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Background: Migraine is one of the most debilitating neurological disorders
that causes frequent attacks of headaches and affects approximately 11% of the
global population. Deficient or even insufficient levels of vital nutrients would
increase the severity and frequency of migraine attacks. Therefore, we aimed
to examine the practical supplements for the prevention and management of
migraine attacks.

Method: This narrative review study was conducted by searching PubMed, ISI
web of science, EMBASE, Google Scholar, and Scopus using the keywords of
"dietary supplement” and “migraine” plus their MeSH terms. Original articles
published in English language from their inception to July 27th, 2024, studies
that investigated adult population (aged >18years), and those assessing the
impact of intended nutrient supplementation on clinical symptoms of migraine
were included in the study.

Result: Oxidative stress and low intake of antioxidants would be risk
factors for migraine attacks by inducing inflammation. The secretion of
inflammatory cytokines, such as tumor necrosis factor (TNF)-a, would lead to
neuroinflammation and migraine episodes by increasing the cellular permeability
and interactions. Evidence also indicated a direct association between phases
of migraine attacks and calcitonin gene-related peptide (CGRP), mitochondrial
disorders, monoaminergic pathway, disruption in brain energy metabolism, and
higher serum levels of glutamate and homocysteine. Therefore, supplementation
with nutrients involved in mitochondrial function, brain energy metabolism, and
even methyl donors would relieve migraine attacks.

Conclusion: Evidence indicated that supplementation with riboflavin, omega-3
fatty acids, alpha lipoic acid, magnesium, probiotics, coenzyme Q10, ginger,
and caffeine would have favorable effects on migraine patients. However, more
prospective studies are required to evaluate the effect of other nutrients on
migraine patients.
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Introduction

One of the incapacitating common neurological diseases is
migraine which manifests in frequent attacks of headache and
approximately 11% of the worldwide population suffer from this
disorder (1). Its onset is at 7 and 10.9years old in boys and girls,
respectively (2). Therefore, quality of life in both childhood and
adulthood would be affected by migraine attacks (3, 4). This disorder
is associated with other chronic diseases, such as hypertension, stroke,
depression, anxiety, and cardiovascular diseases (2, 5, 6). Besides the
genetic factors, environmental factors such as diet, lifestyle, obesity,
and chronic stress are involved in migraine pathogenesis (7-10).

Although the leading cause of migraine is not clear, inflammation
has been considered as one of the important risk factors. Such that, the
secretion of inflammatory cytokines, such as tumor necrosis factor-a
(TNFa), would lead to neuroinflammation and migraine episodes by
increasing the cellular permeability and interactions (11, 12).
Moreover, the other inflammatory cytokines like adhesion molecules
would result in vascular dysfunction and consequently neuropathic
pain (13). Evidence also indicated a direct association between phases
of migraine attacks and calcitonin gene-related peptide (CGRP),
mitochondrial disorders, monoaminergic pathway, magnesium
deficiency, and higher serum levels of glutamate (13, 14). Additionally,
based on human and experimental studies, cyclooxygenase-2 (COX-2)
and inducible nitric oxide synthase (iNOS) contribute to keeping
inflammation and neurogenic pain. Furthermore,
hyperhomocysteinemia is involved in the etiology of migraine (15).

Although

non-pharmacological approaches for the treatment of migraines,

there are several pharmacological and
evidence documented several side effects for these medications (16,
17). Therefore, it is recommended that natural agents should be used
as adjunctive therapy for prevention and alleviating migraine attacks.
In the current study, we reviewed the clinical trial studies that
investigated the effects of the most important natural supplements on
migraine to evaluate the efficacy of these supplements in

migraine therapy.

Methods

This narrative review study was conducted by searching PubMed,
ISI Web of Science, EMBASE, Google Scholar, and Scopus using the
keywords “dietary supplement” and “migraine” plus their MeSH
terms. Original articles published in English language from their
inception to July 27th, 2024, studies that investigated adult population
(aged >18years), and those assessing the impact of intended nutrient
supplementation on clinical symptoms of migraine were included in
the study. Data regarding the study population, type, and dose of
supplements, intervention duration, and the main results were
extracted from the studies. Supplementary Table S1 provided the main
characteristics of included clinical trial and case-report studies which
investigated the effect of nutrient supplements on migraine.

Water soluble vitamins

Water soluble vitamins including B complex and vitamin C,
have critical roles in body metabolism. Such that, evidence
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indicated a positive association between water-soluble vitamin
deficiency and migraine attacks. The role of water-soluble
vitamins in the pathogenesis of migraine attacks is provided in

Figure 1.

Thiamine

Thiamine (vitamin B1) is one of the water-soluble vitamins that
has both coenzyme and non-coenzyme roles in the metabolism of
human body. It plays an important role in nerve structure and
function (18). The consequences of thiamine deficiency such as
increased oxidative stress, excitotoxicity, and inflammation, lead to
cerebral vulnerability. In addition, cerebral inflammation is known to
be a key component of some neurologic diseases including Alzheimer’s
disease, multiple sclerosis, and migraine (19).

Little research has examined the relationship between thiamine
status and migraine headaches. In a case study, low blood levels of
thiamine due to nausea, vomiting, and anorexia were observed in two
females with migraine. High dose intravenous (IV) thiamine
supplementation (500 mg thiamin dissolved in 100 mL normal saline)
led to a reduction in the frequency of migraine attacks (20). Another
case study reported that high-dose oral thiamine supplementation
(750 mg/day) improved the symptoms of chronic cluster headache,
and confirmed its role in pain modulation (21).

Mitochondrial dysfunction theory is one of the hypotheses related
to thiamine-migraine association (22). Thiamine has an important
role in mitochondria function and is essential for the function of
several enzymes in mitochondria. Despite the role of mitochondria in
neural energy production, few studies investigated the effect of
thiamine supplementation on migraine. Therefore, more randomized
controlled trials are required in this regard.

Riboflavin

Riboflavin is one of the most essential vitamins B due to its
properties, such as anti—inﬂammatory, antioxidant, anti-nociceptive,
and anti-aging (22-25). It is found in many food items, and its rich
sources are dairy products and green vegetables. Although the
riboflavin content of foods is not susceptible to cooking heat, light can
decompose its structure. Evidence emphasized that a considerable
worldwide population are prone to riboflavin deficiency because
approximately 10-15% of people suffer from genetic defeats in the
absorption and utilization of riboflavin (26). Based on the evidence,
riboflavin deficiency is linked to neuroinflammation and related
diseases like migraine (27).

Disruption in brain energy metabolism is considered a proposed
cause of migraine attacks (28). The major pathway to supply the brain
energy is oxidative metabolism, which can produce adenosine
triphosphate (ATP) through an electron transport chain and reactive
oxygen species (ROS) in mitochondria. Evidence indicated that the
dysregulation in mitochondrial function would have negative effects
on the both hemostasis of cellular ions and the stability of the cellular
membrane, leading to cortex excitability(29, 30). Riboflavin is one of
the important components of oxidative metabolism due to its role as
the precursor to coenzymes, flavin mononucleotide (FMN), and
flavin— adenosine-dinucleotide (FAD) in mitochondria (31, 32).
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The role of water-soluble vitamins in pathogenesis of migraine attacks.
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Therefore, riboflavin deficiency might be involved in the pathogenesis
of migraine (27).

A randomized clinical trial (RCT) demonstrated that high-dose
riboflavin supplementation (400mg/d) could decrease the attack
frequency, duration, severity, and number of headache days in adults
with migraine, after 3 months. Furthermore, the side effects in the
riboflavin group were lower than those in the placebo group (33).
Also, it has been indicated that high-dose riboflavin had a desirable
effect on migraine prophylaxis. It was estimated that 400 mg/d
riboflavin supplementation during 3-6months could reduce the
headache frequency and the use of abortive anti-migraine tablets (34).
Another study also evaluated the efficacy of low-dose riboflavin in
migraine headaches, compared with propranolol. They illustrated that
100mg/d riboflavin supplementation during 3 months had a similar
effect to propranolol intervention, and also riboflavin supplementation
would be a safe intervention for migraine prevention (35). Moreover,
another study documented that 400 mg/d riboflavin supplementation
during 3 months had the same favorable effects as 500 mg/day sodium
valproate on patients with migraine (36).

According to the mentioned studies, riboflavin would be a good
choice for the prevention of migraine attacks. It seems that riboflavin
supplementation during at least 12 weeks had migraine prophylaxis
effects (34, 35). Moreover, evidence documented that riboflavin
supplementation had the same therapeutic effects on patients with
migraines, as compared with the common medications (35, 36). They
suggested that sensitive subjects with migraine could intake riboflavin
supplements. However, more prospective studies are required to
define the best dose and duration for riboflavin supplementation in
these patients.

Niacin

Niacin (nicotinic acid and nicotinamide), is required for many
metabolic processes. In the central nervous system, niacin is known
as a key mediator of neuronal development and survival (37).
Additionally, it has been established as a therapeutic option for some
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neurological disorders such as Parkinsons disease, Alzheimer’s
disease, and multiple sclerosis (38-40). Moreover, niacin may
be effective in the management of migraine headaches. A case study
reported that 375 mg of oral sustained-release niacin twice daily for
1 month, and 375 mg once daily for 2months improved the state of a
migraine patient (41). Moreover, Gedye et al. observed that a
combined administration of low doses of tryptophan (500 mg), niacin
(100 mg), calcium (500 mg calcium carbonate), caffeine (64 mg), and
acetylsalicylic acid (ASA) (650mg) shortly after migraine attack
resulted in beneficial effects in 9 out of 12 migraine patients (42).

Current evidence has shown that a deficit of mitochondrial energy
metabolism is involved in the pathogenesis of migraine headaches
(43). Since niacin maintains mitochondrial energy metabolism by
increasing substrate availability to complex I, it might act as an
effective agent for migraine prevention (44). Taken together, some
evidence suggests that niacin supplementation may have beneficial
effects in migraine patients, but randomized controlled clinical trials
are required to determine its clinical implications.

Pantothenic acid

Pantothenic acid is involved in the biosynthesis of coenzyme A,
cholesterol, fatty acids, and acetylcholine (45). Clinical use of
pantothenic acid in certain conditions such as accelerating wound
healing, lowering triglyceride levels, and improving rheumatoid
arthritis symptoms is supported by previous studies (46).

Current evidence suggests that pantothenic acid deficiency causes
neurological disturbances (47). It has been shown that pantothenic
acid is significantly decreased in multiple brain regions in some
neurological diseases such as Alzheimer’s disease and Huntington’s
disease (48, 49). In addition, pantothenic acid has antioxidant and
anti-inflammatory properties (50). Considering the role of oxidative
stress and inflammation in migraine pathogenesis, it seems that
pantothenic acid may be effective in migraine attacks. However,
previous clinical trial studies did not investigate the efficacy of
pantothenic acid supplementation in migraine patients. A review of
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case studies reported that intravenous administration of 16mL
vitamin C, 5mL magnesium, 4mL calcium, 2mL B6, and 1 mL each
of B12, B5, and B complex improved migraine headaches (51).
Overall, it seems that pantothenic acid may be effective in migraine
attacks. However, more randomized clinical trials are needed for a
comprehensive conclusion.

Pyridoxin

Vitamin B6 consists of three main forms including pyridoxine,
pyridoxamine, and pyridoxal. All of these derivatives of vitamin B6
have important biological roles in the metabolism of organisms.
Nevertheless, pyridoxal phosphate and pyridoxamine phosphate are
the active endogenous metabolites of vitamin B6 that are involved in
various biochemical reactions, including the metabolism of
macronutrients, synthesis of nucleic acids, hemoglobin, and
neurotransmitters (52, 53).

Previous investigations indicated that pyridoxin is involved in
vascular functions. Therefore, pyridoxin supplementation would have
beneficial effects on migraine patients due to the role of vascular
functions in migraine attacks (54, 55). Although the mechanisms
underlying this association were not exactly defined, investigations
suggested some pathways to clarify the related mechanisms. They
illustrated  that the
methylenetetrahydrofolate reductase (MTHFR) gene is higher in
patients with migraines (56). Mutation in MTHFR C677T would lead
to serum hyperhomocysteinemia by a 50% reduction in MTHFR
activity (57). On the other hand, it has been illustrated that
homocysteine reduction could have favorable effects on migraine

prevalence of mutation in the

disability, severity, and frequency of attacks (54). Considering that
Pyridoxin is a methyl donor and is involved in the methylation
pathways, it may be a good supplement to suppress the symptoms of
migraine (58).

A previous RCT investigated the effect of pyridoxine or placebo
on migraine patients. They illustrated that 80mg/d pyridoxine
supplementation during 12 weeks reduced the headache diary results
(HDR), severity, and duration of migraine attacks, compared with the
placebo (59). Two other studies also indicated that 6months
supplementation with 2mg/d folic acid, 25mg/d vitamin B6, and
400mg/d B12 had favorable effects on homocysteine, disability, and
severity of migraine attacks (54, 60). Considering the mentioned
studies and underlying mechanisms, B6 might be a suppressor for
migraine symptoms. However, more studies are required to define the
optimum dose and duration for intervention with B6 in patients
with migraine.

Biotin

Biotin (or vitamin B7), as a cofactor of carboxylases, plays an
important role in the metabolism of macronutrients (61). In biotin
deficiency, metabolic disturbances and immune dysfunction can
occur (62). Previous evidence reported a significant reduction in
cerebrospinal fluid biotin in patients with multiple sclerosis and
epileptics (63). In addition, it has been shown that biotin
administration might be effective in some neurological diseases. For
instance, a double-blind 12-month study showed administration of
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biotin (100mg three times daily) reduced disability progression
among individuals with progressive multiple sclerosis (64).
Considering the involvement of biotin in neurological diseases, it
seems that it may play a role in migraine headaches. However, both
experimental studies and randomized clinical trial studies are needed
to evaluate the efficacy of biotin supplementation in migraine patients.

Folic acid

Folate is the typical name of a group of water-soluble compounds
that belong to vitamin B groups and have a crucial role in
deoxyribonucleic acid (DNA) biosynthesis (65). Folate is the natural
form of B9 available in food items including green leafy vegetables, liver,
eggs, and milk. However, the dietary intake of folate is usually lower
than the recommendation of national health authorities (66). Folic acid
is the synthetic form of folate and its supplement is given as dihydrofolate
(DHEF). Folate and folic acid are converted to tetrahydrofolic acid (THF)
in the body to contribute to methylation pathways (67).

The low dietary folate intakes in patients with migraine could lead
to disruption in mitochondrial function, energy production, and
antioxidant defense, the key risk factors of migraine attacks incidence
(68). However, enough folate intake could regulate these pathways by
changing the DNA methylation pattern through the related
mechanisms of valproic acid (VPA) (69-71). VPA is one of the
important medications for migraine that could change the DNA
methylation pattern through the inhabitation of the histone
deacetylase and gamma-aminobutyric acid (GABA)-degrading
enzymes (70). On the other hand, hyperhomocysteinemia, one of the
risk factors of migraine attacks, could be regulated by methyl donors
including B6, B9, and B12 (58).

An RCT investigated the effect of 5mg/d folic acid, the
combination of 5mg/d folic acid and 80 mg/d pyridoxin, and placebo
for 3months. Although the combination of folic acid and pyridoxin
had favorable effects on the HDRs, severity, frequency, and duration
of migraine attacks; folic acid alone could not influence the migraine
symptoms in these patients (72). Another RCT examined the effect of
B1 (300 mg/d), B6 (80mg/d), B9 (2mg/d), B12 (500 pug/d) supplements
and B-complex for 12 weeks on patients with migraine, compared with
the placebo. Interestingly, all of the supplements had reduction effects
on the use of abortive drugs, frequency and disability of migraine
attacks (73). It seems that the efficacy of B9 supplementation is dose-
dependent such that, the combination of 1 mg/d folic acid, 25mg/d
vitamin B6, and 400 pug/d B12 during 6 months did not have any
significant effect on serum homocysteine and symptoms of migraine
(74). Nevertheless, supplementation with 2 mg/d folic acid, 25 mg/d
vitamin B6, and 400 pg/d B12 during 6 months significantly decreased
the homocysteine levels, severity, and disability of migraine attacks
(60). Regarding the mentioned studies, it seems that a higher dosage
of folic acid especially in combination with B6 and B12 could alleviate
the symptoms of migraine. However, more studies are required to
exactly define the best dose and duration of intervention.

Cobalamin

B12 is named cobalamin due to its structure which contains a
cobalt atom in the center of a tetrapyrrolic ring. Animal foods such as
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meat, eggs, and dairy products are rich sources of B12 because only
bacteria can synthesize B12. As the liver storage of B12 is about
2-5mg cobalamin, B12 deficiency (liver cobalamin <300 pg/d) would
take place after several years of insufficient intake (75). Cobalamin is
essential for several metabolic pathways including cell proliferation
and survival, energy production, and nervous system integrity (76).

As nitric oxide (NO) is a leading cause of spontaneous migraine
attacks, several hours after a NO challenge, the early phase of migraine
attacks would be incident in patients. Therefore, medications with
properties of NO-synthase inhibitors, endothelial receptor blockers,
and NO-scavengers would be effective in relieving acute migraine
attacks or even preventing them (77). Hydroxocobalamin (OHB12),
one of the metabolites of cobalamin, seems to act such a NO-scavenger
and might be effective in the alleviation of migraine attacks (78).
Considering the low bioavailability of oral formulations of OHB12
(79), intranasal and intramuscular administration of OHB12 are
alternative routes (80-82). On the other hand, considering the role of
hyperhomocysteinemia in the pathogenesis of migraine attacks (15),
cobalamin might be effective for migraine patients through the
regulation of methylation pathways (58).

An open-label pilot study investigated the effect of 1mg/d
intranasal OHB12 administration during 3 months on 19 patients with
a history of migraine >1year. Their results indicated a significant
reduction in the frequency and duration of the migraine attacks,
migraine days per month, and the amount of acute migraine
medication (83). Based on another RCT, a single dose of BI12
(500 pg/d) or its combination with B1(300 mg/d), B6 (80mg/d), and
B9 (2mg/d) during 12 weeks had favorable effects on the frequency of
headache attacks and migraine disability (73). Moreover, other studies
indicated that a combination of 400 ug/d B12 with 2 mg/d folic acid
and 25mg/d vitamin B6 for 6months, resulted in reduced
homocysteine levels, severity, and disability of migraine attacks (54,
60). Taken together, it seems that B12 supplementation would
be effective for migraine attack alleviation; however, more studies are
required to define the optimum dose and period of intervention.

Vitamin C

Vitamin C is a water-soluble vitamin with many biological
functions in the body (84). It plays an important role in the nervous
system and participates in antioxidant defense in the brain (85). It also
is involved in many non-oxidant processes such as the biosynthesis of
collagen, carnitine, and myelin. Furthermore, vitamin C plays an
important role in neurotransmission and neuronal function (86).

The issue of vitamin C deficiency and supplementation with
vitamin C in neurological diseases has been investigated in previous
studies. For instance, previous evidence suggested that patients with
multiple sclerosis have significantly lower levels of vitamin C
compared to healthy subjects (87, 88). A clinical trial study reported
that receiving 200mg/day of vitamin C for 6 months led to the
improvement of symptoms in patients with Parkinson’s disease (89).
In addition, vitamin C might play a role in migraine headaches, but
the efficacy of vitamin C supplementation in the prophylactic
treatment of migraine has not been investigated in a randomized
controlled trial. However, an RCT on 35 patients with migraine,
showed that supplementation with N-acetylcysteine (1,200 mg),
vitamin E (5001U), and vitamin C (1,000mg) daily for 3 months
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resulted in lower frequency, severity, and duration of headaches and
lower acute medication use (90). A small uncontrolled open-label trial
reported that receiving 120 mg pine bark extract, 60 mg vitamin C, and
301U vitamin E daily for 3months in migraine patients led to a
significant reduction in the headache frequency, severity, and migraine
disability (91). In another uncontrolled open-label clinical trial, fifty
patients with chronic migraine were treated with an antioxidant
formulation of 1,200mg Pinus radiata bark extract and 150mg
vitamin C daily for 3 months. The frequency, severity and disability of
headache were decreased after 3 months. Moreover, patients who
continuously took Pinus radiata bark extract and vitamin C
combination for 12 months had more than a 50% reduction in the
frequency and severity of headaches (92).

Epidemiological studies have shown an increased risk of
developing complex regional pain syndrome (CRPS) among migraine
patients (93). Vitamin C is thought to scavenge reactive oxygen species
(ROS) produced in the early stages of CRPS (94). According to this
model, vitamin C may modulate the effects of neurogenic
inflammation and ROS in migraine and therefore acts as a prophylactic
agent against migraine. However, more randomized clinical trials that
investigate the efficacy of vitamin C supplementation in migraine
attacks are needed.

Fat-soluble vitamins

Fat-soluble vitamins, vitamins A, D, E, and K, play crucial roles in
various physiological processes, including immune function,
inflammation regulation, and neuronal health (95). Investigating their
impact on migraines could reveal potential therapeutic benefits or
dietary interventions that could alleviate symptoms or prevent
migraines. The role of fat-soluble vitamins in pathogenesis of migraine
attacks is provided in Figure 2.

Vitamin K

Vitamin K is a bioactive compound that is essential for optimal
body function. Vitamin K is available in different isoforms. It has two
main structures: phylloquinone (K1) and menaquinone (K2). Vitamin
K2, also known as MK-7, can be considered a bioactive compound
and is involved in cell survival, chemotaxis, mitogenesis, cell growth,
and myelination through the activation of vitamin K-dependent
proteins and sphingolipid synthesis. Vitamin K is mainly present in
the brain in the form of MK-4 (96).

The beneficial effect of vitamin K supplementation on patients
with thromboembolic diseases taking anticoagulant medications has
been confirmed by many researchers. Anticoagulants act as vitamin K
antagonists and prevent the synthesis of some clotting factors.
Therefore, the intake of vitamin K supplement is particularly
important in patients requiring anticoagulants (96, 97).

Mansour et al. (98) showed that patients with migraine had higher
average arterial stiffness (pulse wave velocity between carotid and
femur) and dephosphorylated-uncarboxylated glial protein matrix.
These two indicators indicate the status of vitamin K2 in these
patients. Increased arterial stiffness was associated with increased
markers of vitamin K2 deficiency in the migraine with aura group.
Vitamin K2 deficiency also occurred more frequently in these patients
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than in controls, but this association was not statistically significant
(98). Specific clinical studies on the association of vitamin K with
migraine are limited. However, several studies have shown the positive
effects of vitamin K on various diseases of the nervous system. The
protective effect of K2 on neurons has been confirmed in laboratory
studies. The P38 mitogen-activated protein (MAP) kinase pathway has
been proposed as a protective mechanism of vitamin K2 on neurons
(99). K2 deficiency is associated with nerve spasms and optic nerve
damage. Nerve spasms are also involved in the pathophysiology of
migraine (100).

Due to the lack of adequate and appropriate clinical studies, there
is no definitive recommendation for prescribing vitamin K to migraine
patients. However, vitamin K may be useful in migraine management
in patients who require anticoagulants.

Vitamin D

Vitamin D deficiency as a global health problem affects
approximately 30% to 80% of children and adults worldwide (101).
The multi-step biological process of vitamin D metabolism leads to
the production of cholesterol. Calcitriol is the biologically active form
of vitamin D that binds to the nuclear vitamin D receptor (nVDR).
Calcitriol is found in the kidneys (to increase calcium reabsorption
from the glomerular filter), small intestine (to stimulate calcium
absorption), and other tissues. The role of vitamin D in some brain
functions is well known. Calcitriol can affect neuroplasticity,
apoptosis, and gene expression (such as neurotransmitters,
neurotrophic, and synaptic proteins) (102). Vitamin D, 1-alpha-
hydroxylase (vitamin D-binding protein), and VDR are found in
various areas of the central nervous system. Vitamin D leads to
modulation of cellular oxidative stress levels, intracellular calcium
concentration, immune system function, and neurotrophic factor
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production in the CNS. Vitamin D also inhibits the destruction
mechanisms of nerve cells. Therefore, the protective role of vitamin D
in protecting against neurodegenerative diseases in humans may
be justified (103).

In a study, Rapisarda et al. (104) examined the association between
serum vitamin D levels and migraines in 171 patients. The results
showed that patients with headaches had severe vitamin D deficiency
(25-hydroxyvitamin D levels below 20 ng/mL) compared to healthy
people. Additionally, there was a negative linear relationship between
the number of days with headache and serum vitamin D levels in
patients with migraine (104). Mottaghi et al. (105) also examined the
effect of vitamin D supplementation (50,000 units/week) on migraine
symptoms in 65 patients with migraine, divided into control and
intervention groups, over a period of 10 weeks. The results showed a
significant reduction in the migraine frequency, and headache diary
result in the intervention group compared with control group (105).
Niu et al. (106) examined the association between vitamin D levels
and migraine using a two-sample mendelian randomization (MR)
method. They concluded that increased levels of circulating vitamin
D were significantly associated with a reduced risk of migraines (106).
Additionally, vitamin D intake (20001U/d) for 12 weeks had favorite
effects on the frequency, duration, and values of glutamate and
NOD-Like Receptor Protein 3 (NLRP3) in patients with chronic
migraine (107). Ghorbani et al. (108) examined the effect of
administering vitamin D (50 micrograms daily for 12weeks) on
migraines and their symptoms. In the study, the frequency and
duration of attacks, the severity of headaches, and monthly medication
consumption were significantly reduced in migraine patients
compared to the placebo group. Additionally, serum levels of iNOS
and interleukin 6 (IL-6) were significantly reduced in the group
receiving the supplement (108).

To confirm the results, Hu et al. (109) conducted a meta-analysis
of clinical trials. The results showed that vitamin D supplementation
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could significantly reduce headache attacks per month, headache days
per month, and migraine disability assessment (MIDAS) score in
migraine patients. However, there was no noticeable effect on the
duration of the migraine attack or the intensity of the headache (109).
Ghorbani et al. (110) reported that %45-%100 of patients with
migraine and headache had vitamin D deficiency, and taking vitamin
D supplements (1000-4,0001U/day) could also effectively reduce the
frequency of migraine attacks.

As a result, taking nutritional supplements can improve the
general condition of patients with vitamin D deficiency. However,
studies on the effect of taking vitamin D supplements on migraine-
related parameters, including intensity and duration, have been
reported differently. Therefore, further studies are required in
this regrade.

Vitamin E

Vitamin E influences the enzymes phospholipase A2 and
cyclooxygenase. Thus, it prevents the release of arachidonic acid and
its conversion to prostaglandins (PGs) (111). The study by Armagan
et al. (112) showed that vitamin E levels were lower in migraine
patients without an active attack phase than in healthy people. They
also reported that these patients had higher levels of interleukin 1
(IL-1), IL-6, and TNF-a, suggesting an inflammatory state and
oxidative stress in migraine patients (112). Vitamin E could play an
important role in removing ROS. Vitamin E is the main antioxidant
in the lipid phase of cells and removes lipid hydroxyl radicals in the
lipid phase of cells. The results of the laboratory study by Nazroglu
etal. (113) also confirm a significant decrease in vitamin E levels in
rat suffering from migraine damage (113).

Ziaei et al. (114) reported that pain severity, functional disability
scales, photophobia, phonophobia, and nausea were significantly
reduced in patients with menstrual migraine after taking vitamin E
supplements (400 units daily for 5 days, starting 2 days before to 3 days
after menstruation for two cycles) (114). Several mechanisms have
been proposed for menstrual migraine, including reduced magnesium
levels, platelet dysfunction, impaired central serotonin modulation,
and impaired prostaglandin release (115). According to study results,
vitamin E has positive effects on migraines and related diseases
through its antioxidant function. However, more studies are warranted
to determine the exact effect of vitamin E on migraines.

Vitamin A

Inflammation is a crucial factor in many diseases. Vitamin A
(retinol) is important for the function of the immune system due to
its anti-inflammatory effects. Vitamin A reduces the production of
inflammatory mediators such as IL-6 and interferon 8 (IFN-8) from
T cells. It also leads to an increase in anti-inflammatory mediators
such as IL-4 (116, 117). Retinol-binding protein (RBP) is a plasma
protein, and transports vitamin A to peripheral tissues after synthesis
in liver cells and fat cells (118). Plasma RBP levels can be used to
predict vitamin A deficiency. Therefore, RBP levels are low in vitamin
A deficiency (119).

Tanik et al. (120) examined the association between retinol-
binding protein-4 (RBP4) and high-sensitivity C-reactive protein
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(hs-CRP) with migraine. The results showed that the serum level of
RBP4 was significantly lower in migraine patients and the hs-CRP
level was also significantly higher in these patients than in controls
(120). Nazroglu et al. (113) also demonstrated that a significant
decrease in vitamin A was observed in rat suffering from
migraine damage.

According to studies, severe oxidative stress occurs in migraine
and headache. Therefore, antioxidants may be effective in both
prevention and treatment of migraines (121, 122). On the other hand,
vitamins A and E are very important among antioxidants. Studies
confirm the positive antioxidant effects of these two vitamins.
Additionally, deficiencies in fat-soluble vitamins have been observed
in many patients with migraines. The National Health and Nutrition
Survey (NHANES) also showed a direct connection between the
prognostic nutritional index and the migraine prevalence. Of all
types of fat-soluble vitamins, migraine sufferers received lower
amounts of vitamins A and K per day (123). However, studies on
vitamins K and A were very limited and there were very few
available studies.

In summary, studying the effects of fat-soluble vitamins on
migraines is crucial to better understanding the triggers of the
condition and possible treatments. Such studies may contribute to
more effective, personalized, and holistic approaches to managing and
preventing migraines, ultimately improving the quality of life for
individuals affected by this debilitating condition.

Antioxidants

Considering the role of oxidative stress and antioxidants in the
pathogenesis of migraine attacks, antioxidants could alleviate the
migraine attacks. Figure 3 provided the role of antioxidants and other
nutrients in alleviating migraine attacks.

Omega-3 fatty acids

Among the nutritional intakes, fatty acids (FAs) have a crucial
role in determining the composition of lipid-content cell membranes
and even cell signaling molecules (124, 125). The most important FAs
in the brain and nerve system are omega-3 polyunsaturated fatty acids
(PUFAs), such as eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA). Use of rich sources of EPA and DHA like fish oil would
increase the PUFA content of cell membranes, especially immune
cells involved in inflammatory responses, such as neutrophils,
lymphocytes, and monocytes (126-128). Besides the anti-
inflammatory effects, omega-3 fatty acids are also involved in
transcription factor activity, intracellular signaling pathways, and
gene expression (127, 129).

Based on the evidence, fish oil supplementation has favorable
effects on autoimmune and inflammatory diseases including lupus
erythematosus, psoriasis, inflammatory bowel diseases (IBD),
rheumatoid arthritis, and even neuroinflammatory diseases, such as
PUFA has
neuroprotective effects by suppressing the production of NO and ROS

multiple sclerosis (MS) and migraine (127, 130).
in active microglia (131). Moreover, omega-3 fatty acids have anti-

inflammatory effects on microglial cells because the resolving, one of
the metabolites of omega-3 fatty acids, inhibits the production of
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inflammatory cytokines. Additionally, DHA could suppress the
activity of nuclear factor-xB (NF-kB) through the lipopolysaccharides
(LPS) surface receptor (132).

An RCT that investigated the effect of 6g/d PUFA
supplementation during 4 months on patients with migraine, found
that omega-3 fatty acids did not have any significant influence on
mean duration and intensity of the migraine attacks, and rescue
medication use. However, the total number of attacks was
decreased in intervention group (133). Another RCT that
investigated the effect of 180 mg/d fish oil on migraine patients
during 12 weeks, illustrated that the combination of sodium valuate
and fish oil would have more favorable effects on migraine attacks,
compared with the sodium valuate (134). Additionally, a high
dosage of EPA (1.8g/d) for 12weeks could improve the
psychological symptoms, and quality of life by alleviating the
severity, frequency and disability of migraine attacks (135).
Moreover, another study indicated that the following a diet with
high omega-3 and low omega-6 fatty acids in comparison to a diet
with low omega-6 had desirable effects on pain, quality of life, and
antinociceptive lipid mediators in migraine patients (136).
Additionally, a meta-analysis confirmed the efficacy of omega-3
supplementation on the duration of the migraine attacks (137).
Furthermore, a RCT documented the anti-inflammatory effects of
moega-3 supplementation in patients with migraine (138).
Although the previous studies indicated the therapeutic effects of
migraine supplementation, more RCT studies are required to
define the best dose and duration of omega-3 supplementation for
migraine patients.

Frontiers in Nutrition

Alpha lipoic acid

Alpha-lipoic acid (a-LA) is an organosulfur and biological
antioxidant synthesized in the mitochondria of plants, animals, and
humans. This antioxidant creates covalent bonds with proteins and is
involved in the Krebs cycle. Also, it acts as a cofactor in enzyme
complexes (139). In recent years, a-LA has become one of the essential
elements of multivitamin supplements for the prevention and
treatment of many inflammatory diseases. This element has known
effects on diabetes and cardiovascular disorders through its impact on
inflammatory reactions (140).

Migraine is the most common neurovascular disorder, and several
hypotheses have been proposed for the pathogenesis of migraine.
Oxidant-antioxidant balance disorders are the most important
mechanisms known in the pathogenesis of this disease (141).
Increasing both levels of ROS and reactive nitrogen species (RNS)
through the destruction of cellular structures, such as DNA, proteins,
and lipids, can increase the risk of migraine. Many studies have
confirmed oxidant-antioxidant imbalance in migraine, including NO,
malondialdehyde (MDA), thiobarbituric acid reactive substances,
thiol, catalase, superoxide dismutase, and glutathione imbalances
(141, 142). Mitochondrial dysfunction is also considered in migraine
patients (143). In this disease, the brain needs high energy levels and
depends on mitochondrial function. In Addition to energy
production, mitochondria also produce ROS (143, 144). a-LA has a
high potential in eliminating oxygen and nitrogen free radicals, and
regenerating various antioxidant elements, such as vitamins C and
E (145).
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In this regard, Eren et al. (146) investigated the antioxidant
indicator in migraine patients and found that the thiol level in
migraine patients was significantly lower than that in healthy people.
There was a negative correlation between migraine disability score and
thiol serum level in these patients. Therefore, they recommended that
more studies should be conducted to investigate the effectiveness of
new therapeutic approaches based on thiol-containing compounds,
such as alpha-lipoic acid and N-acetylcysteine (146). In confirmation
of this finding, Gross et al. (147) investigated the status of
mitochondrial function markers and oxidative stress in migraine
patients. The study showed that migraine patients had abnormally low
serum levels of a-LA (87.5% of patients) and lactates (78.1% of
patients). Therefore, a-LA is an essential biomarker for both
prevention and treatment of migraine (147).

Rezaei et al. (148) investigated the effects of a-LA supplementation
on migraine through a clinical trial. This study demonstrated that
a-LA supplementation (300mg/d, twice a day) for 3months
significantly decreased the serum levels of MDA and C-reactive
protein (CRP), as two inflammatory and oxidative stress markers, and
mood disorders in patients with episodic migraine. Therefore, a-LA
supplementation can reduce oxidative stress and inflammation in
migraine patients (148). Cavestro et al. (149) investigated the effect of
a-LA supplementation (400 mg for 6 months) on headaches in patients
with migraine and insulin resistance. In this study, the number of days
of attack and days with treatment significantly decreased after 2, 4, and
6 months of taking the supplement (149).

Magis et al. (150) also investigated the effectiveness of a-LA
supplementation in preventing migraine attacks. The results of the
study indicated a significant decrease in the attack frequency, number
of headache days, and headache severity in the group treated with the
supplement (600mg for 3months) (150). Fogacci et al. (151)
conducted a meta-analysis of clinical studies and showed that
receiving a-LA supplements did not have any side effects, and also the
use of this supplement was entirely safe and secure.

Some studies showed that the available clinical studies were
small, and the samples were limited. Also, no investigation was
performed on serum markers to estimate the mechanism of the
supplement effect. Clinical trial studies regarding the effect of @-LA
supplementation on migraine were limited, and the existing studies
prescribed different therapeutic doses without examining the serum
level of a-LA. Therefore, determining the appropriate dose and the
mechanism of the supplement effect requires more studies. Finally,
according to the available studies, the use of a-LA supplements can
be effective in the prevention and treatment of mood disorders
related to migraine. However, this issue requires more clinical studies
to determine the appropriate dose and confirm its effectiveness in
treating this disease.

Coenzyme Q10

Coenzyme Q10 (CoQ10) is a natural antioxidant that plays an
important role in the electron transport chain of mitochondria (152).
CoQ10 is prescribed orally or parenterally and used in the treatment
of many diseases, including fibromyalgia, cardiovascular disease, and
some neurological disorders such as Parkinson’s disease, and
Alzheimer’s disease (153, 154). Also, it may be effective in preventing
migraine attacks.
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The mitochondrial hypothesis of migraine has been supported by
previous evidence (155, 156). Biochemical evidence indicated that
energy failure due to defects in oxidative phosphorylation altered
vascular tone and prevented the recycling of reactive oxygen species,
which are possible mechanisms responsible for triggering migraine
headaches (141). Previous studies have proven that CoQ10 produces
mitochondrial-enhancing effects (157). Also, migraine has been
associated with vascular inflammation (158). Previous evidence has
indicated that calcitonin gene-related peptide (CGRP) and cytokines
might play a role in the pathogenesis of migraine (159-161).
Furthermore, it has been shown that CoQ10 has anti-inflammatory
effects and is negatively associated with inflammatory markers (162).
According to these findings, the role of supplementation with CoQ10
has been studied among patients with migraine.

A randomized double-blind placebo-controlled clinical trial,
conducted among migraine patients, showed that CoQIl0
supplementation at a dose of 400 mg/day for 3 months resulted in
lower severity, duration, and frequency of headaches. In addition,
lower levels of tumor necrosis factor-a (TNF-a) and CGRP in the
serum of patients enrolled in the CoQ10-arm, suggest that these
effects are through the reduction of inflammatory processes (163). In
another clinical trial, Shoeibi et al. reported that receiving 100 mg/day
CoQ10 for 3 months in migraine patients led to a significant reduction
in the severity, duration, and frequency of migraine attacks (164).
Additionally, in another RCT, the values of MDA, body fat percent
(BFP), and high-density lipoprotein-cholesterol (HDL-c) were
improved in migraine patients who received 400 mg/d Q10 through a
12-week period compared with the placebo group (165). Moreover, a
randomized double-blind placebo-controlled clinical trial indicated
that supplementation with Coenzyme Q10 (30mg/day) and
L-carnitine (500 mg/day) for 8 weeks had beneficial effects on migraine
symptoms and serum levels of lactate (166). Such findings have been
confirmed by a systematic review and meta-analysis in which 6
randomized clinical trials were included in the analysis (167). In
addition, another meta-analysis of 4 randomized clinical trials showed
that CoQ10 supplementation might reduce the frequency of migraine
attacks (168). However, a study illustrated that the favorable effects of
CoQ10 (400 mg/d) on migraine patients will be enhanced when used
as an adjunct therapy in combination with other drugs, compared
with using CoQ10 as monotherapy (169). Overall, supplementation
with CoQ10 has some evidence of efficacy. Further clinical trials
should be conducted to determine the beneficial effects of CoQ10
supplementation on migraine attacks.

Ginger

Ginger (Zingiber Officinale Roscoe) is a pungent spice consumed
worldwide, especially in South Asian countries. Ginger has several
chemical compounds, including phenolic compounds, organic acids,
terpenes, polysaccharides, and lipids (170). Previous studies have
investigated the potential benefits of ginger extract for a wide range of
chronic diseases (171, 172). Ginger has been shown to reduce pain
and nausea (173). In addition, ginger may be useful in treating
migraine attacks.

During migraine attacks, trigeminal nerve fibers are activated.
These nerve fibers release neuropeptides that trigger the production
of inflammatory mediators such as cytokines, and prostaglandins,
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which activate nociceptive pathways (174). Based on previous
evidence, ginger components, especially gingerols, and shogaols, are
able to reduce the production of prostaglandins via the inhibition of
cyclooxygenase-2 (COX-2) (175). In addition, 6-shogaol plays a role
in modulating neuroinflammation by inhibiting the expression of
proinflammatory cytokines in microglial cells (176).

Previous studies have shown that ginger might play a role in
migraine treatment. For instance, in a double-blinded randomized
clinical trial, Maghbooli et al. compared the efficacy of the
administration of ginger powder (250 mg) with sumatriptan (50 mg)
in the treatment of migraine. Two hours after dosing, the severity of
headaches decreased in both groups. However, the side effects of
ginger powder were less than sumatriptan (177). In another RCT,
patients were divided into two groups, in which they received ginger
extract (400mg) or placebo, in addition to an intravenous drug
(100 mg ketoprofen). Patients who received ginger extract showed a
better clinical response after 1, 1.5, and 2h (178). In addition, a meta-
analysis of three randomized controlled trials reported that ginger
administration in migraine patients was effective on pain outcomes
assessed at 2h. Also, ginger reduced the risk of migraine-related
nausea and vomiting (179).

Taken together, ginger may be effective in treating migraine
attacks. Further clinical trials are needed for a more precise conclusion.

Other effective supplements
Magnesium

Magnesium is the fourth most abundant cation in the human
body, which can play an important role in several vital body functions,
such as enzyme activity, deoxyribonucleic acid (DNA) and protein
synthesis, oxidative phosphorylation, and parathyroid hormone
secretion (180, 181). The serum concentration of magnesium is
regulated by establishing a balance between intestinal absorption,
renal excretion, and bone buffer. Insufficient intake of magnesium,
loss of magnesium through the digestive system and kidneys, and
redistribution of magnesium from the extracellular space to the
intracellular space are the main causes of magnesium deficiency (182).
Acute magnesium deficiency is usually asymptomatic, and if it is
symptomatic, it is associated with symptoms, such as nausea,
vomiting, lethargy, mood, and nervous disorders (depression, anxiety,
and stress) (183, 184). Chronic magnesium deficiency leads to
widespread  cardiovascular, neurological, and  muscular
problems (185).

Magnesium is one of the essential minerals in the functioning of
nerves, whose main function maintain the electrical potential of
neurons. Several studies showed the relationship between magnesium
deficiency and migraine headaches (186-188). Magnesium deficiency
is an independent risk factor for migraine (189). Migraine is a
common neurological disorder, and its attacks are influenced by
nutrients (30).

The United States National Health and Nutrition Study (2021)
investigated the relationship between magnesium intake and migraine
headaches in 3,626 participants aged 20 to 50 and showed that
magnesium intake in both migraine and healthy groups was less than
the desired normal amount. According to the results of the study,

magnesium deficiency in adults aged 20 to 50, was related to the
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incidence of migraine (188). In this regard, Assarzadegan et al. (189)
compared magnesium serum levels between three groups: (1) healthy
persons, (2) people with migraine headaches and during migraine
attacks, and (3) those with migraine headaches and between attacks.
They concluded that there was a significant difference among the three
groups in terms of serum magnesium levels so persons “during
attacks” and “between migraine attacks” had lower serum magnesium
levels than healthy ones. According to the results of the study, when
the magnesium serum level reached below the normal level, the
probability of migraine headaches increased 35.3 times (189).

Existing studies have shown the role of magnesium deficiency in
migraine pathogenesis through several pathways. Magnesium
deficiency in the brain leads to platelet aggregation and the release of
glutamate, resulting in the formation of 5-hydroxytryptamine (5-HT).
5-HT acts as a vasoconstrictor at the endpoint and is the factor that
facilitates migraine attacks (190, 191). Mitochondrial phosphorylation
potential is also decreased in migraine patients due to magnesium
deficiency (192).

In their meta-analysis, Chiu et al. (187) compared the effectiveness
of intravenous and oral magnesium supplementation in managing
migraine patients. The results of the study showed that intravenous
magnesium could relieve acute attacks between 15min and 24 h after
infusion, and oral magnesium significantly reduced the frequency and
intensity of migraine attacks (187). It seems that the use of magnesium
supplements with other drugs, such as sodium valproate and other
pain relievers, can be effective in treating migraine. In confirmation of
this finding, Khani et al. (193) compared the effectiveness of three
types of migraine medications: magnesium and sodium valproate,
sodium valproate alone, and magnesium alone. The results of the
study demonstrated that magnesium could increase the antimigraine
properties of sodium valproate in combined treatment. All migraine
characteristics (such as frequency, intensity, duration of attacks and
number of medications taken, and migraine disability) were
significantly improved in the all groups. But the combination of
magnesium and sodium valproate was more effective compared with
other groups. Also, magnesium supplements could reduce the dose of
valproate to prevent migraine attacks (193).

In general, taking magnesium supplements is effective in treating
migraine, and also in combination with antidepressants, and pain
relievers can lead to improvement of migraine symptoms. Given that
a high percentage of migraine sufferers are deficient in magnesium;
therefore, the administration of magnesium supplements can increase
the effectiveness of drugs. In this regard, the cellular and molecular
studies that investigated the effects of magnesium supplementation on
inflammatory and cellular markers were limited. Therefore, we need
cellular studies on the mechanism of action to confirm the
effectiveness of magnesium supplementation on migraine.

Probiotics

Probiotics are live microorganisms beneficial to the host when
consumed in sufficient amounts. They have been used in treating
many sensory and vascular disorders of the brain. Psychobiotics, as a
new class of probiotics, are useful for improving brain function and
efficiency. They are living bacteria that can have positive, direct, and
indirect effects on the function of neurons through cloning in the
intestinal flora (194).
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Migraine is one of the common vascular diseases of the brain,
leading to disturbances in the sensory function of the brain. The
pathophysiology of migraine is complex, and the role of genetic,
metabolic, and hormonal factors has been proposed (195).
Gastrointestinal microbiota, an extensive collection of microorganisms
living in the intestine can play an important role in maintaining the
normal function of many extra-intestinal organs such as brain.
Recently, studies have emphasized the effect of intestinal microbiota on
migraine headaches (196). Due to the co-occurrence of migraine and
gastrointestinal (GI) disorders, this issue has received more attention.
Studies have shown that people who frequently experience digestive
disorders have a higher prevalence of headaches (197, 198).

The microbiome-gut-brain content axis consists of three
bidirectional, biochemical, signaling pathways between the gut and
the brain, and these three pathways include the nervous, endocrine,
and immune pathways (198). Studies have suggested mechanisms
regarding the interaction between the microbiota and the gut-brain
axis. These mechanisms include changes in microbial composition,
immune activation, vagus nerve signaling, and the production of
specific microbial neuroactive metabolites (197). Intestinal
dysbiosis is related to the disruption of hippocampal serotonergic
system regulation and the induction of mood and anxiety disorders
in animal models (199). The increment in intestinal permeability
is another prominent mechanism in the gut-brain axis
communication in patients with migraine, leading to inflammation
and the release of pro-inflammatory cytokines (200, 201).
Cytokines, as important mediators of immune and inflammatory
pathways, communicate the function of distant organs, such as the
digestive system and the central nervous system (201). High levels
of chemokines can lead to the activation of the trigeminal nerve
(an essential structure in migraine), the release of vasoactive
peptides, and other biochemical mediators like nitric oxide.
Eventually, these changes lead to inflammation and migraine
attacks (202, 203). Additionally a meta-analysis, (204) showed that
the use of probiotic supplements could significantly decrease the
levels of CRP and malondialdehyde.

Another factor, connecting the intestine to brain pathways, is
severe stress. Stress loads are the most common triggers for migraine
attacks. According to the evidence, the hypothalamus-pituitary-
adrenal axis changes in migraine patients (205). The stress response
includes the release of some hormones like cortisol. Cortisol can lead
to an increase in the permeability of the intestinal barrier and allow
the transfer of bacteria and pro-inflammatory compounds into the
blood (206). One of these compounds is lipopolysaccharide, as a
component of gram-negative bacteria with pro-inflammatory effects.
Lipopolysaccharides activate pain receptors in trigeminal sensory
neurons (207). Recent research has suggested that probiotics can
improve intestinal function and amend intestinal leakage caused by
stress in animal models and may reduce the level of cortisol in humans
(208, 209).

Martami et al. (210) investigated the effectiveness of probiotic
capsules/day (14 types of probiotics) on episodic (10weeks) and
chronic migraine patients (8 weeks). They found that the average
frequency of migraine attacks, migraine severity, and drug
consumption significantly decreased in both patients with episodic
and chronic migraine. However, the migraine attack duration
decreased only in the chronic migraine patients. Also, there was no
significant difference in serum levels of inflammatory markers of
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migraine patients consuming probiotics (210). In explaining the
reason for the different results in the two groups of chronic migraine
and episodic migraine, we can pay attention to the results of the study
performed by Yong et al. (211). In their study, Yong et al. investigated
and compared the intestinal microbiota of people with chronic
migraine with those with episodic migraine and healthy people. The
results showed that the intestinal microbiota was different in these
three groups. The presence of a higher combination of PAC000195_g
microbiome was significantly associated with a lower frequency of
headaches. The presence of Agatobacter also was significantly
associated with the severity of headaches (211). Therefore, receiving
psychobiotics with drug interventions can be useful for
migraine treatment.

Xie et al. (212) also demonstrated that migraine days, bowel
function score, drug consumption, and serum serotonin levels
improved in people treated with the combination of elimination diet
and probiotics. Ghavami et al. (213) investigated the effectiveness of
types plus
fructooligosaccharides prebiotic, for 12weeks) on women with

synbiotic supplementation (12 of probiotics
migraine. They found that probiotic supplementation significantly
reduced the frequency of migraine attacks, the frequency of drug use,
digestive problems, zonulin levels, and Hs-CRP levels (213). In
contrast, a meta-analysis of RCTs showed that probiotic supplements
did not have a significant effect on the frequency and severity of
episodic migraine attacks (214).

In this regard, the lack of purity and the same microbial strength
in the prescribed supplements has made it difficult to generalize the
results of the studies. Thus, the formulation of probiotic products
requires checking the purity, strength (amount of living microbes
delivered), and composition of the final product (215). The controversy
of results may be due to the difference in probiotic supplements in
terms of purity, type of species, duration of intervention, and lack of
examination of inflammatory serum markers. In general, probiotic
supplements have positive effects on migraines; however, larger
randomized placebo-controlled trials are warranted.

Caffeine

Caffeine is a popular and highly consumed food ingredient found
in coffee, tea, chocolate, cocoa, some medicines, and dietary
supplements (216). Previous studies have shown the beneficial effects
of caffeine on several chronic diseases, including cancer, diabetes,
cardiovascular disease, and Parkinson’s disease (217). In addition,
caffeine may play a role in the treatment of migraine headaches.

Previous evidence has shown that adenosine is one of the
neuromodulators involved in the pathophysiology of migraine (218).
Since caffeine is structurally similar to adenosine, it competitively
antagonizes the effects of adenosine by binding to some of the same
receptors. So, it may be effective in the treatment of migraine attacks
(219). On the other hand, migraine patients have gastric stasis even
outside of acute migraine attacks (220). This decrease in gastric
motility in patients with migraine leads to slow absorption of
medications and decreases their effectiveness (221). Since caffeine
increases gastric motility, it may contribute to its effectiveness when
combined with analgesic medicines (222).

In a double-blind randomized placebo-controlled study, a
combination of acetaminophen (500 mg), acetylsalicylic acid

frontiersin.org


https://doi.org/10.3389/fnut.2024.1433390
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Hajhashemy et al.

(500mg), and caffeine (130mg) (AAC) was compared with
ibuprofen (400 mg) and placebo for acute treatment of migraine.
AAC was significantly superior to ibuprofen for pain relief,
headache response, and decreasing the functional disability, pain
intensity, phonophobia, photophobia, and use of rescue
medication (223). Additionally, a meta-analysis illustrated that
AAC could be used as the first-line therapy in patients with acute
migraine attacks (224). In another randomized clinical trial,
Goldstein et al. evaluated the efficacy of a combination product
(containing acetaminophen 500 mg, aspirin 500 mg, and caffeine
130 mg) versus sumatriptan (50 mg). Subjects taking combination
products had greater headache pain relief scores and lower
associated symptoms, use of rescue medication, and disability
than those taking sumatriptan (225). Also, another randomized
double-blind study compared the efficacy of 100 mg diclofenac
sodium soft gel (with or without 100 mg caffeine) with placebo
during migraine attacks. Diclofenac soft gel plus caffeine was
significantly more effective than a placebo in headache
relief (226).

Overall, caffeine (in low doses: 100-130 mg) in combination with
analgesic drugs may be effective in treating migraine attacks.

Limitations

The current narrative review was prepared by carefully
screening the related articles and under supervision two expert
nutritionist (G.A) and neurologist (FEKh). However, this is not a
systematic review. More studies are required to do a systematic
review and meta-analysis to exclusively determine the efficacy,
optimum dosages, and duration of supplements. Additionally, the
included studies did not report the probable side effects of
supplements. Moreover, different risk factors would influence the
efficacy of supplements. The efficacy of supplements would
be influenced by the interaction between foods, drugs, and other
supplements. Moreover, nutrient supplementation would be more
effective in patients with nutrient deficiency than other subjects.
Because normalization of a deficient nutrient might be as an adjunct
therapy. And it might not affect migraine directly. However, the
most included studies did not examine the deficiency status of
nutrients. Additionally, patients who are exposed to environmental
oxidative stress or suffer from genetic deficits (such as methylation
pathways) would have more favorites results by related nutrient
supplementation, compared with other subjects. Nevertheless, the
included studies did not report the potential confounders such as
genetic, environmental risk factors, nutrient deficiency or food and
drug interactions. Furthermore, some studies investigated the effect
of nutrient combinations. Therefore, the effect of each nutrient were
not defined.

Conclusion

Taken together, migraine patients are more prone to have
insufficient dietary intakes due to their nausea and vomiting. The
deficient or even insufficient levels of vital nutrients would increase
the severity and frequency of migraine attacks. Therefore, studies
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investigated the effect of different nutrients and herbal medicines and
indicated that supplementation with riboflavin, omega-3 fatty acids,
alpha lipoic acid, magnesium, probiotics, coenzyme Q10, ginger and
caffeine would have favorable effects on migraine patients. However,
more prospective studies are required to evaluate the effects of other
nutrients on migraine patients.
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TNF-o tumor necrosis factor-o

CGRP calcitonin gene related peptide
cox-2 cyclooxygenase-2

iNOS inducible nitric oxide synthase
ATP adenosine tri-phosphate

ROS reactive oxygen species

FMN flavin mononucleotide

FAD flavin- adenosine-dinucleotide
ASA acetylsalicylic acid

MTHFR methylenetetrahydrofolate reductase
HDR headache diary results

DNA deoxyribonucleic acid

DHF dihydrofolate

THF tetrahydrofolic acid

VPA valproic acid

NO nitric oxide

OHBI12 Hydroxocobalamin

CRPS complex regional pain syndrome
ROS reactive oxygen species

nVDR nuclear vitamin D receptor

MR Mendelian randomization

1L-6 interleukin 6

MIDAS migraine disability assessment
PGs prostaglandins

IL-1 interleukin 1

IFN-8 interferon 8

RBP Retinol-binding protein

RBP4 retinol-binding protein-4
hs-CRP high-sensitivity C-reactive protein
NHANES National Health and Nutrition Survey
RCT randomized clinical trial

FAs fatty acids

PUFAs poly unsaturated fatty acids

EPA eicosapentaenoic acid

DHA docosahexaenoic acid

IBD inflammatory bowel disease

MS ‘multiple sclerosis

NOs nitric oxide

LPS lipopolysaccharides

LA Alpha-lipoic acid

RNS reactive nitrogen species

MDA ‘malondialdehyde

CRP C-reactive protein

DNA deoxyribonucleic acid

5-HT 5-hydroxytryptamine

GI gastrointestinal

CoQ10 Coenzyme Q10

AAC of a i icylic acid, and caffeine
NF-xB Nuclear factor-kB

NLRP3 NOD-Like Receptor Protein 3
BFP body fat percent

HDL-c high density lipoprotein-cholesterol.
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