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ABSTRACT 

Severe headaches or migraines are a common neurological disorder that can significantly 

affect people's daily lives and is serious problem for individuals and society. A migraine is 

intense headache lasting 4-72 hours, typically localized on one side of the head and 

accompanied by nausea, sensitivity to light (phonophobia), sound (photophobia), and smell 

(osmophobia). The pathophysiology of migraines is complex and involves neurovascular and 

biochemicals mechanisms. Understanding the mechanisms that trigger the transition from a 

headache-free state to the headache phase is important to understand the underlying causes of 

migraine attacks and developing effective treatment methods. Caffeine can have both positive 

and negative influence on individuals suffering from migraine. It is use as adjuvant 

component in migraine treatment, but it can also act as a trigger for migraines. The 

therapeutic mechanisms of caffeine in migraine headaches are multidirectional and include: 

vascular effects, modulation of NO production, adenosine antagonism, potential interactions 

with the gut-brain axis and inhibition of leukotrienes and prostaglandins’ synthesis. On the 

other hand, the onset of migraine attack may be related to caffeine consumption or 

withdrawal. The purpose of this study is to review and systematize the available data about 

relation caffeine use to migraine. 

 

1. Introduction 

Severe headaches or migraines are a common neurological disorder that can significantly 

affect people's daily lives and is serious problem for individuals and society. According to 

Global Burden of Disease Study, headache disorders are second cause of years lived with 

disability [1]. A migraine  is intense headache lasting 4-72 hours typically localized on one 

side of the head and accompanied by nausea, sensitivity to light (photophobia), sound 

(phonophobia), and smell (osmophobia) [2]. Many factors that can trigger migraine attack 

have been identified and one of them is caffeine. On the other hand caffeine is used in 

treatment as addition to analgesics. The coincidence between headache onset, migraine 

treatment and caffeine has been the subject of researches for many years. It is still unclear 

how migraines and caffeine are related. The purpose of this study is to review and systematize 

the available data about relation caffeine use to migraine. 

 

2. Material and methods 

Based on sources available on the Internet, we reviewed the literature covering topics 

connected with the connection between migraine and caffeine. We used the keywords: 

,,migraine", "caffeine", "migraine treatment", "headache", "migraine triggers’’ in medical 

research databases such as PubMed, Cochrane and Google Scholar. We focused on full-text 

articles that covered issues related to subject of this review. Approximately 100 papers were 

selected for analysis, of which 45 were used to compile this review. 

Keywords: „Migraine”, „Caffeine”, ,,Migraine treatment’’. 
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3. Migraine 

According to the International Classification of Headache Disorders, 3rd edition migraine is 

characterized as a recurrent headache disorder, with attacks lasting between 4 and 72 hours. 

There are two major subtypes: migraine without aura and migraine with aura. A typical 

migraine headache is unilateral, pulsating and of moderate to severe intensity. Physical 

activity can intensify the pain. Additional symptoms include nausea, hypersensitivity for  

sensory stimulation (auditory, visual, olfactory) [3].  

 

3.1. Pathophysiology 

The pathophysiology of migraine is complex and involves neurovascular and biochemicals 

mechanisms. 

3.1.1. Neurovascular changes 

The trigeminovascular hypothesis of migraine was proposed in 1979 by Moskowitz et al. [4]. 

This theory suggests the potential role of released vasoactive neuropeptides from axonal 

projections of the trigeminal nerve. The action of these peptides leads to dilatation of blood 

vessels in the brain, resulting in pain and other symptoms [5]. 

3.1.2. Serotonin imbalance 

Serotonin is a neurotransmitter involved in regulating mood, sleep, and pain. Imbalances in 

serotonin levels are thought to be associated with the onset of migraines [6-7]. 

3.1.3. Calcitonin Gene-Related Peptide (CGRP) 

CGRP is a neuropeptide implicated in the dilation of blood vessels and the transmission of 

pain signals. Elevated levels of CGRP are observed during migraines [8].  

3.1.4. Inflammatory responses 

Neurogenic inflammatory processes may activate the development of migraine attack. The 

release of inflammatory substances can cause cascade of inflammation and provides to 

dilation of blood vessels, capillary leakage resulting in plasma extravasation, edema and mast 

cell degranulation. All these mechanisms may sensitize nerves and contribute to the pain 

experience [9].  

3.1.5. Genetic factors 

Certain genetic factors may influence an individual's predisposition to migraines. Mutations in 

genes related to ion channels, neurotransmitters, and vascular function have been associated 

with migraines [10]. 

 

3.2. Migraine attack phases 

3.2.1. Prodromal phase  

This phase occur 2-48 hours before the headache and present symptoms such as 

tiredness, mood change, yawning, sensitivity to light, noise, and smells. Patients 

can recognize these symptoms and predict the headache's onset. 

3.2.2. Migraine aura 

Transient neurological symptoms occur just before the actual headache starts and 

are observed in patients with migraine with aura. 

3.2.3. Headache phase 

An intense headache occurs. It is typically localized with additional symptoms, 

which were mentioned above 
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3.2.4. Postdrome phase 

The phase follows the resolution of the headache. It characterized by fatigue and 

difficulty concentrating [11-12]. 

 

3.3. Migraine triggers 

The most frequent reported triggers of migraine attacks include stress, lack of sleep [13], and 

exposure to bright light. Hormonal changes, especially in women, can trigger migraines. 

Fluctuations in estrogen levels, such as those occurring during the menstrual cycle, pregnancy, 

or menopause may play a significant role [14]. Alcohol consumption is indicated as one of 

possible cause of migraine occurrence [15]. Dietary habits can be reason for appearance of 

headaches. Food such as cheese, citrus fruit, chocolate, and also caffeine are listed as possible 

triggers [16-18]. Understanding the mechanisms that trigger the transition from a headache-

free state to the headache phase is important to understand the underlying causes of migraine 

attacks and developing effective treatment methods [2]. 

 

3.4. Treatment 

Acute migraine attack can be stopped using medication or nonpharmacological methods. 

Pharmacological treatment of acute episode of migraine includes non-steroidal anti-

inflammatory drugs (NSAIDs), acetaminophen, agonists or serotonin 5-HT receptors 

(triptans), calcitonin gene-related protein (CGRP) inhibitors, opioids, antiemetics, 

dihydroergotamine. These medications can be used in monotherapy or in combination, 

showing varying levels of effectiveness and associated risks [19]. The top three 

nonpharmacological treatment methods are hydration, beverages with caffeine and relaxation 

methods [20]. Hoy et al. observed that using caffeine itself in migraine treatment was 

effective and generally well-tolerated [21]. 

 

4. Caffeine  

Caffeine is a methylxanthine that non-selectively antagonizes adenosine receptors [22]. 

 

4.1. Mechanism of action 

After binding to adenosine receptors on the cell surface, caffeine induces cortical 

hyperexcitability and maintains stimulation of brain cells [23]. It is characterized by anti-

oxidant, anti-inflammatory, anticholinesterase properties. Caffeine has an energizing effect 

and plays o role in learning and memorizing with a beneficial influence on cognitive abilities 

in older people [24-25].   

 

4.2.  Pharmacokinetics 

After consumption, caffeine appears in the blood within minutes. The plasma concentration 

peak of caffeine after oral intake is reported to occur at times ranging from 30 to 120 min 

[26]. Caffeine metabolism is depended on the CYP1A2 isoform of cytochrome P450. 

Polymorphism of this isoform explains pharmacokinetic differences among people. Other 

factors that can affect metabolism of caffeine include age, gender, nutritional status, liver 

condition, hormones and diet [27]. 
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4.3. Caffeine sources 

Caffeine is commonly used legal, psychoactive drug worldwide. It is widely used as food 

ingredient and can be found in coffee, tea, soda, various types of nuts, sweets and energy 

drinks. Many people start their day with cup of coffee. Caffeine is also used as an adjuvant 

treatment and some over-the-counter (OTC) medications contains it as co-analgetic 

component [16, 28]. Combination of caffeine and commonly used analgesics (acetaminophen, 

ibuprofen, acetylsalicylic acid) is more effective in reducing pain than analgesics in 

monotherapy [29]. In combination with acetaminophen or aspirin, caffeine reduces the 

amount of analgesic needed to achieve the same effect by around 40% [16]. 

 

4.4. Negative effects 

As adverse events caffeine can cause abdominal discomfort, nausea, nervousness, dizziness 

and worsening sleep quality. The maximum daily dose of caffeine is 400mg (around 4-5 cups 

of coffee) or a single dose of 200mg. Caffeine overdose can provide supraventricular and 

ventricular arrhythmias [24]. 

 

5. Caffeine in migraine treatment 

The therapeutic mechanisms of caffeine in migraine headaches are multidirectional and 

include: vascular effects, modulation of NO production, adenosine antagonism, potential 

interactions with the gut-brain axis and inhibition of leukotrienes and prostaglandins’ 

synthesis. 

 

5.1. Vascular effects 

The impact of caffeine on blood flow and arteries is still debated. Caffeine can pass the blood-

brain barrier and act as a vasoconstrictor in the cerebral vascular system [30]. Studies using 

various methods, including transcranial Doppler, functional MRI and perfusion magnetic 

resonance imaging, have shown region-specific effects of caffeine on blood flow. Caffeine 

may increase blood flow speed through vasoconstriction, and its effects on arteries could be 

region-dependent [31]. Caffeine cause either vasoconstriction or vasodilation depending on 

binding strength and dose. While caffeine generally induces vasodilation, it can raise 

cerebrovascular resistance and reduce cerebral blood flow in the central nervous system [32].  

 

5.2. Modulation of NO production 

Caffeine's impact on nitric oxide (NO) production is another possible mechanism. Caffeine, 

by inhibiting phosphodiesterases, may modify NO production. As NO levels increase during a 

migraine attack, and NO synthase inhibitors are effective in migraine treatment, caffeine's 

ability to inhibit NO synthase production could potentially decrease the frequency of migraine 

attacks. On the other hand, some studies show increasing NO production after caffeine intake 

[33-34].  

 

5.3. Adenosine receptors inhibition 

There were observed some connections between adenosine and migraine attacks. 

5.3.1. Elevated adenosine plasma levels during migraine attacks [35].  

5.3.2. Migraine attacks after exogenous adenosine intake [36]. 
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5.3.3. Increase of frequency of migraine attacks caused by dipyridamole, an 

adenosine uptake inhibitor [37]. 

5.3.4. More frequent occurrence migraine with aura in individuals with an adenosine 

gene haplotype [10]. 

Adenosine receptor antagonists may be useful in the treatment of migraine. Caffeine, a non-

selective adenosine receptor antagonist, is already present in several over-the-counter anti-

headache medications. The antimigraine potential of selective adenosine A2A receptor 

antagonists would be particularly relevant in those patients whose adenosine plasma levels are 

markedly increased during a migraine attack [38-39].  

 

5.4. The gut-brain axis interactions 

Regular coffee consumption has influence on intestinal microbiota groups. The connection 

between migraines and the gut-brain axis provides another potential mechanism by which 

caffeine may influence migraines. [40] 

 

5.5. Inhibition of leukotrienes and prostaglandins’ synthesis  

Caffeine can develop an analgesic effect by its ability to inhibit the synthesis of leukotrienes 

and prostaglandins. It can be consequence of two potential mechanisms which are receptor 

antagonism and a multi-site effect on eicosanoid pathways [41]. 

 

6. Caffeine as headache trigger 

Contrary to concepts presented above, there are theories about potential role of caffeine as a 

trigger factor. Aladdin et al. conducted a study that revealed the migraine-triggering potential 

of caffeine [42]. The onset of migraine attack may be related to caffeine consumption or 

withdrawal. 

 

6.1. Caffeine consumption  

Caffeine can induce acute diuresis, which may lead to dehydration. Dehydration is also 

considered a possible cause of migraine attack [23]. Intensified diuresis can increase urinary 

loss of magnesium and lead to neuromuscular conduction disorders [16]. Shirlow et al. 

reported in their study that an increase in number of headache occurrences was related to the 

caffeine intake [43]. Also Zhang et al. conducted study showing that higher caffeine intake is 

positively associated with onset of migraines [23]. 

 

6.2. Caffeine withdrawal 

There is a potential relation between caffeine withdrawal and migraine symptoms. The 

prodromal phase of migraines shares symptoms such as yawning, increased emotionality, 

concentration difficulties, fatigue, phonophobia, and nausea with caffeine withdrawal 

syndrome [44]. It suggests overlapping pathophysiological pathways between these two 

conditions. Caffeine withdrawal can induce headaches by itself, and individuals with a history 

of frequent headaches, including migraines, may be at an increased risk [45].  
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7. Summary 

Migraine is one of the most quality-of-life-worsening disease. Despite knowledge about the 

connection between caffeine and migraine, the influence of caffeine on headaches remains 

unclear. Caffeine can have both positive and negative influence on individuals suffering from 

migraines. It is used as adjuvant component in migraine treatment, however, on the other hand 

it can act as a trigger for migraines. Migraine management should be highly individualized. It 

is advisable for individuals experiencing migraines to consult with healthcare professionals 

who can provide personalized advice based on their medical history and specific triggers. 

There is need for more clinical trials to fully understand mechanisms of caffeine’s action, its 

role in migraine headaches, risk factors leading to migraine attacks, and to find safe and 

effective treatment methods.  
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