headache were determined
by applying a series of linear mixed models, generating the
following observations [12••].

1. High stress yesterday and today predicts very high head-
ache activity today;

2. Low stress yesterday and today predicts low headache
activity today;

3. Low stress yesterday and high stress today also predicts
low headache activity today;

4. High stress yesterday and low stress today predicts high
headache activity today.

The conclusion regarding the stress-headache relation was
that headache precipitation needs at least 2 consecutive days
of stress (observations #1 and #3) and that headache is also
likely to occur during let-down after stress (observation #4).
The latter was recently confirmed in a diary study of 17
migraine patients who recorded stress level and migraine
occurrence on a daily basis for 12 weeks [13].

Regarding sleep duration and headache, the following ob-
servations were made:

1. Low sleep duration (<4 hours) yesterday and today pre-
dicts very high headache activity today;

2. Low sleep duration yesterday and high sleep duration
today also predicts high headache activity today;

3. Approximately 8 hours of sleep on consecutive days
predicts low headache activity today.

The conclusion regarding the sleep duration-headache re-
lation was that headache precipitation needs at least 2 consec-
utive days of sleep deprivation (observation #1) and that
headache is also likely to occur with oversleeping (observa-
tion #2). Looking at stress and sleep duration combined,
low stress, and low sleep-duration risk scores were
associated with the lowest headache activity today and
the most headache activity today occurred when both
were high, with the (predictive) model fitting best when
the stress and sleep-duration scores were considered
additive.

Interaction Between Triggers and Individuals

If all single triggers were both necessary and sufficient, ie,
absolute, and this occurred regardless of the individual, and if
the intensity and duration of the exposure were irrelevant, and

if the triggered headaches would come on instantaneously, this
paper would be superfluous and migraine would not continue
to be such a significant medical and social concern. It would
be easy for patients to identify the triggers relevant for them
and for physicians to guide patients avoid or to learn patients
cope with their triggers in order to ameliorate their condition
[14]. However, none of this is true and patients and physicians
alike continue to struggle with this approach to migraine
treatment, often to the extent of giving up after much time
and effort has been put into trying to identify the individual’s
triggers. If we look at the factors complicating the trigger-
individual interaction resulting in migraine headache, they can
be broken down as follows:

(1) The relative power of the triggers combined with inten-
sity and exposure;

(2) The susceptibility of the individuals in terms of trait and
state;

(3) The time interval between exposure and ensuing mi-
graine headache.

The study by Wöber et al [15] identified menstruation as
possibly the only absolute headache trigger that is both nec-
essary and sufficient, with all the other ones studied definitely
being partial, ie, necessary but not sufficient. However, men-
struation is not a trigger in all menstruating women with
migraine, although when it is, it tends to trigger migraine
headaches consistently. What determines whether or not men-
struation is a trigger in a particular menstruating woman is not
known and could be related to the individual’s migraine
susceptibility or to particular quantitative or qualitative fea-
tures of the menstruation-related hormonal changes, assuming
that the underlying mechanism is, indeed, hormonal. In regard
to the latter, it has been suggested that the issue is an imbal-
ance between the estrogen and progesterone hormones
(qualitative) [16] or an overproduction of estrogen hormones
(quantitative) [4]. An argument in favor of the latter view is
that headache is a dose-dependent side effect of an exogenous
estrogen, ethinyl estradiol [17].

Regarding intensity and duration of exposure, the study by
Houle et al [12••] shows these aspects of exposure to be
important at least with regard to the common triggers of stress
and lack of sleep. Susceptibility in terms of trait is, as men-
tioned, not covered by this paper but susceptibility in terms of
state is important to bring into the equation. The best example
of this is the state of relaxation, as described by Spierings et al
[6] and Houle et al [12••], and explained in physiological
terms by Spierings [8]. The occurrence of migraine headache
after rather than during stress, ie, when relaxation occurs,
illustrates the importance of the time factor as well; this is
also well known for alcohol and other vasodilators, including
nitroglycerine and calcitonin gene-related peptide, which typ-
ically cause migraine headache after a certain delay.
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As most if not all migraine triggers are necessary but not
sufficient, although certainly varying in relative strength,
compounding is generally required as so nicely illustrated by
Graham’s conspiring naughty boys. This presents a challenge
for trigger identification. The time factor is another challenge,
which may be worse because little is known about which
triggers it affects and what the time interval is for the various
triggers so affected. Collecting patient data to study timed
delays is challenging: having patients input large numbers of
putative triggers every day at time intervals of less than
24 hours for an extended period of time may be too demand-
ing. Good compliance may be expected with daily diary
entries once per day but patients are less likely to be willing
to enter data twice per day or more often. The necessity to
record the exact time, duration, and intensity of exposure also
varies from trigger to trigger. For menstruation, the date is
probably sufficient; sleep duration and sleep quality may also
not require further temporal specification. However, regard-
ing, eg, bright light, odors, or stress, the consequences may be
different for short-lasting, intense exposure compared with
prolonged exposure at low intensity.

A third challenge is that migraine headaches, while rarely
preceded by (neurologic) aura symptoms, are often preceded
by so-called prodromes, which are ill-defined, non-neurologic
symptoms that can precede migraine headaches by hours.
Such prodromes include sensory sensitivity (difficulty read-
ing, blurred vision, sound sensitivity, dizziness, smell sensi-
tivity, sensitive skin), pain/stiffness (pain in forehead or back
of the head, stiff or painful shoulders, pain in the neck, stiff
neck), fatigue (strained eyes, feeling weary, rickety, tired,
exhausted, lifeless, sleepy), good cognitive functioning
(things in order, head clear, alert, able to concentrate, compe-
tent, efficient), positive affect (inspired, strong, relaxed, con-
tend, pleased), negative affect (tense, dreary, annoyed, wor-
ried, sad, lonely, angry), effort (working hard, strained, not at
ease, busy, much expected, exerting very much, thinking
hard), and stress (something unpleasant, conflict, problem
couldn’t solve, things not going my way).

A study looking at the above prodromes in the 72 hours
preceding migraine headache found sensory sensitivity,
pain/stiffness, and fatigue to be statistically significantly in-
creased within the 12 hours before migraine headache as well
as a tendency for increased negative affect in the same time
window [18]. These prodromes may harbor triggers but,
on the other hand, may be confused with triggers or
triggers may be confused with them. An example is
photophobia and/or blurred vision preceding migraine
headache, which is sometimes erroneously diagnosed as
migraine with aura, while the symptoms are neither
neurologic nor limited in duration as aura symptoms
are. The trigger that these prodromal symptoms may be
harboring is eyestrain, a relatively poorly investigated head-
ache trigger [19].

Scientific N-of-1 Approach to Dissecting Migraine
Triggers

In the scientific study of migraine triggers, examination of an
individual’s headache activity over time can, at least in theory,
establish a background headache probability against which
the triggers can be studied [20]. The consistency of repeated
pairing in time of trigger and headache can provide an assess-
ment of the headache-related causal strength of the trigger.
Different strengths for different triggers are likely to be found,
generating an estimate of the relative power of triggers in
bringing on migraine headache. The relative strength, thus
found for the premenstrual phase of the menstrual cycle
bringing on migraine headache, possibly the only close to
absolute migraine trigger, could be used to “calibrate” the
other triggers identified, which then may provide an opportu-
nity to determine whether the synergy of triggers is additive or
potentiating.

The challenges, therefore, are first to find the associations
between putative triggers and the occurrence of migraine
headaches in a given individual and, secondly, to establish
that the triggers do, indeed, contribute to the occurrence of
migraine headaches. In order to find associations, it is impor-
tant to realize that it requires knowledge not just of how often
a trigger is followed by migraine headache but also of how
often it is not, ie, how often the trigger is not followed by
migraine headache. We can then apply statistical models that
allow for the temporal relations of triggers and headaches to
determine which triggers increase the risk of headache and
which do not. Hence, we need daily information about the
individual (sleep, stress, diet, etc) and other factors that may
be triggers (eg, weather [21, 22]), and we need this informa-
tion in a reliable and readily analyzable format.

Having identified trigger-headache associations, we then
need to determine which triggers are causative in the individ-
ual, either singly or in combination with others. We can do this
by running an experiment with the individual that involves
behavioral intervention to change exposure to a given trigger
(eg, do not drink red wine) and determine whether that im-
proves migraine (ie, results in fewer headaches). It may be
necessary to test changing combinations of triggers rather than
single triggers because 1 trigger alone may not have a power-
ful enough effect to be detectable in such an N-of-1 study.
Again reliable daily information is needed from the individual
and then, over time, the relevant (strongest) triggers and/or
combinations of triggers can be determined for the individual
and, potentially, beneficial lifestyle changes can be proposed.

Obtaining such trigger-headache information from a large
number of people with migraine should allow us to better
understand which triggers are common and/or strong and
which ones may only become important when they act togeth-
er. It may even be possible to identify types of people who
have migraine and share a cluster of common triggers. Such
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population data could also be used to further refine the indi-
vidual’s trigger-identification and trigger-testing processes.

In summary, causative trigger identification and subse-
quent behavioral changes have the potential to benefit people
with migraine. However, it is only achievable if reliable daily
information is collected, if the analysis is performed using
appropriate statistical modelling, and if trigger-modification
testing is executed to prove causality.

An example of a scientific approach to the identification of
migraine triggers to benefit people with migraine is the one
developed by Curelator Incorporated, Cambridge, Massachu-
setts, USA. It is a novel, web-based platform that aims to
guide users with migraine to identify associations between
triggers and headaches and then test behavioral modifications
to determine if a putative migraine trigger is truly causative.
The platform, called Curelator Headache, includes a website
for education, advice, secure registration, and entry of medical
information, including headache history. This then links to,
and individually customizes for each individual, an applica-
tion for use on an internet terminal, such as smartphone, tablet
device, laptop, or other kind of computer, which acts as the
primary data-entry interface. In a simple-to-use way daily
trigger, headache, and other information are entered by the
user, along with other health information that the individual
wishes to track. The data are downloaded to a secure database
and a proprietary analytical engine using statistical modelling
analyses the data in real time. When enough data has been
entered, Curelator Headache determines associations between
single or combinations of triggers and the occurrence of
migraine headaches.

Significant associations are displayed to the individual user
and behavioral-change tests are proposed tomodify the trigger
exposure to determine the effect on the frequency of migraine
headaches. This may involve avoiding or modifying a trigger
or combinations of triggers, potentially allowing triggers to be
confirmed as causative, although it may also show that the
trigger-exposure modification does not impact migraine. The
aim, through iterative testing, is to identify important triggers
in individuals and provide them with behavior modifications
that improve their migraine condition. Eventual use of
Curelator Headache by thousands of people with migraine is
expected to result in a large database that can be mined for
information about proven triggers, their (temporal) relations to
migraine headaches, and how they behave in relation to each
other in terms of additive or potentiating effects.

The ubiquitous adoption of the smart phone as a personal-
data entry device, along with the possibility of bringing the
results of sophisticated statistical analysis into the hands of
patients and physicians, may well provide us with an important
set of tools that will finally allow the unravelling of the age-old
puzzle: which triggers are necessary and sufficient (ie, absolute)
vs which triggers are necessary but insufficient (ie, partial) in
provoking migraine headache and in which individuals.
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