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ABSTRACT

Introduction: Migraine is a chronic disorder with which caffeine has been associated for many years. It acts as both a trigger
and an alleviating factor. Caffeine consumption has a significant effect on the nervous system. Through its mechanism of
action, it can trigger headaches, especially migraines. Both overuse and sudden withdrawal of caffeine can trigger migraine
attacks, but can also be the cause of chronic migraine. People who suffer from migraines are advised to control their daily
caffeine intake in order to avoid the symptoms associated with caffeine consumption. Caffeine has positive effects, boosting
cognitive function, alertness, physical performance and endurance. Through its neuroprotective effects, it reduces the risk ot
Alzheimer's disease and Parkinson's disease.

Aim of the study: The aim of this review is to summarise the existing knowledge on the effects of caffeine as an inducer ot
migraine headache, non-migraine headache, its role in withdrawal syndrome and its potential use in the treatment of various
forms of headache.

Material and methods: Our research method involved searching publicly accessible online databases of academic articles,
such as PubMed, Google Scholar, and others. The research team used the keyword “migraine” in combination with various
terms, including “caffeine consumption”, “treatment”, “prevention”, “caffeine intake” and “caffeine withdrawal”. The
collected data were then manually analyzed.

Results and Conclusions: Caffeine has a dual role in migraine, acting both as a potential trigger and as an effective adjunct
in treatment. Its impact on adenosine receptors explains both analgesic and pain-inducing effects. Controlled use can support
acute migraine therapy, especially with analgesics, while awareness of withdrawal risks and individual tolerance is crucial
to precluding headaches.

KEYWORDS
Headache, Caffeine, Migraine, Caffeine Withdrawal

e-ISSN: 2544-9435 1



4(48) (2025): International Journal of Innovative Technologies in Social Science

CITATION

Adrianna Swierzynska, Natalia Jankowska, Natalia Pawelec, Weronika Mazur, Artur Hawajski, Katarzyna Naja, Tomasz Puszkiel.
(2025) The Role of Caffeine in Headache Induction, Treatment and Prevention — A Literature Review. International Journal of
Innovative Technologies in Social Science. 4(48). doi: 10.31435/ijitss.4(48).2025.4177

COPYRIGHT

© The author(s) 2025. This article is published as open access under the Creative Commons Attribution 4.0
International License (CC BY 4.0), allowing the author to retain copyright. The CC BY 4.0 License permits the content
to be copied, adapted, displayed, distributed, republished, or reused for any purpose, including adaptation and commercial
use, as long as proper attribution is provided.

Introduction

Migraine is the third most common neurological disorder in the world, affecting more than one billion
people. It manifests as recurrent attacks of severe headache associated with somatosensory and motor
disturbances. It is often accompanied by nausea and vomiting, photophobia, and hypersensitivity to sound [1,2].
Migraines may occur with or without an aura. The former is characterized by headache attacks lasting from 4
to 72 hours. During a migraine attack, neuropathic pain (allodynia) and cranial autonomic symptoms may
occur [3]. Migraine without aura accounts for 75% of migraine cases [4]. In migraine with aura, symptoms
such as sensory, visual and speech disturbances appear before the headache. The attack often lasts several
minutes [3,4]. The postdromal phase, which occurs after the headache has subsided, is mainly characterized
by poor concentration and general fatigue [5]. Migraine pain in adults is usually unilateral in the frontotemporal
region, whereas in children and adolescents it tends to be bilateral [3]. Chronic migraine is a condition in which
headache occurs on at least 15 days per month for more than 3 months. At least 8 of these days have migraine-
specific symptoms [4]. The mechanisms responsible for the development of migraine are complex. Both
genetic and environmental factors influence the onset of the disease. The activation of the trigeminovascular
system is believed to play a major role in the development of migraine pain via circulating pro-inflammatory
substances and oxidative stress [1].

Pathophysiology and treatment of migraine

Adenosine is a vasoactive amine that is produced by adenosine monophosphate (AMP) or S-
adenosylhomocysteine (SAH). It has a role in physiological processes such as respiration, metabolism,
inflammation and pain. It binds to A1, A2A, A2B and A3 receptors, exerting specific functions in the body.
A1l and A3 receptors are present in the trigeminal system. The combination of adenosine with A1 and A3
receptors reduces nerve activity and inhibits this system, exerting an analgesic effect. A2A and A2B receptors
are present in blood vessel cells and nerves. Stimulation of them causes vasodilation in the meninges, resulting
in activation of the trigeminal vascular system, which contributes to causing pain [6].

Emergency treatment of episodic migraine includes drug groups such as triptans, nonsteroidal anti-
inflammatory drugs, calcitonin gene-related peptide receptor antagonists, lasmiditan (5-HT receptor agonist),
dihydroergotamine, ergotamine with caffeine, acetaminophen, antiemetics, butorphanol and tramadol in
combination with acetaminophen [7]. The choice of the appropriate drug is based on its availability and side
effect profile. For mild to moderate migraine, the first-line drugs used are non-steroidal anti-inflammatory
drugs. If the course of migraine is moderate or severe, triptans are chosen as the first choice, and the decision
of which specific type to choose is determined individually depending on the needs of the patient. Attention is
paid to the route of administration, pharmacokinetics and cost of treatment. Parenteral dihydroergotamine,
opioids, magnesium sulfate, valproate are given for refractory migraine. They should be administered with
caution, as they can cause more side effects, as well as lead to addiction due to their abuse [8]. The above
treatments used have been associated with improvements in pain and function [7]. The patient must understand
the treatment strategy and start therapy early in the onset of a migraine attack [8].. In addition to drug therapy,
migraine treatment includes lifestyle modifications, environmental factors, and dietary changes. The
appearance of a headache after the onset of a particular factor depends on the amount of the factor and the time
of exposure [1]. Short-term exposure to a headache-triggering stimulus is thought to increase the sensitivity of
the nervous system, leading to a faster and stronger pain response. In contrast, chronic exposure decreases
sensitivity due to the activation of adaptive mechanisms. Triggers for migraine attacks include stress, lack of
sleep, fatigue, auditory, olfactory, visual, bright light, alcohol and weather factors [1, 5]. During a night's sleep,
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the likelihood of a sudden migraine attack is relatively low, while it increases after a sleepless night. A
correlation of mutations in the casein kinase 18 gene has been discovered to cause both sleep problems and
also be a cause of migraine onset [9]. Foods are considered triggers when the headache occurred more than
50% of the time within one day of exposure to the ingredient. Such triggers include citrus fruits, chocolate,
caffeine, ice cream, nuts, onions, tomatoes, alcoholic beverages, coffee, monosodium glutamate,
phenylethylamines, nitrites, aspartame, sucralose and gluten [1].

Caffeine is one substance that is associated with migraine. It is considered both a trigger and a
therapeutic agent [2].

Mechanism of Action and Physiological Effects of Caffeine

Caffeine is a purine alkaloid, one of the most widely consumed psychostimulants in the world, extracted
from coffee beans, tea and some cocoa beans. It has gained its popularity due to its positive effects on cognitive
function, alertness, physical capacity and endurance [10,11]. More and more is known about its beneficial
effects on chronic diseases such as type II diabetes, cardiovascular disease, cancer risk reduction and
neurodegenerative diseases [1]. Caffeine is a non-selective and competitive antagonist of adenosine A1, A2A,
A2B and A3 receptors. Since adenosine receptors are found throughout the body, caffeine has a systemic effect
and can penetrate the blood-brain barrier [10]. This action on the latter receptor is responsible for influencing
wakefulness and causing vasodilation by stimulating the vascular endothelium to release nitric oxide [10,12].
On the other hand, the vasodilatory effect is counteracted by increased sympathetic tone, since at the same
time caffeine, through antagonism of the A1 receptor, produces an inotropic and positive chronotropic effect
and increases the release of catecholamines. As a final result of the complexity of the mechanisms by which
caffeine affects the vasculature, the response to it is individual [10]. By inhibiting adenosine activity, there is
an increased concentration of dopamine in mesocorticolimbic structures, which are responsible for cognitive
and executive functions, among other things. As a result of modulation of dopaminergic pathways, caffeine
exhibits neuroprotective effects, thereby reducing the risk of Alzheimer's disease and Parkinson's disease
[1,11]. Coffee is ranked among the most preferred products that contain caffeine. It has been shown that young
people's coffee consumption has increased significantly over the past decades, with the main reason for
drinking coffee being increased efficiency. Consumers were mostly young, unmarried men, with poor sleep
hygiene (sleep lasted about 3-5 hours) and smokers [13]. It should be borne in mind that hypersensitivity to
caffeine can lead to neurotoxicity. Its stimulant effects can cause deterioration of sleep quality, prolonging
sleep latency, eventually leading to nocturnal insomnia. In addition to the fatigue and cognitive impairment
that occurs, one can see increased susceptibility to stress and preparation of the body for a state of escape.
Consumption of large doses of caffeine can trigger seizures and panic attacks [11].

Effects of caffeine on cerebral blood flow

Some purine alkaloids, especially methylxanthines, cause vasodilation of blood vessels, the exception being
the effect of caffeine in the central nervous system, where it increases cerebrovascular resistance and reduces
cerebral blood flow [12]. Other studies have found that caffeine consumption of 2 to 4 cups of coffee reduces
cerebral blood flow by 22 to 30%, but has no effect on cerebral vascular velocity [14]. There are studies that
conclude that caffeine both improves and impairs vascular endothelial function striking a balance between
vasodilation and vasoconstriction. Higashi found the so-called “coffee paradox,” according to which caffeine causes
endothelium-dependent vasodilation but does not cause endothelium-independent dilation, imposing the conclusion
that it does not affect vascular smooth muscle function [15]. A study by Gaspar et al. using transcranial Doppler
ultrasound of the middle cerebral artery (VMCA) found that after caffeine administration, there was a decrease in
flow velocity in all VMCAs and consequently cerebral vasodilation [14].

Caffeine withdrawal headache

Caffeine withdrawal headache has been classified as a separate diagnostic entity by the International
Classification of Head Disorders (ICHD-3) [5]. The prevalence is estimated to be between 10% and 55% in
the general population of caffeine consumers [16]. The symptoms of the prodromal or warning phase of
migraine are similar to those of caffeine withdrawal. These include drowsiness, mood swings, nausea,
difficulty concentrating, and muscle stiffness. However, the main symptom of migraine like sensory
hypersensitivity is not present in caffeine withdrawal syndrome. The overlap of symptoms may be due to the
fact that caffeine withdrawal is a trigger for a migraine attack [9]. Sudden caffeine withdrawal causes
withdrawal symptoms to appear in a minority of patients. They are usually moderate and transient. With regular
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use of caffeine, some subjective effects become less noticeable and tolerance is produced. In contrast, some
withdrawal symptoms, especially those related to the central nervous system, are not subject to full tolerance
[17]. Tt is also worth considering the differences in the perception of side effects between the sexes, with
women having more than three times the incidence of side effects than men, and the most commonly reported
symptoms being increased nervousness and anxiety. One potential factor contributing to these differences may
be the different fat-free mass content between the sexes, which tends to be lower in women [18].

Diagnostic criteria for caffeine withdrawal syndrome include prolonged daily consumption of caffeine,
sudden cessation or reduction of caffeine, the appearance of characteristic symptoms, impairment in social and
occupational functioning, and the inability to explain such a condition with other psychiatric disorders [5].
Caffeine withdrawal studies provide evidence of a number of symptoms, i.e. headache, fatigue, reduced energy,
lowered mood, reluctance to socialize, difficulty concentrating, irritability and flu-like somatic symptoms [19].
The 4th edition of the DSM-IV Diagnostic and Statistical Manual of Mental Disorders does not include a
category related to dependence and abuse of caffeinated substances. For a diagnosis of psychoactive substance
dependence, three out of seven criteria must be met, i.e. tolerance; withdrawal symptoms; taking the substance
in large quantities, over an extended period of time; ineffective attempts to reduce consumption of the
substance; spending a large amount of time acquiring, using or recovering from the effects of the substance;
reduced social and occupational functioning; and continued consumption of the substance despite knowledge
of its negative mental and physical effects. Broderick and Benjamin present a model by which caffeine-induced
mental disorders could be prevented. They propose that a patient with caffeine-induced symptoms should be
recognized at the outset. They stress that educating the patient about the sources of caffeine and its effects is
also a very important step. They suggest that manufacturers of products containing large amounts of caffeine
should mark accurate information about the content of this substance in the product, the safe dose to consume,
warn children to avoid such products and also mark that large amounts of caffeine and long-term use are
dangerous to health [20]. The semilateral nucleus accumbens is a key component of the reward system,
responsible for the release of dopamine in reaction to classic addictive substances. In the case of caffeine, its
daily intake does not result in increased dopamine release in the hemifrontal nucleus. Instead, an increase in
dopamine levels in the prefrontal cortex is observed, suggesting that caffeine exhibits reinforcing properties,
albeit by a different mechanism than typical substances of abuse. Additionally, in large doses, caffeine
increases glucose consumption in the shell of the nucleus accumbens. Such large amounts of caffeine affect
most brain structures and reflect adverse symptoms, but these do not occur with daily caffeine consumption.
Although caffeine shares some characteristics with addictive substances, i.e. amphetamine or cocaine it does
not act on those areas of the brain that are responsible for feeling reward, motivation and the development of
addiction [17]. Long-term use of caffeine leads to up-regulation of adenosine receptors and an increase in
plasma adenosine concentrations, causing vasodilation and accelerating the onset of migraine headaches.
Caffeine withdrawal pain occurs within 24 hours with regular caffeine consumption in excess of 200 mg/day
and subsides within 2 weeks after caffeine cessation [5, 9]. Other sources indicate that it lasts from 2 to 3 days
after discontinuation [21]. Withdrawal symptoms subside for up to 9 days and peak on the first and second
days. Non-daily coffee drinkers experienced fewer withdrawal effects compared to those who drink coffee
daily. Cessation of coffee drinking and the discomforts that come with it can lead to impaired daily functioning.
Excessive fatigue is felt and performance is significantly impaired, affecting activities such as driving,
concentrating and studying [19]. The mechanism of headache after caffeine withdrawal is probably a rebound
effect. Caffeine has a vasoconstrictive effect. Regular consumption of it causes the body to become accustomed
to its effects. When this substance is discontinued, blood vessels dilate, resulting in increased blood flow and
the onset of headaches [5]. People with a history of frequent headaches, especially migraine headaches, are
more likely to develop a headache when they stop consuming caffeine. It is pulsatile in nature, moderate to
severe, worsens with exertion and can last for 2-3 days. The coexistence of depression and anxiety has also
been proven in people who have experienced such pain. Although the headache after caffeine withdrawal is
described as non-migraine, its characteristics are similar to migraine [5]. It has been argued in the literature
that, in patients who regularly consume caffeine, caffeine withdrawal before surgery may contribute to
headaches in the postoperative period, prompting some researchers to consider preventive actions in this regard.
According to the Enhanced Recovery After Surgery (ERAS) fasting guidelines, in the preoperative period it is
recommended to consume up to 800 ml of a carbohydrate-rich beverage and it is acceptable to take up to 400
ml of clear liquid - including black coffee (without added milk or cream) no later than two hours before surgery.
While the introduction of the above recommendations may help to prevent caffeine withdrawal symptoms,
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further research is needed on the validity of preventive use and caffeine supplementation in the postoperative
period [22].

Caffeine restriction can be a challenge for people who experience unpleasant discomfort. Often repeated
attempts to reduce or stop caffeine intake prove unsuccessful. The recommendation was to reduce the
substance in a gradual manner over a period of 4 to 6 weeks. The goal was to avoid and reduce withdrawal
symptoms [16]. Current guidelines recommend swapping coffee or tea for water and sticking to a set specific
amount that can be consumed. Behavior change techniques were introduced, which consist of creating a
comprehensive classification system of behavior change strategies and methods for dealing with the harms and
symptoms of caffeine withdrawal. The classification used involved an extensive dataset that would reflect
people's actual experiences. The results obtained can help create effective interventions by indicating why and
how to support caffeine-restrictors, increasing their proficiency and self-efficacy [16].

The role of caffeine as a trigger for migraines and its importance in treatment

Caffeine has an ambivalent role in the context of migraine headache - on the one hand, it can be used
therapeutically, while on the other hand, it can be a trigger for an attack. According to some studies, it is
responsible for the induction of migraine in 6.3% to 14.5% of incidents [12]. A cohort study published by
Maggie R. Mittleman et al. involved 101 adults with confirmed episodic migraine who were asked to record
headache diaries for six weeks. The researchers analysed the link between the occurrence of migraine attacks,
their duration, intensity, and habitual consumption of caffeinated beverages and found no association between
the two [23]. Another prospective cohort study found that the consumption of one to two servings of
caffeinated beverages does not significantly affect the risk of migraine on any given day, while consumption
of three or more servings may increase the likelihood of a headache [24]. Similar conclusions are drawn in
other studies, with no significant differences found between headaches in patients with migraine or non-
migraine headaches who consumed caffeine. However, it was noted that stress and depression levels decreased
in migraine patients as caffeine consumption increased [25]. Adjusting caffeine consumption may play an
important role in both seizure prevention and migraine treatment, as well as increasing the effectiveness of
migraine therapy. Consumption of high amounts of caffeine, >500 mg per day, has been shown to reduce the
incidence of headaches in patients with chronic headaches (>14 days per month) to less than seven days,
classifying them as intermittent headaches, which may be related to the analgesic properties of caffeine. At the
same time, among the remaining participants, high caffeine consumption increased the frequency of sporadic
headaches [26]. Importantly, giving up caffeine consumption is characterised by a better response to treatment
of acute migraine attacks with triptans [27]. Some studies indicate that caffeine may have an important role as
an adjunct in the analgesic treatment of migraine and tension-type headache, especially when combined with
OTC drugs such as paracetamol, ibuprofen or acetylsalicylic acid. Doses of caffeine >100mg or 130mg
increase the benefits and efficacy of treatment in migraine and paroxysmal headache, respectively, and are
well tolerated, but caution should be taken to ensure that patients do not overuse this type of medication, as
they risk developing medication overuse headache [28]. The mechanism by which caffeine potentiates the
analgesic effect has not yet been elucidated. However, several hypotheses have been put forward in the
scientific literature to explain this phenomenon. One hypothesis is that caffeine, by increasing blood flow
through the gastric mucosa, may enhance the absorption of paracetamol from the gastrointestinal tract,
resulting in a more rapid achievement of its effective concentration in the central nervous system compared to
monotherapy [29]. In addition, caffeine increases the production of cyclic AMP, which accelerates and
enhances the absorption process in the stomach [30]. Another hypothesis suggests that caffeine directly affects
the pharmacokinetics of paracetamol, increasing the maximum drug concentration, clearance and AUCo-t (total
exposure of the body to the drug over time). This effect may be due to the competitive effect of caffeine on
adenosine receptors, which indirectly affects the metabolism and distribution of paracetamol [29]. Caffeine
may also have a role in interrupting migraine attacks - a pilot study in 2014 showed that intravenous caffeine
citrate 60 mg was a well-tolerated and safe treatment for acute migraine attacks [31].
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Conclusions

Caffeine has an ambivalent role in the context of migraine and other non-migraine headaches. It can be
both a trigger for a headache attack and an effective adjunct to their treatment. Caffeine acts on the central
nervous system through adenosine receptor antagonism, which affects the cerebral vasculature and increases
dopamine release in mesocorticolimbic structures. This explains both its analgesic and potentially pain-
triggering effects. At the same time, neurotransmitter modulation improves cognitive function and shows
neuroprotective effects. Withdrawal symptoms after abrupt cessation of caffeine intake have clinical
similarities to migraine symptoms, but are not the same. Caffeine withdrawal can be a potent trigger of
migraine in predisposed individuals. Both excessive and sudden reduction in caffeine intake can lead to the
onset or worsening of migraines. Individual tolerance and the establishment of a safe, moderate daily dose is
important. In controlled amounts, caffeine can assist in the treatment of acute migraine attacks, especially when
combined with analgesics. Awareness of the potential effects of caffeine, its presence in foods and the possible
consequences of withdrawal is crucial in the prevention of headaches and in the rational use of caffeine in
migraine therapy.
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