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Abstract

in migraine prophylaxis.

Background Several risk factors are associated with the chronic evolution of migraine. Clinical and preclinical stud-
ies have provided data about the role of hypertension (HT) as one of the potential modifiable risk factors of chronic
migraine (CM). This review is focused on the biological and clinical evidence supporting common mechanisms under-
lying HT and migraine and the potential role of HT in the transition from episodic to chronic migraine.

Methods We conducted a narrative review from a literature search covering the available evidence from stud-
ies investigating: i) the role of HT in the transition to CM in clinical practice; ii) the biological mechanisms poten-
tially underpinning the association between HT and evolution to CM,; iii) the role of antihypertensive medications

Results HT proved to be at the base of multiple mechanisms underlying migraine and migraine chronicization.
Endothelial dysfunction, blood-brain barrier alterations, calcitonin gene-related peptide signaling, and renin—
angiotensin—aldosterone system dysregulation are involved in the worsening effect of HT on migraine frequency,
and the role of HT in the transition to CM is supported by clinical observations.

Conclusions The observed evidence supports HT contribution to CM evolution due to shared pathophysiologic
mechanisms. While a bidirectional influence appears to be ascertained, data are still lacking about the one-way role
of HT as direct risk factor for CM transition. Further research is needed to confirm a causal role of HT in this process.
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Background

Migraine is a chronic disease with an estimated 1-year
prevalence of 15% worldwide [1]. It is one of the most
important causes of disability, being the first cause in
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women below the age of 50 [2], and it carries relevant
socio-economic and daily life burdens [3].

Migraine is classified as episodic or chronic based on
headache frequency over the previous three months. Epi-
sodic migraine (EM) refers to individuals who experience
less than 15 headache days per month, while chronic
migraine (CM) is characterized by 15 or more monthly
headache days, with at least 8 days per month with
migraine features ICHD-3, 2018) [4]. CM can be compli-
cated by medication overuse headache (MOH), classified
on the basis of the intake of analgesics, triptans, opioids,
ergotamine or their combination [4, 5].The threshold
for monthly days of use is set at 15 days/month in the
previous three months for simple analgesics, while it is
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lowered to 10 days for the other classes [4]. CM is the
most disabling phenotype across the migraine spectrum,
as it severely impairs patients’ quality of life and repre-
sents a major determinant of the direct and indirect costs
of the disease [6]. The disease burden is even increased
when considering resistant and refractory migraine
forms [7]. Migraine-related disability should be consid-
ered preventable, as effective acute and preventive treat-
ments are now available [8].

CM often develops in patients previously suffering
from EM. Numerous studies suggest a transition model
in which migraine progresses from EM to CM [9] with a
1-year rate progression of about 2.2-3.1% [10, 11]. Pro-
gression is driven by both non-modifiable and modifiable
factors, which should all be identified and addressed in
migraine management. Risk factors encompass socioec-
onomic status, female gender, obesity, major life events,
asthma, non-cephalic pain, head and neck injuries, snor-
ing and insomnia, as well as suboptimal medical thera-
pies [10-16] This data is further supported by recent
systematic reviews and meta-analyses [17, 18] that high-
light the role of depression [RR 1.58, 95%CI 1.35-1.85],
headache frequency [>5 days/month: RR 3.18 95%CI
2.65-3.82;>10 days/month: RR 5.95, 95%CI 4.75-7.46]
and medication overuse [RR 8.82, 95%CI 2.88-27.0] [17].

Another risk factor that has recently gained further
importance is arterial hypertension (HT), one of the
cornerstones of the well-known association between
migraine and vascular diseases. Since HT is a treatable
condition, the recognition of its role in migraine progres-
sion may have an important clinical significance, lead-
ing to a proper management and consequent decrease
of migraine progression rate, as well as of associated
disability and costs. This narrative review aims at a sum-
mary and critical reappraisal of clinical and preclinical
evidence available so far in order to evaluate the role of
HT in CM transition.

Hypertension and the biological mechanisms

of migraine chronicization

CM is a complex disorder affecting 1-2% of the global
population [3], usually manifesting as a progressive head-
ache worsening with transition from low-frequency to
high-frequency attacks[19]. Though still not completely
understood, accepted underlying mechanisms contribut-
ing to CM development include dysfunction of descend-
ing pain modulation areas (especially the periaqueductal
gray -PAG); hypersensitivity of trigeminal system lead-
ing to central sensitization, expressed by a reduced
nociceptive threshold; increased cortical excitability;
blood-brain barrier (BBB) alterations; and chronic neu-
rogenic inflammation [19, 20].
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HT seems to play a critical role in this context, as its
consequences on the cardiovascular homeostasis could
negatively influence migraine course and lead to CM
[21-23]. Indeed, previous studies supported the role
of vascular diseases in migraine pathophysiology, even
though their specific interconnections are still unclear.
Regarding a possible common genetic background, only
single-nucleotide polymorphisms linked with vascular
function have been found in migraine patients [24]. From
a pathophysiological point of view, migraine and vascular
diseases, especially HT, share some underlying mecha-
nisms, such as autonomic dysregulation [25], deranged
renin-angiotensin system (RAAS) [26] and endothe-
lial dysfunction (ED) [27]. They also share comorbidi-
ties within the metabolic syndrome spectrum, namely
elevated body mass index (BMI) [28], insulin resistance
[29], and dyslipidemia [30]; all conditions associated to
an increased cardiovascular risk.

In the following sections we will review the main bio-
logical mechanisms potentially underlying the associa-
tion between HT and migraine, with a particular focus
to CM evolution, and the clinical evidence of the associa-
tion between HT and transition to CM.

Endothelial dysfunction

The endothelium is one of the first and main target of
HT-induced damage. Under homeostatic conditions it
has antithrombotic, anti-inflammatory and antioxidant
functions. It is also involved in vessel tone and blood
pressure control via production, and balanced interplay,
of vasodilatory and vasoconstrictive substances, such as
nitric oxide (NO), endothelin 1 (ET-1) and prostacyclin,
and inactivation of other factors, such as serotonin and
bradykinin [31, 32]. When the endothelium is negatively
affected by detrimental factors like HT and reduced
vasodilator bioavailability, a proinflammatory and pro-
coagulant condition known as ED may develop [33]. ED
can alter the release of endothelial mediators, includ-
ing growth factors, cytokines, adenosine triphosphate
(ATP), and NO, partly responsible for the sensitization
of trigeminal neurons [34]. HT is also directly related to
ED through increased vascular stiffness, reactive oxygen
species (ROS) production and consequent inflammation
[21, 35].

Beyond a passive involvement of cerebral vascula-
ture during migraine attacks, previous literature have
increasingly recognized endothelium as a main actor in
migraine pathophysiology. This is supported by the evi-
dence of vasodilatory reduction and contextual increase
of vasoconstrictive substances during the attacks
(namely ET-1, metalloproteinase 9, soluble intercellu-
lar adhesion molecules) [36], as well as lower levels of
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endothelium self-repairing progenitor cells (EPCs) and
higher ET-1 levels in migraine subjects compared to
healthy controls [37].

Nonetheless, the causal and temporal relationship
between ED and migraine is far to be determined.
It is currently still unclear whether ED may be a con-
sequence of repeated migraine attacks or one of its
causes, and whether it only acts as a migraine trig-
ger or also as a key factor for its chronic evolution. In
addition, it remains to be elucidated whether ED may
be one of the factors driving the association between
stroke and migraine.

The endothelium is a potential target of several nox-
ious factors in migraine patients, particularly those suf-
fering from migraine with aura.

Oxidative stress represents a major cause of tissue
damage, when it exceeds the endothelium antioxidant
capacity it can lead to ED. An environment character-
ized by increased ROS production determines mala-
daptive vascular changes, namely increased platelet
aggregation and loss of vasodilation, increased inflam-
mation and smooth muscle cell growth [38]. ROS
directly inhibit NO activity and activate the PI3K/ras/
Akt/MAPK pathway, resulting in inhibition of endothe-
lial nitric oxide synthase (eNOS) mRNA expression
and eNOS activity [38—40]. Previous evidence showed
increased oxidative stress in migraine sufferers repre-
sented by higher levels of oxidized LDL (oxLDL) and
malondialdehyde (end product of lipid peroxidation),
and decreased activity of various antioxidant enzymes
[41].

In addition, migraine is associated with an inflamma-
tory state, as indicated by high levels of cytokines, like
interleukin (IL) 1B, IL-6, and Tumor Necrosis Factor -«,
as well as Endothelial Cell Specific Molecule 1 [42], but
this state might be either the cause or the result of oxi-
dative stress.The strong link between ED and migraine
is further supported by genome-wide association stud-
ies. Indeed, the vast majority of genomic loci associated
with migraine are also linked to vascular function [34].

From this perspective, the occurrence of HT-medi-
ated disruption of physiological endothelial and vas-
cular homeostasis may have a detrimental effect on
migraine, enhancing the underlying disease mecha-
nisms. HT may act as a continuous endothelial nox-
ious stimulus favoring further ED, and thereby creating
a predisposed environment for migraine progression
from episodic to chronic [21, 22, 43]. Nonetheless, the
hypothesis that ED could be determined by a common
driver, namely metabolic dysfunction, acting in both
CM and HT, cannot be ruled out and may represent a
potential confounder.
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Insulin resistance and metabolic dysfunction

Insulin resistance (IR) is a condition of a diminished
physiological response to normal insulin levels, that
requires increased insulin production to maintain suffi-
cient intracellular glucose concentrations. IR is a factor
of the metabolic syndrome along with hypertension, dys-
lipidemia, abdominal obesity and systemic inflammation
[44].

IR has been associated to migraine in several stud-
ies in the last two decades [45, 46] and it is also a rec-
ognized cause of ED [47]. In fact, IR leads to a selective
impairment of insulin-mediated NO production, through
a PI3K-mediated pathway. Simultaneously, insulin-
mediated ET-1 production is even enhanced through a
MAPK-dependent signaling [48].

This hypothesis was strengthened by a recent case—
control study on 30 newly diagnosed migraine patients
that revealed a significantly higher mean values of serum
insulin and Homeostatic Model Assessment (HOMA)
index in migraineurs compared to a control group
(p=0.049 and p=0.01, respectively). Moreover, migraine
patients had a higher frequency of insulin resistance
(46.7% vs 16.7%, p=0.012) and metabolic syndrome
(43.3% vs 16.7%, p=0.024) [49].

Focusing on CM, a cross-sectional study conducted
by Fava et al. found a higher prevalence of IR in women
with CM compared to EM (24% vs 9.4%, p=0.03). After
adjusting for potential confounders, IR remained inde-
pendently associated with CM (aOR 3.1, 95%CI 2.7-3.7,
p=0.001), with an event stronger association in patients
with concomitant obesity (aOR=12.4; 95%CI 11.0-14.6,
p=0.001). HT (aOR 1. 4 95%CI 1.1-1.7, p=0.05) was
another independent predictor of CM [46].

Blood-brain barrier dysfunction

Another interconnection between migraine chronici-
zation and HT is represented by a blood-brain bar-
rier (BBB) disruption, i.e. a condition linked to both
HT and CM. The detrimental effect of HT on BBB has
been observed in both animal models and clinical stud-
ies [50-52]. ED, immune cells and metalloproteinases
(MMPs) activities are responsible for the disruption of
BBB integrity with consequent direct cellular damage and
invasion of the central nervous system (CNS) by immu-
nity cells [50, 52, 53]. In fact, MMP-9, MMP-2, MMP-3,
and MMP-1 serum levels are increased in both animal
models of HT and in hypertensive patients, with MMP-9
being one of the most involved agent in BBB disruption
[54]. Cortical spreading depression (CSD), a hallmark
feature of migraine, is also known to alter the perme-
ability of BBB, at least partially, through the activation
of MMPs. An increased frequency of migraine attacks
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could thus determine a progressive disruption of the BBB
homeostasis that may be further enhanced by the con-
comitant presence of HT, with its known detrimental
effect on BBB integrity. On the other hand, HT induced
BBB dysfunction may facilitate the triggering pathoge-
netic mechanism that starts the migraine attack [18].
Despite the reported association among HT, migraine
and BBB dysfunction, their causal relationships is still
unclear. In fact, the potential role of BBB dysfunction in
triggering migraine has been proposed in previous stud-
ies, but even the more recent neuroimaging techniques
failed to definitively prove it [55].

Calcitonin gene-related peptide (CGRP)

The role of HT in migraine chronicization may also be
ascribed to HT effect on the calcitonin gene-related pep-
tide (CGRP), a key mediator in migraine pathophysiology.
This 37-amino acid neuropeptide has recently become
even more important with the development of effec-
tive treatments targeting its pathway [56]. CGRP is cen-
trally involved in activation and sensitization of afferent
trigeminal nociceptors of the trigeminovascular system,
the central element of the head-pain processing pathway.
Previous in vivo human and animal studies demonstrated
CGRP presence in areas strictly related with migraine
pathophysiology and pain transmission both in the CNS
(namely in hypothalamus, thalamus, and cerebellum) and
the peripheral nervous system (namely sensory neurons
in the trigeminal ganglion and unmyelinated C fibers and
small myelinated A8 fibers, as well as dorsal root ganglia)
(57, 58].

CGRP is known to contribute to neurogenic inflamma-
tion, release of neuron sensitizing agents and dural vaso-
dilation [56]. Sustained CGRP release is involved in the
transition to CM via the induction of peripheral sensitiza-
tion [34, 59]. Moreover, CM patients were found to show
higher CGRP levels in peripheral blood (74.90 + 28.29 pg/
mL) compared to EM patients (46.37 +£15.21 pg/mL) and
healthy controls (33.74+16.10 pg/ mL), making them
a potential marker of CM (CM vs EM: p=0.001; CM vs
HC: p<0.001) [20].

Beside its well-known role in migraine, CGRP exerts
cardiovascular beneficial effects thanks to its vasodilatory
and cardioprotective properties [60]. Notably, previous
studies showed elevated CGRP plasma levels in patients
with essential HT, and HT due to phaeochromocytoma
and primary aldosteronism [61]. This was interpreted
as a possible compensatory reaction aimed at reducing
blood pressure elevation [61]. Thus, the compensatory
CGRP chronic increased release in HT may be a trigger-
ing factor of sensitization and inflammation, two events
underlying migraine and possibly favoring its chronic
evolution. This provides another potential link between
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HT and CM, though specific studies directly investigat-
ing this hypothesis are still lacking [60]. In addition, pre-
vious investigations showed conflicting results on CGRP
elevation in HT [62], probably due to the fading away of
CGRP compensatory response as disease progresses.

Renin-angiotensin-aldosteron system (RAAS)

The RAAS is another intriguing element in the complex
interplay between HT and CM. RAAS activity in the
CNS modulates sensory and pain information, emotional
and behavioral responses, stress, anxiety, learning and
memory [63]. RAAS dysregulation is crucial in HT devel-
opment, progression, and organ damage [64, 65]. It has
also been associated to neurogenic inflammation, sus-
ceptibility to oxidative stress, ED, and neuromodulation
of nociceptive transmission [26] all crucial processes in
migraine pathophysiology as well. RAAS role in migraine
mechanisms was also supported by the evidence of
RAAS hyperactivation and higher angiotensin II levels
in migraine patients [66]. Moreover, angiotensin recep-
tors (AT1 and AT2) are expressed in the most important
CNS loci involved in nociception and pain modulation,
such as the anterior cingulated cortex, prefrontal cortex,
thalamus, PAG, amygdala, nucleus accumbens and spinal
cord [63]. The PAG represents an endogenous analgesic
network able to control pain via the enkephalin releasing
neurons projecting to the raphe nuclei, in the brainstem,
and inhibiting the nociceptive afferents of the trigeminal
nucleus caudalis. Recent evidence suggests that a disrup-
tion of PAG control on the trigeminovascular system may
favour migraine attacks [67] and migraine chronicization
[19, 63]. AT receptors located at these sites can be a tar-
get for the deranged RAAS activity seen in HT that can
favor transition to CM through central sensitization.

The effect of RAAS on CNS can also be mediated
by the overexpression of TNF-alfa induced by RAAS.
Indeed, TNF-a has been found to promote both periph-
eral and central sensitization [68, 69]. Other potential
contributing mechanisms are meningeal mast-cells acti-
vation [70]and oxidative stress [71]. The role of RAAS in
migraine and CM is further supported by the efficacy of
angiotensin receptor blockers (ARB) and ACE-inhibitors
in migraine prophylaxis [72-76].

All the mentioned mechanisms are summarized in
Fig. 1.

Hypertension and migraine chronicization:
evidence from clinical studies

Associations between both EM, CM, vascular risk fac-
tors and cerebrovascular diseases have been exten-
sively reported in clinical studies [30, 77, 78]. While the
older investigations reported inconclusive results, the
most recent observations appear to support a direct
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Fig. 1 Possible pathophysiological mechanisms linking migraine and hypertension (HT). Endothelial dysfunction (ED) is a condition characterized
by reduced vasodilator bioavailability, and a proinflammatory and procoagulant state. [t may be a cause and a worsening factor of HT. ED

is also associated with migraine but is still unclear whether it is a consequence or a cause of migraine attacks. Migraine-related genomic loci
were found to be linked to vascular function. ED and MMPs activation could also lead to blood brain barrier disruption, with consequent
neuroinflammation. These conditions are present in both HT and migraine patients, where MMPs activation could be determined by cortical
spreading depression. RAAS dysregulation is associated with neurogenic inflammation, oxidative stress, ED and it is strictly related to HT
development and progression. RAAS regulatory sites are expressed in areas involved in nociception and pain modulation, as the PAG,

an endogenous analgesic network which is now considered as a possible migraine generator. CGRP is a key factor in migraine pathogenesis
leading to peripheral sensitization. As a compensatory mechanism it was also found to be chronically elevated in HT patients, possibly triggering
sensitization and inflammation in migraine. Abbreviations: BBB blood brain barrier, CGRP calcitonin gene related peptide, CSD: cortical spreading
depression, ED endothelial dysfunction, HT hypertension, MMPs metalloproteinases, RAAS renin-angiotensin—aldosterone system. Created
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association between HT and increased migraine fre-
quency [79, 80]. Nonetheless, available researches have
several limitations, mainly linked to study design (cross-
sectional or retrospective) that prevent from properly
assessing a definite causal relationship between migraine
and hypertension. In large population-based cohorts, as
in the Northern Manhattan Study, a significant associa-
tion between HT and migraine was reported [81]. These
findings were confirmed in a very recent study showing
a higher prevalence of HT among midlife women with
a history of migraine [82]. Two other large prospective
studies reported consistent results. The Women’s Health
Study is one of the few with a prospective design. It
involved over 20,000 middle-aged and older women and
found that women presenting migraine history had an
increase of 16% of the relative risk of presenting HT com-
pared to those without migraine history [83].
Furthermore, evidence points to a direct association
between HT and migraine frequency. The prevalence of

HT appears to be higher in patients with CM than EM, as
reported by Buse et al. (33.7 vs. 27.9%, OR=1.23, 95% CI:
1.03-1.47) [79]. Moreover, data from the Women’s health
study revealed that women with at least one migraine
attack per week had a 30% increased risk of HT when
compared to those with less than six migraine attacks
per year [83]. These results were in line with another
large 5-year prospective Finnish population study show-
ing that migraine patients had a 1.4-fold increased risk
of developing hypertension compared to people without
a baseline migraine diagnosis [77]. However, no direct
association between hypertension and migraine pro-
gression could be established as no evident association
between baseline hypertension diagnosis and migraine
development was found. An association between HT
and migraine (OR 1.51, CI95% 1.4—1.6) was also found in
the MAST study, a recent prospective web-based survey
conducted on the US population including 15,133 sub-
jects with migraine and 77,453 controls. Interestingly,
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among migraineurs, HT was directly associated with the
numbers of headache days per month (15-20 days OR
1.52 (1.29, 1.8),>21 days OR 1.37 (1.13, 1.66); reference
1-4 days) with higher prevalence of HT in patients with
CM [80].

Older retrospective studies already suggested a role
of HT in CM development, with the limitation of a dif-
ferent classification of headache phenotypes [22]. More
recently, a large, randomized, case—control study con-
ducted by Bigal et al. investigating somatic comorbidi-
ties associated with development of CM, pointed to a
strong relationship between HT and CM (OR 6.9, CI
3.1-15.9, p<0.0001). The association was also evident
for HT and MOH (OR 2.9, CI 1.3-6.5, p=0.01) [84]. This
study strengthened previous evidence with the added
value of including two control groups, namely EM and
chronic post-traumatic headache patients. Interestingly,
the authors found that patients with CM had multiple
associations with somatic comorbidities, including HT,
while MOH patients had very few of such associations
[84]. While in MOH development medication overuse
and psychological comorbidities may take the lion’s share
[85], the above-mentioned positive association between
HT and both CM and MOH conditions corroborate the
role of HT in the process of chronicization and under-
lines the importance of investigating and eventually treat
this comorbidity. All these results are further confirmed
by multiple observational studies that showed a higher
prevalence of HT in CM than in EM patients [79, 86, 87].

Some evidence pointing towards a higher susceptibility
of developing CM in patients with HT was provided by
a retrospective study by Manzoni et al. [88]. The authors
analyzed 315 medical records of migraine patients with a
mean follow-up of almost 15 years. Interestingly, women
that subsequently evolved to CM showed a higher rate of
arterial HT during the previous follow-up period (38.7%
vs 17.9%, p<0.01) [88]. No differences between patients
who developed CM compared to those who did not were
found in the prevalence of head injuries, dysthyroidism,
colitis, allergy, insomnia, anxiety, and panic attack disor-
der. These findings, in line with a previous study by Bigal
and collaborators [84], highlighted the importance of HT
among somatic disorders that may contribute to chro-
nicization of migraine [88]. Nevertheless, these results
should be interpreted with caution, as the study from
Manzoni was limited by the retrospective design, the
women-restricted small sample size and the lack of con-
trol for potential confounders.

The studies focused on the relationship between
migraine and hypertension are summarized in Table 1.

An interesting insight in the role of HT in worsening
headache frequency came from a large meta-analysis of
randomized placebo-controlled trials of four different
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classes of blood pressure-lowering drugs (thiazides,
B-blockers, ACE inhibitors and angiotensin II recep-
tor antagonists) in which data on headache were also
reported [91]. Indeed, all four classes, sharing the same
blood pressure (BP) lowering effect despite the different
mechanisms of action, were associated with a reduced
incidence of headache (thiazides: OR 0.71, 95%CI 0.56—
0.89; beta-blockers: OR 0.47 95%CI 0.35-0.63; ACE-
inhibitors: OR 0.74 95%CI 0.62-0.88; angiotensin II
receptor blockers: OR 0.65 95%CI 0.56—0.75). The greater
reduction seen in beta-blocker trials appears to be con-
sistent with their efficacy in migraine prevention, also
involving a BP-independent effect [92]. In addition, a sta-
tistically significant dose—response correlation between
headache frequency and diastolic BP lowering was seen
for all the four classes of medication, with a diminished
headache prevalence in trials achieving a greater diastolic
BP reduction [91]. Nonetheless, it should be noted that
no specific definition of headache type is provided in the
study and migraine frequency assessment was not the
primary outcome of the cited studies.

Taking into account all the limitations, the evidence
that all antihypertensive agents reduced headache fre-
quency, including classes without a known role as
migraine preventive therapies (namely thiazides), may
led us speculate about the existence of a therapeutic
effect potentially related to the BP-lowering action alone.
This hypothesis is further strengthened by a very recent
systematic review and meta-analysis on the effect of dif-
ferent classes of antihypertensive medications, includ-
ing alpha-blockers, ARB, ACE inhibitors, beta-blockers,
and calcium channel blockers in migraine prevention.
All investigated classes of anti-hypertensive medications
proved to be significantly effective, with multiple effec-
tive treatment in the same class, including clonidine,
candesartan, atenolol, bisoprolol, propranolol, timolol,
nicardipine, and verapamil [93]. This study supports the
idea that hypertension control in migraine patients with
a comorbid elevated blood pressure may represent an
additional option for migraine treatment. Adequately
designed clinical trials are needed to confirm these
results.

Even though the potential causative link between HT,
especially uncontrolled HT, and migraine chronicization
is still not clearly defined, further clues also came from the
recent literature. The existence of an underlying vascular
dysfunction in patient with HT and CM was addressed in
a recent clinical study by our group [90], whereby patients
with EM and CM were further divided between hyper-
tensive and non-hypertensive subjects. Cerebral vascular
reactivity was assessed by transcranial doppler ultrasound
measuring cerebral blood velocity (CBV) in the middle
cerebral artery, before and after glyceryl trinitrate (GTN)



Page 7 of 12

(2024) 25:13

Mazzacane et al. The Journal of Headache and Pain

Selq Uol1d9|og »

SAep 4—| 9oualepai (/7|
L1 £E'1 YO Shep Lz <'(8'L
'€'1) TS'L 4O sAep 071

sanIpiq

|BUOIID9S-SS01)) aulelbiw Ul JH -JOWOD aulebIw Jo
elep payodal-f|as - 1H Jo duajeaald JaybiH auleIbI 98576  Dbulpueisispun Janag [BUOI235-5501) [08] 020 ‘asng
(€1-
L'L 1D %S6) LT'L HY YMIN
Auo uswom - ('1-0'L 1D %56) 60'L 44 YW OH 1H
Selq UOIBAISSGQ +  UIRIDIW YLUM USUWOM Ul |H VM QuleIBIW Ul |HIUSP  JUIPIDUI puUB dulelbiul Udamiag
e1ep payodal-jfas Buidojanap Jo ysu 1aybiy VIN  (USWOM [[B) 070 67  -IDUI JO S 1BN[BAS O] UO[1BDOSSE 91eN[eAS O] [£8] 8107 151y
(Sz—711 Aunwwod 1H pue
ubISap [BUONDSS-SSOID » D 9%56) 9/ L YO SUleIDIW Ul UelIRYUB\ UJSYLION Y3 JO auleIBlw USIMIS] UOoN
elep payodal-f|as ouseAaud Jaybly | H a|dwes wopuey 8EE | -PIDOSSE 21eDNISIAUI O] [BUOI235-5501) [18] 9107 J2uapien
(C'1-80 1D %S6) 8610 HO
‘dg dljo1seig (6'0-8'0 1D
(salleuuonsanb  9456) 8°0 HO :dg D1|0ISAS Ul
[PUY 343 pa13|dWod oym 9seadul BHWW Q| 4o
s1d JO 95 MOJ) Selq UoNI3)|DS » 1uawdoPnrsp Aunod 1H pue
SUONEDIPSW UO BIBP ON »  dUIRIDIW pUB | H U9MIS] Hejapuoi-pIoN Y3 jo Sulelbiw Usamiag uon
e1ep paniodal-4as « UOI18]2410D 9SI9AU| o|dwes wopuey 758 ¢€1 -eposse a1eneAd o (dn mojjoy ueak-| |) aAnoadsold [68] S10T 'seusabeq
SI010B) S AD JUe} (£'1=CL 1D %S6) UoHNIoAS | H pue
-|LIODUOD JO UONEN|EAS ON » 1 4O s1d autesbiw Ul |H uonendod SuleIblW U9amiaq
e1ep pauodal-§|as Buidojenap JoysuiaybiH  ysiuul4 Jo ajduies wopuey S €L uoneosse Anuspl o) (dn-moj|0} 1eaA-G) aAIDadsold [£/] 10T ‘usuoiug
azs a|dues |lews - L00>d %6 L1 SA%LBE
USWOM AISO ND 01 UOIIN|OAS YUM ND < YMA UOIN|OAS |\ 10}
9AI1Dadsoay -+ sid upJaybiy adusjesasd |H VM «— YMN GLE  Jo1oB)ySl 21en|eAd 0] (AN MOJ|04 JedA-0|) 9AIIDDdS0IIDY [88] 7107 ‘luozuey
L0'0>d %99 H112 SA pue HLI2
%€ L W3 SA%C9L WD HOW—WD UOHN|OAS D 404
[BUOI1D35-SSOID »  \D Ul Jaybiy aousjeaaud | H E €8F | SI030BJYSI AJIuapl o) [BUOI1235-S501)) [/8] 0107 ‘luoddiny
N PUB D U99amiaq
[BUO[1395-55013 « (LY 1=€0'L 1D %S6) €T'L W3 SINIPIqIOWoD Ul
elep payodal-fas - D Ul iaybiy aduajeaasd |H WD 000 ¥ SODUUIYIP SSIsSe O [BUOI135-5501)) [6/]1 0107 ‘asng
|BUOI1235-5501)) » S|0J3UOD SA uleIBIW Ul
SI010BSHAD JUel @1-€11D%S6) ¥'L 4O OH Siusne AD Ule}
-lWODUOD JO UOID3||0D ON » 1H bBuidojanap jo VN S|0NUOD €47 G -19DSe pue auleibiw Ul
e1ep pauodal-f9s «  ysu 1aybiy aney sinaulelbiy VM SInsulelbiw zo| 9 ysu AD 9jyold o [BUOI235-5501) [8/]10107 ‘|ebig
(rtL-s1¢
12 956) 1'S 40 HL1d2 SAWD
Esl—Lle Hld>
1D %56) 69 4O W3 SA D W3
H.Ld> pue |3 01 pajedwod WD uonn|oAa D 1oy ubisap
WD Ul 1aybiy dusfersid |H HOW — WD L6/  si010e) sl Aynusplof |01]UGS—95ED PazIWopuey [¥8] Zo0z 'lebig
suoneywi] (YO) S101de) ¥ sii payIIudp| uonejndod 9z|s 9|dwes swiy ubisap Apnis 1eak ‘loyiny

auleIbiw pue uoisualadAy usamiag diysuoe|al a4l UO pasnd0) SIPNIS [BDIUN]D JO SolsIa1deIeyD | djqeL



Page 8 of 12

(2024) 25:13

Mazzacane et al. The Journal of Headache and Pain

SS1 DA1RRI ¥y ‘syudiied sid ‘onel Sppo YO ‘eine yum autesBiw vy ‘eine
INoYM dutesBiw ympy ‘uoisuspiadAy 1A ‘s|013u0d Ayijeay DH ‘Sydepeay adA} UoISud) dIUOIYD H [ ‘DYdepesy dijewnesl-3sod dIUoIYd H 4D ‘SuteiBiuw JIUoIYd D ‘|eAISIUI SDUSPYUOD [ ‘DInssald poolq Jg SUoNDIA2IqQY

AJUO usWIOM » oL-11D uolsuapadAy pue
[BUOID3S-SSOID »  956) L€ | YOP aulelbiw ul Adisibai SuleIbIW U9aMmiaq
e1ep payiodal-j[as - 1H Jo adusjeaaid JaybiH e1ep UO d|dules wopuey  (USWOM [[B) 80/ § UONRIDOSSe SS3sse O [BUOIIDS-S501D) [8] €707 ‘'uoigne
L£00=d

1H pa1enosse yum sid
N3 Ul A1120]9A MOY POO|q

|BIg19D Ul 95210 I91eaID) JH UOoN|OA

syuawieas) bujobuQ«  s1d |H pue D Ul AYADeI W3 D 03 UOIINQIIUOD
|BUOIID9S-SSOID) |[EM [9SS9A UlRIq PaJl|y ND fel% 1H 21ebnsaAUl O] [BUOND3S-5501D)  [06] 72OT ‘OUISNUIRY 110D
suoneywi] (YO) s10310ey ¥sil payuap| uone|ndod 9z|s 9| dwesg swy ubisap Apnis 1eak Joyny

(panunuod) | sjqel



Mazzacane et al. The Journal of Headache and Pain (2024) 25:13

administration. Patients were also investigated with a
24-h BP monitoring. We found that CBV decline was
significantly more pronounced in patients with CM and
HT. There was also a trend toward a diminished physi-
ological nocturnal BP dipping in CM patients [90]. These
findings point to a shared cerebrovascular dysregulation
with an altered cerebral vessel wall reactivity in both CM
patients and HT patients. Though no causal relationship
could be established from this data, HT-related vascular
damage seems to be synergic to migraine-induced vascu-
lar inflammation. By acting as an additive detrimental fac-
tor on the cerebral vessels of migraine patients, vascular
insults may lead to an increased attack frequency and sub-
sequent chronicization [31, 94]. Nonetheless, these results
should not be taken as conclusive, as they do not rule
out the possibility of a bidirectional interaction between
HT and CM. Some studies also suggested an association
between CM and risk factors potentially contributing, and
further leading to, HT, namely reduced physical activity,
depression and obesity [95, 96]. The chronic pain asso-
ciated with CM may be another contributor, as its asso-
ciation with hypertension was proved by previous studies
[97]. According to this view, transition to CM may worsen
BP control through its associated comorbidities and lead
to ED, which through a vicious cycle may eventually result
in a further increase in migraine frequency (Fig. 2).

A Risk factors

modifiable / non modifiable

f .\
* Hypertension (HT)

* Headache frequency

* Maedication overuse
Depression

Vascular
dysfunction

Episodic migraine

Autonomic
dysregulation

Common factors
migraine - HT
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On the other hand, some studies even pointed to an
inverse relationship between HT and migraine, as shown
by an analysis of the data from Nord-Trondelag Health
Survey 1995-1997 (HUNT 2) and 2006-2008 (HUNT 3)
[89]. These findings, however, have not been confirmed
in any further study.

We can thus conclude that the relationship between
HT and CM evolution has been a relevant topic over the
last decades [77—-84, 88, 89]. Most of the studies specifi-
cally focused on their interplay, corroborating HT role
in CM evolution [77, 81, 83]. Data are supported by the
large samples analyzed; nonetheless, relevant limitations,
mainly related to study and concept design, do not allow
to draw definite conclusions on the topic.

The ultimate existence of a causal role between HT and
CM is biased by the cross-sectional design of most studies
which poses several interpretational issues [31, 78—82, 87].
Cross-sectional design is not the most suitable to support a
unidirectional relationship. As an example, in a cross-sec-
tional study patient’s hypertension secondary to medica-
tion overuse, current or past, cannot be certainly excluded.
Moreover, the strength of large sample populations can also
conceal the lack of proper inclusion criteria with the intrin-
sic risk of a less accurate amnestic evaluation, especially
when self-reported data are analyzed [77, 78, 80, 81, 83, 89].
In this context, the coexistence of concomitant risk factors
for migraine chronicization cannot be certainly excluded.

Biological mechanisms

* Central sensitization

* Descending pain
modulation areas
dysfunction

* Trigeminal system
hypersensitivity

Chronic migraine

T 4 / l alt:ggon CGRP 0 Incr'eas'e'd cortical Bl——
=5 ) ) increase excitability e————
o * Socioeconomic status =

* Female gender

e Obesity

¢ Major life events

* Non-cephalic pain

* Head and neck injuries
* Insomnia

* Snoring

Endothelial
dysnfunction

Chronic neurogenic
inflammation

e ..yetto be determined

Fig. 2 Migraine modifiable and non/modifiable risk factors and biological mechanisms associated with transition to chronic migraine (CM).
Common pathophysiological factors between migraine and hypertension are represented in the middle. Abbreviations: BBB blood brain barrier,
CGRP calcitonin gene related peptide, CSD: cortical spreading depression, ED endothelial dysfunction, HT hypertension, MMPs metalloproteinases,
PAG periaqueductal grey, RAAS renin-angiotensin-aldosterone system. Created with biorender.com
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Conclusions

Several preclinical and clinical studies support the exist-
ence of an association between migraine and HT through
multiple mechanisms, and suggest the involvement of
HT in the process of transition from episodic to CM.
However, the design limitations of the existing studies
do not allow to draw definitive conclusions. Prospec-
tive longitudinal studies properly designed are needed to
clearly define the role of HT in chronic migraine evolu-
tion and its clinical relevance as a therapeutic target in
CM prevention.
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