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Chapter 1 INTRODUCTION

Aim of this thesis

The aim of this thesis is to further elucidate characteristics of brain structure in traumatised youth, in
order to better understand the way childhood adversity may lead to an increased risk of psychiatric
and somatic pathology in later life. To this end, structural neuroimaging techniques were used to
explore structural brain characteristics in a group of adolescents who experienced childhood sexual
abuse. The findings of the thesis may eventually contribute to the development of optimised
treatment and preventative strategies.

1. Background

1.1 Childhood trauma — epidemiology and consequences

Childhood trauma is not a rare phenomenon: In the Netherlands, every year between 90.000 and
127.000 children experience abuse or neglect (De Derde Nationale Prevalentiestudie Mishandeling
van Kinderen en Jeugdigen, 2017; www.wodc.nl). When using a broader definition of trauma, i.e.
having experienced childhood adversity, Kessler et al. in the 2010 WHO-study showed substantial
rates in high as well as low income countries (38,4% versus 39,1%). Thus, around the world, as much
as one out of every three children has experienced childhood adversities (1).

Childhood psychological trauma like sexual, physical or emotional abuse, neglect by caregivers or
witnessing domestic violence, was shown to cause intense suffering for the child in the immediate or
near immediate aftermath (2). Depending on several factors, this suffering typically involves anxiety,
depressive symptomes, sleep disturbance, learning disorders or the symptoms of Posttraumatic
Stress Disorder (PTSD) (3).

In the long term, the detrimental consequences of childhood adversity outrange these classical
trauma sequelae and are impressive in severity as well as pervasiveness, comprising somatic as well
as psychiatric disorders. The large scale Adverse Childhood Experience (ACE-) study by Anda and
Felitti showed that childhood adversity carries a great threat for general health in later life:
childhood adversities do not only predict the onset of psychiatric disorder like anxiety and
depression, but also the onset of somatic disorders like cardiovascular disease, chronic lung disorder
and diabetes (4;5). Subjects who were persons exposed to six or more ACE, even had a 20-year
reduction in lifespan (6). Reviews found the same psychiatric and somatic outcomes across studies
(7-9). The WHO-study by Kessler calculated that eradication of childhood adversities would lead to
an impressive 22.9 % reduction in mood disorders, 31.0 % in anxiety disorders, 41.6 % in behaviour
disorders, 27.5 % in substance disorders and 29.8 % of all psychiatric disorders (1).

Clearly, the impact of childhood adversity on multiple vital processes in the human body
underscores the need of broad investigation, including neurobiological trajectories that follow ACE,
in order to develop therapeutic avenues that may counteract negative clinical consequences.

1.2 Neurobiology of adversity and the developing brain

Up till far in the third decade of life, developmental anatomic trajectories of the human brain
typically involve a massive proliferation of neurons, dendrites and synapses early in life with a peak
in late childhood, to differentiation and pruning in adolescence and young adulthood (10). Preclinical
research shows that trajectories of brain development are for a large part dependent on experience,
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i.e. dependent on the situations the developing person is passing through (11). In their classical
study Wiesel and Hubel demonstrated that visual input during a sensitive period early in life is
critical for development of the visual cortex and vision (12). In this way the developing brain,
adapting to the environment, is thought to maximally facilitate adaptation and survival.

The process of selective pruning, or loss of neurons, their branches and synapses, is at least partly
controlled by the neurotoxic effect of stress hormones like cortisol (13;14). This might explain how
and why childhood psychological traumas, being intensive threatening and stressful experiences,
influence structural developmental brain trajectories that in the end may lead to psychiatric and
somatic pathology (11). Interestingly, It has been suggested that pathology in later life after adverse
childhood experiences might be the result of an in origin adaptive process (11). Being on guard and
hyper vigilant in a threatening situation is an appropriate reaction, however, when the danger is no
longer part of the environment these same phenomena can be the manifestation of an anxiety
disorder or PTSD in later life. The stress hormone cortisol has shown to play a major role in several
psychiatric disorders like depression (15), eating disorders (16) and personality disorders (17).

From a physiological point of view, the neurobiology of adversity is the neurobiology of stress. In the
human body the HPA (Hypothalamus — Pituitary — Adrenal)-axis, or stress-axis, consists of a chain of
hormonal substances produced in and outside the brain where one hormone stimulates the
production of the next and the level of the total chain is regulated by a negative feedback
mechanism. The end product of the chain, cortisol, supports the energy supply necessary for the
stress reaction by stimulating the breaking down of carbohydrates, fat and proteins. It ends the
stress reaction when the trigger for stress has disappeared or has returned below threshold.

During the long phase of development, brain regions can successively increase (in the early stages)
as well as decrease (in adolescence and young adulthood) in size and have their own developmental
pathway in time (10). Therefore, taking into account the developmental stage an individual is in, is
important when studying the neurobiology of adversity. Especially earlier neuroimaging studies with
minors who experienced adversity, however, often have included heterogenous groups of children
as well as adolescents with regard to developmental stage and not taken this into account (18-20).

More recently, gene environment interaction studies have shown the impact of ACE on gene
expression patterns (21). Childhood traumatic experiences are now thought to have a strong impact
on epigenetic patterns via processes like DNA-methylation, histone modification and non-coding
RNA signalling, leading to vulnerability for many psychiatric disorders (22;23). These disorders vary
from psychosis (24), behavioural disorders (25), and eating disorders (26), to alcohol, heroin and
cocaine dependence (27). Through epigenetic mechanisms, vulnerability might even be expressed in
the offspring of trauma survivors. Research suggests that the effect of treatment also can be
transferred to the next generation in this way (22).

1.3 Neurobiology of childhood adversity — neuroimaging

Findings on brain structure and mechanisms related to traumatisation due to ACE are far from
consistent, particularly because of the diversity in studies with regard to developmental stages and
trauma types. While some neurobiological consequences of ACE as shown with neuroimaging , e.g.
decreased volume of the hippocampus, may only become apparent in adulthood (28), other
relationships, e.g. decreased corpus callosum volume, seem limited to childhood (29). Additionally,
due to the heterogeneity in sequelea of trauma, the relationship between adversity related
neuroimaging findings and specific symptomatology is far from clear. Therefore, a review of
neuroimaging research investigating structural brain characteristics of minors that experienced
adversity was clearly warranted.
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Reviews showed that structural changes in the adult brain found to be associated with ACE are
mostly reported in emotion and stress regulating structures, for example the hippocampus in adults
who experienced childhood abuse (28;29) or the medial prefrontal cortex (mPFC) in adults with
childhood emotional maltreatment (30;31). The psychological consequences of trauma, like PTSD,
depression and anxiety disorders, i.e. disorders in the affective spectrum, in adults also are
predominantly associated with abnormalities in these brain regions which are part of the limbic
system or circuit. The limbic system is the affective and alarm circuit in the brain and consists of the
afore mentioned hippocampus and the medial prefrontal cortex (mPFC) and also the amygdala,
thalamus, hypothalamus, basal ganglia, and cingulate gyrus (11). In this circuit the amygdala is
thought to generate emotions (bottom-up) in reaction to external stimuli. The cingulate gyrus, part
of the prefrontal cortex (PFC), exerts a top-down inhibitory control over the emotions by cognitive
processing. The hippocampus, thalamus, hypothalamus and basal ganglia, each have specific related
functions.

At present, much still has to be discovered about the effects of traumatic stress on the developing
brain in juveniles who experienced ACE. Deeper insight in these effects is needed in order to
understand how affected brain structures or circuits play a pivotal role in the pathogenetic
influences of ACE in children (32;33). Knowledge on neurobiological trajectories that lead from
childhood adverse experience to vulnerability for psychiatric and somatic disorders, might help to
know when and how best to intervene or even prevent negative consequences of ACEs. This
ambition formed the foundation of this thesis.

In the empirical, cross-sectional research of this thesis we used various structural neuroimaging
techniques to examine a group of sexually traumatised adolescents and a healthy non-traumatised
control group. For a better interpretation of the findings, we controlled for age and pubertal
development, and try to focus on one type of trauma. So far, neuroimaging studies in traumatised
populations have mainly focussed on specific brain regions, while processes in the brain generally
exert themselves in circuits: several regions interconnecting with another. For this reason, we
planned to study not only grey matter (GM) structure of the cortex of the brain and brain regions,
but also the white matter (WM) tracts of neuron fibers connecting different brain regions.

2. Main research questions of this thesis:

= What are the structural characteristics of the adolescent brain associated with adverse
childhood experiences, specifically childhood sexual abuse?

= |s there a relationship between structural neuroimaging abnormalities and trauma
symptomatology?

3. Methods

First, we conducted a review to get a comprehensive picture of the literature on neuroimaging
results in children, adolescents and young adults with psychological trauma. Next, we executed
three empirical studies with different structural neuroimaging techniques, as part of the EPISCA-
project (see below). The review helped us with the design of our empirical research.

3.1 EPISCA

The studies described in this thesis were part of the EPISCA project: Emotional Pathways’ Imaging
Study in Clinical Adolescents.

The objective of the EPISCA project was to examine the neural emotion circuitry in adolescents aged
12-18 years with anxiety or depressive disorders (i.e., with internalising disorders), with childhood
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sexual abuse, and in healthy non-traumatised controls. The patient groups were compared to
controls with regard to emotion regulating skills and the related structure and function of the neural
emotion circuitry. Participants underwent structural and functional Magnetic Resonance Imaging
(MRI) and performed a face-attention task in a 3T scanner. In the MRI-scanner, the following
sequence was applied: fMRI resting state measurements (7 minutes), fMRI assessment of the face-
attention task (20 minutes), Anatomical scan measurements (10 minutes) and measurement of
white matter characteristics with Diffusion Tensor Imaging (DTI) and magnetic resonance
spectroscopy (MRS ) of the brain (10 minutes). In this thesis, we present the cross-sectional
structural MRl results of the childhood sexual abuse group as compared with the healthy non-
traumatised control group before the start of treatment. In the following paragraph we will only
mention the part of the imaging procedure that is relevant for this thesis.

For the study of the impact of sexual abuse, we included a specific group of adolescents who had
experienced sexual abuse during their lifetime more than once, by one or more perpetrators inside
or outside the family. This group of adolescents with childhood sexual abuse was recruited from the
two Psychotrauma centers for children and adolescents; in Leiden (part of GGZ Rivierduinen) and
Haarlem (KJTC). They were referred for treatment at one of these two psychotrauma centers.
Experienced psychotherapists in these specialised psychotrauma centers obtained the trauma
histories from the adolescents as well as from their caregivers during clinical interviews. To objectify
any abuse or neglect and get an estimate of the severity and impact of problems, as well as the risk
for functional impairment and morbidity, we verified police reports, involvement of child welfare,
and family custody or other child clinical protection measures. Healthy control adolescents were
recruited via advertisements in local newspapers, via the website of the research group of Prof. dr.
Crone (http://www.hersenen-in-actie.nl) and the intranet of Curium-LUMC. We determined puberty
development by the Puberty Development Scale (PDS), a self-assessment questionnaire that is well
validated (35;36). For more details about the behavioural measurements see chapters 3-5.

4. Outline of this thesis

4.1 Review (Chapter 2)

Although childhood psychological trauma is a strong predictor of psychopathology and preclinical
research points to the influence of this type of trauma on brain development, the effects of
psychological trauma on the developing human brain are less known. The aim of the review was to
give an overview of neuroimaging studies in traumatised juveniles and young adults published
before the start of our empirical research. We included studies in young adults in the review as well,
as brain development is known to continue into the third decade of life. Furthermore, by including
young adults we intended to identify developmental differences over time.

4.2 Structural neuroimaging techniques

In order to get a more comprehensive view of brain structure and circuitry in adolescents who have
experienced sexual abuse compared to a healthy not traumatised adolescent group, we studied grey
as well as white matter. Grey matter (GM) consists mainly of the cell bodies of neurons. Structural
connectivity is located in white matter (WM), composed chiefly of long-range myelinated axon tracts
constituting the connection between brain regions, shaping circuitry. The myelin sheets around the
axons make the tissue look white in contrast to the grey colour of the cell bodies.
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4.2.1 Voxel Based Morphometry (Chapter 3)

Voxel Based Morphometry (VBM) is the technique mostly used to study grey matter volume (GMV).
The aim of this study was to investigate abnormalities in GMV in a group of adolescents with PTSD
due to childhood sexual abuse (CSA) and the relationship between GMV and symptom severity.
Using 3T diffusion tensor imaging, we performed a VBM analysis in 21 adolescents with CSA-related
PTSD and 25 matched non-traumatised, non-clinical adolescents. Based on the literature we selected
hippocampus, amygdala, anterior cingulate cortex (ACC), medial PFC (mPFC) and superior temporal
gyrus (STG) as regions of interest (ROIs). Trauma symptomatology was measured with the Trauma
Symptom Checklist for Children (TSCC) and dissociation symptoms with the Adolescent Dissociative
Experiences Scale (A-DES).

4.2.2 Cortical thickness (Chapter 4)

Cortical thickness is a more recently developed imaging analysis technique for studying aspects of
GM. It assesses the thickness of the cortical layer, mostly in combination with surface area. Total
volume is calculated by multiplying cortical thickness with surface area. This technique (the
Freesurfer pipeline in our research) takes into account cortical folding patterns and therefore uses a
specific anatomical segmentation.

The aim of this study was to investigate cortical thickness measures and their relation with clinical
data in the group of adolescents with CSA-related PTSD (N=21) and the healthy non-traumatised
control group (N=21). The ventromedial PFC (vmPFC), ACC, insula, and middle / superior temporal
gyrus were chosen as ROI’s due to their respective roles in emotion and information processing and
based on earlier research. Trauma symptomatology was measured with the TSCC and dissociation
symptoms with the A-DES.

4.23 Diffusion Tensor Imaging (Chapter 5)

WM integrity is studied mostly with Diffusion Tensor Imaging (DTI) technique. In DTI, Fractional
Anisotropy (FA) is a measure for WM integrity and based on the restriction of movement of the
water molecules in the tissue. The architecture of the axons in parallel bundles and their myelin
shield facilitates the diffusion of the water molecules along their main direction.

We examined FA in a group of adolescents with CSA-related PTSD (N = 20) and matched healthy
controls (N = 20). Based on our review we selected a region of interest consisting of the bilateral
uncinate fasciculus (UF), the genu, splenium and body of the corpus callosum (CC), and the bilateral
cingulum. In addition, we performed an exploratory whole brain analysis. Trauma symptomatology
was measured with the TSCC to enable correlational analyses between FA differences and trauma
symptomatology.

= Chapter 2 Review
Neuroimaging in children, adolescents and young adults with psychological trauma

= Chapter 3 Grey matter — VBM
Anterior cingulate cortex grey matter volume abnormalities in adolescents with PTSD after
childhood sexual abuse

= Chapter 4 Grey matter — Cortical thickness
Cortical thickness, surface area and volume in adolescents with PTSD after childhood sexual
abuse

= Chapter 5 White matter — DTI
Abnormalities of white matter integrity in the corpus callosum of adolescents with PTSD after
childhood sexual abuse: a DTI study
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= Chapter 6 Summary and general discussion
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