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Abstract: Background: Migraine, a prevalent neurovascular disorder, affects millions
globally and is associated with significant morbidity. Emerging evidence suggests a crucial
role of the gut microbiota and adipose tissue in the modulation of migraine pathophysiology,
particularly through mechanisms involving neuroinflammation and metabolic regulation.
Material and Methods: A narrative review of the literature from 2000 to 2024 was conducted
using the PubMed database. Studies addressing the relationships between microbiota,
adipose tissue, and migraine—including dietary interventions and their impact—were
analyzed. Results: The findings highlight a bidirectional gut-brain axis, with gut microbiota
influencing neuroinflammation via metabolites such as short-chain fatty acids (SCFAs).
Obesity exacerbates migraine severity through chronic inflammation and the dysregulation
of adipocytokines like leptin and adiponectin. Dietary patterns, such as low glycemic
index diets and Mediterranean diets, and the use of prebiotics, probiotics, and postbiotics
show potential in migraine management. Conclusions: This review underscores the need
for integrative approaches targeting the microbiota—gut-brain axis and adipose tissue in
migraine therapy. Future studies should explore longitudinal effects and personalized
interventions to optimize outcomes.
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1. Introduction

Migraine is a complex and recurrent disorder that significantly affects the global
population, with its prevalence rising from 2.80% in 2008 to 14% in 2022 [1]. Chronic
migraine, defined as experiencing headaches for at least 15 days per over a three-month
period, has a prevalence of 0.8% to 1.8% in children aged 12 to 17 years [2]. The prevalence
increases from childhood to adolescence, and differs by gender, affecting boys and girls
equally in childhood but disproportionately impacting females after puberty [3].

From a clinical perspective, migraine is characterized by episodic pulsatile headaches,
often accompanied by nausea, vomiting, photophobia, and phonophobia, which can sig-
nificantly reduce quality of life (QoL) [4]. Current pharmacological approaches target
acute and preventive strategies. Acute medications include triptans (e.g., sumatriptan and
rizatriptan), which act by constricting blood vessels and inhibiting pain pathways, as well
as nonsteroidal anti-inflammatory drugs (NSAIDs). However, these treatments focus on
alleviating symptoms rather than addressing the underlying causes of migraine, and are
often associated with limited efficacy and the recurrence of attacks [5]. Therefore, it is
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urgent to develop disease management strategies, capable of preventing when possible
and attenuating the factors that precipitate and perpetuate the clinical picture.

While non-modifiable risk factors such as genetic predisposition, age, and sex play
a significant role, modifiable factors—including lifestyle, diet, physical activity, and
obesity—offer substantial opportunities for intervention [6]. Emerging evidence suggests
that diet and nutrition are pivotal in influencing the pathophysiology of migraine. In fact,
nutritional factors could modulate several metabolic pathways [7], impacting neurotrans-
mitter levels (e.g., GABA and serotonin) and glucose, lipid, and protein metabolism, as
well as microbiota composition. Numerous studies have demonstrated that glutamate can
exert an excitatory activity on nociceptive neurons through the trigeminovascular pathway;,
contrary to GABA. In light of this evidence, good microbial biodiversity is fundamental
for maintaining the factors precipitating and triggering migraines [8]. Therefore, these
factors collectively influence neuroinflammation, a key mechanism in migraine develop-
ment (Figure 1). Therefore, foods such as alcoholic beverages, chocolate, caffeine, and dairy
products have been identified as potential “triggers” for migraines, although the evidence
remains inconclusive due to conflicting results [9,10].
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Figure 1. Gut microbiota and adipose tissue can modulate neuroinflammation and immune system
response acring on several migraine pathophysiology mechanisms.

In light of new scientific discoveries regarding the role of the microbiota in human
health, targeted dietary interventions have been proposed as promising approaches to
migraine [11]. Moreover, Chen J. et al., have demonstrated how, in migraine patients, the
biodiversity and intestinal microbial richness are reduced, favoring the Clostridium species
instead (e.g., Cl. asparagiforme, Cl. clostridioforme, Cl. ramosum) [12]. This review explores
the multifaceted relationship between diet, microbiota, and migraine, aiming to elucidate
potential pathways for novel, integrative therapeutic strategies that address the root causes
of this debilitating condition.

2. Materials and Methods

A comprehensive search was performed using PubMed, Scopus, and EBSCO databases
to identify relevant literature published between 2000 and 2024. Search terms included
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“microbiota”, “migraine”, “diet”, “neuroinflammation”, and related phrases. Boolean
operators (AND, OR) were used to refine search results, and the search was supplemented
with the backward citation tracking of key articles. We included original research articles,
systematic reviews and meta-analyses published in English or Italian, addressing the
microbiota—gut-brain axis, dietary factors, or obesity in relation to migraine, while case
reports and letters were excluded. Both human and animal studies were reviewed to
provide a comprehensive understanding of the topic.

A total of 201 abstracts were initially retrieved (105 from PubMed, 51 from EBSCO,
and 45 from Scopus); after removing duplicates, 150 records were screened. After removing
the papers not assessing migraine, abstracts, narrative reviews, and meeting abstracts,
69 papers were included in the review.

Titles and abstracts were screened independently by two reviewers to identify po-
tentially relevant articles. Full-text screening was subsequently performed for eligibility.
Discrepancies between reviewers were resolved through discussion or consultation with a
third reviewer.

The results were organized into thematic areas, including the microbiota—gut-brain
axis (25 articles), dietary influences on migraine (16 papers), and the role of obesity
(11 articles). Both descriptive and comparative analyses were conducted to highlight
patterns, gaps, and future research directions.

3. Results in the Literature
3.1. Microbiota—Gut—Brain Axis and Role of Inflammation in Migraine

Humans are not only made of human cells; each hosts a total bacterial mass of
200 g [9]. The set of these microorganisms that cohabit with the host organism symbi-
otically and commensally, and can interact with each other through complex mechanisms
of cross-feeding, constitutes a single functional unit defined “Holobiont” [13].

The environmental niches (intestine, vagina, mucous membranes, skin, etc.) that
the host organism offers to microorganisms must guarantee their survival through pH,
temperature, and nutrients [14]. These microorganisms (including viruses, archaea, bac-
teria and fungi) can produce metabolites, modulate neurotransmitters, and influence the
metabolism of vitamins and drugs [15]. In particular, the intestinal microbiota can estab-
lish a complex axis defined as the microbiota—gut-brain axis (MGBA), which allows for
communication between the gut and CNS either unidirectionally, via metabolites that cross
the blood-brain barrier (BBB), or bidirectionally though the vagus nerve [16]. Additionally,
the Hypothalamic-Pituitary—Adrenal axis (HPA), by modeling cortisol levels, can alter
intestinal permeability [17], and eventually even neurons themselves can intervene in
regulating this complex axis [18]. Moreover, in the gut, immune cells and inflammatory
cytokines produced, such as interleukins (IL-1, IL-6), tumor necrosis factor (TNF-«), and
C-reactive protein (CRP), seem to be involved in migraine pain, worsening the severity
of attacks [19]. Understanding the complex bidirectional interaction between our gut, the
microorganisms that inhabit it, and the host’s immune system remains a topic of great
scientific interest.

Short-chain fatty acids (SCFAs), including acetate, butyrate, and propionate, are crucial
for maintaining intestinal balance (eubiosis) [20], and can reach the CNS by crossing the por-
tal circulation. At the CNS level, they perform numerous functions, such as promoting neu-
ronal proliferation and differentiation, exerting neuroprotective effects, promoting the pro-
duction of brain-derived neurotrophic factor (BDNF), reducing pro-inflammatory cytokines
(suppressing TNF alpha) and the endotoxic activity of lipopolysaccharide (LPS) [21]. Inter-
estingly, preclinical studies showed that hypernociception induced by pro-inflammatory
conditions is reduced in germ-free mice compared to controls. Moreover, Bai | et al. exam-
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ined the associations between the gut microbiome and migraines in children aged 7-18 from
the American Gut Project. They showed that children with migraines had lower diversity
and higher abundances of inflammatory-related bacteria, such as Eggerthella, Sutterella,
and Eubacterium. In contrast, children without migraines had higher abundances in the
phylum Firmicutes, Christensenellaceae, and Ruminococcaceae. It was shown that Eggerthella
has been linked to clinically significant bacteremia and underlying GI diseases, suggesting a
high level of pathogenicity; furthermore, elevated levels of Eggerthella are linked to mental
disorders, such as depression, bipolar disorder, and schizophrenia; on the other hand,
it was shown that the protective mechanism of Ruminococcaceae may be attributed to its
prebiotic functions, such as butyrate production and starch fermentation abilities in the
GI tract, promoting the growth of other beneficial bacteria. Ruminococcaceae has also been
found to be negatively correlated with inflammatory markers [22]. In a study by Danielle G.
Souza et al., germ-free mice exhibited no local, remote, or systemic inflammatory response
following intestinal ischemia-reperfusion injury, unlike conventional mice, which showed
significant edema, neutrophil influx, hemorrhage, and elevated TNF-« levels. Germ-free
mice produced higher levels of the anti-inflammatory cytokine IL-10, both post injury and
after LPS administration, with minimal TNF-« production. These findings underscore
the microbiota’s critical role in driving inflammatory responses and regulating immune
signaling [23].

3.2. Migraine and Gastrointestinal Disorders: Is There a Link?

Over 70% of migraine patients exhibit one or more gastrointestinal disorders
(GIDs) [24], whereas patients suffering from inflammatory bowel diseases, celiac disease,
irritable bowel syndrome, cyclic vomiting syndrome, functional dyspepsia, gastroparesis,
and peptic ulcers appear to have a greater prevalence of migraines [25]. Notably, the
occurrence of migraines increases progressively with the number of GIDs [26]. Several
theories attempt to explain the correlation between these two clinical presentations. It
is believed that the autonomic nervous system plays a significant role in the association
between migraines and GI, given the similarities in their symptom profiles, which include
nausea, vomiting, dyspepsia, and gastroparesis [27]. Pro-inflammatory cytokines such as
IL-1p3, IL-6, IL-8, and TNF-« are implicated in both migraines and GIDs [28], contributing
to visceral pain and systemic inflammation. Neuropeptides, particularly CGRP (calci-
tonin gene-related peptide), play a central role in migraine pathophysiology and are also
expressed in the gastrointestinal tract [29]. The 3-CGRP isoform, predominant in the
enteric neurons [30], is linked to GI symptoms such as gastroparesis, constipation, and
diarrhea, which often co-occur with migraines. Notably, elevated CGRP levels exacerbate
both migraines and GI symptoms [31]. Additionally, gut microbiota alterations further
influence CGRP signaling, as seen in experimental studies where germ-free mice, par-
ticularly females, showed increased CGRP production [32]. The release of CGRP from
parasympathetic perivascular and trigeminal fibers during a migraine, along with changes
in intestinal microbiota and gut permeability in response to stressors, can lead to the release
of pro-inflammatory mediators, which in turn affect nociceptive responses in the trigeminal
pathway contributing to migraine development [33]. Serotonin also bridges the gut and
brain, acting as a pain modulator and regulator of gastric emptying. Reduced activity
of serotonin 5-HT1B/1D receptors activates the trigeminovascular system, contributing
to migraine attacks. The dysregulation of serotonin pathways is further associated with
delayed gastric emptying and other GI dysfunctions [34].
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3.3. Obesity-Migraine Linkage

The World Health Organization (WHO) defines overweight and obesity as the abnor-
mal or excessive accumulation of weight, with a BMI > 25 kg/m? indicating overweight
and >30 kg/m? indicating obesity [35]. These conditions are rising globally in both adults
and children, representing a true global pandemic influenced by malnutrition in the forms
of excess, deficiency, and the so-called “hidden hunger” which primarily affects micronutri-
ents [36].

The link between obesity and migraine remains unclear, although both conditions
share common mechanisms such as chronic systemic inflammation, dysregulation of ap-
petite, and dysbiosis [37]. Diet and lifestyle have shown promising effects on both condi-
tions. Hershey et al. conducted a study on 913 pediatric headache patients, demonstrating
a significant association between obesity and headache frequency. A reduction in BMI
correlated with fewer headache episodes [38]. Similarly, Kinik et al. found obesity to be
more prevalent among children with migraine compared to the general population, with
obese children experiencing more frequent attacks [39]. However, obesity and migraine are
two chronic diseases, whose connection has yet to be clarified.

4. Discussion
Neurotransmitters and Postbiotics: The Silent Messengers of the Microbiota

The hypothalamus regulates food intake and appetite, but migraine patients often
exhibit hypothalamic dysfunction, including altered sleep—wake cycles, mood changes,
and hunger-satiety dysregulation (Figure 2). Neurotransmitters like serotonin, adipokines,
and orexin, many metabolized by the gut microbiota, play dual roles in appetite regulation
and migraine pathogenesis. Elevated plasma CGRP levels, observed in obese women and
mouse models of obesity, link obesity-related inflammation with migraine exacerbation [40].
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Figure 2. Bidirectional communication in the MGBA and how different factors can influence the
pathophysiological mechanisms underlying gut-microbial balance and migraine.

Serotonin is a neurotransmitter, 90% of which is produced by enterochromaffin cells
(EECs) and only 5-10% by serotonergic neurons in the brain [37]. Its precursor, tryptophan,
derived from foods such as dairy, eggs, and fish [41], is metabolized by gut microbiota
into 5-hydroxytryptophan, from which EECs produce 5-hydroxytryptamine (5-HT) [42].
Serotonin locally promotes peristalsis, while centrally regulates mood, nociception, and
the sense of hunger—satiety [43]. Studies on mouse models show that blocking the 5-HT2C
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receptor is associated with the development of obesity and increased food intake [44].
Furthermore, in subjects with migraine, there are low levels of serotonin in the interictal
states, with a consequent increase in food intake [45].

GABA, an inhibitory neurotransmitter, is studied extensively in patients with epilepsy;
omic studies have identified the presence of GABA-producing bacterial strains such as the
Bifidobacterium adolescentis strain. B.adolescentis is the most abundant bifidobacterium in
the large intestine [46]. This species, thanks to its vast enzymatic repertoire, can degrade
sugars, starting from dietary prebiotic molecules such as resistant starch carbohydrates.
A low presence of B.adolescentis is associated with a state of intestinal dysbiosis and the
development of allergies, diabetes mellitus type 1, type 2, and IBD [47]. Moreover, several
studies suggest that dysbiosis and low GABA levels occur following severe migraine attacks
and that it plays a role in suppressing migraine attacks [48].

Adipokines are cytokines produced by adipose tissue. Adiponectin, an anti-
inflammatory molecule participating in glucose homeostasis, is inversely correlated with
diabetes, metabolic syndrome, cardiovascular diseases, and chronic low-grade inflam-
mation [49]. Furthermore, the concentration of high molecular weight adiponectin is
statistically higher (p < 0.005) in patients suffering from chronic migraine (6.1 = 2.8 pg/mL),
compared to subjects who suffer from it episodically (4.2 £ 1.7 ug/mL) and healthy subjects
(3.9 £ 1.5 pg/mlL) [50]. Leptin, which regulates glucose homeostasis and inflammation,
is elevated in obesity [51]. Leptin receptors are widespread in the hypothalamus, cortex,
and brain endothelium, and their pathway involves NFkB, e-NOS, and AMPK, the same
pathways implicated in migraine [52]. Dominguez C et al. measured levels of leptin,
adiponectin, and other inflammatory markers (IL-6, IL-10, TNF alfa, high sensitivity PCR-
hsPCR) related to migraine pathophysiology in a group of migraine patients and healthy
controls, highlighting that leptin and adiponectin serum levels were increased in migraine
patients and were significantly higher in chronic compared to episodic migraine patients
(p < 0.001). Furthermore, they found a positive correlation between leptin levels and the
following inflammatory biomarkers: IL6 (r = 0.498; p < 0.001), TNF-a (r = 0.389; p < 0.001),
and hs-CRP (r = 0.422; p < 0.001) [53]. These findings link adipocytokines to migraine
pathophysiology, supported by Rubino et al., who also observed elevated adiponectin and
resistin levels in chronic migraine patients after adjusting for BMI, sex, and age [54].

Orexin, a hypothalamic neuropeptide regulating appetite and the sleep-wake cycle,
shows altered levels in migraineurs’ CSE. Interestingly, preclinical studies associated orexin
with increased food-seeking behavior under low glucose conditions, suggesting a role in
migraine triggers [55].

Lipopolysaccharide (LPS), a pro-inflammatory molecule from Gram-negative bacteria,
enters systemic circulation during dysbiosis, causing neuroinflammation [56]. A recent
Italian study on a cohort of pediatric migraine patients showed higher levels of plasma oc-
cludin and IgA, associated with increased intestinal permeability, and an increase in plasma
LPS, indicating low-grade intestinal inflammation compared to healthy controls [57].

5. Diet: What We Know and Future Directions
5.1. Diet Triggers

Dietary factors may influence migraines through biochemical mechanisms, including
the modulation of neuropeptides, neuroreceptors, and cerebral glucose metabolism, as well
as by triggering inflammation, nitric oxide (NO) release, vasodilation, and vasoconstriction.
In a study by Taheri et al., chocolate triggered migraines in 22% of children, likely due to
flavanoids increasing NO levels and phenylalanine stimulating norepinephrine release,
leading to vasoconstriction [58]. Moreover, caffeine was linked to 28% of headaches, acting
either as a trigger or via withdrawal.
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In another study, the gradual cessation of cola consumption in 36 individuals resulted
in complete cessation of all headaches in 33 cases [59]. On the other hand, symptoms
of coffee withdrawal may occur typically 12-24 h after cessation, and approximately
47% of individuals experience a migraine as a result of caffeine abstinence. This occurs
because caffeine has a chemical structure like adenosine, a neuromodulator involved in the
regulation of migraine, so it acts as a nonselective antagonist of adenosine receptors. The
chronic blocking of adenosine receptors by caffeine appears to increase the risk of migraine,
because it seems to result in an increased sensitivity to adenosine, which is evident when
caffeine is withdrawn [60].

Fasting can induce migraines, particularly around 16 hours into a fast, through hy-
poglycemia, stress hormone release, and altered serotonin levels. Gum chewing was also
identified as a trigger that may increase the risk of migraine attacks. A prospective study
conducted by N. Watemberg et al. displayed how discontinuing lead to complete symptom
resolution in 63% (19/30) of children with chronic headaches, and partial improvement in
23% (7/30), whereas the reintroduction of the habit led to relapse in 20/26 children [61].

Managing migraines through trigger identification, fiber-rich diets, low glycemic
index diets, and supplementation with vitamin D, omega-3, and probiotics can promote
gut health and reduce symptoms. Weight management also benefits migraineurs with
obesity [62].

5.2. Elimination Diet

The elimination diet involves identifying and removing foods that trigger migraines,
often based on patient’s self-reported food—-symptom correlations [63]. This mechanism,
however, and therefore the cause—effect search, could be misleading and not lead to a
resolution of the problem, as the relationship is not as linear; often, it may not be the food
itself that causes the problem but other possible biases, such as stress, a lack of adequate
rest, and dehydration [64]. Foods are considered triggers if they consistently provoke
migraines in >50% of cases within a day of consumption. However, confounding factors
like stress, dehydration, and poor sleep may misattribute the cause. When supervised by
nutrition specialists, elimination diets can help identify triggers, but may risk malnutrition
if entire food groups are excluded without proper reintroduction protocols [65].

5.3. Dash and Mediterranean Diet

Recent studies show how Dietary Approaches to Stop Hypertension (DASH), have
proven to be a useful nutritional regime in adults to reduce the frequency, severity, and du-
ration of migraine attacks. Initially designed to treat patients with hypertension, it focuses
on reducing sodium, saturated fats, and simple sugars (mainly sweets), promoting the
consumption of whole grains, fruit, and vegetables [66]. Another dietary regime considered
the gold standard not only in the prevention of diseases but also in their treatment is the
Mediterranean diet, rich in fruit, vegetables, legumes, and seeds and low in saturated fats,
simple sugars, and refined carbohydrates. The Mediterranean diet, thanks to the PRED-
IMED study, has attracted strong interest in the scientific community precisely because of
its protective effects from cardiovascular risk, even in subjects predisposed to the develop-
ment of cardiovascular diseases (hypertension, type 2 diabetes, and smokers) [67]. This
nutritional regime appears to bring very similar results to the DASH in migraine patients.

5.4. Low Glycemic Index Diet

A low glycemic index diet is a diet that is based on the inclusion of foods that have a
low glycemic index, so less than <50 [68]. Foods with a high GI such as white bread, rice,
and sugary desserts lead to a high postprandial glucose peak compared to foods with a low
GL among the low GI foods, we have those included in the Mediterranean diet, such as
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legumes, seeds, non-starchy vegetables, and whole carbohydrates. For patients who suffer
from migraine, a profile of greater glycemic stability appears to bring greater benefits, also
improving insulin sensitivity [69]. In a randomized controlled study, in a cohort of patients
with migraine, the effect of LGID and pharmacological therapy (topiramate and flunarizine)
was evaluated for a duration of 90 days, and both interventions had a beneficial effect on
the frequency of monthly migraine attacks and the VAS scale.

5.5. Functional Food and Administrations of Supplements: Prebiotics, Probiotics and Postbiotics

The FAO defines functional foods as foods that, in addition to containing macronutri-
ents, can, thanks to specific nutrients, be beneficial to health [70]. Thus, functional foods
have a positive impact on the individual’s health that goes beyond simple basic nutrition.
Similarly, thanks to the new definitions provided in 2016 by the International Scientific
Association for Probiotics and Prebiotics (ISAPP), prebiotics have defined as a substrate
that is used selectively by the host microorganisms, thus providing proven beneficial effects
on health [71]; while probiotics, defined by FAO and ISAPP in 2001, are live microorgan-
isms that, if administered in adequate quantities, confers benefits to the host organism.
Among the prebiotics useful for human health, we find Human Milk Oligosaccharides
(HMOs), galactooligosaccharides (GOS), fructooligosaccharides (FOS), inulin, and resistant
starches [72]. These are useful in co-administration with probiotics whose bacterial strains
will be able, through fermentation mechanisms, to provide metabolites useful both for the
host and cross-feeding mechanisms. For example, Bifidobacterium longum infantis, Bifidobac-
terium breve, and Bifidobacterium bifidum can metabolize HMOs, thus promoting correct
microbial colonization [73]. In patients with migraine, probiotic supplementation has been
shown to be successful in reducing migraine attacks [74]. A possible mechanism of action is
the promotion by bacteria of SCFAs, thus promoting the integrity of the intestinal epithelial
barrier and reducing the inflammatory cascade through the transduction of the NF-kB
signal. This mechanism of action is also favored by Akkermansia Muciniphila; scientific
evidence on murine models has shown how A. Muciniphila can interact with the Toll-like
receptor at the apical level of enterocytes, and this bond favors the transduction for genes
that express tight junctions, such as occludin and claudin. This mechanism promotes
microbial compartmentalization, preventing the possible migration of LPS at the systemic
level, in turn promoting a pro-inflammatory activation [75]. Furthermore, A. Muciniphila is
able to increase the expression of serotonin transporters. In an open-label trial, on a cohort
of 40 patients with migraine, they received supplementation with probiotics, minerals, and
vitamins, for 12 weeks; at the end of the study, 80% of the patients showed a reduction in
migraine attacks and an improvement in the quality of life [61]. Moreover, Martami F. et al.
studied a sample of 40 patients with episodic migraine and 39 chronic migraine patients
that were provided a mixture of probiotics for 10 weeks or a placebo; the results were a
significant reduction in migraine attacks and their severity in the group that received the
supplementation compared to the placebo [76]. However, to date, there is a lack of longitu-
dinal studies with larger sample sizes; furthermore, the limitations of the studies present in
the literature involve often not defining which probiotic strain is used, and the lack of data
investigating the nutritional aspect, which we have observed to be a fundamental driver
for microbial eubiosis and, consequently, the disease outcome.

6. Conclusions

This review has highlighted the multidirectional relationship underlying the micro-
biota, neuroinflammation, migraine, and obesity. These factors strongly influence the
patient’s QoL, often consequently altering their mental health. Furthermore, they represent
widespread pathologies that impact the direct and indirect costs borne by society at the
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healthcare level [77]. For these reasons, there is an urgency and a need for a paradigm
shift. The risk in medicine, which is focused only on the symptom, is losing sight of the
wholeness that characterizes the human body, composed not only of cells and tissues but
also of a microbial consortium capable of modulating numerous aspects of our health.
Further research and clinical studies are necessary to understand what the appropriate
dietary model is for migraine patients and what the possible frontiers may be in the field of
prebiotic, probiotic, and postbiotic integration that can be included in the therapeutic path.
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