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Resumo

A esquizofrenia é uma forma de transtorno mental que exerce um impacto substancial no
funcionamento social. Uma das questões predominantes é a dificuldade em reconhecer emoções
faciais, o que está intimamente relacionado com a necessidade frequentemente identificada de
tratamento para abordar a função social inadequada. Estudos recentes sugerem que a oxitocina
pode melhorar a perceção social em indivíduos com esquizofrenia, oferecendo uma possível via
para intervenção terapêutica. No entanto, os resultados desses estudos têm sido inconclusivos,
deixando incerteza sobre quais aspectos da cognição social podem ser melhorados pela oxitocina
e como esta deve ser utilizada terapeuticamente. Este estudo teve como objetivo avaliar o
efeito de uma única administração intranasal de oxitocina na atividade cerebral em indivíduos
com esquizofrenia, utilizando um paradigma de reconhecimento de emoções faciais. Trinta
e cinco utentes elegíveis do sexo masculino, que receberam oxitocina (24 UI) ou placebo, e
vinte e um indivíduos saudáveis do sexo masculino participaram num estudo de sessão única,
pseudo-randomizado, em dupla ocultação e controlado por placebo no Hospital Júlio de Matos
do Centro Hospitalar Psiquiátrico de Lisboa. Foi realizada uma análise de região de interesse
das respostas da amígdala esquerda ao teste de reconhecimento de emoções para comparar as
condições dos medicamentos. Não foram encontradas evidências que sugerissem que a oxitocina
teve um efeito maior na cognição social do que o placebo. Contrariamente a outros estudos, não
foram observadas diferenças estatisticamente significativas na atividade da amígdala em resposta
a rostos felizes e assustados quando induzidos pelo spray intranasal. Não foram detetados
efeitos distintos da oxitocina entre os grupos de pacientes e controlo. Além disso, a oxitocina
intranasal não reduziu a atividade da amígdala em resposta a rostos emocionais em pacientes
com esquizofrenia, nem levou a um aumento significativo da atividade da amígdala em controlos
saudáveis. Estes resultados destacam a necessidade imperativa de novas pesquisas destinadas a
elucidar se a oxitocina possui o potencial para abordar défices na cognição social e/ou mitigar
sintomas negativos em indivíduos com esquizofrenia.

Palavras-chave: Esquizofrenia, Oxitocina, fMRI, SPM, Reconhecimento de emoções.
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Abstract

Schizophrenia is a form of mental disorder that exerts a substantial impact on social func-
tioning. One of the predominant issues is the difficulty in recognising facial emotions, which is
closely linked to the frequently identified need for treatment aimed at addressing inadequate
social functioning. Recent studies suggest that oxytocin may enhance social perception in indi-
viduals with schizophrenia, offering a potential avenue for therapeutic intervention. Nevertheless,
the outcomes of these studies have yielded inconclusive results, leaving uncertainty about which
aspects of social cognition may be improved by oxytocin and how it should be used therapeu-
tically. This study aimed to assess the effect of a single intranasal administration of oxytocin
on brain activity in patients with schizophrenia, using a facial emotion recognition paradigm.
Thirty-five eligible male patients were administered either oxytocin (24 IU) or placebo, and
twenty-one healthy male control subjects participated in a single-session, pseudo-randomised,
double-blind, placebo-controlled study at the Hospital Júlio de Matos of Centro Hospitalar
Psiquiátrico de Lisboa. A region of interest analysis of the responses of the left amygdala to the
emotion recognition test was conducted to compare drug conditions. No evidence was found to
suggest that oxytocin had a greater effect on social cognition than the placebo. Contrary to other
studies, no statistically significant differences in amygdala activity were observed in response to
happy and fearful faces when induced by the intranasal spray. No distinctive effects of oxytocin
were detected between the patient and control groups. Furthermore, intranasal oxytocin did
not reduce amygdala activity in response to emotional faces among patients with schizophrenia,
nor did it lead to a significant increase in amygdala activity in healthy controls. These findings
underscore the imperative necessity for further research endeavours aimed at elucidating whether
oxytocin holds the potential for addressing deficits in social cognition and/or mitigating negative
symptoms in individuals with schizophrenia.

Keywords: Schizophrenia, Oxytocin, fMRI, SPM, Emotion recognition.
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Chapter 1

Introduction

1.1 Contextualisation

Social cognition, although defined in many ways, generally refers to a neurocognitive operation
that underlies social interaction [8]. This intricate mechanism enables individuals to make sense
of various social cues, such as facial expressions, body language, and verbal communication, and
to deduce the emotions, intentions, and mental states of those surrounding them [6]. Specifically,
it pertains to how individuals perceive, process, and interpret social information, encompassing
a range of higher- and lower-order skills [9]. For example, the Theory of Mind (ToM), or mental
state attribution, is a cognitive ability in which mental states, such as thoughts, beliefs, desires,
and intentions, are assigned to oneself and others, to explain, manipulate, and predict behaviour.
Lower-order skills are automatic processes involving fast cue detection and judgement, such
as eye-gaze and emotional recognition [10]. The amygdala emerges as a pivotal central neural
region implicated in orchestrating these intricate processes [11]. Disruptions in these mechanisms
manifest in a spectrum of neuropsychiatric disorders, including but not limited to autism, bipolar
disorder, and schizophrenia (SCZ) [12].

SCZ is marked by both positive and negative symptoms, as well as cognitive impairments [9].
The use of antipsychotics has led to a decrease in the intensity of positive symptoms, such as
paranoid delusions and auditory hallucinations [6]. However, there has not been a significant
reduction in the severity of negative symptoms, which include withdrawal from interpersonal
relationships and anhedonia [6]. These negative symptoms are believed to be an external
manifestation of social cognitive deficits [6]. Consequently, to improve the quality of life of
patients with SCZ, it is essential to comprehend the mechanisms underlying these relationships.

Various hypotheses have been proposed to explain SCZ’s neuropathophysiology, including
the dopamine and serotonin hypotheses. However, research has shown that oxytocin (OT) is a
promising molecule [6]. OT is a neuropeptide hormone that acts as a neuromodulator [13]. It
is released in response to positive social interactions such as physical touch, eye contact, and
nurturing behaviours, and its primary purpose is to promote social bonding and attachment [2].
Recent studies have focussed on the deregulation of the oxytocinergic system in schizophrenia [14].

The primary imaging method favoured by researchers is functional magnetic resonance
imaging (fMRI). This technique provides valuable insights into brain connectivity by measuring
variances in blood flow that correspond to neuronal activity [15, 16]. Real-time acquisition of
images from participant groups is followed by image processing to remove physiological artefacts,
allowing comparisons between different groups [15]. Together with statistical parametric mapping
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(SPM), researchers are able to analyse brain activation in various regions and make inferences
about specific effects of interest.

1.2 Objectives and Hypotheses

This dissertation aims to investigate the relationship between OT and SZC during the
emotional recognition paradigm. For this purpose, three groups were included: SZC patients
who had taken intranasally administered OT (SZC-OT), SZC patients who took placebo (SZC-
PBO), and healthy controls.

We hypothesise that patients administered OT have amygdalar activation in the emotion
recognition task more similar to healthy controls than patients who had taken the placebo
(PBO). Furthermore, we also consider whether OT concentration levels modulate the activation
of specific brain areas in SZC and control subjects.

1.3 Document Structure

This thesis is organised as follows: Chapter 2 touches on the theoretical background neces-
sary for the development of the work; Chapter 3 reviews the literature; Chapter 4 gives us a
detailed description of the methodology, including population description, methods and fMRI
preprocessing data; Chapter 5 presents the results while also discussing them, and Chapter 6
concludes the dissertation with the main conclusions and possible future developments.
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Chapter 2

Background Knowledge

Within the confines of this chapter, a thorough and all-encompassing examination is con-
ducted regarding the fundamental principles that hold the utmost relevance to this dissertation.
Through this meticulous exploration, a more detailed and heightened clarification of the concepts
introduced in the previous Chapter 1 is realised.

2.1 Exploring the Dynamics of Social Cognition: A Comprehen-
sive Analysis

Social cognition is a fundamental part of human psychology, allowing us to comprehend,
interpret, and interact with the social world [6]. It is a multifaceted cognitive domain that
encompasses empathy, ToM, emotion recognition, and attribution, all of which are essential for
the development of meaningful relationships [9].

Social skills start to form as early as 14 months of age and are necessary throughout life.
To create appropriate social interactions, various distinct processes must be employed. These
include the identification of others through facial expressions, gestures, postures, body language,
and voice. This information is then used to create a direct resonance of others’ emotional
states (empathy) and to interpret their observable behaviours (ToM). This lays the groundwork
for three fundamental domains of social cognition: social perception, social understanding,
and social decision-making. These processes are impaired in a number of pathologies, such as
neuropsychiatric disorders (e.g. SCZ), leading the DSM-5 (Diagnostic and Statistical Manual of
Mental Disorders, 5th Edition) to recognise social cognition as an essential factor for the social
engagement of many individuals [12].

2.1.1 The Face Emotion Recognition Paradigm: Mechanisms and Applica-
tions

Facial expressions are of great importance as visual signals for humans, and their associated
emotions significantly shape our perceptions, decisions, and interactions [17]. The capacity to
recognise and understand emotions, both in ourselves and others, is a key factor in successful
communication and meaningful social interactions. In this context, the task of face emotion recog-
nition is a multidisciplinary paradigm that evaluates social cognition by assessing an individual’s
ability to identify emotions expressed through static images or dynamic facial expressions [18].
Professor Paul Ekman’s compilation known as "Ekman’s Faces", includes the representation
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of six basic emotions: disgust, anger, fear, surprise, sadness, and happiness. These emotions,
which all humans can identify and express regardless of their sociocultural background [12], are
designed to provide varying levels of difficulty and to cover the range of potential deficits. They
are presented in a range of intensities and in a variety of experimental settings [19]. However, the
available evidence on the interaction between cultural norms and facial expression processing,
as well as the interpretation of emotions, supports the “interactionist perspective”, which takes
into account the combined influence of biological and cultural factors [12].

Research efforts applying face emotion recognition techniques are characterised by a certain
degree of heterogeneity due to various methodological factors. However, these studies suggest
that the ability to detect socially relevant information does not depend on localised neural
regions. Instead, it relies on a complex neural network that processes social cues and connects this
knowledge to areas of the brain responsible for motivation, emotion, and adaptive behaviours [19].
These regions, including the amygdala, prefrontal cortex, and insula, work together to interpret
facial expressions, vocal tones, body language, and contextual clues to identify emotional states.

2.2 The Amygdala: Unravelling the Key Enigma of Emotional
Processing

Nestled deep in the temporal lobe of the brain, the amygdala has emerged as a critical hub
for processing emotions, memories, and responses to environmental stimuli [20]. Its intricate role
in shaping human behaviour and the complex interplay between cognitive and affective processes
has made it a focal point of study in neuroscience.

The amygdala, composed of almond-shaped clusters containing 13 nuclei collectively known
as the Amygdaloid Complex (AC), is situated bilaterally and symmetrically within the medial
temporal lobes. These nuclei are categorised into three groups: deep or basolateral, cortical-like,
and superficial or centromedial, shown in Figure 2.1. Additionally, the various nuclei within the
AC are intricately interconnected with various brain regions, encompassing the prefrontal cortex,
hippocampus, and sensory processing areas. This extensive connectivity facilitates the amygdala
in orchestrating a wide range of emotional and cognitive responses based on sensory input and
past experiences [21].

As mentioned above, at the core of its functioning, the amygdala’s role is in processing emo-
tions, particularly fear and threat detection. Incoming sensory information from the environment
is rapidly relayed to the amygdala, which then assesses the emotional significance of the stimulus.
In instances of potential danger, the amygdala triggers the "fight-or-flight" response, mobilising
the body to respond appropriately to threats [22]. Furthermore, the amygdala also plays a role
in social-emotional processing. It aids in interpreting facial expressions and other non-verbal
cues, contributing to the perception of emotions in oneself and others. In particular, the recog-
nition of primary facial expressions transcends cultural boundaries and is uniformly recognised
across diverse cultures around the world. However, nuanced assessment of the intensity of these
expressions depends on the cultural context [23].

Deficits in amygdala function can impair social interactions and emotional comprehension,
as observed in conditions such as SCZ. Studies have demonstrated that individuals with SCZ
often exhibit altered amygdala activity and connectivity, which may contribute to difficulties
in recognising emotions and navigating social situations [24]. Understanding the intricate role
of the amygdala and its implications for conditions like SCZ provides valuable insights into the
underlying mechanisms of social cognition and emotional processing.
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Figure 2.1: Localisation of amygdala activation foci and regions exhibiting statistically significant activa-
tion density is depicted in axial (z = -12) and coronal (y = -4) slices within the Talairach space. Each
activation focus is symbolised by a red. The green boxes mark the Region-of-Interest (ROI), outlining
the outermost coordinates of amygdala tissue as defined in the Talairach and Tournoux Atlas. The
accompanying images on the right showcase regions with a statistically significant density of activation
peak occurrences. Adapted from [1].

2.3 Schizophrenia: Dissecting the Complexities of a Multifaceted
Disorder

Schizophrenia is a perplexing mental disorder affecting around 1% of the world’s population.
It places a significant weight on the patient, due to the high costs of hospitalisation and medical
care, as well as psychological impairments such as depression, cognitive deficits, and social
dysfunction. This collective burden further contributes to their disproportionate presence in
homeless communities [25].

The DSM-5 is used by mental health professionals to diagnose, classify, and recognise various
mental health conditions. According to the DSM-5, schizophrenia is diagnosed when the patient
exhibits two or more of the five unique symptoms linked to psychotic disorders, such as delusions,
hallucinations, or disorganised thinking, shown in Table 2.1. These symptoms must be active
for at least one month and the overall duration of the disease must be at least six months [26].

Even though brain development abnormalities associated with schizophrenia may begin
during the prenatal period, it is not commonly observed in childhood, with an incidence rate
lower than 0.04% [27]. Generally, schizophrenia tends to emerge during late adolescence or early
adulthood, with slightly later onset in women [28].

The prevailing pharmacological approach to treating schizophrenia is antipsychotic medi-
cations. These medications can be divided into two categories [29]: typical or first-generation
antipsychotics (FGAs), and atypical or second-generation antipsychotics (SGAs). Both cate-
gories of medications inhibit the functioning of the dopamine D2 receptor (DRD2), resulting in
a reduction in positive symptoms. Even though there are no significant differences in efficacy
between the two categories, FGAs are more related with extrapyramidal side effects, namely
dystonic reactions and Parkinsonian symptoms. On the other hand, SGAs correspond to a

5



heightened risk of inducing weight gain and metabolic disruptions. This difference in adverse
effects may be explained by the fact that FGA tends to linger longer on DRD2, whereas SGA
acts on other receptors, including the serotonin 2A receptor [5]. As mentioned in Chapter 1
Section 1.1, there has been no significant reduction in the severity of negative symptoms by any
class of antipsychotics [6].

Symptom Cluster Clinical Examples

Delusions
Positive Symptoms Hallucinations

Disorganised speech

Avolition
Negative Symptoms Anhedonia

Alogia

Depression
Affective Symptoms Anxiety

Affective flattening

Attention
Cognitive Symptoms Memory

Executive function

Table 2.1: Symptom Clusters and Clinical Examples in Schizophrenia. Adapted from [5].

2.3.1 Deciphering Social Cognition Impairments in Schizophrenia

Research has indicated that individuals with SCZ have a deficit in social cognition, which
includes difficulty recognising expressions, emotions, and intentions. This can have a negative
impact on their social, professional, and personal lives [30]. Therefore, these components of
social cognition are essential to consider when providing psychosocial rehabilitation for people
with SCZ [31].

It has been observed that although most patients understand the general aspects of social
interactions, those with low functioning, who have more severe impairments in social cognition,
have different levels of functioning, symptoms, and non-social cognition compared to those with
high functioning [30].

Most of the research on SCZ has focused on ToM, emotional processing, and attributional
biases. On the contrary, investigations of social perception and knowledge have been limited and
have used different methods. People with SCZ have been found to have reduced performance in
contextual fluency, interpretation, and following social conventions, but this is not necessarily
correlated with the severity of their symptoms [31].

When using facial affect perception tasks and single-person video scenarios with various
facial expressions, vocal intonations, and body gestures, it was found that those classified as
high-functioning still had social perception abilities, while those considered low-functioning did
not [32]. Another study showed that people with SCZ can use available contextual cues to
understand ambiguous facial expressions [33].
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2.4 Oxytocin: The Peptide Hormone’s Physiological and Psy-
chological Significance

The term "Oxytocin" originated from Greek words meaning "quick birth", following the
observation of its uterine-contracting properties [34]. Since then, OT has been described as the
"bonding hormone" due to its involvement in social behaviour, reproductive function, and even
psychological states [2].

OT is a hydrophilic cyclic hormonal neuropeptide, composed of nine amino acids with a
sequence of Cys–Tyr–Ile–Gln–Asn–Cys–Pro–Leu–GlyNH2 (illustrated in Figure 2.2) [6]. It has
a sulphur bridge between the two cysteines, which is similar to the arrangement of another
nonapeptide, vasopressin (AVP). The OT gene is located on the same chromosome as AVP -
chromosome 20 - yet its transcriptional direction is opposite in humans. Both are characterised
by three exons and two introns, exhibiting a notable degree of similarity. Separating these two
genes is an intergenic region (IGR). Currently, OT is known to have only one receptor (OTR)
that falls within the rhodopsin-type (class I) G protein-coupled receptor (GPCR) family, and its
coupling with phospholipase C occurs through Gαq11 [14, 35].

Synthesised primarily in the hypothalamus and subsequently released by the posterior pitu-
itary gland into the bloodstream, where it engages with its receptors in both the peripheral and
central nervous systems, OT is subject to precise regulation by a variety of factors. It is predom-
inantly produced within magnocellular neurosecretory neurones located in the paraventricular
(PVN) and supraoptic (SON) nuclei. After synthesis, oxytocin is transported and stored in
axon-terminal Herring bodies before being discharged into circulation via the neurohypophysis.
This orchestration leads to peripheral effects, such as parturition and lactation [6]. Moreover,
OT’s influence extends to dendrites, where it governs its own release and maintains control over
neuron firing patterns. In addition to its central role, smaller parvocellular neurons in the PVN
and specific brain structures like the bed nucleus of the stria terminalis (BNST), medial preoptic
area, and lateral amygdala contribute to localised release within the brain [2].

Numerous studies have established a link between OT levels and behaviour [36]. This hormone
has the ability to enhance social recognition and reduce autonomic and endocrine stress, thus
facilitating prosocial behaviour. While OT is associated with various "non-social" behaviours,
including learning, anxiety, feeding, and pain perception, its roles in diverse social behaviours
have garnered recent attention. OT plays a crucial role in social memory and attachment, sexual
and maternal conduct, as well as aggression. Recent research has also implicated OT in human
bonding and trust. Furthermore, OT expression could potentially be involved in human disorders
characterised by atypical social interactions, such as autism and SCZ [2].
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Figure 2.2: Diagram illustrating the gene structures of OT and AVP (indicated by prominent arrows),
their corresponding preprohormones (enclosed in boxes), and the resultant neuropeptides (depicted at
the bottom). Human chromosomal positions are displayed in the upper section. Both genes comprise
three exons, denoted by small blue arrows, and are interspersed by two introns (represented as dashed
lines connecting the exons). Despite residing on the same chromosome, these genes exhibit opposing
transcriptional orientations and are demarcated by an intergenic region (IGR). The length of this IGR
varies among species. Within the preprohormones, each component includes a signal peptide (SP), a
neuropeptide (AVP or OT), and a neurophysin (NP), with the addition of a glycopeptide (GP) in the
case of AVP. Protein processing signals are depicted as bold lines. Cysteine residues interact to form a
disulfide bond, resulting in a cyclic six-amino acid ring structure in both neuropeptides. Notably, seven
out of the nine amino acids remain consistent in the neuropeptides, while two differ (highlighted in red).
Adapted from [2].

2.4.1 Oxytocin in Schizophrenia Behaviours

Over the years, research into the relationship between SCZ and OT has grown, providing
insight into their connection. Both preclinical and clinical studies have suggested that oxytocin
is involved in SCZ [14]. It has been observed that adult males with paranoid SCZ have higher
cerebrospinal fluid (CSF) OT levels, and patients with SCZ, particularly those taking neuroleptics,
have increased plasma OT levels [37]; however, not all studies agree [38]. Recently, it has been
proposed that higher plasma OT levels in patients with SCZ may be due to a compensatory
response to reduced sensitivity of OTRs to circulating hormone levels [14].

Individuals with SCZ often exhibit deficits in sensorimotor gating, such as the phenomenon of
prepulse inhibition (PPI) of the startle reflex. This process involves the reduction of the reflexive
response to a robust sensory stimulus due to the presence of a weaker sensory stimulus that
precedes it. This gating mechanism serves as an attentional filter, allowing the individual to focus
on pertinent information [2]. Studies have shown that OT can improve PPI disruption caused
by drugs such as dizocilpine (a non-competitive N-methyl-D-aspartate (NMDA) antagonist) and
amphetamine (an indirect dopamine agonist) [39].

Beyond its PPI effects, chronic administration of phenylcyclohexyl piperidine (PCP) produces
social deficits and reduces OT binding in the hypothalamus. Conversely, it increases OT binding
in the central nucleus of the amygdala (CeA). Interestingly, bilateral OT administration to CeA
effectively reverses the social deficits arising from PCP. Furthermore, among individuals with
SCZ, plasma OT levels are positively correlated with their ability to discern facial emotions,
further linking OT with the social aspects of SCZ [2].

OT has demonstrated the potential to enhance social perception among individuals with
SCZ [40]. Nevertheless, there remains an ongoing investigation into the precise impact of OT on
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the neural activity underlying facial emotion recognition in the context of SCZ. This research
promises to shed further light on the intricate interplay between OT and the cognitive and social
deficits observed in this disorder, potentially opening avenues for novel therapeutic approaches.

2.5 Functional Magnetic Resonance Imaging: A Window into
Brain Function

Functional Magnetic Resonance Imaging (fMRI) stands as a pivotal tool in modern neuroimag-
ing, offering an unparalleled view into the functioning of the human brain [15]. This non-invasive
technique has revolutionised the field of cognitive neuroscience by allowing researchers to visualise
and comprehend brain activity during various tasks, emotions, and states of consciousness [41].
This is achieved primarily by leveraging the blood oxygenation level-dependent (BOLD) contrast
mechanism, which effectively detects the increased local oxygenation that accompanies neural
actions. These oxygenation shifts stem from fluctuations in blood flow and volume [16,42]. fMRI
boasts remarkable spatial resolution, albeit at the cost of temporal resolution, while excelling in
its ability to reveal subtle soft tissue distinctions [41]. This proficiency offers invaluable insights
into the neural networks that underlie intricate cognitive processes.

2.5.1 Foundations of Magnetic Resonance Imaging

fMRI is a specialised form of Magnetic Resonance Imaging (MRI) that focusses on the
particular regions of the brain responsible for controlling essential functions. Its fundamentals
are based on the wider MRI technology [43]. MRI is an imaging technique that produces a map
of the hydrogen nuclei (1H) in different tissues [43]. These nuclei, mainly found in water and
lipids in the body, have a property known as nuclear spin angular momentum. When exposed
to a strong and unchanging magnetic field (B0), these nuclear spins divide into two distinct
energy levels: a lower state (parallel alignment to B0) and a higher state (antiparallel alignment
to B0), changing their energy state and eventually creating a map [43]. Notably, an excess of
protons accumulates in the lower energy state. These spins then rotate around the B0 direction
(also described as precess), with a frequency of rotation (Larmor frequency) proportional to the
strength of B0 [43]:

ω0 = γB0 (2.1)

Here, γ is the gyromagnetic ratio, which remains constant for certain nuclei. Protons
have the ability to both absorb and emit radiofrequency (RF) energy, a process activated by
the application of an external magnetic field (B1) orientated perpendicular to the static field
B0. These energy absorption and emission leads the protons to transition to higher or lower
energy states, respectively. The total magnetic moments of all protons, referred to as net
magnetisation, cause fluctuations in voltage within a wire coil [41]. This received signal, named
the "free induction decay," oscillates at frequency ω0 and decreases with time due to transverse
relaxation [44].

The particles reside in a three-dimensional (3D) space distribution around B0 (longitudinally),
where precession also occurs. Upon the application of the RF pulse, the net magnetisation shifts
to the transverse direction. Following the cessation of the RF pulse, the nuclei revert to an
equilibrium ratio through longitudinal regrowth and transverse relaxation. The energy decay
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manifests itself in two forms: spin-lattice decay (characterised by the time constant T1) and
spin-spin decay (marked by the time constant T2). The values of these time constants vary
depending on the types of particles and the characteristics of the surrounding material [45]. For
example, the values vary based on tissue properties, enabling tissue differentiation.

Transverse relaxation is practically characterised by T2
* values, which take into account

differences in the magnetic field throughout the human body, leading to a faster decrease in
signal. These discrepancies come from the non-uniformity of the magnetic field created by the
magnet over the body and are affected by the distinct magnetic susceptibilities of various tissues.
Changes in T2

* have an effect on the magnetic resonance signal and are especially useful for
recognising changes in brain hemodynamics caused by neuronal activity [41].

2.5.2 Fundamental Principles of BOLD Signal Dynamics

fMRI is typically obtained using the Blood Oxygenation Level-Dependent (BOLD) contrast
mechanism, which provides an indirect measure of neuronal activity [42]. This technique relies
on the different magnetic susceptibilities of haemoglobin, depending on whether it is oxygenated
(Hb) or deoxygenated (dHb); Hb is a diamagnetic molecule, whereas dHb has paramagnetic
properties [46].

In regions where the number of Hb molecules exceeds the number of dHb molecules, the
magnetic resonance (MR) signal will increase. This phenomenon is due to the diamagnetic nature
of the molecules, which causes them to repel magnetic fields, while paramagnetic molecules exhibit
an attraction to the magnetic field. Thus, upon activation of brain regions, there is a simultaneous
increase in metabolic demand, cerebral blood flow (CBF), and volume. As blood flow provides
an oxygen surplus beyond the requirements for neuronal activity replenishment, a localised rise
in Hb concentration occurs in contrast to the surrounding tissue, leading to an augmentation of
the MR signal [47]. This phenomenon is elucidated by the correlation between elevated blood
oxygenation (resulting in decreased dHb levels) and subsequent increase in T2 and T2

*, which
ultimately results in a subtle signal enhancement in T2 and T2

*-weighted images [48,49].

2.5.3 The Hemodynamic Response Function: Neural Activity’s Blood Flow
Signature

The hemodynamic response function (HRF) represents the temporal trajectory of the BOLD
response ensuing the instigation of neuronal activity. Two vital aspects of the HRF demand
attention when conducting an fMRI analysis.

In contrast to neuronal activity, the hemodynamic response is slow-paced, with neuronal
activity typically lasting a few milliseconds, whereas the hemodynamic response lasts 12-18
seconds. The BOLD response may commence with a negative dip, manifesting approximately
1 to 2 seconds following the stimulus. This dip is related to oxygen consumption prior to any
shifts in CBF and blood volume [50]. Subsequently, a peak emerges around 4 to 6 seconds after
stimulation, with its magnitude reflecting the extent of neuronal activity within the tissue [16].
Following this peak, a post-stimulus undershoot could occur, spanning up to 20 seconds post-
stimulus and culminating in a return to baseline.

Furthermore, the connection between the BOLD response and neuronal activity adheres to
the characteristics of a linear and time-invariant (LTI) system [43]. This signifies that should
a neural response undergo a scaling factor of a, the BOLD response will undergo an equivalent
scaling by the same factor a [43]. Similarly, if the neural response experiences a delay of b
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seconds, the BOLD response will exhibit a corresponding delay of b seconds. This feature
facilitates the prediction of the BOLD response following a specific neural reaction through the
convolution of the stimulus time series with an HRF [43]. In the context of fMRI analysis, the
canonical HRF is commonly employed, namely the double gamma HRF. This HRF is rooted in
the linear combination of two gamma functions, as illustrated in Figure 2.3 [51]. Its mathematical
formulation is expressed as:

h(t) = A

(
(tα1)−1 · βα1

1 · e−β1t

Γ(α1) − c
(tα2)−1 · βα2

2 · e−β2t

ΓΓ(α2)

)
(2.2)

where

Γ(n) = (n − 1)!(n > 0) (2.3)

α1, α2, β1, β2, and c are pre-established, whereas A represents the undisclosed amplitude
and Γ(n) signifies the gamma function [3]. The initial peak is influenced by the first gamma
function, whereas the post-stimulus undershoot is modulated by the second.

Figure 2.3: The canonical HRF is convolved with five stimulus functions of varying durations (ω), resulting
in the illustration above. This visual representation highlights differences in time-to-peak and width,
which are influenced by changes in duration. Adapted from [3].

2.5.4 Statistical Parametric Mapping: Revealing Patterns in Neuroimaging
Data

Statistical Parametric Mapping (SPM) is a popular analytical technique for functional imag-
ing studies, particularly those related to regional brain activation [52]. It involves the development
of spatially extended statistical procedures to test hypotheses about localised effects in certain
areas [53]. An SPM is an image composed of voxels that are similar to 3D pixels [52]. These voxel
values are distributed based on a known probability density function under a null hypothesis,
usually using the Student’s T or F tests. They are also informally referred to as T- or F-maps.
The success of SPM relies on the individual analysis of each voxel using a conventional statistical
test, which is used to determine if a given voxel’s time-series shows a systematic association
with an explanatory variable. The parameters estimated individually are then combined into an
image known as a statistical map [54].

Statistical Parametric Mapping (SPM) combines the General Linear Model (GLM) and
Gaussian Random Field (GRF) theory to analyse and draw conclusions from continuous data.
The GLM is used in identifying the parameters that explain the data, while RFT is employed
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to address the issue of multiple comparisons when all voxel data are combined into a statistical
map. This is done by adjusting the p-values for the search volume [54].

2.5.4.1 Delving into Analysis: The General Linear Model Perspective

Examining imaging data requires the separation of observed neurophysiological reactions
into relevant components, confounding elements, and error terms. This procedure also includes
the calculation of variance for each of these divisions, allowing the derivation of conclusions
about the desired effects [54]. GLMs have a wide range of uses in various types of analysis, such
as multiple regressions, one-sample t-tests, two-sample t-tests, analysis of variance (ANOVA),
and analysis of covariance (ANCOVA). When concentrating on a single voxel, the GLM can be
expressed in matrix form as:

y = Xβ + ϵ (2.4)

The observed response, denoted as the column vector y (with a scan length), is the result
of a linear combination involving explanatory variables, often design effects or confounding.
These variables are integrated into a design matrix X (with dimensions scans×design variables).
Accompanying this, there is an error vector ϵ (with a length equivalent to scans), which constitutes
an independently and identically distributed Gaussian random component [54]. Each column
within the design matrix is referred to as an explanatory variable, a regressor, or a covariate.
The proportional impact of each of these columns on the observed response is represented in the
column vector β (with a length corresponding to the design variables). These coefficients are
derived through the use of a least squares method for estimation. Since explanatory variables
can be categorised into design effects and confounders, a similar rationale is applied in defining
the values β. The inferred variance of the parameter estimates is utilised to draw conclusions
about them.

2.5.4.2 Statistical Inference: Drawing Meaning from Neuroimaging Data

An SPMT offers a means of assessing the null hypothesis that a specific linear combination,
commonly referred to as a contrast, results in a value of zero for the estimates. The T statistic
is computed by dividing the contrast or compound (determined by contrast weights) of the
parameter estimates by the standard error of that compound. These contrasts enable the
estimation of signal magnitudes concerning a singular condition, the disparity in magnitude
between two conditions, or the collective magnitude average of multiple conditions. An SPMF
facilitates the examination of the null hypothesis, where a matrix of contrast weights, comprising
a composite of various T contrasts, equals zero. Each row in this matrix corresponds to one of
the multiple simultaneous tests intended for evaluation [54].
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Chapter 3

Literature Review

3.1 Social Behaviour in Healthy Controls: Oxytocin Impact

Investigations into the neural correlates of OT’s effect on human social cognitive processes
have been conducted through pharmacological fMRI studies. These studies discussed in this
section, have followed double-blinded, placebo-controlled procedures, with all participants being
male. Subjects were administered IN-OT at a dose of 24 to 32 IU [55].

The focus of these studies has been on the amygdala, as it plays a key role in human social
cognition, particularly in the interpretation of facial expressions [56], and there is evidence of OT
release and binding to the amygdala [57]. Animal studies have also suggested that the activation
of OT receptors in the amygdala is related to the role of OT in social cognition, particularly in
conspecific recognition [58].

In a pivotal study, subjects underwent an fMRI session under OT and placebo conditions
while participating in a facial matching task that involved expressions of fear or anger. OT was
found to reduce left amygdala activity when the subjects were exposed to negative emotional
expressions on their faces. Furthermore, a reduction in the coupling between the amygdala and
the brain stem was observed, which is critical for fear reactions [59]. This study established a
crucial role for the amygdala in mediating OT’s influence on social behaviour.

In a subsequent investigation, researchers expanded their focus to include positive-valence
(happy) facial stimuli, broadening the scope beyond negative stimuli. OT was found to reduce
amygdala reactivity to fearful and angry faces, as well as attenuate right amygdala activity asso-
ciated with processing happy faces compared to neutral faces, suggesting that OT could reduce
arousal to affective social stimuli in general by modulating amygdala activity [60]. However,
laterality-specific effects have been observed, with OT reducing amygdala reactivity to happy
faces mainly in the right hemisphere [60] and increasing amygdala activity primarily in the left
hemisphere [4].

In general, these studies have provided insight into how OT influences neural activity during
various aspects of social emotion processing through observation. However, it is important to
note that human social interactions are heavily based on the information we acquire during
interpersonal exchanges [61].
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3.2 Social Behaviour in Schizophrenia: Oxytocin Impact

This dissertation builds on the findings of a previously conducted study [4] by incorporating
individuals diagnosed with SCZ as an additional study population.

3.2.1 Endogenous Oxytocin

Animal models of schizophrenia have demonstrated that increasing endogenous OT levels
can produce antipsychotic-like effects. For example, these treatments have been shown to reverse
prepulse inhibition deficits induced by substances such as amphetamines [36]. Interestingly,
individuals with SCZ often exhibit altered endogenous OT levels [62]. Generally, endogenous
levels of OT in patients with SCZ tend to be lower compared to those of the healthy population [6],
although conflicting findings have been reported in some studies [63–66].

Notably, research suggests that higher endogenous OT levels in patients with SCZ are
associated with improved facial emotion recognition and social cognitive functioning [6]. On the
contrary, lower endogenous OT levels have been predictive of poorer social cognitive functioning
and deficits in the self-integration and metacognition domains [66,67]. Furthermore, endogenous
OT appears to affect nonsocial cognitive deficits, with lower levels associated with impaired
processing speed and working memory [68,69].

In general, OT appears to play a complex role in the pathophysiology of SCZ, affecting
various symptom domains and cognitive functions. More research is needed to fully elucidate
the mechanisms underlying these relationships.

3.2.2 Intranasal Oxytocin

In addition to studies that implicate endogenous OT in the pathophysiology of SCZ, there
has also been progress in identifying the administration of IN-OT as a potential treatment option.
Studies have been conducted that examine the effects of OT on the neural response to facial
expressions in patients with SCZ [6].

For example, a single dose of 24 IU of IN-OT improved the ability of patients with SCZ
to recognise most of the emotions presented to them [70]. Similarly, studies investigating fear
recognition reported positive results [6,71,72], although some did not show significant differences
between patients with SCZ and healthy controls [73]. It has also been explored whether 10 or
20 IU of IN-OT could reverse discrimination of impaired facial affect in patients with SCZ [72].
In particular, emotion recognition decreased in patients with SCZ after 10 IU of IN-OT, as they
showed an increased tendency to identify all emotions, regardless of their actual presentation.
On the other hand, emotion recognition improved after 20 IU of IN-OT in polydipsic patients
compared to non-polydipsic patients [36].

Additionally, a single dose of IN-OT has been shown to enhance patients with SCZ per-
formance in various cognitive social tasks, including deception detection, sarcasm recognition,
emotion identification, and empathy [7]. Furthermore, it has been demonstrated to reduce both
positive and negative symptoms in patients with SCZ [74].

Moreover, research has revealed IN-OT’s ability to decrease amygdala activity in response
to fearful emotions and increase in response to happy faces in patients with SCZ [6, 40]. In
most studies with positive outcomes, IN-OT was administered at doses of 10 to 40 IU, except
for a study by [71]. These results imply that OT has a differential modulatory effect on the
amygdala responses to emotional faces when comparing patients with SCZ with healthy individ-
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uals. However, several studies failed to demonstrate significant improvements in facial emotional
recognition following OT treatment [75–77]. These studies are summarised in Table 3.1.

Study Design and Dosing Population Results

Averbeck et
al.

2011 [70]

dbRCT, crossover, 24
IU, single dose

21 SCZ OT improved the ability
of patients to recognise

most emotions

Cacciotti-
Saija et al.
2015 [75]

dbRCT, 24 IU twice
daily, 6 weeks

52 SCZ Nonsignificant facial
emotion recognition task

Davis et al.
2013 [73]

dbRCT, 40 IU, single
dose

24 SCZ OT did not improve
overall social cognition

Gibson et
al.

2014 [71]

dbRCT, 24 IU twice
daily, 6 weeks

14 SCZ OT group increased fear
recognition and

perspective-taking

Goldman et
al.

2011 [72]

dbRCT, crossover, 10
IU or 20 IU, single dose

13 SCZ, 5 PS, 8 NPS, 11
CTL

Emotional recognition
decreased with 10 IU;
improved with 20 IU

around fear recognition
in PS vs NPS

Horta de
Macedo et

al.
2014 [76]

dbRCT, crossover, 48
IU, single dose

28 SCZ, 20 CTL Nonsignificant facial
emotion task

Shin et al.
2015 [40]

dbRCT, crossover, 40
IU, single dose

16 SCZ, 16 CTL OT decreased amygdala
activity for fearful

emotion and increased
for happy

Strauss et
al.

2018 [77]

dbRCT, 36 IU twice
daily, 24 weeks

62 SCZ Nonsignificant facial
emotion recognition task

Table 3.1: Intranasal oxytocin treatment studies in patients with schizophrenia: effects on cognitive
deficits. Adapted from [6,7].

15



Chapter 4

Materials and Methods

This chapter covers the sample description and the methods adopted. Section 4.1 provides
more demographic information about the sample data. Section 4.2 details the experimental
protocol, as well as the fMRI paradigm. Section 4.3 outlines the methods of image acquisition.
Finally, Section 4.4 explains the statistical analysis procedures.

4.1 Sample Description

Participants were recruited from the Instituto de Biofísica e Engenharia Biomédica (IBEB),
University of Lisbon, at Hospital Júlio de Matos of Centro Hospitalar Psiquiátrico de Lisboa
(CHPL). A prior study conducted by IBEB had already documented the demographics of the
same sample used in this dissertation [78]. The research was approved by the CHPL review
boards (Ref. CES005/2020) and endorsed by its scientific committee (Ref. CCP0031/2020).
Data collection took place from June 1, 2020, to January 31, 2021, with all participants providing
informed consent.

The inclusion criteria were men, native Portuguese speakers, right-handed, between 20 and
55 years old, with at least 4 years of education and a confirmed diagnosis of a psychotic disorder
according to the International Classification of Diseases – 10th version (ICD-10), specifically
SCZ (F20), persistent delusional disorder (F22), or schizoaffective disorder (F25), for at least
2 years and not before the age of 15. Participants were required to maintain a consistent
psychiatric medication regimen for a minimum of 6 weeks and consent to blood samples, drug
administration, and fMRI brain scanning. Additionally, as part of the preparation for the
experiment, participants were instructed to abstain from alcohol and nicotine consumption for a
period of 12 hours prior to the start of the study.

Exclusion criteria included recent hospitalisations related to psychiatric disease within the
previous 2 months, use of illicit drugs within the past month, weekly alcohol consumption
exceeding 28 units, prior diagnosis of significant neurological, hormonal, liver, gastrointestinal,
infectious, cardiovascular, renal, or hematologic conditions, as well as a diagnosis of pervasive
developmental disorders (ICD-10, F80-F89), colour blindness, history of traumatic brain injury
with loss of consciousness, seizures, or premature birth (before the 37th week of gestation).

Initially, 64 participants were included in this project, however, 4 were excluded for being
left-handed, 1 for excessive movement during preprocessing, and 3 for motion with a mean
framewise displacement (FD) of 0.5mm or higher. For the statistical analysis, this left us with
56 subjects divided into three groups:
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• Group 1 patients with SCZ who self-administered PBO (n=17);

• Group 2 patients with SCZ who self-administered IN-OT (n=18);

• Group 3 composed of healthy controls (n=21), with no history of mental illness, who
self-administered PBO.

It is known that one group of patients with SCZ received PBO, while the other received OT.
However, as will be elaborated on later, the specific allocation remains undisclosed to avoid any
influence on the analysis.

4.2 Experimental Protocol

As discussed in Chapter 3, our project methods are similar to those of a previous study [4].
This was a double-blind, pseudo-randomised, placebo-controlled study, in which participants
belonging to the SCZ-OT group received a single dose of 24 IU of OT (administered by Syntocinon
spray, with three puffs per nostril, each containing 4 IU of Oxytocin), while the rest of the
participants, SCZ-PBO and healthy controls, received a PBO spray containing all inactive
components except the actual neuropeptide.

Previous research has shown that intranasally applied neuropeptides can cross the blood-
brain barrier, providing a means to study the effects of OT on brain function [79]. OT or PBO
was administered to participants approximately 45 minutes before the fMRI scan session, as
OT levels of the central nervous system tend to stabilise around 40 minutes after substance
administration [80]. The entire functional neuroimaging session did not exceed a duration of 13
minutes.

4.3 Imaging

4.3.1 Emotion Classification Paradigm

Participants performed a face emotion recognition task in which a male or female face
expressing fearful, neutral, or happy emotions was presented in a pseudo-randomised and coun-
terbalanced sequence in each of the three experimental sessions. The task required subjects to
identify the emotion displayed on the screen, using their left thumb to answer fearful, the right
thumb to answer neutral, and the right index to answer happy.

This event-related approach is different from the conventional "block design" method, in
which the three face types are segregated into three distinct block sessions. In our approach,
all face types are intermingled, and each individual trial is modelled. These ‘event-related’ and
‘pseudo-randomised’ trials give the impression of randomness, but the predetermined sequence
for mixing emotions is actually preplanned in advance. There are four unique trial sequences,
ensuring that no identical emotion or alignment is displayed consecutively more than three times
and that the combination of the same emotion and alignment doesn’t occur more than two times
in a row, as shown in Figure 4.1.
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Figure 4.1: Schematic representation of 4 pseudo-randomised sequences balanced between groups and
drugs. Emotion denotes the facial expression shown on screen (H, happy in yellow; N, neutral in grey; F,
fearful in red) and Alignment is the main area focussed (E, eyes in light blue; M, mouth in green).

The experimental task used a fully crossed 3×2 within-subjects design, incorporating the
variables of emotion and initial fixation. An fMRI session starts with 5 dummy scans to
ensure that the magnetic field reaches a steady state before data acquisition. These scans
were subsequently excluded from our calculations. Following the initial fixation cross (lasting 1
to 2 seconds), a facial image was displayed for 150 milliseconds. Subsequently, a blank screen
persisted for 1,850 milliseconds, succeeded by a variable interstimulus interval, which could have
a duration interval of from 2 to 9 seconds, during which participants could accurately identify
the displayed emotion. This was succeeded by another fixation cross, maintained for a randomly
determined period of 2 to 6 seconds (Figure 4.2). For precise regulation of the initial fixation,
an unpredictable adjustment was implemented for half of the male and female stimuli associated
with each emotional expression. This adjustment entailed shifting the stimuli either upward
or downward on a per-trial basis, aligning the eyes or mouth with the position of the fixation
cross. Neither the same emotion nor the same alignment was presented more than 2 times in
succession.

Explicit decision-making was required in only 10% of the trials. During these trials, a
screen displayed up to three words ("afraid," "neutral," and "happy") in the centre of the screen.
Participants had a time limit of 3 seconds to respond. When they responded, a green square was
drawn around their choice and remained for the remaining time within the 3-second limit. This
explicit decision task was presented in only eight trials to introduce an element of unpredictability.

Figure 4.2: Schematic representation of the face valence design.

4.3.2 Image Acquisition

Data acquisition was performed using a Siemens Skyra 3T MRI system located at the CUF
Tejo Hospital, employing a specialised 32-channel head coil for enhanced sensitivity and precision.
The data collection process acquired a total of 403 volumetric samples, employing a T2

* echo-
planar imaging (EPI) scan, known for its proficiency in capturing rapid changes in signal over
time while maintaining spatial accuracy.

As part of this rigorous data collection effort, the imaging parameters were carefully defined
through the implementation of an 80x80 matrix, which aligned seamlessly with a voxel size of
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3mm isotropic. Temporal dynamics were effectively captured through a repetition time (TR) of
1960 ms, while an echo time (TE) of 30 ms was thoughtfully selected to optimise signal sensitivity.
The choice of a 77° flip angle (FA) aimed to strike an optimal balance between signal strength
and noise suppression. The field of view (FOV) was precisely delineated at 240 millimetres to
ensure comprehensive spatial coverage.

Efficient multi-slice acquisition was facilitated by the application of a multiband interleaved
ascending acquisition strategy across 56 slices. Notably, the phase encoding direction was
meticulously defined as anterior to posterior, aligning with established anatomical standards and
ensuring consistency in the acquired dataset.

Broadening the scope of this study, an additional high-resolution T1-weighted (T1w) anatom-
ical image was acquired. This supplementary dataset employs a TR of 2200 milliseconds and a
TE of 26 milliseconds. It should be noted that an inversion time of 900 milliseconds is included,
a critical factor for optimal tissue contrast. The judicious selection of an 8° FA balanced signal
intensity with potential radiofrequency energy deposition. The high-resolution nature of this
acquisition was achieved through a matrix size of 288x288, harmonising with a voxel size of
0.8 millimetres isotropic. Comprising 192 slices, this imaging approach covered the anatomical
volume in full.

4.3.3 Image Analysis

The functional volumes were preprocessed using SPM12 (Wellcome Department of Imaging
Neuroscience, Institute of Neurology, London, UK [81]), running on MATLAB 9.13.0.2080170
(R2022b) Update 1. The preprocessing workflow comprises five essential steps:

• Realignment: Occurs when the resulting images are aligned and spread out over a common
reference point, usually the first volume of a sequence. The goal is to eliminate motion-
related artefacts that may occur during scans [82,83].

• Coregistration: Alignment of multiple image modalities obtained from the same subject.
This ensures that the structural and functional images are precisely aligned in the same
anatomical space, thereby maximising mutual information between the images [84].

• Segmentation: Structural images, such as T1w scans, are divided into grey matter (GM),
white matter (WH), CSF, bone, soft tissue and background while generating deformation
fields to transform subjects’ brain shape into a reference brain [85].

• Normalisation: Maps each individual’s brain data into a standardised coordinate space.
This process allows group-level comparisons between subjects [82,83].

• Smoothing: The spatial resolution of the images is reduced by applying a Gaussian filter,
therefore increasing the signal-to-noise ratio (SNR) and reducing the effect of variability
on the spatial location of functional regions between subjects [82,83].

4.3.3.1 Anatomical Data Preprocessing

Anatomical data preprocessing was conducted using fMRIPrep, version 20.2.4, which builds
upon the foundation of Nipype, version 1.6.1 [86, 87]. This preprocessing method has been
previously established and is based on the Nipype framework [88,89]. Moreover, the preprocessing
pipeline includes a series of analytical steps.
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Previously acquired T1w images were first corrected for intensity non-uniformity (INU)
using N4BiasFieldCorrection [48], a tool distributed within ANTs 2.3.3 [90]. The resulting
corrected image served as a reference throughout the preprocessing pipeline. Subsequently, the
T1w reference underwent skull-stripping using an implementation of the antsBrainExtraction.sh
workflow (from ANTs) within Nipype, employing OASIS30ANTs as a target template.

Segmentation of CSF, WM, and GM was performed on brain-extracted T1w using the fast
algorithm (FSL 5.0.9) [91]. Reconstruction of brain surfaces was achieved through the recon-all
process (FreeSurfer 6.0.1) [92]. The previously estimated brain mask was refined using a custom
variant of the method employed by Mindboggle to harmonise ANTs-derived and FreeSurfer-
derived segmentation of cortical GM [93].

For volume-based spatial normalisation to the MNI152NLin2009cAsym standard space
(ICBM 152 Nonlinear Asymmetrical template version 2009c) [94], a nonlinear registration ap-
proach was employed using the antsRegistration tool (ANTs 2.3.3). Both the T1w reference and
the T1w template, subjected to brain extraction, were utilised in this registration process. The
T1w template corresponds to the MNI152NLin2009cAsym standard space (TemplateFlow ID:
MNI152NLin2009cAsym).

4.3.3.2 Functional Data Preprocessing

Initially, a reference volume and its skull-stripped counterpart were created using a customised
approach implemented by fMRIPrep. To improve the quality of the data, five volumes were
taken into account. A B0-nonuniformity map, also known as a field map, was calculated based
on a phase difference map derived from a dual-echo GRE sequence (Gradient-recall Echo). The
processing of this field map followed a tailored workflow inspired by the epidewarp.fsl script
and incorporated advancements from HCP pipelines [95]. Subsequently, the field map was co-
registered to the target EPI reference run and transformed into a displacement field map, which is
compatible with registration tools such as ANTs, using FSL’s fugue and other SDCflows utilities.
This field map was leveraged to compute a corrected EPI reference for improved co-registration
accuracy with the anatomical reference.

Before any spatio-temporal filtering, head-motion parameters relative to the BOLD reference
were estimated. This estimation included transformation matrices and their corresponding six
rotation and translation parameters using MCFLIRT (FSL 5.0.9) [96]. Slice-time correction for
BOLD runs was performed using 3dTshift from AFNI 20160207 [97]. Afterwards, the BOLD
time series, including slice-timing correction when applicable, were resampled back to their
original, native space. This resampling was achieved by applying a composite transform designed
to correct for both head motion and susceptibility distortions.

Following preprocessing in fMRIPrep, the preprocessed BOLD time series was further resam-
pled in standard space, resulting in a preprocessed BOLD run aligned with MNI152NLin2009c
Asym space at its native resolution (3 millimetres isotropic). For volume-based spatial coregistra-
tion with T1-space, antsRegistration (ANTs 2.4.4) and the SyNBold transform were employed.
This transform combines an affine transformation with deformable adjustments, using mutual
information as the optimisation metric. This process used brain-extracted versions of the T1w
reference and a mean BOLD image derived from the raw BOLD data via fslmaths.

Various confounding time series were computed from the preprocessed BOLD data. Specifi-
cally, the calculation of the FD followed Power’s approach, which involves summing the absolute
relative motions, using the Nipype implementations [98].

20



In addition to FD, a set of physiological regressors was extracted to facilitate anatomical
component-based noise correction (aCompCor) [99]. These aCompCor regressors were estimated
following the "aCompCor50% (24RP+aCompCor50%)" pipeline [100]. First, probabilistic masks
for CSF and WM were generated [99]. Before extracting principal components for each mask, the
data were orthogonalised with respect to other variables included in the final regression model,
namely, 24 motion parameters (translation, rotation, and their first and second derivatives), a
bandpass filter within the range of 0.008-0.10 Hz, and a first-order polynomial. This preprocessing
step ensured that the extracted principal components were optimally predictive. Lastly, spatial
smoothing was applied using AFNI ’s 3dBlurToFWHM, employing an isotropic Gaussian kernel
with a full-width half-maximum (FWHM) of 6 millimetres.

4.4 Statistical analysis

4.4.1 Performance Analysis

During the task, participants’ performance was evaluated based on the number of questions
answered and the speed of their responses. A higher level of performance is associated with a
higher number of correct answers and shorter reaction times. It is important to note that reaction
time was computed specifically for correct answers, and correct answers were calculated based
on trials where subjects responded. In this analysis, the objective was to examine disparities
between the groups with SCZ and to draw comparisons with the control group. Specifically, we
aimed to assess whether the SCZ-PBO group exhibited a slower response time when compared to
the SCZ-OT group. To achieve this, the data collected throughout the experiment were added to
a RESULTS_FILE.txt file and processed using Matlab. Afterwards, analyses, including one-way
ANOVAs and two-sample T-tests, were conducted in the R 4.3.1 environment.

4.4.2 Functional Brain Imaging Analysis

The statistical analysis of fMRI data in SPM employs a mass univariate approach based on
GLMs. This statistical analysis process encompasses several key steps, including the definition
of the GLM design matrix, the estimation of the GLM parameters using classical methods, and
the hypothesis testing achieved through the creation of contrast vectors [82]. The GLM can be
represented in matrix notation as follows:

Y = Xβ + ε, ε ∼ N (0, σ2I) (4.1)

In this context, Y represents the image data, with dimensions of scans×voxels. The scans are
collected over a specific time period, and all voxels form a three-dimensional image. X denotes
the design matrix, with dimensions of scans×design variables. β refers to the parameters that
require estimation, with dimensions of design variables×voxels. Lastly, ε represents an error
matrix. It is postulated that this error matrix follows a normal distribution, characterised by a
mean of 0 and a variance of σ2, with the additional property that any two elements within the
error term are uncorrelated [82].

4.4.2.1 First-level Analysis

In SPM, after preprocessing, the next step is model fitting. The objective is to estimate the
BOLD level for each condition in every voxel of the brain. Consequently, the first-level analysis
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generates contrast images for each condition.
A set of 12 regressors of interest, incorporating three emotions (Fearful, Happy, Neutral),

two genders (Male, Female), and two fixation conditions (Mouth, Eyes), was utilised, along
with their corresponding temporal derivatives. Additionally, three task-related regressors of
no interest were incorporated, encompassing question presentation, left-finger responses, and
right-finger responses, along with their respective temporal derivatives. The resulting design
matrix is depicted in Figure 4.3. To account for potential sources of noise, 24 motion parameters
were included, a bandpass filter within the frequency range of 0.008-0.10 Hz was applied, a 1st

order polynomial was introduced, and noise regressors were derived from aCompCor components
explaining 50% of the variance originating from both the CSF and WM masks.

Figure 4.3: Single-level (1st level) design matrix, composed of 12 parameters of interest and 3 of no
interest. The rows of the matrix are the individual functional scans obtained after preprocessing.

4.4.2.2 Second-level Analysis

For the group-level analysis, subject-specific contrast images were used in both the one-
sample and two-sample T-tests. These analyses were conducted within SPM. Additionally, the
drug condition (OT or PBO) were introduced to define distinct groups rather than serving as
traditional regressors. The analysis involved direct group-to-group comparisons. For instance,
the Fearful, Happy, and Neutral contrasts represent the estimation of activation evoked by all
fearful, happy, and neutral image presentations, respectively. These contrasts were utilised in
the analysis to capture the neural responses associated with each specific emotion.

A one-sample T-test is performed to determine whether the mean values of contrast images,
obtained individually from a group of subjects, significantly differ from a reference value, typically
zero (Figure 4.4). This analysis is not subject-specific in the sense of examining each individual’s
results but rather evaluates if the effects within the contrast images, specific to individual
subjects, collectively deviate significantly from zero within a single group. In essence, there is a
comparison of the group’s contrast images to this reference value of zero to identify statistically
significant deviations.
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Figure 4.4: Group level (2nd-level) design matrix of Group 1 for condition 7 (fearful emotion) for One-
sample T-test.

Afterwards, a two-sample T-test was used to facilitate the comparison of activation maps
between two distinct groups of subjects. The contrast images for each group were inputted and
the mean activation and variance for each voxel were estimated. This procedure generated two
statistical T maps and contrast images that showed regions where significant differences in mean
activation were observed between the two groups (Figure 4.5). To account for the variation of
activation peak across subjects, the analysis was conducted on slightly smoothed contrast images
(FWHM = 5 millimetres).

Figure 4.5: Group level (2nd-level) design matrix of Group 1 vs Group 2 for condition 7 (fearful emotion)
for Two-sample T-test.
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4.4.3 Region of Interest Analysis

Subsequently, these data undergo analysis within the R environment. This approach differs
from the voxel-based method employed in SPM, which assumes uniform peak coordinates across
subjects. In contrast, the current method is structured to extract data in a manner that
accommodates variations in activation among individuals, ultimately leading to a reduction in
the number of statistical tests.

The data extraction process is comprised of several steps. Firstly, the voxels of the given
contrast image that pertain to the specified sphere ROI are selected. Next, a minimal threshold
of T=1, derived from the T-map, is applied. Finally, the voxels belonging to a putative peak,
typically defined as the top X% of the remaining activated voxels (for instance, 5% as used in
our analysis), are identified. Subsequently, the values from this set of voxels are averaged [101].

This reduction aligns with the concept of ’small volume correction’ in SPM, which involves
fewer tests compared to exploring the entire brain voxel by voxel.

The primary objective is to obtain a value for each subject that optimally characterises their
individual activation within a designated ROI. Four distinct ROIs were utilised in the analysis:

• A spherical ROI with a radius of 3 millimeters and center coordinates (-28, -4, -28), as
derived from [4].

• A Gamer et al. (2010) Superior Sphere ROI with coordinates x=-27, y=-2, z=-17 millime-
ters and a radius of 2 voxels [4].

• A Gamer et al. (2010) Inferior Sphere ROI with coordinates x=-23, y=-3, z=-28 millimeters
and a radius of 2 voxels [4].

• An atlas-defined ROI from AAL3, specifically number 45.

Initially, a spherical ROI with coordinates derived from [4], was employed. Subsequently,
following the methodology employed in the aforementioned study, these spherical ROIs were
subdivided to explore potential areas of heightened activation. It was considered that different
parts of the amygdala may react differently to oxytocin administration, as demonstrated by [4].
This subdivision resulted in a reduction of voxels within the ROIs while enhancing the specificity
of the analysis with respect to neural regions. Moreover, all of these regions of interest are
located within the left amygdala, as no statistically significant findings were reported in this
specific anatomical region [4].

Furthermore, the incorporation of the Automated Anatomical Labelling (AAL3) atlas was
deemed appropriate due to its improved anatomical precision, potentially enabling the detection
of activations that might not be evident when using the spherical ROI alone. However, it should
be noted that this precision could lead to the potential oversight of some individual variations
in activation patterns, particularly in cases of substantial variability in peak activation locations
across subjects.
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(a) (b)

(c) (d)

Figure 4.6: Display of the four different regions of interest. (a) Sphere ROI, coordinates x=-28, y=-4,
z=-28 millimetres with a radius of 3 voxels. (b) Atlas ROI from AAL3, number 45. (c) Gamer Superior
Sphere ROI, coordinates x=-27, y=-2, z=-17 millimetres with a radius of 2 voxels [4]. (d) Gamer Inferior
Sphere ROI, coordinates x=-23, y=-3, z=-28 millimetres with a radius of 2 voxels [4].

In R, the model included the variables listed in Table 4.1. We examined the individual
influence of each predictor variable on the dependent variable by performing a main effects
analysis. This type of analysis looks at the change in the dependent variable associated with
a one-unit change in the predictor variable while keeping all other predictors constant. For
categorical predictor variables with more than two levels, the main effect assesses the difference
in the mean of the dependent variable between the reference category and each of the other
categories. This helps to understand how each category affects the dependent variable relative to
the reference category. Main effects provide insights into the individual impact of each predictor
variable on the dependent variable while considering the other predictors in the model. They are
essential for understanding the relationships between the predictors and the outcome variable
and are usually reported alongside interaction effects, if present, in regression analysis to give a
comprehensive understanding of the model’s results.

Afterwards, we conducted nested models in our analysis. This is a series of regression
models in which each successive model either includes or excludes certain predictor variables
or interaction terms from the previous model. The purpose of this is to compare the fit of the
nested models and determine if the inclusion of certain variables or interactions significantly
improves the model’s performance. We began with a full linear regression model that included
a three-way interaction term: [OT] x Group x Emotion. We then created reduced models by
excluding specific interaction terms or main effects and examined the impact of individual two-
way interaction terms ([OT] x Group, [OT] x Emotion, Group x Emotion). We used ANOVA
to compare the full model with the reduced models. The ANOVA results provided p-values
that indicated whether the exclusion of specific terms significantly affected the model’s fit. By
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comparing different models with progressively fewer predictor variables or interaction terms, we
were able to assess the significance of these terms in explaining the variation in the dependent
variable.

Variable Description

Amygdalar Activation Quantitative continuous
dependent variable

[OT] Quantitative continuous
independent variable

Group Categorical independent
variable

Emotion Categorical independent
variable

Table 4.1: Variables used in the statistical model and their description.
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Chapter 5

Results and Discussion

In this chapter, the outcomes of the techniques elucidated in Chapter 4 are presented and
comprehensively discussed as we progress through the chapter. The performance analysis of
the subjects is shown in Section 5.1, followed by the results of the ROI analysis in Section 5.2.
Finally, the results of the model analysis are presented in Section 5.3.

5.1 Performance Analysis

This analysis sought to determine if there were any significant differences in response time
and accuracy of answers between two groups of people with SCZ. Table 5.1 shows the mean and
standard deviation (SD) of reaction time and the total good answer rate, which is the ratio of
correct answers to total answers. As discussed in Section 3.2.2, people with SCZ have difficulty
recognising facial expressions. Therefore, it was hypothesised that the SCZ-OT group would
perform more similarly to healthy controls than the SCZ-PBO group.

As part of the task, participants were given a 3-second window to indicate the emotion
corresponding to the face presented. However, some subjects were excluded due to either their
lack of response or responses submitted after the allotted time, resulting in a slightly different
list as presented in Section 4.1.

• Group 1 patients with SCZ who self-administered PBO (n=13);

• Group 2 patients with SCZ who self-administered IN-OT (n=15);

• Control composed of healthy controls (n=20).

Group 1 Group 2 Control

Mean Reaction Mean 1060.465 1010.251 905.291
Time (ms) SD 344.801 362.277 235.380

Total Good Mean 79.386 89.722 94.911
Answer Rate (%) SD 26.977 13.875 8.599

Table 5.1: Mean and standard deviation (SD) of mean reaction time and correct answers’ rate (Total
Good Answer and Total Good Answer Rate, respectively) by diagnostic group.
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The graphs below in Figure 5.1 are a visual representation of the information presented above
by Table 5.1.

(a) (b)

(c)

Figure 5.1: Bar charts between Group 1 (green), Group 2 (orange) and control (blue). The corresponding
means and standard deviation are shown in Table 5.1. (a) Bar chart of the mean response time of each
group. (b) Bar chart showing the average number of correct answers for each group. (c) Bar chart of the
rate of correct responses between the groups.

In general, it can be observed that Group 1 had a satisfactory response rate of approximately
79.4%, indicating that 79.4% of their responses were in agreement with the correct emotional
expression. On the other hand, Group 2 showed a notable increase of 89.7%. It is important to
note that the average of non-responses was computed as well. Group 1 had 39% and Group 2
had 24% of non-responses rate. This reveals that Group 1 provided fewer responses, of which
79.4% were deemed correct. Conversely, Group 2, despite a higher number of responses, achieved
a correct response rate of 89.7%.

Although there were minor disparities in the average reaction times among the groups, these
distinctions, albeit existent, are relatively modest. Specifically, Group 1 exhibited an average
reaction time of around 1060.5 milliseconds, while Group 2 demonstrated a slightly quicker
average reaction time of 1010.3 milliseconds. It is noteworthy to mention that these distinctions
may not carry significant practical consequences for comprehending the variances in emotional
expression processing speed across the groups.

When comparing Group 1 with the control, there is a stark difference in both their mean
reaction times and total good answer rate. Control has a mean response time of 905.291
milliseconds and approximately 94.9% total good answer rate. These results are aligned with
previous studies exploring these relationships on facial emotion recognition which have also found
shorter response times for the control group [102–106] and a higher average score on emotion
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recognition [106].
Based on the statistical tests outlined in Table 5.2, it becomes evident that although differ-

ences were observed in the investigated variables, not all of these differences reached statistical
significance. For the variable of mean reaction time, neither the one-way ANOVA nor the two-
sample t-test yielded statistically significant results. Consequently, one can conclude that there
is no significant difference in mean reaction times between the three groups. Specifically, for
Group 1 and Group 2, the mean reaction times of these two groups are similar.

Regarding the variable of total good answers, the one-way ANOVA showed a significant result
(p < 0.001), indicating differences in the mean scores among the three groups. However, further
examination using a two-sample t-test revealed that the difference between Group 1 and Group
2 was marginally significant (p = 0.061). Although the difference did not reach conventional
significance levels (p < 0.05), it suggests a potential trend or a trend toward a difference. It is,
however, between Group 1 and Control that exhibits statistical significance with a p-value of
0.007.

In accordance with prior literature [106], the relationship between Group 1 and the Control
group is congruent. Nevertheless, unlike that study, a reduced sample size is employed, resulting
in a diminished level of statistical power. Therefore, the attainment of an adequate level of
statistical power was not guaranteed by our sample size. To address this concern, a sensitivity
test should be employed to calculate the minimum required effect size. Additionally, a noteworthy
limitation lies in the high rate of non-response, which impedes an accurate estimation of cognitive
abilities in perceiving emotion among SCZ patients, given that reaction time and the average
number of correct answers were computed only for trials with responses, thereby excluding
unsuccessful trials. Therefore, confidence in the actual task performance of the subjects is
constrained by this limitation. Another improvement that could be made is dividing the mean
reaction time and total good answers by emotion since it has been shown that SCZ individuals
have better results for happy faces [107].

One-way ANOVA Two-sample T-test

F-value (Df) p-value Interaction t-statistic
(Df)

p-value

Mean G1 vs G2 0.375 (25.746) 0.711
Reaction 1.092 (2, 45) 0.344 G1 vs CTL 1.422 (19.255) 0.171

Time G2 vs CTL 0.978 (22.599) 0.339

Total G1 vs G2 -2.007 (25.746) 0.061
Good 8.306 (2, 45) <0.001*** G1 vs CTL -3.149 (13.351) 0.007**

Answer G2 vs CTL -1.892 (20.732) 0.073

Table 5.2: One-way ANOVA results for Mean Reaction Time and Total Good Answer by Group (F-value
and p-value). Two-sample T-test results for Mean Reaction Time and Total Good Answer between Groups
(t-statistic and p-value). Abbreviations: Df, degrees of freedom; Group 1, G1; Group 2, G2; CTL, control.

5.2 Functional Brain Imaging Analysis

The data in this section will be conveyed via a table, commonly accompanied by a visual
representation of the regions where an effect was observed. In this visual representation, colour
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bars will be used to indicate the magnitude of the T-value. he voxels that passed the initially
defined significance threshold of 0.05, either in a voxel-level FWE corrected or uncorrected
manner (for images without corrected results), with no minimal cluster, along with the maximal
activation peak coordinates, the peak T-value, and the cluster abbreviations linked to anatomical
descriptions validated using the anatomical human atlas [108].

The methods outlined in Section 4.4.2 are initially employed by beginning with a one-sample
T-test on individual groups.

The aim of the one-sample T-test is to ascertain the regions associated with the task of facial
recognition for contrast fearful, happy and neutral, within the entire sample, utilising a p-value
of 0.05 FWE corrected while refraining from imposing a minimum cluster extent (0 voxels).

The paradigm was found to be associated with the activation of several brain regions, including
the right crus I of cerebellar hemisphere, left and right lobule VI of the cerebellar hemisphere,
right inferior temporal gyrus and left superior frontal gyrus, orbital part for Group 1, as indicated
in Table 5.3 and Figure 5.2. In the case of the other groups, activation within those regions was
also observed (as detailed in Appendix A).

All of these regions have been associated with the emotion recognition process, such as the
right crus I of the cerebellar hemisphere [109]. In particular, the left lobule VI was associated
with difficulties in perceiving neutral and fearful faces in healthy individuals [110]. In SCZ,
studies have found that individuals seem to have structurally smaller temporal lobe volume
compared with healthy controls [111,112].
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Fearful

Peak MNI Coordinates

T-value x (mm) y (mm) z (mm) Cluster
Labelling

8.25 44 -58 -22 Cerebelum_Crus1_R
7.28 38 -60 -24 Cerebelum_6_R

Happy

Peak MNI Coordinates

T-value x (mm) y (mm) z (mm) Cluster
Labelling

7.51 -28 -54 -18 Cerebelum_6_L
7.50 48 -72 -4 Temporal_Inf_R

Neutral

Peak MNI Coordinates

T-value x (mm) y (mm) z (mm) Cluster
Labelling

7.76 -16 32 -20 Frontal_Sup_Orb_L

Table 5.3: Significant regions at p<0.05 FWE corrected, for the effect of the different emotions during
Face Emotion Recognition Task on Group 1. The coordinates in bold represent the nearest local maximum
represented in Figure 5.2. Abbreviations (from AAL3): Cerebelum_Crus1_R, right crus I of the cerebellar
hemisphere; Cerebelum_6_R, right lobule VI of the cerebellar hemisphere; Cerebelum_6_L, left lobule
VI of the cerebellar hemisphere; Temporal_Inf_R, right inferior temporal gyrus; Frontal_Sup_Orb_L,
left superior frontal gyrus, orbital part.
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(a) (b)

(c)

Figure 5.2: Sagittal, Axial, and Coronal Slices of the significant regions at FWE corrected for the positive
effect on the Fearful, Happy and Neutral contrast in Group 2 during the Face Emotion Recognition Task.
There is little to no activation in all regions (colour bars indicate T-values). The blue cross represents
the nearest local maximum with its coordinates in bold in Table 5.3. (a) Activation for Fearful contrast
(p=0.046, 0 cluster, corrected), displayed on an anatomical slice (x=38, y=-60, z=-24) in the right
lobule VI of the cerebellar hemisphere. (b) Activation of Happy contrast (p=0.031, 0 cluster, corrected),
displayed on an anatomical slice (x=-28, y=-54, z=-18) in the left lobule VI of the cerebellar hemisphere.
(c) Activation for Neutral contrast (p=0.040, 0 cluster, corrected), displayed on an anatomical slice (x=-16,
y=32, z=-20) in the left superior frontal gyrus, orbital part.

However, a significant level of activation is notably absent, and no activation is observed
within the amygdalar area. Nonetheless, the analysis proceeded to the two-sample T-test, where
significant results could not be obtained, even with a significance threshold set at p = 0.05
uncorrected and without a minimal cluster size. It is worth noting that while the T-test did
not yield statistically significant results for most comparisons, there was a marginally significant
T-value of 0.051 observed for group 1 compared to group 2 in the fearful contrast within this
analysis. This finding suggests a subtle difference between groups in the context of fear, although
it falls just beyond the conventional significance threshold.

These results of both one-sample and two-sample T-test could be due to the first-level analysis
model, where the number of covariates, including frequency filtering and movement regressors,
was primarily reduced, while the original number of experimental conditions remained unchanged.
Importantly, modifications were made to the threshold for masking, and it is plausible that this
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adjustment in the masking threshold contributed to the subsequent absence of the amygdala
region in the analysis. Additionally, it should be noted that this may also influence the region of
interest analysis in Section 5.3. This influence may extend to activation levels, despite the fact
that this analysis is not voxel-based; it still relies on the outcomes of the first-level analysis.

5.3 Region of Interest Analysis

In the absence of notable findings throughout Section 5.2, it is opportune to transition into a
discussion about the SPM ROI analysis approach. It should be noted that the SPM ROI analysis
operates on a voxel-based methodology. Consequently, the use of a custom script for ROI data
extraction results in a dataset with a reduced emphasis on precise anatomical localisation. This
unique feature sets the stage for the subsequent statistical analysis conducted in R, as elaborated
upon in the following sections.

5.3.1 Endogenous Oxytocin

The endogenous level of OT of each participant was measured before the start of the expe-
rience. This measurement involved obtaining blood samples, specifically measuring plasma OT
concentrations, which allowed for the determination of baseline OT levels in the participants. The
upcoming section explores the relationship between endogenous [OT] with amygdalar activation.

5.3.1.1 Analysis of Sphere ROI

To visualise the association between endogenous [OT] and left amygdala activation within
the ROI Sphere, the graphs presented in the following figures were plotted.

Figure 5.3 illustrates a nearly parallel trend between the groups, suggesting a similar relation-
ship between [OT] (the independent variable) and activation of the left amygdala (the dependent
variable) at different levels of the group. Therefore, there may be no significant interaction effect.

On the other hand, Figures 5.4 and 5.5 display intersecting lines, particularly noticeable
between Group 1 and Group 2. These intersections indicate the presence of an interaction effect.
They imply that the influence of the independent variable ([OT]) undergoes changes in direction
or magnitude, at varying levels of the dependent variable (Left amygdala activation).

33



Figure 5.3: Scatterplot depicting the relationship between Left Amygdala Activation (Sphere ROI, coor-
dinates x=-28, y=-4, z=-28 millimetres [4]) and the concentration of endogenous OT ([OT]) for Fearful
emotions, divided by Group 1 (green), Group 2 (orange), and Group 3 or Control (blue).

Figure 5.4: Scatterplot depicting the relationship between Left Amygdala Activation (Sphere ROI, coor-
dinates x=-28, y=-4, z=-28 millimetres [4]) and the concentration of endogenous OT ([OT]) for Happy
emotions, divided by Group 1 (green), Group 2 (orange), and Group 3 or Control (blue).
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Figure 5.5: Scatterplot depicting the relationship between Left Amygdala Activation (Sphere ROI, coor-
dinates x=-28, y=-4, z=-28 millimetres [4]) and the concentration of endogenous OT ([OT]) for Neutral
emotions, divided by Group 1 (green), Group 2 (orange), and Group 3 or Control (blue).

However, upon further statistical analysis detailed in Section 4.4.3, a more comprehensive
interpretation of the relationships between endogenous [OT], Group, Emotion, and left amygdala
activation was provided.

The main effects of [OT], Group and Emotion were assessed individually with all of them
obtaining a p-value > 0.05: p-value for [OT] 0.765, Group 0.765 and Emotion 0.921. Suggesting
that these variables do not demonstrate a significant main effect on left amygdala activation for
this region.

Additionally, their interaction effects also yield non-significant results. The three-way in-
teraction effect between [OT] x Group x Emotion showed a p-value of 0.913 which indicated
the influence of [OT] on the left amygdala activation does not significantly change in direction,
strength, or magnitude across different groups and emotion conditions. Moreover, interaction
effects between [OT] x Group and [OT] x Emotion also returned non-significant p-values of 0.959
and 0.949, respectively, further cementing that the relationship between [OT] and left amygdala
activation remains consistent across different groups and emotion conditions.

Similarly, the interaction effect Group x Emotion showed a non-significant result with a p-
value of 0.941, indicating that the relationship between Group and Emotion does not significantly
affect left amygdala activation.
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Main Effects t-value p-value

[OT] 0.300 0.765
Group 0.268 0.765

Emotion 0.082 0.921
Interaction Effects F (Df) p-value

[OT] x Group x Emotion 0.498 (12) 0.913
[OT] x Group 0.439 (14) 0.959

[OT] x Emotion 0.466 (14) 0.949
Group x Emotion 0.465 (13) 0.941

Table 5.4: Statistical Results of the Interaction Effects of Endogenous Oxytocin ([OT]), Group, and
Emotion on Left Amygdala Activation (Sphere ROI, coordinates x=-28, y=-4, z=-28 millimetres [4])
during the Facial Emotion Recognition Task. Abbreviations: Df, degrees of freedom.

5.3.1.2 Analysis of Gamer et al. (2010) Superior Sphere ROI

The division of the Sphere ROI into two sections was executed based on the coordinates
extracted from the study conducted by [4]. This section refers to the coordinates of the left
superior amygdala, shown in Figure 5.6. In the process of subdividing and subsequently narrowing
the analysed area, a reduction in participants’ data was observed. In this particular case, data
on the amygdalar activation of two participants (one belonging to Group 2 and the other to the
Control group) were not within the delineated region, reducing our participants’ number to 54
for fearful emotions.

Figure 5.6: Amygdala regions showing a significant interaction of group and emotional expression. (Right)
Statistical map (coronal and axial plane) of the interaction effect revealing two clusters in the left amygdala
(superior cluster, peak voxel: x=27, y=2, z=17 millimetres; and inferior cluster, peak voxel: x=23, y=3,
z=28 millimetres). Adapted from [4].

The graphs below show a visual representation of the relationship between [OT] and left
amygdala activation within the ROI Gamer Superior.

Figures 5.7, 5.8 and 5.9 display predominantly intersecting lines between groups in varying
slopes, indicating the presence of an interaction effect (except in Figure 5.8 between Group 2 and
Control). This implies that the influence of [OT] undergoes changes in direction or magnitude,
at varying levels of the left amygdala activation variable.
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Figure 5.7: Scatterplot illustrating the relationship between Left Amygdala Activation (Gamer et al.
(2010) Superior Sphere ROI, coordinates: x=-27, y=-2, z=-17 millimetres [4]) and the concentration of
endogenous OT ([OT]) for Fearful emotions, with data points categorized by Group 1 (green), Group 2
(orange), and Group 3 or Control (blue).

Figure 5.8: Scatterplot illustrating the relationship between Left Amygdala Activation (Gamer et al.
(2010) Superior Sphere ROI, coordinates: x=-27, y=-2, z=-17 millimetres [4]) and the concentration of
endogenous OT ([OT]) for Happy emotions, with data points categorized by Group 1 (green), Group 2
(orange), and Group 3 or Control (blue).
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Figure 5.9: Scatterplot illustrating the relationship between Left Amygdala Activation (Gamer et al.
(2010) Superior Sphere ROI, coordinates: x=-27, y=-2, z=-17 millimetres [4]) and the concentration of
endogenous OT ([OT]) for Neutral emotions, with data points categorized by Group 1 (green), Group 2
(orange), and Group 3 or Control (blue).

Nonetheless, no statistical significance was found for the main and interaction effects of the
variables (Table 5.5).

The results of the main effects of [OT], Group and Emotion had a p-value > 0.05, implying
no statistically significant effect in this region. For [OT] the p-value was 0.539, Group 0.839
and Emotion 0.719. Furthermore, the interaction effects also showed no significant results with
p-values for the three-way interaction of 0.569, [OT] x Group of 0.667, [OT] x Emotion of 0.691
and Group x Emotion of 0.644, all above 0.05.

In general, as in the previous region, these results present a consistent relationship between
[OT] and left amygdala activation remains across different groups and emotions.

Main Effects t-value p-value

[OT] 0.616 0.539
Group 0.175 0.839

Emotion 0.330 0.719
Interaction Effects F (Df) p-value

[OT] x Group x Emotion 0.880 (12) 0.569
[OT] x Group 0.801 (14) 0.667

[OT] x Emotion 0.779 (14) 0.691
Group x Emotion 0.814 (13) 0.644

Table 5.5: Statistical Results of the Interaction Effects of Endogenous Oxytocin ([OT]), Group, and
Emotion on Left Amygdala Activation (Gamer et al. (2010) Superior Sphere ROI, coordinates: x=-27,
y=-2, z=-17 millimetres [4]) during the Facial Emotion Recognition Task. Abbreviations: Df, degrees of
freedom.
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5.3.1.3 Analysis of Gamer et al. (2010) Inferior Sphere ROI

The preceding Section 5.3.1.2 delved into the coordinates of the superior left amygdala,
whereas this section will focus on the coordinates of the inferior left amygdala shown in Figure
5.6. As mentioned above, in the process of subdividing and subsequently narrowing the analysed
area, a reduction in the participants’ data was observed; in this case, more subjects were excluded.
A total of five levels of activation of the left amygdala were removed from the analysis. Reducing
the participants’ number to 54 for fearful emotions, 54 for happy emotions, and 55 for neutral
emotions.

The graphs below pertaining to Figures 5.10, 5.11, and 5.12 do not show a significant
interaction effect, as they represent a nearly parallel trend between the groups.

Figure 5.10: Scatterplot illustrating the relationship between Left Amygdala Activation (Gamer et al.
(2010) Inferior Sphere ROI, coordinates: x=-23, y=-3, z=-28 millimetres [4]) and the concentration of
endogenous OT ([OT]) for Fearful emotions, with data points categorized by Group 1 (green), Group 2
(orange), and Group 3 or Control (blue).
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Figure 5.11: Scatterplot illustrating the relationship between Left Amygdala Activation (Gamer et al.
(2010) Inferior Sphere ROI, coordinates: x=-23, y=-3, z=-28 millimetres [4]) and the concentration of
endogenous OT ([OT]) for Happy emotions, with data points categorized by Group 1 (green), Group 2
(orange), and Group 3 or Control (blue).

Figure 5.12: Scatterplot illustrating the relationship between Left Amygdala Activation (Gamer et al.
(2010) Inferior Sphere ROI, coordinates: x=-23, y=-3, z=-28 millimetres [4]) and the concentration of
endogenous OT ([OT]) for Neutral emotions, with data points categorized by Group 1 (green), Group 2
(orange), and Group 3 or Control (blue).

Maintaining the prevailing pattern, there were no statistically significant results of these
variables’ interactions and main effects. In Table 5.6, for all main effects the p-value is > 0.05
meaning it did not find strong evidence to reject the null hypothesis. Likewise, the interaction
effects continue to exhibit no significant results with p-values of 0.997, 0.999, 0.983 and 0.997,
for the three-way interaction, [OT] x Group, [OT] x Emotion and Group x Emotion, respectively.
In fact, these p-values are closer to 1.0 meaning that there is very little evidence against the null
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hypothesis.

Main Effects t-value p-value

[OT] 0.088 0.930
Group 1.171 0.313

Emotion 0.078 0.925
Interaction Effects F (Df) p-value

[OT] x Group x Emotion 0.225 (12) 0.997
[OT] x Group 0.204 (14) 0.999

[OT] x Emotion 0.361 (14) 0.983
Group x Emotion 0.248 (13) 0.997

Table 5.6: Statistical Results of the Interaction Effects of Endogenous Oxytocin ([OT]), Group, and
Emotion on Left Amygdala Activation (Gamer et al. (2010) Inferior Sphere ROI, coordinates: x=-23,
y=-3, z=-28 millimetres [4]) during the Facial Emotion Recognition Task. Abbreviations: Df, degrees of
freedom.

5.3.1.4 Analysis of AAL3 ROI

The analysis of the AAL3 ROI is subsequently conducted, affording an anatomically precise
representation of the left amygdala. No participant data is excluded, thereby ensuring the
inclusion of all 56 participants within these results.

The subsequent graphs depict intersecting lines, portraying an accentuated slope between
Group 1 and Group 2 for all three emotions, possibly suggesting a noteworthy relationship
between them (Figures 5.13, 5.14 and 5.15).

Figure 5.13: Scatterplot depicting the relationship between Left Amygdala Activation (AAL3 ROI, number:
45) and concentration of endogenous OT ([OT]) for Fearful emotions, divided by Group 1 (green), Group
2 (orange), and Group 3 or Control (blue).
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Figure 5.14: Scatterplot depicting the relationship between Left Amygdala Activation (AAL3 ROI, number:
45) and concentration of endogenous OT ([OT]) for Happy emotions, divided by Group 1 (green), Group
2 (orange), and Group 3 or Control (blue).

Figure 5.15: Scatterplot depicting the relationship between Left Amygdala Activation (AAL3 ROI, number:
45) and concentration of endogenous OT ([OT]) for Enutral emotions, divided by Group 1 (green), Group
2 (orange), and Group 3 or Control (blue).

However, when looking at the statistical tests presented in Table 5.7, no significant results
are observed for either the main effects or the interaction effects. Specifically, there are p-values
that closely approach 1.0, indicating a scarcity of evidence supporting the rejection of the null
hypothesis.

Regarding the main effects, the p-values are 0.376, 0.983, and 0.596 for [OT], Group, and
Emotion, respectively. Meanwhile, for the main effects, [OT] x Group x Emotion exhibits a
p-value of 0.939, [OT] x Group has a p-value of 0.950, [OT] x Emotion has a p-value of 0.976,
and Group x Emotion has a p-value of 0.953.
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Main Effects t-value p-value

[OT] 0.887 0.376
Group 0.017 0.983

Emotion 0.520 0.596
Interaction Effects F (df1, df2) p-value

[OT] x Group x Emotion 0.451 (12) 0.939
[OT] x Group 0.461 (14) 0.950

[OT] x Emotion 0.389 (14) 0.976
Group x Emotion 0.440 (13) 0.952

Table 5.7: Statistical Results of the Interaction Effects of Endogenous Oxytocin ([OT]), Group, and
Emotion on Left Amygdala Activation (AAL3 ROI, number: 45) during the Facial Emotion Recognition
Task.

Overall, the results exposed throughout Section 3.2.1 and its subsections, revealed no sig-
nificant interactions were observed in any of the regions. However, throughout the analysis,
graphical interactions occasionally indicated a greater degree of similarity between the SCZ-OT
group and the control group (Figures 5.3, 5.8, and 5.12).

Mixed results have been reported when investigating the role of endogenous OT in SCZ.
The predominant approach involves assessing peripheral OT levels as an indicator of central OT
function. However, as stated before this study uses plasma OT. Its use as a surrogate for central
OT remains unconfirmed as plasma OT levels can be influenced by peripheral organs such as
the heart, gastrointestinal tract, and reproductive organs [113]. Nevertheless, it is worth noting
that positive correlations have been observed [64,114].

In [64], a positive correlation was identified in a sample of 40 individuals with schizophre-
nia. The study employed dynamic tasks consisting of videos featuring male and female actors
portraying various emotions, including happiness, sadness, neutrality, and anger. Research
has indicated that dynamic videos elicit a stronger response in individuals compared to static
photographs [115], a finding that could be considered for implementation in this study.

5.3.2 Intranasal Oxytocin

In the following section, the relationship between IN-OT concentration and amygdala activity
will be examined. After the initial measurement of OT, some participants did not undergo a
second measurement of OT, resulting in their exclusion from this analysis.

• Group 1 patients with SCZ who self-administered IN-OT (n=17);

• Group 2 patients with SCZ who self-administered PBO (n=17);

• Group 3 composed of healthy controls (n=19), with no history of mental illness, who
self-administered PBO.

5.3.2.1 Analysis of Sphere ROI

The graphs below show a visual representation of the relationship between IN-[OT] and left
amygdala activation for the Sphere ROI. Figures 5.16, 5.17 and 5.18 all display intersecting
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lines between groups for fearful, happy and neutral emotions, respectively. This interaction
suggests that the relationship between IN-[OT] and emotional responses is not uniform, but
varies depending on the level of activation of the left amygdala.

Figure 5.16: Scatterplot depicting the relationship between Left Amygdala Activation (Sphere ROI,
coordinates x=-28, y=-4, z=-28 millimetres [4]) and concentration of IN-OT ([OT]) for Fearful emotions,
divided by Group 1 (green), Group 2 (orange), and Group 3 or Control (blue).

Figure 5.17: Scatterplot depicting the relationship between Left Amygdala Activation (Sphere ROI,
coordinates x=-28, y=-4, z=-28 millimetres [4]) and concentration of IN-OT (IN-[OT]) for Happy emotions,
divided by Group 1 (green), Group 2 (orange), and Group 3 or Control (blue).
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Figure 5.18: Scatterplot depicting the relationship between Left Amygdala Activation (Sphere ROI,
coordinates x=-28, y=-4, z=-28 millimetres [4]) and concentration of IN-OT (IN-[OT]) for Neutral
emotions, divided by Group 1 (green), Group 2 (orange), and Group 3 or Control (blue).

However, it’s important to note that this interaction does not demonstrate statistical signifi-
cance, as indicated by the results presented in Table 5.8. Each of the main effects of [OT], Group,
and Emotion was assessed individually, and in each case, the p-value exceeded 0.05. Specifically,
the p-value for [OT] and Group was 0.765, and for Emotion, it was 0.921. This suggests that
these variables do not exhibit a significant standalone effect on left amygdala activation in this
particular region.

Furthermore, the interaction effects between these variables also yielded non-significant
results. The three-way interaction effect between [OT] x Group x Emotion produced a p-value of
0.913, indicating that the influence of [OT] on left amygdala activation does not significantly vary
in terms of direction, strength, or magnitude across different groups and emotional conditions.
Additionally, the interaction effects between [OT] x Group and [OT] x Emotion returned p-values
of 0.959 and 0.948, respectively, further confirming that the relationship between [OT] and left
amygdala activation remains consistent across different groups and emotional states.

Similarly, the interaction effect between Group x Emotion showed a non-significant result
with a p-value of 0.941, suggesting that the relationship between Group and Emotion does not
significantly impact left amygdala activation.
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Main Effects t-value p-value

[OT] 0.300 0.765
Group 0.268 0.765

Emotion 0.082 0.921
Interaction Effects F (Df) p-value

[OT] x Group x Emotion 0.451 (12) 0.939
[OT] x Group 0.498 (12) 0.913

[OT] x Emotion 0.439 (14) 0.959
Group x Emotion 0.466 (13) 0.948

Table 5.8: Statistical Results of the Interaction Effects of Intranasal Oxytocin (IN-[OT]), Group, and
Emotion on Left Amygdala Activation (Sphere ROI, coordinates x=-28, y=-4, z=-28 millimetres [4])
during the Facial Emotion Recognition Task. Abbreviations: Df, degrees of freedom.

5.3.2.2 Analysis of Gamer et al. (2010) Superior Sphere ROI

In accordance with a study conducted by [4], the Sphere ROI was divided into two distinct
regions for analysis. It was observed that, for some participants, their data points extended
beyond the defined boundaries of these delineated regions. Consequently, the data from these
participants were excluded from the analysis. It is worth noting that in addition to the partici-
pants who were initially excluded from the study, data from two more subjects, one from Group
2 and another from the Control group, were also omitted from the analysis specifically related
to the analysis of fearful emotions.

In the graphical representation displayed below, we can observe intersecting lines among
different Groups, as illustrated in Figures 5.19, 5.20, and 5.21. However, it’s worth noting that
in Figure 5.20, the Control group and Group 2 exhibit a parallel trend, suggesting the absence
of a significant relationship between these two groups.

Nevertheless, intersecting interactions, represent critical junctures in the data, signifying
instances where the relationships depicted by these variables undergo noteworthy changes.
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Figure 5.19: Scatterplot depicting the relationship between Left Amygdala Activation (Gamer et al.
(2010) Superior Sphere ROI, coordinates: x=-27, y=-2, z=-17 millimetres [4]) and concentration of IN-OT
(IN-[OT]) for Fearful emotions, divided by Group 1 (green), Group 2 (orange), and Group 3 or Control
(blue).

Figure 5.20: Scatterplot depicting the relationship between Left Amygdala Activation (Gamer et al.
(2010) Superior Sphere ROI, coordinates: x=-27, y=-2, z=-17 millimetres [4]) and concentration of IN-OT
(IN-[OT]) for Happy emotions, divided by Group 1 (green), Group 2 (orange), and Group 3 or Control
(blue).
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Figure 5.21: Scatterplot depicting the relationship between Left Amygdala Activation (Gamer et al.
(2010) Superior Sphere ROI, coordinates: x=-27, y=-2, z=-17 millimetres [4]) and concentration of IN-OT
(IN-[OT]) for Neutral emotions, divided by Group 1 (green), Group 2 (orange), and Group 3 or Control
(blue).

However, it is important to emphasise that these observed changes in the intersecting lines
do not reach statistical significance, as demonstrated by the results presented in Table 5.9.

The statistical analysis reveals that the main effects of [OT], Group, and Emotion all produce
non-significant results with p-values exceeding the conventional threshold of 0.05. Specifically,
the main effect of [OT] yields a corresponding p-value of 0.539, Group a p-value of 0.839 and
Emotion presents a p-value of 0.719. Furthermore, the interaction effects among these variables
also fail to attain statistical significance. The three-way interaction effect [OT] x Group x
Emotion has a p-value of 0.569, [OT] x Group results in a p-value of 0.667, [OT] x Emotion
yields a p-value of 0.691 and Group x Emotion a p-value of 0.644.

These non-significant p-values indicate that the observed changes in the intersecting lines do
not reflect statistically meaningful relationships within the data.

Main Effects t-value p-value

[OT] 0.616 0.539
Group 0.175 0.839

Emotion 0.330 0.719
Interaction Effects F (Df) p-value

[OT] x Group x Emotion 0.880 (12) 0.569
[OT] x Group 0.801 (14) 0.667

[OT] x Emotion 0.779 (14) 0.691
Group x Emotion 0.814 (13) 0.644

Table 5.9: Statistical Results of the Interaction Effects of Intranasal Oxytocin (IN-[OT]), Group, and
Emotion on Left Amygdala Activation (Gamer et al. (2010) Superior Sphere ROI, coordinates: x=-27,
y=-2, z=-17 millimetres [4]) during the Facial Emotion Recognition Task. Abbreviations: Df, degrees of
freedom.
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5.3.2.3 Analysis of Gamer et al. (2010) Inferior Sphere ROI

Section 5.3.2.2 previously examined the coordinates of the superior left amygdala. In contrast,
the focus of this section shifts towards the coordinates of the inferior left amygdala, as illustrated
in Figure 5.6. It is important to note that during the process of subdividing and refining the
analysed region, a reduction in the dataset occurred, resulting in the exclusion of additional
subjects. Specifically, five levels of left amygdala activation were excluded from the analysis,
leading to a reduced participant count of 52 for fearful emotions, 52 for happy emotions, and 50
for neutral emotions.

The provided graphs offer a visual representation of the relationship between IN-[OT] and
left amygdala activation values across various groups. In Figure 5.22, the lines seem to follow
a parallel trend, suggesting a lack of a significant interaction effect. In Figure 5.24, noteworthy
interactions are observed between Group 2 and Control, as well as between Group 2 and Group
1, while the other groups do not display significant interactions. However, Figure 5.23 merits
attention as it reveals a subtle but discernible degree of interaction among all the groups.

Figure 5.22: Scatterplot depicting the relationship between Left Amygdala Activation (Gamer et al. (2010)
Inferior Sphere ROI, coordinates: x=-23, y=-3, z=-28 millimetres [4]) and concentration of IN-OT ([OT])
for Fearful emotions, divided by Group 1 (green), Group 2 (orange), and Group 3 or Control (blue).
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Figure 5.23: Scatterplot depicting the relationship between Left Amygdala Activation (Gamer et al.
(2010) Inferior Sphere ROI, coordinates: x=-23, y=-3, z=-28 millimetres [4]) and concentration of IN-OT
([OT]) for Happy emotions, divided by Group 1 (green), Group 2 (orange), and Group 3 or Control (blue).

Figure 5.24: Scatterplot depicting the relationship between Left Amygdala Activation (Gamer et al.
(2010) Inferior Sphere ROI, coordinates: x=-23, y=-3, z=-28 millimetres [4]) and concentration of IN-OT
([OT]) for Neutral emotions, divided by Group 1 (green), Group 2 (orange), and Group 3 or Control
(blue).

Following an extensive statistical analysis, it has been ascertained that there is no statistically
significant relationship evident among the considered variables. Referring to Table 5.10, it is
noteworthy that all the main effects of the variables exceeded the threshold of 0.05, specifically
registering at 0.930 for [OT], 0.313 for Group, and 0.925 for Emotion.

Similarly, the interaction effects produced p-values that approached 1.0, with the three-way
interaction at 0.997, [OT] x Group at 0.999, [OT] x Emotion at 0.983, and Group x Emotion at
0.997. These p-values close to 1.0 underscore the limited evidence against the null hypothesis,
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affirming the absence of statistically significant relationships between these variables.

Main Effects t-value p-value

[OT] 0.088 0.930
Group 1.171 0.313

Emotion 0.078 0.925
Interaction Effects F (Df) p-value

[OT] x Group x Emotion 0.225 (12) 0.997
[OT] x Group 0.204 (14) 0.999

[OT] x Emotion 0.361 (14) 0.983
Group x Emotion 0.248 (13) 0.997

Table 5.10: Statistical Results of the Interaction Effects of Intranasal Oxytocin (IN-[OT]), Group, and
Emotion on Left Amygdala Activation (Gamer et al. (2010) Inferior Sphere ROI, coordinates: x=-23,
y=-3, z=-28 millimetres [4]) during the Facial Emotion Recognition Task. Abbreviations: Df, degrees of
freedom.

5.3.2.4 Analysis of AAL3 ROI

Next, the analysis of the AAL3 ROI was carried out, providing an anatomically precise
representation of the left amygdala. In this analysis, no participant data was excluded, ensuring
the inclusion of all 53 participants in the results.

In Figure 5.25 and 5.14, a parallel trend is evident between Group 2 and the Control group.
This suggests that the outcomes for these two groups are moving in a similar direction or following
a similar pattern. However, both of these groups exhibit a significant interaction with Group 1.
In other words, Group 1 appears to play a distinctive role in affecting the relationship between
these variables, even though Group 2 and the Control group show similar trends.

As for Figure 5.27, there is an interaction observed between Group 2 with both Group 1 and
the Control group. This implies that when we examine the impact of Group 2 on the variables,
it interacts significantly with both Group 1 and the Control group. Additionally, there is a
subtle interaction observed between Group 1 and the Control group in this figure. This indicates
that there is a mild, but still statistically significant, interaction between these two groups when
considering the variables in question. This interaction may represent a nuanced influence that
Group 1 has on the Control group’s outcomes or responses related to the variables being studied.
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Figure 5.25: Scatterplot depicting the relationship between Left Amygdala Activation (AAL3 ROI,
number: 45) and concentration of IN-OT ([OT]) for Fearful emotions, divided by Group 1 (green), Group
2 (orange), and Group 3 or Control (blue).

Figure 5.26: Scatterplot depicting the relationship between Left Amygdala Activation (AAL3 ROI,
number: 45) and concentration of IN-OT ([OT]) for Happy emotions, divided by Group 1 (green), Group
2 (orange), and Group 3 or Control (blue).
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Figure 5.27: Scatterplot depicting the relationship between Left Amygdala Activation (AAL3 ROI,
number: 45) and concentration of IN-OT ([OT]) for Neutral emotions, divided by Group 1 (green), Group
2 (orange), and Group 3 or Control (blue).

Nonetheless, in light of the results in Table 5.11, it becomes evident that none of the main
effects or interaction effects achieved statistical significance, as all p-values substantially exceed
the conventional significance level of 0.05. Consequently, these findings reinforce the notion
that there is no statistically significant relationship or effect observed among the variables [OT],
Group, Emotion, or their interactions.

In more specific terms, the main effects are as follows: [OT] has a p-value of 0.376, Group
has a p-value of 0.983, and Emotion has a p-value of 0.597. Meanwhile, the interaction effects
exhibit p-values of 0.939 for the three-way interaction, 0.950 for [OT] x Group, 0.976 for [OT] x
Emotion, and a p-value of 0.952 for Group x Emotion.

Main Effects t-value p-value

[OT] 0.887 0.376
Group 0.017 0.983

Emotion 0.520 0.597
Interaction Effects F (Df) p-value

[OT] x Group x Emotion 0.451 (12) 0.939
[OT] x Group 0.461 (14) 0.950

[OT] x Emotion 0.389 (14) 0.976
Group x Emotion 0.440 (13) 0.952

Table 5.11: Statistical Results of the Interaction Effects of Intranasal Oxytocin (IN-[OT]), Group, and
Emotion on Left Amygdala Activation (AAL3 ROI, number: 45) during the Facial Emotion Recognition
Task. Abbreviations: Df, degrees of freedom.

In general, the results exposed throughout Section 3.2.1 and its subsections, show no sig-
nificant interactions in any of the regions. As discussed in Section 3.2.2, a number of studies,
including those by [40] and [71], have established a connection between OT and improved perfor-
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mance in the face emotion recognition task among individuals with SCZ. In our study, occasional
instances were noted where the graphs exhibited a greater resemblance between the SCZ-OT
group and the control group, in line with our expectations (see Figures 5.20, 5.25, and 5.26).
However, similar to several other studies [75–77], our research yielded mixed results.

This heterogeneity can be attributed to differences in dosing, frequency and administration
protocols, the use of various clinical assessment tools and individual factors affecting oxytocin
sensitivity [116]. For example in [40], 40 IU of IN-OT is employed alongside a block design.
An interesting step to apply to our study is that, before drug administration and after the
fMRI session, study participants from [40] were instructed to perform a visual analogue scale to
examine mood changes that could confound the effects of oxytocin.

Moreover, it’s important to note that inhaled OT may primarily have local effects via the
olfactory nerve pathway leading to the brain, and its impact on global blood circulation may
not be well-established. Therefore, we should avoid conflating blood sample concentration with
the effects of inhaled OT. Specifically, it’s worth mentioning that in a prior analysis in the study,
when comparing OT concentration between pre and post OT administration, no significant
differences were found across the whole study population. This suggests that there may have
been no significant change in blood OT levels after OT administration.

Furthermore, [40] did not incorporate neutral faces as a control condition. This choice was
influenced by prior research that has indicated abnormal amygdala responses to neutral faces in
individuals with SCZ. Consequently, there is a need to identify a more suitable control condition
that aligns with the objectives of our study. To overcome the potential issues with neutral faces
researchers commonly opt for non-face control stimuli as a control condition. However, this
approach carries the risk of blending activations associated with emotions and those tied to facial
recognition processes [117].
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Chapter 6

Conclusions and Future Work

This study was designed to examine the effects of IN-OT in patients with SCZ, during a
face emotion recognition paradigm, which showed fearful, happy and neutral expressions. This
investigation included a cohort of participants, comprising 17 patients with SCZ who received
IN-OT, 18 patients with SCZ who received a PBO, and a control group consisting of 21 healthy
individuals. It was hypothesised that patients who received OT exhibited amygdalar activation in
the face emotion recognition task that closely resembled that of controls, as opposed to patients
who had received PBO.

In the performance analysis, it was observed that patients with SCZ-PBO exhibited the
longest reaction time and the lowest total rate of correct answers, along with the highest number
of unanswered questions in comparison to SCZ-OT. This led to the inference that OT may
have enhanced the performance of the patients. Nevertheless, from a statistical perspective, no
significance was discerned, except for the case of a total good answer t-test between Group 1
and the control group, where statistical significance was indeed detected.

In the functional brain imaging analysis, activations in various brain regions known to be
related to emotion recognition were detected, confirming their importance in social cognitive
research. However, no activation of the amygdala was seen, and the two-sample T-test did
not yield significant results, even with stringent significance criteria. This outcome suggests
that methodological adjustments, such as reducing covariates and changing masking thresholds,
should be considered. It is essential to recognise that these methodological changes may have
an effect beyond the current analysis, potentially influencing our region of interest examination
in the region of interest.

In the analysis of the region of interest performed for IN-OT in various ROI, graphical
interactions between groups were identified, occasionally revealing a greater resemblance between
SCZ-OT and the control group, as anticipated (Figures 5.20, 5.25 and 5.26). Nonetheless, it is
noteworthy that statistical significance was not detected in any of the distinct regions.

An additional analysis was carried out with respect to the endogenous OT values, motivated
by previous studies that had associated elevated levels of endogenous OT with improved facial
recognition, as mentioned in Section 3.2.1. In the course of this analysis, graphical interactions
between groups were discerned, occasionally indicating a greater degree of similarity between
SCZ-OT and the control group (Figures 5.3, 5.8 and 5.12). However, it is important to note that
no statistical significance was observed in any of the distinct regions.

Studies on amygdala activation often fail to replicate earlier results or show no significant
findings [117]. Variations in lateralisation have been observed, with one study suggesting a right
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laterality bias due to the visuospatial processing demands of their paradigm [118]. Reproducibility
studies have indicated that amygdala activation is the least reproducible, both at the group
and single-subject levels and that reproducibility decreases after correcting for physiological
noise [119]. Amygdala activations in response to emotional stimuli can be triggered through a
variety of methods, including auditory, haptic, and intrinsic stimuli [120].

In conclusion, these findings emphasise the intricate interplay between methodological deci-
sions and research outcomes in the field of neuroimaging, highlighting the significance of thorough
deliberation and continued exploration to advance our understanding of emotion processing in
the human brain. It is crucial to acknowledge specific methodological considerations that may
have influenced our results.

Firstly, the initial model used had a limited number of trials available for estimating each
regression due to the division of trials by sex and screen position. With only 6 trials available
for each regression, this may have posed limitations, especially if sex type and position were not
extensively used in the analysis. In retrospect, a model without those would allow for a more
robust estimation.

Secondly, considering that some participants with SCZ exhibited a low rate of response, it
would have been beneficial to implement more extensive controls, such as debriefing procedures
or additional subject training before the scanning session. These measures could potentially
enhance the reliability of participant responses and minimise variability in the data.

Lastly, it is important to note that our study involved small populations in each group. While
this is not uncommon when working with patients, it does introduce some statistical limitations.
However, it is worth mentioning that conducting research with patient populations, particularly
those with conditions like SCZ, can be inherently challenging due to factors such as recruitment
and compliance. Despite these challenges, the insights gained from this study contribute to our
broader understanding of emotion processing in clinical contexts.
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Appendix A

One-Sample T-test

Fearful

Peak MNI Coordinates

T-value x (mm) y (mm) z (mm) Cluster
Labelling

9.43 36 -64 -18 Fusiform_R
8.04 -40 -78 -18 Fusiform_L

Happy

Peak MNI Coordinates

T-value x (mm) y (mm) z (mm) Cluster
Labelling

9.94 38 -64 -22 Cerebelum_6_R
77.71 38 -46 -28 Temporal_Inf_R

Neutral

Peak MNI Coordinates

T-value x (mm) y (mm) z (mm) Cluster
Labelling

9.79 38 -60 -22 Cerebelum_6_R
8.76 -42 -48 -28 Cerebelum_Crus1_L

Table A.1: Significant regions at p<0.05 FWE corrected, for the effect of the different emotions during
Face Emotion Recognition Task on Group 2. The coordinates in bold represent the nearest local maximum
represented in Figure A.1. Abbreviations (from AAL3): Fusiform_R, right fusiform; Fusiform_L, left
fusiform; Cerebelum_6_R, right lobule VI of cerebellar hemisphere; Temporal_Inf_R, right inferior
temporal gyrus; Cerebelum_Crus1_L, left crus I of the cerebellar hemisphere.
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(a) (b)

(c)

Figure A.1: Sagittal, Axial, and Coronal Slices of the significant regions at p<0.05 FWE corrected for
the positive effect on the Fearful, Happy and Neutral contrast in Group 2 during the Face Emotion
Recognition Task. There is little to no activation in all regions (colour bars indicate T-values). The blue
cross represents the nearest local maximum with its coordinates in bold in Table A.1. (a) Activation for
Fearful contrast (p=0.010, 0 cluster, corrected), displayed on an anatomical slice (x=36, y=-64, z=-18)
in the right fusiform. (b) Activation of Happy contrast (p=0.015, 0 cluster, corrected), displayed on an
anatomical slice (x=38, y=-46, z=-28) in the right inferior temporal gyrus. (c) Activation for Neutral
contrast (p=0.001, 0 cluster, corrected), displayed on an anatomical slice (x=38, y=-60, z=-22) in the
right lobule VI of the cerebellar hemisphere.
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Fearful

Peak MNI Coordinates

T-value x (mm) y (mm) z (mm) Cluster
Labelling

8.83 42 -54 -24 Cerebelum_6_R
7.42 -42 -66 -18 Fusiform_L

Happy

Peak MNI Coordinates

T-value x (mm) y (mm) z (mm) Cluster
Labelling

8.89 -36 -58 -24 Cerebelum_6_L
7.94 42 -58 -28 Cerebelum_Crus1_R
7.47 -40 -58 -34 Cerebelum_Crus1_L
7.08 36 -70 -22 Cerebelum_6_R
6.78 -36 -70 -18 Cerebelum_6_L
6.75 42 -76 -12 Occipital_Inf_R
6.71 44 -84 -4 Occipital_Inf_R
6.68 48 -76 -10 Occipital_Inf_R
6.67 36 -42 -28 Cerebelum_6_R
6.63 -36 -70 -12 Fusiform_L

Neutral

Peak MNI Coordinates

T-value x (mm) y (mm) z (mm) Cluster
Labelling

7.25 38 -48 -24 Cerebelum_6_R
7.22 -36 -54 -22 Cerebelum_6_L
7.12 -42 -70 -16 Fusiform_L
6.92 -6 2 42 Cingulum_Mid_L
6.88 42 -54 -24 Cerebelum_6_R
6.87 -4 -4 48 Cingulum_Mid_L

Table A.2: Significant regions at p<0.05 FWE corrected, for the effect of the different emotions dur-
ing Face Emotion Recognition Task on Control. The coordinates in bold represent the nearest local
maximum represented in Figure A.2. Abbreviations (from AAL3): Cerebelum_6_R, right lobule VI of
cerebellar hemisphere; Fusiform_L, left fusiform; Cerebelum_6_L, left lobule VI of cerebellar hemisphere;
Cerebelum_Crus1_R, right crus I of the cerebellar hemisphere; Cerebelum_Crus1_L, left crus I of the
cerebellar hemisphere; Occipital_Inf_R, right inferior occipital gyrus; Cingulum_Mid_L, left median
cingulate and paracingulate gyri.

59



(a) (b)

(c)

Figure A.2: Sagittal, Axial, and Coronal Slices of the significant regions at p<0.05 FWE corrected for
the positive effect on the Fearful, Happy and Neutral contrast in Control group during the Face Emotion
Recognition Task. There is little to no activation in all regions (colour bars indicate T-values). The blue
cross represents the nearest local maximum with its coordinates in bold in Table A.2. (a) Activation for
Fearful contrast (p=0.001, 0 cluster, corrected), displayed on an anatomical slice (x=42, y=-54, z=-24)
in the right lobule VI of cerebellar hemisphere. (b) Activation of Happy contrast (p=0.045, 0 cluster,
corrected), displayed on an anatomical slice (x=36, y=-42, z=-28) in the right lobule VI of cerebellar
hemisphere. (c) Activation for Neutral contrast (p=0.026, 0 cluster, corrected), displayed on an anatomical
slice (x=-4, y=-4, z=48) in the left median cingulate and paracingulate gyri.
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