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1. Introduction
1.1. Epidemiology of migraine and medication overuse headache

Epidemiology is an essential starting point in understanding the burden of disease
in the population either in Hungary or worldwide. Incidence and prevalence are widely
used measures of disease frequency. Incidence quantifies the number of new events or
cases of a disease that develop in a population over a defined period. Prevalence is the
proportion of a population that has the disease over a given period (1).

Migraine is a disabling neurovascular disorder, presenting with recurrent episodes
of unilateral, moderate to severe headache attacks lasting 4 to 72 hours, associated with
phono-, and/or photophobia, nausea, and vomiting (2). Migraine with aura and migraine
without aura are the two major types of migraines. Migraine with aura is characterized by
transient focal neurological symptoms that usually precede the headache, while migraine
without aura is a clinical syndrome characterized by headache with specific features and
associated symptoms (2). Migraine is one of the most common pain disorders (3),
affecting approximately 11% of the general population (4). The one-year prevalence of
migraine without aura was 7.6% (male/female ratio 1:3), and migraine with aura was 2%
(female/male ratio 2:1) in a population-based epidemiological survey in Hungary (5).
Lipton and colleagues found the one-year prevalence of migraine to be 17.2% in females
and 6.0% in males, with the highest prevalence between the ages of 30 and 49 years, the
most productive years of life (6). Despite the increasing number of consultations among
migraine sufferers over the last 15 years in the United States, migraine remains
underdiagnosed and undertreated (6-8). Lipton and colleagues in 2002 found, that only
48% of migraine sufferers had seen a doctor for headaches within the last year, while 21%
had not, and 31% had never visited a doctor for headaches (6). The 5-year incidence of
migraine was reported to be 8.4%, (female 12.0%, male 3.2%) (9), with a peak between
the ages of 20 and 24 years among females and between the ages of 10 and 14 years
among males (10).

Medication overuse headache (MOH) is a “headache occurring on 15 or more
days/month in a patient with a pre-existing primary headache and developing as a
consequence of regular overuse of acute or symptomatic headache medication (on 10 or
more, or 15 or more days/month, depending on the medication) for more than 3 months.



It usually, but not invariably, resolves after the overuse is stopped.”, as described by the
International Classification of Headache Disorders, Third Edition (ICHD-3) (2). MOH
usually occurs in patients with migraines or tension-type headaches (11). Triptans are
among the most common causes of MOH in the western world, with a mean critical
duration of overuse of 1.7 years, which is 2.7 years in the case of ergotamine and 4.8
years for simple analgesics (12). No specific, population-based studies are available in
the literature about the incidence of MOH yet. Katsarava and colleagues (13) found that
the one-year incidence of chronic migraine among episodic migraineurs (n=532) was
14%, with a higher risk for subjects taking greater amounts of analgesics and having
higher headache frequency at baseline. MOH prevalence in the general population ranges
from 1% to 2%, with a 3:1 female preponderance, affecting the patients most commonly
in midlife (14, 15). Bigal and colleagues (16) reported that approximately 60% of the
patients in tertiary headache centers in England had transformed migraine with analgesic

overuse.
1.2. Quality of life

“Quality of life (QoL) is a concept which aims to capture the well-being, whether
of a population or individual, regarding both positive and negative elements within the
entirety of their existence at a specific point in time. For example, common facets of QoL
include personal health (physical, mental, and spiritual), relationships, education status,
work environment, social status, wealth, a sense of security and safety, freedom,
autonomy in decision-making, social-belonging and their physical surroundings” (17).
The doctor’s evaluation of the effect of illness can be different from the patient’s
perspective; thus, measuring the quality of life (QoL) is important and can give a unique
insight into the patient’s condition (18).

In medical practice, several outcome measures can be used to describe the patient's
condition. These outcome measures can be objective, for example, can be observed by an
investigator (e.g., tremor, nystagmus), or can be reproducibly measured by appropriate
methods (e.g., lab results, blood pressure). Other outcome measures are subjective and
based on the patient’s assessment (e.g., mood, pain severity, sleep quality, or quantity).
Studying QoL as a subjective indicator is an established means of assessing the burden
of headaches from the perspective of the headache sufferers. Objective indicators (which



are not dependent on any input from the patient) are not available in the field of headache
research, as headache is a subjective experience. To overcome this problem, numerous
standardized endpoints have been developed, such as the Visual Analog Scale (VAS),
which consists of a horizontal line, labelled ‘No pain’ and ‘Maximum pain’ at opposite
ends. Patients are instructed to regard the VAS as a continuum and to indicate their current
level of pain along the line between two endpoints. The VAS has previously been shown
to be a useful measure for evaluating the efficacy of anti-migraine drugs (19). Paper-
based and electronic headache diaries have also been developed and used in clinical trials
and everyday medical practice. The most commonly used indicators (headache severity,
headache days, and analgesic consumption) are all reported by the patients, lately
increasingly supplemented by other subjective indicators, such as Quality of Life (QoL),
disability, or headache impact.

The concept of health-related quality of life (HRQoL) and its determinants have
evolved since the 1980s to encompass those aspects of overall quality of life that can be
clearly shown to affect health — either physical or mental (20, 21). “Health is a state of
complete physical, mental and social well-being and not merely the absence of disease or
infirmity” (WHO definition of Health) (22). Assessing HRQoL by a detailed patient
interview, be the most accurate, is not practical for several reasons, including issues
regarding the reproducibility and comparability of data, feasibility, and examiner burden.
As HRQoL has gained popularity as an outcome measure in both clinical practice and
research for both somatic and mental conditions (23), many HRQoL questionnaires have
been developed to overcome the above difficulties. There are two basic types of HRQoL
questionnaires: generic and disease-specific questionnaires. The main advantage of using
such scales in addition to clinical rating scales is the patient's reflection on their health,
which often differs considerably from clinicians’ or even carers’ views (24).

Generic HRQoL questionnaires, such as Medical Outcome Survey 36-item Short-
Form Health Survey (SF-36) (25), measure overall HRQoL, including questions that
represent those aspects of health that are important for the majority of people, for
example, limitations of physical and/or social activities and vitality (26). Thus, these
instruments allow a comparison between the impact of one illness and that of others, and
also with the values of healthy individuals. They can measure the effect of various

healthcare interventions and can therefore be helpful, among others, in analyzing cost



efficiency or planning resource allocation in health economics studies. Generic
instruments may, however, be unresponsive to changes in specific conditions (27).

Disease-specific HRQoL questionnaires, such as the Migraine-specific Quality of
Life Questionnaire (MSQ2.1) (28), focus on problems associated with states of a single
disease and allow comparisons among illnesses that share the leading symptoms. They
can help select the most appropriate therapy for the patient and monitor its efficiency.
Moreover, they may better reflect the particular impact of a given condition (27). On the
other hand, these questionnaires are not suitable for making a comparison between the
impacts of different conditions and different symptomatology.

It has been demonstrated that migraineurs have lower HRQoL, measured by SF-
36 (29) and Short Form (SF)-12 (30), compared to the general non-migraine population,
but only a small number of studies have investigated the association between HRQoL and
headache characteristics. These studies reported that increased migraine severity (indexed
by the combination of migraine frequency and pain intensity) (29), lower patient age (31),
and higher headache frequency (31, 32) were related to decreased HRQoL in migraineurs.
Interestingly, chronic migraine sufferers can have impaired visual QoL, similarly to
individuals suffering from other neurological conditions, such as multiple sclerosis,
myasthenia gravis, and ischemic neuropathy (33). Furthermore, migraine and depression
independently cause decrement in HRQoL, and their comorbidity is well-established (30).
Other comorbidities, such as asthma and chronic musculoskeletal pain, further reduce
HRQoL in migraineurs (32).

In the U.S. and Europe, several population-based studies have found significantly
lower HRQoL in migraineurs compared to an age-matched control population (34-36).
Patients with transformed migraine (more than 15 headache days per month) had lower
SF-36 scores than patients with chronic tension-type headaches (37) and lower HRQoL
than migraine patients with less than 15 headache days per month (38). Other studies have
also reported lower scores in migraine patients with increased attack frequency. This
suggests that the impact of headaches on HRQoL of the patients is influenced by headache
chronicity (39). The majority of migraineurs postpone their household duties and cancel
social and family activities because of migraine attacks (40), bringing significant
disruption to family life, with an impact on children, spouses and, friends (41, 42).



Before the introduction of the term “chronic migraine”, chronic daily headache
(CDH) was an umbrella term for a heterogeneous group of headache disorders (including
symptomatic analgesic overuse) characterized by a headache occurring on 15 or more
days per month, for more than 3 months (43, 44), with an overall prevalence of 3-5% (45,
46). In a previous study, CDH subjects with analgesic overuse showed lower scores across
all SF-36 domains (only physical functioning [p=0.008] and bodily pain [p=0.045] were
significant) than CDH subjects without analgesic overuse (47). Another study reported
that CDH with analgesic overuse itself induced a meaningful decrease across all domains
of SF-36, with physical functioning and bodily pain being the most affected items
compared to healthy subjects (48). In a pilot study, patients with MOHSs had significantly
lower scores across all domains of SF-36 (except physical functioning) compared to the
normally expected scores (49).

Previous studies have reported that migraine patients with increased attack
frequency had lower HRQoL scores, suggesting that the impact of headaches on HRQoL
is influenced by headache chronicity (39). In addition, patients with MOHs had
significantly impaired QoL scores measured by SF-36 as compared to patients with
episodic migraines (50). However, no research has yet examined the effect of headache
features on HRQoL measured by CHQQ among migraineurs and patients with MOHs.

1.3. Neuropsychiatric aspects of migraine

Migraines frequently co-occur with other neuropsychiatric disorders, one of which
is depression. On the other hand, approximately half of the patients with major depressive
disorder also report coexisting severe headaches, mostly migraines (51, 52). Clinically,
not only migraine but also other pain symptoms and syndromes show a higher prevalence
in depressed patients, which means that pain can be considered a symptom of depression
(53, 54). Conversely, recurring migraine attacks may increase the risk of depression (55).
A Didirectional relationship has been suggested between migraine and depression,
mutually increasing the risk of each other (55, 56). Shared genetic risk factors can partly
explain the co-occurrence of migraine and depression (57), but the exact mechanism is
not well understood yet (52). Migraine and anxious depression are partly influenced by
overlapping genetic and non-shared environmental factors (58). Anxiety, depression, and
migraine are affected by the same biological pathways, for example, the serotonergic and



dopaminergic systems (59, 60), suggesting that disturbances in these systems may
increase the risk of these disorders (58). Patients with comorbid migraine and major
depression show a significantly higher number of depressive episodes and a significantly
higher prevalence of seasonal variation (61). Also, affective temperaments and irritability

can be observed (61).
1.4. Neuropsychiatric aspects of medication overuse headache

A significantly larger percentage of individuals with CDH showed clinical
depression, measured by the Zung self-rating depression scale, compared to individuals
with episodic migraine (62). Psychiatric disorders (e.g., major depressive disorder,
generalized anxiety disorder, panic disorder, social phobia, substance-related disorders)
significantly more often occurred before the transformation of migraine into MOH than
afterward (63). Subjects with MOHs had a greater risk of suffering from depression and
anxiety; these disorders, thus, may be risk factors for the evolution of migraine into MOH
(63). Individuals with MOHs also have a higher risk of suffering from substance-related
disorders than individuals with migraines, which could be explained by the hypothesis
that identifies MOH as a part of the spectrum of addictive disorders (63). Mitsikostas and
Thomas (64) compared the clinical profile of individuals with primary headache disorders
with age- and sex-matched healthy subjects, and they found that anxiety and depressive
symptoms were more severe or frequent in individuals with primary headaches and
individuals with drug-abuse headaches. Migraineurs with aura had the highest risk for

dysthymia and major depression.

1.5. Personality factors in migraineurs and individuals with medication overuse

headache

What are the basic dimensions of personality on which individuals differ and that
influence their emotional, interpersonal, experimental, attitudinal, and motivational
styles? Independent sets of researchers discovered and defined five broad personality
traits based on empirical, data-driven research. Raymond Christal and Ernest Tupes
developed the initial model based on work at the U.S. Air Force Personnel Laboratory in
the late 1950s (65). Digman advanced his five-factor model of personality in 1992 (66),

which was extended by Goldberg in 1993 (67). Personality traits reflect basic dimensions
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on which people differ. Brent and colleagues emphasized the influence of personality
traits on important life outcomes, highlighting the need to more routinely incorporate
measures of personality into the QoL questionnaires and encourage further research about
the process by which personality traits influence diverse life outcomes (68).

The Big Five Inventory (BFI-44) is one of the questionnaires which measures five
factors of personality: extraversion, agreeableness, conscientiousness, neuroticism, and
openness (69). Neuroticism includes negative emotions, for example, depression and
anxiety, commonly defined as emotional instability. Agreeableness defines the level of
cooperativeness and compassion. Extraversion describes the individual’s positive
emotions, such as a tendency to seek out stimulation and sociability. Conscientiousness
refers to organizational ability and carefulness. Openness describes the individual’s
imagination and intellectual curiosity (70). The stability coefficient of personality traits
is from moderate to high both in men and women, with the highest gender-equal stability
for openness to experience and the lowest for conscientiousness (71). Neuroticism
remains rather stable in middle and older adulthood, with some apparent increase in late
life (72).

It was shown as early as the 1980s that neuroticism significantly improved in the
clinically improved migraineurs who received biofeedback therapy but not in those who
received medication therapy (73). This suggests that the psycho-neurotic characteristics
in individuals with migraines may not be attributable to the pain experience but may
rather be an inherent feature of migraine etiology (73). Neuroticism might be causally
implicated in the development of migraine in young adult women but not in men of
similar age (9). Higher neuroticism scores have been found in individuals with migraines
compared to individuals with tension-type headaches (74) and healthy subjects (75) and
shown a positive correlation with headache duration (number of hours per week) (75).
Migraineurs reported themselves to be more irritable, less calm, and less able to relax,
compared to control individuals (75). On the other hand, neuroticism appears to be a risk
factor not only for migraine (76) but also for major depressive disorder (77). High
neuroticism scores and low extraversion, conscientiousness, and openness to experience
are significant predictors of depression (78). A higher proportion of individuals with
chronic daily headaches have shown abnormal personality profiles (hypochondriasis,

depression, hysteria — so-called neurotic triad) than individuals with episodic migraine
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(62). In a recent study, female individuals with MOHs have shown significantly lower
extraversion, openness, and conscientiousness scores, compared to female individuals
with migraines, while male subjects have shown no significant differences (79). Of note,
patients with severe untreated anxiety, depression, personality disorders, or other pain
comorbidities, which might also influence the personality data, were excluded.

In summary, although neuroticism is a common risk factor for migraine and
depression and their co-occurrence, much less is known about the effect of other
personality traits on the comorbidity of migraine and depression, whether they have a

possible protective role against migraine in depressed patients or vice versa.
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2. Objectives
2.1. Study 1

Depression and migraine frequently co-occur as comorbid conditions (55, 56). In
migraineurs, a different constellation of personality traits has been described (76, 80), but
less attention was paid to personality differences between migraine subjects with and
without depression. We hypothesized that not only neuroticism but other personality
factors may play an important role in the comorbidity of migraine and depression. Thus,
our first study aimed to investigate possible differences in big five personality traits
among patients with and without lifetime depression (DEP) who suffered from migraine
in the previous 3 months. Recruitment was conducted in a large European population

sample in Budapest and Manchester.
2.1.1. Specific aims

e To replicate previous findings about migraine being more prevalent
in subjects with DEP than in non-depressed people.

e To determine what other personality factors influence the co-
occurrence of migraine and DEP besides neuroticism.

e To investigate migraine specificity of our hypothesis by testing it in
non-migraine headache sufferers and subjects with other pain
disorders.

13



2.2. Study 2

Previous research using generic and disease-specific instruments has reported that
both migraine (29, 36) and MOH (81) had a diminishing effect on patients’ HRQoL. On
the other hand, only a few studies have investigated the possible association between
HRQoL and headache features. They have reported that increased migraine severity
(indexed by the combination of migraine pain intensity and frequency) (29), longer
disease duration (31), and higher headache frequency (31, 32) were related to decreased
HRQoL in subjects with migraines. Based on these observations, we hypothesized that
different aspects of headache characteristics have a significant effect on HRQoL and its
domains. We also hypothesized that these effects are more pronounced in MOH compared
to migraine patients. Thus, our second study aimed to assess HRQoL differences in
subjects with migraines and subjects with MOHSs and to observe the effect of certain
headache features, namely, headache type (migraine/MOH), headache pain severity,
headache frequency, number of years with headaches, aura symptoms, and triptan use on
HRQoL.

2.2.1. Specific aims

e To replicate findings according to which patients with MOHs have
worse quality of life than migraineurs.

e To investigate the effect of different headache characteristics on
HRQoL in migraine and MOH patients.

e To determine whether different domains of HRQoL are similarly

affected by headache characteristics.
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3. Methods:
3.1. Study 1: Decreased openness to experience is associated with migraine-type

headaches in subjects with lifetime depression

The first study was part of an EU-funded research program called NewMood (New
Molecules in mood Disorders) and aimed to investigate novel pathomechanisms of major
depression and its comorbid disorders, such as anxiety and migraine (82). Participants
were recruited from Budapest, Hungary, and Greater Manchester, UK, by contacting
general practices and using advertisements (university advertisements, the NewMood
website, and newspapers). All willing participants filled out the NewMood booklet
containing brief standard and validated questionnaires. Altogether 1,139 subjects
responded in Budapest and 2,004 in Manchester by sending back the signed written
informed consent and the postal questionnaires. Only subjects with properly completed
questionnaires were included in this first study, regardless of ethnicity and reported
psychiatric or medical disorders. The final sample consisted of 1,056 participants from
Budapest (mean age = 31.40 years) and 1,970 participants from Manchester (mean age =
33.50 years). The study was approved by local ethics committees and carried out in
accordance with the Declaration of Helsinki.

Background details (e.g., sex, age), medical history (including psychiatric disorders
and reported migraine), and information on socioeconomic status were collected by a
brief standard background questionnaire, Hungarian and English versions, respectively.
Subject-reported DEP episodes were derived from a set of questions already validated in
a subset of participants during face-to-face interviews (83). A background questionnaire
was used to determine other pain disorders. The answers were coded “yes” if the subjects
did not report migraine but reported at least one of the following conditions: rheumatoid
arthritis (n=231), back pain (n=162), abdominal pain (n=43, e.g., Crohn’s disease,
ulcerative colitis, irritable bowel syndrome, heartburn), joint pain (n= 16, e.g., arthritis,
osteoarthritis), diffuse pain (n= 14, e.g., myalgic encephalomyelitis, complex regional
pain, fibromyalgia), or other pain (n =4, e.g., mastitis, chronic sinusitis).

A migraine-specific validated screening tool, the ID-migraine questionnaire (84, 85)
was used to identify subjects with migraine headaches. Participants were considered
migraineurs (migraine(ID)) if they experienced at least two out of the following

symptoms: photophobia, nausea, and disability during headaches in the previous
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3 months (84). Those experiencing one or none of the above symptoms (therefore not
fulfilling the criteria for migraine(ID) were considered patients with non-migraine
headaches.

We measured five factors of personality (extraversion, agreeableness,
conscientiousness, neuroticism, and openness) with the BFI-44 (69). Items were rated on
a 5-point Likert-type scale ranging from 1 (strongly disagree) to 5 (strongly agree).
Regarding personality factors, continuous weighted dimension scores (sum of the item
scores divided by the number of items completed) were calculated for the analysis.

Statistical analyses were carried out in SPSS 21.0 for Windows (IBM). Pearson’s chi-
squared test was used to calculate the difference of migraine(ID), non-migraine
headaches, and pain prevalence between participants with and without DEP. Multivariate
ANOVA was used to investigate the interaction effect of migraine(ID) and DEP on
personality factors in the total population (Budapest and Manchester together). Test of
between-subject effects and Wilk’s lambda statistics were reported. Using a univariate
ANOVA post hoc test, we determined the significant interaction effects in the
subpopulations to establish replicable findings. We also tested whether the significant
interaction was migraine-specific or applicable to non-migraine headaches or other pain.
Sex and age were included as covariates in all analyses. The study site was added as an
independent factor in population-wise analyses to control for cohort differences. A
logistic regression model was constructed to test the effect of sex, age, the five personality
factors, DEP, and any significant interaction between personality and DEP on

migraine(ID). All statistical testing adopted a two-tailed p = 0.05 threshold.

3.2. Study 2.: A cross-sectional study on the quality of life in migraine and
medication overuse headache in a Hungarian sample: understanding the

effect of headache characteristics

The study was part of a research program conducted in the Headache Center of the
Department of Neurology at Semmelweis University and part of the Hungarian Brain
Research Program at Semmelweis University. Between 2015 and 2019, altogether 334
subjects were recruited (in the clinical group, migraine: 198, MOH: 50; in the research
group, migraine: 71, MOH: 15) from the headache center, referred to as clinical group,

and by advertisements (university advertisements and newspapers), referred to as
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research group. In the clinical group, no exclusion criteria were applied, while in the
research group, exclusion criteria were as follows: current or past serious medical, major
psychiatric or neurologic disorders, the use of daily medication except contraceptives,
and in the case of migraine patients, the use of preventive medications. Episodic migraine
and MOH patients were diagnosed by neurologists and filled out the Comprehensive
Headache-related Quality of life Questionnaire (CHQQ). Migraine and MOH patients
were eligible if they fulfilled the diagnostic criteria of ICHD-I111 (Beta) (86) of migraine
and MOH, with or without aura symptoms in both groups.

Demographic data (e.g., sex, age) and the following clinical features were assessed
by a background questionnaire during the clinical examination: age at migraine onset,
number of years with migraines, migraine frequency (average number of migraine days
per month), presence of aura symptoms (yes/no), painkiller usage, and migraine severity,

which was assessed by visual analog scale (VAS).

The CHQQ is a 23-item headache-specific QoL questionnaire developed and
validated by the Headache Research Group at the Department of Neurology at
Semmelweis University (87, 88). It is intended to assess headache patients’ QoL in detail,
covering the previous four weeks. Responders used a 5-point Likert scale to answer
questions like “How much did your headaches bother you in your free time (reading,
listening to music, hobby, etc.)?” or “How much did the headache interfere with your
work activity?”, ranging from absolute freedom from restriction (not bother at all) to a
maximum restriction (made it impossible). After that, the values were transformed to a 0-
100-point scale, where the full restriction is equal to O, and the absolute absence of
restriction is equal to 100. Physical, mental, and social dimensions and the total score
were calculated without weighting the item scores (87, 88). The CHQQ is a validated
instrument in Hungarian and Serbian and is currently under validation in English to study
episodic- and chronic migraines and tension-type headaches. In the current study, CHQQ
was used to measure the HRQoL of the participants, and the domain scores were scaled
from 0%=worst to 100%=best health/ability/function in accordance with the original
scoring of the CHQQ.

Statistical analyses were performed with the statistical software package IBM SPSS

21.0 for Windows (IBM). Based on skewness and kurtosis, the data showed a normal
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distribution; therefore, we used parametric tests (independent samples t-test, chi-squared
test, and linear regression with enter method). Having 4 multiple regression models, we
set the significance threshold to p < 0.0125 (0.05/4) to correct for multiple testing and to
avoid Type 1 error. Otherwise, all statistical testing adopted a two-tailed p<0.05
threshold.
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4. Results

4.1. Study 1.: Decreased openness to experience is associated with migraine-type

headaches in subjects with lifetime depression (89)
4.1.1. Phenotypes and demographic characteristic

A total of 3026 willing participants from Budapest and Manchester filled out the
NewMood booklet, which contained short standard and validated questionnaires. In total,
n=1139 subjects in Budapest and n=2004 in Manchester responded by returning the postal
questionnaires and the signed written informed consent form. Only subjects with properly
completed questionnaires were included in this study, regardless of ethnicity and reported
medical or psychiatric disorders. The demographic characteristics of the studied

populations are displayed in Table 1.

Table 1. Characteristics of the participants in the first study (89)

Total population | Manchester | Budapest

Demographics

Participant number (n) 3026 | 1970 (65%) | 1056 (35%)
Female (n, %) 2082 (69%) | 1341 (68%) | 741 (70%)
Age (mean SE) 32.8(0.19)| 33.5(0.23)| 31.4(0.33)
Migraine, headache, and pain

Migraine(ID) (n, %) 829 (27%) | 586 (30%) | 243 (23%)
Proportion of Migraine(ID) without 353 (20%) /| 190 (20%) /| 163 (20%) /
/ with lifetime depression (n, %) 476 (38%) | 396 (39%) 80 (35%)
Non-migraine headache (n, %) 1380 (46%) | 838 (43%) | 542 (51%)
Other pain disorders 239 (8%) 139 (7%) | 100 (10%)
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Table 1. (continued) Characteristics of the participants in the first study (89)

Psychometric measures Total population | Manchester | Budapest

Reported lifetime depression (n, %) 1246 (41%) | 1016 (52%) | 230 (22%)
BFI-44 neuroticism (mean SE) 3.15(0.02) | 3.32(0.02) | 2.83 (0.03)
BFI-44 extraversion (mean SE) 3.29 (0.02) | 3.15(0.02) | 3.55(0.03)
BFI-44 conscientiousness (mean SE) 3.67 (0.01) | 3.65(0.02) | 3.70 (0.02)
BFI-44 agreeableness (mean SE) 3.76 (0.01) | 3.75(0.01) | 3.78 (0.02)
BFI-44 openness (mean SE) 3.74(0.01) | 3.63(0.01) | 3.94 (0.02)

Note: SE: standard error of mean, ID: data derived from the ID-migraine

questionnaire; BFI-44: Big Five Inventory.
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4.1.2. Association of migraine and lifetime depression with personality

factors

Patients with DEP reported significantly more migraine(ID) (DEP: 38% vs. no-
DEP: 20%, Pearson chi?=124.4, df=1, p<0.001) in line with the scientific literature (90,
91), and more other pain disorders (DEP: 10% vs. no-DEP: 7%, Pearson chi?=11.3, df=1,
p=0.001) but less non-migraine headaches (DEP: 40% vs. no-DEP: 50%, Pearson
chi?=27.9, df=1, p<0.001). After controlling for study site, age, and sex, the results of
MANOVA revealed the main effects of both migraine(ID) and DEP (Table 2A) and their

interaction effect on personality dimensions (Table 2B).

Table 2. MANOVA on personality factors to investigate the effect of lifetime

depression and migraine(ID) in the total population

Table 2A. Multivariate test Wilks’ Lambda indicated that lifetime
depression and migraine significantly interact with personality factors (89)

Effect F df p-value
intercept 3008.795| 5,3012| <0.001
sex 67.179| 5,3012| <0.001
age 35.914 5,3012| <0.001
DEP 72458 | 5,3012| <0.001
Migraine(ID) 12,999 | 5,3012| <0.001
cohort 37.163| 5,3012| <0.001
DEP * Migraine(ID) 3.213| 5,3012 0.007
DEP * cohort 8.080| 5,3012| <0.001
Migraine(ID) *

0.425| 5,3012 0.831
cohort
DEP * Migraine(ID)

0.682| 5,3012 0.637
* cohort

Note: ID: data derived from the ID-migraine questionnaire, DEP: lifetime depression;

cohort: Budapest versus Manchester
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factors in case of significant MANOVA Wilks’ Lambda (89)

Table 2B. Univariate ANOVA post hoc results by the five personality

Total population | Manchester Budapest
Effect Personality factor . p- . p- . o-value
value value

sex extraversion 11.240| 0.001| 11.579| 0.001| 0.982 0.322
agreeableness 60.904 | <0.001| 43.036 |<0.001|18.521| <0.001
conscientiousness | 37.718 | <0.001| 24.583|<0.001|13.446| <0.001
neuroticism 80.292 | <0.001 | 48.447 |<0.001 | 31.707| <0.001
openness 19.421 | <0.001| 34.230|<0.001| 0.279 0.597

age extraversion 6.689 | 0.010 2.237| 0.135| 5.415 0.020
agreeableness 42.611 | <0.001| 42.056|<0.001| 4.690 0.031
conscientiousness | 130.075 | <0.001 | 94.455|<0.001 | 36.904 | <0.001
neuroticism 13.461 | <0.001| 12.200|<0.001| 2.255 0.133
openness 5.265| 0.022 4430 0.035| 1.175 0.279

DEP extraversion 77.908 | <0.001| 82.655|<0.001|22.569| <0.001
agreeableness 37.760 | <0.001| 25.970|<0.001|18.186| <0.001
conscientiousness | 73.671|<0.001| 61.861|<0.001|27.943| <0.001
neuroticism 341.452 | <0.001 | 498.703 | <0.001 | 58.369 | <0.001
openness 2.232 | 0.135 1.097| 0.295| 1.120 0.290

Migraine | extraversion

(ID) 11.452 | 0.001 5.573| 0.018| 6.356 0.012
agreeableness 7.507 | 0.006 4.285| 0.039| 3.715 0.054
conscientiousness 1.515| 0.219 1.868| 0.172| 0.289 0.591
neuroticism 62.933 | <0.001 | 41.385|<0.001 | 27.375| <0.001
openness 0.572| 0.450 0.111| 0.739| 1.533 0.216
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Table 2B.(continued) Univariate ANOVA post hoc results by the five
personality factors in case of significant MANOVA Wilks’ Lambda (89)

Total population | Manchester Budapest

Effect Personality factor | F p-value | F p-value | F p-value
cohort extraversion 43.509 | <0.001

agreeableness 0.810| 0.368

conscientiousness 0.299| 0.585

neuroticism 73.189| <0.001

openness 103.784 | <0.001
DEP * extraversion
migraine 0.005| 0.945| 0.080| 0.777| 0.068| 0.795
(ID)

agreeableness 2.264 | 0.133| 5.092| 0.024| 0.120 0.729

conscientiousness 0.000| 0.991| 0.368| 0.544| 0.191 0.662

neuroticism 1.651| 0.199| 0.854| 0.356| 0.883| 0.348

openness 10.653| 0.001| 4.759| 0.029| 6.467 0.011
DEP * extraversion
cohort 1.070| 0.301

agreeableness 0.471| 0.493

conscientiousness 0.000| 0.987

neuroticism 29.631| <0.001

openness 0.001| 0.981

Note: ID: data derived from the ID-migraine questionnaire, DEP: lifetime depression;

cohort: Budapest versus Manchester

Test of between-subject effect indicated that DEP and non-DEP subjects differed

significantly in agreeableness, extraversion, neuroticism, and contentiousness. Subjects

with or without migraine(ID) significantly diverged on neuroticism, extraversion, and

agreeableness. Only one personality factor, openness, was affected by the interaction

between DEP and migraine(ID) (Figure 1.). Significant DEP and migraine(ID) interaction
effect on openness was found in both the Budapest (F=6.467, df=1,1050 p=0.011) and
the Manchester cohort using post hoc univariate ANOVA (F=4.759, df=1,1970,
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p=0.029). Lower openness to experience scores were observed in DEP + migraine(ID)
individuals compared to individuals without migraine(ID) and/or DEP.

0,3

0,2

0,1

- o= no-DEP

~——eo— DEP

-0,1

Openness SE

-0,2

-0,3

-0,4
no-migraine(ID) migraine(ID)

Figure 1. Significant interaction effect of lifetime depression and
migraine(ID) on openness (89)
The figure shows standardized openness to experience scores (BFI-44) and standard error
of means (SE). Subjects with migraine(ID) without DEP had the highest openness to
experience scores. Note: DEP: lifetime depression reported; no-DEP: no lifetime

depression reported

4.1.3. Association of non-migraine headaches, migraine(ID) and lifetime
depression with personality factors

After categorizing headaches into non-migraine headaches and migraine(ID), a
similar interaction effect was demonstrated between headaches and DEP on openness
(F=6.107, df=2,3012, p=0.002, Figure 2.) across the whole study population (after
correction for age, sex, and study site). The difference between non-DEP and DEP
patients was significant in those who did not have headaches in the past 3 months
(F=3.867, df=1,811, p=0.05) and in the migraine(ID) group (F=7.160, df=1,823,
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p=0.008), but the non-migraine headache group did not show significant difference
(F=0.392, df=1,1374, p=0.532) in openness.

0,5
—o— N0-DEP
0,4
—o—DEP
0,3
0,2
0,1

0

Openness SE

0,1

-0,2

-0,3

0,4
no headaches non-migraine headaches migraine(ID)

Figure 2. Significant interaction effect of lifetime depression and headaches
on openness in the total population (89)
The figure shows standardized openness to experience scores (BFI-44) and standard error
of means (SE). The difference between DEP and non-DEP subjects was significant in
subjects without headaches in the past 3 months and in the migraine(ID) group but not in
the non-migraine headache group. Note: DEP: lifetime depression reported; no-DEP: no

lifetime depression reported.

4.1.4. Effect of other pain disorders and lifetime depression on personality
factors

No significant interaction was found between DEP and other pain disorders
(F=0.490, df=1,3016, p=0.484) on openness.
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4.1.5. Factors influencing migraine risk based on the above results

Logistic regression analysis revealed that, by taking into account sex, age, cohort,
DEP, personality factors, and DEP by openness interaction, four variables increase
migraine(ID) risk: neuroticism, openness, DEP, and sex. In addition, after controlling for
all the above variables, DEP by openness interaction still significantly reduced the odds
ratio for migraine(ID) (Table 3.). Furthermore, in contrast to previous results, our data
demonstrated that openness to experience increased in subjects with migraine(ID), but
higher openness scores were present only in migraine(ID) patients without DEP. Based
on our results, openness to experience may prevent the co-occurrence of depression and
migraine. Interestingly, a similar effect could not be demonstrated in the case of non-
migraine headaches or other pain disorders, suggesting that openness may represent a

specific protective mechanism toward the comorbidity of migraine and depression.

Table 3. Logistic regression on migraine(ID) adding sex, age, cohort,
personality factors, lifetime depression, and lifetime depression by openness

interaction (89)

95% CI for OR

Variables OR |Lower |Upper |[Wald df | p-value

sex 1.95 1.58 242 37.55 1| <0.001
age 1.00 0.99 1.00 1.12 1 0.290
cohort 1.03 0.84 1.25 0.07 1| 0.796
extraversion 0.97 0.87 1.09 0.22 1| 0.642
agreeableness 1.02 0.88 1.19 0.10 1 0.753
contentiousness 1.05 0.92 1.19 0.54 1| 0.463
neuroticism 1.68 1.47 1.91 60.49 1| <0.001
openness 1.32 1.07 1.62 6.93 1 0.008
DEP 4.95 1.79 13.68 9.52 1 0.002
DEP by openness | 0.73 0.56 0.95 5.49 1| 0.019
Constant 0.01 51.43 1| <0.001

After controlling for all variables, DEP by openness to experience still significantly
decreased the odds ratio for migraine(ID). Note: OR: Odds Ratio; Cl: confidence interval;

DEP: lifetime depression.
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4.2. Study 2.: A cross-sectional study on quality of life in migraine and
medication overuse headache in a Hungarian sample: understanding the

effect of headache characteristics (92)
4.2.1. Phenotypes and demographic characteristics

A total of 334 willing participants were examined by neurologists and completed
the CHQQ. 269 subjects had migraines, and 65 subjects had MOHSs. The demographic
characteristics of the population and the statistical comparison of the migraine and MOH
subgroups are presented in Table 4. MOH patients were significantly older than migraine
sufferers and reported a significantly higher headache frequency in the previous month.
Headache pain severity measured by VAS was approximately equal in the MOH and
migraine groups without significant difference in number of years with headaches. There
was no significant difference in the distribution of patients with or without triptan use,
with or without aura, and whether they belong to the research or clinical group. 97.8% of
patients with migraines used at least one type of painkiller, while, all MOH patients used
painkillers, so we did not use this variable in a further analysis examining predictors of
QoL (see Table 4.) Of the total study population, 71.3% used non-steroidal anti-
inflammatory drugs NSAIDs, 23.7% used combined analgesics, 18% used triptans, and
13.5% used at least two types of painkillers. MOH patients had lower physical, mental,
social, and total CHQQ scores compared to migraine patients. After pairwise comparisons
without covariates, the differences above remained significant in all dimensions except

the social subscale (see Table 4.).
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Table 4. Demographic data and statistical comparison of the migraine and

MOH subgroups in our second study (92)

Total Migraine MOH Test Effect size
population  |(N=269) (N=65) statistic (Cohen’s
(N=334) (tI?) d)
Female (n, %) | 288 (86.2%) | 235 (87.4%)| 53 (81.5%)| 2 1.494 -
Age (mean, | 35.57 (11.89) | 34.03 (10.85) |41.98 (13.81) | t: 4.334** 0.69
SD)
Number of | 13.77 (11.20) | 13.23 (10.16) |16.00 (14.62) t: 1.452 0.25
years with
headaches
(mean, SD)
Headache 9.90 (9.66) 6.56 (6.85) | 23.71 (7.01) | t: 17.773** 2.49
frequency
(mean, SD)
Headache pain | 53.87 (28.29) | 54.25 (28.19) [52.29 (28.90) t: 0.492 0.07
severity (VAS,
mean, SD)
Aura (n, %) yes: 44 yes: 37 yes: 7| % 0.408 -
(13.2%) (13.8%) (10.8%)
Painkillers yes: 328 yes: 263 yes: 65| 2 1.476 -
(98.2%) (97.8%) (100%)
Triptan use (n, yes: 60 yes: 46 yes: 14| % 0.700 -
%) (18%) 17.1%)|  (21.5%)
Recruitment clinical: 248 | clinical: 198 | clinical: 50 | % 0.301 -
method (74.3%) (73.6%) (76.9%)
research: 86 | research: 71| research: 15
(25.7%) (26.4%) (23.1%)
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Table 4. (continued) Demographic data and statistical comparison of the

migraine and MOH subgroups in our second study (92)

Total Migraine |MOH Independent |Effect size
population Samples Test |(Cohen’s
(t-test)/chi- d)
squared test

CHQQ Physical 41.19 42.05 37.59 t: 2.085* 0.25
(mean, SD) (17.88) (18.44) (14.93)
CHQQ Mental 47.65 48.72 43.23 t: 2.505* 0.33
(mean, SD) (16.72) (16.83) (15.59)
CHQQ Social 48.14 49.11 44.15 t: 1.801 0.23
(mean, SD) (21.60) (22.03) (19.36)
CHQQ Total 45,51 46.48 41.47 t: 2.475* 0.31
(mean, SD) (16.09) (16.39) (14.20)

Note: MOH: medication overuse headache, SD: standard deviation, CHQQ:
Comprehensive Headache-related Quality of life Questionnaire VAS: visual analogue
scale. * p < 0.05, ** p<0.001

4.2.2. Relationship between QoL and headache-related variables

To explain physical, mental, social, and total CHQQ scores in the total population,
we used the following explanatory variables: age, sex, recruitment method
(clinical/research subgroup affiliation), number of years with headaches, headache type
(migraine/MOH), aura symptoms, triptan use, headache frequency, and headache pain
severity. The results are presented in Table 5. Across the study population, the regression
models explained 22.0% of social, 20.3% of physical, and 19.6% of total score variance,
while only 11.1% variance of mental subscale was explained by the models.

Better physical QoL was associated with younger age, research subsample status,
no triptan use, and less severe headache pain after correction for multiple testing. Higher
mental subscale scores were associated with no triptan use. Better social QoL was related

to no triptan use and research subsample status. Regarding the total score, a significant
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association was found with triptan use, the method of recruitment, and headache pain

severity.

After controlling for demographic and other headache characteristics, headache

type was not a significant explanatory variable for any CHQQ subscale. Less severe

headache pain and no triptan use were the most consistently associated variables with
higher CHQQ scores.

Table 5. Standardized regression weights between health-related quality of

life and demographic and headache-related variables (92)

Physical Mental Social CHQQ total
headache- headache- headache-
related QoL related QoL related QoL
stand. |p- stand. |p- stand. | p- stand. |p-
beta value |beta value |beta |value |beta value.
Sex (male / -0.114 | 0.023| -0.091| 0.086 | -0.054 0.27| -0.101| 0.045
female)
Age -0.182| 0.005| -0.100| 0.15| -0.085 0.19| -0.140| 0.032
Clinical / 0.286|<0.001| 0.082| 0.17| 0.322| 0.001| 0.241| 0.001
research
subsample
Headache -0.051| 0.48| 0.006| 0.94| -0.016 0.83| -0.022| 0.77
type
(migraine /
MOH)
Headache 0.056| 0.34| 0.088| 0.16| -0.060 0.30| 0.044| 0.6
years
Aura 0.054| 0.30| 0.074| 0.18| 0.125| 0.016| 0.091| 0.085
(yes/no)
Triptan use 0.163| 0.002| 0.171| 0.002| 0.160| 0.002| 0.187| 0.001
(yes/no)
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Table 5. (continued) Standardized regression weights between health-related

quality of life and demographic and headache-related variables (92)

Physical Mental Social CHQQ total
headache- headache- headache-
related QoL related QoL related QoL
stand. |p- stand. |p- stand. | p- stand. |p-
beta value |beta value |beta |value |beta value.
Headache -0.166 | 0.001| -0.128| 0.017| -0.122| 0.015| -0.158| 0.002
pain severity
(VAS)
Headache -0.004| 0.95| -0.171| 0.041| -0.059 0.46| -0.096| 0.23
frequency
R?/Adjusted 0.203/0.180 0.111/0.086 0.220/0.198 0.196/0.174
RZ

Across all CHQQ domains, the most consistent predictors of HRQoL were triptan use,
headache pain severity, and recruitment method. MOH alone was not a predictor of worse
HRQoL. Note: MOH: medication overuse headache, CHQQ: Comprehensive Headache-
related Quality of life Questionnaire, VAS: visual analog scale, stand. beta: standardized
beta coefficient, in bold: significant results after correction for multiple testing, in italic:

nominally significant results.

4.2.3. Post hoc test of the effect of triptan use on headache characteristics
and CHQQ scores

Considering the finding that triptan use was a consistent predictor of all CHQQ
subscales, we tested the relationship of triptan use to other headache descriptors and QoL.
Our results showed that triptan users have significantly more years with headache and
poorer QoL on all subscales and the total scale. Headache pain severity and headache
frequency were independent of triptan use (Table 6.).
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Table 6. Differences in headache frequency, number of years with headaches,

headache pain severity, and quality of life scores between triptan users (N=60) and
non-users (N=274) (92)

Non-triptan users

46.84 (16.34)

Mean (SD) Test statistics (t) |Effect size
(Cohen’s d)

Headache Triptan users 9.33 (7.54) 0.602 0.07
frequency Triptan non-users 10.03 (10.08)
Number of Triptan users 18.03 (13.18) 2.862* 0.41
Kgg;sa\évrilgz Non-triptan users 12.83 (10.52)
Headache Triptan users 50.35 (33.52) 0.927 0.15
E)\:;\'iar\lss;everity Non-triptan users 54.64 (27.02)
CHQQ Triptan users 35.10 (15.63) 3.230* 0.42
Physical Non-triptan users 42.52 (18.09)
CHQQ Triptan users 42.17 (15.07) 3.044* 0.40
Mental Non-triptan users 48.85 (16.85)
CHQQ Social |[Triptan users 40.92 (20.18) 3.023* 0.41

Non-triptan users 49.73 (21.61)
CHQQ Total |[Triptan users 39.44 (13.45) 3.704** 0.46

Triptan users have significantly more years with headaches and worse QoL on all CHQQ

subscales and total scale. Note: SD: standard deviation, CHQQ: VAS: visual analog

scale, Comprehensive Headache-related Quality of life Questionnaire, *p<0.01,

**p<0.001
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5. Discussion
5.1. Study 1

The results of our first study of a large European sample are consistent with the
previous literature, supporting that DEP and migraine are often comorbid conditions, and
both neuroticism and DEP independently increase the risk of migraine. Furthermore, in
contrast with previous findings, our data showed that openness is an independent risk
factor for migraine(ID), but higher openness to experience is present only in migraine
sufferers who do not have DEP. Thus, as a new finding, openness may prevent the co-
occurrence of depression and migraine. Interestingly, a similar protective effect could not
be demonstrated in mixed or other headaches or other pain disorders, suggesting that
openness might represent a specific protective mechanism against migraine and

depression.
5.1.1. Openness to experience in health and diseases

Consistent with previous studies (76, 77), neuroticism appears to be a risk factor
for both migraine(ID) and DEP in our population study. However, in contrast to previous
studies (93, 94), we showed that openness also increases the risk of migraine. We found
an interaction effect between DEP and migraine in the case of openness to experience,
indicating higher openness scores only in migraine(ID) patients without depression.
Openness is a distinctive constellation of affective and cognitive styles, including
curiosity, creativity, flexible thinking, increased receptiveness for salient stimuli,
preference for new experiences, and absorption in sensory experience (95, 96). Although
openness to experience is the most controversial trait in the 5-factor model (97, 98), recent
studies have found it to be an important factor in coping with various disorders, as it plays
a protective role against depression (78). Similarly, openness may help to counteract the
depressogenic effects of somatic conditions, such as hemodialysis (99) or the postpartum
period (100). Furthermore, openness to experience has been found to be associated with
higher physiological adaptation and lower physiological reactivity to recurrent social
evaluative stress, as measured by blood pressure, heart rate, and respiratory rhythm
changes, suggesting that this personality trait might be a protective factor against harmful

effects of stress (101). Consistent with our results, migraineurs with higher openness

33



scores are more creative and flexible in the management of their condition, which, in turn,
reduces the impact of migraine on their daily life, leading to less functional impairment
(102). This effect is particularly important in the comorbidity of migraine and depression,
as they have already been reported to have a specific relationship reflected in their high
comorbidity. Consistent with our findings, this relationship differs from the ones between
depression and other types of headaches (55, 103).

5.1.2. Specific relationship between migraine and depression

Our study supports previous findings suggesting a positive association between
migraine and depression. DEP, however, has the opposite effect on non-migraine
headaches. In a 2-year follow-up study, pre-existing migraine increased the risk of
developing depression 5.8-fold, and pre-existing depression increased the risk of
developing migraine 3.4-fold (55). Also, current anxiety and depression have been
associated with a greater increase in migraine risk compared to other types of headaches
and pain disorders (103). This specific relationship between migraine and depression, but
not other types of headaches, may indicate a common neurobiological or genetic element
in the pathophysiology of depression and migraine, as previously suggested (91, 104).

The nature of the relationship between depression and painful conditions in
general is not well understood yet. Several factors may play a role in the increased co-
occurrence of depression and migraine. There may be a direct causal relationship,
although the direction is unclear. Depression could contribute to an increased sensitivity
to pain, or migraine could lead to depression through recurring pain and resulting reduced
QoL (58) or through learned helplessness due to its unpredictable nature. Depression may
also occur as a side-effect and a neurobiological consequence of migraine-associated
pain. Another possibility is that depression and migraine are different symptomatic
manifestations of the same underlying syndrome (58). Recent studies have shown that
shared environmental and pleiotropic genetic influences may also be responsible for the
increased comorbidity between migraine and depression, including the involvement of
shared biological pathways, such as the serotonergic and dopaminergic pathways and

stress as a major risk factor for both disorders (58).
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5.1.3. Possible mechanism of openness as a protective factor in the co-

occurrence of migraine and depression

The roughly 50% heritability of the Big Five traits reflects a strong biological
background (105). Less neurobiological explanations are available in the case of openness
compared to other traits, such as extraversion or neuroticism (97). A higher-order solution
for the 5-factor model has been proposed by several authors, with two superfactors,
namely, stability (including neuroticism, conscientiousness, and agreeableness) in
relation to the variation in serotonergic function and plasticity (including openness to
experience and extraversion) in relation to the variation in dopaminergic function (106,
107). The exploratory tendency on a more abstract, cognitive, and motivational level is a
key characteristic of openness (97). The novelty-associated rewarding stimuli are
modulated by the dopaminergic system (97, 108, 109), which may regulate both cognitive
and motivational aspects of openness (97).

Previous studies have shown that openness appears to be associated with anterior
cingulate and prefrontal dopaminergic projections (97, 108). A recent study demonstrated
a positive association between openness and functional connectivity between the right
DLPFC and the right ventral tegmental area/substantia nigra of the midbrain, which is the
chief source of dopaminergic inputs during resting-state and various tasks (95). Robust
association between neurocognitive tasks reflecting DLPFC function and openness but
not extraversion supports the specific relationship between dopaminergic regulation in
the DLPFC and openness (97). DLPFC plays a unique role in both depression and
migraine; therefore, DLPFC could be a key mediator of the protective effect of openness
on the co-occurrence of depression and migraine. Increased vulnerability to depression in
the presence of negative stimuli is associated with decreased DLPFC activity (110).
Furthermore, it has been hypothesized that the DLPFC exhibits constant upregulation to
enhance descending pain modulation (111, 112).

During an experimental pain-induction task, cognitive pain processing areas, such
as the DLPFC, showed increased activation in patients with migraines interictally,
suggesting that the DLPFC has an important role in the top-down control of pain in
migraine (113). Studies examining cognitive control of pain in migraine patients
demonstrated a chronic DLPFC engagement in migraine, which was independent of the
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pain condition (pain or no-pain) and similarly modulated by cognitive tasks across all
conditions (111).

In addition, pain catastrophizing in migraineurs has been associated with reduced
cortical grey matter volume in areas including the DLPFC (114).

Openness in migraine might be a sign of enhanced DLPFC activity that provides
not only a more efficient frontal top-down control on pain (112, 115) and other negative
stimuli (116) but is also associated with flexible processing of novel salient information,
which represent a better adaptation strategy to everyday life and less depression. In
addition, openness in healthy controls has indicated a more efficient resting-state brain
network activity (117). Interestingly, alterations in the resting-state brain networks,
especially in the default mode network (DMN), are characteristics of both depression
(118) and migraine (119). Thus, a better DMN integrity in migraineurs with higher

openness might contribute to a diminished risk for depression.
5.1.4. Therapeutic consequences of increased openness

Depression comorbid with other somatic disorders has been shown to be an
independent predictor of poor treatment outcome (120). A recent study of a large sample
of episodic migraineurs has shown that comorbid depression worsens the responsiveness
to acute migraine treatment (121). Understanding the neurobiological background of this
particularly high and specific comorbidity between migraine and depression may improve
our treatment strategies. The fact that openness to experience has been associated with
increased response to placebo analgesia in migraine sufferers (122) and better response
to both psycho- and pharmacotherapy in depressed individuals (123) further underscores
the importance of earlier findings. Moreover, both the intensity and frequency of migraine
attacks and depressive symptoms have been significantly reduced by deep transcranial
magnetic stimulation of the DLPFC (124).

5.1.5. Limitations

As a limitation, we cannot draw any conclusions about the causal relationship
between migraine, depression, and openness, due to our cross-sectional design. In
addition, assessment of both pain and headache and DEP was based on self-report. The

use of the ID-migraine questionnaire, which covers only the previous 3 months, increased
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the risk of classifying some migraineurs with less frequent, lifelong migraine into the non-
migraine group. However, it is important to emphasize that the ID-migraine questionnaire
is a valid screening tool for migraine with good specificity and sensitivity (84, 125).
Despite similar recruitment strategies, the prevalence of depression was higher in the
Manchester cohort than in the Budapest cohort. However, the proportion of migraine(ID)
in the with and without DEP subgroups was very similar in both cohorts, and the
significant interaction effect of DEP and migraine(ID) on openness was replicated in both
cohorts. Further studies with longitudinal design and clinical samples would be necessary

to reveal the importance of openness either in neural activity or daily life.
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5.2. Study 2

In our second study, triptan use was associated with lower CHQQ scores on all
subscales. Headache pain severity assessed with VAS was associated with lower physical
and total CHQQ scores after controlling for age, sex, recruitment method, and other
headache-related factors, such as headache type, number of years with headaches,
headache frequency, and aura symptoms. 19.6%-22.0% of the variance in total CHQQ
scores and subscales (physical and social subscales) was explained by the above-
mentioned parameters examined together, except for the mental subscale with which only
11.1% of the variance was associated. Interestingly, the headache type itself, namely,
migraine or MOH, was not a significant predictor of any CHQQ subscales in our study
population after considering other headache characteristics, while recruitment strategy,
i.e., clinical versus research subsample, gained importance as a significant predictor of

the social, physical, and total CHQQ scores.
5.2.1. The most consistent factors associated with all HRQoL domains

Interestingly, triptan use was associated with lower scores on all CHQQ subscales,
while headache pain severity was associated with lower scores on the physical and total
CHQQ subscales.

Triptans are the most commonly used medications for acute migraines, acting as
serotonin 1B (5-HT1g) and 1D (5-HT1p) receptor agonists (126). Despite their relatively
common use, the relationship between triptan therapy and HRQoL has rarely been
investigated.

In a recent study, work productivity and HRQoL were significantly impaired in
insufficient triptan responders compared to triptan responders (127). In our study
population, triptan use was associated with poor QoL, but, interestingly, headache
frequency and headache pain severity did not differ significantly between triptan users
and non-users. However, triptan users had significantly more years with headaches than
non-users. A possible explanation is that triptan use is a surrogate marker for migraine
sufferers with longer disease duration, as previously suggested (25, 128), but our results
cannot be fully explained by this relationship. Taking into account other headache-related
variables, including the number of years with headaches, triptan use was still consistently

associated with different aspects of HRQoL measured by CHQQ. An explanation for the
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association between HRQoL and triptan use could be that patients experiencing a greater
burden of headache and lower HRQoL prefer to use triptans. Another explanation is that,
although triptans are effective, QoL can also be affected by the well-known side effects
of triptans (fatigue/drowsiness, dizziness, difficulty in thinking, nausea, tachycardia,
warmth, muscle weakness, and chest pressure), which are important factors in migraine
management and probably significantly impair patient compliance (129). These side
effects of triptans were not included in our model. However, it would be important to
investigate the role of triptan-induced side effects on HRQoL as well as the HRQoL
among users of calcitonin gene-related peptide (CGRP) receptor antagonist second-
generation gepants, which constitute a novel group of acute migraine drugs causing less
prevalent side effects and rebound headaches (130, 131).

Headache pain severity, namely, headache pain intensity measured by VAS,
influenced physical and total CHQQ domains significantly after correcting for other
headache-related variables and multiple testing. Our results confirm the findings of a
previous study: the HRQoL deteriorated consistently with increasing migraine severity
indicated by the combination of migraine frequency and pain intensity (29).

Besides headache-related factors, the recruitment method was another strong
predictor of HRQoL variance in our study. Since the main difference between the two
cohorts is the exclusion of comorbidities in subjects recruited through advertisements, we
assume that comorbidities in the clinical population might explain poorer HRQoL. It is
well known that migraine often coexists with other neuropsychiatric disorders, the most
common of which is depression. Coexisting severe headaches, in most cases migraine,
have also been reported in about half of patients with major depression (90, 91). As for
migraine, associations with other psychiatric conditions, such as panic disorder (132) and
certain personality traits, such as neuroticism (76), have also been noted. In combination
with a variety of mental health disorders, migraine seems to have worse health-related
outcomes and HRQoL than migraine alone (133). Despite these findings, the mental
health subscale of CHQQ was not significantly impacted by our recruitment strategy. This
might imply additional factors, such as physical disorders or complaints, differences in
social backgrounds, and other psychological traits, which were not examined in our study
but could explain how the recruitment method affected HRQoL. Thus, it is important to

emphasize that the results of headache research, including HRQoL measures, may not be
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representative of a more diverse real-world clinical sample where comorbidities and other

disadvantages are more common.
5.2.2. HRQoL and other headache-related factors

Our study was the first to show a nominally associated negative effect of aura
symptoms on the social subscale of CHQQ. So far, no literature has pointed out the
difference in HRQoL between migraineurs with and without aura. However, other
diseases with transient neurological symptoms, such as benign paroxysmal positional
vertigo (BPPV) (134) and Ménicére’s disease (135), are also associated with significantly
poorer QoL. Based on these studies, we hypothesize that transient aura symptoms may
impair social activity, promoting poorer HRQoL.

Although affecting mental HRQoL, headache frequency was not a consistent
predictor of HRQoL, in contrast to previous studies (31, 32). A positive bidirectional
relationship between mood symptoms (as measured by the Hospital Anxiety and
Depression Scale (HADS)) and migraine frequency has been reported in a previous study
(136). In another study, a higher frequency of migraine attacks (either with or without
aura) correlated with higher symptom scores of anxiety and depression (as measured by
Beck's Depression Inventory and Hospital Anxiety and Depression Subscales) (137). In
fact, this association between depression and migraine has also been supported by genetic
findings (138). Interestingly, our variables predicted the lowest variance of the CHQQ
mental health subscale, indicating the potential role of other genetic and biological

correlates of mental health, which were outside the focus of our research.
5.2.3. Headache type and HRQoL

Contrary to prior studies, headache type was not a significant predictor of any of the
subscales after correcting for other predictors, even though all CHQQ subscales (apart
from the social one) showed significant differences between migraine and MOH patients
when analyzed alone. As part of the Medication Overuse Treatment Strategy trial, a cross-
sectional study using the EQ-5D-5L questionnaire to measure QoL among patients with
MOHs found lower QoL scores in patients with higher headache frequency for all EQ-
5D-5L measures except the self-care scale (139), similarly to our results. An increase in

the number of headache-free days among migraineurs with 4 or more headache days per
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month was associated with improved HRQoL, as measured by the EuroQol-5D
questionnaire (140). However, we could not replicate these findings in our study after
controlling for other headache-related factors. In episodic and chronic migraineurs,
headache chronicity had both direct and indirect effects on QoL, as measured by MSQ2.1.
Interestingly, one of the factors directly contributing to lower QoL was the female sex,
but the pathophysiology is still unclear (141). We found similar trends for total and
physical CHQQ subscale scores even after adjustment for other headache-related factors.
This suggests that HRQoL is more affected by migraine in women than in men. Physical
composite scores (PCS) and mental composite scores (MCS) are norm-based scores with
higher scores reflecting better HRQoL. In a previous study, both episodic and chronic
migraineurs had significantly lower PCS and MCS, compared to patients without
migraines, but episodic and chronic migraineurs were not compared to each other (142).
Lower MCS and PCS on SF-36 have been observed in patients with increased migraine
severity (i.e., frequency and pain intensity), but only MCS showed a significant change
(29). This is in line with our findings, namely that higher headache frequency and severity
are associated with lower mental CHQQ score after controlling for age, sex, recruitment
method, and other headache-related factors. The above-mentioned study did not use each
subscale of SF-36 to measure patients’ HRQoL but only PCS and MCS. In an earlier
study, significantly lower scores on the bodily pain and physical functioning subscales of
SF-36 have been observed in a mixed group of chronic migraine, chronic tension-type
headache, and new daily persistent headache with analgesic overuse patients (47). Based
on previous studies and our findings, it is important to consider headache-related factors
in future studies that focus on the effects of migraine and analgesic overuse on HRQoL.
It is important to note that preventive headache medications taken daily to reduce the
frequency, duration, and severity of headaches can affect HRQoL. Previous studies have
concluded that different types of preventive medications can improve QoL of both
episodic and chronic migraine sufferers (143-146), as well as patients with MOHSs (147,
148). In the present study, however, we have not evaluated the role of migraine preventive

medication in QoL.
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5.2.4. Limitations

First, subjects with comorbidities were excluded from the research subsample but not
from the clinical subsample. This might have influenced our results. The difference in
preventive medication use is another limitation. In the clinical subgroup, preventive
headache medication was not an exclusion criterion, but in the research subsample,
neither MOH nor migraine patients received headache preventive medication.
Additionally, the exact frequency and dose of preventive medications used by the clinical
sample were not recorded. Evaluating the difference in HRQoL between patients with
and without preventive medication might also be valuable. It is also important to
emphasize that MOH develops in patients with a pre-existing primary headache, which is
migraine (45) in most of the cases, but can be tension-type headache (45) or cluster
headache (149) as well. In our study, 52% of MOH patients had migraines, 14% had pure
tension-type headaches, and 34% had both migraine and tension-type headaches before
MOH developed. Thus, it is worth considering that pre-existing primary headaches may
influence HRQoL in MOH sufferers, which should be further investigated in future

studies.
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6. Conclusion

Consistent with previous studies, our first study showed that migraine and depression
are often comorbid conditions, and both lifetime depression and neuroticism
independently increase the risk of migraine. As a new finding, we concluded that;
openness to experience is an independent migraine trait, but higher openness is present
only in migraine sufferers who do not have lifetime depression, so openness to experience
may prevent the co-occurrence of migraine and depression. On the other hand, we could
not demonstrate a similar protective effect in the case of other or mixed headaches or
other pain disorders, suggesting that openness to experience might represent a specific
protective mechanism toward depression in migraine. Our results shed light on
distinguishing features of migraine with and without depression with respect to
personality traits. These results can help to understand the biopsychosocial background
of migraine and pave the way for new strategies for prevention and intervention on both
pharmaco- and psychotherapeutic levels to develop personalized treatments.

In our second study, we demonstrated that triptan use and headache pain severity were
consistent predictors of HRQoL measured by the CHQQ after controlling for age, sex,
recruitment method, and other headache-related factors, such as headache type, aura
symptoms, number of years with headaches, and headache frequency. These parameters
together explained 19.6%-22.0% of the variance in CHQQ total scores and subscales
(physical and social subscales), except the mental subscale in which only 11.1% of the
variance was predicted. Interestingly, headache type itself, namely migraine or MOH,
was not a significant predictor of any CHQQ subscale in our study population after taking
into account other headache characteristics. As a new finding, aura symptoms affected
the variance of social HRQoL, which needs further investigation. In line with previous
studies, headache frequency influenced the variance of mental scores: migraine frequency
had a bidirectional relationship with mood symptoms (136) and a positive correlation
with depression and anxiety symptom scores (137). Our results support that it is important
to examine not only the headache type itself, but also the impact of different headache
characteristics on HRQoL to identify key players in HRQoL deterioration, appropriately
treat different patient populations, and guide public health policies in terms of health

services utilization and healthcare costs.
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In summary, our key findings are:

We replicated previous findings, namely that migraine and depression are
frequently comorbid conditions.

We observed that both neuroticism and lifetime depression independently
increase the risk of migraine.

As a new finding, we observed that openness to experience may prevent
the co-occurrence of migraine and lifetime depression.

Interestingly, similar protective effects could not be demonstrated in case
of mixed or other headache or pain disorders, suggesting that openness to
experience might represent a specific protective mechanism toward
migraine comorbidity with lifetime depression.

We replicated that migraineurs and patients with MOHSs have different
HRQoL scores; more specifically, MOH patients have lower scores.

We revealed that headache type (migraine or MOH) is not a significant
predictor of HRQoL on any CHQQ subscales after considering other
headache characteristics.

Our study demonstrated for the first time that triptan use was a consistent
predictor of lower HRQoL on all CHQQ subscales.

Finally, we observed that recruitment strategy (clinical versus research
subsample) is a significant predictor of the social, physical, and total
CHQQ scores: the clinical sample had lower HRQoL scores on these

subscales.

Synthetizing the original findings, we showed that several factors can influence the

well-being of migraine and MOH patients.

We hypothesize that, besides headache features, personality traits can also affect the

HRQoL of patients. Level of neuroticism and extraversion are the best predictors of
mental health, life satisfaction, and positive affects in the general population (150, 151).
Higher neuroticism is associated with lower SF-36 scores (social functioning and role
limitations due to emotional problems) (152) and poor QoL. On the other hand, high
extraversion and conscientiousness are positively associated with QoL (153).

Neuroticism is strongly linked to emotion regulation: neurotic people tend to blame others
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and underestimate the progress of goals. Additionally, they have emotion regulation
difficulties and low self-efficacy, which can lead them to conclude that life problems are
beyond their control. In contrast, conscientious people may have a higher QoL because
they are organized, hardworking, and efficient, which likely contributes to their ability to
achieve personal goals (153). Extraversion positively affects QoL directly or via self-
efficacy beliefs and emotion regulation acting as a mediating factor; thus, individuals who
enjoy the company of others may find themselves to be particularly self-effective, which,
in turn, can lead them to be more positive about their life and functioning (153). In
conclusion, personality traits are significantly associated with HRQoL scores,
independently of their relationship to demographic variables and DSM-IV mood and
anxiety disorders, suggesting that HRQoL is influenced not only by the disease, current
situation, or health status but also by personality traits, which are relatively stable
throughout a lifetime (23). Thus, we can hypothesize that not only headache features but
also personality trait differences can play a key role in the deterioration of HRQoL in both
migraineurs and patients with MOHs. In our second study, subjects in the clinical
population, where neuropsychiatric diseases were not exclusion criteria, had lower
HRQoL scores than subjects in the research subsample. In our first study, we found that
higher openness to experience may be a protective factor in the co-occurrence of migraine
and lifetime depression, while higher neuroticism scores can lead to the opposite result.
Thus, higher neuroticism and lower openness scores (characteristics of subjects with
migraines and lifetime depression in our first study) may be associated with lower
HRQoL scores. It can be explained by the differences in coping and emotion regulation
strategies resulting from the differences in personality traits. These theories become very
complex when we simultaneously consider all personality aspects of interest. It is
important to emphasize that in a subgroup of migraineurs, the episodic nature (a few
headaches per month) becomes chronic (15 or more headache days/month for more than
3 months, on at least 8 days/month with the features of migraine) (2). The same
progression occurs in patients with MOHSs on the basis of a primary headache disorder
with analgesic overuse (2). Identifying the risk factors predicting these changes, such as
comorbid depression and higher neuroticism for migraine, can offer insights into the

mechanisms of the disease; therefore, besides providing the optimal pharmacological
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treatment for migraine and MOH, it is important to organize complex care programs for
these patients.

Based on these findings, it would be useful to design complex headache clinics where
not only headache specialists would diagnose and treat migraine, MOH and other
headache disorders but also behavioral and clinical psychologists and psychiatrists,
consultants from psychosomatic medicine would work together to explore comorbidities,
personality factors, HRQoL and evaluate situational constraints (e.g., dealing with a
specific event) and individual differences (e.g., financial or health status, genetic risk
factors). The headache specialist would be the leading figure in establishing the correct
headache diagnosis and developing therapy plans in close collaboration with team
members and patients. In an ideal situation, patients should be informed about the
diagnosis, potential triggering and aggravating factors, probable comorbidities, and the
role of personality factors. Based on the previous literature and our findings, there is a
close relationship between depression, neuroticism, and migraine. Consequently,
psychologists would have an important role in the evaluation of patients as well as in
therapy. Education and self-management should be part of the treatment: lifestyle
education, self-management, and giving information about appropriate drug use and the
risks of drug overuse. Psychophysiological and cognitive behavioral training are the core
methods of this approach (154). Relaxation is often combined with biofeedback, which
is an evidence-based therapy for primary headaches and lacks side effects (155, 156). Not
only avoidance of headache triggers but also active management and coping strategies
should be in focus. Overall, a personalized treatment plan for acute and, if required,
prophylactic treatment should be prepared, following the international guidelines.
Multidisciplinary care teams should educate patients on how to better handle headaches
and improve therapies to reduce headache frequency and severity, thereby enhancing
HRQoL. Future studies should further develop the underlying theoretical model,
considering the more specific interplay between different personality traits.
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7. Summary

Migraine and depression frequently co-occur as comorbid conditions and mutually
increase each other’s risk. This may be partially influenced by personality factors.
Understanding this relationship would be crucial to better understand the contributors to
migraine and help identify biological and psychological targets for prevention and
intervention. Migraine and MOH cause a deleterious effect on HRQoL, but only a small
number of studies have investigated the association between HRQoL and headache
features. In our first study, neuroticism proved to be an independent risk factor for both
migraine(ID) and lifetime depression, while openness to experience was significantly
lower in the co-occurrence of migraine(ID) and lifetime depression, suggesting that
increased openness to experience, possibly manifested in advantageous or optimal
cognitive processing of pain experience in migraine, may decrease the risk of the co-
morbidity of migraine and depression. This finding might provide insight for newer
prevention and intervention approaches in the treatment of these frequently co-occurring
conditions. In our second study, we demonstrated that headache-related factors
significantly but not equally contributed to HRQoL measured by CHQQ. Consequent
predictors were triptan use and headache pain severity, while other observed headache
features affected the variance only in some CHQQ scales. The identification of factors
playing the major role in the deterioration of HRQoL is important to adequately manage
different patient populations and guide public health policies. Based on our results, we
further hypothesize that, besides headache features, personality traits can also indirectly
affect HRQoL, which would be in line with previous studies. Thus, it would be
worthwhile to examine not only the clinical characteristics of headaches but also
personality traits, situational constraints (e.g., dealing with a specific event) and
individual differences (e.g., financial or health status). All these could contribute to the
development of personalized treatments and healthcare strategies for subjects with

migraines and MOHs.
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