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Abstract

Migraine is a primary headache disorder, with a prevalence estimated at approximately 15% globally. Accord-

ing to the International Classification of Headache Disorders, 3rd edition (ICHD3), there are three significant types
of migraine: migraine without aura (MO), migraine with aura (MA), and chronic migraine (CM), the former being
the most common. Migraine diagnosis is based on official criteria specific to each type. Although a lot is already
known about the origin of migraine aura, its pathophysiology is still an object of research.

Long-term discussions have been held about MO and MA, with some evidence for the same underlying pathogenesis
of both and other arguments against it. In this narrative review, we decided to analyse multiple factors from the per-
spective of similarities and differences between these two types of migraine. The aim was to understand better

the bases underlying both types of migraine.

Aspects such as genetics, molecular bases, relation with hormones, epidemiological and clinical features, neuroim-
aging, neurophysiology, treatment response, and migraine complications are covered to find similarities and differ-
ences between MO and MA. Although epidemiology shares similarities for both types, there are slight alterations

in sex and age distribution. Genetics and pathogenesis showed some crucial differences. Conditions, such as ves-
tibular symptoms and depression, were found to correlate similarly with both types of migraine. For some features,
including increased cardiovascular risk, the tendency appeared to be the same; however, migraine types differ

in the strength of correlation. Finally, in cases such as hormones, the influence has shown opposite directions. There-
fore, although migraine with and without aura are considered two types of the same disease, more research should
focus on their differences, thus finally enabling better specific treatment options for both types of migraine.
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Introduction

According to the International Classification of Head-
ache Disorders, 3rd edition (ICHD-3), migraine is a pri-
mary headache disorder [1] with a prevalence estimated
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associated symptoms [5]. Migraine is divided into three
major types: migraine without aura (MO), which is the
most common one; migraine with aura (MA), account-
ing for approximately one-third of migraine cases; and
chronic migraine, which may include either migraine
with or without aura. A recent study highlighted the
importance of the individual approach to every migraine
patient [6]. Although people with migraines share a lot
of similar features, there are a lot of differentiating hall-
marks, such as frequency of attacks, response to ther-
apy, associated comorbidities or other symptoms, and,
finally, aura presence. All these features are crucial for an
individualised treatment for each patient to achieve the
best effects [6]. Several studies have focused on multiple
aspects of the differences between MA and MO. Firstly,
the epidemiology of both types shows slight variation
in age and sex distribution [7]. Other differences can be
found in genetics, molecular bases, and relationships
with hormones [8]. Literature also indicates unique neu-
roimaging and electroencephalography (EEG) features
[9, 10] and diverse treatment responses, which may sug-
gest different entities of both types. Figure 1 summarises
key issues discussed in the following work. Considering
all the above, this narrative review aims to thoroughly
explore the differences between MO and MA, analysing
them from various perspectives. Based on the available
literature, we aim to discuss whether MO and MA could
be two types of the same entity or two different diseases.
To our knowledge, this is the first work covering all the
abovementioned aspects.

[ risk and complications ]
|

S
e :

[ treatment response ]

Fig. 1 A graphical summary of key aspects covered in the article
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Methodology

The review was performed primarily narratively; how-
ever, some critical aspects of methodology should
be pointed out. The literature search was conducted
between June 2024 and December 2024. The follow-
ing databases have been included: PubMed Database
and Cochrane Database. In the narrative review, Medi-
cal Subject Headings (MeSH) terms: “migraine with
aura” and “migraine without aura” were used together
with the additional keyword “differences.” Other imple-
mented keywords were unique for each paragraph: for
the genetics paragraph: “genetics,” “genes,” and “inher-
itance”; for the molecular bases paragraph: “molecu-
lar bases,” “pathogenesis,” and “cortical spreading
depression”; for the hormones paragraph: “hormones,’
“menstruation,” “menstrual cycle,” and “hormonal con-
traceptives”; for differences in epidemiology and clini-
cal presentation paragraph: “patients’ characteristics,’
“patients’ features,” and “epidemiology”; for neuroimag-
ing paragraph: “neuroimaging,” “brain MRI,” “brain CT,
and “brain imaging”; for neurophysiology paragraph:
“electroencephalography, “EEG,” and “habituation
deficit”; for treatment response paragraph: “treatment
response” and “response to therapy” and for risk and
complications paragraph: “risk,” “complications,” “car-
diovascular disease,” and “stroke” Additional studies
were indicated from the reference lists of identified
articles. The graphical presentation of the process of
article identification to include in the narrative review
is shown in Fig. 2.
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Identification of the studies for a narrative review

Databases:
PubMed Database
Cochrane Database

MESH terms:
»migraine with aura”
»migraine without aura”

Other keywords:
Ldifferences”
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Fig. 2 A graphical presentation of the process led to identifying articles included in the narrative review. MESH, Medical Subject Headings

Findings

Genetics

Delving into MA/MO genetics is critical in understand-
ing the differences between the causes and development
of both types. This paragraph indicated two crucial ques-
tions: whether there was significant disproportionality in
the association of each specific monogenic disorder with
either MA or MO and whether polygenic MA and MO
had overlapping gene associations.

Since one single gene mutation is usually a causative
factor in monogenic disorders, we hypothesised that if
MA and MO are genuinely two different diseases, each
monogenic disorder should be associated with either
MA or MO without significant overlapping. However, in
migraine not related to monogenic disorders, not only
genetics but multiple other factors may play a role; there-
fore, a problem is much more complex. Heritability of
migraine is estimated to range from 35 to 60%, accord-
ing to the family and twin studies conducted in 1993 and
1995 as cited in a review article in 2023 [11, 12]. The rela-
tive risk of MO in first-degree relatives of probands with
MO was 1.9, while the risk of MA in first-degree relatives
of probands with MA was 3.8, suggesting a much higher
genetic influence in MA. The risk in first-degree relatives

of probands with both types of migraine was 1.6 for MO
and 2.2 for MA [12].

Monogenic migraine

The most studied type of monogenic migraine is hemiple-
gic migraine, caused by mutations in one of the follow-
ing genes: calcium voltage-gated channel subunit alpha
1A (CACNA1A), ATPase Na'/K' Transporting Subu-
nit Alpha 2 (ATP1A2), or sodium voltage-gated channel
alpha subunit 1 (SCN1A), inherited in an autosomal dom-
inant manner [13]. All three genes have been associated
with either familial (FHM) or sporadic (SHM) hemiplegic
migraine, classified as types of migraine with non-vis-
ual aura [13, 14]. FHM1 is caused by a gain-of-function
mutation of the CACNAIA gene, which causes calcium
influx into neurons, enhanced glutamatergic neurotrans-
mission, cortical hyperexcitability, and increased suscep-
tibility to cortical spreading depression (CSD) [13, 14];
however, there is only a link to CSD and not to migraine
with a typical aura. Condliffe et al. described a gain of
function missense mutation E1015K associated with
hemiplegic migraine and MA [15]. On the other hand,
FHM?2 and FHM3, caused by mutations of the ATPIA2
gene and SCNIA gene, respectively [13], have not been
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widely associated with sole MO, corresponding to the
theory regarding their different pathophysiology. In 2022,
Riant et al. also suggested a proline-rich transmembrane
protein 2 (PRRT2) gene as a fourth autosomal domi-
nant cause of FHM [16]. This gene encodes proline-rich
transmembrane protein 2, which is highly expressed in
the cerebral cortex, basal ganglia, and cerebellum [17].
Out of that, one can speculate that hemiplegic migraine
should be a separate entity from migraine with a typical
aura, and it is wrong to generalise to the whole MA.

However, the literature on differentiating its role in
MA/MO is still scarce.

Other single-gene mutations related to migraine. In
patients with cerebral autosomal dominant arterio-
pathy with subcortical infarcts and leukoencephalopa-
thy (CADASIL), caused by the NOTCH receptor 3
(NOTCH3) gene mutation and with a phenotype char-
acterised by migraine, MA is five times more prevalent
than in the general population. At the same time, the
prevalence of MO does not differ between CADASIL and
the general population [18].

Familial advanced sleep-phase syndrome (FASPS), a
disorder characterised by a short circadian rhythm, early
sleep onset, and early awakening, is caused by a mis-
sense mutation in the casein kinase one delta (CSNK1D)
gene [19, 20]. Brennan et al. described two families with
two variants of the CSNK1D gene, which were absent in
all controls [21]. In the first family, five carriers of the
altered allele had FASPS and MA, one carrier had MO,
four non-carriers had MA only, and four non-carriers
were asymptomatic. In a second family, two carriers of
the altered allele had FASPS and aura without migraine.
One female carrier had both FASPS and MA, one male
carrier had aura without migraine and unknown sleep
phenotype, and one male carrier did not complain of
migraine or aura and had an unknown sleep phenotype
[21]. The highly conservative nature of these loci and the

Table 1 A summary of genes possibly associated with migraine

Page 4 of 23

absence of the variants in controls suggest a causative
role in FASPS, MA, and CSD.

The mutation of the potassium channel subfam-
ily K member 18 (KCNK18) gene, which encodes the
TWIK-related spinal cord potassium channel (TRESK),
increased susceptibility to MA. Lafreniére et al. first iden-
tified it in 2010 in a large multigenerational family with
MA [22]. However, since no other migraine families have
been reported with a frameshift mutation of TRESK and
complete loss of function mutations have been observed
in control groups, KCNKI8 is more likely to be a genetic
modifier rather than a cause of the autosomal dominant
migraine phenotype [23, 24].

Finally, Retinal Vasculopathy with Cerebral Leukoen-
cephalopathy and Systemic manifestations (RVCL-S)
was first described in a Chinese American family. Seven
out of 11 affected members had experienced migraine
attacks, and one of the patients suffered from visual
auras. The original article does not clarify the presence
of auras in other affected individuals [25]. Further stud-
ies did not distinguish between MA and MO [26]. Table 1
presents the connections between several genes and
migraine, mostly MA.

Polygenic migraine

Even though the heritability of MA is higher than MO,
which indicates the higher role of genetics in MA gen-
esis, the search for genetic risk factors associated with
polygenic MA has been unsuccessful. Several candidate
gene association studies (CGAS) focusing on the ion
transporter coding genes found no significant associa-
tions with MA [27]. CGAS studies focusing on the meth-
ylenetetrahydrofolate reductase (MTHFR) gene found
that one of the polymorphisms correlated with migraine,
specifically MA (but no MO) [19]. Several studies con-
ducted between 1998 and 2008 using family-based tra-
ditional linkage studies suggested loci for MA, MO, and

Gene Mutation Phenotype Migraine type Inheritance pattern
CACNATA GOF FHM1; MA MA AD

LOF EA2 MA/MO AD
ATPIA2 LOF FHM2, seizures; intellectual dis- MA AD

ability

SCNIA GOF FHM3 MA AD
NOTCH3 GOF CADASIL1 MA AD
CSNK1D LOF FASPS MA AD
KCNK18 LOF MA MA Dominant negative
TREX1 LOF HERNS MA (lack of evidence) AD

AD Autosomal dominant, CADASIL Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy, EA2 Episodic ataxia type 2, FASPS
Familial advanced sleep-phase syndrome, FHM Familial hemiplegic migraine, GOF Gain of function, HERNS Hereditary endotheliopathy with retinopathy, nephropathy,
and stroke, LOF Loss of function, MA Migraine with aura, MO Migraine without aura, SCA Spinocerebellar ataxia
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MA/MO phenotypes; however, except for two loci (4q24
in a Finnish study of MA families and 4q21 in an Icelan-
dic survey on MO families), replication success was low.
Furthermore, whether the two loci mentioned refer to
different genes for MA and MO or a single gene causing
both [28-30] is unclear. Furthermore, a recent genome-
wide association study, including 59,674 migraine cases
and 316,078 controls, found seven loci associated with
MO, while none were associated with MA [27]. Polyge-
netic risk score analysis of 21 migraine-associated single
nucleotide polymorphisms (SNPs) conducted by Pisanu
et al. showed an association with MO but not MA [31].
In contrast, Zhao et al. identified six genes associated
with MA and MO. This study identified a significant
gene-based overlap between MA and MO, suggesting a
shared genetic susceptibility of MA and MO, at least in
pain genesis [32]. Furthermore, an analysis of shared her-
itability in 25 common brain disorders conducted in 2018
showed a substantial genetic correlation between MA
and MO [33].

In conclusion, based on the evidence on polygenic
migraines, MO and MA are more likely to share a signifi-
cant genetic basis, which could be explained by shared
aetiology or pathophysiology.

Molecular bases of MA and MO

Calcitonin gene-related peptide

The trigeminovascular system is a key element of the
neurovascular theory of migraine headache develop-
ment. Calcitonin Gene-Related Peptide (CGRP) is a
neuropeptide associated with trigeminal nerves from
which the blood concentration increases during migraine
attacks [34, 35]. Goadsby et al. compared the CGRP
level in 10 patients with MA and 12 with MO. Although
CGRP concentrations were not elevated in peripheral
blood, they increased in both groups’ cranial circulation.
Interestingly, authors reported that this level was higher
in patients with MA, which could have implications for
treatment focused on CGRP (receptor) antagonism [36].

Pituitary Adenylate Cyclase-Activating Peptide

Additionally, other substances, including Pituitary Ade-
nylate Cyclase-Activating Peptide (isoforms PACAP-38
and PACAP-27), may play a role in the neurovascular
aspects of migraine. This seems crucial in migraine man-
agement, mainly due to the most recent reports about the
efficacy of treatment targeting PACAP in disease preven-
tion [37]. Ghanizada et al. found that infusing PACAP-27
causes migraine attacks, precisely without aura, sig-
nificantly more often than placebo [34, 38]. The study
conducted by Schytz et al. demonstrated that PACAP-
38 infusion also resulted in the onset of headache and
vasodilatation in healthy subjects and migraine patients
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and caused delayed migraine-like attacks in migraineurs,
similarly as in the previous study, experienced attacks
both by migraineurs and healthy individuals were with-
out aura [39]. Therefore, these findings suggest that
PACAP molecules may relate more to MO than MA. On
the contrary, infusion of CGRP in another study led to
both migraine aura (in 38% of participants) and migraine
headache (in 71% of participants) [40].

Cortical spreading depression

Cortical spreading depression is a well-known phenom-
enon suggested to play a significant role in aura devel-
opment [41]. Headache is undoubtedly suggested to be
linked with aura; however, the direct mechanism of its
development remains unknown, with several hypoth-
eses regarding its origin [42]. Some evidence indicates
that CSD encourages trigeminovascular mechanisms of
pain development [42, 43]. Moreover, studies analysing
CGRP show that this molecule can play a role in induc-
ing both aura and migraine headaches [40], as well as
particularly in the CSD phenomenon [44]. Apart from
MA, researchers hypothesise that MO can also be related
to CSD (called “silent CSD”), causing a “silent aura” not
accompanied by clinical aura symptoms [45]. This sug-
gests MA and MO can be in a spectrum of one disor-
der with diverse clinical manifestations. Finally, a recent
study showed aura may be an epiphenomenon unrelated
to migraine pain; therefore, it promotes the hypothesis
that aura is a disorder independent of headache. In their
study, the authors presented that hyperactivation of the
hypothalamus preceding migraine was present two days
before the headache attack, regardless of aura presence
[46].

Magnesium

The role of magnesium in migraine pathogenesis is well-
described, with deficiencies known to promote CSD, alter
nociceptive processing and neurotransmitter release, and
encourage the hyperaggregation of platelets, all signifi-
cant elements of migraine development. While magne-
sium blood serum levels in patients with MA and MO
were shown to be within normal ranges, the evidence
suggests this ion can be lower in their neurons [47].
Cegielska et al. found that more patients with MA than
those with MO and healthy control groups presented
positive results on the ischemic tetany test (87.5%, 59.3%,
and 45.8%, respectively) [48]. An electrophysiological
tetany test was used to evaluate intracellular magnesium
levels, thus demonstrating possible latent deficiencies.
Therefore, this indicates a potential for a reduced intra-
cellular magnesium concentration in those patients. Low
cerebral magnesium levels may cause glutamate release,
which is associated with CSD and aura [34, 48].
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Oxidative stress

Additionally, oxidative stress appears to be a significant
contributing factor to the onset of migraine attacks.
Superoxide dismutase (SOD) is an enzyme that accounts
for defending cells against oxidative stress. Tuncel et al.
found that erythrocyte SOD activity is considerably
higher in patients with MA in comparison to patients
with MO [49]. Aura is commonly suggested to be asso-
ciated with vasoconstriction. Therefore, authors hypoth-
esise the possible explanation of their findings in SOD
being a protector against vasoconstriction induced by
reactive oxygen species. However, more research is
required on this topic.

Vascular disease biomarkers

The vascular theory of developing migraine is fre-
quently the subject of discussion. Tietjen et al. evalu-
ated the serum levels of vascular disease biomarkers in
migraineurs compared to a control group [50]. It was
found that molecules such as fibrinogen and high-sensi-
tivity C-reactive protein (hs-CRP) were elevated in peo-
ple with migraine and, importantly, were more linked
with MA than with MO. Patients with MA had a higher
likelihood of increased Factor II, also known as plasma
prothrombin, and hs-CRP. Interestingly, women with
MA presented with elevated fibrinogen and Factor II. The
study also found that the total number of years of aura
(not migraine headache) predicted increased hs-CRP
level. An average number of aura attacks predicted all
biomarkers, excluding Factor II [50]. In another study,
Tietjen et al. found that endothelial activation biomarkers
like von Willebrand factor activity and hs-CRP level were
increased, and nitrate levels were decreased in premeno-
pausal women with migraine, notably with MA [51]. The
study revealed that endothelial microparticles, which
are involved in endothelial dysfunction, were elevated in
women with MA. Conclusively, it seems that endothelial
activation plays a role in the development of migraine,
particularly MA [52]. It was furthermore emphasised by a
study by Petrusic et al. [53], in which researchers showed
that microembolic signals were significantly more often
detectable in patients with higher cortical dysfunction
during aura compared to those with visual and/or soma-
tosensory aura and healthy controls (29.4%, 3.2%, 5.9%,
respectively). This suggests potential differences in the
development of different aura types.

Haematological parameters and inflammatory biomarkers

Levels of haematological parameters and inflammatory
biomarkers were also investigated in migraineurs [54].
Neutrophil/monocyte ratio (NMR), generally used in
evaluating systemic inflammation, was higher in patients
with MA than in the control group. In contrast, CRP,
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platelet/lymphocyte ratio, and NMR were increased in
patients with MO compared to the control group [54].
Additionally, serum lymphocyte levels seemed to be
lower, and the neutrophil/leukocyte ratio was higher in
patients with MA than in patients with MO [55]. Inter-
leukins are a class of molecules involved in migraine
development. Ramezani et al. found that interleukin-6
(IL-6) expression was elevated in patients with aura com-
pared to people without migraine. However, there was
no increase in IL-6 in participants with MO [56]. The
other factors that play a role in migraine development
are vaspin, chemerin, visfatin, and interleukin-18, which
are elevated in migraineurs compared to healthy indi-
viduals. Although inflammatory processes are thought to
be more closely linked to MA, no significant differences
were observed in the levels of the above-mentioned mol-
ecules between MA and MO patients. The levels of these
substances were elevated in both groups compared to
healthy individuals. Accordingly, inflammation is a sig-
nificant trigger of migraine headaches [57]. Furthermore,
some studies found that the other important biomarker,
homocysteine, which is associated with cardiovascular
diseases (CVD), such as coronary artery disease, may be
elevated in people with MA in comparison to the MO
and control groups but more likely in men than women
[58]. Importantly, in most of the abovementioned stud-
ies [50-52, 56—58], the number of included patients was
similar in both MA/MO groups. However, in three of
them, [49, 54, 55] MO groups were at least two times big-
ger than MA groups, which might have influenced the
statistical power to observe differences with controls for
both forms of migraine.

Hormones

Migraine, apart from neuroinflammation, is intrinsically
linked to female sex hormones and their cycles, often
aligning with puberty onset, remission post-menopause,
and variation in severity and frequency across the men-
strual cycle and during the perimenopausal period [59-
61]. However, sex hormones and reproductive events
modulate MO and MA differently.

Menstrually-related migraine, occurring from two
days before menstruation to day three of menstruation,
is more common in MO patients than MA patients [59,
62—64]. Reports indicate that 53-56.4% of MO patients
experience menstrually-related migraine attacks, and for
21% of MO patients, at least 75% of their monthly attacks
are menstrually related. In contrast, 15-33.3% of MA
patients experience menstrually-related migraine attacks,
with only 4% of MA patients experiencing the majority of
their attacks during menstruation [59, 62, 64]. However,
other studies found no significant difference in migraine
prevalence during menstruation between MO and MA
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patients, indicating further research is needed [65, 66].
Interestingly, regardless of whether the patient is diag-
nosed with MO or MA, the migraine attacks that occur
during the perimenstrual and menstrual periods are pri-
marily without aura, indicating that the mechanisms that
drive menstrually-related migraine attacks may be dis-
tinct from attacks with aura for MA patients [63, 64, 66].
In addition, although MA patients have not an increased
risk of attacks with aura during the perimenstrual phase,
the risk of attacks without aura was similar for women
with MO (OR [95%CI]:1.53 [1.44-1.62]) and those with
MA (1.53 [1.44-1.62]). Finally, premenstrual syndrome is
significantly more common for MA patients than for MO
patients [62, 65].

Changes in female sex hormone cycling and repro-
ductive events also alter the migraine profile, impact-
ing MA and MO patients uniquely. Both MA and MO
patients experience favourable effects of pregnancy on
their migraines, including decreased attack frequency
and symptoms and complete remission for some. A lower
percentage of MA patients (43.6-65.5%) experience
remission during pregnancy compared to MO patients
(76.8-79.3%), who also often gain relief earlier in preg-
nancy [62, 67, 68]. However, attack frequency may also
increase during pregnancy for some MA patients, and
new migraine onset during pregnancy is more likely to
be associated with aura [59, 66]. Breastfeeding is protec-
tive for MO patients, whereas MA patients may experi-
ence an increased attack frequency [66, 67]. Menopause
decreases attack frequency and severity for MO patients;
however, a similar reduction with age is not seen for MA
patients [64].

Responses to exogenous female sex hormones also dif-
fer between MA and MO. A higher percentage of MA
patients (56.4%) experience worsening migraines with
hormonal contraceptives compared to MO patients
(25.3%) [62]. Estrogen treatment can lead to the devel-
opment or worsening of aura [69]. Significantly higher
estrogen levels during ovulation in MA suggest high
estrogen may contribute to aura development, which may
explain why menstrually-related migraine (with low lev-
els of estrogens during menstruation) is mainly without
aura [70, 71]. Conversely, high progesterone levels from
progesterone-only contraceptives reduce migraine attack
frequency for both MO and MA and decrease visual aura
duration for MA patients [72, 73]. Hormonal contracep-
tives and stroke risk vary between MA and MO patients.
One study showed that without contraceptives, both
migraine subtypes have similar odds ratios (2.65 MA vs
2.24 MO) for stroke [74].

Nevertheless, different conclusions can be drawn from
the work conducted by Kurth et al., [75] in which the
analysis after adjustment of several confounding factors,
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including the use of hormones ever in life, showed more
increased risk for stroke for MA (OR [95%CI]: 3.36 [
2.72-3.99]) in comparison to MO (OR [95%CI]: 2.11
(1.98-2.24)]. Additionally, combined hormonal contra-
ceptives increased stroke risk more pronounced for MA
patients (OR 6.08) than for MO patients (OR 1.77) [74].
Thus, combined contraceptives are contraindicated for
patients with MA.

It is unclear how sex hormones modulate aura in
migraine, though preclinical studies suggest they may
influence CSD, a key event in aura development. Both
estrogen and progesterone can increase CSD rate, ampli-
tude, and duration, contrasting with clinical data that
suggest progesterone can be beneficial [76-79]. There is
little or no difference in CSD susceptibility or frequency
across the estrous cycle, aligning with clinical observa-
tions that the frequency of attacks with aura does not
differ across the menstrual cycle [79]. Additionally, tes-
tosterone appears protective, decreasing CSD frequency
and speed [80]. Consistently, studies showed lower tes-
tosterone levels in men with migraine compared to
healthy controls [81, 82]. However, studies regarding tes-
tosterone differences between MA and MO are lacking.

Differences in epidemiology and clinical
presentation

When moving from the molecular point of view to the
clinical one, first, the general characteristics of patients
who come to the outpatient clinic due to headache
problems appear. It is well known that young women of
reproductive age are the most common group affected
by migraine headaches. However, the question remains:
do the numbers differ for MA and MO? For more than
three decades, it has been known that these two types
of migraine differ in sex-related distribution and age of
onset. A study performed by Rasmussen et al. compre-
hensively compared the epidemiology of MA and MO
and included a total of 1000 participants. The male-to-
female ratio in MO was established at 1:7, while in MA,
it was only 1:2, showing a substantially greater predomi-
nance of women over men in the more common type of
migraine. Moreover, in the same study, the age of onset
appeared to be significantly higher for MA than for
MO. Although the percentage of onset in the third dec-
ade was similar for both types of migraine, amounting
to 30%, the onset in the second decennium was almost
twice more common for MO than MA (43% to 24%).
An inverse relationship was observed for the onset in
the fourth decade (32% of MA and 17% of MO) [83].
The recent epidemiological study conducted by Chal-
mer et al. demonstrated similar tendencies thirty years
later, analysing almost 13,000 migraine patients (and
63,000 participants overall). MO appeared significantly
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more frequently in females than males (OR 1.22), with
the highest peak of incidence observed in the reproduc-
tive age. Interestingly, MA presented no difference in sex
distribution and was not age-related [84]. Focusing more
on differences between females and males, apart from
the distinct sex distribution of MO and MA, age distri-
bution also seems to differ between sexes. Studies have
shown that males are more prone to develop migraine at
younger ages than females, with the percentage of men in
migraine population decreasing from childhood to adult-
hood [85]. Additionally, another study showed that the
age of onset is lower for males only for MO (16.5 years
versus 21.5 years), while for MA, there was no significant
difference in the age of onset between men and women
(20.8 years versus 21.8 years, respectively) [86].

Furthermore, some slight differences were observed
between MA and MO in body weight and dietary pat-
terns [87, 88]. Rossoni de Oliveira et al. studied anthro-
pological parameters and body fat percentage in female
migraineurs with or without aura. Researchers dem-
onstrated that for MA, there was a positive correlation
between attack frequency and both body mass index
(BMI) and waist circumference, which was not present
for MO. However, the difference between MA and MO
in BMI and waist circumference was not significant [88].
Interesting observations were made by Rist et al. accord-
ing to dietary patterns. It was shown that MA patients
had a lower intake of food such as chocolate, ice cream,
hot dogs, and processed meats, which can be considered
potential trigger factors [87].

Finally, a study by Kallela et al. observed differences
between MA and MO strictly in migraine presentation.
Unilateral pain and photophobia were more typical for
MA, while nausea was more typical for MO. Moreover,
headache lasted longer in patients suffering from MA
than those with MO [89].

Some of the complaints may be considered either a fea-
ture of a patient with migraine, which could also differen-
tiate MA and MO, or a complication of migraine, and it
is not always directly known which term should be used.
Therefore, the co-existing disorders and conditions have
been described in paragraph 8.

Neuroimaging

Structural imaging

In recent years, multiple studies have assessed morpho-
logical brain differences, such as changes in structure and
volume between MO and MA.

Volumetric and cortical thickness changes

Recent research has shown that migraineurs have a
greater medulla volume compared to healthy con-
trols, with MA and MO having similar whole brainstem
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volume [90]. On the other hand, morphological brain dif-
ferences between MA and MO were observed in higher
cortical areas [91-94]. Although one study found no
dissimilarity in cortical thickness between MA and MO
[95], a study with a larger sample suggested that MA had
a thicker cortex in somatosensory areas, occipitotempo-
ral gyrus, and cuneus compared to MO [93]. Changes in
the occipital cortex volume, such as a thicker occipital
cortex [96] and an increased grey matter volume in the
occipital gyrus [91], seem to be promising biomarkers of
MA. Moreover, MA showed a higher occipital bending
compared to MO [92]. However, grey matter volume dis-
similarities were also observed in other brain areas: MA
had a reduction in cerebellum and temporal lobe volume
and an increase in frontal lobe volume compared to MO
[94].

White matter microstructure

Differences in white matter microstructure assessed with
diffusion tensor imaging (DTI) between MA and MO
have also been reported [97-99]. Compared to MO, MA
had increased structural connectivity between the left
parietal and occipital areas [97] and decreased structural
connectivity between the postcentral gyrus and insula
and between the precuneus and lateral occipital cortex
[98]. However, a study that showed no differences in DTI
between MA and MO did not support these results [100].
Previous research also had heterogeneous results, with
one study finding differences in DTI between MA and
MO, showing significantly more radiological changes in
MA patients, [101] and one not [102].

White matter hyperintensities

According to a systematic review of 30 eligible stud-
ies published before 2022 involving 3,502 migraineurs
[103-106], the presence of aura was associated with an
increased risk of having white matter lesions (White
Matter Hyperintensities (WMHs)) [99]. The prevalence
of WMHs in MO and MA was 38% and 45%, respectively
[99], compared to 5.3% of age-matched healthy controls
[107]. MA had a six-fold increased risk, and MO had a
four-fold increased risk of WMHs compared to healthy
individuals [99]. A recent study published after the
review showed that the number and volume of WMHs
were similar between 15 MA and 15 MO patients. How-
ever, the study found a positive correlation between the
frequency of aura and the number and volume of WMHs
in the frontal and temporal lobes [108], the brain areas
most affected by WMHs [99]. Overall, these results show
some relationship between aura presence and WMH for-
mation, not providing enough evidence for the causal-
ity between WMH formation and aura. The mechanism
underlying this correlation could be the CSD-induced
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prolonged oligemia potentially causing ischemic/hypoxic
injury in hemodynamically vulnerable brain areas, which
could contribute to WMH formation [109]. However, as
no causal relations has been proven between MA and
WMHs [110], it is also possible that a certain background
of a patient makes her/him more susceptible to both aura
and WMH.

Vascular structure

Apart from structural alterations involving neural tis-
sue in the brain, vascular abnormalities have also been
observed in MA compared to MO. Basilar artery (BA)
displacement was greater in MA compared to MO [111,
112], with every millimetre of lateral BA displacement
associated with a 4% greater odds of having MA [111].
On the other hand, large artery atherosclerosis in extrac-
ranial and intracranial arteries seems to be similar in MA
and MO patients who recovered from their first-ever
ischemic stroke [113].

Vascular perfusion

Ictal studies

An early study published in 1999 compared changes in
cerebral perfusion between MO and MA during the ictal
and the interictal phase. In MA, cerebral hypoperfusion
in the contralateral occipital cortex was observed during
aura, with no changes in cerebral perfusion occurring in
MO during the ictal phase or in MO and MA interictally
[45]. These results were confirmed by recent research,
which showed biphasic cerebral perfusion changes in
MA patients, occurring mainly unilaterally in posterior
brain areas: cerebral hypoperfusion occurred during the
aura phase, sometimes continuing in the first hours of
headache attack, before hyperperfusion sets in during
the ictal phase [114, 115]. On the other hand, results in
MO are inconsistent, with some studies showing an ictal
increase and others an ictal decrease in cerebral perfu-
sion [115]. Recently, mean flow velocity reduction in the
middle cerebral artery and the posterior cerebral artery
during a CGRP-induced migraine attack was also found
in MA compared to MO [116].

Interictal studies

Differences in cerebral perfusion between MA and MO
have also been also reported during the interictal phase
[95, 117, 118]. In children, 75% of migraine patients
with aura had perfusion changes compared to 13% with-
out (90% hyperperfusion, 10% hypoperfusion) [118].
In adults, one study showed that MA but not MO had
cerebral hyperperfusion in the middle temporal gyrus
and superior temporal gyrus compared to healthy con-
trols [95]. Another study found that MA had hyperper-
fusion in the bilateral superior frontal gyrus, bilateral
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postcentral gyrus, and cerebellum and hypoperfusion in
the bilateral middle frontal gyrus, thalamus, and medio-
ventral occipital cortex compared to MO [117]. No
changes in flow velocity in the anterior, middle, or pos-
terior cerebral artery or vertebral artery were observed
interictally between MA and MO [119].

Functional imaging

Functional magnetic resonance imaging (fMRI) could
assess resting-state functional connectivity between dis-
tinct brain areas and brain activity during a stimulus.
Unfortunately, although multiple studies assessed differ-
ences in fMRI between MA and MO during the interictal
phase, studies comparing these patients during the ictal
phase are lacking. There is consistent evidence that MA
and MO exhibit different resting-state functional connec-
tivity patterns between brain areas [98, 100, 120-124],
suggesting a heterogeneity in brain functionality between
these two subgroups. Differences between MA and MO
were also observed in brain activation during a stimulus.
Compared to MO, MA had higher brain activity, particu-
larly of the visual cortex [125-127], during visual stimuli
[9, 128]. MA also had higher activation of the left lingual
gyrus, inferior parietal lobe, inferior frontal gyrus, and
cerebellum following a trigeminal painful stimulus [114].
Additionally, in the case of functional near-infrared spec-
troscopy (NIRS), the findings were similar for both MA
and MO [129, 130].

Neurophysiology

Electroencephalography

Electroencephalography has been widely used to assess
electrocortical phenomena in migraine patients [131].
Recordings can be performed during rest (resting-state
EEG) or external stimulation (event-related potential
(ERP)) [131].

Resting-state EEG

Differences in resting-state EEG during the interic-
tal phase have been observed between MA and MO.
Particularly, MA seems to have an excess of slow and
hyper-synchronized alpha rhythmic activity [131]. More
recent studies have confirmed these results, which show
disparities in interictal resting-state EEG recording
between MA and MO [132, 133]. MA and MO showed
differences in the theta band’s microstate dynamics [132]
and functional connectivity [133]. Also, a recent article
focused on high-density EEG in patients suffering from
MA but without comparison to MO, which is the main
topic of the narrative review. Nevertheless, researchers
observed the decrease in alpha-power contralaterally to
visual symptoms, which was consistent with the observed
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effects of CSD. However, the presented changes were not
specific to MA patients [134].

Event-related potentials

Even if both MO and MA seem to have an interictal
cortical hyper-reactivity to sensory stimuli, the ampli-
tude of the response appears to be more pronounced in
MA [131]. Three recent studies showed that MA has a
higher interictal cortical response during visual stimuli
compared to MO [135-137]. However, two studies did
not confirm these results, with one finding no differ-
ences between MA and MO [138] and another show-
ing a higher cortical response in MO compared to MA
[139]. On the other hand, the amplitude of interictal
cortical response during somatosensory stimuli seemed
to be similar between MO and MA [131, 140]. However,
a recent study showed that MA and MO had a different
EEG spatial distribution during a trigeminal cutaneous
mechanical stimulus, with MA showing an increased
signal in the cerebellum cortex [141]. The discrepancy
in results between studies assessing event-related poten-
tials in MA and MO could be due to methodological dif-
ferences, such as the population included, the stimulus
application, and the EEG recording procedure.

Habituation deficit

An interictal lack of habituation in cortical response dur-
ing repeated visual, auditory, or somatosensory stimuli,
which normalizes during the ictal phase, has been con-
sidered a neurophysiological hallmark of migraine [142].
Even if the interictal lack of habituation during repeated
visual stimuli has been observed both in MO and MA,
this impairment seemed more pronounced in MA
patients [131, 136].

Treatment response

Currently, guidelines for abortive and preventive treat-
ment for MA and MO are similar [143]. However, emerg-
ing evidence suggests that the response to therapies
between these subtypes may not be identical, raising
questions about whether more tailored treatment strat-
egies are needed [144, 145]. Randomized clinical trials
typically include mixed cohorts of MA and MO patients
and the primary objective of these trials tends to focus on
reducing headache days or the time to pain relief rather
than addressing aura-specific symptoms [143—-145].

Aura targeted treatment

No treatments have been approved solely for the aura,
although some drugs such as ketamine, magnesium
sulphate, aspirin, or ginkgolide have shown promis-
ing results in reducing aura symptoms in preliminary
research, often involving small sample sizes [146-152].
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Another interesting medication analysed specifically in
aura was tonabersat, a neuronal-glial gap junction inhibi-
tor [153]. It was demonstrated in the randomised con-
trol trial that tonabersat was effective in the reduction of
aura attacks in comparison to placebo (median number
of attacks per 12 weeks: 1.0 compared to 3.2). Interest-
ingly, results regarding other outcomes, such as migraine
headache days, either with or without aura, did not reach
significance [153].

Abortive treatment

When examining abortive treatment, there is evidence
that triptans may be less effective in MA patients com-
pared to those with MO [154-156]. A recent survey of
1,394 patients rated triptans significantly more effec-
tive than ibuprofen, especially for MO [157]. One pos-
sible explanation for the reduced efficacy in MA may be
more diffuse derangements of brain physiology during
attacks involving the cerebral cortex, which are, there-
fore, more difficult in therapy [144]. However, there may
also be deeper biological differences that make MA less
responsive to these treatments. This discrepancy war-
rants further investigation, particularly to clarify why
abortive treatments appear less effective in patients with
aura. Although new medications like gepants and ditans
have been approved for both types as acute or preventive
treatment, no data is yet available on their specific effi-
cacy differences between MA and MO [158-161].

Preventive treatment

Preventive treatment offers another perspective on the
distinction between MA and MO. The role of CSD, a
phenomenon more prominent in MA, may influence
treatment efficacy. Several prophylactic drugs, including
topiramate, valproate, lamotrigine, propranolol, and ami-
triptyline, are known to suppress CSD in animal models,
suggesting that these treatments might offer specific ben-
efits for MA patients [161-163]. However, this hypoth-
esis has not been systematically validated in clinical
studies [160, 164]. Moreover, propranolol has also been
demonstrated to inhibit cerebral blood flow induced by
CSD and trigeminovascular activity, which suggests MA
and MO should respond differently to the prevention
treatment with propranolol [153].

Among the newer preventive treatments, monoclonal
antibodies targeting CGRP or its receptors (anti-CGRP
mAbs) have revolutionised migraine management, they
have not been systematically studied in terms of their
effects on the aura [165-168]. Some observational stud-
ies suggest a reduction in headache days but no change
in aura frequency for MA patients, possibly because
anti-CGRP mAbs counteract trigeminovascular sen-
sitisation without directly affecting CSD [169, 170]. A
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post-hoc analysis by Ashina et al. found that erenumab
reduced migraine days in both MA and MO patients,
although its impact on aura was not directly assessed
[171]. Similarly, a post-analysis of PROMISE studies with
eptinezumab demonstrated efficacy and safety in patients
with aura, comparable to the overall study populations
[172]. Additionally, one study showed that galcanezumab
reduced headache incidence following aura, particularly
in patients who responded well to treatment [173]. More
research is needed to understand whether anti-CGRP
mAbs can address both the headache and aura phases in
MA patients.

Anticonvulsants in migraine treatment

Other treatment options have shown mixed results. Anti-
convulsants, like lamotrigine and levetiracetam, have
gained attention for their potential to reduce aura symp-
toms [163, 164, 167]. Lamotrigine, in particular, appears
to have a more significant impact on the aura phase,
though its efficacy in treating the headache phase of
migraine remains debated [164, 165, 169-172, 174, 175].
Similarly, levetiracetam has also been proposed as an
alternative preventive option, though its benefits in MA
versus MO remain unclear [166, 167, 173, 176]. These
drugs may represent an option for patients who experi-
ence limited success with conventional therapies, par-
ticularly those targeting the aura component.

Non-pharmacological treatment options
Neuromodulation, including transcranial magnetic stim-
ulation (TMS) and non-invasive vagal nerve stimulation,
has shown mixed results for migraine management [143—
145, 158, 177]. TMS is divided into two main forms:
single-pulse TMS (sTMS) and repetitive TMS (rTMS).
Transcranial magnetic stimulation was initially designed
for the acute treatment of MA, but some recent reviews
found no evidence of differences between MA and MO
populations [178]. However, the randomised control trial
performed by Lipton et al. showed efficacy in the acute
treatment of MA for specifically sSTMS [179]. Moreover,
studies suggest that sSTMS can be a valuable option in the
therapy of both episodic and chronic migraine regardless
of the aura presence [180, 181]. Apart from sTMS studies,
some research shows the possible effectiveness of rTMS
in migraine therapy [182]; nevertheless, only sSTMS was
approved by the Food and Drug Administration (FDA) in
the United States of America [183].

Complex aura treatment

Finally, another complexity in treating MA arises in
patients with more prolonged or complex aura presen-
tations [184]. Case reports suggest that drugs like vera-
pamil and acetazolamide may be effective in reducing the
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severity and frequency of these attacks, although these
treatments are not typically used in standard care for MO
patients [185]. Studies exploring treatment responses in
MA and MO patients with both simple and complex aura
found no significant differences in outcomes between
these groups. However, patients with aura, particularly
complex aura, tend to show better responses to preven-
tive treatment such as with topiramate, valproate, or
anti-CGRP mAbs, suggesting that aura may be a marker
for a distinct subgroup responding differently to certain
therapies [186]. For aura complexity assessment, a tool
proposed by Petrusic et al. was used, called a Migraine
Aura Complexity Score [187]. The analysis of complex-
ity was performed based on three major components:
aura’s influence on higher cortical functions, the degree
of involvement of the surface of primary visual and
somatosensory areas, and the involvement of hand and
head by somatosensory aura. Those three domains com-
bined result in a better complexity assessment than all
of them alone. The issue of aura complexity is another
that requires further investigation due to the putative
differences in the pathogenesis of each aura subtype, as
mentioned before [53]. However, these divagations are
beyond the topic of the narrative review.

Risk and complications

Cardiovascular diseases

A considerable number of studies conducted on dif-
ferent populations elaborated on the topic of migraine
and CVD. It has been estimated that MA is a significant
and independent risk factor of major cardiovascular
events, comparable in risk stratification to high values
of systolic blood pressure and high total cholesterol lev-
els [75, 188] Compared to healthy populations, patients
suffering from MA are reported to have approximately
a two-fold increase in the total cardiovascular risk [75,
189]. Interestingly, higher headache frequency has been
found to be an additional, independent factor that can
further increase the cardiovascular risk for both types
of migraine [190]. Available data is inconsistent when
it comes to increased cardiovascular risk in the case of
MO, yet few recent studies have shown a positive corre-
lation between CVD prevalence and MO [75, 191-194].
Winsvold et al. reported that patients with MO have a
higher prevalence of other CVD risk factors, such as high
BMI, smoking, and low physical activity, which could
be related to lifestyle changes, whereas no such signifi-
cant correlation was found for MA [190]. Furthermore,
genetic studies showed that migraine and several CVDs
share genetic variants as risk factors, while this effect
seems stronger for MO than MA [195-198]. However,
slightly different observations were made in the recent
study conducted on a large cohort of patients (140,915
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participants in total, 25,915 with prevalent migraine,
2,224 with incident migraine) [199]. Although many
studies showed higher cardiovascular risk scores are cor-
related with a history of migraine, active migraine does
not necessarily increase those risk scores [199]. Similar
observations were made in another study, which, com-
pared to the previous one, focused only on women [200].
Results showed that the odds of having active migraine
or developing it in the future decreased with increasing
cardiovascular risk scores, which may be explained by the
hypothesis of a positive correlation between a relatively
healthy cardiovascular system and the presence of active
migraine.

Nevertheless, several cardiovascular risk factors have
been reported as more common in migraine patients
than in the general population.

Atrial fibrillation

The estimated prevalence of atrial fibrillation (AF) was
higher in MA than in MO patients, especially those with
visual-type aura [201, 202]. Gollion et al. proved that AF
is one of the leading causes of ischemic strokes in young
patients with MA [203]. Chiang et al. conducted a study
comparing the artificial intelligence-enabled electrocar-
diogram AF prediction model output in both groups of
migraine patients. A higher probability of AF was dem-
onstrated in MA than in MO in both women and men
[204]. However, a large-scale study conducted on the
Norwegian population presented contradictory results.
A nine-year observation of the population of nearly
40,000 patients showed no increased risk of AF and
stroke in migraine patients. Moreover, in the group of at
least 55-year-old patients, migraine was connected to a
decreased risk of AF [205].

Atherosclerosis

In 2019, Magalhdes et al reported an association
between atherosclerosis of carotid arteries and migraine
among women. In this study, MA was proved to be posi-
tively correlated with hypertension and diffuse carotid
thickening, while MO patients had lower rates of arte-
rial stiffening and carotid plaques [206]. Later studies
did not confirm these findings, as no positive association
between migraine and atherosclerosis was found [113,
207]. Furthermore, it was found in the Rotterdam study
that migraineurs, regardless of migraine subtype, had
less calcification in the intracranial arteries than subjects
without migraine [208]. Moreover, Gollion et al. reported
a significant negative correlation between any type of
migraine and atherosclerosis of large arteries among
migraineurs of both sexes [113].
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Arterial dissection

Another type of vascular condition related to migraine
is arterial dissection. It has been estimated that cervi-
cal artery dissection is associated with MO but not with
MA [209]. Furthermore, it has been shown that artery
dissection is a more common cause of ischemic stroke
in the subgroup of MO compared to both MA and non-
migraine stroke patients [203].

Patent foramen ovale

An interesting point is the presence of patent foramen
ovale (PFO) in migraine patients. It is suggested that this
right-to-left shunt is more common in patients with MA,
while such correlations are not observed for MO [210,
211]. In the study conducted by Snijder et al., PFO with
atrial septal aneurysm was significantly more frequent in
patients with MA in comparison to healthy individuals
(18.1% and 6.1%, respectively, OR 3.72) [210]. Consist-
ent observations were made by Domitrz et al., who per-
formed a study comparing the prevalence of PFO in MA,
MO patients, and healthy volunteers. Results showed that
PFO was significantly more often in the MA group than
in both the MO and control groups (54%, 25%, and 25%,
respectively) [211]. Moreover, some studies have focused
on an increased risk of ischemic stroke in patients with
MA due to the higher presence of PFO. More precisely,
in patients with cryptogenic ischemic stroke (CIS), MA
was associated with possibly causal PFO (OR=4.0) and
probably causal PFO (OR=5.4) [212]. Noteworthy, Mar-
tinez-Majander et al. estimated that the increased risk of
CIS in adults with MA was not linked to the presence of
PFO. However, higher right-left shunt intensity increased
the prevalence of MA [213]. These findings were consist-
ent with other recent studies [203, 214]. Interestingly,
limited research suggests that PFO may also be related
to MO. Tang et al. conducted a cross-sectional study in
China comparing the frequency of MO in patients with
and without PFO. It was demonstrated that the former
group suffered from MO significantly more commonly
than the latter (13% and 8%, respectively) [215]. However,
these observations require further investigation. Regard-
less of migraine type, Bank et al. suggested that more
focus should be put into the management of co-existing
CVD risk factors because a considerable number of mid-
dle-aged women with migraine do not achieve proper
control over already diagnosed factors (e.g., blood pres-
sure) [216]. Nevertheless, CVD risk due to migraine is
so impactful that it was recognised and implemented in
the most recent version of the Cardiovascular Risk Score
(QRISK) 3 algorithm for the estimation of 10-year CVD
risk [217].



Grodzka et al. The Journal of Headache and Pain (2025) 26:77

Visual symptoms

Moving from the broad field of cardiovascular disorders,
MA can be associated with an increased risk of different
types of permanent visual symptoms. A few case reports
presented MA patients with retinal migraine and typical
visual aura who suffered from permanent monocular vis-
ual loss and positive visual symptoms (e.g., scotoma) after
migraine attacks. Further investigation diagnosed several
underlying causes, such as ischemic optic neuropathy,
retinal artery occlusion, eye vasculitis, and retinal haem-
orrhage [218, 219]. Al-Moujahed et al. confirmed that
migraine, especially MA, significantly increased the risk
of retinal artery occlusion [220].

Recently, a phenomenon called visual snow syndrome
(VSS) gained more attention in migraine studies due
to its high prevalence in patients with migraine [221].
Interestingly, studies analyzing neurotransmitters’ con-
nectivity suggested some relation between VSS and
particularly MA. More precisely, although serotoniner-
gic connectivity was independent of migraine presence
in VSS, the changes were comparable to those in MA
patients. Therefore, similar pathogenesis may be shared
by VSS and MA [222].

Hormonal diseases

Since, as already discussed, migraine pathogenesis is
associated with sex hormones, some studies explored
its relation to other hormone-related conditions. Sev-
eral meta-analysis studies have reported the protective
impact of migraine on the development of breast cancer
[223-225]. However, Fang et al. provided evidence for
the association of MO with an increased prevalence of
estrogen receptor-negative breast cancer, while no such
risk has been found for MA [226].

Other neurological diseases

Various studies reported evidence of an association
between migraine and neurodegenerative diseases,
dementia, and cognitive impairment; however, usually
without differentiation between MA or MO [227, 228].
One study found a significant difference between MA
and MO, which increased the risk of developing demen-
tia by 2.11- and 1.19-fold, respectively [229]. The explana-
tion for the increased risk of dementia for MA compared
to MO may be found in the genetic background of both
MA and some dementia forms [230], since, as previously
mentioned, the evidence for genetic bases of MA is more
clear compared to MO.

Migraine was estimated to be the most common type
of headache in the population of multiple sclerosis
(MS) patients, with a prevalence of around 31% [231].
Rosciszewska et al. reported a significantly higher inci-
dence of MA among migraineurs diagnosed with MS
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(45.9%) [232]. Recent studies have not confirmed a causal
effect of migraine on MS, although mutual factors in the
pathogenesis of both diseases have been found, such as
shared genetic variants among major histocompatibility
complex genes, regardless of migraine type [233, 234].

Vestibular disorders

Some evidence was also reported for the positive asso-
ciation of migraine with vestibular disorder. MA was
estimated to increase the risk of Meniere’s Disease (MD)
slightly more than MO (HR=2.13, 1.93, respectively).
Conversely, a similar correlation was observed, as it has
been proved that MD increases the risk of both MO and
MA (HR=2.23 and 2.0, respectively) [235]. Another
study reported that vestibular symptoms were more likely
to appear in the group of MA (85%) than MO patients
(70%) [236].

Dermatological diseases

In the field of dermatology, Sarkhani et al. presented an
observational study that proved an association between
psoriasis and migraine. The prevalence of migraine was
significantly higher in the psoriasis patients compared
to the non-psoriasis control group (21% vs 9%). Fur-
thermore, it has been reported that the prevalence of
MA among migraine patients was significantly higher
in the psoriasis than in the no-psoriasis group (53% vs
22%) [237]. These findings were coherent with previ-
ous studies, which also reported a higher ratio of MA
among migraine-psoriasis patients compared to migraine
patients in the general population [238, 239].

Psychiatric disorders

The comorbidity rate of psychiatric disorders, such as
depression, sleep disorders, and anxiety in migraine,
is established as high [240, 241]. MA is estimated to be
more frequently associated with depression than MO
[242, 243]. Moreover, patients who attend headache
clinics due to suffering from MA and depression have a
significantly higher rate of suicide risk, while the high-
est risk is reported for chronic MA patients (47% for
self-reported suicide ideation and 14% for self-reported
suicide attempts) [244]. However, the limitation of
that study was that it included only hospital patients
and not the general population of migraine patients. In
another study, Oedegaard et al. compared the frequency
of depression, mixed anxiety and depression disorder
(MADD), and pure anxiety disorder in patients with MA,
MO, and healthy individuals. It appeared that depres-
sion and MADD were significantly more frequent in
women with MA in comparison to MO. However, those
observations were not found for men suffering from
migraine, in whom there were no statistical differences.
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Furthermore, pure anxiety did not differ in prevalence
between MA and MO [245]. Finally, an interesting study
was conducted by Tanik et al, who investigated anger
and impulsiveness in migraine patients using appropri-
ate scales. It was demonstrated that anger symptoms
were substantially increased in M A patients compared to
MO patients. No similar observations occurred in terms
of impulsivity [246]. What should be remembered is the
higher prevalence of migraine in women; thus, usually, a
higher percentage of women in research groups, which
might influence the statistics, especially statistical power
for each group.

Although migraine, either with or without aura, can be
associated with several conditions (Fig. 3), the underlying
mechanisms of this phenomenon are still unknown, and
further studies are needed.

The red outline represents the increased risk (posi-
tive correlation), while the green outline represents the
decreased risk (negative correlation). The circle diameter
corresponds to the estimated strength of the correlation.
Background colours represent the category of conditions
(light grey, associated diseases; white, cardiovascular risk;
pink, hormones; light blue, psychiatric symptoms; dark
blue, inflammation; dark grey, neuroimaging). CGRP,
calcitonin gene-related peptide; ER-, estrogen receptor-
negative; ER 4, estrogen receptor-positive.
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Conclusions and future perspectives

In conclusion, the abundance of available literature com-
paring MA and MO shows similarities and differences
when looking at from different perspectives and differ-
ent aspects being analysed. A complex summary has
been presented in Table 2. Potential confounding fac-
tors for studies reporting differences between MA and
MO could be that, possibly, the diagnosis of MA may
be more specific and discriminating than the diagnosis
of MO in large cohort studies. On the other hand, the
higher prevalence of MO may provide more statistical
power to discern specific features for this group. How-
ever, literature not only mentions quantitative differences
between MA and MO, pointing in the same direction.
There are also intriguing qualitative differences between
these two migraine types that cannot be explained by the
above-mentioned potentially confounding factors, urging
to take MA and MO as two different types of migraine
always into account when making a diagnosis. The clue of
these divagations is to achieve a full understanding of the
underlying pathopsychological mechanisms of both types
and identify differences that may influence the manage-
ment of each. An in-depth analysis is needed to under-
stand migraine genetic and molecular bases, which may
allow researchers to use this knowledge in a proper, even
more targeted treatment and even in novel drug discov-
eries. Any unique features of each type may also deter-
mine a specific response to the applied therapy. Finally,
an additional advantage of seeing subtle differences in a
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Fig. 3 Conditions and alterations associated with different types of migraines
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Table 2 A summary of the original studies analysing differences between MA and MO with a specification of which study showed
significant differences and which did not

MA compared to MO

Pathogenesis

Molecules'levels MA>1 CGRP [36]; MA> 1 fibrinogen, factor Il, CRP [50]; MO > 1 lymphocytes; MA > 1 NMR [54]; MA> 1 IL-6
[56]; MA > 1 homocysteine [58];
=chemerin, visfatin, IL-18 [57]

Ischemic tetany tests (related to Mg levels) MA > positive tetany test [48]

Hormones
Menstrually-related migraine MO > [59, 62-641;
=[65, 66]
Pregnancy influence MO > 1 remission [62, 67, 68]; MA > 1 attack frequency, new migraine onset [59, 62, 66-68]
Breastfeeding influence MA> 1 attack frequency [66, 67]
Menopause influence MO > attack frequency and severity [64]
Relation with hormones levels MA >aura worsening after estrogen treatment [69];

=progesterone [72, 73]
Patients’ characteristics

Age and sex distribution MO > 1 female to male ratio [83, 84]

Age of onset MO > in males than females [86]

Clinical presentation MO > 1 nausea, MA >t unilateral pain, photofobia, headache duration [89]
Dietary patterns MA > | intake of chocolate, ice cream, hot dogs, and processed meats [87]
Anthropological measurements =BMI, waist circumference [88]

MO > attack frequency positively correlated with BMI, waist circumference [88]
Neuroimaging: morphological changes

Volumetric and cortical thickness changes  MA>* occipital bending [92]; MA>* cortical thickness [93];
=brainstem volume [90]; = cortical thickness [95]

SC calculated from the DTl MA > 1 [98];
=[100]
White Matter Hyperintensities MA>[103, 104, 106];
=[105, 108]
Basilar Artery displacement MA>1[111,112]
Neuroimaging: vascular perfusion MA>TCD abnormalities [116]; MA > CBF abnormalities [117, 118];

=TCD [119];=CBF [95]
Functional neuroimaging

Resting state functional connectivity =different patterns between brain areas [98, 100, 120-124]
Brain activity during a task performance MA>1[115,128]
Functional near-infrared spectroscopy =[129, 130]
EEG #resting state EEG [132, 133]; MA > 1 cortical response during stimuli [135-137, 141]; MO > 1 cortical

response during stimuli [139];
=event-related potential EEG [138]

Treatment response MO > 1 triptans effectiveness [154-157]; MA> * levetiracetam effectiveness [176]; MO > 1 anti-CGRP
mADbs influence on frequency) [169];
=anti-CGRP mADbs [171];=anti-CGRP mAbs (on intensity and duration) [169];=TMS results [178];
MA > single pulse TMS effectiveness;=vagal nerve stimulation [177]

Risks and complications

CVvD MA > arteriosclerosis [206]; MO > arterial dissection [209]; MA>PFO [210, 211]; MA > atrial fibrillation [201,
202, 204];
=arteriosclerosis [113]
Breast cancer MO >[226]
Neurodegenerative diseases MA>dementia [229];
=Parkinson'’s disease [227]
Otolaryngology diseases MA > vestibular symptoms [236];
=Meniere’s disease [235]
Psoriasis MA>[237,238]
Psychiatric diseases and symptoms MA > depression [244]; MA > depression, MADD in women [245];

=depression, MADD in men; anxiety in both sexes [245]
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Table 2 (continued)
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MA compared to MO

Anger and impulsiveness MA>anger symptoms [246];

=impulsiveness [246]

1 Increase, ¥ Decrease, BMI Body mass index, CBF Cerebral blood flow, CGRP Calcitonin gene-related peptide, CRP C-reactive protein, CVD Cardiovascular diseases,
DTI Diffusion tensor imaging, EEG Electroencephalography, IL Interleukin, MA Migraine with aura, mAbs Monoclonal antibodies, MADD Mixed anxiety depressive
disorder, MO Migraine without aura, NMR < neutrophiles-monocytes ratio, PFO Patent foramen ovale, SC Structural connectivity, TCD Transcranial Doppler,

TMS Transcranial magnetic stimulation
=No differences between MA and MO
MA > occurs more often in MA
MO > occurs more often in MO

# Differences between MA and MO without estimation of the direction

patient’s clinical presentation or the results of additional
tests or diagnostic tools is helping differentiate MA and
MO, especially when the aura is atypical.

Apparently, female sex hormones modulate migraine
with and without aura differently. MO is more common
during menstruation and usually decreases post-meno-
pause [59, 62, 64], which remains not at odds with MO
being more common at a younger age and showing a
more significant advantage of women than MA [83, 84].
Conversely, MA is less prevalent during menstruation
(59, 62, 64].

Interestingly, although neuroimaging is not commonly
used for migraine differentiation, patients seem to have
neurovascular morphological [93, 94, 99, 104, 105, 107,
112, 113] and functional [99, 101, 116, 121-125, 129]
alterations compared to healthy controls, suggesting
the presence of a “higher brain excitability” in migraine
patients. According to neuroimaging and EEG studies,
these impairments could be more pronounced in MA
patients compared to MO [136-138, 142], suggesting a
further increase in brain excitability in this subgroup of
patients. The difference observed between MA and MO
mainly occurred in areas involved in visual processing
[136—138]. As most studies included patients with visual
aura, the most common type, these results could be due
to the type of aura assessed. Although there are a few
articles in this area [247-250], future neuroimaging and
EEG studies should focus more on patients with differ-
ent types of auras. Moreover, the heterogeneity in the
methodology used by different studies makes results hard
to compare. Thus, multicentre studies that include more
patients using the same methods are needed to reach a
definitive conclusion.

There are few clinical trials specifically comparing
treatment outcomes between MO and MA patients. Fur-
ther subgroup analysis or randomised studies contain-
ing a MA subgroup are needed to answer this important
question. Also, currently, there are no approved treat-
ments just for aura [147]. Understanding how CGRP

impacts the neural and vascular components of migraine
aura can provide insights into more effective treatments.
Finally, preventive treatment response appears to be
associated with different migraine aura subtypes, sug-
gesting personalised treatment strategies could be benefi-
cial in the future [186].

Many studies have also explored the association of
migraine with several different conditions. Some signifi-
cant disparities between MA and MO were found. MA
is commonly suggested to be linked with a higher prev-
alence of major CVD events [75], while paradoxically,
MO shares more genetic risk factors with CVD than MA
[196—199]. However, some very recent evidence showed
that particularly active migraine may be associated with a
decreased cardiovascular risk score [199, 200]. Research
on this topic should be prioritised since these findings are
potentially crucial for applying adequate prevention. Sev-
eral conditions are probably also associated strictly with
MO, such as arterial dissection [209] or estrogen recep-
tor-negative breast cancer, while breast cancer, in gen-
eral, was observed to appear less frequently in migraine
population [226]. The underlying pathomechanisms for
such comorbidities are still poorly explored and require
further investigation.

Although MO and MA share multiple similar features,
diverse studies on different aspects of migraine suggest
some crucial differences between both types. Moreover,
the third possible option appears to be the aura separate
from migraine pain, either preceded by an aura or not.
Therefore, aura could be one disorder and migraine head-
ache another. Specific features seen in clinical presenta-
tion, diagnosis, treatment, or outcomes differ between
MA and MO. An important aim of recent studies was to
understand migraine bases better, also for MA, MO, and
aura separately.

The phenomenon of CSD seems to be an important
factor in migraine pathogenesis; however, a conclusive
answer to its role in MA, MO, and aura separately can
not be found yet. This knowledge may be a missing piece
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in achieving the most precise and effective treatment
of each migraine type. Likely, exploring the molecular
background of migraine pain development will bring the
desired explanation for observed differences and allow
researchers to answer the question, are MA and MO just
two types or rather two distinct diseases? Nevertheless,
seeing all the differences in various aspects of the disease,
both pathogenetic and clinical, we propose that future
research should consider MA and MO as being at least
partially separate disorders.

Abbreviations

AF Atrial fibrillation

ATP1A2 ATPase Na+/K+Transporting Subunit Alpha 2

BA Basilar artery

BMI Body mass index

CACNATA Calcium voltage-gated channel subunit alpha 1A

CADASIL Cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy

CGAS Candidate gene association studies

CGRP Calcitonin gene-related peptide

cls Cryptogenic ischemic stroke

CSD Cortical spreading depression

CSNK1D Casein kinase 1 delta

CvD Cardiovascular diseases

DTl Diffusion tensor imaging

EA2 Episodic ataxia type 2

EEG Electroencephalography

ERP Event-related potential

FASPS Familial advanced sleep-phase syndrome

FHM Familial hemiplegic migraine

fMRI Functional magnetic resonance imaging

fNIRS Functional near-infrared spectroscopy

hs-CRP High-sensitivity C-reactive protein

ICHD-3 International Classification of Headache Disorders, 3 edition

IL-6 Interleukin-6
KCNK18 Potassium channel subfamily K member 18
MA Migraine with aura

CGRP-mAbs  Monoclonal antibodies targeting calcitonin gene-related pep-
tide or its receptor

MADD Mixed anxiety and depression disorder

MD Meniere's Disease

MO Migraine without aura

MTHFR Methylenetetrahydrofolate reductase

MS Multiple sclerosis

NMR Neutrophil/monocyte ratio

NOTCH3 NOTCH receptor 3

PACAP Pituitary adenylate cyclase-activating peptide

PD Parkinson’s Disease

PFO Patent foramen ovale

PRRT2 Proline-rich transmembrane protein 2

RCTs Randomized clinical trials

RVCL-S Retinal Vasculopathy with Cerebral Leukoencephalopathy and
Systemic manifestations

rTMS Repetitive transcranial magnetic stimulation

SCNTA Sodium voltage-gated channel alpha subunit 1

SHM Sporadic hemiplegic migraine

SNPs Single nucleotide polymorphisms

SOD Superoxide dismutase

STMS Single-pulse transcranial magnetic stimulation

TMS Transcranial magnetic stimulation

TRESK TWIK-related spinal cord potassium channel

TREX Carboxyl-terminus of three prime exonuclease-1

VSS Visual snow syndrome
WMHs White matter hyperintensities
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