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I've been investigating the connection between migraine and depression—two debilitating
disorders with high comorbidity. My overarching goal is to unravel their pathophysiology and
pinpoint associated risk factors to pave the way for more effective therapeutic interventions.
The fruits of my labor is discussed in the introductory part of the thesis and comprises four first-
author publications in international peer-reviewed journals.

In the first two projects, I worked mostly on the comorbid aspects of migraine and depression.
I conducted a meta-analysis on the efficacy of onabotulinumtoxinA injections as a treatment
for those grappling with both migraine and depression. The findings were promising, showing
not only the treatment's safety and effectiveness but also hinting at a shared pathophysiology
between the two conditions. The second project delved into the structural brain anatomy,
utilizing voxel-based magnetic resonance imaging measures to explore subcortical volumes in
migraine and depression patients. The distinct patterns observed suggest a nuanced relationship
at the subcortical level.

Expanding beyond comorbidity, my research ventured into the occupational determinants
of migraine, scrutinizing the impact of job-related factors on migraine prevalence. Leveraging
data from the UK Biobank, the third project identified strong associations between migraine
and specific job categories, setting the stage for future interventions and policies to enhance
workers' well-being. Additionally, my exploration into the role of the cerebellum and brainstem
in migraine pathophysiology, using the UK Biobank data, unveiled larger gray matter volumes
in multiple cerebellar regions in individuals with migraines. This sheds light on potential
mechanisms underlying migraine attacks, contributing significantly to our understanding and
potential treatments for these challenging disorders.
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1. Ouverture

These fragments I have shored against my
ruins

The Waste Land
Thomas S. Eliot

1.1 Brains in disorder

Let’s start our journey with a story. It is a warm morning on the 14** day of
the spring month of Nisan. We are in Yershalaim, at the palace of Herod the
Great. From the colonnade we see emerging the figure of the Roman procura-
tor of Judea, Pontius Pilate. He is going towards the hall where he will be soon
interrogating a man accused of inciting the crowd to destroy the sacred temple
of Yershalaim. Pilate is sickened by the smell of rose oil which permeates the
chambers of the palace. He reaches the hall where his secretary was waiting
for him. He sits on his chair and the prisoner is brought in. Before the Roman
procurator of Judea stands a man in chains with bruises all over his body. This
man is Yeshua Ha-Nozri.

The interrogation starts. Pilate tries to stare at the man, but his eyes are clouded
with suffering. He is in deep pain. For the whole interrogation, Pilate looks
like a marble statue, trying to show all the severity and power of a soldier of
Caesar, but completely still. He avoids any movement: even the slightest turn
increases his suffering. He cannot think properly, he is unable to focus. Pilate
his tortured by a deep pain, pulsating in his head. His condition is so terrible
that he wishes for some poison to end it forever. While the symptoms are de-
scribed along the chapter, the reader is informed already at the beginning on
the nature of Pilate’s suffering. It is the “invincible, terrible disease”, some-
thing for which “there’s no remedy [...], no escape” [1]. A crippling pain that
affects half of the head: migraine.

This is not the only place in the book where we see a character suffering due
to his or her health conditions. Mental illness features prominently in the story
and it exerts great impact on the unfolding of the events. Bulgakov, a physi-
cian by education, uses the balance between health and disease throughout
the book to draw a path towards the characters’ inner sphere. What happens
to their bodies, and especially their minds, is an important reflection of their
moral struggles in an environment, in a city, that suppresses the individuals
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rather than giving them space to grow.

At some later point in the book we find ourselves in Moscow, many centuries
later. We are in a psychiatric clinic in some unspecified outskirts, by the river
bank. It is late at night and one of the new patients gets a visit from another
convalescent who managed to steal some keys from a nurse and then to make
his way to the newcomer’s cell. We learn that the intruder is called the Master,
and not much more about his identity. He starts telling his story to the new
patient, explaining how he ended up in a psychiatric clinic. We learn that the
Master was previously working as a historian in a museum. Life was going
well for him, but at one point he decided to quit his job to dedicate himself
to the writing of a major literary work: a novel about the last days of Jesus
Christ. The days passed by and he became completely immersed in the pursuit
of his ambitious project. In this endeavor he was also supported by Margarita,
the love of his life. After some time the novel was completed and the Master
started reaching out for publishing companies. In his first attempt to publish
his work he got a painful rejection from the editor. The Master was partic-
ularly hit by this event because the rejection was based on his political ideas
and his social status rather than on the actual value of the novel. This event
threw the Master in a state of deep sadness. Then a series of articles started
appearing in the newspapers harshly criticizing the Master and his work. He
became desperate and his mental health began deteriorating. Day after day he
was drained by any sense of joy and purpose and he felt like drawing in the
deepest darkness. He had nothing left to live for. The despair reached its high-
est as he attempted to end his life.

1.2 A tale of two illnesses

In the previous section I used a rather literary approach to introduce the two
main characters of this thesis: migraine and depression. These two conditions
have long been present in the history of medicine and looking at the evolution
of their definitions through the ages is helpful to give a different perspective
on how we understand and classify them nowadays.

The first unequivocal accounts of both disorders are found in the writings of
the Hippocratic school. Migraine, hemicrania originally, was first described
as unilateral throbbing pain sometimes preceded by visual symptoms, while
depressive mood, defined as melancholia, has been described as long-lasting
fear or sadness [2, 3]. The ancient philosophers explained the causes of these
illnesses, as they would explain any other, with the theory of the four humors.
This theory is attributed to the Greek philosopher Empedocles and claimed that
our health state is controlled by the balance of four bodily fluids, or humors:
blood, phlegm, yellow and black bile [2, 3]. Diseases, therefore, is caused by
any imbalance between these fluids. It is important to highlight that, regarding
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the diagnosis of melancholia, the ancient philosophers put high emphasis on
the context. Sadness was considered a dysfunction only if the symptoms were
a disproportionate response to a given cause.

The theory of four humors and all classical medicine went unchallenged for
many centuries, through the whole antiquity, the Middle Ages and part of the
modern times. Regarding migraine, two new major hypotheses on its etiology
were developed between the 17" and 18" centuries, challenging the humoral
basis of pathology. Thomas Willis proposed the first version of the vascular
hypothesis, i.e. the idea that migraine is essentially a vascular problem. Ac-
cording to his view the cause of migraine attack was increased blood flow in
cranial arteries that would in turn exert pressure on the trigeminal nerve [2].
Another important contribution came from Samuel Tissot who described in
great details the symptoms of headache disorders. He also proposed the neu-
rogenic hypothesis, i.e. the idea that the origin of migraine attacks was in the
nerves that from the stomach reached the trigeminal system. The pain would
then affect mostly the areas innervated by the trigeminal nerve [2]. Regarding
depression, no major progresses were made until the 18" century. Notably,
the influential text Anatomy of Melancholy (1621), by Robert Burton, gave
a powerful account of the classical tradition. Burton recognized three major
components in depression: mood, cognition and physical symptoms. More-
over, Burton discussed the importance of individual variation in symptoms
presentation and severity, as a consequence of variation in temperament [3].
Between the 19" and 20" centuries, there was an increasing improvement
in experimental, clinical and statistical methodologies. The symptoms of mi-
graine and depression were characterised in more details, reducing ambiguities
from the past, and in general the treatment options for both disorders vastly
improved [2, 3]. The definition of migraine and depression that are currently
adopted are based on such scientific and technological advances. The diag-
nostic criteria for migraine were developed by the International Headache So-
ciety and, according to the latest classification, migraine is mainly divided in
sub-categories based on the presence of aura symptoms (with or without aura)
and on frequency (episodic or chronic) [4]. Migraine symptoms broadly com-
prise recurrent moderate-to-severe and long-lasting (between 4 and 72 hours)
headache attacks. The headaches are usually unilateral, pulsating, aggravated
by general physical activity and associated with nausea and/or phonophobia
and photophobia [4]. Regarding depression there are two major and widely
used frameworks where the symptomatology is defined: the International Clas-
sification of Diseases and the Diagnostic and Statistical Manual for psychiatric
disorders. We will consider the former classification method as it is the one
used in my studies. According to the 10** edition of the International Clas-
sification of Diseases major depressive disorder is mainly characterised by
depressed mood, loss of interest and enjoyment, reduced energy and libido,
increased fatigue, disruption of eating and sleeping habits, sense of guilt and
worthlessness, pessimistic and bleak views of life and future and suicidal at-
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tempt or plan. The symptoms vary in severity and should last at least two
weeks to be considered a depressive episode.

1.3 What’s in a name?

In the previous section, I briefly went through the different approaches used
to understand and define migraine and depressive symptoms across the his-
tory of Western medicine. All the scientists that tried to address this issue had
one fundamental question in their minds: what constitutes the disease? Apart
from the obvious differences between the various approaches adopted to an-
swer this question, we can see the emergence of several constant tendencies
across history. On one side we have the detailed description of the symptoms,
the signs of the lack of health as manifested in the individual patient. As we
saw in the brief historical account, a great amount of effort has been devoted
into give precise and appropriate description of the symptomatology. On the
other side features prominently the problem of the etiology, the explanation of
the causes that lead to sickness. The principle behind unraveling the etiology
is that knowing the ultimate causes of the disease would lead to the definition
of an appropriate treatment strategy and hopefully the remission of the symp-
toms and the restoration of the health status in the patient.

The relation between symptomatology and etiology introduces naturally a hier-
archy of the levels of sophistication of the diagnosis. The most basic level is the
symptomatic, i.e. the clinical presentation of the individual sign as manifested
in the patient, followed by the syndromic level that accounts for the clustering
of symptoms across populations [5, 6]. With the advancements of scientific
inquiry, experimental techniques and methodologies, the clinico-pathological
approach was developed, which aims at connecting the clinical manifestations
to morbid anatomical and physiological changes [6]. This resulted in the the-
oretical improvement of the diagnosis sophistication to the level of the patho-
physiology, that accounts for the biological mechanisms that lead to sickness,
and of the etiology, i.e. the ultimate causes of the disease [5, 6]. The etiolog-
ical level is the most important piece of information, the one that has the best
explanatory power in defining a disease. Consequently, the etiology guides us
to creating interventions that have the highest potential to cure the patient.
What are the implications for migraine and depression? In both cases there
is currently no general agreement on their etiology and the diagnostic criteria
are at the syndromic level [6, 7]. Moreover, as we saw in the previous section,
the definitions of these disorders haven’t changed significantly through history
and this challenges the validity of the current diagnostic criteria. The major
consequence of these problems is the difficulty in finding effective treatment
solutions for most of the patients.
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1.4 Rationale

Thus far I introduced the symptoms of migraine and depression, I gave a brief
overview of their place in the history of medicine and I discussed their di-
agnostic criteria. But why migraine and depression? These disorders have
remarkable distinctive features with negligible overlapping in the clinical pre-
sentation. Nevertheless, migraine and depression are related in several impor-
tant aspects.

From a diagnostic perspective, their definition is based on a polythetic type
of classification. This means that to get a diagnosis of migraine or depres-
sion an individual should manifest at least a few symptoms from a broad and
heterogeneous variety of possible clinical signs. Moreover, as I previously
showed, these diagnostic criteria are at syndromic level, they lack a strong eti-
ological rationale, and experienced little modification for most of the history
of medicine.

From an epidemiological perspective, migraine and depression are both highly
prevalent and burdensome disorders [7, 8]. For migraine the age-standardised
global prevalence is approximately 14.4% [9]. The prevalence of depressive
symptoms is estimated to be as high as 30% [8]. Women are mostly affected,
being twice more likely than men to experience migraine or depressive symp-
toms [7, 8]. Moreover, they have a high degree of comorbidity: having one
of the two disorders significantly increases the risk of developing the other
one. These associations were studied mostly in cross-sectional settings, but
evidence on the causal link between migraine and depression is available also
from retrospective and prospective cohort studies [10].

These common features constitutes the rationale behind the research discussed
in this thesis. The material is presented in two sections. In the first part of
the thesis I will discuss the principles and ideas behind the research that I con-
ducted and the choices I made. In the second part I will present the results
in the form of published papers. In the latter section the reader can find the
complete account of the technical details.
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2. Aims

In this way I shall follow you, and
wherever you place the extreme edges, |
ask: what happens to the arrow at last?

De rerum natura
Titus Lucretius Caro

The overall goal of the papers included in this thesis was to study the patho-

physiology of migraine and depression. To achieve this goal we used sev-
eral approaches, from brain morphology to pharmacology and epidemiology.
While all the papers are characterized by the same underlying purpose, each
of them had specific research questions and aims, summarised as follows:

14

Paper I: how effective is onabotulinumtoxinA as a treatment for mi-
graine with comorbid depression? We addressed this research question
in a meta-analytical setting to assess the efficacy of this pharmacological
treatment in improving migraine and depressive symptoms as well as to
shed some light on the possible common pathophysiology of these two
highly comorbid conditions;

Paper II: what are the job-related factors more strongly associated with
migraine? Job is a fundamental part of our lives and identifying the oc-
cupational factors that might hinder the workers’ health is of paramount
importance because it enhances a better understanding of the pathology
and it informs policy-making to improve the work environment;

Paper I1I: is the putative common pathological pathway of migraine and
depression reflected in brain morphology? In this study we investigated
anatomical differences at the level of several sub-cortical brain regions
to assess whether some areas were similarly affected in patients with
migraine as compared with individuals with depression;

Paper 1V: is the pathophysiology of migraine reflected in volumetric
differences in the cerebellum and the brainstem? Recent studies have
posited an active role of the cerebellum and the brainstem in migraine
pathophysiology. In this study we further investigated this hypothesis.



3. Materials

Of what materials was I made that I could
thus resist so many shocks, which, like the
turning of the wheel, continually renewed
the torture?

Frankenstein
Mary Shelley

3.1 Literature databases

The first project was a meta-analysis of the published literature [11]. The liter-
ature search was based on the datasets PubMed, Web of Science, and Scopus.
We considered all the papers written in English that were published before
October 30" 2020. The literature search was done independently by Oreste
Affatato and Victoria S. Babasieva and any discrepancy or disagreement was
discussed under the supervision of Jessica Mwinyi.

3.2 The UK Biobank cohort

The other projects were all based on data from the UK Biobank study [12,
13, 14]. The UK Biobank is a large population-based study aiming to provide
data for a comprehensive investigation of health and disease [15]. It is a large-
scale biomedical resource that contains a broad variety of data from over half
a million UK individuals. People registered with the National Health Service,
aged between 40-69 years, and living within a range of 25 miles from one of
the 22 Assessment Centers (located in England, Scotland, and Wales) were in-
vited to participate [15]. During the recruitment process, a total of 9.2 million
invitations were sent, and 503 325 participants were eventually recruited (cor-
responding to a 5.47% response rate).

The participants were assessed at baseline between 2006 and 2010. The volun-
teers answered touch-screen questionnaires and computer-assisted interviews,
aiming to collect information on sociodemographic factors (such as ethnicity,
income, employment status, and education), family history, early life expo-
sures, environmental, psychosocial and lifestyle factors (such as shift work,
smoking habits, alcohol consumption, diet, mental health, and social support).
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Physical and functional assessments were made, such as blood pressure, heart
rate, and anthropometric measurements. Blood, saliva, and urine samples were
also collected. Multimodal imaging data were collected between 2016 and
2019 [15, 16]. Overall, this database comprises a wide range of in-depth data,
from genetics and proteomics to health status, cognition, lifestyle, and brain
imaging.

3.2.1 Ethical approval

Ethical approval for the UK Biobank study was granted by the North-West
Multicenter Research Ethics Committee (permission UKB 57519). The Re-
gional Ethics Committee of Uppsala (Sweden) approved the use of UK Biobank
data for the studies included in this thesis (2017/198).

3.3 Funding

This PhD research was funded by WOMHER, Uppsala University’s Center for
Women’s Mental Health.
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4. Methods

The Dao that can be trodden is not the
eternal Dao. [...] The Dao is like the
emptiness of a vessel.

Daodejing
Laozi

4.1 Literature search and meta-analysis

The meta-analysis project was done in compliance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
[17], later updated in a more recent statement [18]. The PRISMA statement
is the result of a collaboration of experts in meta-research and other stake-
holders, initiated in the mid-’90s, that aims at providing tools to carry out
high-level meta-analysis, ensuring quality, transparency, and reproducibility
[17, 18]. In compliance with these guidelines, I reported the protocol of the
literature search, the selection process, a qualitative assessment of the studies
included as well as the rationale and the results of the statistical analyses.
Given the small number of studies investigating the efficacy of onabotulinum-
toxinA as a treatment for migraine comorbid with depression and given the se-
lection criteria, I was able to include only a few studies in the analyses. There-
fore the results ought to be considered with caution: they represent a first step
in summarizing the evidence of the efficacy of this therapy administered in
patients with comorbidity.

4.1.1 Empirical Bayes method

One of the main goals of a meta-analysis is to produce a robust summary esti-
mation of the effect of the individual studies under consideration [19]. In our
case, while all the studies followed the same protocol for the administration of
onabotulinumtoxinA, they differ regarding important aspects such as underly-
ing study population, selection criteria, demographics distributions (e.g. age,
sex), and assessment of outcomes and baseline characteristics. The observed
effect is expected to vary across studies due to these structural differences and
not only because of pure sampling variation. To account for the effect of the
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variation across studies | used a random-effects approach [19]. Let Y; be the
observed effect size of the i*" study, 6 the true underlying effect, (; the varia-
tion across studies, and ¢; the sampling error. A random-effects model could
be expressed as

Yi=0+4C+e, GrN07Y), & ~N(00?)

Where 72 is the variance across studies and o7 is the within-study variance.
To estimate the true effect  we need to estimate 72 first. I used the empiri-
cal Bayes method to estimate the across-study variance mainly because of the
small number of studies that I could include in our analyses [20, 21]. Bayesian
inference performs better than frequentist methods in small sample size set-
tings. This follows from the fact that classical methods are justified by their
behavior at large sample sizes, while Bayesian methods don’t have this limi-
tation [22].

4.1.2 Qualitative assessment of the literature and potential bias

Another important part of the meta-analysis is the qualitative assessment of
the literature to complement the statistical analyses. I reported for each study
the eligibility criteria, the demographic statistics of the sample (e.g. sex and
ethnicity), the criteria and scales used to assess migraine and depressive symp-
toms, and the overall duration of the study. Moreover, I discussed side effects,
adverse events, and discontinuation from the trial.

The assessment of the risk of bias plays also a central role in a meta-analysis.
Amongst the many possible sources of distortion, publication bias is one of the
most ubiquitous and impactful, especially in meta-analyses [23]. Even though
I partially addressed the risk of bias from the individual studies in the quali-
tative assessment of the literature, I didn’t proceed with a formal publication
bias analysis because of the small sample size [19, 23].

4.2 Structural MRI

Anatomy is the first step in medicine towards the understanding of pathology.
This is true also for neuro and psychopathology [24]. While in the past the
study of neuroanatomy was strictly post mortem, nowadays it can be studied
in vivo [24]. Amongst the many neuroimaging techniques, structural magnetic
resonance imaging (MRI) is one of the most prominent and widely used. Struc-
tural MRI can be used to construct a detailed map of the brain’s gross anatomy,
given it’s power to differentiate between brain regions [25]. While in the clin-
ical practice it is mostly used for identifying lesions, injuries or deformations,
in research settings structural MRI remains a valuable technique to study the

18



associations between alterations in the gross anatomy of brain structures and
pathology [24, 25].

Two of my projects are part of a series of studies employing structural MRI
techniques to shed light on migraine and depression pathophysiology from the
perspective of the gross anatomy variation in certain brain regions [13, 14].
Even though the actual pathological mechanism of migraine and depression
might not be reflected clearly at the level on the gross anatomy, this kind of
study provides important evidence to improve our understanding of such con-
ditions.

4.3 Inferential methods and causal models

The other three papers included in this thesis are observational studies, thus
differing substantially from the first one which was a meta-analysis of clinical
interventions. The observational nature of such studies brings further chal-
lenges from an inferential point of view that need to be addressed.

As I stated at the beginning, my scientific questions are inherently causal and
to address causality when no experiment is done is an hard task. Statistics
alone is not able to help us and further assumptions are to be made to get an
approximate causal interpretation of my statistical models. In this section I
will discuss briefly the challenges that I encountered from a causal modelling
perspective and the strategies that I adopted to address them.

4.3.1 Causal models

Amongst the many frameworks of causal inference there are four major types
employed in medicine: graphical, potential outcome, sufficient component and
structural equation models [26]. These approaches capture different aspects of
causal inference, but they are all related to some extent and can be used to
complement each other [27]. The main approach I used was the graphical
model, whose most prominent tool is the directed acyclic graphs (DAGs), like

the one in Figure 4.1.

Figure 4.1. An example of a Directed Acyclic Graph.

A graph is made by nodes, representing variables of interest, and by edges,
which are lines connecting them. A graph is said to be directed if the edges
are arrows and it is acyclic if the arrows do not form any close loop. A given
DAG is said to be causal if the arrows represent a causal model of the world,
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i.e. they represent causal relationship between the variables [26, 28].

Causal DAGs are a powerful tool to display our causal assumptions on a cer-
tain phenomenon. They allow to see whether to expect a statistical association,
assuming the model to be the correct one. They also allow to eliminate spuri-
ous or uninteresting associations, which constitute the most important problem
in observational studies.

As previously mentioned, my research questions on pathophysiology of mi-
graine and depression are inherently causal questions and can therefore be
stated as causal models using cDAGs. In an observational setting, the effect
of the exposure of interest would in general mixed up with the effect of other
factors. This mixing up is mostly due to confounding, i.e. the presence of a
common cause of the variables of interest, or selection bias. To address this
problem and disentangle the effect of interest from the effect of other factors
one can use cDAGs. It can be proven mathematically that once a cDAG is es-
tablished one can use it to condition the statistical model to eliminate the effect
of confounding factors [26, 28].

4.3.2 Regression

The cDAG approach is a powerful tool, but it remains a qualitative assessment
of causal relationships and it needs to get coupled with a quantitative method
to produce an estimation of a causal effect. We adopted the regression model,
one of the most widely spread methods in causal inference [22, 28, 29, 30].
Referring back to Figure 4.1, a linear regression model can be stated as

Y=a+pX+~vZ+¢

where Y is the outcome, X is the exposure of interest and Z is another vari-
able that can influence directly or indirectly both outcome and exposure. With
¢ I indicate the random error, by « I indicate the intercept and 3, vy are the co-
efficients of the variables. The regression coefficients can be used to estimate
the association of the variable of interest X on the outcome Y, other variables
being equal. Conditioning within the levels of the other variables removes the
effect due to differences in other factors and isolates the effects that one wants
to measure, getting the estimate close to the ceteris paribus (i.e. other things
being equal) condition which is the basis of causal inference [30].
Even though my research questions have been framed in a causal inference
framework, it would be risky to interpret my estimations from the regression
models as actual causal estimations. The main problem derives from the fact
that the cDAGs that I proposed are not complete. This is both due to the un-
measured variable problem and for the existence of unknown causal mecha-
nisms. Moreover, the lack of a timeline doesn’t allow to establish if the expo-
sure caused the outcome or vice versa. These and other issues prevent us for
giving a fully causal interpretation to the estimations [22, 26, 29].
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4.4 Further methodological considerations

In this section I briefly discuss a few issues that might raise concerns about
the analytical strategies that I adopted. In particular, the two major issues that
I would like to consider are the multiplicity problem and the hypothesis test-
ing statistical framework. Both these issues have fostered long-lasting debates
across the scientific community and I don’t have the ambition to propose any
resolution in this setting. Here I would rather clarify and justify my positions
to help the reader to interpret the results I produced in my work.

4.4.1 The multiplicity problem

One of the most common concerns in applied statistics is the multiplicity or
multiple comparisons problem. In classical null hypothesis testing, when we
perform an inference we are mostly concerned about the false positive error.
When many tests are done simultaneously, the false positive rate increases just
because a large number of inferences have been produced. There are many
ways to address this issue, and they mostly involve setting a stricter threshold
for statistical significance or inflating the interval estimators [31]. While the
multiplicity problem is a real phenomenon, many of the approaches commonly
adopted to address it have been criticized [31, 32, 33]. Leaving aside the impor-
tant issue of the across-studies correction, one of the arguments is that having
a stricter threshold for false positive findings would inflate the false negative
findings. The false positive/negative discovery rate are highly contingent on
the context, they depend on the a priori plausibility of the existence of an effect.
When we are already confident that an effect is to be expected the increase of
the false negative findings is an issue [31, 33]. Moreover, one should also con-
sider the influence of the researcher’s degrees of freedom. The researcher has
countless ways to analyze the very same dataset to address the same research
question and this further worsens the multiplicity problem [22, 34].

There is no universal solution to this problem. The strategy that I adopted in
my work consisted in proposing the most comprehensive statistical model, to
the best of our understanding of the research question, and to highlight the fact
that I didn’t correct for the multiplicity problem. I choose not to correct be-
cause my research is mostly a confirmatory project of previous studies, and
therefore an effect is expected to some extent. In any case, the reader should
always consider that I didn’t make any multiplicity correction when producing
my results.

4.4.2 Hypothesis testing

The scientific questions that [ addressed in all the four projects have in common
a key feature: they are all estimation of effects. Even though the simple models
I adopted do not allow for a proper causal interpretation, one can more safely
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interpret my findings as estimations of associations or comparisons between
two or more groups. The natural quantitative approach to answer this kind
of questions is estimation statistics, and that is the approach I adopted within
the frequentist framework. For this reason I didn’t consider using the null hy-
pothesis testing approach. Many authors, however, opt for complementing this
strategy with null hypothesis testing. In these cases, the null hypothesis is as-
sumed to be the no effect, 8 = 0, a significance threshold is set and a p-value
is calculated. If the p-value is below the threshold the effect is deemed signif-
icant, otherwise non significant.

We decided not to focus on any test of null hypothesis because this whole ap-
proach suffers from serious limitations. First, the null hypothesis testing frame-
work enforces a dichotomy, between significant and non significant findings,
that in most cases has no scientific rationale [26, 35, 36, 37, 38, 39]. Second,
the p-value is a concept often misunderstood and focusing on the null draws
away the attention from the other values which are compatible with the data
and the statistical models [36, 40, 41, 42, 43, 44]. Third, researchers usually
consider only one null hypothesis, the effect being a mathematical zero, and
they test only that. However, there is usually a range of values around zero that
correspond to a scientific null value. Focusing on only one value as the null
is inappropriate as many other values which correspond to a biological zero
effect may also be compatible with the data and the models.

What it is known nowadays as the null hypothesis testing approach stems from
two schools of thought that originated a hundred years ago: the null hypothesis
and significance level proposed by Ronald A. Fisher and the decision-making
approach based on two competing hypotheses proposed by Egon Pearson and
Jerzy Neyman. These methods were developed to answer specific technologi-
cal and scientific questions that were common at the time. Science has changed
since then and we should move towards adapting to new methods to address
the specific challenges of our time.

4.5 Open Science

Open Science is a composite framework that aims at making scientific ma-
terials in their various forms (e.g. data, results, educational resources...) as
accessible as possible to everyone in the society. Open Science, in its differ-
ent aspects, is generally supported and encouraged by the European Union and
by the Swedish government. In compliance with these general guidelines all
the research projects included in my dissertation have been published in Open
Access format. Moreover, due to my commitment to transparency and Open
Science in general, in the second part of my PhD studies I started working with
the open-source R software and publishing the scripts of all the data analyses
included in my research projects. They are openly accessible in my GitHub
page: https://github.com/OresteAffatato.
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Finally, I am also strongly committed to teaching and to openly accessible edu-
cational resources. Therefore, I made freely available in my GitHub page also
most of the teaching material that I created for my Master students during these
years.
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5. Results and Discussion

He knew nothing except just the fact of his
ignorance.

Lives of Eminent Philosophers
Diogenes Laertius

In this chapter I will discuss the results of the research projects which are
the subject of this thesis. The chapter is divided into three main parts, accord-
ing to the approach taken to answer the corresponding research question: the
pharmacological, the epidemiological and the morphological perspective.

5.1 Healing toxins

Treatment with onabotulinumtoxinA is one of the recent innovation in thera-
peutic strategies for migraine and depression. While previous meta-analyses
estimated the efficacy of this treatment for the monomorbid condition, either
migraine or depression, my work is the first pooling the evidence from clinical
studies addressing the comorbid condition [45, 46].

In my study (Paper I) I found that the treatment with onabotulinumtoxinA leads
to overall improvement in depressive symptoms as measured by several self-
report inventories. The questionnaires are tools designed to assess the severity
of depressive symptoms across three main dimensions, emotion (feeling down,
hopeless, tired), cognition (sense of guilt, difficult in concentrating) and behav-
ior (sleeplessness, appetite). Since they provide an overall score, it is difficult
to see from the data I used in which specific domain the intervention has im-
proved the condition of the patient. Even under this limitation, these invento-
ries remain a useful tool to assess overall improvement. The onabotulinum-
toxinA treatment leads also to a decrease in migraine frequency, severity and
impact on normal daily activities, thus promoting a general betterment in the
quality of life of the patients.

How does this therapy lead to such reduction in symptoms’ burden? There
is no universal consensus on the underlying reason for its efficacy, but there
are several lines of evidence that can explain its therapeutic effects. In vitro
experiments have shown that onabotulinumtoxinA inhibits the release of neu-
rotransmitters and neuropeptides known to play an integral role in migraine
pathophysiology, such as the calcitonin gene-related peptide and the substance
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P [47]. It also reduces the expression of pain-sensing receptors on the plasma
membrane and modulates immune cell activation as well as neuroimmune bal-
ance in cytokine secretion [47].

Regarding the influence on depressive symptoms several possible explanations
have been proposed. OnabotulinumtoxinA can exert an influence on mood
regulation by inhibiting the release of substance P [47]. The cosmetic bene-
fits might also play a role in creating a positive feedback loop [48]. Another
possible explanation it is the inhibition of the emotional feedback of facial ex-
pressions to the brain. The complex of corrugator muscles is one of the most
prominent center for displaying negative emotions and thus the paralysis of
this area due to the effect of onabotulinumtoxinA injections would hinder the
negative emotion feedback to reach the brain [48]. It is also possible that the
improvement in depression might be mediated by the improvement in migraine
symptoms: the decrease in headache frequency and severity can exert a great
positive influence in the patients’ lives and therefore lead to an overall im-
provement on quality of life and mood.

While my work done in Paper I can be regarded as a first step in assessing
the efficacy of onabotulinumtoxinA treatment for the migraine with comorbid
depression phenotype, it is affected by several limitations. First, it is a small-
scale meta-analysis, comprising ten studies. When more clinical research will
be published it would be safer to draw stronger conclusion on a meta-analytical
level. Another major limitation is due to the publication bias. Meta-analysis
tend to give overconfident and overoptimistic estimates due to the fact that
they are based solely (or mostly) on published research, which consists mostly
of positive and relatively large (i.e. at least two standard errors away from
the null to hit the statistical significance threshold) findings. This is an issue
irrespective also of the bias due to conflict of interest.

5.2 Work in progress

Paper II aimed at investigating the associations between a broad variety of job-
related features and migraine diagnosis. In particular, in this work I wanted to
study the differential impact of potential work-related stressors in men and
women separately, so that my work could help to establish more tailored inter-
ventions. Job and its influence on peoples’ health is a complex topic that ought
to be investigated in a multidisciplinary way. Moreover, given the complex-
ity of interaction of many variables it can be difficult to identify and estimate
a precise causal effect on which plan a future policy change to improve the
health of the workers. Lastly, as for any study, the soundness of the results
should be weighted against the quality of the data available and their reliabil-
ity in measuring the underlying construct of interest, as well as the causal and
statistical models used to analyse them.

In my analysis of the association of different types of jobs, as coded by the Stan-
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dard Occupation Classification 2000, with migraine diagnosis I found slightly
different pattern depending on sex. Highly qualified and managerial jobs, such
as associate professional and managers, are protective against migraine in men,
as compared to elementary occupations. In women I observed a tendency of
overall no large differential prevalence (or odds) in the various job categories
as compared to the elementary occupations reference. Even considering that
the estimates are characterised by different levels of precision, the reasons for
these difference might be several. For example, for women the risk to develop
migraine might be independent of work-related stressors. On the other side,
the reason behind the possible protective effect of high qualified occupations
in men could be due to better access to healthcare providers, higher income
and financial stability and their implications. Another reason of this differen-
tial pattern might be originated by chance due to high variability in sample size
in each job category.

Job-related physical strain might also exert negative impact on workers’ health.
We found that migraine resulted to be more prevalent in men involved in highly
physically demanding jobs. The reason why this happens is yet to be estab-
lished as there is conflicting evidence in the field [49]. Moreover, most of the
interest in the impact of physical activity on migraine has been studied in the
context of leisure-type physical activities, such as sports, and not in the context
of job-related physical strain exposures [49].

Lastly, I found that in women, migraine appears to be more prevalent in jobs in-
volving shift work. Also in this case the evidence is conflicting [S0]. The most
plausible reason why shift working, especially night shifts, might increase the
risk of migraine attacks is the disruption of the circadian rhythm [50].

This study is affected by several important limitations. First, while the UK
Biobank cohort comprises more than half a million participants, only a fraction
of them answered all the work-related questionnaires, thus decreasing impor-
tantly the effective sample size for the statistical analyses. Another important
limitation is due to the fact that I couldn’t assess if the migraine diagnosis hap-
pened before or after starting the job indicated by the participant in the occu-
pation questionnaire. One important consequence of this is the difficulty in es-
tablishing the causal direction of the associations. Moreover, the UK Biobank
cohort comprises mostly older people, while the peak of the prevalence in mi-
graine is between 35 and 39 years [7].

5.3 The shape of matter

Structural magnetic resonance imaging is a powerful tool to study association
between morphological changes in the brain and any other clinical or biolog-
ical phenotype. The grounds for studying these associations are found on the
possible reflection of pathophysiology at the level of the gross anatomy. Paper
III and IV are part of a large tradition of structural MRI studies that aimed at
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investigating the relationship of differences in brain volumes between people
with migraine or depression and healthy controls. The novelty that I aimed to
bring in the field lies mostly on the statistical modelling strategies that I pro-
pose and the larger sample size.

Regarding migraine I found larger gray matter volumes in several cerebellar
sub-regions, namely V, VIlla, X and crus I, than controls. Moreover, I es-
timated positive medium-to-high correlation between all the cerebellar sub-
regions implying that the change in size in the region predicts a linear increase
in the others as well. Even though the estimates were characterised by high
variability in precision, it is likely that the cerebellum is overall larger in peo-
ple with migraine than controls. Recent evidence showed the involvement of
the cerebellum in pain modulation. This supports the possibility of its involve-
ment in migraine pathophysiology, together with the fact that it is innervated
by the trigeminovascular system [51].

At the sub-cortical level I found larger caudate nucleus and thalamus in mi-
graineurs than controls. The caudate nucleus is part of the dorsal striatum,
a fundamental element of the motor and reward systems, while the thalamus
is part of the diencephalon and is also involved in the motor system as well
as in regulation of sensory signaling, consciousness and sleep [52]. Both the
caudate nucleus and the thalamus have been shown to play a major role in no-
ciception, pain modulation and migraine pathophysiology [7, 51, 53, 54, 55].
Given my results, what [ hypothesize is that abnormal brain activity at the level
of the caudate nucleus and the thalamus might be reflected in the morphology
of these regions.

I also found larger volumes in the amygdala and the putamen in people with
depression than controls. The amygdala is part of the limbic system, located in
the temporal lobes, and it is known to play a major role in memory and emo-
tional responses (such as anxiety, aggression and fear), while the putamen is
located at the base of the forebrain and it is part of the dorsal striatum, together
with the caudate nucleus, and it regulate the motion at various stages [52]. The
involvement of the amygdala in depressive symptoms pathophysiology is sup-
ported by several lines of evidence [56, 57, 58]. The role of the putamen in
depression has not been fully elucidated, but there is evidence of its involve-
ment especially through the reward and learning circuitry [59, 60]. Also in this
case, the difference in gross anatomy in this region might represent a reflection
of dysfunctional activity at molecular level.

As mentioned above, a positive aspect of these studies on the association be-
tween migraine or depression diagnosis and volumetric differences in several
brain regions lies on the statistical methods. Using this dataset [ was able to go
beyond the simplistic hypothesis testing framework and were able to take into
account several potential sources of bias. Moreover, another important differ-
ence compared to previous studies lies on the larger sample size. However,
there are some other issues to be considered. A major limitation of my work is
the cross-sectional design of the studies. Even though the scientific questions
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were posed in a strictly causal framework it is not possible to draw a causal ar-
row from exposure to outcome. Moreover, the sample comprises mostly older
people and this hinders the generalizability of my results, especially in the case
of migraine.

28



6. Coda

I know not what tomorrow will bring

Last words
Fernando Pessoa

6.1 Theme and Variation

The works that I presented add some pieces to the complex puzzle of the patho-
physiology of migraine and depression. In doing this research I put always
emphasis on considering both the environmental and social determinants of
the disease together with its biological aspects.

Regarding migraine there are multiple environmental risk factors, from stress-
ful life events to physical activity, social support and education [61]. In line
with this area of research, one of my projects explored one of the most impor-
tant social aspects of our lives: the work environment. I considered a broad
variety of occupational categories and job-related features and my results can
be used as a pilot study for more specific investigations and interventions. An-
other important feature of my work is the segregation of the analyses by sex.
This constitutes contribution in designing future policies that can improve the
work environment in a more effective and equal way.

The other works aimed at unraveling the pathophysiology of migraine and de-
pression at molecular and anatomical level. The most plausible mechanism
leading to migraine and depression onset is mediated by neuroinflammation.
From a pharmacological perspective I showed that inhibition at peripheral level
of neuronal activity leads to a reduced release of several neurotransmitters
known to mediate migraine and depressive symptoms. From an anatomical
perspective I provided evidence that abnormal activity in certain sub-cortical
areas and the cerebellum, where biomarkers such as calcitonin gene-related
peptide and substance P are expressed, is associated with migraine and depres-
sion diagnosis.

Despite the general advancements in understanding complex diseases like mi-
graine and depression, there are several challenges that needs to be addressed.
A widely accepted theory that explains the etiology of these diseases is still
not available and this has crucial consequences. As I discussed in the intro-
duction, the diagnostic criteria, lacking a consensus on the etiology, are still
at the syndromic level. This limits the efficacy of the treatment strategies and
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the power of the prognosis. Moreover, the diagnosis is polythetic, namely two
individuals might be diagnosed with migraine (or depression), but having little
or no overlap in their symptoms. Giving the same label to different phenotypes
with negligible common features implies identifying with the same category
two different underlying constructs. This has important consequences in clin-
ical and pre-clinical research and practice. For instance, the polythetic nature
of migraine and depression diagnosis is at the basis of the large variation and
heterogeneity found in my studies as for the rest of the neuropsychiatric liter-
ature. This in turn affects negatively the development of therapeutic strategies
both in the form of pharmacological treatments and psychological interven-
tions. This issue is also reflected in the high variation in response rates, side
effects and partial response of specific medications commonly administered to
treat migraine and depression [3, 8, 62].

6.2 Crescendo

In the previous section, I highlighted the current problem with the diagnostic
criteria. How could it be addressed? A candidate theory that aims at explain-
ing the etiology of a disorder should incorporate all the solid evidence that was
produced so far under the framework of the other theories. Moreover, it should
include both environmental, social, biological and genetic factors and harmo-
nize them in a unifying etiological framework. One good candidate theory for
migraine and depression is offered by evolutionary medicine, namely the ap-
plication of the theory of evolution to human health and disease.
Evolutionary medicine addresses the issue of the disease as deviation from the
normal functioning of our organism. Our body has been shaped over millen-
nia by several evolutionary forces, such as natural selection and mutations.
The result was to increase our chances of reproductive success in response to
the challenges of the environment in which we lived [63]. In this framework
disease is not something which has been the result of natural selection. It is
difficult to believe a clinical presentation that we consider disorder have been
selected because they increased our fitness, i.e. our reproductive success. In-
stead, disease is conceptualized as a consequence of our vulnerability due to
evolutionary-determined traits interacting with some biological and environ-
mental circumstances [63, 64].

Evolutionary medicine expands and complements the current approach to the
understanding of disease of the mainstream medicine approach. The estab-
lished way of addressing the definition of a disease is by asking questions
on the proximate causes, namely how the individual developed the condition
and the how underlying trait works. The former question relates to the de-
velopmental changes in the individual, while the latter relates to the normal
function of the mechanism under consideration. These two questions, on how
the individual trait works, have been developed in 1951 by the biologist Er-
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snt Mayr and were later complemented with two evolutionary questions by the
ethologist Nikolaas Tinbergen in 1963 [65]. Tinbergen argued that to have
a complete picture of the function of a trait we should investigate its evolu-
tionary history and its adaptive significance. Collectively, the two proximate
questions together with the two evolutionary ones are known as the Tinber-
gen’s four questions and constitute an important framework to have a more
complete understanding of human disease, addressing the definition of normal
functioning of a trait considering both the proximate and evolutionary mecha-
nisms [65, 66, 67].

Another important feature of evolutionary medicine is that it naturally com-
bines genetic and biological components of a trait with the environment. Mis-
match is an example of such an interplay. Mismatch happens when a trait of
an organism cannot adapt quick enough to a new environment. It can be due to
spatial changes of the environment, for example due to migration, or temporal
changes, for example due to cultural innovation.

Regarding depression, scholars working within the evolutionary framework
proposed several plausible explanations. Sadness is mainly conceptualized
as a reaction to cost-benefit evaluations in situations of threats. Social com-
petitions are an example of such situation and a sadness response induces a
resource-saving strategy when facing an uncertain threat. Depression is there-
fore considered an abnormal sadness response to such stimuli [66]. Similarly,
migraine has been associated to the evolutionary function of pain, the main
symptom of headache disorders. Sensation of pain is commonly considered
a normal physiological response to environmental threats, triggering prompt
avoidance behaviors [63]. Consequently, it has been postulated that migraine
is a maladaptive activation of the otherwise normal adaptive responses [68, 69].

6.3 Finale

In May 2023 I had the opportunity to participate to the FENS annual confer-
ence in Portugal with some friends. On that occasion, professor Elena Cattaneo
was invited to deliver the last plenary lecture. She went on stage and started
presenting her work on the Huntington’s chorea. After presenting her results
of years and years of experiments, she started talking about why she decided
to study such a disorder. It was because of a meeting, an event. She met a
researcher when she was working at MIT, in Boston, that was deeply com-
mitted into finding a cure for the Huntington’s chorea. Some members of her
family suffered from it and she decided to dedicate her life not only to find a
treatment, but also to give more visibility to this disease and more voice to the
patients. Cattaneo, as the story goes on, was deeply moved by her story and
she decided herself to work on this task, with the same attitude: having the
person, the individual, at the center. Apart for her strenuous research efforts,
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Cattaneo together with others from the association HDdennomore (HD hid-
den no more) organized an international meeting on May 2017 in the Vatican
City. Huntington’s chorea families gathered there for the event from all across
the world, especially from South America. The Pope publicly recognised the
disease and helped focusing the spotlights on this condition. To give to these
people visibility, recognition and hope. To make it hidden no more.

Cattaneo gave a real masterclass on what it ultimately entails to be a scientist
in the medical field. Even though the research is mostly frustrating, difficult,
uncertain and the career is the most unstable, we shall never forget why we are
doing this. What is the purpose, the endgame. And that is the message I took
back with me. I cannot predict what is going to happen, what I am going to do
in the future. What I can say is that I will try my best to have the patient in my
mind, following and inspired by Cattaneo’s example.

To end where we started, this is the sense to all of this work. To help those in
need and to try our best to help them here and now. To strive for a different
and better way of doing research that could give a different ending to the story
of the Master and Margarita.

“We shall not cease from exploration
And the end of all our exploring
Will be to arrive where we started

And know the place for the first time.

Through the unknown, remembered gate

When the last of earth left to discover
Is that which was the beginning;
At the source of the longest river
The voice of the hidden waterfall
And the children in the apple-tree

Not known, because not looked for

But heard, half-heard, in the stillness

Between two waves of the sea.”

- Little Gidding, Four Quartets, Thomas S. Eliot
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7. Ackdnowledgments

No poet, no artist of any art, has his
complete meaning alone.

Tradition and the Individual Talent
Thomas S. Eliot

I am a very lucky piece of shit. And if [ managed to travel a long distance
it’s mostly because of the support of the loving people that I have around me.
My deepest gratitude goes to all of you.

Prima di tutto, la famigghia ovviamente. Ringrazio di cuore mamma e papa
per I’incondizionato amore e sostegno che mi hanno permesso di viaggiare cosi
lontano. Pur cosi diversi all’apparenza, siete molto simili nelle cose essenziali
della vita. La mamma ha sempre messo me e mio fratello al primo posto, per
proteggerci e renderci felici. 1l bene immenso che ci vuoi lo si legge nel tuo
sorriso € nei tuoi occhi, sinceri e bellissimi. E papa ¢ sempre stato un grande
esempio di forza d’animo e di sacrificio per gli altri, soprattutto per le persone
che ama. Un grande amore che ha sempre dimostrato coi fatti prima che con
le parole. Quindi vi ringrazio per il supporto, I’esempio e I’amore che ci avete
dato, a me e a mio fratello. Non avremmo potuto avere genitori migliori.
Ringrazio mio fratello, Pon, che mi ¢ sempre stato vicino ¢ mi ha sempre
mostrato un affetto smisurato. Con te le risate sono sempre piu belle, le gior-
nate piu soleggiate e la vita piu colorata e leggera. Sei il mio porto sicuro in
questo mare in tempesta. Il mio cuore batte per te e continuera a battere anche
quando si sara fermato. O, per dirla a modo nostro, come mi hai ricordato re-
centemente: siamo soci, soci per la vita.

Poi c’¢ la famiglia allargata. Ringrazio zia Pina e zio Mimmo che mi hanno
cresciuto fin da piccolo come se fossi stato figlio loro. Se non sono totalmente
uno stortu fricatu lo devo al vostro affetto e alla cura che avete avuto per me.
E poi ringrazio Vittoria, ovviamente, per la grande influenza che ha avuto su
di me. In particolare, per avermi insegnato il valore dei libri.

C’¢ poi una famiglia estesa che mi ha seguito con grandissimo affetto, Zio
Tommy e zia Mena. Avete sempre avuto una parte importante nella nostra
famiglia, celebrando insieme a noi le cose grandi come quelle piu piccole. Vi
ringrazio per il vostro amore, sostegno ¢ per il profiterole.

Ich weiB3, dass ich, der Tradition zufolge, bei meiner Hauptdoktormutter
hitte anfangen sollen, aber meine sehr italienische Familie hitte mich umge-

bracht. Ich hoffe, Sie konnen es verstehen. Vielen Dank an Jessica, meine
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Hauptdoktormutter. Ich weil} nicht, was du bei unserem ersten Gespréch in mir
gesehen hast. Sie haben vielleicht gedacht: ,,Das ist ein Idiot, aber er ist nett
und spielt Klavier. Geben wir ihm eine Chance.* Wir haben gemeinsam einen
langen Weg zuriickgelegt und es war manchmal nicht einfach, aber du hast mir
immer geholfen und mich, vor allem in meinen schwierigen Momenten ver-
standen. Ich habe viel von dir gelernt. Sie haben mir beigebracht, die Dinge
mit Ausgeglichenheit und Distanz zu betrachten, auch wenn es schwierig war,
Unparteilichkeit und Gerechtigkeit zu wahren. Sie haben mich gelehrt, bei
Problemen positiv zu sein, konstruktiv und unterstiitzend fiir mich selbst und
vor allem fiir andere zu sein. Das ist im Leben von wesentlicher Bedeutung
und es ist Ihre Lehre, die ich immer bei mir tragen werde..

Jag vill tacka ocksd mina bitrddande handledare, Monica, Gerhard och

Dan for deras stod. Jag vill sdrskilt tacka Monica. Din hjilp var mycket vik-
tig 1 en svar stund i mitt liv. Jag kommer alltid att vara dig véldigt tacksam.
Och jag skulle vilja tacka Dan igen. Innan du blev min bitrddande handledare
traffades vi hér och dér vid flera tillfillen. For mig &r du ett utmérkt exempel
pa en forskare, for din passion och drlighet.
Jag vill avsluta den akademiska delen med ett ytterligare viktigt tack. Jag vill
tacka Liisa, en fantastisk epidemiolog och, framfor allt, en fantastisk lérare.
Du ar ocksé en viktig modell for mig och jag kommer alltid att vara tacksam
for det stora stod och den empati du visade mig nér jag hade det svart.

And then all the friends that made this journey funnier and more trouble-
some (but in a good way). Je veux commencer par remercier Maud. Tu as
¢été la premicre personne que j’ai rencontrée a mon arrivée a Uppsala, ou du
moins, je le pense. Je me souviendrai toujours de toi, surtout pour une de tes
trés belles caractéristiques. Ton regard serein sur les gens et les choses. Tu as
un beau regard, qui voit avant tout le bien qu’il y a dans le monde et chez les
gens qui I’habitent. C’est la chose la plus importante que tu m’as apprise, par
ton exemple. Et je porte toujours avec moi le souvenir de ta vision.
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Puisque nous parlons de notre bureau, du régne de la reine Gull, nous devons
parler de Gentreau. Meuf, tu es la meilleure! Tu es la preuve qu’il y a du bon
en France. Nous nous sommes tellement amusés ensemble. Tu es extréme-
ment intelligente et un excellent exemple pour moi, en tant que chercheur et
en tant que personne. Tu m’as beaucoup appris. Mais tu es avant tout une belle
personne et une grande amie. Le souvenir de nos rires ensemble me réchauffe
le cceur.

He mory He ynomaHyTh [JokTopa CokosioBa. TBou Oe3rpaHMUYHBIE
3HaHMA U CTPACTh K BellecTBAM BBI3aBAIOIIMM IIPUBLIKAHNE MeHsA I0-
VCTUHe BlevatyAlT. S Bceraga nurai K Tebe OoJibllioe yBaXeHHe, Thl
BcerJa OblI HA IIar Buepeay MeHsA. Thl XOPOLINI KPUTHUK, Belb BAXKHO
noAsepraTb COMHEHHIO TO, BO YTO MbI BEPHM, YTOOBI AOCTUYb OOJIbILIE-
ro. Tel IOJIOH MOTHBALIMU U BEJINKOT0 4YyBCTBa CIIpaBeAJIMBOCTU. TBOM
npuMep 51 yHecy ¢ coboi.
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Velika zahvala ide i GiovANAL, jednoj od dvije Talijanke u koje sam se
zaljubio ovdje u Svedskoj. S velikom ljubavlju se sje¢am svih lijepih trenu-
taka provedenih zajedno i smijeha. Moj prvi put u Svedskoj nije mi bio lak,
ali vaSa mi je topla ljubav pomogla da pobijedim hladno¢u. Jako te posStujem
i poStujem, iako Vjeku volim vise. Uvijek te nosim u srcu.

Desejava agradecer o meu amor, Elisa. A gente diz muitas vezes que o
proximo ano vai ser do caralho e ja passaram uns anos e a gente nao viu esse
caralho. Muito provavelmente porque a vida o enfiou nos nossos... enfim,
vocé entendeu. Mesmo assim tenho certeza que o futuro vai ser melhor. Te
agradeco por tudo de bom que a gente fez juntos e que vamos continuar fazer.
Levo no meu coragdo as lembrangas da tua foto comendo carne, das praias da
Italia e da Croacia (aonde a gente ndo precisava de tendas) e do teu sorriso
lindissimo. Obrigado, meu amor.

IR TRt +oxBMA. FEWMEWAE , EENRER
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ESIFEE.

Ett stort tack gar ocksé till Dr. Dahlén forstds. Den enda svenskan som
(for nu) fortfarande betraktar mig som en vén dven om jag for Regeringen ar
en fara for den allménna sékerheten. Tack for att du vélkomnade mig in i ditt
liv. Du ar en fantastisk och briljant person, jag &r séker pa att du kommer att
na langt. Tack for ditt stod och for alla vackra saker vi har gjort tillsammans.

Ich mochte mich ganz herzlich bei Zegler bedanken. Du warst einer meiner
besten Studenten und das zeigt das Niveau dieser Universitit. Danke, dass du
so viele schone Erlebnisse und so viel Musik mit mir teilst. Es ist immer schon,
mit dir Gedanken auszutauschen und zu diskutieren. Du bist ein guter Kerl,
folge weiterhin deinen Idealen. Die Welt braucht dich.

Een grote dank gaat ook uit naar mevrouw Visser. Je bent een bijzonder en
mooi mens. Ik bewonder je om veel dingen, maar vooral om je buitengewone
kracht. Er zijn veel dingen gebeurd en je hebt altijd de energie gevonden om
weer op te staan. Je hebt een groot hart. Ik heb het geluk gehad dat ik je heb
ontmoet.

Je tiens également a remercier la Dr Dubol. Tu es une partie extrémement
importante de nos soirées entre amis, surtout que tu parviens a rétablir un min-
imum de décence de temps en temps. Toi aussi, tu es la preuve que la France
n’est pas si terrible. Et méme si je ne peux pas aimer les frangais, toi je t’aime.
Je te remercie pour tous les moments que nous avons passés ensemble, tous tou-
jours tres drdle et dont je me souviendrai toujours avec beaucoup d’affection.
Tu es un exemple de gentillesse que je porte toujours en moi.

Evyapiotd amd kapdidg kot tov Ap Huéaon. Eicot évag and tovg kaAvte-
povg Itaiovg pilovg pov €0 ot Zovndia. Xe uYOPIGT® TOL EUEIVES KOVTA
LOV KOl € OyOmas akOMO. OKOUO KL oV €10l @acioTag (1] TOLAGYLIGTOV OTmG
€10 Aéve kamoiot). Agv cvpupepilopon to wdbog Gov yo tovg Itahods, aAld wo-
poOra avTd, 6€ Bovpdl® TOAD Y10 TOV SLVATO YOPUKTTPC GOV KOL Y10 TOV oLy®VaL
yio o Wovika cov. Oa gipon Tavta GOULOYOS GOV 0TV TPOCTADELN VO KAVELG
OVTOV TOV KOGUO £Va KOADTEPO UEPOG.

Speciale dank gaat uit naar Dr. Ge Ruijter. Je hebt me geleerd dat man-
nelijkheid niet alleen wordt gemeten aan de hand van de lengte van de stok die
je gebruikt. We hebben samen veel avonturen beleefd en vooral dankzij jou en
jouw energie heb ik de verschrikkelijke Zweedse winter weten te overleven.
Bedankt dat je me hebt geholpen in moeilijke tijden en dat je samen met mij
Bachelor Pizza hebt gemaakt. Ik bewonder je enorm vanwege je vasthoudend-
heid en geesteskracht. Bedankt voor alles.
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Ich muss wohl noch ein paar Worte an Dr. Schmidt richten. Aber wie
ein beriihmter Philosoph sagte: Wir miissen {iber Dinge schweigen, die man
nicht wissen kann, wie zum Beispiel Noumenon und Metaphysik. Oder, wie
in Threm Fall, Gurken und Frauen.

Dduod opeilm va gvyaploionm katl v Ap. Kaitoovvn, cuvddeipo Kot
otevn Oikn tov Ap. Schmidt. Yanp&eg omovdaia pévropag kot 00myog LoV TNV
épevva pov. ‘Hoovv 1 véptatn anyn cooiag, 1 Bed ABnvd, Tov pov amoxd-
Aoye 0ha Ta puoTikd g Onivkotntag. Kot yio avtd Ba cov sipon cudvia gv-
yvoumv. ‘Eva dAho onpavtikd tpdypa mov pov 6idaeg eival  onpacio tov
va Baleis tov acbevi oto emikevipo g épevvag. H vrepdonion tov d1daxto-
PLKOD GOV NTOV UEYAAT EUTVEVOT] Y10 LEVOL.

An important part of my life was being a member of the BANGERZZZ. It
sounds like a glam rock band from the late *90s, but in fact it is much worse
than that. Ik wil Jasperina heel erg bedanken voor haar geweldige hulp en
steun toen ik die het meest nodig had. Ik bewonder je enorm vanwege je inlev-
ingsvermogen en je altijd positieve en constructieve houding. Og kerar pakkir
til Jonsdottur, aka the real deal, aka the coolest boss in town. Pu kenndir mér
margt um {slendinga, ég er nii medvitadri madur. Eg hef mikla addaun 4 styrk
pinni og akvedni.

Another very important part of my journey has been in the Doctorandndm-
den. In these regards, I would like to thank some important people, like To-
htori Tolonen. Loistava johtaja, jolla on ammattitaitoa, voimaa ja ennen kaikkea
kauneutta, kuten Suomen presidenttien suuressa perinteessi. Ich mochte auch
Spode fiir alles danken, was er mir iiber das deutsche Kino beigebracht hat,
insbesondere {iber in Hamburg produzierte Filme.

Then of course the EVENTORZZZZ. ) ué gld &5 o3y N2 f\ﬁ.a b
e ol £ gl s or @l ad st 1) 4 gl ble calinad 5 A 54l s
2K 8 sl OISR Pl sl St 35 oalall Ol diley Kt
RN L@;Q)Q\L;LCL;\,UWMW@;&L:&{u:\,otm
nréj
And then I want to thank Bilal. You proved to me that there is still hope for
the US, even though that hope fled to Europe.

Another important part of this journey was of course Science Fika. I want to
thank everyone that helped us with this. E a questo proposito voglio ringraziare
ovviamente quella bella puappa di Francesco. Seiuna bellissima persona e nu-
tro per te una grandissima stima. Continua a guardare il mondo e le persone che
lo abitano con la curiosita e il trasporto che ti contraddistinguono. Sei 1’unico,
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e sottolineo 1’unico, italiano con cui abbia avuto una qualche relazione qui in
Svezia. Tutto per colpa di GiovANAL, cosa per la quale non 1’ho ancora per-
donata.

Esmu loti pateicigs par pieredzi Latvija. Sirsnigi pateicos Ligai, Majai,
Melitai, Edgaram, Edijam un Karlim. Ar prieku atceros kopa iztukSotos
alus kausus, lielisko Daugavu, vecpilsétu un Rigas balzamu. Un, protams,
veco damu “babusku” vaditos hostelus.

I want to thank as well several other guiding figures that [ have met along my
journey and that helped me and inspired me. Jag &r mycket tacksam mot Lars
Lindhagen. Du var min forsta statistiklarare och ett sant exempel att folja, som
vetenskapsman och som lérare. Jeg er ogsa veldig takknemlig overfor Leif og
Thomas. Oppholdet i Trondheim var veldig hyggelig og jeg leerte mye sam-
men med deg. Kanskje 150 kr ol er litt mye, men vi elsker norden uansett. Poi
devo ringraziare la compagine italiana di psichiatria evoluzionistica, piccola
ma molto importante, e per me di grande esempio. Ringrazio Alfonso per le
belle discussioni, soprattutto quelle avute nella citta piu bella del mondo. E
poi voglio ringraziare DelGiu per la sua pazienza e il suo sostegno. Anche
tu sei per me un importante modello di scienziato. And then I want to thank
Randy Nesse and the research group for the very nice discussions we are
having together. I am very sorry to contributing mostly by adding noise, but |
really appreciate our chat, I learn so much from all of you. Un ultimo ringrazia-
mento va alla professoressa Cattaneo. Come scritto nel capitolo finale, porto
sempre nel mio cuore la sua lezione magistrale tenuta nell’ Algarve. Lei € uno
straordinario esempio di intellettuale e di scienziata.

Adesso arriva la parte problematica, dove cerco di ringraziare i miei amici
dall’Italia. Sapete chi siete e sapete quanto siete importanti per me. Nonos-
tante la distanza, non ho mai smesso di amarvi. Provero a dire qualcosa, anche
se la cosa imbarazzante ¢ che i ringraziamenti occupano gia piu spazio della
parte scientifica di questa tesi. Parlando di cose imbarazzanti, cominciamo
ringraziando un trio di una certa rilevanza zoologica: professoressa Monti,
I’ingegner Sacchi e Vimercazzi. Poi ringrazio i miei amori adolescenziali,
ovvero Gingireth, Meriem e Sister Christian. E mettiamoci pure RossANAL
horroris causa. Ringrazio Gege e Marta a 99999999 Hzz MMMMMMM-
MMM MMMMMMM. Sono sicuro che avete capito. Poi ringrazio sentita-
mente uno dei pochi amici maschi che ho, in senso strettamente lacaniano,
ovvero il dr. Mocarelli. Ringrazio in ordine sparso tutti gli altri importanti
personaggi, ovvero Erika, Svirgi, Rove, la Cri, Merozzy perché so che la Cri
ci tiene, poi Dariosauro, Roby, Matte Sala, Nico. Specjalne podzigkowania
kieruj¢ takze do Aigora, méj mity czlowieku.
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Voglio anche ringraziare la mandria dell’EEPE, in particolare la compagine
italiana (o sedicente tale). Grazie in particolare alla Presidentessa, il Dottore,
I’Imperatrice, la Sibilla Cumana y el Guapo. Avete reso il mio soggiorno a
Firenze un’esperienza surreale. E ovviamente ringrazio la Sacerdotessa, con
tutto 1’odio e I’amore dell’universo.

Portugal foi aonde eu vivi uma parte importante da minha vida. Néao tive
uma outra oportunidade de agradecer as pessoas que tornaram aquela exper-
iéncia inesquecivel e portanto vou dizer alguma coisa agora. Quero agradecer
especialmente Ginginha e Tonino pelo carinho e por toda as nossas bebid...
ehm... aventuras. E claramente quero também agradecer a malta do CITAC
toda. Foi uma loucura e tudo o que fizemos parece-me ainda um sonho. Todas
essas pessoas foram importantes, a minha turma como os antigos do CITAC,
mas queria agradecer especialmente a Santa da Suruba, Brums ¢ Elarala.

La mia infinita passione per 1’insegnamento la devo a dei grandi esempi che
ho avuto la fortuna di incontrare. Sono grato a Marinoni, Fabris, Fraschetti,
Piacenza e Ovaliti per il grande esempio che mi hanno dato e che tuttora mi
ispira. E a Marecello, il maestro di pianoforte che mi sono scelto.

Un’altra esperienza importante ¢ stato il Vi.Be., come dimenticare. Ringrazio
tutti i miei pischelli e gli amici volontari. In particolare, sono grato alla sig-
nora Rosaria ¢ al Presidente. Due esempi di straordinario valore che porto

sempre nel mio cuore.

Zu JJ habe ich nicht viel zu sagen. Ich werde die Farbe des Fuchses mit-
bringen.

Pour Mulan je ne dirai que quelques mots en francais. ARHAHHAHANHNHN
AHRNRHRNEHRN. Le reste, ¢’est I’avenir.

Mio nonno mi diceva “Circondati sempre di persone migliori di te”. E cosi
ho sempre fatto. And I thank you all in the best way I know: obrigado.

Shantih shantih shantih

39



Bibliography

[1] Mikhail Afanasyevich Bulgakov. The Master and Margarita. Penguin Books,
2016.

[2] Borsook David and others (eds). The Migraine Brain: Imaging Structure and
Function. Oxford Academic Press, 2013.

[3] DeRubeis Robert J. and Daniel R. Strunk (eds). The Oxford Handbook of Mood
Disorders. Oxford Academic Press, 2015.

[4] The international classification of headache disorders, 3rd edition (beta
version). Cephalalgia, 2013.

[5] Preskorn SH and Baker B. The overlap of dsm-iv syndromes: potential
implications for the practice of polypsychopharmacology, psychiatric drug
development, and the human genome project. Journal of Psychiatric Practice,
2002.

[6] Alfonso Troisi. An evolutionary analysis of the applicability and utility of the
clinico-pathological method in psychiatry. Neuroscience and Biobehavioral
Reviews, 2024.

[7] Messoud Ashina. Migraine. New England Journal of Medicine, 2020.

[8] David Semple and Roger Smyth. Oxford Handbook of Psychiatry (4 edn).
Oxford University Press, 2019.

[9] GBD 2016 Headache Collaborators. Global, regional, and national burden of
migraine and tension-type headache, 1990-2016: a systematic analysis for the
global burden of disease study 2016. Lancet Neurology, 2018.

[10] T. Dresler, S. Caratozzolo, K. Guldolf, and et al. Understanding the nature of
psychiatric comorbidity in migraine: a systematic review focused on
interactions and treatment implications. Journal of Headache and Pain, 2019.

[11] Oreste Affatato, Thiago C. Moulin, Claudia Pisanu, Victoria S. Babasieva,
Marco Russo, Elif I. Aydinlar, Paola Torelli, Vladimir N. Chubarev, Vadim V.
Tarasov, Helgi B. Schidth, and Jessica Mwinyi. High efficacy of
onabotulinumtoxinA treatment in patients with comorbid migraine and
depression: a meta-analysis. 19(1):133.

[12] Oreste Affatato, Maud Miguet, Helgi B. Schi6th, and Jessica Mwinyi. Major
sex differences in migraine prevalence among occupational categories: a
cross-sectional study using UK biobank. 22(1):145.

[13] Oreste Affatato, Amelia D. Dahlén, Gull Rukh, Helgi B. Schiéth, and Jessica
Mwinyi. Assessing volumetric brain differences in migraine and depression
patients: a UK biobank study. 23(1):284.

[14] Oreste Affatato, Gull Rukh, Helgi Birgir Schidth, and Jessica Mwinyi.
Volumetric differences in cerebellum and brainstem in patients with migraine:
A uk biobank study. Biomedicines, 11(9), 2023.

[15] Naomi Allen, Cathie Sudlow, Paul Downey, Tim Peakman, John Danesh, Paul
Elliott, John Gallacher, Jane Green, Paul Matthews, Jill Pell, Tim Sprosen, and

40



Rory Collins. UK biobank: Current status and what it means for epidemiology.
1(3):123-126.

[16] Cathie Sudlow, John Gallacher, Naomi Allen, Valerie Beral, Paul Burton, John
Danesh, Paul Downey, Paul Elliott, Jane Green, Martin Landray, Bette Liu, Paul
Matthews, Giok Ong, Jill Pell, Alan Silman, Alan Young, Tim Sprosen, Tim
Peakman, and Rory Collins. UK biobank: An open access resource for
identifying the causes of a wide range of complex diseases of middle and old
age. 12(3):e1001779.

[17] Moher D, Liberati A, Tetzlaff J, Altman DG, and The PRISMA Group.
Preferred reporting items for systematic reviews and meta-analyses: The prisma
statement. PLoS Med, 2009.

[18] Matthew J. Page, Joanne E. McKenzie, Patrick M. Bossuyt, Isabelle Boutron,
Tammy C. Hoffmann, Cynthia D. Mulrow, Larissa Shamseer, Jennifer M.
Tetzlaff, Elie A. Akl, Sue E. Brennan, Roger Chou, Julie Glanville, Jeremy M.
Grimshaw, Asbjern Hrobjartsson, Manoj M. Lalu, Tianjing Li, Elizabeth W.
Loder, Evan Mayo-Wilson, Steve McDonald, Luke A. McGuinness, Lesley A.
Stewart, James Thomas, Andrea C. Tricco, Vivian A. Welch, Penny Whiting,
and David Moher. The PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. 372. Publisher: BMJ Publishing Group Ltd
_eprint: https://www.bmj.com/content/372/bmj.n71.full.pdf.

[19] Michael Borenstein, Larry V. Hedges, Julian P. T. Higgins, and Hannah R.
Rothstein. Introduction to MetallAnalysis. John Wiley & Sons, Ltd, 2009.

[20] Carl N. Morris. Parametric empirical bayes inference: Theory and applications.
Journal of the American Statistical Association, 1983.

[21] S.E. Seide, C. Rover, and T. Friede. Likelihood-based random-effects
meta-analysis with few studies: empirical and simulation studies. BMC Medical
Research Methodology, 2019.

[22] Richard McElreath. Statistical Rethinking - 2nd Edition. CRC Press, 2020.

[23] Dr. Hannah R. Rothstein, Dr. Alexander J. Sutton, and Dr. Michael Borenstein.
Publication Bias in MetallAnalysis: Prevention, Assessment and Adjustments.
John Wiley & Sons, Ltd, 2005.

[24] E.D. Bigler. Structural image analysis of the brain in neuropsychology using
magnetic resonance imaging (mri) techniques. Neuropsychol Rev 25, 224-249,
2015.

[25] Mark Jenkinson and Michael Chappell. Introduction to Neuroimaging Analysis.
Oxford University Press, 2017.

[26] T. L. Lash, T. J. VanderWeele , S. Haneuse , K. J. Rothman. Modern
Epidemiology. Wolters Kluwer, 3rd edition.

[27] Sander Greenland and Babette Brumback. An overview of relations among
causal modelling methods. International Journal of Epidemiology, 2002.

[28] Judea Pearl, Madelyn Glymour, and Nicholas P. Jewell. Causal Inference in
Statistics: A Primer. Wiley, 2016.

[29] Andrew Gelman, Jennifer Hill, and Aki Vehtari. Regression and Other Stories.
Cambridge University Press, 2020.

[30] Joshua D. Angrist and Jorn-Steffen Pischke. Mastering "Metrics: The Path from
Cause to Effect. Princeton University Press, 2015.

[31] Kenneth J. Rothman. No adjustments are needed for multiple comparisons.

41



Epidemiology, 1990.

[32] Kenneth J. Rothman. Six persistent research misconceptions. Journal of
general internal medicine, 2014.

[33] Andrew Gelman, Jennifer Hill, and Masanao Yajima. Why we (usually) don’t
have to worryabout multiple comparisons. Journal of Research on Educational
Effectiveness, 2012.

[34] Gelman Andrew and Eric Loken. The garden of forking paths: Why multiple
comparisons can be a problem, even when there is no “fishing expedition” or
“p-hacking” and the research hypothesis was posited ahead of time. Department
of Statistics, Columbia University, 2013.

[35] Jacob Cohen. The earth is round (p <.05). 49(12):997—-1003.

[36] Steven Goodman. A dirty dozen: Twelve p-value misconceptions.
45(3):135-140.

[37] Lewis G. Halsey. The reign of the p -value is over: what alternative analyses
could we employ to fill the power vacuum? 15(5):20190174.

[38] &Na;. That confounded p-value:. 9(1):7-8.

[39] Ronald L. Wasserstein and Nicole A. Lazar. The ASA statement on p -values:
Context, process, and purpose. 70(2):129-133.

[40] Andrew Gelman. Commentary: P values and statistical practice. 24(1):69-72.

[41] Sander Greenland, Stephen J. Senn, Kenneth J. Rothman, John B. Carlin,
Charles Poole, Steven N. Goodman, and Douglas G. Altman. Statistical tests, p
values, confidence intervals, and power: a guide to misinterpretations.
31(4):337-350.

[42] Guido W. Imbens. Statistical significance, p -values, and the reporting of
uncertainty. 35(3):157-174.

[43] Per Lytsy, Mikael Hartman, and Ronnie Pingel. Misinterpretations of p-values
and statistical tests persists among researchers and professionals working with
statistics and epidemiology. 127.

[44] Ben Van Calster, Ewout W. Steyerberg, Gary S. Collins, and Tim Smits.
Consequences of relying on statistical significance: Some illustrations.
48(5):e12912.

[45] Bruloy E, Sinna R, Grolleau JL, Bout-Roumazeilles A, Berard E, and Chaput B.
Botulinum toxin versus placebo: a meta-analysis of prophylactic treatment for
migraine. Plastic and Reconstructive Surgery, 2019.

[46] MS Parsaik, Ajay K. MD, Sonia S. RN Mascarenhas, Aqeel MD Hashmi, Larry
J. MLS Prokop, MBA John, Vineeth MD, MScPHR Okusaga, Olaoluwa MD,
and MS Singh, Balwinder MD. Role of botulinum toxin in depression. Journal
of Psychiatric Practice, 2019.

[47] Whitcup S.M. and Hallett M. (eds). Botulinum Toxin Therapy. Handbook of
Experimental Pharmacology, chapter The Use of Botulinum Toxin in the
Management of Headache Disorders. Springer, 2020.

[48] Whitcup S.M. and Hallett M. (eds). Botulinum Toxin Therapy. Handbook of
Experimental Pharmacology, chapter The Use of Botulinum Toxin for
Treatment of Depression. Springer, 2020.

[49] F.M. Amin, S. Aristeidou, C. Baraldi, and et al. The association between
migraine and physical exercise. Journal of Headache and Pain, 2018.

[50] Veruscka Leso, Paola Gervetti, Sara Mauro, Maria C Macrini, Maria L

42



Ercolano, and Ivo Iavicoli. Shift work and migraine: A systematic review.
Journal of Occupational Health, 2020.

[51] L. Kros, C.A.A. Aristizébal, and K. Khodakhah. Cerebellar involvement in
migraine. Cephalalgia, 2018.

[52] Mark Bear, Barry Connors, and Michael A. Paradiso. Neuroscience: Exploring
The Brain - Fourth Edition. Jones and Bartlett Learning, 2020.

[53] Seghatoleslam M, Ghadiri MK, Ghaffarian N, Speckmann E-J, and Gorji A.
Cortical spreading depression modulates the caudate nucleus activity.
Neuroscience, 2014.

[54] Wunderlich AP, Klug R, Stuber G, Landwehrmeyer B, Weber F, and Freund W.
Caudate nucleus and insular activation during a pain suppression paradigm
comparing thermal and electrical stimulation. Open Neuroimag Journal, 2011.

[55] Ashina M, Hansen JM, Do TP, Melo-Carrillo A, Burstein R, and Moskowitz
MA. Migraine and the trigeminovascular system—40 years and counting. The
Lancet Neurology, 2019.

[56] Shackman AJ, Tromp DPM, Stockbridge MD, Kaplan CM, Tillman RM, and
Fox AS. Dispositional negativity: An integrative psychological and
neurobiological perspective. Psychological Bulletin, 2016.

[57] Arce E, Simmons AN, Lovero KL, Stein MB, and Paulus MP. Escitalopram
effects on insula and amygdala bold activation during emotional processing.
Psychopharmacology, 2008.

[58] Gregory G. Brown, Susanne Ostrowitzki, Murray B. Stein, Markus von Kienlin,
Thomas T. Liu, Alan Simmons, Christina Wierenga, Orah Y. Stein, Andreas
Bruns, Amanda Bischoff-Grethe, and Martin Paulus. Temporal profile of brain
response to alprazolam in patients with generalized anxiety disorder. Psychiatry
Research: Neuroimaging, 2015.

[59] Pizzagalli DA. Depression, stress, and anhedonia: Toward a synthesis and
integrated model. Annual Review of Clinical Psychology, 2014.

[60] Ardesheer Talati, Milenna T. van Dijk, Lifang Pan, Xuejun Hao, Zhishun Wang,
Marc Gameroff, Zhengchao Dong, Jiirgen Kayser, Stewart Shankman, Priya J.
Wickramaratne, Jonathan Posner, and Myrna M. Weissman. Putamen structure
and function in familial risk for depression: A multimodal imaging study.
Biological Psychiatry, 2022.

[61] May A. and Schulte L. Chronic migraine: risk factors, mechanisms and
treatment. Nature Reviews Neurology, 2016.

[62] Michael J. Marmura, Stephen D. Silberstein, and Todd J. Schwedt. The acute
treatment of migraine in adults: The american headache society evidence
assessment of migraine pharmacotherapies. Headache: The Journal of Head
and Face Pain, 2015.

[63] Stephen C. Stearns and Ruslan Medzhitov. Evolutionary Medicine. Oxford
University Press, 2015.

[64] Randolph M. Nesse. Evolutionary psychiatry: foundations, progress and
challenges. World Psychiatry, 2023.

[65] Randolph M. Nesse. Tinbergen’s four questions: Two proximate, two
evolutionary. Evolution, Medicine, and Public Health, 2019.

[66] Marco Del Giudice. Evolutionary Psychopathology: A Unified Approach.
Oxford University Press, 2018.

43



[67] Riadh Abed and Paul St John-Smith (eds). Evolutionary Psychiatry. Cambridge
University Press, 2022.

[68] E. Loder. What is the evolutionary advantage of migraine? Cephalalgia, 2002.

[69] Pensato U, Cevoli S, Pierangeli G, and Cortelli P. The evolutionary meaning of
migraine. Cephalalgia, 2023.

44






Acta Universitatis Upsaliensis

Digital Comprehensive Summaries of Uppsala Dissertations from
the Faculty of Medicine 2045

Editor: The Dean of the Faculty of Medicine

A doctoral dissertation from the Faculty of Medicine, Uppsala
University, is usually a summary of a number of papers. A few
copies of the complete dissertation are kept at major Swedish
research libraries, while the summary alone is distributed
internationally through the series Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of
Medicine. (Prior to January, 2005, the series was published
under the title “Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine”.)

Distribution: publications.uu.se
urn:nbn:se:uu:diva-526438

ACTA UNIVERSITATIS
UPSALIENSIS
2024



	Abstract
	List of papers
	Contents
	1. Ouverture
	1.1 Brains in disorder
	1.2 A tale of two illnesses
	1.3 What’s in a name?
	1.4 Rationale

	2. Aims
	3. Materials
	3.1 Literature databases
	3.2 The UK Biobank cohort
	3.2.1 Ethical approval

	3.3 Funding

	4. Methods
	4.1 Literature search and meta-analysis
	4.1.1 Empirical Bayes method
	4.1.2 Qualitative assessment of the literature and potential bias

	4.2 Structural MRI
	4.3 Inferential methods and causal models
	4.3.1 Causal models
	4.3.2 Regression

	4.4 Further methodological considerations
	4.4.1 The multiplicity problem
	4.4.2 Hypothesis testing


	5. Results and Discussion
	5.1 Healing toxins
	5.2 Work in progress
	5.3 The shape of matter

	6. Coda
	6.1 Theme and Variation
	6.2 Crescendo
	6.3 Finale

	7. Ackdnowledgments
	Bibliography



