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Abstract
Migraine is increasingly understood as a disorder of brain network dysfunction, where attack-related cognitive symptoms

(attention deficits, slowed processing speed and executive dysfunction) can be as disabling as pain and may persist into

the interictal period. Such symptoms are associated with functional and structural changes across the migraine cycle, involv-

ing the prefrontal cortex, thalamus, hypothalamus, hippocampus and cerebellum. Interictal deficits in working memory,

visuospatial processing, verbal fluency and executive function are also documented. Rodent models show impairments in

learning and memory, while humans studies suggest that cortical hyperresponsiveness and deficient sensory habituation con-

tribute to altered attentional processing, reflecting thalamocortical dysfunction and abnormal synaptic plasticity as underlying

mechanisms. Cognitive performance is modulated by disease severity, chronification, hormonal fluctuations, psychiatric

comorbidities, sleep disturbances and medication use. Anxiety, depression and sleep disorders negatively affect working

memory, executive function and attention, while medication overuse further impairs visuospatial skills and orientation.

Dementia risk appears heightened in migraine patients with frequent and severe attacks, as clinic-based studies consistently

report cognitive deficits in this cohorts, unlike population-based studies. While longitudinal cohorts find no increased

dementia risk, meta-analyses suggest a modest risk elevation. Differences are likely due to methodological differences in cog-

nitive testing and diagnostic approaches. Cognitive dysfunction in migraine is multidimensional, involving intrinsic neuronal

mechanism and external modulators, supporting the need for rational management strategies and treatment interventions.
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Introduction to cognitive dysfunction in
migraine
Migraine is one of the most common chronic pain disorders
affecting 5–20% of the population (1). Attack-related
cognitive dysfunction ranks second only to pain in contrib-
uting to disability (2). Cognitive dysfunction in migraine is
dynamic, peaking ictally but often persisting interictally.
While attack-related cognitive dysfunction seems to be
reversible and related to functional brain changes occurring
during the attacks, interictal cognitive dysfunction seems to
be persistent and influenced by attack frequency and disease
complexity (3).

Whether the recurrence of cognitive symptoms or their
underlying mechanisms contribute to long-term cognitive

impairment or dementia risk remains debatable (4).
Although there are studies (3,5–11) associating migraine
with dementia, others found no evidence to consider
migraine as a risk nor as a protective factor for cognitive
decline (3,12,13).
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Children and adolescents with migraine face a higher
risk of poor school performance, linked to the frequency
and intensity of pain. This might not only be due to pain-
related absenteeism, but also due to cognitive factors. A
recent systematic review of interictal neuropsychological
profiles in children shows deficits in verbal skills,
memory, attention and processing speed. Non-verbal IQ is
generally intact, but subclinical verbal impairments, espe-
cially in comprehension and semantic fluency, were identi-
fied. Visuospatial and verbal memory is also affected,
including encoding, consolidation and recall. Processing
speed is slower, with altered reaction times and impaired
auditory selective attention. Data on visuomotor and visuo-
spatial skills remain limited and inconsistent (14). An early
study suggested that poorer verbal performance could relate
to in utero developmental factors potentially limiting later
academic success (15). This may be supported by findings
that early migraine age of onset increases the risk of cogni-
tive impairment (16) and that patients with familial hemi-
plegic migraine (FHM1, CACNA1A mutation) often
exhibit intellectual deficits (17).

Migraine may be perceived as a brain “connectopathy”,
with ongoing debate about whether observed structural and
functional dysconnectivity reflects an innate genetically
imprinted migraine trait or whether it results from plastic
remodeling induced by repeated attacks, in which case
could potentially be reversible with appropriate treatment
(18). As multiple cognitive networks seem to be involved,
their dysfunction could explain cognitive complaints in
migraine patients. However, the mechanisms driving
these symptoms are likely multifactorial, involving altered
nociceptive processing shaped by neuroanatomical,
genetic, biochemical and neurovascular factors, along
with cultural, psychological and pharmacological influ-
ences (4).

The study of cognitive function in migraine
The assessment of cognitive dysfunction in migraine is
complex, involving both preclinical and clinical methods,
each capturing different dimensions and levels of cognition.
Preclinical research uses rodent models to replicate
migraine-like states, either with electrical or chemical
stimulation of the dura mater, systemic administration of
nitroglycerin (NTG) or genetic strains mimicking FHM
(19). Behavioural assays to study cognition are applied to
these models, such as the Morris water maze for spatial
learning and memory, the Novel Object Recognition
(NOR) test for recognition memory and the Contextual
and Cued Fear Conditioning test for associative fear learn-
ing and memory (20). In FHM1 mice, impaired spatial
learning, recognition memory and contextual hippocampal
learning were documented (19,20). NTG models identified
learning and memory disruption using NOR and passive
avoidance tests (a form of fear conditioning), which was

suppressed by inhibiting the nitric oxide system (21).
Repeated dural chemical stimulation in mice impaired non-
spatial recognition memory and spatial memory retention,
while spatial learning remained intact. Interestingly,
pharmacological inhibition of the P2X7 receptor, an
ATP-gated ion channel that mediates cytokine release,
cell death and inflammasome activation, ameliorated cogni-
tive deficits, particularly restoring recognition memory,
suggesting that inflammation may be involved in
migraine-associated cognitive impairment (22). Although
these models are invaluable for identifying neurobiological
pathways and testing pharmacological interventions under
controlled conditions, the small number of animal studies
focusing on cognition in migraine and the inherent chal-
lenge in interpreting and translating behavioral alterations
in rodents as equivalents of human cognition limits the
interpretation of such findings (20).

Neurophysiological techniques can be applied in
humans offering high temporal resolution to investigate
longitudinally the rapid neural dynamics associated with
sensory and cognitive processing (23,24). Consistent differ-
ences in processing of visual, auditory and somatosensory
stimuli are documented in migraine even during headache-
free periods, characterized as a state of cortical hyperre-
sponsiveness or a lack of habituation to repeated stimuli
(24–27). Event-related potentials (ERP) studies focusing
on cognitive tasks revealed enhanced cognitive potentials
in migraineurs, particularly in paradigms related to atten-
tional processing (26). This suggests that the sensory pro-
cessing differences can impact higher-level cognitive
function, aligning with anecdotal reports from migraineurs
who feel overwhelmed by sensory input and experience dif-
ficulty ignoring background stimuli (24,28). Interestingly,
these responses can fluctuate or normalize along the
migraine cycle, depending on the time since the last
attack. Potential underlying mechanisms include abnormal
synaptic plasticity and thalamocortical dysfunction, which
have shown correlations with genetic polymorphisms, sug-
gesting their potential as endophenotypes for migraine vul-
nerability (24,29,30).

Neurophysiological methods also face limitations, such as
lower spatial resolution (31,32) and different studies have
shown inconsistent results, probably relating to migraine's
variability, differing methodologies and confounding
factors such as alertness, mood, sleep, time since last attack
and external triggers (24,27,32). While advanced analysis
techniques and quantitative methods exist, there is a need
for larger, blinded, and confirmatory studies to establish reli-
able and validated neurophysiological biomarkers of cogni-
tive dysfunction in migraine (33,34).

Functional neuroimaging, magnetic resonance imaging
(fMRI) in particular, has been widely used to investigate
cognition. Task-based studies show altered activity patterns
in brain regions and networks involved in cognitive pro-
cesses and pain modulation in migraine (35). Some

2 Cephalalgia 45(9)



studies have shown less deactivation in pain modulation
areas during attention tasks paired with pain, or reduced
activation in ventral fronto-parietal attention networks
during visual attention tasks, even when patients’ behav-
ioral performance is comparable to healthy controls, sug-
gesting subtle, subclinical deficits (35). Resting state
(RS)-fMRI has demonstrated disrupted functional connect-
ivity (FC) within key cognitive networks, including the
default mode network (DMN), executive control network
(ECN), salience network (SN) and dorsal attention system
(DAS) (35–37). These networks are crucial for stimulus
detection, attention allocation, self-referential thought, and
executive functioning (EF). Changes in FC within or
between these networks have been linked to clinical fea-
tures of migraine, such as pain severity and frequency, or
disease duration (35,36). Functional changes are dynamic,
depending on the migraine cycle phase (interictal versus
ictal) or the chronicity (35,37). Structural gray matter
(GM) density reduction in frontal and parietal lobes that
correlated with slower response times on attention tasks,
has also been identified (35,38).

However, the reproducibility of findings across different
MRI studies has been a challenge, due to significant differ-
ences in study design, patient selection and analysis
methods, although it remains a valuable tool in deciphering
how migraine impacts cognition, and holds promise of
serving as a future biomarker (35,37).

Objective assessment of the patients’ subjective com-
plaints requires neuropsychological testing, which uses
standardized instruments to evaluate attention, memory
and EF. Such studies identify subtle cognitive impairment
in migraine, although the findings vary depending on the
headache phase and patient characteristics. During
attacks, studies consistently document reversible cognitive
dysfunction, affecting processing speed, attention, verbal
memory and EFs (39,40). In the interictal period, the
results are less consistent; while many clinic-based studies
report several impairments, population-based studies often
find no differences, comparing to controls. Some research
suggests deficits are more pronounced in specific subtypes,
such as migraine with aura, higher attack frequency and/or
chronification (4,40).

While these tests offer valuable quantitative data and
could serve as endpoints in treatment trials, their utility in
migraine research is again constrained by inconsistencies
across studies. These discrepancies relate to variations in
sample selection, methodology and the challenge of
adequately controlling for confounding factors such as
mood states, medication use, the impact of acute migraine
symptoms (e.g. pain, nausea, photophobia) during testing
and the learning effect of repeated testing (4,39,40).

The effective way to study cognitive dysfunction in
migraine requires a multimodal approach (i.e. combining
psychometrics, neurophysiology, functional imaging, and
longitudinal tracking) to capture the neurocognitive

dynamics across migraine phases and brain states (e.g.
treated versus untreated). However, this approach faces sig-
nificant challenges, including logistical constraints, incon-
sistent baseline data, difficult control of confounder
variables, lack of standardized protocols, and particularly
the episodic, variable and heterogeneous nature of
migraine-related cognitive changes. Integrating data
across these modalities would require a robust big data ana-
lysis framework (Figure 1).

Factors shaping cognitive dysfunction in
migraine

Migraine attacks frequency and chronification
Current evidence suggests that migraine attack frequency is
associated with cognitive dysfunction, with chronic
migraine (CM) patients at higher risk (41,42). Attack dur-
ation and intensity also appear to contribute, indicating
that prolonged exposure to “migraine state” may contribute
to cumulative cognitive dysfunction (5). Compared to

Figure 1. Pathophysiological mechanisms of migraine-related

cognitive dysfunction. Cognitive dysfunction susceptibility in

migraine is modulated by genetic, vascular and neurobiochemical

factors. Surrounding this core, cognitive complaints may emerge

across different migraine phases (i.e. ictal, periictal and interictal),

each associated with distinct symptom profiles and the

involvement of specific brain networks. Cognitive impairment

during these phases can be explained by neurophysiological

evidence of altered cortico-subcortical communication, as well as

neuroimaging findings, particularly (magnetic resonance imaging

(MRI), which highlight changes in network connectivity, dynamics,

and plasticity. ACC= anterior cingulate cortex; CEN= central

executive network; DMN= default mode network; DAS= dorsal

attention system; DLPFC= dorsolateral prefrontal córtex; DTI=
diffusion tensor imaging; FC= functional connectivity; GM= gray

matter; mPFC=medial prefrontal córtex; PCC= posterior

cingulate córtex; PFC= prefrontal córtex; RI= right inferior.
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episodic patients, CM exhibit greater subjective and object-
ive impairments in memory, attention, abstraction and lan-
guage (43). These findings imply involvement of central
sensitization and maladaptive neuroplasticity in brain
regions responsible for nociception and cognition.

Camarda et al. (5) analyzed subjects with migraine
without aura finding their performance to be lower in
multifactorial EF tests. They noticed that the duration
and intensity of attacks could predict cognitive impairment,
suggesting a cumulative effect of attacks on pre-fronto-
cerebellar networks. CM patients can present deficits in
attention, EF and also social cognition; however, how
chronification influences cognitive performance needs
clarification (4,42).

A multimodal MRI study found that reduced GM
volume in the dorsal anterior cingulate cortex (ACC) was
inversely associated with disease duration. It also showed
increased ACC functional connectivity with the bilateral
middle temporal gyri, orbitofrontal cortex and left dorsolat-
eral prefrontal cortex, suggesting that persistent nociceptive
input may drive both structural and functional changes, par-
ticularly in regions involved in pain modulation and cogni-
tive processing (44). Other studies identified distinct
patterns of GM volume changes in temporoparietal
regions that vary according to disease phases (ictal versus
interictal); additionally, longitudinal analyses have revealed
dynamic alterations in GM volume across multiple brain
regions in migraine patients, suggesting that disease activity
modulates brain structure (45).

The influence of hormones on cognitive performance
Migraine prevalence is higher in females. A previous study
analyzing sex differences on cognition of migraine patients
was negative (46), while a recent observational study
reported higher levels of anxiety and greater impairment
in processing of visual stimuli in females, during the inter-
ictal phase (47).

The hormonal fluctuations of the menstrual cycle in
naturally cycling women influence brain function
because sex hormone receptors are widely distributed
throughout the brain, including key regions implicated
in affective and cognitive processing, such as the hippo-
campus, amygdala, prefrontal cortex, insula, inferior par-
ietal lobule and anterior cingulate cortex (48,49).
Neuroimaging studies corroborate these effects, reveal-
ing cyclic changes such as increased hippocampal grey
matter volume and white matter integrity during the
late follicular phase, correlating with estradiol levels
(48). Task-based and RS-fMRI show variations across
the cycle in the amygdala, hippocampus, and prefrontal
and parietal cortices (48,49). A study evaluating atten-
tion, memory and spatial ability found that behavioral
changes correlate with cycle phase, suggesting subtle
neural effects (50). The use of oral contraceptives,

which maintain lower, more stable hormone levels, also
alters brain activity patterns, compared to natural cycles
(49,51).

A longitudinal case–control fMRI study in menstrual-
related migraine, comparingmigraineurs to perimenstrual con-
trols, found that FC strength was increased during the ictal and
postictal phases, particularly within and between networks
including the sensorimotor network (SMN), Dorsal visual
and ventral attention networks. Within the migraine group,
comparisons of peri-ictal to interictal phases revealed a gener-
alized decrease in FC. This pattern aligns with differences
observed between perimenstrual (lower FC) and post-
ovulation (higher FC) phases in healthy controls, demonstrat-
ing an interaction between the menstrual and migraine cycles
and emphasizing the crucial importance of accounting for
menstrual cycle phase when studying brain function, in
women with migraine (52).

Medication overuse
Patients with CM are at more risk of developing
medication-overuse headache (MOH). Changes in
fronto-striatal networks were reported in CM patients, par-
ticularly in the orbitofrontal region, with impact on
decision-making and possibly related to the risk of medica-
tion overuse (53). MOH patients present lower MoCA
scores and involvement of the visuospatial and EFs, atten-
tion and orientation (54); coexisting CM with MOH has a
higher risk of memory and executive dysfunction (42).
Interestingly, poorer cognitive performance was associated
with a higher burden of deep white matter hyperintensities
(WMH) (54).

Preventive treatment
Preventive migraine treatments commonly involve drugs
with known cognitive side effects, posing a potential con-
founding factor in the evaluation of cognitive function in
migraine patients (4). The best example is topiramate,
which causes attention deficits, memory impairment, psycho-
motor slowing and word finding difficulties (55,56) during
treatment, with a dubious long-term effect. One study
found that topiramate caused early attention and visual
memory impairment, starting in the first month of treatment
and improving over time (57). Conversely, a fMRI study
identified differences during a phonemic task, associated
with a “remapping” of the language cerebral network,
which could explain the long-lasting word finding difficulties
reported by patients (58). Memory, psychomotor slowing,
word finding and decision-making problems were also
described in patients taking tricyclic antidepressants, such
as amitriptyline, and may be explained by its anticholinergic
and antihistaminic negative effect on cognition (55).

Anti-dementia medications (memantine and donepezil)
were tested in migraine prevention, on the basis of the
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involvement of glutamatergic pathways in migraine chron-
ification (59). First, a pilot study evaluated the efficacy of
memantine for refractory patients (60), finding it to be
effective and safe, while documenting improvement in
trail making tests. The key question is whether the cognitive
improvement was related to effects on migraine or on cog-
nitive function. Another open-label study found a positive
effect of donepezil in EM and CM prevention (61), suggest-
ing that cholinergic dysfunction might underlie cognitive
symptoms.

Interestingly, in one real-world study, treatment with
onabotulinumtoxinA led to significant improvements in
cognitive performance, anxiety and depression in chronic
migraine patients. Cognitive gains were found to be inde-
pendent of headache control but correlated with improved
anxiety (62).

Psychiatric and sleep comorbidities
Migraine is often comorbid with anxiety and depression,
which also influence cognitive performance (4). Anxiety
impacts verbal and spatial working memory (WoM), sup-
porting the theories of emotion-cognition interactions
(63). Anxiety levels impact some cognitive domains in
female migraine patients (47).

Depressive disorders are 2.5 times more prevalent
among migraineurs and major depression is associated
with attention and EF impairment (64). A RS-fMRI study
showed that migraine patients with concomitant depression
presented lower activation of the left cuneus, correlating
with memory impairment (65).

Migraine often coexists with sleep disturbances, with
each condition worsening the other (66). Patients with sub-
jective cognitive decline have lower sleep quality and effi-
ciency, greater sleep latency and higher arousal index (67).
The severity of migraine is related with worst sleep quality
and predicts cognitive difficulties (68). The effect of sleep
disturbance on cognition is consistently well documented
because sleep deprivation and insomnia primarily affect
attention, working and non-verbal memory and EF such
as problem-solving, and cognitive flexibility (69). A
Nordic European longitudinal study reported that subjective
sleep disturbances were associated with cognitive decline
and diurnal hypersomnolence with poor episodic memory,
verbal fluency and executive functioning (70). The link
between sleep issues and cognitive dysfunction in migraine
remains unclear because both are independently associated
with cognitive complaints (71).

Cognition in migraine: what do we know?

Cognitive attack-related symptoms
Cognitive complaints are frequent during of attacks, being a
main cause of attack-related disability and often rated as the

most bothersome symptom, significantly impacting func-
tional capacity and quality of life (3,72).

These transient symptoms often align with the migraine
cycle, starting in the prodrome (30%) and persisting into the
headache phase (38%), frequently mirrored by objective
cognitive deficits (73,74). Most common symptoms relate
to attention and concentration (up to 40%), cognitive effi-
ciency, reasoning (up to 50%) and processing speed.
Language disturbances and memory issues are less fre-
quently reported (10,39,73,74).

Objective cognitive decline has been documented during
the headache phase of migraine. A systematic review iden-
tified attention deficits as the most consistently reported
cognitive impairment in migraine, followed by reduced pro-
cessing speed, WoM dysfunction, visual memory, visuo-
motor ability and verbal learning (39). These findings
point to executive dysfunction as central in migraine,
although evidence was biased, at that point, toward ictal-
phase studies focusing mainly on executive tasks (39). A
subsequent randomized study employing an extensive
neuropsychological battery demonstrated a general, revers-
ible decline in cognitive performance during migraine
attacks compared to headache-free periods, with significant
impairments observed in processing speed, WoM, visuo-
spatial abilities, attention and inhibitory control (39).

Complementing these findings, another study demonstrated
slower and less accurate responses in simple and choice reac-
tion times tasks, word reading speed, impaired WoM as well
as significantly decreased verbal learning and recall during
attacks (10,39). Postdromally, WoM deficits and reduced
simple reaction time accuracy persist, although response
times normalize. Yet, in another study, no changes in atten-
tional domains (alerting, orienting, executive control) or
WoM were found in the days following an attack (75).

Cognition involvement in migraine is not explained by
pain intensity alone because similar pain levels in non-
migraine headaches lack associated deficits (10,39).
Cognitive findings suggest a reversible dysfunction involv-
ing both cortical and subcortical regions, including pre-
frontal and temporal cortices, hippocampus, medial
temporal and dorsolateral prefrontal areas, along with thal-
amic–striatal circuits, the cingulate cortex and the insula,.
Mechanisms may include cortical spreading depression
and altered pain-cognition network dynamics, with regional
hyperexcitability (e.g. anterior temporal pole) during attack
(10,39,73,74).

Electrophysiological evidence supports disruptions in
synaptic short- and long-term plasticity, marked by an imbal-
ance between cortical inhibitory and excitatory circuits and
persistent habituation deficits within the brainstem–thal-
amus–cortex axis. This fluctuating electrophysiological
profile across migraine phases suggests a chronic, potentially
genetically determined, thalamocortical dysrhythmia and an
underlying “dysexcitatory ground” predisposing individuals
to attacks (32).

Fernandes and Gil-Gouveia 5



Consistent with this electrophysiological profile, neuroi-
maging studies reveal widespread, phase-dependent altera-
tions in structural and functional brain connectivity
throughout the migraine cycle, particularly within networks
subserving in cognitive processing, supporting the exist-
ence of dynamic network dysfunction in migraine.

These findings align with some prior studies but high-
light inconsistencies in the peri-ictal FC literature (52). In
a longitudinal case–control multilevel connectome finger-
printing study, the interictal phase was characterized by
increased structural connectivity and global network effi-
ciency, prominently involving cerebellar regions such as
the posterior lobe and crus, suggesting enhanced integration
within pain processing and cognitive networks (76).
Reduced FC is identified in the preictal phase relative to
controls and is followed by increased connectivity strength
during ictal and postictal phases, implicating the cerebellum
and multiple large-scale brain networks, particularly in the
dorsal and ventral attention networks, the visual network,
and, during attacks, the SMN. Preictally, FC heterogeneity
was elevated but diminished as the attack progressed. In
symptom-free phases, patients’ FC profiles resembled
those of healthy controls (52). Although WoM performance
remains largely intact in attacks, a distinct postictal hypoac-
tivation of subcortical structures, particularly the hypothal-
amus, highlights its pivotal role in modulating cognition
during attacks (11). WM microstructure also shows
dynamic fluctuations, with axial diffusivity (AD) and frac-
tional anisotropy varying across phases; notably, AD tran-
siently normalizes in peri-ictal phases within projection
and association fibers linked to limbic and salience net-
works (77).

Mathur et al. (78). investigated brain activity during
cognitive task performance and its interaction with pain
in migraine patients. Unlike controls, who showed
typical pain-related modulation of task-induced deactiva-
tions, migraine patients lacked this modulation,
instead exhibiting reduced task-related deactivations
and altered pain-cognition interaction patterns in the
left dorsolateral prefrontal cortex and dorsal anterior
midcingulate cortex, comprising brain regions associated
with cognitive processing.

Collectively, these data characterize migraine as a dis-
order of dynamic brain state transitions, impacting cogni-
tive function, structural integrity, and network organization.

Interictal cognitive burden
The overall impact of the disease in-between attacks,
referred to as the interictal burden, is increasingly recog-
nized as a critical dimension of migraine related disability
(2). Patients with frequent or poorly controlled attacks
often experience anticipatory anxiety or “cephalalgiapho-
bia”, which can worsen the course and burden of the
disease (79,80), the interictal burden, in particular (81).

In addition, many patients report persistent cognitive dif-
ficulties even outside the attacks (82,83), raising the ques-
tion of whether subtle cognitive impairment extends into
the interictal period (4). Subjective cognitive complaints
were shown to contribute meaningfully to the interictal
burden (83).

Altered interictal neuropsychological functioning has
been shown in pediatric migraine, despite normal general
intelligence. Affected children often exhibit deficits in
verbal comprehension, language reception, memory
(verbal, visuospatial) and WoM, attention and processing
speed. While core academic skills typically remain intact,
reduced semantic verbal fluency has been reported
(14,15). A recent meta-analysis confirms significantly
poorer performance across multiple cognitive domains
compared to headache-free peers and possibly those with
tension-type headache (84).

Reduced verbal performance is detectable as early as age
three years and remains stable throughout development,
distinguishing migraineurs from both headache-free and
tension-type headache controls. This pattern argues
against a cumulative effect of migraine attacks and
instead supports the involvement of underlying neurodeve-
lopmental mechanisms or innate differences in brain func-
tion, potentially involving atypical left-hemispheric
maturation and/or cerebral dominance or connectivity pat-
terns (15). Pediatric migraine is consistently linked to
increased risk of poorer academic outcomes, including
lower grades, exam scores and reduced likelihood of com-
pleting secondary or tertiary education (14,15).

Interictal cognitive symptoms, particularly in language,
memory and attention, are frequently reported by adults
with migraine yet neuropsychological studies have
produced inconsistent findings. Most cross-sectional
population-based studies show no consistent deficits
across domains (Table 1) such as general intelligence, EF,
attention and processing speed, verbal and visual
memory, language and fluency, visuospatial and construc-
tional ability, and motor speed/coordination (38,85–93),
with one study even reporting better performance in cogni-
tive tests, more specifically in fine motor and EF in older
adults with migraine (89). Only two small-sample studies
and one from a cohort including chronic migraine patients
have reported differences from controls (88).

In contrast, most clinic-based studies (5,7,12,38,41,
43,82,94–109) (Table 1) report impairments across multiple
neuropsychological domains, including attention, EF,
WoM, verbal and visual memory, language, visuospatial
skills, psychomotor speed, and overall cognition. Only
one study found no differences in intelligence, abstract rea-
soning, processing speed, sustained attention and visual-
motor coordination, in older adults (12).

These discrepancies likely reflect bias of sampling in its
clinical severity because the duration and severity of migraine
attacks were found to be strong predictors of cognitive
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impairment, so clinic-based studies are more likely to include
such patients than populational (5). Supporting this, more pro-
nounced cognitive dysfunction including global cognition,
processing speed, attention, memory, EF and cognitive flexi-
bility were described in clinical cohorts including chronic
migraine patients, even after controlling for depression and
anxiety (5,7,12,38,41,43,82,94–109).

Neurophysiological studies of interictal migraine
patients show distinct brain activity patterns compared to
healthy controls. Transcranial magnetic stimulation find-
ings suggest reduced cortical inhibition, especially in
GABAergic and cholinergic circuits (32), while electro-
encephalogram (EEG) data show abnormal resting-state
rhythms and reduced interhemispheric coherence (24,32).
One of the most consistent findings is a deficit in sensory
habituation, in which responses to repeated stimuli fail to
decrease as expected, suggesting impaired sensory gating
(24). Evoked potential studies further support this, with
visual, auditory and somatosensory responses showing
abnormal patterns, often normalizing during attacks or
after treatment (24,32).

A meta-analysis of ERP findings, particularly changes in
P300, point to subtle impairments in attention and information
processing (with decreased P300 amplitude and prolonged
latency) although some studies failed to find significant differ-
ences from controls. The inconsistency may reflect the epi-
sodic nature of migraine and methodological variability
across studies (110). In one positive study, slower and less
efficient cognitive responses also correlated with the fre-
quency and duration of migraine attacks (6).

Functional connectivity studies in interictal migraine
support the hypothesis of disrupted thalamo-cortical
network dynamics, with consistent evidence of reduced
activation in the ventral fronto-parietal attention network
and weaker connectivity within the executive control
network compared to healthy controls (25,37). These func-
tional abnormalities are paralleled by structural deficits
because decreased GM density in frontal and parietal corti-
ces correlates with slower response times during attention-
shifting tasks, suggesting a neuroanatomical basis for subtle
cognitive inefficiencies (35,37). Additionally, aberrant con-
nectivity patterns have been reported within the SN, along
with reduced coupling between salience and visual net-
works, particularly in migraine patients with aura, implicat-
ing impaired top-down sensory integration and attentional
control mechanisms (35,37).

Interictal phases are also marked by increased structural
connectivity and global network efficiency, particularly
involving cerebellar regions such as the posterior lobe
and crus, indicating a possible compensatory reorganiza-
tion within pain-cognitive processing systems (76).
However, during cognitive tasks with concurrent nocicep-
tive input, migraineurs show reduced deactivation in key
pain modulation regions, such as the dorsolateral pre-
frontal cortex, middle cingulate cortex and cerebellum,

highlighting impaired dynamic switching between pain
processing and executive networks (25,35,37). Collect-
ively, these findings point to a dysfunctional interplay
between sensory, cognitive and modulatory systems in
migraine, likely supported by altered thalamo-cortical
and cortico-cerebellar communication.

Progression of cognitive dysfunction
Several longitudinal studies (summarized in Table 2) investi-
gated the relationship between migraine and cognitive decline
over follow-up periods ranging from 3.4 to 12 years. Across
diverse cohorts, including general population samples, aging
studies and well-characterized migraine cohorts, cognitive
function was extensively assessed using standardized neuro-
psychological tests and batteries. Importantly, none of the
studies found evidence of increased risk of dementia or accel-
erated global cognitive decline in migraineurs compared to
controls, regardless of migraine type (with or without aura,
episodic or chronic) (13,111–116).

One study noted more subjective cognitive complaints
among migraineurs, but objective measures did not show
greater decline (113). Similarly, the CAMERA study
found structural brain differences on MRI, but these did
not translate into measurable cognitive deficits (114).
Overall, these findings suggest that while migraine may
involve altered brain structure or function, it does not
appear to significantly increase the risk of dementia or
age-related cognitive decline. This aligns with the view
that migraine is not a neurodegenerative condition.

These findings seem inconsistent with several recent
meta-analysis suggesting that migraine is associated with
an increased risk of all-cause dementia (acD), as well as
Alzheimer's disease (AD) and, to a lesser extent, vascular
dementia (VaD) (Table 3) (117–121).

Across meta-analyses, the increased risk of acD in
migraineurs ranged from relative risk (RR) 1.26 to 1.35,
with elevated risks also reported for AD (RR/hazard ratio
(HR) up to 2.49) and VaD (RR/HR up to 1.85)
(118,119,122,123). While Wang et al. (120) and Gu et al.
(117) found increased risk for acDa and AD and no signifi-
cant associations with VaD, Jiang et al. (118) and Zhu
et al. (123) found significantly elevated risks for both AD
and VaD, with the study by Zhu et al. (123) also identifying
higher risk in migraine with aura. Qu et al.,(119) analysing
broader headache disorders, confirmed similar increased
risks, particularly in females.

This divergence in findings between longitudinal cohort
studies and meta-analyses may relate to key methodological
differences: longitudinal cohort studies directly track cogni-
tive change over time using repeated neuropsychological
assessments, always concluding that migraine does not
increase the risk of cognitive decline or dementia
(13,111–116). In contrast, meta-analyses synthesize data
from observational and registry-based studies, which may
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rely on administrative coding or self-reported dementia
diagnoses without detailed cognitive testing. These retro-
spective designs are more susceptible to selection bias,
diagnostic misclassification and confounding factors, but
can detect broad population-level associations over larger
sample sizes. Moreover, while cohort studies typically
assess cognitive performance trajectories, meta-analyses
often focus on diagnostic endpoints, such as clinical demen-
tia diagnoses, which may reflect later stages of cognitive
pathology. Thus, the apparent discrepancy may reflect dif-
ferences in sensitivity to early cognitive change versus
later-stage neurodegeneration, implying the need for har-
monized definitions and combined methodologies in
future research.

Pathophysiology overview of cognitive
dysfunction: why does it happen?

Genetic and epigenetic mechanisms
There is a lack of knowledge regarding genetic and epigen-
etic mechanisms involved in cognitive complaints of
migraine patients. Studying genetic forms of migraine can

be important to fill this gap. A study conducted in vivo
examined hippocampal neurotransmission and plasticity
in knock-in mice expressing with FHM type 1 R192Q
gain-of-function mutation in the CACNA1A gene (124).
That mutation enhanced hippocampal excitatory transmis-
sion and led to impaired learning and memory, highlighting
that genetically enhanced neuronal excitability may impact
cognitive function, providing a possible explanation for
cognitive changes detected in FHM patients.

Affected CACNA1A individuals can show diverse cog-
nitive profiles, including normal function, developmental
delay, episodic encephalopathy and persistent executive
or visuospatial deficits, often with cerebellar atrophy
(125). When comparing FHM1 with other types of
migraine, FHM1 patients have cerebellar motor and cogni-
tive dysfunction (126). A seven-year follow-up study of
FHM1 patients found language and verbal memory to
remaining intact, while memory, attention and EF showed
impairment (127). Overlapping phenotypes and intrafami-
lial variability suggest the influence of modifier genes and
environmental factors (125).

Migraine is also a feature of cerebral autosomal dominant
arteriopathywith subcortical infarcts and leukoencephalopathy

Table 2. Longitudinal cohort studies with sequential neuropsychological evaluations assessing cognitive decline and dementia risk in

migraine patients.

Study (first author, year,

location) Patients/controls Headache diagnosis/neuropsychological test/follow-up

Risk of

dementia

Kalaydjian, 2007, Baltimore,

USA (111)

204 (MA 95) / 1244 Self-report questionnaire / MMSE; immediate and delayed Recall /12

years

=

Baars, 2010, Masstricht,

NED (13)

99/ 1724 Self-report of doctor diagnosis / MMSE; immediate and delayed word

recall; Stroop interference; Letter digit substituition / 6 years

=

Rist, 2011 EVA study, FRA

(115)

167 (MA 24, NMH

65) / 938

Telephone interview with neurologist /MMSE Digit-symbol

substituition; TMT A and B; Rey, Raven; Benton;Finger Tapping,

Word Fluency / 4–5 years

=

Rist, 2012 WHS study, FRA

(116)

443 (MA 195, PM

410) / 5496

Self-report questionnaire / TICS; East Boston Memory test; category

Fluency, TICS 10 word list/ 3.4 years

=

Palm-Meinders, 2012

CAMERA, NED (114)

203 / 83 Sample of CAMERA – 1 (Well-characterized) / Verbal Learning Test;

Stroop, verbal fluency; Letter Digit Substitution; Purdue pegboard,

Block Design Test and MRI Scan/ 9 years

=

Martins, 2020, Lisboa

Cohort (113)

59 (NMH 24)/ 219 Follow up of Lisboa cohort / MMSE; Verbal-Paired Associates,

immediate and delayed Logical Memory; Visual Reproduction from

WMS-III; 9-item CVLT; Vocabulary subtest from WASI; Symbol

search; WAIS-III; TMT-A and TMT-B; Stroop Test; Digit Span

backwards; semantic (Food and Animals) and phonemic verbal

fluency; IADL / 5 Years

=

Liang, 2022, Swedish

National study (112)

657 (85 MA, 305

NMH) / 2412 (352

MH

MMSE and Dementia Diagnosis (by DSM-IV) mean follow-up of 7.20

years (SD 3.09).

=

Abbreviations: CVLT=California Verbal Learning Test; DSM= diagnostic and statistical manual of mental disorders; IADL= Instrumental Activities of

Daily Living Scale; MA=migraine with aura; MH = migraine without aura; MMSE=Mini Mental State Examination; N= number; NMH= non-migraine

headaches; PM= probable migraine; REF= references; WAIS-III=Wechsler Adult Intelligence Scale-III; WASI=Wechsler Abbreviated Scale of

Intelligence; WMS-III=Wechsler Memory Scale– III; TICS=Telephone Interview for Cognitive Status; TMT=Trail Making Test.

= risk is identical in migraine and controls
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(CADASIL), a small-vessel genetic disease with ischemic pro-
gressive WM damage, leading to dementia (128). A familiar
study showed that the presence of migraine associates with
worse cognition and correlates with frontal, temporal and
basal ganglia hypoperfusion on single-photon emission com-
puted tomography (129).

Meta-analytic evidence identified a genetic relationship
between migraine and depression, as well as genetic sus-
ceptibility to AD (121). In another large, controlled geno-
typing cohort study (130), a single nucleotide
polymorphism (SNP) (rs144191744 in TGFBR3 genes)
was associated with subjective cognitive symptoms in
migraineurs, particularly EM, migraine without aura and
females. Additionally, three SNPs (rs112400385 in ST18,
rs4488224 and rs17111203 in ARHGAP29) are linked to
subjective cognitive decline in migraineurs but not in non-
migraine controls; these genes are implicated in inflamma-
tion, cell growth, differentiation and apoptosis, and cyto-
skeletal dynamics (130).

Vascular mechanisms
A key factor in migraine pathophysiology is the trigemino-
vascular system's central role in regulating cerebrovascular
tone (131,132). Chronic pain has been associated with neu-
rovascular coupling dysfunction, which occurs in migrai-
neurs in parietal or occipital lobes, comprising areas
related to sensory and visual information processing,
respectively (133). Cerebral hypoperfusion correlated with

lower performance in verbal and visual memory tests in
the interictal period (98).

WMHs are small lesions, typically in deep or periven-
tricular WM, linked to small vessel damage. Their preva-
lence increases with age and is two to four times higher
in migraine patients, being correlated with executive dys-
function (134). Migraine is also an independent risk
factor for WMH in individuals under 50 years without car-
diovascular risk, in brain regions associated with pain
modulation, emotion, cognition and cognitive reserve
(135). Although the exact mechanism remains unclear, pro-
posed contributors include hypercoagulability, endothelial
dysfunction, neuroinflammation and cortical spreading
depolarization because patients with aura present with a
higher burden of WMHs (136).

Neurochemical and neurophysiological mechanism
The thalamus filters sensory input to the cortex and is
modulated by serotonergic and dopaminergic systems,
both implicated in migraine. Serotonin from the raphe
nuclei and dopamine from the periaqueductal gray and
hypothalamus influence the trigeminovascular system.
These systems affect arousal, attention and mood, helping
explain cognitive symptoms such as “brain fog” and diffi-
culty concentrating during migraine (137).

Electrophysiological studies associate migraine with dis-
rupted cortical excitatory–inhibitory balance, impaired
modulation of cortical circuits, and altered brain rhythms;

Table 3. Meta-analyses of studies assessing dementia risk in individuals with migraine.

Study (first

author, year) N total; inclusion window Main findings

Wang, 2022 (120) 249,303 individuals; up to 1

April 2021

Increased risk of all-cause dementia (RR = 1.35; 95% CI = 1.13–1.59). Increased risk

of AD (RR = 2.49; 95% CI = 1.16–5.32);

No increase risk of VaD (RR = 1.51; 95% CI = 0.77–2.96)

Gu, 2022 (117) 306,752 individuals; up to

June 22

Increased risk of dementia (RR = 1.30; 95% CI = 1.11 to 1.52).

Jiang, 2022 (118) 291,549 individuals; up to 1

May 2021

Increased risk of all-cause dementia (RR= 1.33; 95% CI = 1.16–1.53)

Increased risk of VaD (RR = 1.85; 95% CI = 1.22–2.81)

Zhu, 2025 (123) 6,964,353 individuals; up to

2024

Increased the risk of all-cause dementia (HR = 1.26; 95% CI = 1.09–1.46)

Increased risk of AD (HR= 1.32; 95% CI= 1.26–1.38). Increased risk of VaD (HR=
1.28; 95% CI= 1.24–1.32)

Subgroup analyses:

• MA had increased risk of all-cause dementia compared MH

Qu, 2022 (119) 465,358 individual; from

2001 to 2020

Increased risk of all-cause dementia (OR = 1.35; 95% CI = 1.21–1.50)

Increased risk of AD (OR = 1.49; 95% CI = 1.08–2.05;)

Increased risk of VaD (OR = 1.72; 95% CI = 1.32–2.25)

Subgroup analysis:

• Females slightly higher risk than males (OR = 1.32; 95% CI = 1.16–1.51)

• Retrospective cohort slightly higher than prospective cohort (OR = 1.38; 95%

CI = 1.22–1.56)

AD=Alzheimer's disease; CI= confidence interval; HZ= hazard ratio; I2= inconsistency; MA=migraine with aura; MH = migraine without aura; N=
number; OR= odds ratio;

REF= references; RR= relative risk; VaD= vascular dementia.
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specifically, a dominance of slower theta and delta waves.
These changes reflect a malfunction in thalamocortical
control and dynamic changes in cortical excitability, back-
ground rhythmicity and habituation processes, which fluc-
tuate throughout the migraine cycle, suggesting an
ongoing maladaptive brainstem–thalamus–cortex network
(138).

During the interictal phase, individuals with migraine
exhibit fluctuating levels of motor and visual cortex
excitability as assessed by transcranial magnetic stimula-
tion, alongside an unbalance between inhibitory and
excitatory cortical activity. Also in that phase, EEG
shows a diffuse slowing of background activity and
EPs demonstrate a habituation deficit and decreased tha-
lamocortical activity. As patients transition into the pre-
ictal phase, EEG activity tends to normalize closer to
the attacks, and the normalization of the habituation
deficit (139) is observed with EPs. The ictal phase itself
shows less consistent data for EEG, while EPs reveal sen-
sitization and normal thalamocortical activity (32). A
longer reaction time as well as larger variability in
arousal was documented in migraine patients, demon-
strating attentional deficits (138).

A study examining interictal cognitive habituation
during exposure to visually complex images with a ERP
paradigm, showed that migraineurs had abnormal cognitive
processing of complex visual stimuli beyond sensory-level
deficits (140). Interestingly, these neurophysiological char-
acteristics were associated with familial predisposition
(141).

The P300 event-related potential evaluates cognitive
processes such as encoding, stimulus identification and cat-
egorization, and reflects the efficiency and dynamics of
information processing. Typically elicited using an
“oddball” paradigm, the amplitude of the P300 is modu-
lated by attention, task complexity and stimulus signifi-
cance, while its latency indicates the time needed for
stimulus evaluation. Its sensitivity to both neurological dys-
function makes it especially suitable for detecting subtle
cognitive alterations in migraine (110), although study find-
ings vary, likely due to migraine's episodic nature and
methodological differences (110).

The neurophysiological findings in migraine, particu-
larly the persistent cortical hyperresponsivity and
impaired habituation between attacks, suggests a dis-
rupted information filtering, possibly related to reduced
serotonergic input and thalamocortical dysfunction.
This implies that the migraine brain is in a constant
state of sensory overload and inefficient information fil-
tering, likely contributing to the subtle cognitive impair-
ments reported by migraineurs, including attentional
deficits and slower processing. As P300 reflects activity
across a broad neural network, it may serve as a useful
biomarker for monitoring cognitive effects with better
standardized protocols (6,24,32,142).

Brain network dynamics and plasticity
Functional neuroimaging studies showed network changes
in different brain areas associated with a reduced pain
threshold (36) that relate to cognitive symptomatology.
Frontal and parietal GM density deficits with malfunction
of the fronto–striatal–parietal network could explain the
executive dysfunction in migraine patients (38).

Hippocampus structural abnormalities and network
changes have been reported in patients with subjective cog-
nitive decline and migraine, suggesting a shared mechanism
in the anterior hippocampus and inferior temporal gyri and
between the posterior hippocampus and precentral gyrus in
both conditions (143). A fMRI study identified lower hip-
pocampal volume and connectivity to be associated with
poor cognitive performance, highlighting the possible hip-
pocampus's role as a cognitive biomarker for cognitive
risk in migraine (144).

The role of cerebellum in migraine is not well under-
stood, yet migraineurs have functional and structural
changes in the posterior cerebellum, namely the crus,
modulated by pain intensity (145). The crus connects to
higher cognitive areas, with increased interaction seen
between the crus and posterior lobe, regions involved in
cognitive and emotional processing (76).

Furthermore, CM has been linked to glymphatic system
dysfunction, while it remains unknown whether repetitive
attacks impair glymphatic system function over time
(146). As glymphatic dysfunction has been linked to
many neurodegenerative disorders, it can have a role in cog-
nitive impairment in migraine.

Beyond functional changes, structural imaging revealed
regional volume changes in brain areas involved in painmodu-
lation and visual/affective/cognitive processing, such as the
frontal lobe, visual processing system, basal ganglia and thal-
amus (147). Particularly, fronto-orbital volumes were nega-
tively correlated with headache frequency (CM had lower
frontal lobe volume than EM). These might be influenced by
age, migraine phenotype and cognitive complaints (35).
Longitudinal imaging in pediatric patients also showed
changes in brain structure and function, over time (148).

Pain processing mechanisms
It is yet to be determined whether cognitive impairment is
part of the migraine-specific phenotype or an effect of
brain modulation by chronic recurrent pain episodes (4).
The claustrum is a subcortical nucleus with a major role
in cognitive network modulation and evidence of its patho-
logical activity, as well as of the right dorsolateral prefrontal
cortex during attacks, does support the hypothesis of a pos-
sible cognitive network dysfunction (149).

A study comparing CM with EM patients found poor per-
formance in the Rey Auditory Verbal Learning Test and the
Montreal Cognitive Assessment (MoCA), with impairments
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in memory and attention in CM (138). The presence of chronic
pain was an independent predictor of cognitive decline and
was related to aberrant cognitive network activity (43).

Clinical and preclinical studies consistently document
cognitive impairments in other chronic pain syndromes,
including fibromyalgia, diabetic neuropathy, chronic
lower back pain and whiplash-associated disorder
(150,151). Cognitive domains commonly affected include
attention deficits, spatial and verbal working memory,
recall and recognition memory, slower reaction times,
impaired psychomotor ability, and higher-order executive
processes, including planning, organization, control of con-
flicting thoughts, goal-directed behaviour and emotional
decision-making (150,151).

Cognitive dysfunction in other chronic pain syndromes
is also thought to relate to multiple interacting mechanisms,
one being the competition for limited cognitive resources,
as pain captures attention via “bottom-up” processes and
requires effortful “top-down” control to redirect focus
(150). Additionally, structural brain changes, including
grey matter loss and synaptic alterations in the anterior cin-
gulate cortex, insular cortex, prefrontal cortex and amyg-
dala, may contribute to deficits in WoM and EF (150,151).

Neurochemical imbalances also play a role, with dysre-
gulation of glutamate, GABA, monoamines, acetylcholine
and endocannabinoids affecting both pain processing and
cognitive functions, such as attention and memory (150).
Finally, inflammatory processes, including glial activation
and elevated pro-inflammatory cytokines, further impair
synaptic function, while reduced levels of brain-derived
neurotrophic factor in the hippocampus hinder memory
and neuroplasticity (150).

It remains unclear to what extent these mechanisms
apply to migraine. Although cognitive symptoms may
overlap, migraine's episodic nature (with variable attack fre-
quency) leads to transient but repeated activation of pain
and cognitive networks. Moreover, evidence indicates that
the migraine brain differs from that of healthy controls
even during interictal periods. This suggests that, despite
some shared pathways, migraine likely involves distinct
patterns of brain modulation compared to continuous pain
conditions (3,18,25,35,122,150,151).

Evolutionary perspective of migraine related cognitive
dysfunction
Despite its high prevalence and disabling nature, migraine has
persisted through evolutionary history, suggesting that the
underlying genetic traits may have conferred selective advan-
tages in ancestral environments (152,153). Migraine attacks
may represent an evolutionarily conserved, adaptive neurobe-
havioral response to internal or external stressors, aimed at
restoring energy balance and protecting neural integrity. The
systemic physiological responses during attacks (pain,
fatigue, sensory and cognitive withdrawal, hypotension)

resemble tonic immobility, a primitive defence behaviour
that reduces energy expenditure and sensory overload in the
face of overwhelming stimuli. Taking this view, attack
related cognitive dysfunction can be seen as a form of func-
tional disconnection, encouraging behavioural withdrawal,
limiting further stimulation and potentially protecting a meta-
bolically vulnerable brain (25,152,154–156).

Migraine-related sensory hypersensitivity (153), a genet-
ically driven hyperresponsiveness of sensory systems in
migraineurs, might have been useful by improving detection
of environmental threats or improving foraging, in the past.
Enhanced visual, auditory and olfactory sensitivity could
increase vigilance, facilitate early detection of predators or
toxins, and improve attentional focus (3,32,152,153,155).
From an evolutionary game theory perspective, these traits
may also benefit social groups, through reciprocal altruism.
Hypersensitive individuals detect threats early, providing
warnings to others. In return, support during their own
periods of vulnerability (migraine attacks) would promote
survival and social cohesion; mutual benefit could explain
the evolutionary stability and global distribution of
migraine-associated genes (152).

However, in modern environments, the same traits might
have become maladaptive, particularly to where constant
sensory overload from persistent artificial stimuli, chronic
stress and sustained cognitive demands, prevail. Themismatch
between evolutionary adaptations and modern life may lead to
chronic activation of the trigeminovascular system, exacerbat-
ing migraine susceptibility and impact (152,153).

Conclusions
The relationship between migraine, cognitive function and
brain connectivity is multifaceted and there is growing recog-
nition of migraine impact on brain function, beyond pain.
Migraine sufferers, especially during attacks and in CM,
experience measurable cognitive dysfunction with functional
impact, which also raise concerns about dementia risk.
Cognitive symptoms may arise from disruptions in structure
and function of brain networks, including cortical hyperexcit-
ability, impaired sensory habituation and abnormal connectiv-
ity in regions responsible for cognition and pain processing.
Such features support the emerging view of migraine as a
“connectopathy” (3,18,25,35,122). Neuroimaging reveals
that the brain of migraine sufferers exhibits altered organiza-
tion, with increased local and global efficiency and heightened
clustering coefficients. These indicate a potential imbalance
between the brain's capacity for effective information transfer
and the metabolic burden required to sustain these connec-
tions, reinforcing the concept of an “energetically inefficient
migraine brain” (18,155,156).

Functional neuroimaging further demonstrates abnor-
mal activity and connectivity in regions critical for cog-
nition, including the dorsolateral prefrontal and parietal
cortices, changes associated with reduced GM density
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and slower response times in attention-shifting tasks.
Moreover, migraine patients exhibit diminished brain
activation during cognitively demanding tasks under
painful stimulation and intrinsic connectivity abnormal-
ities within core cognitive networks (central executive
network, SN and DMN), suggesting a pain-induced
network reorganization that may underlie cognitive dys-
function (3,25,35,37,52,117).

The relationship between migraine and cognition is modu-
lated by confounding factors, such as psychiatric comorbid-
ities, sleep disturbances, vascular risk factors, hormonal
fluctuations and pharmacological treatments (3,4,20).

Future research should explore how shifting environ-
mental pressures interact with inherited neural traits to alle-
viate all migraine experience and guide more targeted
therapies, which tackle all migraine symptoms.

Key findings

• Migraine attacks involve reversible dysfunction of cognitive and pain-processing networks, marked by disrupted
connectivity, impaired synaptic plasticity and altered thalamo-cortical dynamics, and leading to significant, transient
cognitive deficits that affect attention, processing speed and executive function, independently of pain intensity, and
are major contributors to disability.

• In the interictal phase, migraine is associated with disrupted thalamo-cortical and cortico-cerebellar connectivity,
impaired sensory habituation and reduced cortical inhibition, comprising mechanisms that may underlie subtle, per-
sistent cognitive dysfunction specially in individuals with higher attack frequencies.

• This reversible episodic and possible chronic cognitive dysfunction raise concerns about the potential impact of
migraine on long-term cognitive health.
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