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Chapter 1

”

“It’s not stress that kills us, it is our reaction to it.
— Hans Selye

General Introduction

What is stress?

The term ‘stress’ was first coined by endocrinologist Hans Selye in order to
describe the “nonspecific response of the body to any demand”?. The first study
with regard to this phenomenon that Selye published in 1936 under the title: “A
Syndrome Produced by Diverse Nocuous Agents” identified a “typical syndrome”,
of which the symptoms “are independent of the nature of the damaging agent of
the pharmacological type of drug employed, and represent rather a response to
damage as such”. This syndrome presented if the organism was severely damaged
by diverse, nonspecific, nocuous agents such as surgical injury, trauma to the spinal
cord leading to spinal shock, exposure to cold, excessive muscular exercise, or
intoxications with sublethal doses of various drugs (for example, formaldehyde,
morphine, adrenaline, and atropine). Since then the term ‘stress’ has been further
elaborated upon, and differentiation has been made between somatic stress as
described by Selye on the one hand, and psychological stress on the other hand. It
is on psychological stress where focus of this thesis will lie. Psychological stress has
been defined in a variety of ways. One of the more globally accepted definitions is “a
particular relationship between the person and the environment that is appraised
by the person as taxing or exceeding his or her resources and endangering his or her
well-being”?, referring to the processes that are thought to contribute to the onset
and maintenance of several stress-related disorders.

By defining ‘stress’ as such, the term seems to carry a negative connotation. However,
the stress response is essential as it allows for adaption and survival. Throughout
our lives, we are presented with a variety of challenges, ranging from daily hassles
to severe traumatic events. Our stress-response enables us to respond to a stressor
as quickly and efficiently as possible in order to speedily return our bodies to a
homeostatic state, although the intra-individual variation in this response is large.

The American Psychological Association (APA) divides stress into two different
major types or forms, namely acute stress and chronic stress. These stress types
are characterized in a different way in terms of characteristics, duration, symptoms,
and treatment approaches. Acute stress is the most common and frequent form of
stress. This form of stress usually characterizes itself as brief, and is often caused by
reactive thinking, stemming from “the demands and pressures of the recent past
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Dysregulated stress-systems in the pathophysiology of stress-related disorders.

and anticipated demands and pressures of the near future”3. Chronic stress is a long-
term form of stress. This form of stress is characterized by feelings of hopelessness
and despair3.

In the case of chronic stress, where stress systems are no longer only stressed, but
stressed-out?, the repeated exposure to a stressor, numerous stressors, or exposure
toasevereacutestressorcanresultinalterationsin psychological and neurobiological
processes. Upon persistence of these reactive psychoneurobiological processes,
a variety of stress-related psychiatric disorders, such as mood, anxiety, and/or
somatic symptom disorders, but also somatic disorders, may develop in vulnerable
individuals. As a result, poor coping strategies can develop such as substance abuse,
maladaptive avoidance techniques, or social withdrawal®.

Stress-systems

When an individual experiences stress, whether it be acute or long-term, stress-
systems are activated, setting a cascade of biological and psychological processes in
motion. The hypothalamic-pituitary-adrenal (HPA) axis and the autonomic nervous
system (ANS), specifically the sympathetic nervous system that triggers the acute
flight, fight, or freeze response, are the two major systems that respond to stress in
humans and most mammals®.

The HPA axis

In an uncontrollable, challenging, or threatening situation, the HPA axis, the primary
driver of the endocrine stress response, is activated. The hypothalamus synthesizes
and secretes corticotropin-releasing factor (CRF), causing the pituitary gland to
release adrenocorticotropic hormone (ACTH) into the blood stream, stimulating the
adrenal cortex to produce and secrete the glucocorticoid (GC) cortisol (also known
as one of the main stress hormones). This leads to increased concentrations of free
cortisol circulating in the body. As these levels rise, CRF release is blocked, leading
to a decline in ACTH levels, and in turn, a decline in cortisol levels, extinguishing the
stress response and returning the body back to its homeostatic state. This process
is referred to as the negative feedback loop’?®. In reaction to acute stress, cortisol
enables a person to react by suppressing the immune function, mobilizing stored
energy, and facilitating several processes of the central nervous system, such as
learning and memory. However, chronically increased levels of CRF or cortisol also
come paired with numerous deleterious effects, such as cognitive disturbances,
depressed mood, anxiety, immune destabilization®!°, and increased risk of
cardiovascular disease, diabetes, and stroke!®.

GCs affect both the nervous and immune systems. GCs bind to intracellular,
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Chapter 1

mineralocorticoid (MR-), and glucocorticoid (GR-) receptors. GC action in the brain
is mediated by the two types of corticosteroid receptors, the MR!? and the GR*4,
However, they differ in their distribution throughout the brain GRs are located
widely throughout the brain, whereas MRs are located predominately in the limbic
brain areas, specifically in the hippocampus and the amygdala®®. MR affinity to
cortisol is 10-fold higher than GR affinity, and MRs have been found to mediate
the effect of cortisol on the regulation of initial stress reactions!®22. Imbalances in
the MR-/GR-mediated signaling pathways that develop under conditions of chronic
stress can increase susceptibility to stress-related disorder and diseases?*%*. Loss of
functioning and expression of the MR in the limbic brain reduces the MR-mediated
inhibition of the HPA-axis, leading to higher levels of cortisol in the brain®*. Therefore,
the hypothesis has been offered that MR activation in the limbic brain could have
potential as an anti-depressant strategy®%’.
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Figure 1. The HPA-axis system.
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Under normal circumstances, cortisol follows a distinct diurnal pattern that has been
well documented. Typically, cortisol concentration increases upon awakening and
slowly declines throughout the day. Upon awakening, a peak in cortisol production
is typical, which is referred to as the cortisol awakening response (CAR; the variation
in cortisol concentration occurring in the first hour after awakening, with cortisol
typically peaking approximately 30 minutes after awakening)?®%. Generally, cortisol
levels are low at the end of the day towards night, which is indicative of basal HPA
axis activity (see Figure 2).

As cortisol is a low weight lipophile molecule, it can diffuse passively across the
blood brain barrier. Cortisol can be measured in bodily fluids such as blood, urine,
and saliva. Measuring cortisol in saliva is one of the most preferred methods to
date, as it is able to measure the amount unbound free cortisol (i.e. the biologically
active form), in contrast to the bound form in, for example, blood. Furthermore,
saliva sampling is non-invasive and can be obtained by respondents themselves at
home, and under normal, stress-free conditions. Additionally, this saliva sampling
method makes it possible for respondents to measure their cortisol levels over the
course of the day, including the CAR, therefore enabling respondents to capture the
dynamics of their HPA axis activity more accurately.

A number of decades ago, salivary cortisol was thought to be a promising biomarker
specific to depression. However, ample research has found salivary cortisol levels
to be altered in many stress-related disorders. To begin, studies investigating
basal cortisol levels in psychiatric disorders have rendered equivocal results.
Many studies have found evidence of hypersecretion of cortisol in depressed
and anxious patients®%3?, although long-term stress has also been found to lead
to a downregulation or exhaustion of the HPA-axis, and less hypercortisolemia3..
Studies specifically investigating the salivary CAR in this patient population have
shown a high level of variability. A number of studies have found similar morning
salivary cortisol concentrations in depressed patients and healthy controls (©&32),
although other studies found a blunted cortisol response in patients with major
depressive disorder (MDD) in comparison to healthy controls®***. Again, other
studies have found an increased CAR for both area under the curve with respect
to the ground (AUCg) and area under the curve with respect to the increase
(AUCI) variables in MDD patients in comparison to healthy controls ©&313>37) Two
earlier studies conducted with MDD patients and healthy controls found (partially)
increased evening cortisol levels in depressed subjects®”*. Finally, several studies
have identified diminished negative feedback in depressed patients compared to
healthy controls after a low-dose dexamethasone-suppression test (DST)3%33%7,
Studies examining HPA activity in patients with generalized anxiety disorder (GAD)
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have reported normal®! to increased cortisol levels** and normal suppression®® to
more non-suppression following a DST*. In sum, these findings provide evidence
for differences in HPA stress-axis regulation in patients with mood- and/or anxiety
disorders on the one hand and healthy controls on the other, however highlight
the inability of salivary cortisol to distinguish between these disorders. With regard
to the research conducted concerning the HPA-axis in this thesis, depression and
anxiety will be the stress-related disorders predominately focused on. Further
research with regard to HPA-axis activity will be conducted using Cushing’s disease
as a naturalistic model for the effects of long-term exposure to high amounts of
endogenous cortisol (see section: The HPA axis: prolonged exposure to endogenous
cortisol for further detail).

The ANS

The ANS is a component of the peripheral nervous system. This system plays a crucial
role in both the manifestation and maintenance of stress-related symptoms and
biological stress processes45. The ANS consists of two systems, the parasympathetic
nervous system (PNS), responsible for the body’s rest and digest response, and the
sympathetic nervous system (SNS), responsible for the fight or flight response.
When the SNS is activated, it signals the adrenal glands to release hormones (i.e.
adrenalin (epinephrine) and cortisol). As with HPA-axis activation, the SNS response
is fairly sudden in order to prepare the body to respond to an emergency situation,
an acute stress situation, or short-term stressors.

Parasympathetic system Sympathetic system
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Stimulates flow

] Inhibits sali-
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and secretion
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production and
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Secretion of adrenali-
ne and noradrenaline

Figure 2. The autonomic nervous system.
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Once the crisis is over, the body typically returns to a homeostatic state. This
recovery is facilitated by the PNS, which generally has opposing effects to the
SNS. Several parameters serve as indices for ANS activity, such as plasma levels of
catecholamines, heart rate, heart rate variability, and blood pressure.

A lesser known parameter for ANS activation: salivary alpha amylase

The enzyme sAA has been studied less extensively than salivary cortisol. In contrast
to the small cortisol molecule, sAA is a long-chain macromolecule protein, that is
secreted in the oral cavity by the salivary gland upon beta-adrenergic stimulation, is
a relatively new candidate marker of autonomic nervous system (ANS) functioning
and reactivity, accounting for 40 to 50% of salivary protein®®, It is strongly
conserved in evolutionary history and can be found in other animals, insects, plants,
and bacteria®.

Research into the oral microbiome has found that particular strains of oral bacteria
are adapted in order to break down starch, and have a unique ability to capture
sAA, with which they feed themselves®. This mechanism is only activated when
the regular diet includes starch, that has been found to be essential to survival®®.
There is evidence that carbohydrate intake increases sAA response in individuals
whose ancestors consumed starch-rich diets. For this reason, people of Southern
European ancestry experience larger sAA increases in sAA levels in comparison to
people of Northern European ancestry®?.

sAA plays an important role in the first step of starch digestion in the oral cavity
as it catalyzes (breaks down) large long-chain carbohydrate starch molecules into
dextrin, glucose and maltose by cleaving alpha-1,4-glucosidic bond®2°3. Starch is
further digested in the small intestine by pancreatic alpha amylase, an enzyme
similar to sAA that is produced by the exocrine pancreas and released into the
duodenum. Both pancreatic and salivary amylase isoforms are also present in
serum with an approximately even proportion®*. In contrast to the diurnal profile of
salivary cortisol, studies with healthy controls have demonstrated that sAA presents
an opposing, distinct diurnal profile (see Figure 3), with lower levels in the morning
and higher levels in the early evening*.
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Figure 3. An example of the diurnal profiles of SAA and salivary cortisol for illustration purposes.

This thesis aims to further unravel the role of the stress systems in the
pathophysiology of stress-related psychiatric disorders, by exploring elements of
regulation and dysregulation of the two major stress systems (i.e. the ANS and
the HPA-axis), and their relation with psychological and psychiatric symptoms.

Salivary alpha-amylase in stress-related disorders

Studies with healthy controls have shown that sAA is highly sensitive to acute
stress-related changes, increasing under psychosocial stress tasks administered in
the afternoon (i.e. Trier Social Stress Test) (&475550) These elevations of sAA levels
have been found to be indicative of increased autonomic activity and have been
found to occur in response to neurotransmitter stimulation®*8, The enzymatic
activity and quantity of sAA have been found to vary between individuals under
environmental factors, such as stress levels, but also circadian rhythms>*®, Within
the mood-, anxiety-, and symptom somatic disorder (MAS)-patient population,
interventional studies using psychosocial stress tasks in the afternoon (between
12:00 and 5:00 p.m.) have provided evidence that sAA levels in patients with MAS-
disorders increase more than those of healthy controls (¢ 61-64),

Five previous observational studies have been conducted with the MAS-patient
group. Two were conducted in a laboratory setting and found low baseline sAA
levels in MDD patients in comparison to healthy controls in the morning®, and
elevated sAA levels in the afternoon in current MDD patients in comparison to
remitted MDD patients and healthy controls®. Three studies were conducted in a
naturalistic setting. One study found that patients with generalized social anxiety
disorder (gSAD) had increased sAA levels in the area under the curve with respect
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to the ground (AUCg) on day 1 and at 4:00 p.m. on day 2%”. The two other studies
were conducted with (remitted) MDD patients and found (i) elevated levels of sAA
in MDD patients using tricyclic antidepressants (but not SSRIs), in comparison to the
controls and remitted MDD patients in the late evening (between 10:00 and 11:00
p.m.)%, and (ii) higher salivary cortisol and sAA levels in the morning, afternoon, and
evening sample times in MDD patients in comparison to healthy controls, although
this study was largely underpowered®.

Based on these findings, it seemed that sAA levels in the late evening do not
differentiate between MDD patients who do not use tricyclic antidepressants,
remitted MDD patients, and healthy controls. However, sAA levels may be able to
differentiate between MDD patients and healthy controls more effectively at other
time points throughout the day (i.e. in the morning, afternoon, and in the evening
based on the Booij et al.®® study). Still, as sAA levels were also found to be elevated in
gSAD patients at certain time points, SAA may not be able to adequately differentiate
between MDD patients and patients with other MAS-disorders at every time point.
Furthermore, certain factors have been found to influence sAA levels and should be
considered as potential confounders in epidemiological studies. For example, there
is evidence that carbohydrate intake increases sAA response in individuals whose
ancestors consumed starch-rich diets. Thus, those of Southern European ancestry
experienced a larger increase in sAA levels and vice versa’. Furthermore, a study
conducted in a sample of healthy participants (N = 487), found that sAA levels were
also influenced by age and alcohol use®.

In sum, several gaps in the literature remain with regard to sAA research within
psychiatric patient populations. One important aspect that is currently lacking is
the mapping of naturalistic diurnal sAA levels in patients with MAS-disorders in
comparison to healthy controls. Chapter 2 of this thesis will explore this, taking
important characteristics as mentioned above (i.e. ancestry, age, and alcohol use)
into account.

Salivary alpha amylase and social withdrawal

Social withdrawal (SW) has recently been defined as “an umbrella term referring
to an individual’s voluntary self-isolation from familiar and/or unfamiliar others
through the consistent display of solitary behaviors such as shyness, spending
excessive time alone, and avoiding peer interation””:. SW has been identified an early
symptom of several stress-related psychiatric disorders ©& 7273 and hypothesized
to be partially due to long-term activation of biological stress systems. As such,
and in line with the National Institute of Mental Health Research Domain Criteria
(RDoC) project aimed at identifying new ways of classifying psychiatric disorders
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based on dimensions of neurobiological measures and observable behavior, SW has
been posited to be related to a more stable endophenotype that is more closely
connected to biological pathways than psychiatric disorders are’’. Increased
SW can lead to poor social functioning and social isolation, and can in turn cause
feelings of loneliness. Loneliness prevalence in European countries has been found
to range from 10% in the West and North to 55% in the East’®.

Low levels of SW have been found to be positively related to longevity, physical-,
psychological-, and emotional well-being’”’¢, whereas high SW has been associated
with severe detrimental health outcomes, such as depression’9%°, adverse
coronary condition rates®®, alcoholism®, increased mortality rates®!®, increased
suicidality®>®, and Alzheimer’s disease?’. Furthermore, associations between
SW and alterations in hypothalamic-pituitary-adrenocortical (HPA) axis activity
have been found®®. Thus, it seems that the dimension of SW may aid in linking
overlapping biological underpinnings across several conditions”’¢. The identification
of dimensional behavioral phenotypes across disorders may help to deepen our
understanding of the neurobiology involved and complements the approach to
incorporate dimensional measures as in the DSM-5 system.

As mentioned above, previous research has found associations between SW and
HPA-axis activation®4, although certain findings were not consistent with this’®%,
Evidence has also been found supporting the likelihood of a temporal relationship
starting with SW and leading to subsequent depression’. Furthermore, increased
SW has been found to be a mediating variable in the relationship between salivary
cortisol and depression, although this study did not adjust for numerous influential
covariates (i.e. adjusted only for gender, age, and cortisol concentration)®. However,
the interrelationships between sAA, SW, and depression have not yet been
explored, and based on the previous research regarding HPA-axis activation and
SW, it is reasonable to hypothesize there may be an association with SNS activity
and SW. These interrelationships will be further explored transdiagnostically in a
population of patients with MAS-disorders and healthy controls in Chapter 3 of this
thesis, using a dimensional approach in line with the RDoC guidelines in order to
determine whether SW could offer a new way of classifying certain stress-related
psychiatric disorders. Also, the interrelationships between sAA, social withdrawal,
and depression will be investigated in this Chapter.

The HPA axis: prolonged exposure to endogenous cortisol

As mentioned previously, chronic stress, the repeated exposure to a stressor,
numerous stressors, or exposure to a severe acute stressor can result in alterations
in psychological and neurobiological processes. However, these processes can also
be set in motion by Cushing’s syndrome (CS). CS is caused by excess cortisol in the
body, regardless of the cause. In Cushing’s disease (CD), the stressor causing the
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activation of these reactive processes has an endogenous origin. Specifically, CD
is an endocrine disorder caused by a benign tumor (i.e., adenoma) located on the
pituitary that produces adrenocorticotropic hormone (ACTH), in turn stimulating the
release of GCs by the adrenal cortex®. In individuals without CD, an increase in GCs
will trigger a negative feedback loop, inhibiting the release of ACTH. However, the
ACTH-producing tumor in CD is insensitive to this inhibition, therefore, the system is
unable to regulate itself, resulting in increased levels of GCs or hypercortisolism. CD
typically displays several physical manifestations, including hypertension, abnormal
fat distribution, thin skin sensitive to bruising, muscle weakness, osteoporosis,
hirsutism, and gonadal dysfunction. Alongside these physical symptoms, patients can
also display a wide variety of psychiatric symptoms, including emotional instability,
cognitive impairments, psychosis, apathy, anxiety, and depression®® 8, These
symptoms are indicative of the effects of Cushing’s disease on the central nervous
system (CNS). CD provides a unique human model with which to investigate the
effects of prolonged exposure to vast amounts of endogenous cortisol on the brain,
and also to investigate the associations between these effects, and psychiatric- and
clinical symptomatology.

The association between hypercortisolism and CNS damage was first described in
1952 by Trethowan and Cobb®. Their findings were based on autopsy reports in
which they found enlarged ventricles and a decrease in brain weight in patients
with Cushing’s syndrome. These findings were further validated by the first in-vivo
study conducted by Momose et al.'®, using pneumoencephalography. They found
high incidences of atrophy in both cerebral and cerebellar regions in patients with
Cushing’s disease. Since then, several studies have investigated the effects of long-
term exposure to endogenous cortisol on the brain in patients with (remitted) CD
and in 2015, Andela et al.!°* wrote an elaborate systematic review of the findings
of studies on structural and functional abnormalities. The main findings reported
that the large amounts of endogenous GCs seemed to lead to profound effects
on the brain, specifically on grey matter volumes of the ACC and the cerebellum,
widespread reductions of white matter integrity, and alterations in specific neuronal
metabolites in the bilateral hippocampus. However, since that time, there have
been several relevant publications within this area of research, indicating that a
review of the newest findings may be helpful in identifying current knowledge gaps.
Chapter 4 of this thesis will explore these newest findings in more detail.

Cortical thickness and surface area of the brain

The cerebral cortex is the outer covering of the surfaces of the cerebral hemispheres.
Itis folded into peaks (i.e. gyri) and grooves (i.e. sulci). Cortical thickness represents
the combined thickness of all cerebral cortex layers with the average human cortical
thickness over the whole brain being approximately 2.5 to 3 mm?, Although

19



Chapter 1

interpersonal variation of cortical thickness is present, an abnormally thin or thick
cortex could be associated with changes in gray matter that correlate with specific
neurological conditions and neuropathologies'®. Cortical surface area likely reflects
folding and gyrification, which both depend on division of progenitor cells in the
periventricular area during embryogenesis'®.

Several studies have reported a reduction in cortical thickness in patients with stress-
related disorders (for example, generalized and social anxiety disorder!®>1%, bipolar
disorder”1% and major depressive disorder!®!'%), Two studies investigated cortical
thickness in Cushing’s syndrome (CS) patients and healthy controls: the first found
no differences in cortical thickness!'?, and the second reported increased cortical
thickness in the lateral orbitofrontal and superior frontal cortex in children with CS
in compared to HCs, however this study did not adjust for multiple comparisonst??,
Furthermore, studies have found loss of brain volume in CS patients (for example, in
the hippocampus, bicaudate, and third ventricle), which were found to be partially
reversible upon biochemical remission!3115,

Previous analyses conducted in a cohort of long-term remitted Cushing’s disease (CD)
patients have revealed reductions in white matter integrity throughout the brain in
addition to altered resting-state connectivity between the limbic system and the
subgenual anterior cingulate cortex (ACC) in comparison to healthy controls'!617,
Furthermore, in this same patient population a voxel-based morphology study
found reductions of ACC volumes!8, As subregions of the ACC are considered critical
in cognitive control, emotional functioning and reward-based decision making;
damage to this region may lead to reductions in motivation, spontaneity, and
problem-solving capacity, as well as increased apathy and verbalization'**2!, These
findings suggest that alterations in structure and connectivity in the brain, and in
particular the ACC, may explain part of the cognitive and psychiatric symptoms
commonly observed both in active and remitted CD patients.

There are two frequently used measures for gray matter analysis. The first is cortical
thickness, which is indicative of neuron and glia size, number, and arrangement in
specific cortical regions'?*?*, The second is cortical surface area, which is related
to the number of columns in a region of interest'?*!%, These measures together
constitute gray matter volume, however separately, they provide more detailed
information on changes in cortical structures. For this reason, cortical thickness and
surface area have been suggested to be of more etiological relevance than gray
matter volume alone®?®!¥, Examining the gray matter volume by means of cortical
thickness and cortical surface area in the remitted CD patient population separately
may therefore yield more specific insights into the seemingly lasting impairments of
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CD on the brain. This will be explored in Chapter 5 of this thesis. In this study, the ACC
will be identified as the region of interest (ROI), as previous research has identified
this region as altered in both structure and resting-state connectivity. This will then
be followed by an exploratory whole-brain analysis, after which the associations
with psychiatric- and clinical symptomatology will be explored if appropriate.

As mentioned previously, research has shown that patients with (remitted) Cushing’s
disease often suffer from stress-related psychopathology, such as depression and
anxiety. In Chapter 6 we would like to explore whether we can identify possible
resilience-specific correlates in cortical thickness and cortical surface area, and
their correlations with psychometric measures. We will explore this by means
of a three-group design consisting of one group of ‘resilient’ participants (i.e.
Dutch police officers that have been exposed to trauma and do not present any
psychopathology), one group of ‘vulnerable’ participants (i.e. Dutch police officers
that have been exposed to trauma and present with psychopathology), and a control
group (i.e. Dutch recruits from the police academy with no trauma exposure and
no psychopathology). Previous studies have found (parts of) the ACC to be altered
in patients with trauma-related psychopathology® %1%, For this reason, the ACC
will be identified as the ROI in this study, followed by an exploratory whole-brain
analysis. If appropriate, associations between brain regions with psychiatric- and
clinical symptomatology will be explored.

Cognitive planning and executive functioning in remitted CD patients

As denoted earlier, several studies have found (persistent) impairments of cognitive
function in the (remitted) CD patient population. Previous studies have examined
cognitive functioning by means of standard neuropsychological testing in active
CD patients®®¥132, as well as in remitted patients after a follow-up period of up to
18 months*3, These studies found that cognitive and executive functioning (i.e.,
psychomotor functioning, visuoconceptual tracking, processing speed, auditory
attention, auditory working memory, verbal fluency, reading speed, and brief
attention) remains impaired in remitted CD patients.

An important cognitive function necessary to lead a functional life is the cognitive
skill of planning. Cognitive planning encompasses the neurological processes that
are involved with the strategy formulation, coordination, evaluation, and selection
of athought sequence, and the necessary actions that are needed in order to achieve
that goal®*. Reductions of these cognitive abilities in patients with remitted CD may
lead to lasting effects on planning abilities, in turn effecting one’s daily functionality,
psychological state, and quality of life. Examining possible neurobiological alterations
in brain activity patterns regarding cognitive planning and executive functioning
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within the remitted CD patient population could provide further objective insights
into these possibly lasting impairments within this cognitive domain. A task that is
often used to detect alterations in brain activation with regard to cognitive planning
and executive function is the Tower of London (Tol) task!®. In Chapter 7 of this
thesis we will explore the cognitive planning and executive functioning of remitted
CD patients using the visuo-spatial ToL task, again using the ACC as ROI, followed by
a whole brain analysis, and, if appropriate, further investigating associations with
psychiatric- and clinical symptomatology.

Further exploration of the anterior cingulate cortex in remitted Cushing’s disease patients
Although current treatment strategies abrogate excessive cortisol signaling and offer
substantial alleviation of several associated symptoms, as mentioned earlier, certain
debilitating psychological symptoms often persist in remitted CD patients, even after
long-term remission. (f)MRI studies conducted with this patient population have
found alterations in both brain structure and connectivity, in which the ACC has
often been implicated. This region has therefore has been pinpointed as a region
where further exploration could lead to considerable insights with regard to these
observed alterations.

Previously, the hypothesis has been posed that the intrinsic impairments and
alterations in connectivity and/or biochemistry of certain brain regions may have
caused the structural differences observed in remitted CD patients, specifically in
the ACC™, Unfortunately, MRI studies alone cannot offer sufficient insight into these
underlying biological processes. However, such underlying biological processes
could be further explored by combining information obtained from high resolution
MRI scans with whole genome mRNA expression data. This data is openly available
in the Allen Human Brain Atlas (AHBA), a multi-modal atlas mapping gene expression
across the healthy human brain®®. Exploring the potential mechanisms through
which the structure of the ACC changes when exposed to prolonged endogenous
cortisol excess by linking information derived from high resolution MRI scans with
gene expression data derived from the AHBA, could offer more insights into the
potential mechanisms through which these persistent alterations occur. This will be
explored in Chapter 8 of this thesis.

Finally, Chapter 9 will summarize the empirical findings reported in this thesis. These
findings will then be discussed and integrated into our current knowledge, focusing
not only on how these findings can help us advance, but also on their implications.
In sum, this thesis aims to further unravel the role of the stress systems in the

pathophysiology of stress-related psychiatric disorders, by exploring elements of
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regulation and dysregulation of the two major stress systems (i.e. the ANS and the
HPA-axis), and their relation with psychological and psychiatric symptoms. The two
main hypotheses are that (i) sAA can differentiate between certain stress-related
disorders, and (ii) that brain abnormalities in patients with remitted Cushing’s
disease will partially overlap with the brain abnormalities found in patients with
stress-related disorders further increasing the validity of using Cushing’s disease as
a naturalistic model for the effects of long-term exposure of cortisol on the brain.
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