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ABSTRACT

Migraine is a chronic neurovascular disorder and one of the most disabling neurological conditions worldwide. It is
characterized by recurrent attacks of unilateral, pulsating headache accompanied by nausea, photophobia, and phonophobia,
with or without aura. Both genetic and environmental factors contribute to its pathogenesis. Genome-wide association studies
have identified multiple susceptibility loci, while hormonal fluctuations, stress, sleep disturbance, and dietary factors act as
common triggers. Biochemically, cortical spreading depression, activation of the trigeminovascular system, and release of
calcitonin gene-related peptide (CGRP) and serotonin dysregulation are central to attack generation. Epidemiological studies
reveal that migraine affects over one billion people globally, with a higher prevalence among women, particularly during
reproductive years, underscoring the role of sex hormones. Acute management includes NSAIDs, triptans, gepants, and
lasmiditan, with antiemetics for nausea. Preventive strategies are indicated in frequent or disabling attacks and include beta-
blockers, topiramate, valproate, antidepressants, and the newer anti-CGRP monoclonal antibodies. Non-pharmacological
approaches such as lifestyle modification, trigger avoidance, cognitive behavioral therapy, and neuromodulation devices
complement drug therapy. Advances in targeted treatments have improved outcomes, but equitable access remains a challenge.
Optimized, individualized therapy offers significant potential to reduce disability and improve quality of life for patients with

migraine.
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1. Introduction
Migraine is classified as a primary headache disorder by the International Headache Society. It is typically characterized by episodes of
throbbing or pulsating headache pain, usually unilateral (on one side of the head), lasting 4—72 hours when left untreated. The headache is

characteristically moderate to severe in intensity and aggravated by routine physical activity; it is commonly accompanied by nausea and/or
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photophobia and phonophobia (1). Migraines are broadly divided into two major subtypes: migraine without aura and migraine with aura.
Migraine with aura is distinguished by transient focal neurological symptoms that precede or accompany the headache, most often visual
disturbances such as flashes of light or blind spots. Aura symptoms typically develop gradually over 5—20 minutes and last less than 60
minutes, and may include visual zigzag lines, scotomas, sensory changes (like tingling), or speech disturbances (2). In migraine without aura,
no such neurological warning occurs before the headache phase. Most migraineurs experience the headache phase with its associated features,
and about one-third of patients have aura with some or all attacks (3). In addition, patients may experience a prodrome phase (hours to days
before an attack, with symptoms like fatigue, neck stiffness, or food cravings) and a postdrome phase (after the headache, with symptoms
like exhaustion or mild headache). Migraine is thus a clinical syndrome with well-defined diagnostic criteria, and diagnosis is made by history
and exam, since imaging or lab tests are typically normal in primary migraine. Chronic migraine is defined by a high frequency of attacks
(15 or more headache days per month, with at least 8 being migraine days) and represents an evolution of episodic migraine in some
individuals (4).

2. Review Approach

This narrative review provides a thematic synthesis of current evidence on migraine and primary headache disorders, integrating insights
from epidemiology, neurobiology, clinical diagnosis, and therapeutic strategies. Literature was primarily identified through targeted searches
in PubMed, Google Scholar and Scopus (2014-2025), supplemented by manual screening of reference lists from key publications.

3. Causes and triggers

3.1. Genetic factors

Migraine is heritable. Twin studies estimate heritability at roughly 42%, indicating that almost half of the variability in susceptibility arises
from genetic factors (5, 6). Genome-wide meta-analyses have now identified 122 independent loci and 181 credible sets linked to migraine,
underscoring neuronal, vascular, and inflammatory pathways (7). Well-characterized monogenic forms such as familial hemiplegic migraine
are caused by mutations in ion-channel genes (CACNA1A, ATP1A2, SCN1A) affecting excitatory neurotransmission. Epigenetic changes
— reversible chemical modifications to DNA and histone proteins — are increasingly recognized as contributors to migraine. Environmental
factors such as stress or inflammation can alter methylation patterns and regulate genes like MEF2D and PRDM16, thereby influencing
susceptibility and chronification (8).

3.2. Hormonal and metabolic influences

Migraine prevalence is roughly two to three times higher in women than in men, suggesting a strong hormonal influence (9). Globally, recent
global burden analyses confirm that women consistently bear a greater absolute burden despite a faster relative rise among men (10). Estrogen
fluctuations modulate serotonin and calcitonin gene-related peptide (CGRP) levels. High estrogen levels enhance the excitability of cortical
neurons and increase serotonin, lowering the threshold for cortical spreading depression and trigemino-vascular activation, while the drop in
estrogen during menses can precipitate attacks. Risk is highest during reproductive years and declines after menopause (11, 12).

Other metabolic factors include obesity, dyslipidemia, hypertension, diabetes, and insulin resistance, which are associated with increased

migraine risk (8).
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3.3 Environmental and lifestyle triggers

Migraine attacks are often precipitated by environmental or behavioral triggers in genetically susceptible individuals. Stressful events are
among the most common migraine triggers. In a retrospective survey of individuals with migraine, 80% reported stress, followed by hormonal
changes (65%), skipped meals (57%), weather changes (53%), sleep disturbances (50%), and perfumes and chemicals (40%) (13-15).
Additional triggers include bright light, loud sounds, barometric pressure changes, alcohol (especially red wine), caffeine withdrawal, heavy
exercise, fasting, and certain foods high in tyramine or aspartame (16). A large review identified lower socioeconomic status, high caffeine
intake, medication overuse, head trauma, and sleep disorders as risk factors. Women often report menstrual migraine, for which short-term
prophylaxis with triptans or NSAIDs may be effective. Alcohol is reported as a trigger by many patients, although evidence is mixed; some
studies show a roughly 51% increased risk (8).

3.4. Comorbidities and psychological factors

Migraine often co-occurs with anxiety, depression, bipolar disorder, and other pain syndromes. Stress, anxiety, and phobic disorders have
been identified as risk factors (17). Chronic sleep deprivation, shift work, and circadian rhythm disturbance are strongly linked to migraine
attacks; people with migraines are more than three times as likely to experience insomnia (17, 18). Obstructive sleep apnea may also trigger
headaches (19). Smoking, obesity, and high caffeine intake can worsen migraine frequency and severity (20). Post-traumatic headaches after
mild traumatic brain injury may share pathophysiological mechanisms with migraine (21). Identifying and managing co-morbid conditions
is therefore an essential component of migraine care.

4. Biochemical changes during a migraine attack

Migraine is considered a neurovascular disorder. Contemporary models emphasize the interplay between cortical excitability, activation of
trigeminal nociceptive pathways, and release of vasoactive neuropeptides. Attacks often begin with cortical spreading depression (CSD), a
wave of neuronal depolarization followed by a period of suppression that travels across the cortex. CSD can trigger aura symptoms and
activate trigeminal afferents via pannexin-1 channels (22). Activation of the trigeminovascular system leads to the release of neuropeptides,
including CGRP, substance P, neurokinin A, and pituitary adenylate cyclase-activating peptide (PACAP) from perivascular nerve endings.
These peptides cause vasodilation and plasma protein extravasation, generating sterile neurogenic inflammation around meningeal blood
vessels. CGRP is particularly important; its levels rise during migraine attacks, and infusion of CGRP can trigger migraine-like headaches
(23, 24). Serotonin (5-HT) levels are also altered. Trigeminovascular neurons express 5-HT1B/1D receptors; low interictal serotonin and
high CGRP promote trigeminal activation, while triptans act as 5-HT1B/1D agonists, normalizing serotonin and blocking CGRP release (25).
Neuroimaging studies reveal changes in cortical and subcortical networks during attacks. Functional MRI demonstrates activation of the
hypothalamus, brainstem nuclei, thalamus, and somatosensory cortex. The hypothalamus may orchestrate pre-monitory symptoms through
connections to the trigeminal nuclei. Elevated nitric oxide and inflammatory cytokines further sensitize nociceptors, contributing to central
sensitization and chronification. After the attack, there is often a post-drome phase with fatigue and cognitive slowing, suggesting widespread

neural changes (26).
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5. Epidemiology

Migraine is one of the most prevalent neurologic disorders worldwide. A large systematic analysis estimated that there were approximately
1.1 billion prevalent cases of migraine worldwide in 2019. The global age-standardized prevalence increased by 1.7% between 1990 and
2019, making migraine a leading cause of disability (27). Migraine accounted for 16.3% of all neurological disorder disability-adjusted life
years (DALYs) in 2016 and remains the second leading cause of years lived with disability worldwide (28). The current best estimate of
global migraine prevalence is 14—15%, and, in terms of burden, migraine accounts for 4.9% of global ill health, quantified as years lived with
disability. Prevalence peaks in early adulthood and declines after age 45 (27).

6. Sex differences and hormonal influence

Migraine is significantly more prevalent in women. Population studies estimate that about 17% of women and 6% of men experience migraine
(29-31). The global age-standardised rate of years lived with disability (YLD) attributable to migraine was 525.5 per 100,000, up by 1.5%
since 1990. Migraine burden is not evenly distributed. Prevalence is consistently higher in women, and age-specific prevalence rises into the
40—44 year age group before declining (27). The ratio peaks during reproductive years and declines after menopause. Female sex hormones
modulate neurotransmitter systems implicated in migraine. Estrogen increases nitric oxide synthase activity and increases serotonin levels,
promoting trigeminovascular activation; cyclic withdrawal of estrogen during menstruation is a common trigger (11). During pregnancy, high
stable estrogen levels often improve migraine, while postpartum hormone fluctuations may worsen symptoms. Women also appear more
susceptible to chronicity due to the interplay of hormones, stress, sleep disturbance, and depression (8).

7.  Acute (abortive) treatment

Treatment goals for acute migraine are to relieve pain and associated symptoms quickly, restore normal function, and minimize recurrence.
Early treatment during the headache phase improves efficacy. Because individual response varies, therapy should be personalized based on
attack severity, associated symptoms, comorbidities, and patient preferences. Evidence-based guidelines support the following options:

7.1. General measures

Treatment choice depends on symptom severity, associated nausea or vomiting, comorbidities, and prior drug response. Early, single-dose
treatment is usually more effective than repeated small doses. For patients unable to tolerate oral medications, nonoral routes or
neuromodulation may be used. Key principles include patient education, use of migraine-specific drugs (eg, triptans, CGRP antagonists,
lasmiditan), appropriate route of administration, rescue medication for severe attacks, and avoiding medication overuse headache (32).

For mild attacks without vomiting or severe nausea, simple analgesics such as NSAIDs (aspirin, ibuprofen, naproxen, diclofenac) or
acetaminophen are first-line options. If ineffective, triptans may be added. Combining NSAIDs with triptans can be more effective than either
alone. Antiemetics may be used when nausea is present (33, 34).

Patients with moderate to severe migraine often require triptans, with or without NSAIDs (35). Alternatives include CGRP antagonists,
lasmiditan, or dihydroergotamine. For those with significant nausea or vomiting, subcutaneous, intranasal, or parenteral options are preferred

(eg, subcutaneous sumatriptan, nasal triptans, parenteral dihydroergotamine) (36).
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Prolonged attacks >72 hours (Status Migrainosus) may need intravenous fluids and parenteral therapy such as ketorolac, dopamine receptor
blockers, valproate, or dihydroergotamine. Intravenous dexamethasone is often given to reduce relapse risk (37, 38).

7.1.1. Triptans

Triptans (e.g., sumatriptan, rizatriptan, eletriptan, zolmitriptan) are highly effective and specifically designed for migraine treatment. They
act by vasoconstriction and blocking the trigeminal pathways. Different formulations (oral, subcutaneous, nasal) allow individualized use.
Early administration improves outcomes (39). They should be avoided in patients with cardiovascular disease, hemiplegic migraine, or
brainstem aura (40).

7.1.2. Combination Therapy

The best evidence supports the sumatriptan-naproxen combination, which is more effective than either drug alone (41, 42).

7.1.3. Antiemetics

Dopamine antagonists such as IV metoclopramide or prochlorperazine are effective for pain and nausea, either as monotherapy or in
combination therapy (43, 44). Diphenhydramine is often co-administered to reduce dystonic reactions. Other antiemetics (chlorpromazine,
droperidol, haloperidol, ondansetron) may be considered, though they are associated with a higher risk of adverse effects (45-47).

7.1.4. CGRP Antagonists

Oral “gepants” (ubrogepant, rimegepant) and intranasal zavegepant are effective for acute migraine, especially in patients who cannot take
triptans. They provide pain relief and reduce associated symptoms, though long-term safety data are still emerging (48, 49).

7.1.5. Lasmiditan

Lasmiditan, a selective 5-HT1F agonist, is effective without vasoconstrictive effects. Common side effects include dizziness and somnolence,
and patients must avoid driving for 8 hours after each dose (50).

7.1.6. Ergots

Dihydroergotamine is useful for severe attacks and status migrainosus, particularly when combined with antiemetics. Ergotamine is less
effective and associated with more side effects; it is rarely used (51).

7.1.7. Non-pharmacological and device-based treatments

Acupuncture, relaxation training, cognitive-behavioral therapy, and biofeedback demonstrated modest benefit in acute and preventive
treatment. External trigeminal nerve stimulation devices such as Cefaly and single-pulse transcranial magnetic stimulation have received
regulatory approval for acute therapy and prevention. These devices are non-invasive, well-tolerated, and may be considered for patients
preferring non-drug options (36).

8. Preventive (prophylactic) treatment strategies

Preventive therapy aims to reduce the frequency, severity, and duration of attacks; improve responsiveness to acute therapy; and minimize
disability. Prophylaxis is considered for patients with frequent attacks (>3 per month or >8 headache days per month), debilitating attacks
despite appropriate acute treatment, medication overuse headache, prolonged aura, or patient preference. Selection of prophylactic therapy
depends on migraine type (episodic vs chronic), comorbidities, contraindications, and patient goals. Treatment usually starts at a low dose
and is increased slowly; efficacy should be assessed after 2—3 months, and therapy continued for 6—12 months before tapering (52). The

following modalities are evidence-based:
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8.1. First-line pharmacological options

8.1.1. Anti-CGRP monoclonal antibodies

Erenumab (CGRP-receptor antibody), fremanezumab, galcanezumab, and eptinezumab (CGRP-ligand mAbs) specifically inhibit CGRP
signaling and are administered via monthly or quarterly injections. A 2025 international guideline summarizing recommendations reported
erenumab 70 mg or 140 mg every four weeks, fremanezumab 225 mg monthly or 675 mg quarterly, galcanezumab 120 mg monthly,
eptinezumab 100 mg or 300 mg quarterly, and topiramate 100-200 mg orally for episodic migraine. For chronic migraine,
onabotulinumtoxinA 155-195 IU intramuscularly, atogepant 60 mg oral, eptinezumab 100 mg or 300 mg quarterly, fremanezumab 675 mg
quarterly or 225 mg monthly, galcanezumab 120 mg monthly, and erenumab 70 mg or 140 mg every four weeks were strongly recommended
(53). These treatments show responder rates, defined as a >50% reduction in monthly migraine days, range from 30-62% versus 17-38%
with placebo. They are well tolerated, with injection-site reactions and constipation being the most common adverse effects. Anti-CGRP
antibodies should be used cautiously in patients with cardiovascular or cerebrovascular disease and are not recommended during pregnancy
or breastfeeding. Treatment response is usually assessed at 4—12 weeks; non-responders may try another agent. Anti-CGRP therapies offer a
relatively rapid onset of benefit (often within the first month) and simplicity of monthly dosing, but their high cost can limit accessibility
(36).

8.1.2. Topiramate

Topiramate is an antiepileptic that blocks voltage-dependent sodium channels, enhances GABAergic activity, and inhibits excitatory
glutamatergic transmission. It has comparable efficacy to propranolol and is recommended as a first-line option for episodic and chronic
migraine. Typical doses are 50200 mg/day, titrated gradually to minimize adverse effects such as paresthesias, cognitive slowing, and weight
loss. Topiramate is contraindicated in pregnancy due to the risk of fetal malformations and in patients with a history of kidney stones or
glaucoma. The 2025 guideline categorizes oral topiramate 100 and 200 mg as strongly recommended and lower doses (50 mg) as weakly
recommended for episodic migraine (53).

8.1.3. OnabotulinumtoxinA

Botulinum toxin type A is approved for the prevention of chronic migraine. It is injected into 31 sites across the head and neck muscles every
12 weeks. OnabotulinumtoxinA reduces monthly migraine days by about two more days compared with placebo, and it is particularly
beneficial in patients with medication-overuse headache. It is not effective for episodic migraine. Adverse effects include injection-site pain,
neck stiffness, and muscle weakness. The 2025 guideline issued a strong recommendation for onabotulinumtoxinA in chronic migraine (53).
8.2. Other oral preventive medications

8.2.1. Beta-blockers

Propranolol is among the most widely used beta-blockers and is an effective first-line agent. Metoprolol and atenolol are alternatives,
particularly for patients with comorbid hypertension or anxiety. Common adverse effects include fatigue, dizziness, and potential worsening
of depression; contraindicated in patients with asthma and severe bradyarrhythmia. The 2025 guideline gives a weak recommendation for

propranolol (160 mg/day oral) in episodic migraine prevention (53).
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8.2.2. Antiepileptic drugs

Topiramate is among the most effective preventive therapies for migraine and is supported by strong evidence, but its use is limited by
safety concerns. Besides topiramate, valproic acid (divalproex) is also an established preventive agent with strong supporting evidence;
however, it is contraindicated in women of childbearing potential due to high teratogenic risk and generally avoided in patients with liver
disease. Lamotrigine has weaker evidence and is considered when first-line agents fail (54).

8.2.3. Antidepressants

Tricyclic antidepressants (TCA) such as amitriptyline (10-100 mg/day, titrated as tolerated) and nortriptyline provide benefit, particularly in
patients with comorbid depression or insomnia. Nortriptyline is frequently used as an alternative with fewer anticholinergic effects, although
evidence is less robust. Venlafaxine, a serotonin—norepinephrine reuptake inhibitor, is also probably effective with modest supporting
evidence, particularly for patients with comorbid depression or anxiety. Antidepressants are commonly used as migraine preventives.
Amitriptyline has the best evidence for use in migraine prevention. Common adverse effects of TCAs include weight gain, dry mouth,
constipation, sedation, and possible QT prolongation, while venlafaxine may cause nausea, insomnia, or elevated blood pressure (53, 55).
8.2.4. Memantine and other agents

Memantine, an NMDA receptor antagonist considered when conventional preventives fail, has limited evidence but is included in the 2023
VA/DoD guideline as an option for episodic migraine (56). Riboflavin (vitamin B2), magnesium, and coenzyme Q10 combination (57).

8.3. Non-pharmacological preventive strategies

8.3.1. Lifestyle modifications

Regular sleep, consistent meals, adequate hydration, moderate and consistent caffeine intake (avoiding both excess and withdrawal), and
avoidance of identified triggers form the foundation of migraine prevention. Aerobic exercise, such as brisk walking or cycling, three times
per week, significantly reduces headache frequency and intensity, likely through endorphin release and improved vascular health (58, 59).
Relaxation techniques, mindfulness, cognitive behavioral therapy, and biofeedback improve coping and may reduce migraine frequency.
Patients should maintain a headache diary to correlate attacks with sleep patterns, stress, and dietary factors (60, 61). Weight reduction may
benefit obese patients. Smoking cessation and limiting alcohol intake are advisable (62).

8.3.2. Neuromodulation devices

Several devices are available to help identify patterns and triggers. Transcutaneous supraorbital nerve stimulation (Cefaly) is FDA-cleared
for both acute treatment and daily preventive use, with evidence of modest but clinically meaningful benefit. Single-pulse transcranial
magnetic stimulation has demonstrated efficacy in reducing migraine days and is approved for both acute and preventive treatment of
migraine with aura. Non-invasive vagus nerve stimulators provide modest benefit in acute and preventive therapy. Occipital nerve blocks or
implantable neurostimulation may be considered for refractory chronic migraine under specialist supervision (63, 64). Evidence remains

limited, and these interventions are typically reserved for patients who fail conventional treatments.
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9. Conclusion

Migraine is a common and disabling brain disorder with complex genetic, hormonal, and environmental determinants. Understanding the
pathophysiological underpinnings — from cortical spreading depression to trigeminovascular activation and neuropeptide release — has led to
targeted therapies such as triptans, ditans, gepants, and anti-CGRP monoclonal antibodies. Evidence-based guidelines emphasize
individualized care: simple analgesics and NSAIDs for mild attacks, triptans or gepants for moderate to severe attacks, and avoidance of
opioids. Preventive therapy should be offered when attacks are frequent, severe, or disabling. Anti-CGRP antibodies, and atogepant represent
major advances, with onabotulinumtoxinA for chronic migraine and traditional agents such as topiramate, beta-blockers, valproate, and
antidepressants remaining valuable. Non-pharmacological strategies — trigger avoidance, lifestyle modifications, behavioral therapy, and
neuromodulation — complement pharmacologic measures and empower patients. Because migraine disproportionately affects women and
those of lower socioeconomic status, patient education and equitable access to care are imperative. Ongoing research will refine our
understanding of migraine mechanisms and expand therapeutic options, offering hope for improved quality of life for the millions of people

worldwide living with migraine.
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