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Summary

Migraine and depression often coexist and constitute an important clinical problem. Both
disorders are associated with the necessity of chronic treatment, and their mutual coexistence
contributes to the phenomenon of drug resistance. Influencing the functioning of patients, they
also cause numerous social consequences — affecting the quality of life and achievement of
personal goals of patients. This review presents factors that may explain the common patho-
mechanisms of depression and migraine. Structural and functional disturbances of the central
nervous system (CNS), disturbances in the neurotransmitter systems, inflammatory theories,
hormonal disturbances, as well as a possible genetic basis were taken into account. Due to
the fact that both depression and migraine have a multifactorial etiology and at the present
stage of scientific research it is difficult to clearly determine which factor is the most impor-
tant, such a broad overview has been presented. It is also difficult to determine which of the
above-mentioned factors, well documented in international studies, only coexist, and which
of them may have a cause-and-effect relationship in the described disorders. Further research
into the comorbidity and causes of migraine and depression seems to be worth considering.
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Introduction

Depression is the most commonly diagnosed mental disorder, and patients with
this diagnosis often receive treatment for a variety of comorbid medical conditions,
including inflammatory disorders and those associated with chronic pain. It has been
observed in a part of scientific research that depression is the most common illness
accompanying migraine [1] and affects up to 28% of people suffering from migraine
headaches [2]. The risk of developing depression in people suffering from migraine
significantly exceeds the risk for the general population [2, 3]. People suffering from
migraine have a 2—4 times higher risk of developing depression [4—6]. This risk be-
comes even greater when migraine is accompanied by an aura, especially in the female
population [7]. The observed comorbidity of depression and migraine also applies to
children and adolescents [8].

An episode of depression can occur during unipolar depressive disorders as well as
constitute an element of bipolar disorder — in both cases its coexistence with migraine
is observed [9]. Although the research results are not clear in this matter, the coexist-
ence of both disorders may indicate the presence of bipolar disorder spectrum (BD)
[9, 10]. Due to the differences in the etiopathogenesis of bipolar disorder and depres-
sion, and the clear diagnostic delineation of these disorders in the ICD-11 and DSM-5,
the presented issues will only concern depression in the course of unipolar disorders.

Both depression and migraine are important medical and social problems. They
significantly affect the quality of life and hinder the patients from achieving their pro-
fessional and personal goals. Studies have shown that depression co-occurring with
migraine may lead to the transition of episodic headaches into chronic ones [5, 11],
and also make it difficult to achieve and maintain remission [12].

Already in the 1990s, numerous links were observed between depression and
migraine. Patients suffering from depression are three times more likely to develop
migraines than healthy people. Additionally, depression is a risk factor for more severe
course of migraines and worse response to treatment [13]. The literature considers
both the cause-effect relationship between these diseases and the relation of a common
etiology of disorders. This paper aims to present common pathogenetic mechanisms of
the described diseases and to search for answers about possible causes of the observed
dependencies.

Diagnosis and pathogenesis of migraine

Migraine is a neurological disease, the prevalence of which affects approximately
15-18% of women and 6—7% of men [14]. This is a disruptive headache with or with-
out an aura. There are episodic and chronic migraines. Table 1 presents the diagnostic
criteria for migraine [15, 16].
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Table 1. Migraine diagnostic criteria according the International Classification
of Headache Disorders 3" edition (ICHD-3) [15, 16]

Description: Recurrent headache disorder manifesting in attacks lasting 4-72
hours. Typical characteristics of the headache are unilateral location — at least
at the beginning of the attack, pulsating quality, moderate or severe intensity,
aggravation by routine physical activity and association with nausea and/or
photophobia and phonophobia.
Diagnostic criteria:
A. Atleast five attacks fulfilling criteria B-D
B. Headache attacks lasting 4-72 hr (untreated or unsuccessfully treated)
C. Headache has at least two of the following four characteristics:

1) unilateral location

2) pulsating quality

3) moderate or severe pain intensity

4) aggravation by or causing avoidance of routine physical activity

(e.g., walking or climbing stairs)

D. During headache at least one of the following:

1. nausea and/or vomiting

2. photophobia and phonophobia
E. Not better accounted for by another ICHD-3 diagnosis.

Migraine without aura

Description (aura): Recurrent attacks, lasting minutes, of unilateral fully-reversible
visual, sensory or other central nervous system symptoms that usually develop
gradually and are usually followed by headache and associated migraine
symptoms.
Diagnostic criteria:
A. Atleast two attacks fulfilling criteria B and C
B. One or more of the following fully reversible aura symptoms:

1) visual

2) sensory

3) speech and/or language
) motor

5) brainstem

6) retinal
C. Atleast three of the following six characteristics:

1) atleast one aura symptom spreads gradually over =5 minutes and/or two
or more aura symptoms occur in succession

2) each individual aura symptom lasts 5-60 minutes

3) atleast one aura symptom is unilateral

4) the aura is accompanied, or followed within 60 minutes, by headache
D. Not better accounted for by another ICHD-3 diagnosis.

Migraine with aura

~

table continued on the next page



408 Katarzyna Wachowska et al.

Description: Headache occurring on 15 or more days/month for more than
3 months, which, on at least 8 days/month, has the features of migraine headache.
Diagnostic criteria:

A. Headache (migraine-like or tension-type-like) on =15 days/month for
>3 months, and fulfilling criteria B and C
B. Occurring in a patient who has had at least five attacks fulfilling criteria B-D
Chronic migraine for migraine without aura and/or criteria B and C for migraine with aura
C. On =8 days/month for >3 months, fulfilling any of the following®
1) criteria C and D for migraine without aura
2) criteria B and C for migraine with aura
3) believed by the patient to be migraine at onset and relieved by a triptan or
ergot derivative
D. Not better accounted for by another ICHD-3 diagnosis

The theories describing the presumed pathomechanism of the occurrence of
a migraine headache attack include: vascular theory, neuronal theory, inflammation
of the nervous tissue, biochemical theory, central sensitization theory, and genetic
background [17]. The vascular theory assumes that the symptoms of migraine are
caused by vasoconstriction (vasoconstriction of the occipital area during the visual
aura), followed by their relaxation/ vasodilatation accompanied by hyperperfusion and
perivascular edema, which are to be the cause of severe pain [17]. The neuronal theory
identifies the source of migraine headaches as disturbances in the brain’s bioelectrical
activity, the presence of cortical spreading depression (CSD), accompanied by dilation
of the meningeal arteries and edema, which increases the excitability of nerve fibers
and pain [17]. Another hypothesis is that sterile inflammation of the nervous tissue
(neuroinflammation) is the cause of migraine. Increasing the secretion of inflamma-
tory factors by the vessels of the meninges stimulates the sensory nerves, especially
the trigeminal nerve. Activation of the fiber endings of this nerve causes the secretion
of pro-inflammatory substances and neuropeptides, such as substance P (SP) and the
calcitonin gene-related peptide (CGRP), which favors the expansion and permeability
of blood vessels of the meninges and the formation of an inflammatory reaction [17].
The biochemical theory is based primarily on disturbances in serotonergic transmission.
There is also a hypothesis about disorders of the autonomic system (sympathetic insuf-
ficiency) in patients with migraine. It explains the symptoms occurring in patients with
migraine (vasomotor and heart rhythm disturbances, nausea, vomiting and diarrhea).
As in the case of depression, there are many theories that integrate those preliminary
hypotheses [17].
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Shared elements in the pathomechanism of depression and migraine

The literature distinguishes the main areas with shared etiopathogenetic factors,
which include:

— CNS morphological and functional disorders;

— systems of neurotransmitters and their receptors;

— inflammatory factors (neuroinflammation);

— hormonal regulation;

— environmental factors, with particular emphasis on stress;
— personality, temperament;

— genetic predispositions.

All these factors are briefly presented below.

Structural and functional disorders in the central nervous system

The literature describes the structural and functional changes observed in
neuroimaging in patients with migraine and affective disorders. Chronic pain and
depression often exhibit common biological connections related to specific brain
function or central nervous system sensitization [18]. They concern in particular the
centers responsible for pain modulation, such as: the amygdala, the anterior part of
the cingulate cortex and the periaqueductal gray matter [19]. At the same time, these
areas belong to the limbic system, considered to be the so-called emotional brain,
responsible for the regulation of emotions [20]. Examinations of the CNS in a group
of patients with migraine and depression showed changes in structure observed mac-
roscopically (reduced total brain volume, reduced volume of gray and white matter
and reduced amount of cerebrospinal fluid) [21], microscopically (changes in caudate
nucleus homogeneity), and in activation of certain brain areas (left medial prefrontal
cortex — left mPFC — part of a wider functional network connected, inter alia, with
the thalamus, insula and left medial gyrus) leading to changes in the cognitive func-
tioning of patients [13, 22, 23]. Also in patients suffering from depression, without
concomitant headaches, dysfunction in the frontal lobes, especially in the prefrontal
cortex (which does not properly inhibit the functioning of subcortical emotional
systems) is observed [24].

Moreover, Tao et al. [25] showed that the hypoechogenicity of the brain stem ra-
phe area correlates with the occurrence of depressive symptoms in patients suffering
from migraines. It seems not meaningless that the most abundant neurotransmitter in
the dorsal raphe nucleus (DRN) is serotonin, a monoamine with a proven role in the
pathogenesis of depression [26, 27].

Research indicates increased activity, and at the same time smaller size, of the
lateral habenula (LHb) in patients with depression [28]. This structure is a messenger
node that connects the limbic structures of the forebrain (“emotional brain’) and the
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prefrontal cortex with the aminergic centers of the midbrain, including the above-
mentioned dorsal raphe nucleus (DRN). It is also involved in the transmission of pain.
The nociceptive stimuli (pain stimuli), that reach it through afferent fibers from the
lateral part of the hypothalamus, from the dorsal horns of the spinal cord and from
the trigeminal nucleus, which plays an important role in the pathogenesis of migraine,
increases its activity. A significant increase in the excitability of LHb neurons results
in increased inhibition of DRN and a decrease in the level of serotonin, modulating
the activity of the limbic system and the prefrontal cortex. In response to reduced
stimulation, the central nucleus of the amygdala (CeA) stimulates LHb even more by
secreting glutamate (Figure 1) [28-32].

/> Glutaminergic
activity in CeA

{J serotonin /N Glutaminergic
in DRN activity in LHb

Figure 1. Scheme of common central pathomechanisms of chronic pain and depression

DRN - dorsal raphe nucleus; LHb — lateral habenula; CeA — central nucleus of the amygdala.

System of neurotransmiters and their receptors

Abnormalities in the serotonergic system are observed in both depression and
migraine [12]. The phenomenon of chronically reduced availability of serotonin
(characteristic of depressive disorders) may increase the sensitivity of pain pathways
— induced by the so-called cortical spreading depression (CSD) [33]. An increased
amount of serotonin (5-HT) is also observed during attacks and its decreased amount
between migraine attacks [13]. A possible genetic background is also indicated — the
polymorphism of the gene encoding the 5-HT transporter is probably associated with
both diseases [12]. It is worth emphasizing that the drugs used in the acute treatment
of migraine — triptans —are 5-HT1 receptor agonists. Triptans are thought to terminate
the attack of migraine by: modulating the trigeminal nociceptive pathways, partly also
by inhibiting the release of the calcitonin gene-related peptide (CGRP) by activating
serotonin receptors [34]. Additionally, although they are not first-line drugs, selective
serotonin reuptake inhibitors (SSRIs) used in the treatment of depression, as well as
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drugs from an older group — tricyclic antidepressants (e.g., amitriptyline) — are used
in the prevention of migraine [13]

Calcitonin gene-related peptide (CGRP) is a molecule with proven importance
in the pathogenesis of migraine. It is found in two isoforms — alpha (o) and beta (B).
CGRPa is present mainly in the central (mainly areas related to the transmission of
pain stimuli and their sensory processing) and the peripheral nervous system (the most
abundant neurotransmitter in the trigeminal nerve), and B in the intestinal sensory
neurons [34]. Factors such as ischemia, injury or hyperthermia affecting the central
nervous system (CNS) increase the expression (upregulation) of CGRP, which has
numerous neuroprotective functions, including enhancing anti-apoptotic signaling
and increasing the secretion of certain neurotrophins (NGF — nerve growth factor,
IGF-1 — insulin-like growth factor, bFGF — basic fibroblast growth factor), thus sup-
ports the neurogenesis [35]. In view of the neurogenic theory, stating that impaired
neurogenesis in the dentate gyrus of the hippocampus is one of the factors causing
depression, it could be concluded that CGRP plays a role in the pathogenesis of this
mental disorder.

Keeping in mind the neuroprotective function of this peptide, it may seem surpris-
ing that CGRP sometimes facilitates apoptosis of hippocampal neurons [36]. However,
this only happens under conditions where these nerve cells would otherwise become
necrotic through toxic damage, and the accumulation of necrotic debris would con-
tribute to microglia activation and acute phase responses [37]. CGRP thus protects
against an enhanced immune response within the CNS. This feature of CGRP can be
compared to the role of brain-derived neurotrophic factor (BDNF), which in case of
mild lesions counteracts neuronal apoptosis, and when the damage is very severe, it
intensifies this process. Due to the importance of the area of the hippocampus in the
pathogenesis of depression, it can be concluded that in the case of a strong damaging
stressor (e.g., ischemia), CGRP may also contribute to the intensification of depressive
symptoms (e.g., post-stroke depression) [35, 38].

Research confirms that the level of CGRP is elevated in the frontal cortex, hip-
pocampus and amygdala (but not in the hypothalamus) of rats being a genetic animal
model of depression (Flinders-sensitive line rats, FSL) [39]. Angelucci et al. [39]
observed that antidepressants did not affect the level of CGRP. Other animal stud-
ies also suggest that the expression of CGRP in the hippocampus may be associated
with depressive symptoms and an increase in the expression of nerve growth factor
(NGF) [40].

Increased CGRP is also observed in patients with migraine. This neuropeptide is
also elevated in the peripheral blood of migraineurs between their headache attacks.
Intravenous CGRP infusion may induce symptoms of migraine headaches [34].

CGRP has many functions, including reduction of brain oedema and possibly
stimulation of antioxidant defenses. The calcitonin gene-related peptide also supports
the action of the blood-brain barrier (BBB) by inhibiting, inter alia, influx of neutrophils
and monocytes to the brain [35]. It also shows its activity peripherally. It is a peptide
that strongly dilates blood vessels, promoting the development of inflammation. It may
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also increase the concentration of cAMP, thus inhibiting the release of TNF-a (anti-
inflammatory effect) [41, 42].

Also other neurotransmitter systems have been described as a possible basis for
the coexistence of these two described disorders. A decreased level of GABA in the
cerebrospinal fluid was observed in patients with migraine with coexisting depression
compared to those without depression [43]. Disturbances in the functioning of the do-
paminergic and melatonergic system, especially in patients suffering from migraines
with aura with comorbid depression (also in the course of bipolar disorder) and anxi-
ety, are observed. [44, 45].

Inflammatory factors

Chronic migraine pain and depression are conditions that are highly comorbid and
present with overlapping clinical presentations. Both disorders are associated with com-
mon pathological biological pathways in neuroinflammation, which can be reversed by
the use of proper, for example, anti-inflammatory treatment [46]. In migraine, activated
trigeminal nerves release CGRP and substance P, as well as other neurotransmitters
(such as serotonin). CGRP dilates blood vessels, and substance P increases vascular
permeability, facilitating the influx of cells and inflammatory factors [42].

Research suggests that the inflammation within the nervous tissue (neuroinflamma-
tion) connects three key elements in the pathogenesis of depression, such as: reduced

CGRP, SP ————> Vasodilatation and increase

chronic STRESS > invascular permeability
Influx of onflammatory cells
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Dysregulation of HPA axis
Hypercortisolemia MICROGLIA ACTIVATION
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NEUROINFLAMMATION

chronic IMMUNE ACTIVATION — CYTOKINES
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Figure 2. Inflammation as a common element in the pathomechanism
of migraine and depression

IDO —indoleamine-2,3-dioxygenase, an enzyme present in microglia, astrocytes and neurons; CGRP
— calcitonin gene-related peptide; SP — substance P
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availability of serotonin in the CNS, dysregulation of the HPA (hypothalamus-pituitary-
adrenal) axis and disturbances of neurogenesis within the hippocampus [47]. Under
increased immune system activity inflammatory factors cause excessive activation of
IDO (indoleamine-2,3-dioxygenase), an enzyme present in microglia, astrocytes and
neurons, catabolizing the conversion of tryptophan into neurotoxic kynurenine (KYN),
thus reducing the availability of tryptophan for the production of serotonin. Kynurenine,
in turn, influences the intensification of neurodegenerative processes [48]. Similarly,
long-term stress leading to dysregulation of the hypothalamic-pituitary-adrenal axis
(HPA axis), the effect of which is chronic hypercortisolemia, also has neurotoxic ef-
fects [49]. Both of these processes damage nervous tissue, influencing neurogenesis
in the dentate gyrus of the hippocampus [47]. This cascade can be triggered by any
chronic inflammation in which cytokines crossing the blood-brain barrier lead to the
activation of microglia and the development of inflammation [47]. In depression, the
“source” of inflammation is rather peripheral. However, recent data also indicate that
primary microglia activation, caused by the direct effects of chronic stress on blood
vessel function, may lead to the development of depression (Figure 2). At this point we
might see many similarities to the inflammatory pathomechanism of migraine headaches
described above. Studies have also confirmed disturbances in the concentration of pro-
inflammatory cytokines (e.g., an increase of IL-6) in patients with headaches [17, 50].

Hormonal factors

In addition to the previously described dysregulation of the stress axis, other
hormonal disorders also underlie both depression and migraines. In the case of both
of these disorders, due to the significantly higher incidence in women, sex hormones
are the main area of research. Estrogens have a multidirectional effect on the neuro-
transmitter systems, including on the synthesis of serotonin and norepinephrine, key
monoamines in the pathogenesis of depression. In addition, they influence the produc-
tion of enkephalins and the release of GABA, which in turn is crucial in controlling
pain transmission. Additionally, a low level of estrogens may be a factor contributing
to the phenomenon of cortical spreading depression (CSD) [13]. Progesterone, on the
other hand, modulates the expression of genes encoding monoamine oxidases — thus
regulating the level of the enzyme that breaks down serotonin. At the same time, the
metabolites of progesterone interact with GABA-A receptors and have an analgesic
effect [13].

Psychological factors

Bhatia and Gupta [51], in a study on the comorbidity among Indian population, they
indicated the personality profile of patients suffering from migraine, including anankastic,
dysthymic, histrionic, and anxiety features among the most common ones. The literature
indicates personality correlates favoring the development of both depression and migraine.
It is primarily neuroticism — measured with the Eysenck’s EPQR [6] questionnaire), but
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also harm avoidance (HA) — measured with the TCI questionnaire. HA is described as
excessive alert, anxiety and passive behavior in response to events [52]. It is easy to
notice that the areas of the two described features actually constitute different terms of
the generally understood neuroticism in psychology, the features of anxiety — referring
to the neurodevelopmental theory of depression [53]. This theory assumes that factors
such as biological and psychological stressors that trigger an inflammatory response
in the form of cytokines, interacting at an early stage of development (also in prenatal
development), cause changes in gene expression through epigenetic mechanisms, and
thus altered patterns are then passed on to the next generations by inheritance [53]

Genetic background

Studies conducted in a group of twins [54] showed an increased risk of both:
developing depression in relatives of a person suffering from migraine headaches
and developing migraine in relatives of depressive patients (the risk was greater in
the latter option). The relationship was also more pronounced in the case of monozy-
gotic twins than in the case of dizygotic twins, which further confirms the common
genetic background of these disorders [54]. Research focused on the search for an
explanation of the observed relationship indicates the possibility of the existence of
genetically conditioned vulnerability which is triggered by environmental factors.
Specific candidate genes are taken into account, including CNR1 (the gene encoding
the cannabinoid receptor), DRD2 (the gene encoding the receptor of the dopaminergic
system) or SLC6A4 [13, 51]. The literature also describes studies on polymorphic sites
of genes, such as the MTHFR gene responsible for encoding enzymes in the pathways
associated with homocysteine and folic acid derivatives, as well as other SNPs (single
nucleotide polymorphisms) [13, 55]. Regarding homocysteine, it is worth noting that
disorders related to the increased concentration of this amino acid in the blood serum
may lead to endothelial dysfunction and, consequently, promote the phenomenon of
cortical spreading depression (CSD) [13]. Dresler [12] points out that the observed
phenomenon of the coexistence of migraine with depression is probably multifactorial,
and the confirmed genetic relationship considered in many studies probably has the
dimension of polygenic inheritance of susceptibility [12, 54].

Recapitulation

The coexistence of migraine and depression is a major clinical challenge and is
associated with great suffering and deterioration of the quality of life. Experts and na-
tional consultants in the field of neurology and psychiatry drew attention to the problem
of the coexistence of these disorders. They presented a study on the management of
patients treated for migraine with comorbid depression, emphasizing the validity of
neurological consultations in terms of migraine coexistence in patients with depressive
and anxiety disorders, and psychiatric consultations in patients suffering from chronic
migraine, when depression is suspected [56, 57].
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The discussed coexistence also contributes to the phenomenon of drug resistance.
Scientists are working on new medications that could be effective in the treatment of
both migraine and recurrent depressive disorders. An example of such targeted therapy
is erenumab — a human monoclonal antibody that competes strongly and specifically
for binding to the receptor of the peptide related to the calcitonin gene (CGRP), which
has a proven role in the etiopathogenesis of migraine, as well as a potential role in the
development of depression [58]. In clinical trials of the described drug, its use not only
reduced the symptoms of migraine but also resulted in an improvement in the general
functioning of patients [59, 60].

It is worth noting that both depression and migraine have a multifactorial etiology
and at the present stage of scientific research it is difficult to clearly define which factor
is the most important. It is also difficult to determine which of the above observations,
well documented in studies from many parts of the world, are only the coexistence
of two factors, and which have a cause-effect relationship in the described disorders.
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