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Abstract: Migraine is a common headache with a large negative impact on health. Several
endogenous and exogenous factors can influence the severity and frequency of migraine, for
example, lifestyle factors including dietary factors. Consequently, lifestyle modifications and
dietary considerations have been reported beneficial to moderate clinical features of
migraine. Much effort has been invested in determining the lifestyle factors (eg, stress,
exercise, sleep, and diet) that trigger migraine to develop recommendations and guidelines
for prevention. Diet has also been investigated with a major focus on the content of the diet
and to a lesser extent on the amount, pattern, and quality of diet. Identification of dietary
factors in migraine has led to nutritional interventions with a major focus on elimination of
triggers, and weight control strategies. Several so-called migraine diets have consequently
been proposed, for example, the ketogenic diet. Some theories have considered epigenetic
diets or functional food to help in altering components of migraine pathogenesis; however,
these theories are less investigated. In contrast, evidence is being accumulated to support that
some mechanisms underlying migraine may alter dietary choices, for example type, amount,
or patterns. Since a causative relationship is not yet established in migraine-diet relationship
as to which comes first, this concept is equally valuable and interesting to investigate. Only
limited epidemiological data are available to demonstrate that dietary choices are different
among patients with migraine compared with individuals without migraine. Differences are
reflected on quality, composition, pattern, and the amount of consumption of dietary compo-
nents. This view emphasizes a potential bidirectional relationship between migraine and diet
rather than a one-way influence of one on the other. This targeted review presents examples
from current literature on the effects of diet on migraine features and effects of migraine on
dietary choices to draw a perspective for future studies.
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Introduction
Interest in headache' is potentially as old as recorded human history. With all the
advancements in understanding and management of headaches over the years,
headache in general has remained a major complaint for which patients feel an
urge for a medical consult. Costs related to headaches are high and are classified as
direct (medical care) and indirect costs (loss of productivity). Therefore, if head-
aches can be diagnosed correctly and earlier, and if they can be managed properly,
the burden to patients and societies will be dramatically reduced.

Based on the latest version of the headache classification, migraine is a form of
primary headaches,” ranked among the most disabling medical conditions.> Number
four of the Trondelag Health Survey (HUNT4 study) revealed that 18.1% of the
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studied population had active migraine.* Migraine is char-
acterized by headache attacks and associated symptoms
presented in a multiphasic nature,” where both peripheral
nervous system and central nervous systems are consid-
ered involved.>® The recurrent nature of migraine and the
fact that it can be triggered,” have provided a key feature
to explore internal and external triggers and through those,
to study the mechanisms underlying the disorder. This
phenomenon has also presented a unique opportunity to
modify triggering factors—those that can be modified—to
reduce intensity of migraine and how often it occurs. This
concept is attractive, as it has been found that lifestyle
factors,® such as diet,” can trigger migraine, and lifestyle
modifications,'® for example diet modifications, and nutra-
ceutical interventions'' have collectively shown beneficial
effects in patients with migraine. Considering these
options is important, because despite remarkable advance-
ment in understanding of the pathogenesis of migraine and
targeting migraine by the novel therapeutic options,’ chal-
lenges remain related to sufficient efficacy, and desirable
safety, and the fact that nonresponders are present.'” In
addition, a number of individuals with migraine are con-
tinuously searching for natural and device- or drug-free
interventions outside of the typical therapeutic options. In
this line, functional medicine approach to manage
migraine has been proposed as a potential tool. This
approach considers individual's genetic, biochemical, and
lifestyle factors to construct plans for personalized treat-
ment. Functional medicine consists of timeline, matrix,
and the therapeutic lifestyle factors (for example, sleep,
exercise, diet, and stress). Within this framework, func-
tional food can also be defined for migraine. Generally,
a food is defined functional if it is satisfactorily demon-
strated to affect beneficially one or more target functions
in the body, beyond adequate nutritional effects in a way
that is relevant either to an improved state of health and

reduction of risk of disease.'

well-being and/or
Functional food has been tested to identify if it can exert
beneficial effects for several diseases, for example for
metabolic syndrome.'* This syndrome consists of several
metabolic disorders (eg, high levels of fasting glucose and
obesity) and enhances the risks of other diseases, for
example stroke, diabetes, and cardiovascular diseases.'®
Interestingly, migraine has also been recognized as
a disorder related to metabolic imbalance, and that high-
lights a potential for functional food for migraine."
William Amery in 1982, provided the first evidence that
the metabolism is linked to the pathogenesis of migraine.'®

Recent studies investigating metabolic alterations in
migraine have proposed that a mismatch seems to exist
between brain energy sources and the consumption of the
sources,'’ and have linked this energy deficit to mitochon-
drial dysfunction in migraine.'® It is hypothesized that
energy-reserve deficit alone or combined with an overload
of sensory input could activate the trigeminovascular sys-
tem in the cascade of pathophysiological events in

Based on this, a metabolic treatment of
4.17:19

migraine.'®
migraine has been propose

While identification of dietary triggers and dietary
interventions for migraine prevention are profound in the
literature, the concept of dietary choices, and pattern of
diet in migraine patients have been investigated less.”"'
The idea that mechanisms underlying migraine pathogen-
esis might influence dietary choices is valuable, but has
sporadically been discussed.”**' Epidemiological findings
have demonstrated that choice of diet by individuals with
migraine is different compared with individuals without
migraine. Potential reasons for such difference have been
explained by several factors, for example, contribution of
neurotransmitters such as serotonin and orexin, hormones,
and state of aura.”' A potential bidirectional relationship
(Figure 1), where migraine influences food intake, and
consumed food affects the manifestations of migraine,
needs further investigation. Within this framework, inves-
tigation of the gut-brain axis contribution seems highly
valuable.”!

In the following sections, some examples from the
current literature are presented to highlight what we
already know about the effects of diet on migraine and
the effects of migraine on dietary choices, and what
further
Therefore, the purpose of this targeted review is not to

remains unknown to stimulate research.
provide a comprehensive systematic review of the current
literature on the role of diet in migraine; since several
excellent reviews are already available (eg,’~* ).
PubMed, Cochrane Library, EMBASE, and Web of
Science databases were searched for studies using key-
words of diet, migraine, food, and lifestyle with the aim
of providing the current overview, and a viewpoint to the
potential future directions. The ultimate goal is to form
testable scientific hypotheses for future investigation of the
bidirectional relationship of migraine and diet.

Studies that have investigated whether and how the
consumption of dietary components can influence the
manifestations of migraine are abundant. The potential

role of dietary triggers, contribution of the immune
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Figure | A potential bidirectional relationship between migraine and diet.

system, metabolic systems, and the gut—brain axis contri-
bution are among the examples focused on the effect of
diet on migraine. The other direction, where migraine
might also influence the food intake, has been less inves-

2729 some neurotransmitters

30,31

tigated. Presence of aura,
involved in pathogenesis of migraine (eg, serotonin,
and orexin®?), hormones (eg insulin®®), and level of
adiocytokines®® have been proposed to influence the
choice of diet by affected individuals in terms of content,
pattern, and amount of food intake.?' Several familiar and
unknown factors can potentially influence this bidirec-
tional relationship. These include, but are not limited to,

gender, age, and geographical locations.”>*3>737

How Does Diet Affect Migraine?

Triggers and Trigger Perception in Migraine

A large number and diverse range of factors (eg, dietary
factors) with a high degree of heterogeneity have been
reported capable of triggering migraine.>® For example,
stress has been shown to exacerbate migraine, and having
or expecting a migraine can negatively affect stress level

Gender, Age, Geographical location,
Lifestyle, etc.

How?

* Aura

* Neurotransmitters
* Hormones

* Adipocytokines

Choice of diet by
individuals with

migraine

* Pattern

* Quantity
* Content

of affected individuals. Menstrual migraine is a typical
example of the link between hormones and migraine.
Sleep and migraine have also been found interrelated
where sleep disturbances aggravate migraine. Other envir-
onmental factors such as intense light, strong odors and
high altitude have also been reported to influence
migraine.** Consequently, long lists of recommendations
exist for avoiding potential triggers or coping strategies in
order to prevent migraine or subsiding its frequency and
severity; hence, enhancing the quality of life in affected
patients.*

A meta-analysis of available studies for headache trig-
gers has summarized data from 27,122 participants from
85 articles published between 1958 and 2015, and has
provided 420 triggers.*' 86% of the included participants
in this meta-analysis had the minimum of one trigger for
their headaches. Findings from this study highlighted that
stress was the most prevalent trigger.*' Heterogeneity,
however, was high and intra- and interindividual variations
among also

trigger frequency and potency were

profound.*' Knowledge of migraine triggers can help in
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improving the management, coping, and care for migraine;
but studying migraine triggers is not challenge-free. Using
smartphone-based dairy studies that use ecological
momentary assessment systems, has presented fatigue,
sensory sensitivity, negative affect, specific foods, men-
struation, and yawning as the most frequent triggers of
migraine.**** Correct understanding of trigger perception
has been discussed by Turner et al*> to highlight how
important are the behavioral changes in response to
a headache trigger that is perceived by patients as
a precipitating factor. An example is the avoidance of
bright light if the individual with migraine perceives it as
a migraine trigger. This controlling avoidance behavior
may influence the scope of individual activities, and can
negatively influence the quality of life.*>**” Perhaps that
is why coping strategies are prioritized to avoidance stra-
tegies, in general.*’

Collectively, the current ultimate recommendation for
individuals with migraine has pointed to the value of
maintaining an appropriate and healthy lifestyle.*®
Lifestyle can be defined as the “controlled behavior and
activities of a person and many activities, habits, and
practices involve risk factors”. The contribution of dietary
factors within the lifestyle modification has been recog-
nized; however, proposed beneficial changes in lifestyle,
consider a broader spectrum to not only include dietary
aspects, but also monitoring of exercise, sleep, and
stress.*’

Dietary Triggers and Dietary Modifications in
Migraine

It has been proposed that modification of lifestyle might
prevent migraine, which in turn would decrease the burden
to individual patients, and health-related costs.’  However,
due to the complexity of migraine, as a multidimensional
disorder, and also the complexity of designing studies to
test how dietary factors can influence migraine,*® incon-
sistency exists in the literature, ranging from a limited
importance of dietary modification for migraine to some
promising effects. Cross-sectional studies have been
important in providing an overview of potential
triggers;”' however, if the goal is to prove (or falsify)
that a causal or a bidirectional relationship exists in the
diet-migraine interaction, prospective studies with proper
control groups must be designed that are also longitudinal
in nature. For example, age of onset is extremely
important.’’ A migraine patient passes through different
phases in an age span, from pediatric to geriatric

migraines, for example. Puberty has been shown linked
with migraine and migraine that occurs before puberty
differs from post-puberty migraine. Several factors such
as alteration in lifestyle, habits, and hormonal levels have
been proposed to shape this evolution from pre- to post-
puberty. A recent study” has investigated this evolution in
a selected pre-pubertal patients who were diagnosed with
migraine. Researchers in this study collected medical
records, migraine manifestations, and lifestyle-related fac-
tors, at baseline and at the two-year follow-up. Nineteen
patients (migraine with aura: 27.5%) were recruited. The
results of this study demonstrated that migraine accompa-
nying symptoms changed with a significantly higher pre-
valence of dizziness, vertigo, mood changes, confusion,
and allodynia.’® Prodromal symptoms became more pre-
valent, where sleep disturbances and schedule changes
showed a significant increase as migraine triggers.
Interestingly, at baseline, food was triggered at 11% of
cases, but after two years, it went down to zero. Another
study on the participants aged above 16, has also identified
the appearance of new triggers over time. For example,
new factors, including pain in neck, consumption of alco-
hol, hormonal changes, and smoking were notified.>
These studies provide valuable information that migraine
triggers show changes during puberty, and new triggers
can appear together with changes in habits along with
physical and lifestyle changes, which collectively high-
light attention to a potential dynamic pathological process
that deserves further investigation. These studies also pre-
sent a valuable point that besides studying dietary factors
other daily lifestyle features, for example how a patient
sleeps, makes a work—rest balance, and deals with stressful
situations are important to observe and note, because these
factors are often interrelated and can influence each other
directly or through indirect interactions. Comorbid condi-
tions, such as other neurological, psychological, or cardi-
ovascular disorders are also important and influential,
because patients, influenced by those conditions, might
follow a special lifestyle, including certain diets." For
example, those who are diabetic or have a heart disease

54,55 and

may follow a vegan diet for its beneficial effects,
some migraine patients might be on a vegan diet for
comorbidy or other reasons.

A systematic review from 2020>* has summarized the
findings from 43 studies that have investigated and
reported dietary patterns (11 studies), triggers (20 studies),
and dietary interventions (12 studies) in patients with

migraine.”? Level of evidence was determined as low

submit your manuscript

438

Dove

Neuropsychiatric Disease and Treatment 2021:17


http://www.dovepress.com
http://www.dovepress.com

Dove

Gazerani

level, because the authors identified that >50% of the
studies were cross-sectional or patient surveys. Caffeine
and alcohol were found as major triggers that could
increase migraine frequency.”® Several dietary interven-
tions were also reviewed, for example, elimination diets,
low-fat diet, and ketogenic diet that presented promising
results in managing migraine.”” However, this review did
not present a choice or a favorable, so-called migraine
diet, due to lack of qualified and sufficient information.

Elimination diets can be based on a diary for identifi-
cation of triggers, or based on tests for the IgG-positive
food, both strategies to limit those triggers. When partici-
pants were tested for antibodies against 266 foods and
individually eliminated those foods that they had positive
tests for, a reduction of 29% in migraine days was found.>
This study was, however, a small cross-sectional study,
with some limitations. Another study, which was designed
as a randomized controlled trial, eliminated those foods
from diets of migraine patients who participated and were
positive for certain food-related antibodies. When head-
ache days were determined after four weeks on the elim-
ination diet, a 19% reduction was found.’’

Dietary interventions have mostly been investigated in
a small population with no proper control group, hence
results are heterogeneous and a sharp conclusion cannot be
made. For example, a diet high in carbohydrate and low in
tryptophan was tested in a group of seven patients and
showed beneficial to subside headaches. The authors pro-
posed that the positive effect has been apparently due to
a mixture of lower intake of food that could trigger head-
ache and also elevated levels of serotonin following the
tested diet.>®

Dietary lipids were investigated afterwards, because it
was proposed that a diet high in lipids could cause head-
ache following a potential lowering of serotonin levels in
plasma that might be a result of higher platelet
aggregation.” A diet with a very low level of lipids (~20

g per day),
headaches.®® A randomized, crossover trial reported in

therefore, was proposed to prevent
2015°" that low lipid compared with moderate lipid dietary
intake could subside occurrence of migraine and headache
intensity. It has also been reported that the dietary
approaches to stop hypertension (DASH) diet could dimin-
ish the intensity of headache and duration in migraine.®*
This particularly points to the importance of migraine
comorbidities, and how dietary factors can influence an

overall well-being of the affected patient.

Supplementation by a diverse range of vitamins and
minerals has been reported beneficial for migraine. For
example, based on a review from 2018, vitamin D, vitamin
B,, vitamin Bj,, magnesium, carnitine, and niacin have
reduced frequency of magnesium, carnitine, and niacin
have reduced frequency of migraines.®®

Even though beneficial effects of these dietary inter-
ventions have been reported in the literature,”? one must
consider that individual patients may require special
needs that importantly points towards the concept of
precision medicine in migraine.* Including larger
cohorts of patients and considering follow-ups of longer
duration could help in properly examining the effect of
dietary interventions, a point to be considered in the
future investigations. In this line, patient adherence and
age influence on diet choices and dietary patterns empha-
size the value of long-term assessments. However, plan,
design, and conduct of long-term studies are difficult and
several intractable factors need to be considered and
integrated into the assessments. At present, comparisons
between studies remain difficult because age, gender,
cultural, and religious variations among different studied
populations have largely been ignored. Gender of
affected individuals is an important factor to consider,’
because changes in hormonal concentrations, for example
plasma estrogen concentrations, have shown an associa-
tion with migraine.®> Alternatively, dietary intakes that
can alter estrogen activity to a lower level have been
shown beneficial for premenstrual symptoms.®¢
Therefore, low fat, high fiber, or vegan diets, might
help some patients, for example those who have men-
strual migraines. In fact, a study®’ has tested this hypoth-
esis, by investigating the effects of a four-week low-fat
vegan diet in migraine. Overall, headache severity, head-
ache days and frequency subsided, but this study has
some limitations in design preventing drawing a sharp
o7 effects of

a vegan diet to a low fat content, and lowering estrogen

conclusion.”” Besides linking beneficial
activity, several other mechanisms have been proposed,
for example antioxidant and anti-inflammatory properties
of plant-based food. Since an involvement of neurogenic
inflammation in migraine®® has been suggested, this
might be an explanation. In addition, dairy products
(eg, cheese) and meat*” are not present in a vegan diet
and these components have often been reported as
migraine triggers in the literature.®®’" Therefore, absence
of these components in a vegan diet might exert an anti-
inflammatory effect against migraine.
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Obesity—Migraine Linkage and Weight Control in
Migraine

Weight loss has been reported beneficial in migraine,”"’*
although open questions remain in the field due to design
and studied populations in the current literate. A proof of
concept study in 2015 presented that weight loss could
result in symptom improvement.”®> Based on a pilot study
published in 2019,'"" enhancing the quality of diet and
maintaining a healthy weight, could improve some clinical
features of migraine. In this open, and nonrandomized
study, women with migraine received an individualized
diet plan, which was based on a professional nutritional
diagnosis. This study was first to provide evidence that
diet quality and maintaining a healthy weight are
important,'" not the weight loss per se. This means that
for underweight patients a weight gain might be the suc-
cessful strategy, while for overweight patients, a weight
reduction strategy would provide beneficial effects on
migraine.'!

Bond et al’* designed a study to test if two different
strategies for weight loss would be comparable or differ-
ent. Migraine patients who were overweight or obese
women (a population considered to be most affected by
obesity-related migraine risks)’>’>’® were included and
divided groups. One group
a behavioral weight loss (BWL) that included both exer-
cise and diet, and the other group received educational

into two received

instructions on migraine. Findings from this study showed
that both groups benefited from a reduction in headaches
following the two strategies and there was no significant
difference between the groups. This study presented that
independent of the type of strategy; strategies for weight
loss might be beneficial for this special population.
According to a systematic review and meta-analysis’’
that has summarized and compared two strategies for
weight loss, it was revealed that independent of technique,
weight loss could reduce headache severity, frequency,
duration, and associated disabilities. Therefore, weight
loss was highlighted as the critical factor, not the amount
of weight reduction, or the strategies that were used to
achieve the loss.”” In fact, the obesity and migraine link
has been a matter of investigation for a while. The funda-
mental questions are, do people with migraine gain weight
because of migraine related disability? Or does obesity
lead to greater migraine frequency? In other words,
which comes first, obesity or migraine. Results are mixed
in the literature. Winter et al in 20127% found that among

19,162 middle-aged women, those with migraine had

a significantly higher risk to shift towards being over-
weight or obese. The risk was not different for women
with or without aura.”® Age plays a role in obesity—
migraine interactions,”” because age affects the body
mass index (BMI), distribution of body fat, hormones,
and prevalence of migraine. Reported in 2020, the
HUNT3 (the third population-based Nord-Trendelag
Health Study)®® showed that a greater association exists
between migraine and obesity in younger adults, ie, those
>50 years old, still within the reproductive age. Therefore,
one must consider that in the study by Winter et al,’®
where middle-aged women were included, other risk fac-
tors might have played a role.

A meta-analysis®' of 12 studies, including data from
288,981, demonstrated that body composition is a critical
factor. When pooled data were adjusted for age and sex in
this analysis, an increase risk of migraine (27%) was
identified in obese vs normal weight and was not lost
even after multivariate adjustments. The risk was shown
slightly elevated (13%) in underweight vs normal weight
and again it was not changed even after application of
multiple adjustments. Therefore, it seems based on these
results, that obesity and being underweight could enhance

81

risk of migraine.”” An increased risk of migraines in

underweight and obese women vs normal weight was

presented in 2015 by Ornello et al.*?

However, pre-obese
subjects did not show any increasing risk.*

Multiple underlying mechanisms for the impact of
obesity on migraine have been proposed, one of which is
a neurometabolic impact.'® This has been based on reports
in the literature that metabolic factors can trigger migraine,
for example, fasting/hypoglycemia, dehydration, stress,
alcohol, and lack of sleep. These factors have been found
linked to reduced brain energy levels in migraine patients.
It has been proposed that these triggers could reduce
mitochondrial function, ATP generation, cellular glucose
transport, and lipid oxidation, promote neuroinflammation
(neuronal and glial signaling modulation), and astrocytic
signaling.'"®'® These mechanisms are also linked to
increased cortical excitability that has been proposed in
migraine pathophysiology.®® The review by Gross et al'®
in 2019, summarized the available literature on the meta-
bolic changes in migraine and how those changes can
contribute in pathophysiology and being potential targets
for treatments. One important feature in this context is that
nutritional intervention to improve nutrient metabolism,
neuroinflammation, and oxidative stress, can eventually
improve migraine.'® This has shed light on the concept
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of obesity and migraine. Observations have provided evi-
dence that the hypothalamus which is the first station for
detecting of changes in peripheral energy status, is
involved in migraine pathogenesis.®® Interestingly, it has
been found that hypothalamic astrocytes have distinct
responses to nutrients, ie fatty acid and glucose metabo-
lism coupling.®® In addition, it has been found that differ-
ent brain cells utilize, store, and modify their response to
lipids. L-carnitine, which transports fatty acids into the
mitochondria, where those are oxidized to produce ATP,
has shown efficacy in blunting migraine.*® In contrast,
saturated high-fat diets leading to obesity, promote meta-
like
neuroinflammation.®” This has led to applying a strategy

bolic dysfunction, depressive behavior, and
in which targeting obesity could suppress neuroinflamma-
tion and consequently block the depressive symptoms.
Interestingly, increased mood disorders have been seen in
migraine patients, so these basic research findings are
clarifying some underlying mechanisms that might share
commonalities in obesity, migraine, and mental health.*®
The concept that migraine might be a response to low
brain energy level or uncompensated oxidative stress,®’
has brought the ketogenic diet back into attention.’® This
diet acts in a similar way to fasting, where ketone bodies
are elevated and can be used as an alternative source of
energy to correct abnormalities in glucose metabolism
reported in migraine. Some reports, including a proof of
concept study,”® have demonstrated beneficial effects of
a ketogenic diet to reduce migraine frequency. Recently,
an alternative method has been considered to apply exo-

. 1
genous ketogenic substances.’

This means to provoke
nutritional ketosis with ketogenic substances, for example,
beta-hydroxybutyrate (BHB) salts.”!

summarized the potential mechanisms underlying the

A recent review’®

effect of ketone bodies and presented those as signaling
molecules that can interfere with pathways involved in
migraine pathophysiology.”® For example, ketogenic sub-
stances can reverse mitochondrial dysfunction, subside
oxidative stress, reduce cerebral excitability, or lower the
inflammation.”® Even though an extensive amount of work
has been done in animals, clinical research is lacking to
validate the findings as if these protective effects of ketone
bodies (KBs) would also be present in patients with
migraine. Supplementation with fHB without a strict diet-
ary change is under investigation’ and could help
provide evidence and address those open questions.
Diet-induced obesity has been shown to reduce brain
fatty acid uptake.””® This has opened up a concept that

obesity could enhance deficits in brain energy reserves and
metabolism that characterize migraine. Within this con-
cept, omega-3 fatty acid supplementation has shown anti-
depressive action and reduced migraine frequency.”® Fish
oil supplementation in obese mice” has shown reduction
in metabolic and anxiodepressive effects of diet-induced
obesity and related alterations in the composition of brain
lipid. Further investigation is required in humans, as
mood, food, and obesity have been found interrelated in
a complex interaction.’® In addition, it is still not known
whether a migraine—obesity association is different in
females and males, in different ages, and in different
subtypes of migraine, considering mood disorders and
emotional behaviors in humans.

As the evidence continues to accumulate, it is sug-
gested that physicians recommend weight loss to their
patients who have comorbid obesity. This is because
weight loss has proven to improve sleep, mood, and
other factors that increase susceptibility for having more
frequent or severe migraine attacks. Lifestyle changes
overlap with migraine and can be beneficial in migraine
management, in particular when migraine is comorbid
with other conditions, such as depression. There are life-
style modification approaches for obesity. For example,
according to Wadden et al,97 diet, exercise, and behavioral
therapy were major determinants of lifestyle modification,
where a reduced-calorie diet and a high level physical
activity could yield a long-term weight loss.”” Based on
a recent review,?® diets that promote weight loss, such as
the ketogenic diet, and low-calorie diets, could be consid-
ered beneficial for those headache patients who are obese.
In addition, lowering intake of omega-6 and intake of
higher amount of omega-3 in this group can be advanta-
geous. However, another review’ has emphasized that the
net outcome depends on several factors, for example, age,
gender, genetic predisposition, and environmental factors.
Therefore, in order to provide evidence-based dietary
recommendations for migraine, we need to consider
these influential factors in study designs. In addition, the
more we know about the mechanisms leading to migraine,
the better we can investigate different factors, including
dietary factors, which can interfere with those mechan-
isms. Future research is needed to provide evidence of
whether diet can be a disease-modifying agent for
migraine, and how. Considering the big picture, this
would also enable personalized recommendations that -
are in line with biopsychosocial considerations in target-
ing migraine.
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In addition, one must consider that if comorbidities
exist with migraine, dietary modification might be bene-
ficial in controlling the condition. For example, several
studies have highlighted a solid link between migraine
and gastrointestinal diseases, in particular, irritable bowel

syndrome (IBS). For review see Camara-Lemarroy et al.”®

Gut—Brain Axis, Microbiome, and Migraine

The “gut-brain axis” is a term to describe a potential two-
way relationship between the gut and the brain. The gut—
brain axis might potentially explain the existing link
between IBS and migraine.”® Evidence is accumulating
on the role of gut-—brain axis in several neurological dis-
orders, and migraine is not an exemption, where this has
been reviewed in a recent review.”” However, we still do
not know how the gut and the brain may interact in
migraine.”® Several mechanisms have been proposed,'®
for example, composition of gut microbiota, proinflamma-
tory substances such as interleukins, neuropeptides (eg,
calcitonin gene-related peptide; CGRP), hormones, and
dietary components.'?"

In a recent metagenome-wide association study
(MWAS),'*? fecal samples of elderly women with
migraine have been compared with matched controls to
determine if gut microbiota is associated with migraine.
Results showed that patients and controls are different in
terms of diversity of species in the gut. Clostridium spe-
cies (an unhealthy composition) were significantly higher
in the migraine group. However, a healthy composition
(eg, Faecalibacterium prausnitzii, Bifidobacterium adoles-
centis, and Methanobrevibacter smithii) were profound in
controls. Patients also presented a diminished metabolic
function of the gut compared with the controls.'®® These
findings may pave the way toward diagnosis, prognosis,
and response to treatment strategies, or point to a novel
therapeutic target. Based on the results,'®* and to maintain
healthy composition of the gut microbiota, proper probio-
tics have been suggested to correct dysbiosis in migraine
patients. The concept of using probiotics for maintaining
well-being is not new,'® however, identification of the
role of probiotics in minimizing neuroinflammation,
a mechanism proposed for migraine,'* has attracted atten-
tion toward the use of probiotics for alleviating migraine
attacks.'®>'%® In patients with episodic and chronic
migraine, a multispecies probiotic supplement has been
investigated to identify a potential beneficial effect and
profile of inflammatory markers.'” Findings revealed
that probiotic supplementation could reduce the frequency

and severity of migraine attacks. In addition, patients had
a lower number of migraine days in the month and con-
sumed a lower number of drugs to stop migraine
headaches.'%® According to the findings by Sensenig
et al, mineral and vitamins added into a probiotic regimen
for 12 weeks could result in a remarkable improvement in
headache in 60% of migraine patients. Improvement in
quality of life was reported by 80% of patients.'’
Probiotic interventions as a prophylactic way to treat
migraine have been summarized in a recent systematic
review.'” Out of 68 screened studies, only two studies
were analyzed, one with negative '°” and one with positive

1% in diminishing migraine frequency and inten-

outcome
sity. The authors of this review'®® have recommended
points for inclusion and exclusion for the enrolment of
patients, considerations for study design that can recruit
standard and comparable methods, and proper control
groups, within sufficient time.'® Microbiome analysis,
pre- and postintervention, has also been encouraged.'®®
Another potential explanation for the existing link
between gastrointestinal disorders and migraine is the gut

110

permeability, ~ where the leaking of lipopolysaccharides

into the blood can

111

from the lumen trigger

a proinflammatory response, = which is known to play
a role in migraine pathogenesis.''? In a group of migraine
patients diagnosed with comorbid IBS, probiotics com-
bined with an elimination diet were tested.'" Sixty
patients were randomized into three groups to receive the
elimination diet, probiotics, or diet plus probiotics.'"* The
study results demonstrated that the combination method
was superior for improving migraine comorbid with
BS.'"

In addition to gut composition, which was found dif-
ferent in migraine patients, collected samples from the oral
cavity of patients with migraine have demonstrated differ-
ent composition from controls.'"*!'"> Significantly higher
nitrate, nitrite, and nitric oxide reductase genes were found
in oral cavity samples of migraine patients. Interestingly,
nitrates and food additives are reported among headache
triggers, and nitric oxide pathway has been linked to
migraine.''®'"” Therefore, bacterial composition can be
investigated in oral cavity and fecal samples in migraine

and composition might reveal differences from controls.''

Diet, CGRP, and Migraine

Identification of the CGRP role in migraine, has led to the

118

development of new targets  ° such as monoclonal anti-

bodies that target CGRP itself, or its receptor, and also
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new oral gepants, antagonists of CGRP receptor.'"’
Evidence is limited as if dietary components could inter-
fere with CGRP in migraine. Cady and Durham treated
rats with cocoa-enriched diets for 14 days and investigated
the expression of CGRP in the trigeminal ganglion cells,
in the
expression.'?® In cell models, CGRP secretion has also

where they reported a significant decrease

been diminished after treating cells with petasin, which is
the active component of butterbur, grape seed, and ginger
extract.'*!+12?
In relation to CGRP, a new study'?® has demonstrated
that when migraine patients with episodic migraine were
supplemented with vitamin D, they had lower headache
days and disability assessed on the migraine-related dis-
ability score (MIDAS) showed a significant improvement
after 12 weeks.'?® Researchers in this study analyzed the
serum levels of CGRP and presented that in the group on
vitamin D supplementation, CGRP level was significantly
lower.'** Based on the findings and correlational analysis,
the authors have proposed that vitamin D might exert
some of its effect through lowering of the CGRP
levels.'** A larger study with a longer duration together
with supportive basic research studies to look into under-
lying mechanisms of vitamin D in lowering CGRP and
exertion of antinociceptive effect through this path, have
been suggested.'*
Considering beneficial effects of targeting CGRP with

118,11
recent compounds,''®'"?

this line of investigation remains
open to identify how dietary components or patterns might
interact with expression and function of CGRP to interact

with migraine manifestations.

Dietary Consistency and Migraine
Neurologists often encourage their patients with migraine
to follow a consistent lifestyle. This is based on the obser-
vation that sudden changes in any lifestyle component may
provoke migraine attacks. This includes several compo-
nents, such as exercise, sleep, work—rest cycles, diet, etc.
However, evidence is still limited. In addition, the pattern
of diet or habits of dietary choices might be equally as
important as content of the diets. A cross-sectional study
in 2015'* that used logistic regression, found that
migraine is associated with low intake of food, regardless
of the type of food.

A review'? on dietary consistency has presented the
topic from three different views to migraine. The authors
have proposed migraine as an illness, a disease, and a state

125

of inflammation. = Within this proposed framework, the

authors looked at the relationship between diet and
migraine as a function of changes in these three.'>> Other
researchers have considered migraine a brain disorder of
maladaptive response and have described a feedforward
allostatic cascade model that can lead to migraine.'*° In
this model specific stressors such anxiety, noise, food,
odors, and bright light can be tested. Each of these factors
can contribute to the allostatic load with a different mag-
nitude, and factors can be summed over time. Therefore,
the authors have proposed that modification of these effec-
tors or stressors can help to intervene with the skewed
allostatic load in migraine.'*® Independent of the view-
point to migraine, maintaining consistency in daily living
is not easy and most likely requires education, monitoring,

and support, and scientifically driven patterns.'*

Does Migraine Affect Diet, and How?

Studies are vast in the literature to examine dietary triggers
for migraine and to lesser to examine dietary intervention.
However, the question remains open as to whether certain
dietary intake patterns are specific to migraine and whether
migraine pathogenesis would influence dietary choices and
patterns. In this line, it is important to identify if the
subtypes of migraine can have an influence on the choices.
For example, if the state of aura would lead patients with
migraine to select a specific dietary component or patterns,
while those choices might be different from those patients
who do not have aura, and in comparison with migraine-
free individuals. To address this side of the diet-migraine
relationship, studies with proper control groups, such as
nonheadache and nonmigraine control groups, and includ-
ing subtypes of migraine (episodic, chronic, with and with-
out aura) would allow for a proper evaluation. However,
the evidence is very limited. Pattern of food intake has

124 where a large population

124
was

been investigated in one study,
of middle-aged women was included. This study
designed based on a hypothesis that migraine patients and
healthy individuals are different when it comes to food
intake and food avoidance behavior, and that subtypes of
migraine (eg, with and without aura) may influence these
behaviors even further. This study'?* demonstrated that
a migraine-specific pattern of food intake existed that
was different from healthy individuals. The only exception
was alcohol consumption. In addition, and based on the
presence or absence of aura in migraine subtypes, the
choice of certain food items was influenced. Those items
were, for example, chocolate, processed meats, dairy pro-
ducts, and wine.'** Interestingly, lower intake of dietary
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compounds known as migraine triggers was not evident.
This led to an assumption that those food items might have
been avoided by patients within a particular subtype of
migraine.124 Further studies, however, are required to
this
Epidemiological findings have demonstrated that choice

investigate arm of migraine—diet relationship.
of diet by individuals with migraine is different from
individuals without migraine and the difference reflects
diet
quality,'?” diet composition,'*® dietary schedule,”® and

on several nutritional metrics,”' for instance,
amount of consumption in a wide range of different
foods.?*"'**!%* We still do not know if mechanisms under-
lying migraine pathogenesis might influence dietary
intake.”>*! Future studies are warranted to identify the
patterns and potential underlying mechanisms and to
examine if migraine type, migraine frequency, and food
intake are interrelated. Besides, longitudinal studies are
preferred to cross-sectional studies.

Migraine pain and related disturbances may influence
individuals with migraine to select a convenient, simple,
or easy choice in diet, which might differ from those
without migraine that have a tendency for a more complex
dietary pattern. The choice can reflect on the amount,
quality, timing, and patterns of dietary intake. This might
be due to the fact that the hypothalamus has been found
activated in the premonitory phase of migraine, the time
that food cravings often occur.?®'*® Food cravings, for
instance for chocolate, have been reported to present and
have accounted for triggering migraine attacks while this
might be a part of the onset.! Interestingly, chocolate has
been a matter of investigation as one of the migraine
triggers.'>' A recent systematic review'>> has looked
into 25 studies that evaluated if chocolate acts as
a trigger in migraine, where 23 studies reported that cho-
colate could trigger migraine. There were also three pro-

vocative studies'**7133

that tested the triggering effect of
chocolate compared with placebo, and neither of those
could identify a significant outcome. Therefore, based on
these findings, the authors of the systematic review con-
cluded that evidence is still lacking to draw any recom-
mendation for migraine patients about eating or avoiding
chocolate.'*?

Neurotransmitter, hormone, and adipocytokine levels
in migraine patients are different compared with controls
that might also influence the desire for food, or food intake

18,136 in

or even the metabolic control of the hypothalamus
affected patients. For example, orexin A, was elevated in

headache phase,32 while serotonin levels were lower

during the interictal phase.’*>' Higher insulin resistance
and elevated adipocytokines such as leptin are also
reported in migraine patients compared with controls.****

The choice of mealtime by migraine patients might
also affect the meal intake and its properties. There is
a gap here for understanding how migraine history would
influence a preferred mealtime in an attempt to manage
migraines proactively. Mealtime can influence the content
of meal depending on the time, and hence plays a role in
the bidirectional loop of migraine-diet. In fact, a study
from 2016"7 has looked into the pattern of regular life-
style behavior for three elements of sleep, mealtime, and
daily exercise in patients with episodic and chronic
migraine. This is the first study of the combined three

138140 that con-

variables compared with previous studies
sidered each domain separately. Findings from this
study'?” demonstrated that all three elements (ie, regular
mealtime, regular sleep, and daily exercise) were lower in
frequency among migraine patients with chronic migraine
compared with episodic migraine. Interestingly, regular
mealtime was found as the element that was adopted the
best by both groups of migraine patients.'*” The authors,
therefore, proposed that self-regulated behaviors, such as
regular mealtimes, would be beneficial for the affected
patients to control their migraine.">” It is interesting to
investigate whether genetic or epigenetic factors® can
influence the choice of mealtime by patients with migraine
and if this differs between episodic and chronic migraine.

A small number of patients have been seen anecdotally
to respond to the paleo diet or variations of this diet. The
rationale follows a theory that modern era diseases, for
example, diabetes, heart disease, and obesity were absent
in the Paleolithic era. Therefore, a clear diet could also
help prevent migraine. This diet is known for weight loss,
and it is free from refined and processed food, additives
and preservatives.

The gut-brain axis that is a bidirectional path, might also
affect dietary choices here. Interestingly, the gut-brain axis
has been discussed in terms of psychological aspects,'*!
named as gut-brain psychology, which brings mind to the
equation of the brain and gut relationship. Based on this
synchronism of gut, brain, and mind, it has been proposed
that the gut microbiota could affect normal mental processes
and under pathological mental and neurological disorders.'*'
Whether this can influence choice of diet in migraine, or
when migraine is co-existent with other psychological con-
ditions, eg, stress and anxiety, needs further investigation.
This also remains to be tested as if other factors, eg, gender
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* Neuroinflammation

* Comorbidities

* Activated hormonal pathways

* Release of proinflammatory substances
* Stress

* Drugs

Brain

* Regular sleep, and exercise

e Healthy mood

* Choice of dietary factors (e.g, pattern,
composition, timing, amount)

Gut-brain Axis and migraine headache

* Composition of gut microbiota

* Dietary components

* Intestinal permeability

* Activated hormonal pathways

* Release of proinflammatory substances

* Comorbidities (eg, infection, inflammation)

Gut

* Probiotics (e.g, by promoting short
chain fatty acids, improving epithelial
integrity, decreasing proinflammatory
cytokines levels)

* Healthy function of gastrointestinal
track

Figure 2 A bidirectional relationship of the gut and brain, and different factors that can potentially influence migraine—diet bidirectional relationship within this system.
Green arrows are toward improvement of migraine headache, while red arrows reflect on negative impact. For a comprehensive review on the gut-brain axis and migraine

headache, please see Arzani et al.”?

of migraine patients can affect this (by, eg, hormones or
psychology-related factors). Figure 2 is an overview of the
gut-brain axis and potential players in the bidirectional
relationship of migraine and diet.

Taken together, a potential bidirectional relationship,
where migraine influences food intake, and consumed food
affects the manifestations of migraine, needs further investi-
gation. The question, therefore, remains open as to whether
migraine can affect dietary choices and to what extent, and
how dietary choices can influence migraine. In a broader
spectrum, the allostatic model in migraine'?° could potentially
help studying the influence of migraine on food intake and the
influence of dietary intake on migraine. Table 1 provides an
overview of the main points mentioned earlier for the diet—
migraine relationship and considerations for future studies.

Concluding Remarks

Diet as a potential trigger for migraine has been discussed for
some time. Identification of potential dietary triggers for
migraine'?> has mainly emerged via keeping dairies, avoid-
ance behavior, or elimination diets to help managing
migraine.'*'* Some triggers appear common among the

migraine population, while others appear to be unique to

individuals. Therefore, identification of personal food triggers
in each individual seems valuable to assist with a better way of
coping with migraine. No particular migraine diet exists yet to
lean on a strong evidence, and hence the investigation of
dietary patterns is needed to confirm efficacy before recom-
mending for migraine prevention. Types of evidence, includ-
ing level of effect are, therefore, expected from these
interventions. For each, one must consider the burden of
various diets for patients and if any potential side effects or
safety issues may occur.”’

Comorbidities are also important to consider, such as
IBS and in this regard, studying the role of the gut—brain
axis is encouraged. Migraine has been also associated
with
Therefore, studying dietary interventions that can be

cardiovascular and psychological disorders.
beneficial for comorbid conditions are valuable. Dietary
recommendations for migraine may aid in immediate
control, slow progression, or prevention of diet-related
comorbidities (eg, obesity, diabetes, and cardiovascular
diseases). These recommendations are often included in
a broader lifestyle modification, including sleep hygiene,
stress management, regular exercise, or smoking cessa-

tion. A focus on maintenance of a consistent healthy
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Notes: Please note that selected elements, mainly are based on the findings of the systematic reviews and meta-analyses in the literature (see references) and future considerations are selected points for inspiration.

lifestyle, in addition to nonpharmacological and pharma-
cological management of migraines seems to be the key
for most of migraine patients.”® Implementation of any
lifestyle changes, including dietary factors, needs
a careful evaluation and a clear communication to help
both clinicians and patients to achieve expected and
reasonable goals. Education, monitoring, and support
are essential elements in particular in long-term interven-
tions and follow-ups.?’ Effect of migraine or its evolution
over age and among the genders for dietary choices, and

dietary pattern is not known.”!

Pattern, quality, and
amount of food can also be influenced by geographical
locations, cultural, and religious factors. These factors
must be considered and reported in future studies of
any potential bidirectional relationship between migraine

and diet.
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