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Abstract This study investigates the importance of
alcohol as a migraine trigger factor, the prevalence of
alcohol consumers and the mechanism of headache prov-
ocation. A MEDLINE search from 1988 to October 2007
was performed for “headache and alcohol”, “headache and
wine”, “migraine and alcohol” and “migraine and wine”.
In retrospective studies, about one-third of the migraine
patients reported alcohol as a migraine trigger, at least
occasionally, but only 10% of the migraine patients
reported alcohol as a migraine trigger frequently. Regional
differences were reported, perhaps depending in part on
alcohol habits. No differences were found between
migraine and tension headache and different genders.
However, prospective studies limit considerably the
importance of alcohol as a trigger. Recent studies show that
migraine patients consume less alcohol than controls. Red
wine was reported to be the principal trigger of migraine,
but other studies show that white wine or other drinks are
more involved. Then, the discussion based on the different
composition of the various alcoholic beverages, in order to
discover the content of alcoholic drinks responsible for
migraine attack, reflects this uncertainty. Biogenic amines,
sulphites, flavonoid phenols, 5-hydroxytryptamine mecha-
nisms and vasodilating effects are discussed. The fact that
few headache patients cannot tolerate some alcoholic
drinks does not justify the consideration that alcohol is a
major trigger and the suggestion of abstinence. In fact, low
doses of alcohol can have a beneficial effect on patients
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such as migraineurs, who were reported to have an
increased risk of cardiovascular disease.
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Introduction

It is known since antiquity that wine could be a trigger for
migraine. Perhaps the earliest reference to alcohol-pro-
voked migraine can be found in the work of Celsus (25
B.C.-50 A.D.) who wrote “the pain... is contracted....by
drinking wine” and more than six centuries later Paul of
Aegina (625-690 A.D.) also included drinking of wine as
the triggering factor of migraine [1].

The concept of dietary migraine (migraine provoked by
some foods such as cheese, chocolate, citrus fruit, alcoholic
beverages) has been with us for more than 200 years, since
Fothergill’s first description in 1778 [1, 2]. However,
despite the original paper of Hanington [3] and the vigor-
ous literature that follows, serious doubts exist as to
whether the condition really exists as a clinical entity. The
commonest initiator of an attack is alcoholic beverages and
by far the largest and most notorious is red wine, at least in
the United Kingdom [4], while in other countries, white
wine (France, Italy) and champagne (France) are viewed as
the major culprits [5, 6].

In the classification of the International Headache Soci-
ety (IHS), two types of alcohol-induced headache were
reported in secondary headaches (code 8.1.4): the imme-
diate alcohol-induced headache, which develops within 3 h
after ingestion of alcoholic beverages, and the delayed
alcohol-induced headache (previously termed hangover
headache), which develops after the blood alcohol level
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declines or reduces to zero [7]. In the comment, it was stated
that few subjects develop the former type of headache,
while the alcohol-delayed headache is one of the com-
monest type of headache, the day after alcohol
consumption, provoked by ingestion of modest amount of
alcoholic beverages in migraine sufferers, while non-mi-
graineurs usually need a higher intake. The same
classification stated that migraine could be aggravated (long
term increase) by frequent intake of alcoholic beverages.

Generally, the studies on alcohol-induced headache
have not carried out the distinction between the immediate
and delayed alcohol-induced headache, which in migraine
patients can be partially artificial and difficult to perform
[8]. Some studies report that alcohol provokes headache
within 30 min to 3 h; principally the red wine [9—11].
Others consider an evaluation period of 6 [12] or 24 h [13],
while some affirm that headaches appear frequently the
next morning/day [10, 14].

In fact migraine patients can have headaches triggered
by alcoholic drinks such as wine within a few hours or the
next morning after the alcohol intake (hangover head-
ache?), with the confounding effect of sleep on the interval
determination.

This review concerns the studies on alcohol as a head-
ache trigger after the 1988 IHS classification, prevalence of
alcohol consumers in headache sufferers, and will discuss
if alcohol, per se, or some components of alcoholic drinks
were responsible for headache precipitation.

Alcohol as a trigger factor
Many studies in different countries show that alcohol is a

headache trigger in high percentage of migraine subjects,
both in the general population [15-17] and headache clinic

Fig. 1 Percentage of migraine
patients reporting alcohol as a
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population [18-22]. About one-third of the patients (mean
34%) report alcohol as a trigger (Fig. 1). However these are
retrospective studies, and until recently only a prospective
study based exclusively on the subjective patients infor-
mation exists [23]. Recent studies show that alcohol acts as
a trigger at least occasionally in a percentage similar to that
of the previous studies (37%), but as a frequent/consistent
trigger in only 10% of the patients [22, 24]. Curiously, in
some countries, the percentages of alcohol or wine as
migraine triggers were negligible, 6.1 [25] and 1.4% [26],
perhaps depending on the degree of alcohol habits.

In many studies, no substantial differences between
migraines with and without aura were described [22, 27,
28], even so both higher susceptibility to red wine [17], and
a lower percentage of alcohol sensitivity in migraine with
aura was reported [25, 26]. No differences exist between
male and females [17, 22, 27-29] in alcohol susceptibility.

No differences exist between migraine and tension
headache in the frequency of alcohol as a trigger [17, 18,
20, 24-26, 29] (Table 1). Other studies show that only
migraineurs had episodes of tension-type headache pre-
cipitated by alcohol [19, 27].

Recently, a prospective study examining a wide spec-
trum of factors related to migraine, by applying a
sophisticated statistical analysis, provides evidence for the
limited importance of nutrition (comprising alcoholic
beverages) in the precipitation of migraine [30], in contrast
to a previous report of the same study group [24]. This
work considered the alcoholic drinks and other triggering
factors taken the day before onset of headache.

Moreover, there were significant trends of decreasing
prevalence of migraine and non-migraine headache with
the increasing number of alcohol units consumed [28, 31].

In conclusion, no significant association between alco-
hol consumption with migraine and tension headache was
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Table 1 Percentages of headache patients consuming alcohol and of
those reporting alcohol as a trigger

Migraine Tension
headache
Alcohol
Takeshima 17 3 179 3
[26] 54.7 9 59.7 9
Wober [24] 40.9 31.8
Headache trigger
Rasmussen 21 3 28 3
[29] 17 ¢ 25 Q
Scharff [18] 353 314
Spierings [20] 42 29
Zivadinov [17] 32.1 30.1
Wober [24] No differences

found in many studies [26, 28-30]. It is worth noting,
however, that alcohol may precipitate individual attacks of
migraine and tension-type headache; thus the lack of
association may also be explained by change in the habits
after experience of these factors provoking attacks, that is
headache sufferers could tend to avoid alcohol in order to
not aggravate their headache.

Alcohol consumption in headache patients

Since alcohol can trigger migraine and tension headache
attack, only a low percentage of headache patients should
drink alcoholic beverages. Few and often only descriptive
studies exist on this topic, with marked differences in the
percentage of consumers perhaps depending on the country
habits [19, 24, 26, 31-33] (Table 2). No differences
between migraine and tension headache were reported [24,
26] (Table 1).

A study performed in 1988 [34] on 100 Tuscan females
with migraine without aura (age range 18-54, mean 34.3)
show that 58% did not consume alcohol in the 3 months

Table 2 Percentage of migraine patients consuming alcohol

3 Q 3 Criteria
Peatfield (1995 UK) [19] 59.5
Mannix (1997 US) [32] 12* >1/week
Takeshima (2004 J) [26] 17 54.7 >1/week
Scher (2005 NL) [33] 52
Aamodt (2006 N) [31] 55 73 Last 2 weeks
Wober (2006 AU) [24] 40.9°
Panconesi (2007 1) [34] 42 Last 3 months

The year of publication and countries abbreviation are given in
parenthesis

T T77%, ® 92%: percentage of females in the sample

60 - 58

40"

32,3
30,2

30

20

10

0 T T T
Tuscan female Tuscan women Tuscan women
patients (1998) DOXA (1997) * DOXA (2000) *

Fig. 2 Percentage of alcohol abstainers in women of general
population and in female migraine patients. *P < 0.01 versus
migraine females (95 or 99% confidence interval for a population
proportion). In the Tuscan women of age range similar to that of
migraine patients (15-54 years), the percentage of nonconsumers was
even less (17-23%)

preceding the visit, 38% are regular consumers (at least
once a week) and 4% occasional consumers (at least once
in the period but less than once a week). In females with
migraine, there was a significantly higher percentage of
nonconsumers of alcohol than that reported in national
studies on the population, using the same parameters, in
females of the same region [35] (Fig.2). Of the 58
nonconsumer patients, 16 were abstainers but the others
have consumed some type of alcoholic drinks during their
life without the development of headache. In this study, six
subjects of the consumer group identified white wine as a
trigger, while two subjects reported red wine and two both
the types of wine in the nonconsumer group (Table 3).

This study is in accordance with a larger population-
based study performed to detect cardiovascular risk factor
in migraine, showing significantly less alcohol consump-
tion in migraine than in control subjects [33].

Table 3 Number of migraine patients, who consumed or have con-
sumed in the past (nonconsumers) alcoholic drinks without headache
provocation

Red wine ~ White wine  Beer Spirit
Consumers no 42 34 (0) 38 (6) 30 (0) 1(0)
Nonconsumers no 58 36 (4) 42 (2) 28 (0) 6 (0)

The number of subjects reporting sensitivity to alcoholic drinks are
given in the brackets
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No differences (but data was not shown) were reported
in another population study [31], and in a small study
where, however, some bias is present, that is different
periods of evaluation, controls with medical illnesses, etc
[32].

Is alcohol per se or another component of alcoholic
drinks the headache trigger?

In accordance with the previous reports [4, 12, 13], red
wine was considered the main cause after the fundamental
study of Littlewood et al. [36] showing that 300 ml of red
wine and not vodka with an equivalent alcohol content
provoked headache in red wine-sensitive-migraine patients
and not in nonsensitive migraine-patients or controls.
These findings suggest that red wine contains a migraine-
provoking agent that is neither alcohol (because vodka is
pure alcohol) nor tyramine (for the negligible content in
wine). However the blinding of this study is uncertain.
Recently another study group reported a high percentage of
patients referring red wine as the most frequent trigger
between alcoholic drinks [24] but subsequently it did not
report any of them as a trigger [30].

Another study shows that of the 429 migraine patients,
17% are sensitive to all forms of alcohol, 11.2% to red
wine but not to white wine or clear spirits, while 28% are
sensitive to beer (none only to this alone) [19].

However, in other countries (France, Italy) white wine
(in France also champagne) is viewed as the major culprit
[5, 6]. In addition, another study reported a surprisingly
higher correlation of spirits and sparkling wine to migraine
attack, compared to other alcoholic drinks. Low doses of
alcohol during meals significantly lower the frequency of
induced-attacks and the alcoholic consumption during
stress was related to higher migraine attack frequency [37].
While some report beer as a trigger [19, 24], others found
no association [30, 31, 34, 37].

Wine does not need to be ingested in excessive quantities
to produce headache. The interval between drinking red
wine and developing headache varied from 30 min to 3 h,
and only one or two glasses need to be ingested. Wine
contains some ingredients such biogenic amines (histamine,
tyramine, phenylethylamine etc), sulphites, phenolic
flavonoids that theoretically could provoke headache. The
possibility that dietary biogenic amines might cause adverse
reactions was initially proposed when it was noticed that
foods that caused symptoms in patient taking drugs inhib-
iting monoamine-oxidase (MAO) were the same as those
believed to cause migraine attack in some patients [3]. A
good review of the controlled studies on intolerance of
dietary biogenic amines was recently performed, showing
no evidence for the hypothesis that histamine, tyramine or
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phenylethylamine can cause food intolerance reactions in
susceptible subjects [38].

It is possible that alcohol itself can trigger headache,
especially when ingested in large quantities such as in
hangover headache, and some components of the alcoholic
drinks can reinforce alcohol action or vice versa.

The principal substances of the alcoholic drinks thought
to be involved in headache provoked by alcoholic drinks
are successively discussed.

Histamine

Jarisch et al. [39] sustained that histamine in wine can induce
headache in patients suffering from histamine intolerance, a
disease characterized by impaired histamine degradation
based on a reduced diamine oxidase activity or a lack of this
enzyme. Red wine usually contains up to 20- to 200-fold
more histamine than white wine. They analyzed 52 different
wines and 17 beers by radioimmunoassay: histamine level
ranged from 3 to 120 pg/l in white wine, 21 to 52 pg/l in
beer, 15 to 670 pg/l in sparkling wine and champagnes and
60to 3,800 pg/linred wine. In the red wine provocation test,
50 pg histamine in 125 ml red wine was sufficient to induce
headache in histamine-intolerant patients, but viewing their
data, in only 5 out of 28 tested subjects [40].

Histamine intolerance, which results from a disequilib-
rium of accumulated histamine and the capacity for
histamine degradation, has been recently reviewed [41].
This good review reports no major differences in histamine
content in the principal drinks (white wine, red wine, beer)
and shows that various foods contain much more histamine
concentrations, particularly in products of microbial fer-
mentation; therefore histamine is an indicator of hygienic
food quality. Many foods are considered to have the capacity
to release histamine from tissue mast cells, even if they
themselves contain only small amounts of histamine. How-
ever, alcohol potently inhibited, in itself, diamine oxidase
and may activate the release on histamine from mast cells.

Headache is one of the symptoms of histamine intoler-
ance: the other symptoms such as facial flushing,
rhinoconjunctival symptoms, asthma, urticaria, pruritus,
hypotension, arrhythmia, and diarrhoea are unlikely to be
present in the attacks of migraine induced by wine. In their
review on controlled studies, Jansen et al. [38] reported one
conclusive negative study on the relation between histamine
in red wine and wine intolerance and no conclusive positive
results. However, in this review, one study was considered
negative because no differences were found between his-
tamine-rich and histamine-poor wine, but both provoked
reactions in a very high percentage. The histamine-poor
wine challenge contains about 80 pg of histamine, a dose
sufficient to induce headache in other studies [40].



J Headache Pain (2008) 9:19-27

23

In red wine-sensitive patients, there was no difference
between histamine antagonists and placebo on headache
induced by red wine, and also the level of plasma diamine-
oxidase was no different between red wine sensitive and
nonsensitive migraine patients [42].

Intravenous histamine infusion (0.16-0.66 ng/Kg/min
for 20 min) provokes headache in migraine and tension
headache patients but not in controls; moreover 0.5 pg/Kg/
min for 20 min (which provokes a plasma concentration of
approximately 50 nM), provokes headache in migraine
patients which can rapidly disappear in most patients, but
some patients continued to have or developed headaches
for 1-12 h after the infusion (delayed headache) at a mean
time of 5 h after the infusion. In most patients with delayed
headache and also sometimes with immediate headache,
the headache fulfilled IHS diagnostic criteria for migraine
[43, 44].

In conclusion, histamine can certainly provoke
migraine, but it is not certain if it is the factor responsible
for headache induced by alcoholic drinks.

Tyramine

The relation between tyramine and migraine has been
studied most extensively. Half were pioneering studies
performed by Hanington et al. (see [37]) which showed that
oral tyramine provoked headaches in dietary migraine
patients but not in nondietary migraine or controls. How-
ever, two conclusive negative studies were found on the
relation between oral tyramine and headache attack in
dietary and nondietary migraine. No conclusive positive
studies were found [37].

The tyramine content of both the red and white wine was
negligible 1-2 mg/L (9) in comparison with the tyramine
doses utilized in oral challenge studies (100200 mg).

Phenylethylamine

In contrast to previous studies that have suggested that
chocolate, which is rich of phenylethylamine, provoked
migraine in chocolate-sensitive patients, Marcus et al. [45]
performing the same study in a large migraine and tension
headache sample produced conclusive negative results.

However, contrary to previous views, chocolate has a
low concentration of tyramine and phenylethylamine,
while it is rich in flavonoid phenols [1].

Flavonoid phenols

Phenols are the substrate for the enzyme phenolsulpho-
transferase (PST), which exists in two forms and is

particularly active in the gut: PST-M, which inactivates
phenolic monoamines such as tyramine and dopamine, and
PST-P, which degrades phenol itself and p-cresol. Ethyl
acetate extracts of red wine contained very potent inhibi-
tors of PST, particularly the P form, but also white wine
and other drinks (spirits and vodka) show some degree of
this activity [46]. The main difference between red and
white wine is their flavonoid component: red wine contains
typically 1,200 mg/l, while white wine only 50 mg/l. This
fraction inhibits potently and specifically PST-P, at a
dilution consistent with a consumption in vivo of a single
glass. Catechins and anthocyanins (responsible for the
color of red wine), which comprise about 30% of flavonoid
fraction and are absorbed through the gastrointestinal tract,
are potent inhibitors of PST-P in vitro. To study if red wine
also has this metabolic effect in vivo, p-cresol that is a
specific substrate of PST-P was determined in urine after
the oral challenge with red wine, vodka or water: p-cresol
increased significantly after red wine with respect to con-
trols. This suggests the possibility that red wine inhibition
of conjugation by PST-P of p-cresol and other phenols
could result in a build up of free phenols in the circulation,
which may be toxic in several ways [9]. In dietary
migraine, a deficit of PST-P was identified [47]. Other
studies show that in migraine patients, the activity of PST-
M responsible for inactivation of dopamine and SHT was
reduced, but not that of PST-P, without any significant
difference in dietary migraine. Moreover, the selective
inhibition of PST-P by red wine is much more potent than
previously thought, with 2,000-fold dilution of dealcoho-
lized red wine having the ability to inhibit sulphation by
this enzyme by 50% [48]. Phenol flavonoids were con-
tained in beer [49] and also in the chocolate, which impair
endothelial function [50].

Sulphites

Sulphites have not been shown convincingly to lead to
headache in individuals with sulphite sensitivity. Sulphites
are considered to be the cause of red wine intolerance,
particularly asthma [51]. Nevertheless, other studies have
confirmed the sensitivity to the sulphites in wine in limited
number of individuals, and in wine-sensitive asthmatic
subjects there was no major role for sulphite additives in
inducing asthmatic response [52, 53].

It must be stressed that red wine contains much less
sulphite than white wine.

Sulphites could trigger headache through the release of
histamine, as they cause symptoms only during a period of
enhanced histamine sensitivity [51].

On the other hand, there are many foods such as dried
fruits, chips, raisins, soy sauce, pickles and juice fruits
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containing concentration of sulphites even ten times higher
than that of wine.

Action on 5-hydroxytryptamine (5-HT)

Red wine diluted 1:20 is a powerful releaser of 5-HT from
platelet and this property varied widely among different
types of wine and even in the sample of the same type: the
releasing ability lies mainly in two flavonoid fractions with
molecular weight greater than 500 Da [47, 54]. Neither
white wine nor beer had any releasing effect [55]. No
significant differences in platelet 5-HT release were found
in red-wine sensitive migraine patients, migraine patients
not sensitive to red wine and controls [56]. Moreover, there
were no differences between red wine Chianti (a potent 5-
HT releaser) and Valpolicella (poor releaser) in inducing
headache [42], but Valpolicella sample proved to have
relatively high releasing properties with respect to earlier
experiments [47]. Red wine, but not white wine, causes an
increase of whole blood 5-HT levels in controls, probably
caused by flavonoid fraction [57]. However, white wine
and champagne were shown to increase 5-HT in subjects
with low basal 5-HT level and to decrease 5-HT in those
with higher basal 5-HT levels: these variations appear to
depend on the alcoholic content of the beverage [58]. Other
interesting pharmacological properties of wine are the
inhibition of 5-HT and noradrenaline reuptake and MAO
activity through its polyphenolic component resveratrol
[59] and an action on 5-HT receptors.

Red wine strongly inhibits the binding of 5-HT to 5-HT1
receptors; white wine possesses this ability to a much lesser
extent [47]. Studies on red wine-sensitive subjects, in order
to show a mediation of induced headache by some types of
5-HT2 receptors, give inconclusive results [42]. In this
light, direct or indirect (by 5-HT release) stimulation of 5-
HT?2 receptors was supposed to be the mechanism of
headache induced by some serotonergic agonists ([60], for
review).

Therefore, the release of 5-HT possibly from central
stores could represent a plausible mechanism for wine
induced headache.

In fact, it was also suggested that dural mast cells could
promote headache by releasing 5-HT, prostaglandin I and
histamine [61].

Vasodilating action
Wine (more red than white) and other grape products have
been shown to have an endothelium-dependent vaso-

relaxing activity, probably via nitric oxide (NO)-mediated
pathway; ethanol and resveratrol cause no relaxation [62].
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Alcohol free grape-skin extracts have the same effects [63].
Alcohol-free red wine polyphenol extract increases endo-
thelial NO release [64]. However in vivo studies show that
only the ingestion of red wine with alcohol, but not of
dealcoholized red wine, provokes arterial dilatation and
thus the effect of wine is due to ethanol [65]. Also oral
intake of pure alcohol (at a dose corresponding to a two
drink equivalent) produces significant vasodilatation in
man [66].

Histamine is known to liberate NO from endothelium,
and it was suggested that the release of NO from cerebral
blood vessels, perivascular nerve endings or from brain
tissue is an important molecular trigger of spontaneous
headache pain [67].

Recently, it was shown that ethanol, at low concentra-
tions not dissimilar from those found in blood following
low to moderate consumption of alcoholic beverages,
releases calcitonin gene-related peptide (and also tachyki-
nins), one of the most vasodilating agents ever found in
man, from periarterial sensory nerve ending of arteries
leading neurogenic vasodilatation [68].

Conclusion

Various retrospective studies show that a high percentage
(about one-third) of migraine patients refer alcohol as a
trigger factor. However, this factor is frequently reported at
about 10%, which is a percentage more plausible. No
significant differences appeared between the migraines
with or without aura and between migraine and tension
headache. Some studies on the alcohol habits in migraine
patients show a low percentage of drinkers in migraine
patients. This was supposed to be due to previous experi-
ences of alcohol as headache trigger, but one study does
not agree [34]. Certainly, if a less alcohol preference in
migraine patients will be confirmed in large controlled
studies, it merits a correlation with 5-HT system, which is
involved in migraine pathogenesis in some way. In fact, an
inverse relationship between density and metabolic func-
tioning of regional brain 5-HT system and alcohol
preference was repeatedly reported in animal studies [69—
72].

Studies concerning red wine as a principal trigger of
migraine in susceptible migraine patients, has led others to
perform various studies to identify a substance contained in
red wine, but not in other alcoholic drinks. However, other
studies report that white wine is more frequently a migraine
trigger, and some others, sparkling wine and spirits.
Therefore, all the discussions based on the different com-
position of various alcoholic beverages are inconclusive
(Table 4). Experiments with wine are extremely difficult to
undertake. The wine composition is affected by many
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Table 4 Contents and actions of principal alcoholic drinks, possibly
interested in headache provocation

Histamine Tyramine Sulphites Flavonoids 5-HT

release
Red wine  ++ + + ++ ++
White wine + + ++ + +—

Beer + + + + —

variables: bio-climatic, oenological methods, stabilizing
process, ageing, cultivar etc. Therefore a major objective is
to perform a study in order to show if it is alcohol per se
which provokes migraine and tension headache in sus-
ceptible and nonsusceptible migraine patients.

The role of dietary triggers has been well reviewed
previously [1, 2]. In the conclusion of their review, in
agreement with other expert authors such as Lance, Clif-
ford Rose [1] stated that he had little doubt that red wine
will trigger migraine attack in sensitive patients and that all
forms of alcohol can provoke headache. Other dietary
triggers have negligible importance. Some studies show
that patients in whom alcohol or wine/beer acts as a trigger
factor also had significantly more other foods as a trigger
[19, 73]. Certainly, some headache patients cannot tolerate
some alcoholic drinks, although not frequently, and per-
haps only in combination in the presence of other trigger
factors (stress, for example). However, a few negative
experiences cannot justify the media and scientific infor-
mation on alcohol as a major headache trigger and the
suggestion of abstinence. In fact, to deny the beneficial
effect of a low dose of alcohol in a wide number of people,
who can also have a higher risk of cardiovascular disease
like migraine patients [74, 75], is not medically
appropriate.

Conflicts of interest None.
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