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Abstract

Functional Neurological Disorder (FND) is a condition comprised of symptoms that alter
motor and sensory functioning, leading to distress and impairments in bodily function which
are distinct from other organic diseases. While theoretical models propose why the condition
develops, the underlying mechanisms which distinguish how it develops are unclear. To date,
there has been very little neurophysiological research into FND and even less research which
considers FND from a biopsychosocial perspective. This thesis addresses a series of questions
to help to understand the unique neurophysiology of FND and how it may be affected by
psychological constructs (Dissociation), grouped into clusters of symptoms and the role of
inflammation and altered neural connectivity: 1) Is dissociation a core construct in FND and
how does this relate to other psychological correlates of chronic illness (stress, anxiety,
depression, resilience, social isolation and social support) and outcomes (cognitive flexibility,
hopefulness)? 2) Can the presence of potential subtypes of FND be statistically identified
through Latent Class Analysis (LCA), and what are their relationships to dissociation types and
predisposing factors? 3) What is the role of inflammation in FND, and how does this relate to
dissociation? 4) Is inflammation in FND mediated by other facets of chronic illness including
dietary inflammation, Body Mass Index (BMI) and mood? 5) Do baseline
electroencephalographic (EEG) measures and Default Mode Networks (DMN) differ in FND?
6) What is the relationship between neural activity at baseline, inflammation and dissociation
in FND? To answer these questions, a series of behavioural, EEG, and inflammatory responses
were examined and modelled across three studies. Results suggest that dissociation is a
discernible construct in FND as it is present across all studies; distinct clusters of symptoms
can be statistically clustered to form subtypes, and these subtypes hold a relationship with types
of dissociation in FND and predisposing factors as well as additional symptoms; inflammation
is higher in those with FND, distinct pathways could indicate different models for the
development of symptoms; Inflammation in FND can be both related to and independent of
other facets of chronic illness but does hold a relationship with dissociation; baseline neural
activity is distinctly different in FND and in particular in nodes associated with the DMN; there
are relationships between baseline EEG measures, inflammation and dissociation in FND.
Results are discussed in relation to chaos theory, allostatic load and conceptualisations of FND

as an embodied brain disorder.
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Preface

“The fear of [this] disease used to terrify you when it was unknown to you” (Montaigne,

1595)

Someone who has FND does not receive the same benefits that a diagnostic label brings
to others, such as an understanding of aetiology, symptom progression or access to healthcare,
treatments and understanding from both professionals and family. I attempt to address this
disparity throughout the review of the literature on FND. As a supporter of the community,
whilst not entirely applicable to the majority of my studies, I felt this was something that needed
addressing. Whilst a lot of the usual benefits that diagnostic labels bring may not be available
to those with an FND diagnosis and knowledge that they have the condition alone may not cure
them, there is at least the potential for reduced fear of what the illness means. Furthermore, a
diagnosis can enable someone to feel part of a wider community, be part of a collective trying
to identify what FND means and develop and share coping mechanisms. The same can be said
of the general population and the medical sector, with reduced fear should come greater
acceptance. | have dedicated my thesis and much of my career, to studying FND in the hopes
of reducing stigma, promoting acceptance and awareness and addressing the gaps in knowledge

that limit appropriate treatment and recovery for those with FND.

As is typical of scientific writing, at times, I limit descriptions throughout the thesis of
FND to a description of symptoms, but FND should be viewed as more than this. FND is a
reflection on the nature and relationship between health and illness, which is that, upon
occasion, human beings need — for a brief time — to be ill. Throughout my third sector work, I
have observed those with FND accept the management of symptoms for overall chronic
reduction and develop the understanding that, at times, the body is ‘sending a message’. This
message could be that someone needs to slow down, rest, or allow the symptom to take control
momentarily. FND is also a reflection on the unity of mind and body, psychophysical
transparency and, finally, a biological reaction. Such considerations constitute the slow-
changing taxonomy of FND and with such thought, we could lend ourselves to clearer

descriptions and more widely accepted universal understandings of FND.

Before undertaking this PhD thesis, I thought I had a clear understanding of what FND
was. I had, after all, been a patient myself after being diagnosed at 14 years old. I have also

extensively studied and researched this condition at every opportunity during my academic



career thus far (and dedicated my undergraduate dissertation and master’s thesis to this topic).
Throughout my roles in the third sector (first as a support worker and later taking more strategic
and management positions as the trustee of charities) I began to meet more and more patients.
Suddenly, when the time was here and I had to write my early thesis chapters, I realised I no
longer knew this condition at all. I felt I knew so little that it became a challenge to write the
early chapters of my thesis. Whilst this omission is not something one would expect to find in
a PhD thesis where I am supposed to be showing my expertise, it is, I feel, an essential omission

to be transparent about.

Two issues contributed to this. The first was that the more patients I met, the more I
realised that there was no one core defining symptom in FND and not only that, but no single
symptom was a necessity. There was a rapid increase in those being diagnosed and FND
became a more complex illness than it was already — one in which you could witness so many
differences and worsening complexities of symptom presentation. I retreated to the literature,
and herein, I found my second problem; even with growing interest and publications, opinion
remained divided in the literature. Many sought to describe FND using the terms we have
become familiar with, citing DSM removal of the need for psychological triggers, ICD
frameworks or the classic “software vs hardware” analogies (a technique I have found myself
falling into in the early chapters of my thesis, too). Yet no definition could succinctly and
clearly define FND and its complicated substrates encompassing the true nature of this highly

complex condition.

The more literature I critiqued and the more patients I met through my expanding roles,
the less intelligible FND became to me. After one guest speech on the topic, I remember being
utterly flustered when asked to provide a succinct definition of FND. I submerged myself in
literature and re-emerged more knowledgeable in some ways and more confused in others. I
decided to return to my patients, those whom I knew who had the best understanding of their
illness narratives and really take note of their histories. Through this act, I found that the
histories of those who live with FND held the answers. Every person with FND does not have
one symptom, nor do they experience symptoms to the same degree of severity, and in each,
there are subtle nuances and overlooked symptoms which are less obvious at first as others
have taken over. In each patient, there are subtle disorders of presentation, speech and emotion,
thought and every other convincible vegetative symptom. Every case history of FND can
become an entire encyclopaedia of neurology, psychology and multiple other ologies if only

we stop and spend the time attending to it.



As a psychologist, I cannot prematurely refute the role of emotion in FND as, by
training, I have been encouraged to consider emotion as an underlying facet which weaves
through our psychology, behaviour and biology and indeed, research consistently supports this
too. However, I strongly feel that emotional experience has been explored archaically and in
much too simplistic narratives to understand FND truly. For some people with FND, symptom
experience is indeed drenched in emotional experience, and for some, emotional experience
engulfs the entire history of the condition and could likely be a precipitating factor. However,
this is certainly not true of all patients with FND nor true of all cases of relapse, onset or
continuation of symptoms. An often-overlooked factor is that symptom onset is in itself an
emotive experience — it is not always the source or the trigger, but it is often/always a result.
As such, I will not discount the role of emotion throughout this thesis, but I will encourage all

of those who research FND to be mindful of explorations in this area.

I consider FND throughout this thesis with a continual multi-perspective view. | feel it
necessary to consider FND as a multifaceted structure whose forms are a product of the implicit
repertoire of the nervous symptom as much as they are as an emotional or biological strategy,
a disorder of neural network dysfunction or a disorder of the embodied brain. In Chapters 1
and 2, I consider exploring the current definitions of FND and potential subtypes as well as the
potential underlying subtypes; in Chapter 3, I explore the how by exploring potential
underpinning mechanisms and the experimental chapters that follow the aim to explore
potential avenues of why FND occurs. I hope that these narratives and multi-perspective

considerations are in the work that follows.

I invite you throughout to view FND as something which illuminates the entire range
of biopsychosocial reactions by tirelessly reminding us of the continuity of mind and body
mediated and underpinned by emotions and dissociation as a consequential defence (e.g.
immunological) response. I also invite you to view this work as a stepping stone or singular
puzzle piece in this complex and multifaceted area. This thesis does not hold all the answers
(some readers may be disappointed to realise that it holds approximately six key findings given
the word count). Nor is it a declaration that I hold all the answers (as I have already admitted
at the beginning of this thesis that I am now only more aware of what I do not know). What
springs to mind when I think of my knowledge of FND after writing this thesis can be summed
by a quote from a lyrical legend, Alex Turner: “What do you know, Oh’ you don’t know nothing,
no” (Arctic Monkeys, 2006). What I do hope is that this work can act as a catalyst for future

research, and ignite conversation and investigations into FND.
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Chapter 1: Conceptualisation of Functional Neurological Disorder & Models of

Aetiology

1.1 Chapter Introduction

This chapter focuses on defining Functional Neurological Disorder (FND) and
introduces key concepts of neurological and psychological significance in better understanding
this illness. First, an overview of FND is given, including current definitions, symptom
presentation, and theorised causes. Subsequent sections explore the historical perspectives of
FND, which have contributed toward current understandings, conceptualisations and naming
of the illness before moving onto contemporary models of aetiology and symptom generation.
The chapter then explores current challenges and controversies within the field of FND,
including the need to identify subtypes and predisposing factors and key considerations which

should be considered in theoretical models, including dissociation as a prominent symptom.

1.2 Defining FND

FND is a condition in which symptoms of altered motor or sensory function cause
distress and impairments to bodily function in conjunction with clinical findings incompatible
with organic disease or other medical diagnoses (American Psychiatric Association, 2013). In
FND, all areas of motor or sensory function can become impaired, and whilst diverse symptoms
may be present, the most commonly reported are pain, fatigue, tremors, dystonia, gait
abnormalities, motor or sensory disturbances, loss of feelings or functional seizures (Carson et
al., 2016). Neurological assessment in those with FND shows a lack of organic disturbance and
suggests that normal function is possible. Despite this feigning is not an adequate explanation
for symptoms (Hallett et al., 2006). Presentation of symptoms is often further complicated by
high rates of comorbidity with other neurological disorders, anxiety, depression, functional
pain, fibromyalgia or other general somatic symptoms (Ani et al., 2013, Kozlowska etal., 2011,
2017). It has previously been considered to be an umbrella term owing to the vast array of

neurological symptoms that the term encapsulates.



Whilst on the face of it, FND may seem like a catch-all term, these definitions of FND
(which are littered throughout the literature) do not fully encapsulate the true nature and
experience of the lived condition and are in part influenced by the historical treatment of FND
in medical settings and research. The definitions of FND have also been constrained by
limitations in neuroimaging technologies which have not allowed for in-depth assessment of
neurological functioning and dated understandings of brain function. More recent
understandings of FND acknowledge the plausibility of substantial alteration in brain function,
with apparent gross changes in structure (Bégue et al., 2019; Voon et al., 2016). The Diagnostic
and Statistical Manual of Mental Disorders (DSM-5, American Psychiatric Association, 2013)
identifies the following criteria for FND:

e One or more symptoms of altered voluntary motor or sensory function;

e Where physical findings show evidence of incompatibility between the
symptom and neurological or medical conditions;

e The symptom is not better explained by another medical or psychological
disorder and;

e The symptom causes clinically significant distress or impairment in social,

occupational or other areas of functioning

Of note, previous editions of the DSM required a psychological event as a trigger or
predisposing factor for the onset of the disorder. This criterion has been dropped in DSM-V
(American Psychiatric Association, 2013), with the recognition that a psychological trigger is
not necessary for the development of FND symptoms. Many studies, for example, highlight
that FND symptoms more commonly present with other types of predisposition or triggers
including physical injury, and post-viral infection (Edwards et al., 2020; Reuber et al., 2002;
Stone, Carson et al., 2009) and 37% of patients report physical injury within the months prior
to onset of symptoms suggesting a need to reframe conceptualisations as trauma (Stone et al.,
2010). Nevertheless, this change in the conceptualisation is subject to ongoing debate. Carson
et al. (2011) highlight that many previous authors have argued that psychological distress is a
primary precipitating factor prior to the onset of symptoms, and such focus has derailed the
progression of more holistic understandings of FND beyond trauma enquiries. The
International Statistical Classification of Diseases (ICD-11; WHO, 1992) sets out similar
criteria for diagnosis of FND. A comparable difference between the two is the categorisation

of the illness. Whilst the DSM-5 defines FND as a somatoform disorder, problematically



sandwiched between malingering and psychosomatic illnesses, the ICD categorises FND as a

dissociative condition.

Refined conceptualisation and understanding of the psychological and biological
mechanisms underpinning FND is becoming critical, particularly as it is currently one of the
most common reasons for referral to neurology clinics and a leading cause of disability in
working-age adults (Carson et al., 2011; Stone et al., 2010). FND is now more common than
multiple sclerosis (MS; Carson et al.,, 2011). FND symptoms are, therefore, prevalent,
extremely disabling and costly (Szaflarski et al., 2000, 2018). Yet FND continues to be viewed
unfavourably in many medical circles, with neurologists rating FND as their least-liked
condition, thought to stem from perceptions of lack of treatment options and the ‘difficult’
nature of the patient group (Carson et al., 2016; Evans & Evans, 2010) and implicit and explicit
attitudes toward the legitimacy of FND prevalent in medical settings (Begley et al., 2023). This
reflects the stigma experienced by those with FND and contributes to a sparse research base,
despite the disabling symptoms and high prevalence (Carson et al., 2011). Often, patients are
left unsure or questioning their diagnosis and fail to receive suitable and timely treatments,

which influences treatment outcomes.

The ambiguity of FND classification is a major limitation in the development of
theoretical models and research (Stephenson & Baguley, 2018). Diagnostic labels sometimes
include references to symptomology subtypes. For example, in patients where seizures are
present and lack epileptic origin, a diagnosis of FND with functional seizures may be given. In
patients with movement difficulties, including gait, paralysis or coordination difficulties, a
diagnosis of FND with Functional Movement Disorder (FMD) may be given. These symptom
subtypes are inconsistent in diagnosis and are yet to be validated by empirical research. Even
the naming of the condition has been ambiguous and caused significant controversy, producing
stigma and limited research efforts. For example, functional seizures have, up until recently,
been referred to as Non-Epileptic Attack Disorder or pseudo-seizures, both of which have
negative connotations. FND has been referred to by many names, including conversion
disorder, hysteria and medically unexplained symptoms. In the absence of a universally agreed-
upon taxonomy, terminology tends to reflect subjective beliefs of illness causation (Kanaan et
al., 2011; Sharpe & Carson, 2011), though it rarely relies on accurate data (Carson et al., 2016).
Other synonyms for FND, including ‘Medically Unexplained Symptoms’ (which is the current
NHS England’s naming on their website and official documentation), “non-organic”, and

“pseudo seizures” state what the condition is not, rather than emphasising a likely indication
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of cause (Stone et al., 2011). These “negative” diagnostic labels are based on an absence of
research and poor understanding of FND and should be avoided, as they misrepresent FND as
a completely unknown condition. However, several positive diagnostic indicators aid in the
detection of FND, such as Hoover's sign for identifying functional weakness in voluntary
control (McWhirter et al., 2011) and the typical semiology of functional seizures, which
distinguish it markedly from other seizure conditions (Duncan, 2016). Nevertheless, further
work that helps determine psychological and biological underpinnings will lead to clearer

positive diagnostic criteria.

In any case, FND is currently the most accepted term by the patient, academic and
clinical community (Carson et al., 2011), as it minimises stereotypical assumptions of
aetiology, instead implicating a functional disruption. It is, therefore, the term that will be used
throughout the current thesis. The prefix “functional” is used to indicate an issue with the
workings of, rather than the structure of, the nervous system. Whilst originally researchers
proposed the name change with the intention to make no assumption of aetiology (Feinstein,
2011; Edwards et al., 2020), recent meta-analyses of functional neuroimaging studies in FND
have implicated altered activity in a number of brain regions associated with motor planning,
selection and autonomic responding which are suggestive of issues with functioning (Boeckle
et al., 2016). Patients with Functional Seizures also prefer the pre-fix of ‘Functional’ over
‘Non-Epileptic Attack Disorder’ finding it less offensive than psychological or negative labels
(Stone et al., 2003). However, the term Functional is not without issue, there is now evidence
of structural brain differences in patients with Functional Seizures (McSweeney et al., 2017),
grey matter abnormalities in children and adolescents with FND (Kozlowska et al., 2017) and
reduced white matter in comparison to healthy controls (Diez et al., 2019). Current
neuroimaging techniques remain somewhat dated and limited and are yet to elucidate the true
nature of the structural alterations present in FND, and whilst such alterations are likely, careful
thought needs to be given to the limitations of the “software” vs “hardware analogy. The
biopsychosocial sphere in which FND symptoms transcend is adaptive, as is the functioning of
the nervous system as a biological system in which some patterns of functioning can cause
structural changes, and this has been recently seen in FND (Begue et al., 2019; Coebergh et al.,
2024). Nevertheless, the current limitations of a more appropriate term mean that FND will be

used throughout this thesis as the least problematic.

Perplexing models and labels of such medically unexplained symptomology may

reflect a dearth of understanding of a complex psychophysiological disorder (Raynor & Baslet,
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2021). Whilst FND is commonly explained as resulting from the impact of psychological
stressors on unconsciously produced symptomology (Brown et al., 2006; Roelofs et al., 2005),
many patients do not report psychological stressors prior to, or at the time of, onset of
symptoms (Ashkorb et al., 2013; Morsy et al., 2021; Pareés et al., 2014). Moreover, there are
relatively few differences in self-reported adverse life events or abuse (sexual or physical) in
patients with FND relative to healthy controls or patients with organic disorders (Kranick et
al., 2011). A continual focus on finding a trauma in those who do not report psychological
trauma is potentially damaging and traumatic in itself for those diagnosed both in clinical
practice and in research. Of course, such arguments can be counteracted circularly Brown
(2006) made the assumption that no trauma can be found because this traumatic experience has
been suppressed in contemporary alterations of psychodynamic theories of FND. However,
this argument does not allow for all of those who experience traumatic experiences and do not
go on to develop FND. Nor is this the simplest or most scientific explanation; if emerging data
does not support that a psychological trauma should be present at the onset of symptoms then
attention should be drawn more widely to the mechanisms that could be unpinning FND
(Hudson, 2020; Edwards et al., 2020). This is not to say that those mechanisms are unaffected
by psychological trauma, but that they may be influenced by many other factors, and that a
fixation and insistence on continual claims of FND as a purely psychological condition limits
all avenues to investigation. Furthermore, this “psychological fixation” overshadows biological
and social factors which are likely involved in the genesis and maintenance of FND symptoms
(Ejareh dar & Kanaan, 2016). Thus, recent additions of the main classification systems for
diseases (DSM-5 and ICD-10) have removed the diagnostic requirement of the presence of a

psychological stressor (Pareés et al., 2014).

Classifications now conceptualise FND as a functional disorder, one that is not always
caused by trauma. In line with such a framework, functional metaphors are often used when
discussing FND with patients and family members — such as framing symptoms as a “software”
rather than a “hardware” problem, reflecting ideologies of a structurally sound neural system
with abnormal functionality. Individual analysis of Computed Tomography (CT) and Magnetic
Resonance Imagining (MRI) data supports such claims; rarely are structural abnormalities
present in FND nor they do not account for patterns of impairment (Kozlowska et al., 2015).
Whilst psychological factors may not be necessary for causation, it is recognised that FND

leads to a greater comorbidity of psychological conditions after the onset of symptoms (Carson



et al., 2011; Stone et al., 2010). These phenomena and the role of psychological correlates in
FND is explored in greater depth in chapter 2 of the current thesis.

1.3 Epidemiology

FND is a common cause of disability particularly in neurological practice; FND is now
the second most common reason for referral to neurology after migraines (Stone et al., 2010).
If we want to be even more specific, FND accounts for 5 — 10% of new neurological
consultations with an estimate of incidence rate at 12 per 100,000 per year (Carson et al., 2011).
Based on this, Bennett et al., (2021) estimate that 50,000 — 100,000 people in the community
have FND and that around 8,000 new diagnoses are made of FND per year in the UK. If other
functional disorders (including irritable bowel syndrome and chronic pain syndromes) were
also represented in such figures, cases would be even higher and these figures also don’t
account for the slow rate of diagnosis (which currently stands somewhere around 5 - 8 years;
Kerr et al., 2016) or the slow progression from primary to secondary care which show that
symptoms are present for many years and illness outcomes are hard to predict (Gelauff & Stone,
2016). Nor do these figures and estimated costs consider transient symptoms in primary care
or emergency settings. FND is prevalent, and costly and results in high levels of disability and

distress for those diagnosed and yet remains relatively unheard of.

There are variable reports for typical age of onset within the literature, some claim that
FND commonly first presents in adolescence or early adulthood (Ani et al., 2013; Kozlowska
et al., 2007) and others cite typical age of onset at 37 — 50 years (Factor et al., 1995; Morgante
et al., 2012) or pubertal years (Canavese et al., 2012). However, of worthy note is that more
recent literature demonstrates that FND can occur across all ages (though it is less common
before 10 years old; Ferrare & Jankovic, 2008,). Different phenotypes do tend to deviate with
the age of onset; paediatric patients often have walking abnormalities, functional seizures or
visual disturbances (Ferrara & Jankovic, 2008), whilst other motor and sensory symptoms
become more frequent in those over 20 years (Ellenstein et al., 2011). The time course of FND
is variable ranging from transient symptoms to permanent dysfunction. Recovery occurs in 50
— 60% of patients, though spontaneous recovery is more common in children (percentage

unknown; Stone et al., 2003; Gelauff et al., 2014; Kozlowska et al., 2017).



One area of epidemiology that is rarely disputed is the disproportional impact on
women. Women are more commonly diagnosed with FND than men at a rate of 3:1 (Bennett,
2021), and women are disproportionately affected by FND across phenotypes with rates of
around 70% in most studies (Gelauff et al., 2014). The history of FND is a further commentary
on themes of maltreatment of women in medical practice and particularly in FND (Walusinski,
2014). Previous and dated terminology, including hysteria, for example, were used to denote
this as not only a female affliction but also as a commentary on the view of females within
medical practice. Many claim the diagnosis was more frequently applied to women as a means
of brushing aside this female complaint (Maines & Maines, 2001; Verhaeghe, 2013), which
also degrades the many males who are also diagnosed. Further, there is a lack of literature on
cases and treatment of FND during pregnancy — a gap in research which needs urgently to be
addressed given the practical risks during pregnancy and childbirth to both women and

children.

Historical biases may make physicians more likely to diagnose FND in women than in
men, despite similar symptom profiles (Edwards & Aybek, 2020; Marin et al., 2017). This bias
is also exemplified in the different terminology used to describe hysteria in women and men,
with those in males now being more widely and credibly recognised, such as post-traumatic
stress disorder and health anxieties, which categorically distance themselves from what is now
FND and the prejudice associated with it too. Further, there is a lack of recognition within the
literature of non-binary or trans identities or other marginalised groups, including race and
ethnicity, which present gaps in need of further and urgent exploration. If we are to study
demographics and if such demographics are studied in other illness narratives, these too should

be transparent and articulated within FND literature.

Despite the gender disparity and shared clinical symptoms etiological risk factors may
vary and some small differences have been noted. Symptom onset and diagnosis is thought to
occur at an older age in men (Duncan, 2016). Men with FND have been shown to display
greater healthcare anxieties whilst women with FND have higher rates of environmental stress
and family dysfunction (Reuber et al. et al., 2007). Though such differences are more likely a
comment on sociological rather than aetiological factors and as such are not contributors to

models of development of FND.

Studies do however claim that a larger proportion of those with FND come from lower

socioeconomic backgrounds (Deka et al., 2007; Folks et al., 1984; Kuloglu et al., 2003) as is



often attributed to disparity in women’s healthcare globally. However, there is a huge lack of
recognition and massive misinterpretation of the data here that around 50% of those who
develop FND need to reduce or give up employment (Carson et al., 2011) and that this is the
result of, rather than a contributing factor, for development of FND further highlighting the
impacts of the illness as opposed to the cause. Further, such arguments are stigmatising and
blame those with FND for their own condition (i.e. if they were not born to socio-economically
deprived families they would not have become ill). Environmental factors rather than wealth
and a lack of education could contribute toward this increase including poor diet, pollutants

and toxins, chronic stress and increased inflammation.

Economic disadvantage and a disproportionate effect on females could be attributed not
socially but biologically to the development of FND. Current estimates do suggest a female-
to-male sex ratio of 2 — 3:1 (Carson, 2016). However, a recent study exploring functional
seizures indicated that the proportion afflicted increased with age at onset (Goldstein et al.,
2019). There could however be a multitude of explanations for this including physician bias
against diagnosing FND in men (Morgante et al., 2012), that women are more likely to present
in healthcare services earlier than men (Carson, 2016) and that elevated levels in women might
reflect complex differences in exposures to social and environmental risk factors including high
rates of sexual abuse, intimate partner violence and sexual assault (Borumandnia et al., 2020;
Stoltenborgh et al. et al., 2011). Ludwig et al., (2018) found that life events were experienced
by patients with FND eight times as frequently as healthy controls. However, there may be
more hidden gender-weighted risk factors outside of trauma that are important in understanding
the aetiology of FND, including societal and familial expectations, which could have been
partly encapsulated in previous studies (e.g. Morsy et al., 2022). Whilst understudied in FND,
being in a caregiving role is associated with higher rates of mental and physical health
impairment and higher rates of infection, including viral infection, whereby women are
disproportionately affected (Pinquart & Sorensen, 2006; Schulz & Sherwood, 2008). Women
are more likely than males to develop infections and there are more likely hormonal influences
for women (Dias et al., 2022; Ingersoll, 2017; Van Lunzen & Altfeld, 2014). which are of
important note in the considerations of this thesis. However, limited research funding into this
area of epidemiology has instead led to speculation of social rather than important biological

factors.



1.4 Models

Functional Neurological Disorder (FND) has been discussed in ancient Greek and
Egyptian literature for millennia, often referred to as the "roaming uteri theory" and believed
to primarily affect women. Throughout history, renowned scholars and thinkers such as Plato,
Charcot, and Freud have added to the discourse surrounding FND, each offering their unique
insights and terminology. From outlandish explanations to closed-minded views which do not
encapsulate the full spectrum of FND symptoms and possible triggers, historical
understandings of FND have been inadequate in fully comprehending its complexities.
Although the causes and underlying mechanisms of FND still remain poorly understood,
various models have been proposed (Vuilleumier, 2014). In the aforementioned realm of
controversy that remains, and with a continued absence of universally agreed taxonomies,
many of these theories tend to reflect passionately held beliefs about FND with minimal
scientific supporting evidence (Kanaan et al., 2011). Recent theories of FND adopt a multi-
factorial perspective in which psychological, biological, social and environmental components
have the potential to influence and predispose individuals to FND, precipitate symptoms or
have a role in maintaining or perpetuating the symptoms (Reuber et al., 2007). Such theories
differ on the extent to which they believe each factor influences these areas or the lens from
which they explore FND (in an attempt to explain either the aetiology or maintenance of
symptoms). Theories of FND are still in their infancy and there remains little evidence of the

emergence of a comprehensive or dominant model.

1.4.1 Historical accounts

While this thesis aims to be concise and will not cover all historical aspects, the work
of Jean-Martin Charcot (1892) is of significant interest. Charcot's focus on Functional
Symptoms inspired diagnostic strategies that are still utilised today. According to Charcot,
dissociation - a separation of conscious and unconscious processes - could lead to dysfunctions
of motor and sensorimotor systems. In the early 20th century, renowned physicians like Freud
and Breuer expanded on Charcot's ideas, suggesting that the FND could be caused by
psychological factors. They coined the term "conversion disorder" and used hypnosis as a
diagnostic tool, proposing that physical symptoms resulted from repressed emotional issues

that transformed into bodily complaints. These theories placed greater emphasis on the
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psychological aspect than Charcot's. More recent iterations of such theories have incorporated
evolutionary psychology and suggest that FND stems from primitive behaviours like motor
arrest, freezing, and playing dead, originating from circuits within the basal ganglia and
periaqueductal grey under the control of cortical and subcortical limbic regions (Nijenhuis et
al., 2004; Whitlock, 1967). Evolutionary theories propose that FND is a response to a trigger
leading to an exhibition of the body's primitive response mechanisms to stress. However, these
theories rely mostly on empirical evidence and are challenging to test. Moreover, many patients
do not report psychological triggers at the onset meaning that such theories could only apply

to a small proportion of those diagnosed.

Historical accounts of conversion disorder have been revived with neurobiological
evidence and animal studies related to defence mechanisms (see Cretton et al., 2020., for
review). However, even contemporary models fail to consider a fully holistic view of the
neurological and psychological antecedents in FND, and even contemporary conversion
models fail to account for the low rates of previous traumatic experiences reported by many (in
some as low as 15%; Aybek et al., 2017; Roelofs & Spinhoven, 2005; Sharpe & Faye, 2006)
the absence of clear psychological triggers challenges the validity of this theory. Further
research has shown that there are neurobiological abnormalities in individuals with FND,
including evidence of alterations in brain structure and function (as reviewed in further detail
in Chapter 3; Begue et al., 2019; Diez et al., 2021) even in those without reported traumatic
experiences, suggesting an underlying dysregulation rather than a simple conversion of
psychological distress. High comorbidity with other established neurological disorders,
including epilepsy and movement disorders (Butler et al., 2021; Carle-Toulemonde et al., 2023;
Ducroizet et al., 2023), suggests that FND likely has a neurobiological basis, rather than being

solely a manifestation of psychological distress.

Thus, more recent research aims to comprehend the underlying cognitive processes of
FND symptoms. As the cognitive system is organised hierarchically, with most perceptual and
behavioural processing occurring automatically (Ashby et al., 2007; Atienza et al., 2002; Bargh
& Chartrand, 1999; Legrain et al., 2009; Schneider & Chein, 2003), it is suggested that
symptoms may result from lower-level pre-conscious processing systems (Edwards et al.,
2012; Voon et al., 2016). Consistent with such theories, Bakvis et al., (2009) found evidence
of altered, preconscious threat processing in patients with Non-Epileptic Attack Disorder
(NEADs, a distinct seizure disorder under the FND umbrella). In this study, participants who

had been sexually abused were more likely than non-abused patients to have their attention
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drawn to angry faces presented beyond conscious thought. However, not all patients with
NEADs or FND have experienced sexual trauma, and not all victims of sexual trauma go on to
develop FND. Furthermore, it is likely that survivors of sexual assault would show such a

response making associations with FND limited.
1.4.2 Integrative Cognitive Model of Medically Unexplained Symptoms

In 2006, Brown proposed the Integrative Cognitive Model of Medically Unexplained
Symptoms (MUS), which posits FND as a disorder of perception and control involving
mechanisms such as conversion, and somatisation. According to this theory, patients acquire
"rogue representations" of their symptoms through various means, including their own physical
illness history, exposure to illness in others, sociocultural transmission, or verbal suggestion.
A malfunctioning attentional control system persistently activates and selects these "rogue
representations,” resulting in symptoms that are marked by altered perception (e.g. pain,
anaesthesia, visual disturbance) or impaired control (e.g. tremor). The patient may misinterpret
these symptoms as physical illness, creating a sense of loss of agency and involuntary

symptoms.

Computational neuroscience has provided an explanation of the mechanism of FND
based on predictive coding theories (Edwards et al., 2012; Van den Bergh et al., 2017). In this
framework, the brain generates probabilistic internal models to infer the causes of sensory
inputs (called posterior beliefs), which are based on prior expectations (learned knowledge)
about the world and current sensory input. If there is a mismatch between prior expectations
and sensory data, the brain tries to reduce the "prediction error" either by adjusting the prior
expectation to fit the sensory data better or by adjusting the representation of sensory data to
fit the prior expectation better (for example, by increasing or decreasing attention). This process
is iterative and continuous, moving through a hierarchical structure, with lower levels
representing basic features of sensory input and higher levels representing more complex

properties.

Bottom-up prediction errors depend on top-down input from predictions (which can
also be influenced by previous prediction errors). As time goes on, predictions and prediction
errors build a level of confidence (variance around a mean distribution), which can be thought
of as "precision" (smaller variance means greater precision). Precise prior expectations
represent strong predictions, and the stronger the prior expectation, the more likely it is that the

inferred cause of the sensory input (posterior) will be weighted in favour of the prior prediction.

11



Conversely, if the sensory input is highly precise, the posterior will be biased toward the
sensory data. As more sensory inputs are accumulated over time, the prior will be updated to
reflect the sensory data. Additionally, the system weights prediction errors based on how likely
they are to be a result of noise or an accurate reflection of input. When precise sensory data is
expected (e.g., in the light), the posterior will be weighted more in favour of sensory input.
However, if the sensory input is expected to be imprecise or noisy (e.g., in the dark), the
posterior will remain biased toward the prior. Ultimately, this process generates an optimal

posterior model to infer the cause of sensory inputs.

These models tend to oversimplify the complex interplay between the psychological,
biological, environmental and social factors. In Brown’s model for example, there are no
notable references to neurobiological concepts, and it is unclear what is wholly meant by these
‘rogue mental representations’. Further, emotional and other internal states are known to
influence symptomology. In addition, and in an adaptation to this theory, Brown & Reuber
(2016) apply a similar theoretical framework to Functional Seizures and consider a “seizure
scaffold” as a central symptom in which automatic activation of seizure behaviour occurs from
memory and during arousal as a result of threat processing. Primary failure of interface in FND
may not be due to abnormal prior expectations, but rather a failure to integrate information

from multiple sensory modalities.
1.4.3 The Bayesian Model

Edwards et al. (2012) proposed a neurobiological model for FND termed the Bayesian
account. This model proposes that Functional symptoms are the result of actions based on
inferences. These interferences are mediated by expectations of symptom generation, past
emotional and illness experiences and particularly body-focused attention, some of which have
been outlined earlier. Functional symptoms are known to be the product of the failure of
interference which occurs outside of conscious control (Edwards et al., 2012) and is supported
by a wide range of neuroimaging studies which have revealed alterations in brain regions
associated with sensory processing, motor control and emotion regulation (Aybek &
Vuilleumeir, 2016; Hassa et al., 2021; Sojka et al., 2019; Sojka et al., 2024). There is evidence
of psychological factors which are accounted for in this model, and factors that may contribute
to alterations in prior beliefs and expectations, leading to increased susceptibility to prediction
errors. Further, this model considers that FND symptoms can fluctuate in response to changes

in attention, mood or context, which is consistent with the Bayesian model’s emphasis on the

12



dynamic interaction between prior beliefs and sensory evidence. In therapeutic approaches, this
model has been highlighted and influenced, particularly in, for example, the development of
positive clinical diagnostic tools like Hoover’s Sign (Edwards et al., 2020; Lidstone et al.,
2020; Stone et al., 2020).

1.4.4 Other models and comparisons

Whilst previous aetiological understandings of FND relied upon simple trauma-focused
explanations of a physical manifestation of psychological distress, neurobiological evidence
has given rise to many other neurobiological models of FND. Voon et al. (2011) proposes the
neurobiological model, which considers the aetiology of FND to reside in increased emotional
arousal at symptom onset and a previously mapped conversion representation either at the onset
or prior to symptom development, drawing upon their consistent findings of amygdala
involvement in symptomology. They also draw support for their theory from research showing
abnormal connectivity between limbic structures and supplementary motor area (Voon et al.,
2010) and findings of higher activation of the right amygdala, left anterior insula and bilateral
posterior cingulate (Voon et al., 2010b). Kozlowska et al. (2012) have proposed a
neurobiological stress-based model of FND as a result of their work with children and consider
that dissociation illness, injury, emotional distress, and trauma could lend to cortical arousal,
abnormalities in brain function and connectivity. The authors suggest that FND is a result of a
defensive state in which the brain is responding to cortical arousal and that the basal ganglia,
midbrain and brain all engage in reflective behaviours (Kozlowska et al., 2012). Recently,
Fobian and Elliot (2019) proposed an integrated summary model which aimed to consider the
complexity of FND and integrate contemporary cognitive and neurobiological understandings
and recent research in a model which was easily understood by patients. Whilst considering a
wide range of literature and theory the model does contain a great emphasis on elements like

“sick roles” and “health scaffolds” which are not welcomed insights by the patient community.

Given the wide range of symptoms including motor, sensory and cognitive symptoms,
the heterogeneity of these suggests that a that a single mechanism, be that conversion or
cognitive, may not adequately explain the diverse manifestations of FND. Whilst it is known
that the functioning of the brain is subject to individual differences as its functioning is based
upon our own experiences, this alone does not explain why FND symptoms vary and why
individuals with FND suffer from alterations in symptom profiles and have slump-crash
reactions (whereby symptoms can fluctuate sometimes without known cause or explanation).

Theories often focus on a singular mechanism and sometimes neglect the complex interplay
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between cognitive factors, internal (emotional or psychological) states, biological and
environmental influences. There is a strong body of evidence that implicates a key
psychological construct, dissociation, which has not been considered in its entirety in
contemporary models of FND and is explored in greater depth throughout this thesis. Physical
treatments, such as physiotherapy, graded motor imagery, transcranial magnetic stimulation
(TMS), and neuromodulation techniques, have been shown to support recovery of FND
symptoms, suggesting a physical component to the disorder — one which either has been
overlooked or which remains elusive owing to current limitations of neuroimaging. Evidence

of underpinning biological mechanisms is critical in adequately comprehending FND.

1.5 Stigma

Despite the absence of a suitable disease explanation, people with FND are frequently
disabled and distressed (Carson et al., 2011) likely owing to a multitude of factors, including
the unknown aetiology and neurobiology of FND, stigmatisation associated with the condition
(Carson, 2016), unknown illness narratives (Nettleton, 2006) and a lack of treatment options
(Stone et al., 2010) amongst other factors. Socio-political influences have greatly influenced
understandings of the condition and definitions throughout history, yet arguably, medical
stigma remains a great influence in FND and lends to adverse views of patients with the
condition. The history of FND certainly contributes to this stigma and perpetuates myths of its

legitimacy and where to place blame.

FND is a condition that poses significant challenges to healthcare professionals (HCPs).
Studies have shown that HCPs exhibit varying, negative attitudes towards FND, with
uncertainty and fear regarding diagnosis and treatment being common themes (Barnett et al.,
2022; Begley et al., 2023; Evans & Evans, 2010; Kanaan et al., 2011; Marotta et al., 2021;
Tinazzi et al., 2022). A study from 2010 found that neurologists rated FND as the condition
that they least liked to treat among 20 common neurological disorders (Evans & Evans, 2010).
Furthermore, a large proportion of HCPs express scepticism about the legitimacy of FND, often
associating it with malingering, feigning, and manipulation (Barnett et al., 2022; Kanaan et al.,
2011; Lehn et al., 2019; Tinazzi et al., 2022; Vance et al., 2024). Such negative attitudes may
manifest in clinical interactions, leaving many people living with FND feeling unsupported
(Dosanjh et al., 2021) and questioning of the diagnostic legitimacy of FND which can in turn

exacerbate the illness and lend to a continued search for answers.
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Limited formal training on FND management may contribute to these negative attitudes
(de Liége et al., 2022; Stone et al., 2020). It is crucial to note that HCPs' attitudes can influence
clinical decision-making, such as writing letters of support for patients or decisions to prescribe
medications or psychological therapy (Drake et al., 2018; Schifer et al., 2016) and that these
attitudes continue to shape general population and wider medical sector views of the condition.
Previous studies examining clinician attitudes towards FND have primarily focused on explicit
attitudes, which refer to conscious and openly expressed opinions obtained through surveys or
qualitative interviews. However, this approach fails to account for potential implicit biases,
which involve less awareness and unintentional responses. Research in other medical
conditions has shown that these implicit attitudes can influence both treatment decisions and
patient health outcomes (Hall et al., 2015; Sereno et al., 2022). Recent research into FND shows
that many HPCs hold implicit uncertainty regarding the legitimacy of FND and that such
attitudes influence referral to other treatments limiting potential resources of support for those
diagnosed (Begley et al., 2023). Moreover, it has been observed that implicit and explicit
attitudes have different patterns of relationship with treatment decisions. Therefore, it is
essential to consider both implicit and explicit attitudes towards FND to ensure that individuals

living with FND receive appropriate care and support.

1.6 Triggers

Throughout the history of the conceptualisation of FND, a central focus has been on
the initial ‘trigger’ — the predisposing event, situation or sometimes trauma (be that biological,
physical or psychological) which has led to the beginning of FND (Stone et al., 2020; Fobian
& Elliot, 2019). Such views continue to dominate practice, and as such, patients are medically
traumatised whilst professionals aim to seek to find a trauma from which the illness stemmed.
Whilst this search may be beneficial and allude to some answers, understanding how and why
symptoms are maintained is a much more pressing concern. After the initial attack, when
symptoms settle into more rhythmic patterns and the condition becomes chronic (Hallett et al.,
2022). A range of predisposing factors including adverse life events (ALEs), viral infection,
physical injury and combinations of these with emotional, psychological, and sensory
processing deficits, burnout, stress or genetic vulnerabilities have been proposed (Millman et
al., 2023; Ranford et al., 2020; Keynejad et al., 2019; Vanini et al., 2024). However, events

like painful injury, viral infection and psychological and physical illness are almost universal
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occurrences which do not result in FND for the vast majority of people who experience them
(Parees et al., 2012). FND research is progressing from preliminary trauma enquiries and as a
construct of evolutionary survival, particularly when we consider evolving understandings of
the nature of trauma and that symptoms produced by FND are ineffective from a survival

perspective.

FND, and FND attacks in particular, may be perpetuated by one or more of its own
symptoms. In short, that FND could be a response to itself. Some theories suggest that after the
initial trigger or impetus, subsequent symptoms may arise similarly, such as a series of self-
perpetuating internal drives (or a positive feedback loop) that bind the symptoms into their own
circulatory ineffective system. FND symptoms long outlast the provoking or triggering
stimulus and are protracted beyond any reasonable adaptive or emotional response or function.
In order to fully appreciate this concept, we should therefore shift our focus in research. Change
can only occur in understanding and mapping the changes FND has resulted in — the
maintenance symptoms or perpetuating symptoms, which perpetuate the illness and result in
continual attacks and underlying constant symptomology. Whilst the triggers may be
important, they can only be important in the context of their potential relationship to the
maintenance symptoms and the potential biological changes that these resulted in, which enable
the illness to continue. Research has begun to identify many possible perpetuating factors
including Alexithymia, dissociative tendencies, emotional distress, and physical symptom
burden (Millman et al., 2023) and rather than considering these as triggering symptoms the
current thesis considers these as potential perpetuating factors in FND which could robustly
account for variations in symptom clusters and fluctuations in symptoms. As an underlying
mechanism in FND the current thesis explores dissociation and inflammation as core constructs

and elaborates on these ideas further in Chapters 2 and 3.

1.7 Symptom-constellations in FND

Symptoms of FND are often listed and described as if they were unrelated to one
another and occur at random. However, theoretical models presume that there is an underlying
mechanism which somehow shifts to present different symptoms and variation of symptoms
within this patient group. In clinical practice and community work, there are reports of

symptom clusters occurring with some consistency and in relation to the predisposing (or

16



triggering) event. For example, those who report a physical event at the onset of the
development of FND seem to show correlates with subsequent symptomology i.e. painful limb
injuries are reported commonly prior to the onset of FND and the same limbs affected in
functional dystonia (van Rooijen et al., 2011). Panic attacks, events of emotive significance
and events which induce dissociation are commonly reported prior to the onset of functional
seizures (Goldstein & Mellers, 2019). These accounts are suggestive of a relationship between
initial triggers and subsequent symptomology though this has never been statistically explored.
Equally, the trajectory of the illness can change. Someone who is ‘in remission’ may seemingly
suddenly have incidents of paralysis or further long-term impacts. There are, therefore, two
relationships that need to be considered: 1) the relationship between symptoms and potential
symptom clusters and ii) the relationship between symptom clusters, if these do exist, which

may denote separate types of FND and their causes.

Chaos theory could be used to understand complex dynamic systems like that of the
brain and nervous system in particular when the normal rules of the nervous system are
paradoxical, as they appear to be in FND. We have an assumption that the brain and nervous
system will prescribe a common set of rules and notions. But if this is true, and we view FND
as a dysfunction — a breaking of these rules of ‘normal’, ‘healthy’ functioning, then we must
ask why. The brain, of course, prioritises efficiency, survival, and protection of the organism,
which does not align with the production of FND symptoms; FND represents chaos in this
normal functioning. Conditions like Parkinson's (Toro et al., 1999; Yulmetyev et al., 2006) and
Migraine (Kernick, 2005) are often thought to represent “an organised chaos”, and the same
could be said of FND. FND, in particular, is characterised by this chaos, which can manifest in
various ways, including uncertainty, instability, intensity and flux of symptoms (Arbuthnott,
2020; Canna & Seligman, 2020; Barnett et al., 2022). As a result, those with FND may
experience periods of disorder and unsettled states and, even in moments of relative stability
may be left with a general “feeling of the disorder”. There may be some periods of settling of
symptoms or, for the lucky few, periods of “health”. Nevertheless, there is always gravitation
toward a stability of health or that of illness. While Chaos theory is not commonly applied to
healthcare, it can be useful in understanding the complex dynamics of the body and nervous
system and the interaction between these and other factors. FND can be viewed as a complex
and dynamic disorder of neural behaviour, one which affects the regulation of the body’s
autonomic nervous system. Patients with FND may experience rapid imbalances and

overcompensations due to even the slightest stressors, which can pull the ANS into a state of
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chaos. Ultimately, FND may act as (in Chaos theory terms) a "strange attractor," drawing the

body's systems away from equilibrium and into a state of disorder and into chaos.

Consideration of the many symptoms which may present in FND shows us that a single
symptom cannot enable a thorough understanding of the entire condition and underlying
mechanisms influencing symptoms. A rule that needs to apply not only to clinical practice but
also to empirical research. FND is an aggregate of innumerable components, and whilst highly
variable, it likely operates within a framework of a general pattern. Chapter 5 follows an
investigation into a single multifaceted phenomenon, dissociation, which has long been
overlooked in FND but is also variable in nature and could explain the chaotic nature of FND
symptoms. Chapter 6 investigates the role of the potential pattern which may exist between
symptoms, triggers and potential clusters for the condition. There are, however, a surprising
number of symptoms which literature has overlooked, including altered sleep (either prolonged
or a lack thereof), tinnitus, migraine, sensory issues, migraine, and the vividness of dreams)
and the role of dissociative experiences across a range of mechanisms. In Chapter 6, an
empirical study is presented that explores if symptom clusters exist, which include the less
‘obvious’ FND symptoms, and if these hold a relationship with predisposing and perpetuating

factors.

1.8 Chapter summary and outline of subsequent chapters

This chapter has defined FND and considers its conceptualisation in relation to models
of aetiology with support from empirical research and the historical perspectives and current
challenges and controversies within the field. The evidence suggests that contemporary models
can still not account fully for the onset of symptoms and that FND is a multifaceted and
complex condition; thus, it is essential to continually revisit and revise conceptualisations and
understanding of the psychological and biological mechanisms which underpin it. Current
diagnostic tools are lacking in such advancements, and discrepancies between them and
discrepancies of their outlook in light of recent empirical evidence suggest that these are not
reliable in their considerations of FND, often adding further conceptual confusion. Chapter 1
has also emphasised the need to identify subtypes and predisposing factors and critical
considerations that should be considered in theoretical models, including dissociation as a

prominent symptom. Several models have been proposed to understand the aetiology of FND,
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such as the cognitive-behavioural model, the trauma model, and Bayesian models. The
symptom presentation of FND is diverse but these symptoms could be further classified into
different clusters in advancements to contemporary theory and consider FND in light of chaos
theory, which would view FND symptoms as the result of complex interactions between

multiple factors.

The overall aim of this thesis is to contribute toward knowledge of FND and elucidate
biopsychosocial markers for the condition which could reduce stigma and lead toward
comprehensive treatment approaches or biological markers for diagnosis. The thesis aims to
encapsulate a biopsychosocial approach and chaos theory to explore symptom profiles and key
constructs like dissociation, brain function and inflammation in FND through a combination of
self-report, behavioural, neurobiological and psychological measures. The aim is to also
investigate relationships between these constructs to develop a comprehensive, holistic view
of the potential underlying relationships between these in a mind-body holistic paradigm. A

summary of the remaining chapter aims is outlined below:

e Chapter 2: A theoretical chapter providing an overview of the literature on
psychological constructs and correlates in FND. In particular, this chapter considers the
need to focus on dissociation as a prominent and defining feature across FND subtypes
and symptom clusters.

e Chapter 3: A theoretical chapter providing an overview of the biological and
neuroimaging evidence in FND and the methods of investigation used throughout this
thesis, including electroencephalography (EEG) and inflammation (through
phlebotomy measures).

e Chapter 4: Thesis aims and overview in their entirety and as informed by previous
literature reviews.

e Chapter 5: The first empirical chapter provides primary investigations into the role of
dissociation in FND and presents research findings to allude to a necessity to consider
this throughout subsequent investigations.

e Chapter 6: Presents secondary empirical investigations into the role of dissociation in
FND and analysis of latent class analysis (LCA) in investigating potential symptom
clusters of FND in relation to predisposing (triggers) and perpetuating (dissociation)
factors.

e Chapter 7: Presents an empirical multimodal study which explores inflammation in

FND and combined analysis of dissociation and EEG resting state data.
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e Chapter 8: This final chapter synthesises and discusses the thesis's overall findings as
they relate to the core aims and theories of dissociation, brain function, and

inflammation in FND.
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Chapter 2: Psychological correlates of FND

2.1 Chapter introduction

In Chapter 1, conceptual understandings of FND were described along with a current
understanding of the condition; nuances in its presentation were also alluded to. Contemporary
models of FND have shifted away from longstanding psychodynamic theories or trauma-
focused models towards models which emphasise dysfunction of higher-order cognitive
processes and consider several aetiological risk factors, beyond psychological trauma
(Edwards et al., 2023; Teodoro et al., 2018; van Den Bergh et al., 2017). Such models state that
there is a complex interplay in FND between genetic, developmental, psychosocial and
environmental factors, which accumulate as “multi-hits” to trigger and maintain cognitive,
sensorimotor and emotional dysfunction underpinning FND symptoms (Pick et al., 2018; Pun
et al., 2020). The relative extent to which each element plays a role is greatly debated (Butler
et al.,, 2021; Ludwig et al., 2018; Jungilligens et al., 2022;). Throughout Chapter 2,
consideration is given to alternative ideas for the role of trauma, affect, and coping in FND.
Chapter 2 also introduces dissociation, alluded to in some models and explored throughout the

current thesis as critical constructs in FND.

2.2 The role of trauma

The role of trauma and stress in FND remains controversial in research and practice
(Keynejad et al., 2019). Emphasis on the role of trauma in FND stems from the historical
conceptualisations of FND as a stress-related condition. As a result, many researchers have
explored trauma as being a predisposing factor for the development of FND symptoms; some
(Jungilligens et al., 2022; Ludwig et al., 2018; Perez et al., 2017; Roelofs et al., 2002; 2005;
Selkirk et al., 2008; Spinhoven et al., 2004; Stone et al., 2004), but not all (Blanco et al., 2023;
Reuber, 2007) studies have found that adverse life experiences (ALEs, e.g., sexual abuse) are
higher in those with FND, and claim that trauma is an antecedent to the development of FND.
Discrepancies in findings might result from differences in methodological approaches (e.g.,
reliance on recruitment through neurological and/or psychiatric clinics), possibly indicating the

existence of FND subtypes (Jungilligens et al., 2022) that differ in aetiology, and/or alternative
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triggers. That is, trauma may be one factor in a complex interplay between several possible

environmental, psychological, social and genetic determinants (Keynejad et al., 2019).

There remains a question of how to best conceptualise these findings of adverse life
events (ALEs) and trauma in more contemporary understandings of FND (Kanaan & Craig,
2019). The psychogenic model of FND has been widely criticised (see Edwards et al., 2013;
Stone & Edwards, 2011; Stone et al., 2011) for its simplistic assumptions and lack of reflection
on the patient experience of the illness, leading to a reduction in diagnostic importance of ALEs
in DSM-5. Downgrading the presence of a psychological stressor from an essential to a
supportive criterion (Espay et al., 2009) is further supported by findings that trauma represents
a susceptibility factor for many non-communicable diseases, including neurological and
psychiatric illnesses (Roelofs et al., 2005; Sharpe & Faye, 2006). Trauma as a risk factor is not
specific to or sufficient for the onset of FND (Nicholson et al., 2020), and consideration should
be given to the wide range of risk factors that the literature indicates. A range of nonspecific
factors and complex pathways of predisposing traumatic experience can be linked to
precipitating and perpetuating experiences in FND and its symptomology (Reuber et al., 2009).
These include affect, emotional dysregulation and stress (Janiri et al., 2021; Jungilligens et al.,
2022). The presence of psychological stressors can only be identified in a small proportion of
patients (Binzer, 1997), and often, these occur years prior to the onset of symptoms (Roelofs
et al., 2002). Moreover, patients with FND more commonly report a physical event at the onset
of symptoms (Reuber et al., 2002). Nonetheless, findings of psychological trauma may
represent a risk factor for a proportion of those diagnosed but likely alongside other risk factors

in multi-hit hypotheses (Ludwig et al., 2018; Stone et al., 2004).

There could be differences according to symptom clusters and ambiguous current and
possible (i.e., only theorised) types of FND. Stone et al., (2004) report that those with
Functional Seizures show particularly heightened rates of trauma within 12 months of symptom
onset. Another study found that those with Functional Seizures had significantly more
prevalent ALEs than those with epilepsy and that they showed higher levels of stress-related
disease and current rumination (Tojek et al., 2000). However, in both cases, the authors advised
caution in the interpretation of their results. Stone et al.’s (2004) findings, for example, did not
extend to those with other types of FND (such as motor symptoms). Thus, findings of
heightened trauma and adverse life events may not extend to all symptom clusters in FND.
Functional seizures may in themselves relate to a larger pattern of somatic symptom responses

to a wide range of negative events, including stress in adulthood and stress across the lifespan.
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Such findings raise questions about the helpfulness of a diagnostic category which assumes a
singular underlying aetiological mechanism and unified treatment modalities. Rather it is
suggestive of different causal pathways in the development of different subtypes of FND.
Further, it could be argued that the patient's voice is being lost as many report feeling stigma
from healthcare professionals who search for trauma when there is no trauma apparent. Indeed,

the illness itself, with the changes and chaos it creates, is traumatic.

Additional research is clearly needed to understand the intersection of disease
mechanisms, aetiological factors in FND and treatment influence within the context of the
biopsychosocial and cognitive neuronal models of FND. This should also consider spiritual
and cultural influences that could influence experiences of trauma (Raghavan &
Sandanapitchai, 2020), the role of influence on neuronal networks and subsequent
symptomology, and the bidirectional relationship between these. FND symptoms themselves
produce trauma, as shown in other health conditions (Griesbach et al., 2018; Katrinli et al.,
2022;), but not directly studied in FND. In FND, there is a need to understand psychological
risk factors of brain circuity and subsequent illness outcomes. However, there is also a need to
contextualise a range of mediating and modulating factors, including genetic/epigenetic
factors, developmental trajectories (including critical periods), gene-environment interactions
and an attempt to explain better a range of risk factors and later life development of FND (Perez
et al., 2021). Very little is known about biological stress regulation generally and how it may
impact predisposing biological and psychological risk factors in a range of illnesses,
particularly FND. There are findings of hypothalamic-pituitary-adrenal axis dysfunction and
postulated relationships to preceding trauma and ALES, brain anatomical/functional changes

evidenced by neurochemical indicators like cortisol (Weber et al., 2023).

2.3 Role of emotion

Emotions are temporarily fixed states as opposed to the longer-term construct of mood;
as such, this chapter considers these as separate constructs for discussion. Like trauma, the role
of emotion (particularly those of negative valence) in FND has long been a research interest
which aligns with historical conceptions of FND as hysterical conversion. Psychodynamic
theories (e.g., as proposed by Breuer & Freud, 1893), Sojka et al., (2018) emphasise the

importance of emotions in FND pathology drawing upon evidence of higher rates of mood
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disorders and health anxieties. However, current empirical evidence suggests that historical
and precipitating stressors are neither necessary nor sufficient to cause the disorder (Keynejad
etal., 2019). The role of emotion is more complex than this simple linear assumption in its role

in the pathology and development of symptoms in FND.

Rather than being considered as a cause or triggering factor in the development of FND,
as the above works indicate, emotional dysfunction in FND could be viewed as a symptom or
byproduct of underlying pathology. The known pathophysiology of FND involves dysfunction
within various brain circuits, which affect constructs like emotional processing, interoception
and attention (Drane et al., 2021). Kozlowska et al. (2018) highlighted that patients with FND
show activation of multiple components of the stress system, including the hypothalamic-
pituitary-adrenal axis, autonomic nervous system and brain regions involved in both arousal
and emotion processing. Findings here were suggestive of the immune-inflammatory
component of the stress system, which may also be activated in those who develop FND. At a
circuit level, interrelated emotional processing functions map onto salience and other limbic
and paralimbic circuits, e.g. ventromedial and orbitofrontal prefrontal cortex, parahippocampus
and hippocampus. Heightened emotional reactivity and issues with arousal could be attributed
to symptoms of FND as a result of increased bottom-up amygdala and periaqueductal grey
PAG activations and alterations in functional connectivity associated with the hypothalamus
with is associated with detecting and responding to homeostatic demands (Aybek et al., 2014;

Lanius et al., 2010; Voon et al., 2010).

Unlike in other disorders where symptoms may take hold of a person mid-excitement
(psychological or physical) or immediately after a peak of excitement, FND symptoms act with
greater sporadicity. Some symptoms of FND have parallels to migraine reactions, the fainting
spelling in narcolepsy and cataplexy, the freezing exhibited in Parkinson’s patients or fainting
and swooning spells associated with vasovagal syncope. In such cases, however, the literature
suggests symptoms arise as a result of proactive emotions whereby excitement of the
neurological system lends to extreme kinaesthetic output. Emotions which hypo- (rather than
hyper) activate the nervous system do not typically lend to the symptoms seen here nor to
seizures. Yet literature continues to consider more negative emotions in the development of
FND. FND symptoms are sometimes linked to a specific trigger (Geroin et al., 2022; Millman
et al., 2024; Stone et al., 2020) and there can be clear links between the nature of the physical
precipitant and the resulting functional symptom (Stone et al., 2009); however, typically, these

triggers are more likely to lead to hypoactivation of the nervous system including stress
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responses, mood, dissociation, pain, fatigue and inflammatory responses. Sometimes, patients
report no identifiable trigger at all (Stone et al., 2020). Despite knowledge of the role of
emotions which excite or lend to hyperarousal of the nervous system, the rules are somewhat
disregarded in FND. There is evidence of emotion regulation and amplification of functional
symptoms during negatively valanced or psychologically threatening mood states e.g. panic or
shame, deficits in emotional awareness (such as psychological arousal in the absence of
emotional arousal and alexithymia and aberrant salient processing particularly in the induction

or worsening of FND symptoms (Pick et al., 2018).

Interoception, the capacity to identify sensations arising from the body is also suggested
to play a role in FND and has been associated with the ability to recognise and understand
emotions (Damasio, 2006; Zamariola et al., 2019). Research suggests that interoceptive
abilities relate to emotion regulation, with higher interoceptive abilities indicative of more
robust emotion regulation (Kever et al., 2015; Pollatos et al., 2015; Werner et al., 2010). In
FND, the processing of emotions is thought to be dysfunctional, but this is indicative of the
role of affective dysregulation and impaired cognitive control in the pathology of the disorder
and may be reflective of inefficient voluntary emotion regulation strategies (Sojka et al., 2019).
Individuals with FND may have abnormalities in interoception, and this difficulty in processing
emotion leads to difficulties in the identification of emotions; an understanding of brain
mechanisms underpinning the interpretation of physiological signals is crucial in understanding
the emotional experiences in those with FND (Jungilligens et al., 2022; Williams et al., 2021).
However, recognition needs to be given to the multifaceted, interconnected and complex
relationship between emotions and FND as this is not a simple linear relationship.
Consideration needs to be given to triggering factors, but also of interoceptive awareness and
cognitive dysfunction, and it seems these could be indicative of underlying brain and

neurobiological pathology in FND.

2.4 Mood

In comparison to emotion, mood describes a general background state, which is longer
in duration and differs from emotion in intentionality, anatomy, intensity, awareness and
function (Beedie et al., 2005). Mood disorders occur when there is a sustained abnormality of
a person’s mood and are chronic lifelong disorders of altered mood states, symptom clusters of

which are used to identify type and treatment modality (Grof, 2002; Marneros, 2009; Price &
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Drevets, 2010). Several studies report a high incidence of co-occurring mood and/or psychiatric
disorders, including poor concentration, low mood, anxiety, panic, dissociative phenomena and
post-traumatic stress symptoms as well as increased pain and sleep disturbances among other
non-core neurological aliments (Akyiiz et al., 2017; Butler et al., 2021; Pick et al., 2020; Perez
et al., 2021; Sar et al., 2004). These studies frequently reported that co-occurring symptoms
worsen clinical outcomes and are as disabling as the core features of FND (Gelauffet al., 2014;
Glass et al., 2018; Nicholson et al., 2020) and worsen quality of life (LaFrance et al., 2009;
Jones et al., 2016). Indeed, co-occurring physical and mental health diagnoses are considered
to be the norm rather than the expected in FND (Nicholson et al., 2020). This could reflect
shared risk factors such as biopsychosocial mechanisms, including trauma and other
precipitating events. However, not all research has demonstrated a link between FND and co-
occurring disorders of mood with some finding low rates in FND cohorts (Fobian & Elliott,
2019; van der Hoeven et al., 2015). It should also be acknowledged that other neurological
disorders (e.g., Multiple Sclerosis, Epilepsy, Fibromyalgia and Parkinson’s) are also associated
with high levels of anxiety, depression and dissociation (Bulloch et al., 2015; Davies et al.,
2001; Karatzias et al., 2017). In other disorders of the brain or neurological deficits, mood
disorders are considered to be a result of shared neural circuits implicated, for example in
Traumatic Brain Injury (TBI) it is recognised that the pathophysiology of mood disorders may
pertain to the injury itself and the associated structural and functional changes linking areas of
the brain associated with emotional processing (Jorge, 2015). There are individual differences
in the amygdala and PAG volumes in FND, which positively correlate with symptoms of ill
mental health, anxiety and disturbances in affect across FND subtypes (Perez et al., 2017).

Few studies include neurological controls alongside healthy comparisons, which can
limit the interpretation of findings being specific to FND. That is, such designs are less able to
distinguish the impact of having a long-term illness on mood (e.g., suffering and debilitating
effects, impact on social contact and recreation etc). Other factors influencing mood in FND
include medical gaslighting (Merone et al., 2022; Pierce & Albert, 2022), social support
(Ospina et al., 2019), cultural context, meaning (Canna & Seligman, 2020), stigma (Foley et
al., 2024; MacDuffie et al., 2021) and health status (Matin et al., 2017; Perez et al., 2017; Scott
et al., 2019), to name a few. Also, given that those with FND (and other neurological
conditions) are more than three times as likely to engage in mental health treatment than their
control counterparts (Fargo et al., 2004), it is more likely that mood symptoms, if present, will

be detected. Mood cognition and emotional responsivity are also affected by psychotropic
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medications, often prescribed in FND, which will impact incidence. Thus, a simple linear
relationship between mood disorders triggering FND onset is unlikely (Keynejad et al., 2019),
and bidirectional relationships between mood and FND also need to be considered. As is later
discussed in Chapter 3, a shared mechanism could be the presence of inflammation. The
broader literature implicates depression in exacerbating inflammation and dissociative
experiences (Beurel et al., 2020; Dantzer, 2012; Pike & Irwin, 2006; Powers et al., 2019). This
could also perpetuate a cyclical relationship between mood and FND symptoms, particularly if

inflammation also underpins FND and dissociation (for full discussion see 2.6 and 3.5).

Disruption to emotional states and mood disorders could be underpinned by
impairments in interoception and Alexithymia. Whilst dysfunction of interoception refers to
the disruptions to a sense of the internal state of the body with sensations associated with
emotional arousal, Alexithymia is characterised more broadly by difficulties in the
identification, description and expression of one’s own (or sometimes others') emotions and
mood states (Herbert et al., 2011; Kauhanen et al., 1993; Mattila et al., 2009). Thus, in
Alexithymia, whilst physiological sensations of emotion (like heart rate, hunger, thirst or
emotional arousal) may be felt, these are found to be challenging to identify, recognise,
describe and express. Alexithymia has been associated with poor health-related quality of life
and interpersonal and economic disadvantages (Kauhanen et al., 1993). Alexithymia is
significantly more common in those with FND compared to healthy controls and other illness
control groups (Demartini et al., 2014; Gulpek et al., 2014; Kaplan et al., 2013; Steffen et al.,
2015). This difficulty in identifying feelings also entails externally oriented thinking and
limited imaginal capacity (Williams & Gotham, 2021) and has previously been widely studied
in the context of autism spectrum disorders (ASD). More recently however links have been
established between FND and neurodiversity (Cole et al., 2023; Nisticoet al., 2022) with
evidence of high rates of autistic traits in those with FND (Cole et al., 2023) and high rates of
Alexithymia have been identified in FND (van Dijl et al., 2024). There is some evidence to
suggest that emotional processing is more commonly associated with Functional Seizures than
more general FND types (Bewley et al., 2005; Kaplan et al., 2013; Urbanek et al., 2014)
researchers recognise that this may be owing to a multitude of factors and direct comparisons
between subgroups have not yet been conducted. Evidence suggests that FND is associated
with difficulties in processing emotion-related stimuli and both emotional and mood

experiences. This, however, could be viewed as a result of the underpinning neurobiological
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mechanisms which occur as a result of the development of FND, rather than a triggering factor,

but could be a determining factor in chronic mood states.

2.5 Other Psychological States
Some research has proposed that FND symptoms, particularly fluctuations in chronic

states, are an adaptive coping mechanism in response to mood disruption or trauma (e.g.,
Brown, 2016; Cretton et al., 2019). FND itself should not be proposed as being a psychological
state of affect in which there is a perceived reward for the production of symptoms, as this
chapter has suggested the evidence for this position is weak and likely a result of historical
misconceptions of the disorder. Instead, diverse and understudied FND symptoms, including
allergic reactions, complex migraine and other symptoms which fluctuate, may represent
cellular, localised sensitivities. These are signs of different mechanisms of manifestations of
the brain and body's difficulties in adaption as opposed to a commentary on the lack of
resilience to psychological turbulence. Sensitivities to temperature, new allergic reactions and
other factors show an inability to process particular sensory information in FND (Matin et al.,
2017; Ranford et al., 2020; Stephen et al., 2021) and represent manifestations of difficulty in
adaptions of different areas of function. Simply, the brain and body are not communicating
well, and neuronal dysfunction as a result of separation of functions that are usually intrinsic

are not able to adapt to environmental changes and add another layer of complexity to FND.

On the topics of coping, Sydney Smith (1844) once wrote in relation to chronic illness,
“...I'am taking all proper care of myself which consists in eating nothing that I like, and doing
nothing that I wish” (p. 508-509). Being chronically unwell adjusts life's structure and
function, which is often seen in those with FND (Graham et al., 2018; Staton et al., 2024);
whole lives and livelihoods change (Stewart et al., 2004). Some patients fixate on the strategies
and techniques that will make them better, make small incremental changes to their symptoms
and come to accept that living with a diagnosis of FND takes great adaption (Arbuthnott, 2020)
as does psychosocial adaption to a wide range of chronic illness and disability (Livneh, 2001).
Health anxieties or quests for answers are sometimes viewed in FND as a response to disrupted
mood or health anxiety, as opposed to a primal instinct to support recovery. Whilst there is
indeed a need (sometimes) to allow the symptoms to take over, it is not through conscious
choice to be ill. Sydney Smith (1844) also wrote in the same set of letters to Lady Grey on the
power of connection between suffers of similar fates and illnesses and on the power of this

social support with others who are seemingly in an impossible state. Rather than an inability to
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cope, this thesis proposes that FND is a result of dysconnectivity across a number of
mechanistic traits like inflammation, dissociation and neural networks and that psychological
distress is a byproduct of this dysconnectivity and that historical connotations have influenced
the progression of understanding of this disorder. Further recognition needs to be given to
elements which could influence mood and emotional states, including social factors (e.g.,
stigma, support, medical gaslighting) and psychobiological states (e.g., inflammation,
dissociation and health status), as these may act as social, psychological and biological

antecedents of mood states and psychological health.

2.6 Dissociation

Dissociation, in its broadest sense, describes a loss of integration of typically integrated
cognitive functions. Conceptualisations of dissociation usually consider a loss of awareness of
cognitive or physical processes and represent a state of altered conscious awareness (Goldberg,
2020; Lanius, 2015). Symptoms may manifest as a feeling of disconnectedness from memory,
the self (depersonalisation), external stimuli or surroundings (derealisation), loss of bodily
sensation voluntary control or a loss of self/identity (Cardefia & Carlson, 2011; Dell, 2002;
Medform et al., 2003; Romero-Lopez, 2016). Dissociation, therefore, can be defined as a loss
of control, awareness or a lack of integration of processes that are normally integrated (Dell,
2006; Nijenhuis & Van der Hart, 2011). Whilst previously considered to be a concept more
closely related to trauma responses, conceptualisations have broadened to include more precise
definitions and conceptual integration of psychological theory and a broader range of
psychological symptoms, states and cognitive processes (Nejenhuis & Van Der Hart, 2011; Sar

& Ozturk, 2013).

When recalling life events with escape or dissociative potential, people with FND have
dorsolateral prefrontal cortex (dIPFC) activity and lower left hippocampal activity, with
increased activity in the right Sensory Motor Area (SMA) and temporoparietal junction (TPJ),
particularly when recalling traumatic life events (Aybek et al., 2015). However, these patterns
of activity differ from those seen in healthy controls, where trauma recall typically involves
balanced hippocampal-prefrontal engagement, crucial for integrating emotional and contextual
memory. In contrast, individuals with FND show a disconnection between emotional
processing and motor control networks with exaggerated engagement of motor and

sensorimotor integration areas (SMA, TPJ) at the expense of hippocampal-mediated
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contextualisation. The TPJ, known for its role in self-referential processing and body schema,
shows greater activity in FND, possibly reflecting disrupted sensory integration and a failure
to reconcile bodily experiences with conscious awareness. This suggests that, rather than
trauma being merely re-experienced, there is a fundamental alternation in the way emotional
and bodily signals are integrated and could relate to changes in other cognitive domains, motor
cognition and body schemata. The lack of ability to successfully integrate emotional and
sensory experiences into a cohesive self-representation supports a role for dissociation rather

than a direct expression of psychological trauma (Van den Bergh et al., 2017).

Conceptualisation and the history of progressive understandings of dissociation as a
phenomenon have not been without controversy. Unitary models of dissociation, which have
been dominant throughout the field, characterise dissociation as being produced by common
psychological mechanisms and a breakdown of mental integration (Bernstein & Putnam, 1986;
Dell, 2006). Through this lens, a wide range of phenomena, including confusion,
depersonalisation/derealisation, intrusive thoughts or feelings, loss of control and voluntary
action, identity confusion alternative or multiples, trance states, hypnotic susceptibility,
attentional difficulties, memory issues and “medically unexplained symptoms” could be
considered under dissociation (Cardefia & Spiegel, 1996). Yet it considers all these phenomena
as being qualitatively similar, distinguishing differences by the amount, rather than type, of
dissociative experiences. The unitary model informed DSM-IV definitions wherein
dissociation is categorised by amount rather than category or type and led to the development
of the dissociative experiences scale (DES; Bernstein & Putnam, 1986) which is widely used
in research. However, the unitary model is based upon a definition of dissociation which
obscures fundamental differences, which has implications in research, measurement and
clinical practice where exploration of symptom type rather than overall amount could be more
beneficial. This has led to an increased search for the identification of dissociation types
(Brown, 2006; Schmidt & Vorberg, 2006; Schimmenti, 2018; Waller et al., 1996) and
explorations of multifactorial measurements for dissociation (Briere et al., 2005; 2016; Holder,
2013). Discrepancies remain in literature of a consensus on this issue; this is further reflected
in differences between major classification systems approaches, which can create further

conceptual confusion for conditions like FND, which subsume many dissociative concepts.

Dissociative pathology has been studied across a range of psychological and neurological
disorders including Schizophrenia (Bob & Mashour, 2011), Epilepsy (Medford, 2014),

Multiple sclerosis (dissociative memory; Scarrabelotti & Carroll, 1999), affective disorders

30



(Lyssenko et al., 2018; Spiegel & Simeon, 2015), Obsessive-compulsive disorder (Soffer-
Dudek, 2014), Post Traumatic Stress Disorder (PTSD; Armour et al., 2014) and a range of
others (Lynn et al., 2019) as well as distinct personality traits (Kwapil et al., 2002; Nijenhuis
et al., 2010). Investigation of the psychological manifestations of disorder has in part been
influenced by the history of conceptualisation of dissociation and links to traumatic experiences
(Nejihus & Van Der Hart, 2011). Whilst dissociative tendencies are considered to be natural
responses to particular triggers like sleep deprivation or extreme fear, the conceptualisation of
pathological dissociation should be considered across illnesses (Hunter et al., 2003; Medford
et al., 2003; Ross et al., 1990) mainly as dissociation is an essential predictor across illness for
poor treatment responses, high relapse and contributes toward likelihood of development of
severe mental ill health, severe chronic symptoms and symptoms of dissociation are extremely
disabling (Bailey & Brand, 2017; Cronin et al., 2014; Halvorsen et al., 2014; Spitzer et al.,
2007; Thompson-Hollands et al., 2017). Dissociation as a symptom across neurological and
neuropsychological illness is progressing our understanding of both conditions and the
conceptualisation and impact of discussion; not only can dissociation be a risk factor for the
development of illness, but it can also be viewed as a byproduct or symptom of the disorder
(Campbell et al., 2023; Loewenstein, 2018). In whichever direction this is to be viewed, as
either a predisposition to the development of chronic illness or as a byproduct or symptom of
the illness itself, it is evident that additional symptoms from dissociation are chronic and
disabling (Lyssenko et al., 2018; Medford et al., 2003). A lack of recognition of their

importance and influence in chronic illness could further hinder those diagnosed.

A lesser discussed underlying symptom of FND is dissociative symptoms, and indeed,
these are only notionally considered in theoretical frameworks of the condition. The history of
the conceptualisation of dissociation does at times blend and morph into the history of FND,
and the first clear notion of an association between the two is in the 19th century when Pierre
Janet considered FND to be a product of functional lesions, a process underpinned by the
concept of compartmentalisation. This process of compartmentalisation (Holmes et al., 2005)
relates to the distinct conceptualisation of two different forms of dissociation phenomenology,
and conceptualisation of this was not present at the time of Janet's writing (Brown, 2016;
Holmes et al., 2005). Despite conceptual issues in both FND and dissociation, there is a large
body of evidence that warrants consideration of a strong relationship between the two and the

inclusion of dissociation in theoretical models.
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Dissociation could be considered as an underlying mechanism or product of FND
symptoms owing to the overlap of symptoms, characteristics and conceptualisation and the
influence of dissociation on executive control (Osman et al., 2020). Dissociative symptoms are
frequently reported in FND as demonstrated by meta-analyses by Campbell et al., (2023) and
Lyseenko et al., (2018). Theoretically, this relationship supports many theoretical models of
FND; for example, dissociation could emerge from ALEs, particularly those in childhood
(Cromer et al., 2006) and thus supports trauma theories or theories of FND resulting from
psychological distress (Fobian & Eliott, 2019). The compartmentalisation of dissociative
experiences also could uphold theories of psychological distress, alexithymia, dysfunctional
interoception and emotional dysregulation in FND, with evidence that over 48% of those with
FND also meet the criteria for dissociative disorder (Akytiz et al., 2017). Previous research has
found these issues to be comorbid in 47 — 51% of patients (Sar et al., 2004), and a relationship
between dissociative tendencies and FND (van der Kruijs et al., 2012). Others have found that
there is a significant correlation between psychological dissociation and the general
psychopathology and personality disorders in those with FND, which provides further support

for theories of this nature.

Evidence of dissociation is also implicated in neurobiological understandings of FND
and could be considered as a missing component of models and a vital mechanism that
underpins FND symptomology. Dissociation has been associated with cortical thickness in
FND, and high rates of somatoform dissociation are linked to reduced left caudal anterior
cingulate cortex cortical thickness (Perez et al., 2018). Emergence of findings of high rates of
derealisation (detachment from surroundings) and depersonalisation (feelings of being outside
one’s self) are positively correlated with right lateral occipital cortical thickness which
advances understandings of the neuropsychological contextualisation of dissociation in FND
(Labate et al., 2012). Functional neuroimaging has found alterations in connectivity in those
with functional seizures which correlated with dissociation measures (Van der Kruijs et al.,
2012) and increased co-activation of resting-state networks in frontoparietal (e.g. orbitofrontal
cortex), executive (cingulate and insular cortex), sensorimotor and default mode networks
which also correlate with dissociation scores in Functional Seizures (van der Kruijs et al.,
2012). Various psychological and cognitive features of investigation across FND subtypes have
been shown to hold a correlational relationship with dissociation scores, including alexithymia,
emotion dysregulation and cognitive distortions (del Rio-Casanova et al., 2018; Kienle et al.,

2017, 2018; Pick et al., 2017; Williams et al., 2019). Findings from electroencephalography
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(EEQG) also explore connectivity within FND subtypes and some have found relationships
between emotional regulation, connectivity and dissociation in FND (Kienle et al., 2018)
others, though noting differences in connectivity particularly disruptions between frontal and
posterior regions relative to controls, have not found associations between disruptions to
connectivity and self-reported dissociation (Xue et al., 2013). Nevertheless, findings could
support a rationale that deficits in attention in FND are a result of the disintegration of sensory,
memory and motor functions related to dissociation (Levy & Behrman, 1970) and an extensive
history of research supports that high levels of dissociative tendencies are significantly
correlated with decreased neuropsychological availability and neuronal network dysfunction
across many overlapping areas of FND symptomology including deficits of memory, attention,
executive functioning and cognition (Guralnik et al., 2007; Osman et al., 2020; Ozdemir et al.,

2015; Price & Thompson, 2007).

Besides this, many other neural and cognitive correlates have been considered in
traditional models but could be reconsidered under the framework of dissociation. For example,
FND patients generally show the formation of abnormal inferences, and this lends to the
adoption of fixed and sometimes exaggerated beliefs based on a limited set of information (e.g.
jumping to conclusions; Finme et al., 2007) and such conclusions are in themselves limited
because the processing of sensory data is also dysfunctional (Parees et al., 2012). This cognitive
pattern could be integrative of cognitive processes akin to dissociation. There are also deficits
in attention allocation (Edwards et al., 2012; van Poppelen et al., 2011), which have previously
been considered under traditional theories (e.g. Edwards et al., 2012; Voon et al., 2011) but
could be considered as manifestations of dissociation where disruptions of attentional networks
lead to fragmented or impaired cognitive processing. Diminished integration of conscious and
bodily emotional experiences, as shown by affective picture paradigms (Pick et al., 2018;
Roberts et al., 2012) and heightened, maladaptive startle response (Seignourel et al., 2007)
represent disconnect between emotional processing and bodily responses and disturbances in
emotional regulation and arousal whereby startle responses show heightened sensitivity to
sensory stimuli or difficulty in modulating emotional reactions, which are synonymous with
conceptualisations of dissociation (Ebner-Priemer et al., 2005; Elsesser et al., 2008; Oathes &

Ray, 2008; Sergerie et al., 2006).

Taken together, studies present a rather inconsistent picture regarding the presence of
types of dissociation in FND. Dissociative symptoms are frequently reported in FND and a

neurocognitive process; this could, in theory, underlie FND symptomology, which is reflective
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of its categorisation in the ICD-11 where it is termed dissociative neurological symptom
disorder (Brown et al., 2007; Brown & Reuber, 2016; WHO, 2019;). However, there is
controversy at assuming that FND should sit alongside other dissociative disorders like
dissociative identity disorder (DID). The conceptualisation of FND as a dissociative disorder,
i.e. one in which dissociation is the core underlying mechanism, is not universally accepted
and is not being proposed here. Instead, it is clear that patients with FND do have dissociative
tendencies, and empirical evidence indicates that this is a gradual process caused by the
generation of FND. This, too, is reflected in the DSM-5 classification of FND, and this is likely
one of many underlying mechanisms of FND. Further investigations are needed between
different FND symptom clusters or profiles and dissociation typology as well as the nature and
role of dissociation in holistic models of FND. Evidence of dissociation in FND has often relied
upon small samples and inconsistent measures, and there is a lack of consideration of the

history and conceptualisation of dissociation and its component types.

2.7 Chapter Summary
Chapter 2 of this thesis focuses on the psychological correlates of Functional

Neurological Disorder (FND) and aims to expand on the understanding of FND introduced in
Chapter 1. Contemporary models of FND emphasize the dysfunction of higher-order cognitive
processes and consider a range of factors, including genetics, developmental issues,
psychosocial and environmental factors, and alterations in neurobiological functions. Chapter
2 delves deeper into the role of psychological correlates in the development and continuation
of FND symptoms, including the controversial role of trauma. While some studies have found
trauma to be a predisposing factor for the development of FND symptoms, others have not
found such a link or have suggested that trauma may represent a subtype of FND triggered
through complex mechanisms. Despite discrepancies in findings, adverse life experiences
(ALEs) and trauma remain relevant to contemporary discussions. Furthermore, the role of
emotion and emotional dysregulation as mediating factors between psychological stress and
FND symptomology must also be considered. The chapter challenges the view of FND as a
condition of coping. Whilst many other areas of psychological correlates in FND could not be
explored in its entirety and the line between, for example, psychological and neurological
correlates is challenging to frame, the chapter does include elements of consideration for the
role of attention allocation, cognition and motor cognition throughout. Finally, the chapter

considers the role of dissociation in FND, which is often overlooked in theoretical models and
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which is a construct which contains many controversies in conceptualisation itself. However,
its importance and overlap with FND symptomology cannot be underestimated. This core
construct will be explored throughout the experimental chapters to follow. Overall, chapter 2
aims to underscore the need for a nuanced understanding of the psychological correlates of
FND and the complex interplay of various factors in the development and maintenance of the
disorder. Chapter 3 will go on to discuss the neurobiological correlates of FND in further
refinement and enhancement of contemporary understandings of FND and in introducing

further methodological insights utilised in the subsequent studies in this thesis.
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Chapter 3: Neurobiological Substrates of FND

3.1. Chapter introduction

Chapter 1 outlines the progression of conceptualisation in FND; early conceptions of
FND were integrative, forward-thinking, and considered FND to be a functional condition
underpinned by mechanisms of altered function in the mind and body (Charcot, 1888).
However, limitations in neuroscientific methodologies contributed to a progression of thought
along trauma-based notions (Breuer & Frued, 1895; Janet, 1907). These theories are now
largely discredited, though it is recognised that trauma is likely a factor but not the only one
which contributes to the dysfunction seen in underpinning biological mechanisms and
psychological correlates in FND (Nicholson et al., 2020). As the divide between neurology and
psychology continually expanded throughout the 20" century, this was particularly
determinantal to the progression of understanding of conditions situated between these two
disciplines, including FND (Fend et al., 2020). Given this division and the high rates of
diagnosis, the consequences within healthcare provisions and the personal burden experienced
by individuals with FND, this has been deemed a “crisis” within the field and calls for action

have been made (Edwards, 2019; Hallett, 2006; Keynejad et al., 2017; Nicholson et al., 2011).

Chapter 2 has conceptualised the significant strides in understanding the psychological
correlates of FND, establishing a crucial role for contemporary psychological investigations.
Chapter 3, on the other hand, takes a broader perspective, exploring the exciting advancements
in understanding the neurobiological mechanisms of FND. A surge of investigations, informed
by the biopsychosocial model, are advancing our understanding of FND using diverse
neuroimaging and neuroendocrine methods (Baizabal-Carvallo et al., 2019; Bégue et al., 2019;
Pick et al., 2019; Voon et al., 2016). Elucidating neurocognitive and neuropsychological
mechanisms of FND has several advantages, including reducing stigma, developing biological
diagnostic markers, and informing treatments. Chapter 3 aims to provide an overview of these
advancements and highlight key findings in this field. It also explores current limitations and

provides theoretical background for the empirical studies which follow.
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3.2 Reconceptualising FND

Whilst Chapter 1 sets out recognised clinical definitions of FND, this alone does not fully
encapsulate the full nature of this illness's complexity. The symptom profile of someone
diagnosed with FND can change and alter over time. Based on clinical accounts and anecdotal
observations, Nicholson et al., (2020) suggest symptoms can resolve and new ones develop in
their place. However, this is yet to be supported by empirical evidence (Butler et al., 2021),
and additionally, it is known that symptoms in FND are not always stable as people can
experience ‘attacks’ of some symptoms. To further complicate this, some symptoms of FND,
such as functional seizures or functional movement, are considered by some to represent
distinct symptom subtypes (Ertan et al., 2022; Espay & Lang, 2015; Hingray et al., 2022; Perez
& LaFrance, 2016; Rather & Cavanna, 2020). As such, FND can be characterised as a spectrum
of symptoms, some of which operate continuously at lower functional levels but can include
attacks which target higher functional levels. This is due to a continuous, hypo-alteration of
homeostatic function, neuronal connectivity and reduced cognitive and sensory capacity
interlaced. This hypo-alteration is likely interlaced with attacks which demonstrate
hyperactivation (as seen by such as hypersensitivity, hyper-sensory arousal or, in the case of
movement, attacks of tics or convulsions). Additionally, those with FND may have sudden
spikes in ability, energy or other symptoms followed by crashes which may last for moments,
weeks, months or even years (as was characterised as slump-crash reactions in previous
chapters). The key, therefore, could be to stabilise the problematic internal systems, be it
cognition, awareness, consciousnesses or physical energy levels/fatigue. This targeting the
system that gives rise to the symptom(s) or that is causing the most detrimental impairment.
Stabilisation could lead to symptom reduction, crash avoidance and improved overall symptom
profile. This can only be done if the internal underlying mechanisms which lead to such
systems becoming destabilised are elucidated and their role in symptom development is

established.

3.2.2 FND as a neural network disorder

Exploration of neural networks has yielded significant advancements in other
neurological illnesses (e.g., brain tumours, Parkinson’s, Alzheimer's, Dementia and

Schizophrenia) where previous understandings of structural and functional connectivity could
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not fully account for some symptoms and phenomena (Calabresi et al., 2007; Derks et al., 2014;
Koshiyama et al., 2021; Lambon Ralph et al., 2007; Sanchez et al., 2012; Vargas et al., 2019)
and is central to our progressive understanding of FND in which functional, rather than
structural, changes are thought to be a result of deficits in neural activity leading to symptoms
(Baek et al., 2017; Kozlowska et al., 2018; Pick et al., 2019). Initially, FND was considered a
'non' or 'feigned' disorder because there was a lack of findings from structural neuroimaging
and inconsistent reports through lesion studies and volumetric structure analysis. However,
with considerable advancements in neuroimaging techniques and new conceptualisations of
the function of the nervous system and brain-body-mind interactions, there has been a
significant improvement in understanding this field. Emerging insights are now supporting the
reconceptualization of FNDs. Throughout this chapter, a range of neuroimaging studies are
reviewed, but importantly evidence from both functional and structural paradigms implicates
the role of several neural networks underpinning symptoms in FND (Kozlowska et al., 2018;
Perjoc et al., 2023; Puentes, 2023; Voon et al., 2016), including limbic, agency, sensorimotor
and attentional circuits (Baizabal-Carvallo et al., 2019; Bégue et al., 2019; Drane et al., 2021;
Foroughi et al., 2020; Szaflarski & LaFrance, 2018).

Particular focus has been given to neurocircuitry in limbic/paralimbic circuits owing to
symptom profiles in FND, and in such studies, findings suggest increased connectivity between
the amygdala and motor control circuits (Aybek et al., 2015; Espay et al., 2018; Hassa et al.,
2017; Voon et al., 2010). However, findings involving the amygdala are inconsistent, with
reports of hypo, hyper or normal connectivity and differences depending upon FND symptom
profile (e.g. functional movement or functional seizure cohorts; Allendorfer et al., 2019;
Balachandran et al., 2021). Other implicated areas which present deficits in functional
connectivity in FND include the insula, cingulate gyrus, ventromedial prefrontal cortex and
right temporal junction (rTPJ) based networks, particularly in self-agency disturbances (Aybek
et al., 2015; Cojan et al., 2009; Espay et al., 2018, 2019; Voon et al., 2011; Zito et al., 2020).

Some brain areas implicated in the neurocircuitry of FND are at the intersection of
negative affect, nociception, cognitive control, and self- and emotional awareness (Cretton et
al., 2020; Deeley, 2016; Edwards et al., 2012), particularly the interaction and interconnection
of affect, pain, and cognitive control in the cingulate cortex (Shackman et al., 2011). Some
suggest that the neurobiology of FND rests in the implication of neural networks associated
with (Milano et al., 2023). Either way, it is clear that neurobiological dimensions add to

pathophysiological explanations and explain the brain basis of symptoms in continual
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advancements to knowledge in this field (Baizabal-Carvallo et al., 2019; Edwards et al., 2012;
Forejtovaetal., 2023). Despite discrepancies in findings, these are beginning to be incorporated
and developed into research-informed treatments and interventions, particularly CBT and

multidisciplinary motor retraining (Espay et al., 2019; Faul et al., 2020).

3.2.3 FND as a disorder of body, brain and mind

The conceptualisation of FND as a neural network disorder represents a significant
advancement of knowledge into the disorder, and this chapter will explore these findings
further. However, this set of work also encourages further refinement of this idea and
consideration of FND as a “whole body” or embodied brain disorder. Whilst research
demonstrates the role of neural network dysfunction in FND (e.g. Krujis et al., 2014; Voon et
al., 2011) there are also biological markers such as cortisol, heart rate variability and epigenetic
changes emerging evidence of bodily biological dysfunctions in FND which could underpin
these neuronal network dysfunctions (Asadi-Pooya, 2016; Milano et al., 2023; Villagran et al.,
2021). Mechanisms of psychological importance (e.g., interoception, attention, emotional
processing and dissociation) could also contribute toward these states (Elbers et al., 2018;
Kozlowska et al., 2015; Ouss & Tordjman, 2014; Szaflarski & LaFrance, 2018) or be a

symptom of neural or biological dysfunction.

Contemporary computational models recognise how the embodied brain responds to
psychosocial and biological stressors, which can be reconciled with recent neuroscience
evidence on the overlapping mechanisms mentioned (Barrett et al., 2022; Muehsam et al.,
2017). The brain does not sit in isolation from the rest of the body, and not only does it respond
to psychological and biological adversaries, but these mechanisms also interlink and interact.
FND goes beyond dysfunctional neuronal networks and is a condition of the embodied brain.
Whilst FND patients present with clinical findings suggestive of a disturbance of awareness,
we should also recognise that the neural underpinnings of distorted awareness can cause
distorted reality and functionality of other bodily mechanisms (Barrett et al., 2022; Milano et
al., 2023). This chapter predominantly suggests that FND should be considered as a
dysfunction of neuroinflammation wherein chronic inflammation leads to impaired neural
networks (and, in chronic cases, impairs neuroplasticity) and results in cognitive and

psychological dysfunction.
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3. 3. Neuroimaging data and findings

3.3.1 Functional findings

A central idea from neuroscience is that functional networks are organised in the brain
along a phylogenetic hierarchy, and this reflects stages of development (Arnsten, 2015;
MacLean, 1990). Within such a framework, functional neural networks reflect the dynamic and
distinct adaptive challenges, particularly those encountered that influence physiology, cortical
arousal and the activation of innate immune defences (Arnsten, 2015; Ding et al., 2013;
Hermans et al., 2011). At times of “attack’, functional networks activate innate immune effector
cells known as glial cells, particularly microglia and astrocytes, which modulate
neuroinflammation and synaptic plasticity (Frank et al., 2016). Research shows that states of
calm and safety enhance cognitive and integrative processing skills (Knyazev et al., 2017;
Zhang et al., 2012). This type of processing relies on higher-order cognitive functions and is
mediated by the prefrontal cortex (PFC), which plays a crucial role in motor planning and
control functions, including inhibition and decision-making (Knyazev et al., 2017). As
individuals mature, these advanced processes can become functional and activate cortical brain
regions. Conversely, exposure to danger or heightened arousal shifts neural processing toward
subcortical structures associated with emotion and motor-sensory reactivity and can influence

emotion and motor-sensory processing as these become a necessity (Arnsten, 2015).

During these states, catecholamines such as norepinephrine and dopamine are released,
impairing the executive functions of the PFC while enhancing reflexive, habitual responses
(Hermans et al., 2011). These neurotransmitters influence neural excitability by interacting
with glial cells, particularly astrocytes and microglia, which are more abundant in subcortical
regions and function as neuromodulates which regulate levels of network excitability and reset
basal responsiveness to neural circuits (Ding et al., 2013; Mittelbronn et al., 2001). Astrocytes
regulate synaptic transmission and support metabolic homeostasis, whereas microglia
contribute to synaptic remodelling and immune responses, modulating neuronal excitability
and resetting basal neural responsiveness. Whilst a central focus throughout neuroscience has
been on structural findings, functional findings may denote more contemporary views of the
neural networks inhibited in FND and provide clues as to the mechanisms underpinning

symptoms, particularly in relation to dysregulated motor control and sensorimotor integration.
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3.3.2 Structural findings

Structural neuroimaging findings are inconsistent but do implicate that some
patients with FND have structural and functional alterations, particularly in areas related to
emotion and threat processing, salience, arousal, agency and motor control. Cingulo-insular
alterations and structural changes in the salience network are described across FND
populations, including functional seizures (e.g. Labate et al., 2012; Vasta et al., 2018) and
mixed FND phenotypes (Perez et al., 2018; Radmanesh et al., 2020). The salience network,
which includes the cingulo-insular, amygdala and periaqueductal grey is implicated in the
processing of interoceptive and nociceptive inputs of affective, threat-related or motivational
valence (Seeley et al., 2007). The anterior and dorsal ACC areas are also implicated in
executive control, and self and emotional awareness (Sinanaj et al., 2015). Consideration of
multimodal integration of these constructs has informed of the integrated nature of these
interconnected areas and has informed of likely centres of investigation for FND research to
understand sensorimotor, affective and cognitive systems (Begue et al., 2019) as whole brain

paradigms.

Several grey and white matter studies characterise FND as a structural dysfunction (Diez
et al., 2021; Kozlowska et al., 2017; Perez et al., 2018; Muarer et al., 2018; Sone et al., 2023),
studies in FND samples support the findings of functional studies by implicating similar neural
networks, but challenge the notion that FND is purely a result of disrupted neural functioning.
White matter investigations implicite possible limbic fibre bundle alternations (Lee etal., 2015;
Zhang et al., 2012). This may also depend on prominent symptom subtype for example studies
have shown that those with functional seizures may show more lattice-like (small world), white
matter organisation and decreased coupling of the strength of functional connectivity profiles
with altered structural findings across sensorimotor, attentional, subcortical and default mode
works (Ding et al., 2013). This heterogeneity limits conclusions about specific neural

signatures but denotes the need for further research of embodied brain paradigms

3.3.3 Task-Based vs Resting-state Findings
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Initial neuroimaging studies have focused on motor execution and control circuits in
FND, particularly in limb strength between affected and non-affected limbs (Marshall et al.,
1997), feigning (Spence et al., 2000), or elements of motor cognition including motor
preparation, finger tapping tasks or imagined movements (Burgmer et al., 2006; Cojan et al.,
2009; De Lange et al., 2007; Espay et al., 2018; Schrag et al., 2013; van Beilen et al., 2011).
More recent studies investigate emotional processing and affective memory (Espay et al., 2018;
Sojka et al., 2019), avoidance learning (Morris et al., 2017) and metacognition (Bégue et al.,

2018).

To date, only two studies, across two publications, have utilised resting-state fMRI data
in adults with mixed FND, though with relatively small sample sizes (N= 25; Baek et al., 2017;
Morris et al., 2017). Compared to controls, it was found that there was reduced functional
connectivity within frontal control regions, anterior cingulate cortex, and the right inferior
parietal cortex, along with increased functional connectivity between the premotor cortex and
the supplementary motor area and between the amygdala and right dorsolateral prefrontal
cortex. The research utilised seed brain regions analysis which limits understanding of
connectivity changes throughout the brain however alternative methods, like independent
component analysis (ICA) have only been conducted in subgroups of FND like Functional
seizures (van der Kruijs et al., 2014) and functional dystonia (Canu et al., 2020) or in child
populations (Monsa et al., 2018; Rai et al., 2022). Nevertheless, taken together, the findings

are indicative of wide-ranging patterns of alterations in resting state neural networks.

The majority of resting state data in this field has employed Blood Oxygen Level (BOLD)
resting-state data from fMRI exploring temporal dynamics in time series data (e.g. Li et al.,
2015), rsfMRI in exploring brain networks which analyse the dependency between the time
series of different brain regions (e.g. Chen et al., 2020; Foroughi et al., 2020) or seed-based
neuroimaging which looks at functional connectivity based upon a seed (region of interest) and
the rest of the brain (e.g. Allendorfer et al., 2019; Baek et al., 2017; Szaflarski & LaFrance,
2018; van der Kruijs et al., 2012). Only one study thus far has employed dynamic resting state
data which does not rely upon BOLD signals (Marapin et al., 2020), and only a selection has
attempted to identify network features with predictive diagnostic potential (Wegrzyk et al.,
2018). Whilst a range of innovative methods have been used, these all have limitations (a
methodological discussion of which is beyond the scope of this chapter), but importantly, they

do not necessarily capture a complete picture of brain architecture and neuronal connectivity.
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Evidence from contemporary imaging studies has enabled the identification of functional
networks, central to the brain's organisation at rest and in task-evoked states (Raichle, 2015;
Williams, 2017). At rest, the default mode network (DMN) is thought to have an important role
in self-directed movement, and many other states (Hagmann et al., 2008), and various disorders
have been conceptualised more recently as having dysfunctions in this mechanism (Wang et
al., 2016; Williams, 2017). DMN also plays a role in energy regulation and supports a wide
range of physical and psychological functions, including emotion and pain processing, memory
and decision-making (Kleckner et al., 2017). The DMN can be described as a system which is
the basis of allostatic-interception decision-making, which allows regulation of the body’s
physiological systems to regulate energy in times of crisis, as signalled by psychologically and
biologically produced states. Chronic or extreme activation of this system increases
susceptibility to various disorders (McEwen & Gianaros, 2011). Given findings of HPA
dysregulation, ANS and potential neural networks in FND (Apazoglou et al., 2017; Bakvis et
al., 2009; Blakemore et al., 2016), it is reasonable to assume that dysfunctions are present in
the DMN and this has indeed been found in some subsamples like Functional Seizures and
child populations (Kozlowska et al., 2018). Taken together, findings suggest that there could
be maladaptive activation of the allostatic-interoceptive brain system (DMN), and this leads to
disruption of the motor system and energy levels, also accounting for crash-slump reactions

and the adaptable nature of symptoms.

3.3.4 Differences by Symptom Cluster

Differing presentations (e.g., motor, sensory, visual, and Functional Seizures) have
been studied using a variety of markers, including neurophysiology, serum biomarkers,
cognitive tasks, and functional and anatomical imaging (Voon et al., 2016). Whether symptom
presentations have underlying commonalities, i.e., interrelatedness, or differences, remains an
important and unanswered question. There are differences in amygdala response with findings
in functional seizure cohorts showing hypoactivity or increased connectivity with sensorimotor
areas which are not seen in cohorts of functional movement disorder, who show regular
connectivity, despite assumptions of similarities in the underlying mechanisms and the findings
being more consistent theoretically with the symptoms produced in the latter (Allendorfer et

al., 2019; Balachandran et al., 2021; Espay et al., 2018)
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In adult patients with functional seizures, fMRI studies have revealed both hyper and
hypo connectivity of networks associated with executive control during rested, wakeful states
(van der Kruijs et al., 2012), and analysis using seed regions showed enhanced connectivity in
areas associated with salience networks amongst others. In later whole-brain analyses, cortical
networks as part of the frontoparietal network, executive control and sensory-motor networks
showed dysfunction (van der Kruijs et al., 2014). A study with adult patients and movement
disorder subtypes showed that areas of dysconnectivity could help differentiate patients from
controls (Wegrzyk et al., 2018). Overall, these studies suggest that whilst a common pathology
may present in all FND, there may be specific altered connectivity in various networks across
FND subtypes or pathophysiologies. Further research is needed to better understand the
specific mechanisms underlying these alterations and to develop a more specific understanding
of their differences. There needs to be documentation of symptom subtypes within published

works.

3.3.5 Neuroimaging Correlates & dissociation correlates

It is possible that dissociation is a negative mediator or prognostic marker in the overall clinical
presentation and relates to the severity of FND. Perez et al., (2018) explored cortical thickness using
structural MRI and found that higher dissociation (particularly depersonalisation/derealisation) scores
correlated with increased right lateral occipital cortical thickness in participants with FND. Van der
Kruijs et al., (2012, 2014) utilised fMRI across two studies to explore alterations in connectivity and
found significant correlations between connectivity values, mood and dissociation. In a comparison
study of those with Functional Seizures compared to healthy controls in resting-state fMRI, those with
Functional seizures were found to have increased activation of resting-state networks in frontal-parietal,
executive, sensorimotor and DMN networks, and these correlated with all dissociation scores (van der
Kruijs et al.,, 2014). Resting-state data has also revealed default mode network dysfunction and
correlates with dissociative states in other conditions including ASD (Starck et al., 2013), borderline
personality disorder (Wolf et al., 2011), PSTSD (Schlumpf et al., 2021), Schizophrenia (Wang et al.,
2015) and in major depressive disorder (Su et al., 2014; Zhu et al., 2012). However, associations in

FND literature remain limited.

Research from neuroimaging has limited its associations with implicated psychological states in
FND. However, the broader literature shows that there are factors which should be considered. For
example, literature on the neurobiology of loneliness shows that abnormal structure and activity in

regions associated with FND typically (Lamb et al., 2021) and that variability in brain structure and
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function can occur in response to social support (Schurz et al., 2021), which is often reduced after FND
diagnosis. Thus, research should incorporate measures of loneliness and social support into paradigms
when exploring FND to ensure that this is not a contraindication to findings. Findings of this nature
could not only elucidate the interconnectedness of implicated paradigms in FND under an embodied
brain hypothesis. However, they could also promote features of care, for example, social prescribing
and increasing social support as part of treatment and recovery to reduce the risk of further illness

burden.

Advancing knowledge of the pathophysiology of FND requires informed approaches led by
multi-construct exploration, as in biopsychosocial approaches, and with the use of multimodal data,
including the incorporation of advancements in neuroimaging (Baizabal-Carvallo et al., 2019; Bégue et
al., 2019; Pick et al., 2019; Voon et al., 2016). Motor research has advanced with considerations, for
example, of the interplay between motor control and emotion processing in Go/No-Go paradigms (Faul
etal., 2020; Hassa et al., 2017) or grip strength in affectively valanced imagery (Blakemore et al., 2016).
Prefrontal and paralimbic (orbitofrontal and parahippocampal gyrus) structural alterations have been
noted in FND (Kozlowska et al., 2018; Labate et al., 2012; Williams et al., 2018), and these have been
linked to dissociation in Functional Seizure subtypes (Labate et al., 2012). Much more research is
needed to eclucidate neuroimaging findings in relation to social-emotional, metacognition and
neurobiological constructs across FND subtypes. However, so far, evidence implicates several

psychological correlates for consideration.

3.3.5 Limitations of current Neuroimaging data

In comparison to research on neuroimaging and biopsychological data for other
illnesses, FND research remains largely in its nascent stages. The studies conducted thus far
have encountered several limitations, including low sample sizes and a lack of replication,
resulting in multiple findings discrepancies. Additionally, risk factors vary across patients
(Ludwig et al., 2018) and as outlined in Chapter 1 of this thesis and this lends to the
consideration of individual differences, differences in developmental trajectories, and gene-
environment interactions amongst other variabilities in underlying mechanistic states and
neural network function (Apazoglou et al., 2018; Diez et al., 2021; Ferrarese et al., 2022;
Keynejad et al., 2019). Patients with FND also have high rates of comorbidity, including other
physical states (pain, fatigue) or mood disorders (e.g. anxiety, depression) or have high rates
of dissociation (as outlined and reviewed in Chapter 2; Goldstein et al., 2020; Kranick et al.,

2011; Nicholson et al., 2020). There is significant variability in the presentation of these
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additional commodities. Emerging evidence of high comorbidity with ADHD/ASD in FND
(Asadi-Pooya et al., 2023) where heightened and altered connectivity of neural networks has
long been established, has also been recently found and needs to be considered in FND

research.

There are several considerations which need to be made when conducting research,
particularly neuroimaging or neurobiological research on an FND sample. Those with FND
can present with varying symptom presentations, and these can change and fluctuate
throughout the illness (McKenzie et al., 2011; Nicholson et al., 2020) and some experience
turbulent and chaotic illness narratives which are akin to slump-crash reactions seen in other
chronic conditions. Duration and onset should be considered as neuroimaging correlates could
vary (including additional compensatory changes over time; Newbold et al., 2020). Other
considerations must be made to avoid heterogeneity, including symptom severity, sample
characteristics (as neural connectivity changes across the lifespan and paediatric samples
cannot be easily applied to adult samples), persistence and regularity of symptoms and
symptom location. Currently, the limited scope has left researchers to interpret data across
FND subtypes, and whilst there are many overlapping symptoms and likely a core underlying
mechanism, there are differences to consider (Gelauff & Stone, 2016). For example, whilst
those with functional tremors may also show functional weakness or deficits in the same limb
or have additional functional seizures (Gelauff et al., 2020; Martin et al., 2017), there also needs
to be consideration given to differences in patterns of neural network dysfunction (Allendorfer

et al., 2019; Balachandran et al., 2021).

In addition to the usual constraints and limitations of the above neuroimaging
methodologies and of task-base and block design studies, neuroimaging research to date has
failed to consider other theoretical constructs of theoretical relevance to the pathophysiology
of FND (Drane et al., 2021; Edwards et al., 2012; Koreki et al., 2020). fMRI is viewed as a
pinnacle of neuroimaging technology, but an overreliance on a single methodological
exploration limits the focus and scope of research endeavours and negates the need to explore
other FND markers and holistic, multimodal approaches. These would enhance the
development of newer theoretical constructs which are essential to the progression of

understanding of the pathophysiology of FND.
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3.4. EEG
3.4.1 Applications of EEG

Despite its inception in 1924 (by Hans Berger), electroencephalography (EEG) has not
received commensurate attention in FND research. This disparity may be attributed to the
delayed emergence of neuroimaging technologies in FND research, coupled with prevailing
preferences for fMRI and BOLD contrast and newer neuroimaging technologies. However, it
is imperative to acknowledge the inherent limitations of newer methodologies. EEG can offer
insights into dynamic brain activity, with good temporal resolution and, importantly,
information on electrical activity using non-invasive, millisecond-precision data. This can
complement data from hemodynamic measures derived from BOLD technologies. EEG has
been used as a tool to differentiate Functional Seizures from epilepsy, as there are differences
in the electrical profile of these (Popkirov et al., 2017). The EEG Bereitschaftspotential can
also be used to diagnose Functional Movement Disorder subtypes (Thomsen et al., 2020),
though it is not commonly used in clinical practice. However, this limited use of EEG underpins
typical stereotypes of FND as an exclusionary diagnosis (E.g. Herbert et al., 2021), and EEG
can be utilised beyond this as a cost-effective solution providing positive diagnostic markers

and innovative solutions to explore brain activity and neural networks.

EEG signals reflect amplified extracellular activity surrounding postsynaptic neurons,
which can be recorded at the scalp (Berger, 1929). It is, therefore, a relatively direct measure
of underlying electrocortical activity through measures of extracellular potentials,
predominately from pyramidal cells (Purpura & McMurtry, 1965). Electrocortical signals are
generated by the synchronous firings of thousands of excitatory and inhibitory postsynaptic
potentials (Cohen, 2014, 2015). For EEG and MEG sensors to detect these signals, around
10,000-50,000 pyramidal cells need to be firing simultaneously (Murakami & Okada, 2006).
This is possible because the pyramidal neurons are aligned in parallel and have cell bodies

large enough to create a detectable electric field.

There is an underutilised potential for quantitative EEG (Fonseca et al., 2015), which can
be used to estimate the frequency of brain oscillations denoted by power values and calculate
connectivity indices. Recent studies demonstrate that brain oscillations reflect mechanisms of
cerebral integration across several functional domains (Arikan et al., 2021; Frauscher et al.,
2015) measured using EEG. Various frequency bands (such as alpha, beta, gamma, delta and

theta) can be explored to provide valuable insight into distinct cognitive processes and brain
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states to understand neural mechanisms and identify abnormalities or patterns of activity.
Briefly, higher-frequency bands in EEG (alpha, beta, gamma) are associated with processes
associated with higher-order cognitive function, including those of theoretical importance to
FND (Knyazev, 2017). For example, alpha oscillations have been implicated in attentional
processes, while beta oscillations are associated with motor control and executive functions
(Putman et al., 2014; Schmidt et al., 2019). Gamma oscillations are often observed during
cognitive integration tasks but there remains much debate over their functions (Buzséki &
Wang, 2012; Herrmann & Demiralp, 2005). Lower frequency bands (delta, theta) are
associated with more primitive mechanisms, including attention, drowsiness, memory,
movement, learning, emotion regulation and spatial navigation, as well as the maintenance of
bodily functions (Buzsaki & da Silva, 2012; Frauscher et al., 2015). Exploration of frequency
bands in EEG is essential for understanding neural dynamics and the neurobiological

mechanisms which underpin the disorder.

In addition to brand frequency exploration, which can be obtained from resting state data,
task-based data can utilise event-related potentials (ERPs), and electroencephalographic
signals, which are time-locked to the presentation of behaviour or stimulus. ERPs can be
interpreted as a product of the subcomponents which reflect the processing of stimuli (Luck,
2014, 2016). ERPs can be employed to investigate cognitive processes by examining the
amplitude and timing of positive and negative deflections following experimental
manipulations. These manipulations may alter subsequent components, consequently
influencing amplitude and latency. Whilst studies often use a few select channels for statistical
frequency and to minimise interference of artefacts, additional methods of analyses like
independent components analysis (ICA; Stone, 2004) can help to ensure that neuronal source
inferences are not lost. ERPs can, therefore, serve as a valuable tool to comprehend

neurophysiological abnormalities associated with neurological disorders.

EEG methods are not without their limitations. For example, both ERP and frequency
data may be relatively small and thus difficult to discriminate from signal trials (Luck, 2006).
As such, compensatory considerations must be made, including the averaging of ERPs across
multiple events and considerations of the duration of baseline recordings for frequency data.
Both methods have the ability to remove unwanted modulations in the data and enable the
general averaged waveforms. Additionally, these methods may offer an advantage over
hemodynamic measures (e.g., fMRI and PET) in explorations of functional activity because of

their increased temporal resolution (milliseconds instead of several seconds; Luck, 2005; Otten
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& Rugg, 2005). Additionally, advancements in analytical techniques for EEG, including
machine learning and neural network analysis, have advanced other long-established areas of
investigation like epilepsy (Acharya et al., 2018; Caruana & Niculescu-Mizil, 2006; Kasabov,
2019) and further advanced knowledge of FND by providing valuable insights into the

underlying mechanisms.

3.4.2 EEG Findings in FND

EEG studies in FND have included assessment of spectral power, source localisation and
event-related potentials (Barzegaran et al., 2016; Hallett, 2006; Kozlowska et al., 2018;
Meppelink et al., 2016; van der Salm et al., 2012). Quantitative EEG can be used to estimate
the frequency of brain oscillations and calculate indices of neural connectivity in clinical
populations (Alper et al., 2006; Boord et al., 2007; Nagata et al., 1989). Studies using EEG in
children and adolescents with FND have found increased automatic and cortical arousal and
increased activation of nodes of the Default Mode Network (DMN), salience network (dorsal
ACC/dorsomedial PFC), and supplementary motor area (SMA) in resting state studies
(Kozlowska et al., 2018; Radmanesh et al., 2020).

Resting-state quantitative EEG has explored Functional Seizure subtypes and has found
areas of interest across frequency bands, including decreased gamma synchronisation between
frontal and posterior regions (Xue et al., 2013) and decreased functional connectivity in
widespread critical regions in the alpha band (Barzegaran et al., 2016) and heightened gamma-
band spectral power in left parietal region with lower gamma band spectral power in the right
temporal region (Umesh et al.,, 2017). A recent study found that both beta and gamma
oscillations were higher in those with functional seizures than in an epilepsy control group (Rai
et al., 2022). Whilst these findings apply to those with Functional seizures and more data is
needed across subtypes, and the findings may not yet provide useful tools as a positive
diagnostic marker, these quantitative EEG alterations are indicative of the underpinning neural
mechanisms of FND and suggest high-frequency oscillations in central motor and
somatosensory cortices may be of particular relevance. EEG markers of functional axial jerks
have also been proposed: event-related desynchronisation (ERD) in the broad beta band
(Meppelink et al., 2016). Reductions of beta and low gamma oscillations occur prior to cued

and self-paced movement (Pfurtscheller & Aranibar, 1977) and may reflect changes in self-
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directed attention, as recently highlighted in current models of FND (Edwards et al., 2012).
However, further enquiry is needed to understand its role and the role of EEG more generally
in ascertaining pathophysiology across subtypes and in relation to the production of diagnostic

markers.

In relation to multi-state analysis of EEG in FND, a child and adolescent sample of those
with mixed symptoms (though 51% functional seizure subtype), found increased theta and delta
in electrode clusters corresponding to the DMN and a trend toward increased theta and delta
oscillations in the salience network (Kozlowska et al., 2018). In a presumed reaction time task,
patients with Functional weakness showed larger P3 event-related potentials (ERPs) when
symptomatic hands were pressed as well as smaller, earlier N1 potentials in comparison to
weighing subjects. Abnormal N1 processes could reflect abnormal processing of pre-cues and
the enhancement of P3 could be related to the suppression of brain circuits involved in the
attribution of agency (Blakemore et al., 2016). Currently, the definition of BP is a clear and
slow negative electrical shift which occurs over the central cortical areas and increases over
time at 1 — 2 seconds before movement onset (Zutt et al., 2017). However, a quantitative
resting-state EEG would be highly desirable to standardise diagnosis. There is the suggestion
that combining the BP with the assessment of event-related beta desynchronisation increases
sensitivity (Meppelink et al., 2016). This emphasises the importance and necessity of

improving electrophysiological biomarkers of FND.

3.4.3 EEG and Dissociation

As dissociation is frequently reported in FND (as reviewed in Chapter 2), consideration
needs to be given to its association with neural network findings. To date, only two studies
have employed EEG to explore connectivity in patients with FND and its relationship to
dissociation. (Xue et al., 2013), in a small sample (N = 15 participants with Functional Seizures
and 15 healthy matched controls) found that the Functional seizure group had less connectivity
between frontal and posterior brain regions relative to controls but found no correlations with
the Somatoform Dissociation Questionnaire (SDQ) used to measure dissociation scores.
Conversely, using the same measure of dissociation, Kienle et al. (2018) studied a mixed FND
sample and found associations between cortical indices of emotion regulation correlated with

SDQ dissociation scores. As previously identified, the application of contemporary notions of
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dissociation needs to be employed in multimodal analyses of a wide range of neurobiological
data methods, and consideration should also be given to correlates of other potentially

conflicting or underlying psychological correlations in FND.

3.5 Neurochemical

Whilst neuroimaging and EEG studies in FND are widely cited as being in their infancy,
neurochemical and molecular research in FND fields is even more nascent. There are likely
several contributing factors to this including funding constraints, lack of awareness in
molecular biology fields of application and suitability, institutional priorities, academic silos
and limited opportunities for cross-disciplinary collaborations. However, increasingly,
researchers are turning to the exploration of biomarkers across domains which could improve
upon gaps in the current knowledge of systems-level interactions of FND and contextualisation
of automatic, endocrine and inflammation understandings to understand the neural correlates
of FND. Such efforts would not only support research but could lend toward the advancement

of further biologically informed positive diagnostic markers and treatment options.

3.5.1 Neurochemical Findings in FND
As stress has long been considered to be a psychological and (more recently) a

biological predisposing risk factor for the development of FND (as outlined throughout
chapters 1 and 2), neurochemical investigations have utilised this as a theoretical starting point
for exploration of potentially related biomarkers. For example, cortisol (a steroid hormone) is
implicated in many bodily functions and states (Erickson et al., 2003), but is most commonly
known for its association with stress and health (Young et al., 2004). Cortisol is a major
glucocorticoid which has many diverse functions, including adaptive plasticity in the brain (in
conjunction with amino acids), circadian rhythm and can be an indicator of allostatic load and

stress (Katsu & Baker, 2021; Lightman et al., 2020; McEwen, 2019; Sherman & Mehta, 2020).

Current cortisol studies in FND show very mixed results and methods are variable
(Apazoglou et al., 2017; Bakvis et al., 2009; Chung et al., 2023; Maurer et al., 2015; Novakova
et al., 2017; Weber et al., 2024; Zhang & Liu, 2008). Overall, there seems to be a consensus
that there are similar baseline levels as controls and this was further implied by a recent meta-

analysis (Paredes-Echeverri et al., 2022). Task-related cortisol responses show that salivary
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cortisol correlates with some psychological and cognitive correlates and may distinguish
between some subtypes of FND (Apazoglou et al., 2017; Bakvis et al., 2009; Chung et al.,
2023; Weber et al., 2024). Whilst research on cortisol may indicate dysfunction in HPA
regulation in some studies, there are dynamics between this molecular compound, HPA axis
function and other neurochemical and physiological circuits and these findings have not been
consistent. This could be a result of many factors which influence cortisol secretion (Lightman
et al., 2020). Owing to the variability of this cytokine and its lack of specificity (Chrousos,
1995), other recognised inflammatory markers like Interlukin-6 (IL-6) and C-reactive protein
(CRP) may be more reliable as markers of systemic inflammation (Gabay & Kushner, 1999;
Mclnnes & Schett, 2017; Povoa et al., 2005; Ridker et al., 2000). Much more work is needed
in this area of research to understand the heterogeneity and to express cortisol levels and other
differences in relation to other catabolites in establishing the neurochemical markers of FND

and establishing the role of inflammation.

Oxidative stress levels and s100B (a calcium-binding protein which is indicative of
brain injury and neurogenerative disease) levels in children with FND were not significantly
different from those in healthy controls (Sizer et al., 2023). Compared with healthy controls,
those with functional seizures show increased urinary epinephrine excretion in the morning
and decreased excretion in the afternoon, suggestive of time-dependent changes (Aydin et al.,
2011; Ceylan et al.,, 2018). These findings could provide support of neural network
dysfunctions in the CNS and could be used as biomarkers to distinguish Functional Seizures
from other seizure forms. Other studies have investigated differences in FND in neuropeptide
Y, norepinephrine, ghrelin, testosterone, progesterone and oxytocin, but there is little empirical
evidence to formulate concrete arguments in these areas (Aydin et al., 2011; Ceylan et al.,
2018; Miani et al., 2019; Winterdahl et al., 2017). Further potential biological markers should
be explored to understand the aetiology and diagnosis of FND.

There is a lack of studies and evidence concerning the potential role of genetic
predispositions. However, a small case study did report that a positive family history can be
seen in those with functional movement disorders (Batla et al., 2013). The genetic vulnerability
may predispose some to react to environmental factors and lead to the onset of symptoms. For
example, a preliminary study identified that methylation rates of oxytocin receptor genes
(studies of which help to elucidate the mechanisms under which gene expression is induced)

are increased in those with mixed FND types (Apazoglou et al., 2018). Such promising studies
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need to be followed up and may illuminate the role of gene-environment interactions in the

aetiology of FND as much as biopsychosocial interaction consideration is needed.

3.5.2 Inflammation

The immune system and brain constantly engage in bidirectional communication
through several neural and hormonal pathways. The inflammatory response is a universal
adaptive mechanism triggered by physical injury, metabolic stress, trauma, and disrupted
homeostasis. Neuroinflammation is mediated through the production of cytokine (Becher et
al., 2017; Dantzer et al., 2008), including commonly studied proinflammatory cytokines such
as interleukins (e.g. IL-1pB, IL-2, IL-6) and TNFa. High concentrations of pro-inflammatory
cytokines in response to infection are adaptive responses which contribute to survival during
infection (Dantzer et al., 2008). The known symptoms of high concentrations could cause any
of'the so-called “somatoform” symptoms seen in FND, including drowsiness, fatigue, cognitive

fog or ‘fugue’, joint pain and reduced social activity.

However, states of neuroinflammation and chronic inflammation have begun to be
identified in FND; for example, van der Feltz-Cornelis et al. (2021) assessed cytokines in FND
and found elevated levels of IL-6 & TNFa in a relatively small cohort (n=14). Fluctuations in
the concentration of cytokines (particularly anti-inflammatory cytokines) in the brain are
known to affect other physiological processing, including the formation and organisation of
neural networks, and, as a result, influence cognitive functions (Dantzer & Kelley, 2007; Levin
et al., 2021). Additionally, fluctuations in the concentration of cytokines can affect many
physiological processes and could explain slump-crash reactions in FND symptomology. In
addition to their role in the immune system, cytokines (small-molecule signalling soluble
proteins) play an essential role in the development and maintenance of physiological and
pathological processes, providing co-ordinated interaction of cells throughout the body and
brain and affecting many functions including thermoregulation, eating, sleep, emotion,
cognition, learning and memory amongst other cognitive functions through their roles in the
modulation of synaptic neurotransmission, neuroplasticity and cognitive function (Becher et
al., 2017; Levin & Godukhin, 2017; McAfoose & Baune, 2009; McKim et al., 2016; Osipova
et al., 2018).
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Whilst the pathogenesis and specific origins of FND are unknown, a proposed
underpinning mechanism is systemic low-grade inflammation (Kovacs et al., 2016; Tiyekli et
al., 2013; Vogelzangs et al., 2013). Elevated CRP has been identified in children with FND
(Kozlowska et al., 2019) and may indicate adverse life experiences, but it has also been
implicated in motor function (Tak et al., 2009) and may be an inflammatory process (Ratcliff
& van der Feltz-Cornelis, 2020). For example, autonomous dysregulation could interfere with
the downregulation of corticosteroid production in the adrenal glands and result in peripheral
inflammation, which cannot easily be reversed (Pongratz & Straub, 2014). Whilst previous
studies have inferred that such findings are a result of trauma (Baumeister et al., 2016), they
could also be a result of biological trauma. For example, they could result from the
dysregulation of stress states as a result of chronic inflammation or a biological assault, as
opposed to simple psychological ALEs. This could underpin how neuroinflammation affects
brain activity, accounting for the findings of disruption to information processing (de Vroege
et al., 2021; Baumeister et al., 2016). Again, it is important to acknowledge that different
typologies of FND symptoms could show varying levels of molecular dysfunction, whilst
different levels of neuroinflammation could also explain the differences in symptom
presentation (Ratcliff & van der Fleltz-Cornelis, 2020). Initial data suggests that there are
notable differences across inflammatory markers in FND, but much more research is needed

in this area to define underlying mechanisms (see Paredes-Echeverri et al., 2022 for review).

3.5.3 Inflammation and Dissociation

When investigating psychological correlates of inflammation, it is also important to
consider the principles of allostasis, a term coined by Sterling (1988) in which the ANS and
HPA axis promote adaption to multiple states. However, they can cause problems for the brain
and body if homeostasis is not maintained or if a stressor (be that a biological, social,
environmental or psychological trauma) causes systems to be over or under-active. This
dysfunctional or erratic state can lead to detrimental effects of allostatic load (McEwen, 2003),
which subsequently has an impact on other systems, which in turn fail or overreact. Indeed,
many of the risk factors for allostatic load map onto the epidemiological profile of and known
risk factors for FND (see Suvarna et al., 2020 for review) and are known to have health
implications across a range of health conditions (Brody et al., 2013; Duru et al., 2012; Guidi et

al., 2020; Von Korff et al., 2009). Dissociation, too, has been implicated in this relationship as
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a potential psychobiological reaction to allostatic load (Grassi-Oliveira et al., 2008; Lamb et

al., 2021; Staniloiu et al., 2010).

Whilst the relationship between FND and other disorders, such as Myalgia
Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS), remains controversial, several
studies have investigated biomarkers in other “medically unexplained diagnoses”. These
studies have produced conflicting evidence regarding acute and chronic stress responses, as
well as autonomic, endocrine and inflammatory biomarkers. However, the findings suggest a
role for allostatic load — the cumulative physiological burden of chronic stress. Many of these
studies were limited by small sample sizes, a narrow focus on singular symptoms, and a lack
of comprehensive assessment of broader systemic dysfunction (Nater et al., 2011). The
allostatic load was recently measured by an index of 11 biomarkers of metabolic,
cardiovascular, inflammatory and HPA and ANS activity and particularly implicated high
levels of IL-6, CRP and lower cortisol, which could support this model of inquiry in FND
(Keynejad et al., 2019). Clinical heterogeneity through this model likely reflects multiple
potential aetiologies and perhaps levels of dissociative tendencies, which, whilst not measured,
can be inferred from previous findings. There are also wide-ranging environmental influences
which significantly influence biomarkers, and thus, larger samples coupled with neuroimaging

data are needed to establish further relevance of the findings.

Metacognitive and psychological processes commonly reported in FND (de Vroege et
al., 2021) could be indicative of neuroinflammation affecting brain activity and, thus,
neurocognitive function, and these are important to consider in models and in treatment
outcomes (de Vroege et al., 2021). Exposure to ALEs in childhood is known to predict DNA
methylation patterns, which are known to be a risk for the development of other disorders
(Dunn et al., 2019), further demonstrated in gene-environment interaction and epigenetic
studies (Lin et al., 2020). Biological, environmental, social and other risk factors associated as
being predisposing and precipitating risk factors in FND are also known to be risk factors for
neuroinflammation and propensity to development of chronic inflammatory states and/or
leading to dysfunction of neural connectivity in other conditions (Bachmann et al., 2020;

Huang et al., 2019; Oldenburg et al., 2020; Stevenson et al., 2020)

In exploring the psychological correlates of FND, a study exploring the cortisol
awakening response using salivatory cortisol showed that dysregulation of this in FND

correlated with ALEs (particularly childhood adverse experiences) and subjective distress
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(Chung et al., 2023). The findings, however, did also support that neural underpinnings of FND
may extend across arousal-processing and emotional-processing systems. When coupled with
previously discussed literature, findings may also infer that with further research, degrees of
dysregulation of some neural findings may also correlate with cognitive processing and motor-
sensory dysfunction in FND. Dissociation is known as a symptom in many other conditions
and has been correlated with systemic or chronic inflammation in IBS (Ferrarese et al., 2022),
PTSD and MDD (Powers et al., 2019) and as an outcome measure for those with autoimmune
diseases wherein childhood trauma and alexithymia are also known risk factors (Macarenco et
al., 2021). Systemic and chronic inflammation is also known to occur more commonly in
women (though rationales for this vary it likely contributes to known autoimmune disease) and
at specific developmental ages which could account for the epidemiological profile of FND
patients (Beydoun et al., 2020; Kushnir et al., 2016; Lawn et al., 2022; Perruccio et al., 2017).

However, these associations have not been well studied in FND.

3.5.4 Inflammation and Neuroimaging

Neuroimaging research has postulated dysregulation of the HPA axis in patients with
FND, but its relationship to anatomical and biological states remains to be elucidated. Weber
et al. (2024) study explored the HPA axis in relation by utilising cortisol awakening response
and diurnal baseline cortisol in 86 patients with mixed symptom profiles. HPA dysregulation
and changes in glucocorticoid signalling on a molecular level may contribute to increased
vulnerability to FND because of epigenetically mediated changes to the neural networks
implicated (Chung et al., 2023). However, these changes could also result from the biological
insult posed by FND, and changes could reflect effect rather than causality. Cortisol is a
cytokine and one of the low basal level indicators of inflammation along with IL-1 and TNF-
alpha which influences neuroplasticity and results in impaired cognitive functions, decreased
attention and motivation, deterioration of memory and learning, decreases in orienting reaction
among other neural networks and cognitive functions (DiSabato et al., 2016; Levin et al., 2021).
However, cortisol levels can be influenced by various factors beyond inflammation (e.g., such
as stress, medications and circadian rhythm) and its lack of specificity coupled with diurnal
fluctuations may limit its reliability as a sole biomarker for inflammation (Chrousos, 1995).
IL-1 and TNF-alpha are important measures, yet these indicate more localised rather than

systemic responses and relatively short half-lives in circulation, all influencing their stability
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as biomarkers of inflammation (Dinarello, 1996). Inflammatory markers like IL-6 and CRP are
recognised as key markers of inflammation, and studies have established their roles as reliable
markers of systemic inflammation (Gabay & Kushner, 1999; Mclnnes & Schett, 2017; Ridker
et al., 2000; Povoa et al., 2005). Theoretical links are implied of the role of inflammation in
FND but studies have yet to explore reliable and stable trait markers. Further, studies in FND
have yet to integrate molecular and neuroimaging for holistic understandings; combinations of
neuro-molecular components should be explored in the same study for a holistic image of

cytokine modulation in FND.

3.6 Chapter conclusion

Chapter 3 has outlined the current understanding of neural networks, structural imaging
and EEG in FND. Whilst findings of implicated networks are beginning to be understood there
are a wide range of limitations which prevent research from being able to draw clear
conclusions from the data thus far. Currently, EEG is underutilised as a research tool in
explorations of FND, despite its utility, and the chapter indicates that EEG and
electrophysiological data, coupled with newer methods of analysis, such as neural network
analyses, may be helpful in furthering understanding of FND. Neuroimaging data has often
failed to have large sample sizes and robust symptom classifications and has failed to correlate
findings to psychological and cognitive constructs in FND. Thus, there are calls for
multifaceted studies which combine various constructs to elucidate better the complex interplay

of mechanisms in FND, which this thesis aims to address.

In addition, this chapter has described the current neurobiological understanding of
FND, beyond neural network hypotheses. Emerging findings particularly implicate the
potential theoretical role of inflammation as a mechanism of interest in FND. While this
research is only beginning to emerge, there is a clear need for further explorations in this area,
particularly in the combination of psychological and cognitive correlates with both

inflammatory and neuroimaging analyses.
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Chapter 4: Thesis Aims

4.1 Introduction

The preceding chapters have evaluated the emerging conceptualisations of FND which
have expanded beyond initial conceptualisations on which classification systems are based.
Contemporary conceptualisations employ neuroscientific evidence to consider FND as a
disorder of neural network dysfunction, and emerging insights of FND are considering the
disorder beyond this as a disorder of the embodied brain. Several key areas of investigation
have been proposed that would have implications for advancing diagnosis, treatment and care
provisions. Firstly, a study of dissociation, among other psychological constructs, should be
empirically investigated from a biological perspective. Second, there is a need to address the
heterogeneity of FND by statistically delineating subtypes based on symptoms, triggers and
underpinning biological mechanisms. This may help resolve some inconsistent findings
regarding implicated neural networks, particularly in mixed types. Thirdly, as a relatively
inexpensive, reliable, non-invasive and direct measure of brain electrical activity EEG should
be more extensively used to understand brain function in FND, with the view to identifying
positive diagnostic markers. Finally, the role of the immune system, particularly the presence
of raised inflammation, should be investigated as underpinning alterations in brain function

and associated symptoms in FND.

Owing to a lack of multimodal data in this field, this thesis also aims to converge findings
to provide a holistic view of FND, a new model of which is proposed based on findings in the
discussion, Chapter 8. An overarching objective of the current thesis, therefore, is to study the
relationships across measures of inflammation, dissociation, and brain function in FND. To
this end, a series of experiments is proposed involving mixed subtypes of FND in adults aged
over 18 years. Novel assessment and analysis methods will be employed with the aim of

delineating subtypes of FND and discovering novel positive biomarkers.

The first experiment (Chapter 5) builds upon my undergraduate and postgraduate
studies of FND and investigates the role of dissociation in FND and other chronic illness-
induced psychological facets. The results from this study inform whether dissociation should
be considered in the model of FND, which builds throughout this thesis. Chapter 5 aims to

address the following research questions: 1) Is dissociation higher in FND than in healthy

58



controls? 2) Do dissociation scores differ in FND compared to other long-term conditions? 3)
Does social isolation or social support influence dissociation scores in FND? 4) Are cognitive

flexibility, resilience and hopefulness related to dissociation scores in FND?

Chapter 6 presents a second cross-sectional study that empirically investigates subtypes
of FND. It uses a novel statistical method (for the field), Latent Class Analysis (LCA), to
answer the following questions: 1) Do subtypes exist in FND which can be characterised by
clusters of symptoms? 2) Do these symptom clusters hold a relationship with the precipitating
factor in FND? 3) How is dissociation differentially associated with FND subtypes? 4) Are

there other characteristics of clusters or subtypes of symptoms in FND?

Chapter 7 investigates pro-inflammatory molecules in FND, as compared to people
without FND and in relation to symptoms and brain function (EEG, resting state data). This
multimodal exploratory study aims to address the following questions: 1) Are there differences
in inflammatory markers (IL-6 and CRP) in FND compared to healthy, matched controls? 2)
Are these differences maintained when mediations are considered for anxiety, depression,
stress, BMI and dietary inflammation? 3) Do inflammatory markers correlate with dissociation
and are these different in FND compared to healthy controls? 4) Do baseline EEG measures
correlate with inflammatory markers in FND? 5) Do dissociation scores and baseline DMN

data significantly differ in FND compared to healthy controls?
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4.2 Summary of Thesis Aims

1)

2)

3)

4)

5)

6)

To explore the role of dissociation in FND and its relationship to other psychological
correlates of chronic illness (stress, anxiety, depression, resilience, social isolation and

social support)

To statistically explore the presence of potential subtypes of FND through LCA

analysis of clusters; and their relationship to dissociation types

To determine the role of the DMN and neural activity in FND; and the role of

dissociation in this relationship

To determine if there is a role of inflammation in FND by exploration of biomarkers.
Additionally, to explore if this relationship maintains when mediated by dietary

inflammation, BMI, age, sex, anxiety, depression and stress.
To explore the potential correlates between baseline EEG measures

And to measure DMN in relation to biological markers of inflammation and

dissociation.
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Chapter 5:

Dissociation and its relationship to other neuropsychological correlates in FND

5.1 Chapter Overview

The previous chapters have reviewed the psychological, neurobiological, neuroimaging
and electrophysiological constructs in the formulation of a series of research questions sought
to advance multifaceted perspectives of the underlying mechanisms and pathophysiology of
FND. The current chapter presents the first of the empirical studies conducted as part of this
thesis, exploring the relationship between dissociation and other psychological constructs in

FND.

A portion of the data presented in this chapter was included in a recent publication
(Blanco et al., 2023) as part of a multiOstudy paper. That publication incorporated the findings
from three distinct studies: Study 1 (undergraduate research), Study 2 (master’s research), and
Study 3 (which included some data from this chapter). However, the current study within this
thesis is independent of the publication and expands upon the prior work through unique
analyses, a broader range of measures, and a distinct research focus. Specifically, while Studies
1 and 2 in the publication found no association between adverse life events (ALEs) or mood
and elevated dissociation scores in FND, this study builds on those findings by employing an
alternative dissociation scale, analysing a larger sample size, and incorporating additional
variables such as cognitive flexibility, social support and resilience. Furthermore, the data for
this study was collected during the pandemic, providing a unique opportunity to examine the
effects of social isolation across three groups: individuals with FND, individuals with other
long-term conditions, and healthy controls. By situating this study within the broader research
context whilst maintaining its distinct contributions, this chapter aims to further elucidate the

relationship between dissociation and psychological factors in FND.

5.2 Introduction

As outlined in the previous chapters, FND is broadly defined as motor, sensory, and

cognitive dysfunction occurring in the absence of identifiable organic disorder or other
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neurological disease (APA, 2013). It is associated with significant impairment in quality of
life, psychological functioning and social participating, leading to substantial healthcare costs
(Carson et al., 2011). While various biopsychosocial models have been proposed to explain its
development and maintenance, no single framework fully accounts for the heterogeneity of
symptoms. One factor increasingly implicated in FND is dissociation, which has been linked
to disruptions in sensory-motor integration and atypical emotional processing (Kozlowska,
2017) and could account for findings of atypical sensory processing (Brown et al., 2007; Pick
et al., 2017) and altered processing of sensory-motor signals (Edwards et al., 2012; Van den
Bergh et al., 2017) in FND. Some subtypes of FND also show atypical emotional function
(Pick et al., 2019) or prominent alexithymia (the inability to identify one’s own feelings;
Demartini et al., 2016; Steffen et al., 2015), and it is often considered that FND has a co-
occurrence with mood disorders (Brown & Reuber, 2016; Pick et al.., 2016). However, little is
understood about the potential underlying mechanisms for FND, nor the relationships between
them, and current models fail to account for all symptoms and varying degrees of severity;

continued research in this field is essential for advancing knowledge of the condition.

Dissociation has long been considered as underpinning FND (since the work of Janet,
1907) and remains upheld by the World Health Organization’s (WHO, 2018) classification,
which defines FND as a “dissociative neurological symptom disorder”. On the other hand,
DSM-5 has adopted “functional neurological symptom disorder”, categorised as somatic
symptom disorder. As mentioned in Chapter 2, dissociation refers to a pathological process of
disconnection in which sensory awareness is altered or there is a loss of typical integration of
mental processes, including sensorimotor functions, emotions, memories, awareness,
movement, thoughts and affect (WHO, 1992). Subtypes of dissociation may include
detachment, an altered state of consciousness in which there is separation from the self
(Depersonalisation), or the world (Derealisation) and compartmentalising, an inability to
deliberately control actions or cognitive processes that would normally be amenable to such
control (Holmes et al. et al., 2005). Expansion of the concept of dissociation has not been
without controversy either, though recently, there has been a shift away from unitary models,
which we critiqued for obscuring nuances between types of dissociation in favour of
recognition of dissociative types and multifactorial measurements for dissociation (Briere et
al., 2005, 2016; Holder, 2013). Biopsychosocial frameworks acknowledge dissociation as a
predisposing factor for FND (McKee et al., 2018) rather than a symptom or precipitating factor,

which the study aims to explore from a multifactorial rather than unitary model perspective.
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The role of dissociation in FND is in part supported by the co-occurrence of FND with
other dissociative disorders (e.g., dissociative identity, dissociative amnesia), which may
reflect shared risk factors (e.g., traumatic life events, hypnotic susceptibility) and/or biological
mechanisms (Brown et al., 2007). Moreover, in self-report scales, individuals with FND show
higher psychological (Goldstein & Mellers, 2006; Perez et al., 2018; Reuber et al., 2003; Sar
et al., 2004;) and somatoform (Brown et al., 2013; Pick et al., 2017; Sar et al., 2009)
dissociation, particularly in Functional Seizure (previously Non Epileptic Attack Disorder;
NEAD) subtypes (Prueter et al., 2002) to a similar degree as in borderline personality disorder
and post-traumatic stress disorder (PTSD; see meta-analysis by Lyssenko et al., 2018). Further
evidence for dissociation in FND comes from findings that normal muscle power or changes
in the frequency or character of tremors are observed when an individual with FND is distracted
from the movement (Carson et al., 2015; Daum et al., 2015). Hoover’s tests are commonly used
as positive diagnostic tools with high specificity for FND (McWhirter et al., 2011), suggesting
issues with distorted attention across the patient group. Recently, studies have found that
reduced interoceptive awareness is associated with increased dissociation in Functional
Seizures (Yogarajah et al., 2019) and FND (Pick et al., 2020), which could account for clinical
observations of sensory disturbances and loss of sense of internal bodily changes. Thus,
dissociation appears to be a common feature across FNDs, though research has yet to establish
this or the potential causes of heightened dissociation in FND (for example, if this is a symptom
of the illness or a result of other mechanisms such as mood, trauma or loneliness) and this has

yet to be considered explicitly in theoretical models.

To better understand dissociation in FND, it is necessary to explore potential correlates
that may influence dissociative experiences and symptomology. While dissociation historically
has been linked to adverse life events and trauma (Diez et al., 2020; Levita et al., 2020; Myers
et al., 2019; Wieder & Terhune, 2019; Williams et al., 2020), recent evidence (as previously
discussed) suggests that FND is not always trauma-related. Rather, trauma appears to be a risk
factor for a small subset of individuals with FND, highlighting the need to examine additional
mechanisms underlying dissociation in this population (Nicholson et al., 2020). In addition,
many would argue that experiences of becoming ill post diagnosis and the subsequent impact
on quality of life as a result of symptoms or other biopsychosocial experiences could lend to a
raise in dissociative experiences. Given the heterogeneity of dissociative experiences in FND,
it is crucial to consider a broad range of cognitive, affective and social processes that may

contribute to dissociative symptoms or buffer against them. Expanding this evidence base is
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also necessary to positively differentiate FND from other disorders and refine theoretical

models of symptom development.

In Edwards et al., (2012)’s prevailing model, FND is framed as arising from distortions
between top-down and bottom-up processing, implicating (though not directly suggesting)
dissociation in the separation of (normally integrated) executive control functions. This
conceptualisation aligns with mechanisms proposed in other conditions characterised by
executive dysfunction, such as ADHD (Mattfeld et al., 2016) and certain positive symptoms in
schizophrenia (Akbey et al., 2019; Sumich et al., 2018, 2008). While these conditions, like
FND, lack definitive biomarkers and remain subject to diagnostic debates (much like FND),
they do provide valuable frameworks for understanding dissociation as an autonomous
symptom rather than solely a consequence of trauma. However, the origins and correlates of
FND remain unclear. Limited research has examined how dissociation interacts with broader
psychological factors, including mood, cognitive flexibility, social support and resilience, or
how these variables contribute to the variability in dissociation scores among individuals with
FND. Investigating such relationships is critical for the advancement of theoretical models and

informing targeted interventions for functional impairments in FND.

The complex and heterogeneous nature of dissociation in FND lends to the need for
exploration of a broad range of psychological factors which may contribute to or mitigate
dissociative symptoms and/or experiences. Deficits in cognitive flexibility, the ability to shift
thought patterns and adapt behaviour, have been linked to dissociative experiences in
conditions like PTSD and borderline personality disorder (Sar et al., 2017). Given that
dissociation is thought to involve disruptions in executive control over attentional processes
(Edwards et al., 2012), examining cognitive flexibility in FND may provide insight into its role
in maintaining dissociative symptoms. The literature shows mixed findings concerning
cognitive flexibility in those with FND compared to healthy controls (e.g., Pick et al., 2023; de
Veroge et al., 2021); such conflicts warrant further investigation. Similarly, rumination,
characterised by repetitive and intrusive thoughts, has been associated with heightened
psychological distress and prolonged symptom persistence (Ehring & Watkins, 2008; Scott et
al., 2019), suggesting that individuals with FND who experience elevated dissociation may
exhibit ruminative tendencies. This would have implications for long-term mental health and

wellbeing and influence treatment effectiveness.
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In addition to cognitive factors, affective processes such as anhedonia (the diminished
ability to experience pleasure) may play a role in dissociation. Dissociation has been linked to
emotional numbing and detachment (Butler et al., 2021; Pettorruso et al., 2020). Anhedonia is
a predictor of poor psychosocial functioning and has implications for long-term physical and
mental health, treatment effectiveness and cortex connectivity (Lambert et al., 2018; Vinckier
et al., 2017; Young et al., 2016). Given the established association between anhedonia and
conditions such as depression and PTSD, its potential relationship with dissociative symptoms

in FND warrants further investigation.

Beyond individual psychological processes, social factors may also influence
dissociation in FND. Social isolation has been associated with increased dissociative
symptoms, potentially exacerbating feelings of disconnection from oneself and others
(Gilmartin et al., 2013; Tolmunen et al., 2007) and leading to social disorientation. In
comparison, social support may serve as a protective factor by fostering emotional regulation
and reinforcing a sense of self-coherence (Korol et al., 2008; Wong et al., 2006). In other
studies, this effect was particularly seen as a coping tool for health anxieties and predicting
outcomes during the COVID-19 pandemic (Kozosvari et al., 2023). Social isolation/exclusion
is often experienced by those with long-term chronic illnesses (Cacioppo & Hawkley,
2003; Dalenberg & Carlson, 2012). However, it is unclear whether this relates to Dissociation

in FND.

Finally, resilience, the ability to adapt to adversity, and hopefulness, which is linked to
lower psychological distress and improved recovery outcomes (Alayarian, 2019; Loewenstein,
2018; Thomson, 2022) are often related to social isolation and social support and may provide
an explanation for varying reports of dissociation in FND. Such variables may provide a buffer
against dissociative tendencies, and incorporation of these potential protective factors is
essential for a holistic investigation in this area. Investigating such potential protective factors
and their relationship to dissociation could inform targeted therapeutic inventions aimed at
improving psychologist wellbeing and symptom management in FND and ensure that research

drivers, like the current study, consider the applied nature of their findings.

While previous research has explored dissociation in FND largely through the lens of
trauma and adverse life events, the role of cognitive, affective and social factors remains
unclear. My prior research (Studies 1 and 2 of Blanco et al., 2023) found no significant

relationships between adverse experiences, trauma or mood and elevated levels of dissociation
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in the FND group, highlighting the need to explore alternative mechanisms underlying
dissociation in this population. To address this gap, the present study examines the relationship
between dissociation and a broader range of psychological correlates (cognitive flexibility,
rumination, anhedonia, social isolation, social support, resilience and hopefulness) in

individuals with FND.

This study and data have been collected during COVID-19 restrictions, a unique period
during which all participants, regardless of health status, experienced elevated levels of social
isolation. This provides a unique context to explore the role of social and psychological factors
in dissociation while minimising external variability in social contact. Including a long-term
conditions (LTD) control group alongside a healthy control group allows for more nuanced
differentiation between dissociation-specific mechanisms in FND and the broader effects of
chronic illness symptoms and illness-induced isolation. Given that psychological distress and
social challenges are common across long-term health conditions, this additional control group
ensures that any identified dissociation-related patterns are not solely attributable to the general

experience of living with a chronic condition.

By adopting a multifactorial approach, this research seeks to refine theoretical models of
dissociation in FND and contribute to the identification of key mechanisms underlying
symptom persistence. The findings may have important implications for understanding the
heterogeneity of dissociation and informing targeted investigations that address cognitive,

emotional and social factors contributing to symptom severity and maintenance.

5.2.1 Aims and Hypotheses

Through online cross-sectional research, the current study aims to establish whether
dissociation is a prominent feature in FND (a finding which could distinguish it from other,
similar long-term conditions) and to identify whether usual explanatory factors (mood, social
isolation, social support, hopefulness, resilience and rumination) can adequately explain these
levels of dissociation in FND. The study also aims to understand the relationship between
anhedonia, cognitive flexibility, rumination and resilience. More specifically, the association
between implicated triggers for FND and the presence of dissociation is investigated, as well
as potential outcomes, with four primary aims: 1) to assess whether dissociation is a prominent,

defining feature of FND; ii) to test relationships between mood (anxiety, depression and stress),
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anhedonia and the presence of dissociation, iii) to test whether dissociation might be associated
with social isolation, social support, or resilience which may occur in FND as a result of chronic
illness and quality of life changes common in FND, iiii) and finally, to explore the potential
effects of heightened dissociation, including correlations with rumination, cognitive flexibility
and hopefulness. To address these research aims, scores will be correlated between an FND

group, a healthy control group and a long-term conditions group.

In addition, dissociation was explored with reference to Anhedonia, as this emotional
detachment could account for an inability to self-identify and, therefore, report mood scores in
the FND cohort. The study used scales different from those previously tested to ensure that
results were not reliant upon specific psychometric measures and sought to understand
dissociation in FND with a range of previously unexplored measures that could act as ACES

in dissociative experiences.

The hypotheses for the current study are:

e Those with FND will show higher levels of dissociation than the two control
groups (Healthy control and LTD), and those in the long-term conditions group
will show higher dissociation levels than those in the healthy control group.

e Scores for anxiety, depression and stress will positively correlate with
dissociation scores in each of the three groups (FND, Healthy and LTD), and
mood scores (Stress, Anxiety and Depression) will be higher for those in the
FND group than the healthy and LTD groups.

e Levels of social isolation and loneliness will positively correlate with
dissociation in the three groups (FND, Healthy and LTD), and self-reported
social isolation scores will be higher for those with FND.

e Levels of resilience and higher levels of social support will act as a protective
factor in dissociation and correlate negatively with dissociation scores.

e Higher levels of rumination will be associated with greater dissociation in all
groups, with the strongest relationship expected in the FND group.

e Lower cognitive flexibility scores will be associated with higher dissociation
levels in all three groups, with the strongest effect in the FND group.

e Higher levels of hopefulness will correlate negatively with dissociation scores,

acting as a protective factor in all groups.
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5.3 Methods

5.3.1 Participants

Participants (N = 542; 158 males, 382 females, 2 gender fluid) participated in an online
questionnaire. Eighty-two participants were removed from the subsequent analysis as they had
>10 % data missing or were deemed to be outliers in preliminary analysis (11 cases had a score
exceeding the critical value obtained via Mahalanobis distance, and after examination of
individual cases by response pattern these cases were excluded; see Statistical Analyses
subsection for further details). The final sample comprised FND participants
(N=163; Mage =43.41, SD = 12.79), healthy controls (N =202; Mage =35.11, SD = 14.17)
with no long-term or physical health conditions and a long-term disability control group
(LTD; N=129; Mage =37.51, SD = 12.52). Participants were recruited through online
advertisements on established social media platforms and email circulars distributed via
relevant advocacy groups, charities and health communities. The recruitment strategy aimed to
ensure accessibility across a broad demographic and particularly targeted FND and LTD
groups through patient-led organisations and online communities. All participants provided

informed consent before participation and were required to be 18 years or older.

5.3.2 Design

The current study is an online cross-sectional design using a volunteer (unpaid) cohort.
Participants with FND were recruited through advertisements with charitable organisations and
support groups. Controls (healthy participants with no pre-existing mental or physical health
conditions) were recruited through existing online platforms and snowballing. A long-term
disability (LTD) group was formed as an additional control. LTD had conditions characterised
by similar physical impairments to those with FND, which had lasted for >6 months. To recruit
the LTD group, several support groups that supported people with symptoms similar to those
with FND shared the study link. Respondents and percentages of those in the LTD group
included Fibromyalgia (19.37%), ME/CFS (16.28%), Mood disorders (including bipolar,
depression, anxiety, psychosis; 10.08%), Epilepsy (8.53%), Arthritis (8.53%), Ehlers Danlos
Syndrome (EDS; 8.53%), Dystonia (various; 7.75%), Lupus (5.42%), Heart and Blood
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Disorders (various; 3.88%), Traumatic Brain Injury (TBI; 3.88%), Cancer (Various; 1.55%),
Multiple Sclerosis (MS; 3.10%), Other/Non Specific (3.10%).

Much of the sample consisted of UK participants; the demographic variables for each
cohort are provided in the studies below. All participants were over the age of 18 and reported
being fluent in the English language. Whilst additional demographic information would have
added to the strength of the data collected, additional data regarding demographics (including
SES, education and employment status) proved challenging to collect and analyse robustly and,
thus, are not described within the manuscript. Data were collected using an online survey
collection platform (Qualtrics), and an anonymous link was distributed to participants. Results

were analysed using IBM SPSS V.24,

5.3.3 Self-Report Scales

5.3.3.1 Anhedonia

Anhedonia was measured using the Dimensional Anhedonia Rating Scale (DARS; Rizvi
et al., 2015), a 17-item self-report measure designed to evaluate an individual’s interest,
motivation, effort and consummatory pleasure across four distinct domains: 1) hobbies,
assesses engagement and pleasure derived from activities such as reading, sports or creative
arts (e.g., “In the past week, how much pleasure have you experienced from your hobbies?”),
2) Food and drink, evaluates enjoyment related to eating and drinking (e.g., “In the past week,
how much pleasure have you experienced from eating your favourite foods?”’), 3) Social
activities, assessing how much pleasure is obtained from interactions with others (e.g., “How
much pleasure have you experienced, in the past week, from socialising with friends or
family?””) and 4) Sensory experiences, assessing enjoyment of sensory stimuli including music
and nature (e.g., “In the past week, how much pleasure have you experienced from listening to
music?”. The items capture anticipatory and consummatory aspects of pleasure, ensuring the
scale provides a nuanced measure of hedonic processing deficits. Participants rated each item
on a 5-point Likert scale (0 = not at all to 4 = very much), with higher scores indicating greater
hedonic capacity and lower scores reflecting higher levels of anhedonia. The total DARS score
was obtained by summing responses across all items, yielding a possible range of 0 to 68.
While subscale scores can be calculated separately to assess anhedonia in each domain, this

did not apply to the current research scope, and total scores were relied upon.
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The DARS has demonstrated strong psychometric properties in both clinical and non-
clinical populations. Internal consistency reliability has been reported as excellent (Cronbach’s
alpha=0.92; Rizvi et al., 2014), with subscale reliabilities ranging from 0.75 to 0.92, indicating
strong consistency across domains. Test-retest reliability studies have shown moderate to high
stability over time, with a reported coefficient of r = 0.77 across a three-week period in
adolescent samples (Rajeh et al., 2022). The scale also exhibits strong convergent validity,
correlating well with established measures like the Snaith-Hamilton Pleasure Scale (Snaith et
al., 1995 in Gorostowicz et al., 2023) and the Temporal Experience of Pleasure Scale (TEPS;
Gard et al., 2006 in Gorostowicz et al., 2023). Additionally, the DARS demonstrates good
divergent validity, showing weaker associations with measures of anxiety, which supports its
specificity in assessing anhedonia rather than general distress (Gorostowicz et al., 2023). The
scale has been validated for use across various psychiatric conditions, including major
depressive disorder and Schizophrenia (Gorostowicz et al., 2023; Rizvi et al., 2014), where it
effectively distinguishes individuals with clinical anhedonia from healthy controls. Given its
robust psychometric properties and the multidimensional nature of anhedonia assessment, the
DARS (Dispositional Anhedonia Rating Scale) is a well-validated tool for evaluating reward
processing in diverse populations. Its sensitivity to changes in hedonic experience and its
ability to distinguish various sub-facets of anhedonia make it particularly valuable for research
investigating the psychological mechanisms underlying various affective disorders and related
conditions. In this study, the DARS was selected due to its comprehensive assessment of
anhedonia across multiple domains, alongside strong evidence of reliability and validity. This
makes it an appropriate measure for examining the relationship between anhedonia and
dissociative symptoms in Functional Neurological Disorder (FND). The internal consistency
of DARS in the current study was assessed using Cronbach’s alpha, yielding a reliability

coefficient of 0.88, indicating strong internal consistency within this sample.

5.3.3.2 Anxiety and Stress

Anxiety and stress levels were assessed using the Depression, Anxiety and Stress scale
(DASS-21; Lovibond & Lovibond, 1995), a 21-item self-report instrument designed to
measure negative emotional states across three domains: depression, anxiety and stress. Each
subscale comprises seven items, with responses rated on a 4-point Likert scale ranging from 0
(did not apply to me at all) to 3 (applied to me very much or most of the time). In the current

study, only the Anxiety and Stress subscales were utilised.
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The anxiety subscale evaluates autonomic, arousal, skeletal muscle effects, situational
anxiety and subjective experiences of anxious affect. Sample items include “I was aware of the
dryness of my mouth” and “I experienced breathing difficulty, breathlessness in the absence of
physical exertion”. The stress subscale assesses difficulty in relaxing, nervous arousal and
being easily agitated, irritability, reactiveness and impatience. Sample items include “I found
it hard to wind down” or “I tended to over-react to situations”. Scores for each subscale were
calculated by summing the relevant items and multiplying by two, as recommended by the
authors, to align with the original DASS-42 scoring system. This adjustment ensures
comparability across studies and facilitates interpretation (Lovibond & Lovibond, 1995). The
decision to focus on the Anxiety and Stress subscales stems from their relevance to the study’s
objectives. Anxiety is characterised by the physiological hyperarousal and fear responses,
while stress pertains to persistent tension and irritability. Both constructs are pertinent when
examining emotional dysregulation and its impact on psychological well-being (Gloster et al.,
2009; McTeague & Lang, 2013). Notably, the DASS-21 differentiates between these
constructs, allowing for nuanced assessment (Ali et al., 2021; Gloster et al., 2009; Henry &

Crawford, 2011).

The DASS-21 has demonstrated robust psychometric properties across diverse
populations (Gloster et al., 2009). Studies have confirmed its construct validity, with factor
analyses supporting the three-factor structure corresponding to depression, anxiety and stress.
The anxiety and stress subscales, particularly, have shown high internal consistency with
Cronbach’s alpha coefficients typically exceeding 0.80 (e.g., Antony et al., 1998; Henry &
Crawford, 2011; Pezirkianidis et al., 2018). Furthermore, the DASS-21 exhibits strong
convergent validity, correlating significantly with other established measures of anxiety and
stress. Its ability to discriminate between clinical and non-clinical groups underscores its utility
as both a clinical and research tool. In the current study, the internal consistency of the Anxiety
and Stress subscales was evaluated, yielding Cronbach’s alphas of 0.85 and 0.88, respectively,
indicating strong reliability within this sample. Given its brevity, ease of administration, and
solid psychometric foundation, the DASS-21 is well-suited for assessing stress in clinical and

research settings.
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5.3.3.3 Depression

Depression was assessed using The Beck’s Depression Inventory-II (BDI-II; Beck, Steer
& Brown, 1996), a 21-item self-report instrument designed to evaluate the severity of
depressive symptoms in adolescents and adults aged 13 and above. Each item corresponds to a
specific symptom of depression, encompassing affective, cognitive, somatic, and vegetative
dimensions aligning with DSM-IV criteria for major depressive disorder. Participants rate each
item on a 4-point Likert scale ranging from 0 (symptom absent) to 3 (severe symptom),
reflecting on their experiences over the past two weeks. Total scores are calculated by summing
the ratings for all items, yielding a possible range of 0 to 63, with higher scores indicating
greater symptom severity. The following cut-off scores are typically used to interpret the BDI-
IT results: 0 — 13 (minimal depression), 14 — 19 (Mild depression), 20 — 28 (Moderate
depression), 29 — 63 (Severe depression). In non-clinical populations, scores above 20 are often

considered indicative of depression.

The BDI-II has demonstrated robust psychometric properties across diverse populations
and clinical settings (Gebrie, 2018; Dotson et al., 2019; Waseem, 2017). It exhibits high
internal consistency with reported Cronbach’s alpha values ranging from 0.89 to 0.94 (Beck,
Street & Brown, 1996); Wang & Gorenstein, 2013), supporting its reliability as a measure of
depressive severity. Test-retest reliability over a one-week interval has been found to be r =
0.93, indicating strong stability over time (Wang & Gorenstein, 2013). The BDI-II also
demonstrates convergent validity, correlating highly with established clinical measures of
depression, including the Hamilton Depression Rating Scale (HDRS; r = 0.71) and the Patient
Health Questionnaire-9 (PHQ-9; r = 0.89; Richter et al., 1998; Aranu et al., 2001).

However, despite its strong psychometric profile, concerns have been raised regarding
its applicability across racial and neurodiverse populations. For example, research involving
African American and Caucasian university students found no evidence of racial bias in BDI-
IT scores (Sashidharan et al., 2012). Similarly, a study examining midlife women of African
descent across various regions in the US supported the BDI-II’s factor structure within these
populations (Gary et al., 2018). However, other authors note that certain culturally influenced
symptom expressions may not be adequately captured by the BDI-II (Forkmann et al., 2018),
and there is some evidence of differential item functioning across ethnic groups (Grothe et al.,
2005). Furthermore, in neurodiverse populations, particularly in those with autism, cognitive
processing differences may alter responses to self-report measures of depression, leading to

under or overestimation of symptoms (Cassidy et al., 2018). The scale therefore may not be
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specific enough or effective when considering a range of populations (Dotson et al., 2019;
Tureson & Thames, 2022). For example, some research indicates that autistic adults may
interpret certain BDI-II items differently, potentially affecting the accuracy of depression
assessments in this group (Williams et al., 2021). Despite these critiques, the BDI-II is still
widely used and often considered less problematic compared to other assessments of
depression, including DASS-21, which may conflate symptoms of depression, anxiety and
stress, leading to less precise assessments and other measures which do not consider the
cognitive correlates of depressive symptoms. As such, it should be noted that findings may

need consideration of cultural factors, particularly when interpreting the BDI-II.

The decision to utilise the BDI-II in the current study was based on several key
considerations. Firstly, it provides a broad and more nuanced assessment of depressive
symptoms covering affective, cognitive, somatic and vegetative dimensions, whereas others
(like DASS-21) focus primarily on affective and somatic symptoms (Lovibond & Lovibond,
1995). Given the current study’s focus on cognitive aspects of depression, the BDI-II places
greater emphasis on these areas, including self-critical thoughts and hopelessness, which better
aligns with the study’s objectives (Whisman et al., 2000). The BDI-II has been extensively
validated in both clinical and non-clinical populations and across multiple demographic groups
(Beck et al., 19996; Wang & Gorenstein, 2013) and is more specific in distinguishing
symptoms. This is particularly needed in populations where mood disorders and somatic
symptoms frequently occur, including in FND (Henry & Crawford, 2005). Though the BDI-II
has been critiqued for potential cultural and neurodiversity-related limitations, it remains a
more cognitively oriented measure. To mitigate such bias in the current study, pilot studies
were conducted to assess clarity in instructions to reduce potential misinterpretation of
questions by neurodiverse participants. There was also an allowance of open-text responses for
participants who wished to elaborate on their symptom experiences, and scores were cross-
referenced with qualitative responses for additional clinical indicators where needed and
available. Within the current study, the scale showed good internal reliability (Cronbach’s

alpha = 0.94).

5.3.3.4 Social Isolation
As this data was collected during the COVID-19 pandemic restrictions, social isolation

was assessed using the Social Isolation Scale (Cotton et al., 2017). This concise, 3-item self-
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report measure evaluates the extent of an individual’s social isolation by focusing on their
perceived connections and interactions with others. Participants responded to each item using
a 5-point Likert Scale ranging from 1 (strongly disagree) to 5 (strongly agree), with higher
scores indicating greater levels of social isolation. An example item from this scale is “I feel
isolated from others”. These items are designed to capture the subjective experience of social
isolation, reflecting feelings of detachment and lack of social engagement. This was
particularly important in the COVID-19 restrictions as there could have been differing levels
of restrictions globally at the time of data collection, and there was individual subjectivity

concerning the impact of the restrictions imposed.

The Social Isolation Scale has demonstrated good internal consistency, with a reported
Cronbach’s alpha of 0.83 (Cotton et al., 2017), indicating a reliable measurement across diverse
populations. The inclusion of the measure in this study served to assess participants' perceived
isolation during the unique context of COVID-19 restrictions specifically. It is essential to
distinguish between social isolation and social support, representing related but distinct
constructions. Social isolation refers to the objective lack of social interactions, contacts and
relationships with family, friends and the community (Manera et al., 2022). It encompasses
both the absence of social networks and the limited frequency of social engagements. On the
other hand, social support is about the emotional, instrumental, informational and
companionship provided. It pertains to the subjective perception and actuality of being cared
for and valued as part of a social network. By measuring social isolation, the current study
aimed to capture the extent to which individuals were physically and emotionally detached
from their social networks, which is pertinent during periods of enforced social distancing. This
is distinct from assessing social support, which is about the quality and availability of
supportive relationships regardless of the frequency of social interactions. Understanding the
degree of social isolation is a critical construct in relation to dissociation as both involve
experiences of detachment that can impact mental health, and prolonged feelings of social
isolation may exacerbate or trigger dissociation (Cacicoppo et al., 2016). The inclusion of this
measure provides valuable insights into the potential impacts of reduced social contact on

mental health outcomes in the context of pandemic-related restrictions.
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5.3.3.5 Social Support

Social support was assessed using the OSLO Social Support Scale-3 (OSSS-3; Meltzer,
2003), a concise instrument designed to evaluate individuals' perceived social support level.
The OSLO-3 comprises three items which assess the number of close confidants, interest and
concern from others, and ease of obtaining practical help. An example item from the scale is
“How much interest and concern do other people show in what do you?”. The total score is
calculated by summing the responses, yielding a range from 3 to 14. Higher scores indicate
greater levels of social support. This scale has demonstrated satisfactory psychometric
properties across various studies (Zhang et al., 2024), including internal consistency scores of
0.60 in a Nigerian student sample and 0.69 in a Chinese nursing student sample, indicating
acceptable reliability given the scale’s brevity (Kocalevent et al., 2018). A student reported a
retest coefficient of 0.907, suggesting excellent stability over time (Zhang et al., 2024), and
factor analyses in these studies supported a one-factor solution, accounting for approximately
58.54% to 61.56% of the variable. This indicates that the three items collectively measure a

single underlying construct of social support.

The inclusion of the OSLO in this study is justified by its brevity and efficiency; its
concise format minimises respondent burden,2 making it suitable for inclusion in a
comprehensive survey design without compromising data quality or adding to participant
fatigue. OSLO has been identified as a strong predictor of mental health outcomes, including
psychological distress and depressive symptoms, underscoring its relevance in assessment in
studies which include mental health correlates (Kocalevent et al., 2018). The scale has been
utilised and validated in diverse cultural contexts, enhancing generalisability across different
populations and, in this study, is ideal for capturing social networks' functional aspects. The
scale showed good psychometric properties and good internal validity in the current study

(Cronbach’s alpha = .71).

5.3.3.6 Rumination
Rumination was assessed using the Ruminative Response Scale (RRS; Treynor et al.,
2003). This later development by Treynor et al. (2003) was designed to focus on two distinct
subcomponents: brooding and reflection (Parola et al., 2017). Brooding represents a
maladaptive form of rumination characterised by passive comparison of one’s current situation

with unachieved standards (Parola et al., 2017; Ruiz et al., 2017). Whereas reflection can
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denote a more contemplative form of rumination, involving purposeful turning inward to
engage in cognitive problem-solving to alleviate a problem. The refined 10-item scale evaluates
individuals’ habitual responses to feelings of sadness or depression with each item rated on a
4-point Likert scale ranging from 1 (almost never) to 4 (almost always). Higher scores indicate
greater tendencies toward rumination. In this study, both the brooding and reflection subscales
were utilised, while items overlapping with depressive symptoms were excluded to prevent

redundancy following the recommendations by Treynor et al. (2003).

The RRS has demonstrated robust psychometric properties across various populations
(Townshend & Hajhashemi, 2023). Internal consistency is acceptable as denoted by a
Cronbach’s alpha of 0.77, and test-retest reliability has been satisfactory over time with
coefficients ranging from 0.60 to 0.80 across different intervals (Trynor et al., 2003). The RRS
was selected for this study because of its ability to differentiate between maladaptive and
potentially adaptive forms of rumination. This distinction is crucial for understanding the
nuanced roles that different ruminative processes play in psychological constructs like
depression, anxiety and dissociation. By employing the RRS, the study aims to explore how
brooding and reflection differentially relate to dissociative symptoms in FND and contribute

to a more comprehensive understanding of the cognitive processes underlying FND.

5.3.3.7 Resilience

Resilience was assessed using the Brief Resilience Scale (BRS; Smith et al., 2008),
which conceptualises resilience as the individual’s capacity to recover from stress and adapt to
challenging circumstances. The BRS consists of six items, with three positively worded (e.g.,
“I tend to bounce back quickly after hard times”) and three negatively worded (e.g., “I tend to
have a hard time making it through stressful events™) statements. Participants rate each item on
a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). Negatively
worded items are reverse-scored, and the mean of all six items is calculated to derive the overall

resilience score, with higher scores indicating greater resilience.

The BRS has demonstrated robust psychometric properties in previous work with the
original study citing Cronbach’s alpha of 0.80 to 0.91 across different samples, indicating
strong internal consistency. The unidimensional factor structure of the BRS has been supported
in various studies, including cross-cultural validations, confirming that the scale effectively

measures a single construct of resilience. The BRS was selected for use in the current study
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due to its focus on resilience as the ability to bounce back from stress, aligning with the study’s
interest in differences in coping mechanisms among different populations compared to those
with FND (Smith et al., 2008). Its brevity and strong psychometric properties make it a
practical and reliable tool for assessing resilience in clinical and non-clinical populations.
Additionally, the BRS has been evaluated as one of the most frequently used resilience scales,
demonstrating satisfactory psychometric properties (Windle et al., 2011). The scale showed
good psychometric properties in the current study, corroborating the single-factor solution with

internal consistency and validity (Cronbach’s alpha = .83).

5.3.3.8 Hopefulness

Hopefulness was assessed using the Perceived Hope Scale (PHS: Krafft et al., 2019),
which measures an individual's positive expectations about the future, particularly in contexts
where coping mechanisms may be challenged. The PHS consists of six items, such as “Hope
outweighs anxiety in my life”, rated on a 6-point Likert scale ranging from 0 (strongly disagree)
to 5 (strongly agree). Higher scores indicate greater levels of perceived hope. The scale has
shown good internal consistency with Cronbach’s alpha values ranging from 0.87 to 0.89 in
previous studies, indicating this as a reliable measurement. Factor analyses have supported the
unidimensional structure of the PHS, confirming that the six items effectively measure a single
construct of perceived hope (Krafft et al., 2019). The PHS has been validated in various cultural
contexts, including German and Arabic-speaking populations, demonstrating its adaptability

and relevance across different demographic groups (Fekih-Romdhane et al., 2025).

The PHS was selected for this study due to its concise format, strong psychometric
properties, and focus on the subjective experience of hope. These characteristics make it a
practical and reliable tool for assessing hopefulness in clinical and non-clinical populations.
Additionally, the PHS has been utilised as part of the World Health Organization’s Quality of
Life measures, underscoring its relevance and acceptance in assessing psychological constructs

related to well-being (Krafft et al., 2019).

5.3.3.9 Cognitive Flexibility
Cognitive flexibility was assessed using the Cognitive Flexibility Inventory (CFI),
developed by Dennis and Vander Wal (2010), to evaluate an individual’s capacity to adapt

their thinking and behaviour in response to changing situational demands. The CFI comprises
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20 items, each rated on a 7-point Likert scale ranging from 1 (strongly disagree) to 7 (strongly
agree), with higher scores indicating greater cognitive flexibility. Within the CFI is the subscale
alternatives, which assesses the ability to perceive multiple and alternative explanations to
generate multiple alternative solutions to difficult situations (Kurginyan & Osavolyuk, 2018)
and control, which measures the tendency to perceive difficult situations as controllable. The
original study reported a Cronbach’s alpha of 0.91 when used as a total scale, indicating high
internal consistency. The CFI has also shown good stability over time with a 7-week test-retest
reliability coefficient of 0.75 for the total score (Kurginyan & Osavolyuk, 2018). The CFI
correlates significantly with measures of coping strategies and depressive symptomology,

supporting its convergent validity.

While the CFI is a widely used self-report measure of cognitive flexibility, certain
limitations do need to be acknowledged. As with all self-report instruments, responses can be
influenced by social desirability and lack of self-awareness, and the accuracy of the assessment
in online surveys cannot be guaranteed. Further, although the CFI has been translated and
validated in various languages, cultural differences in interpreting items may impact its cross-
cultural applicability (Kurginyan & Osavolyuk, 2018). Some studies have found weak
divergent validity from measures of anxiety and depression, suggesting that the CFI may not
fully distinguish cognitive flexibility from related constructs (Johno et al., 2014). Despite these
limitations, the CFI was selected for this study due to its strong psychometric properties and
its focus on cognitive processes relevant to coping and adaptability. Understanding cognitive
flexibility is particularly pertinent to the study of FND, where adaptability in thinking may

influence symptom management, dissociative tendencies and overall functioning.

5.4.3.10 Dissociation
Dissociation was assessed using the Multiscale Dissociation Inventory (MDI),
developed by Briere, Weathers & Runtz (2005), which evaluates dissociative experiences
across six distinct subscales: Disengagement, Depersonalisation, Derealisation, Emotional
Constriction, Memory disturbance, and Identity Dissociation. The MDI comprises 30 items,
rated on a 5-point Likert scale ranging from 1 (never) to 5 (very often), with higher scores
indicating greater levels of dissociation. In addition to subscale scores, the MDI provides a

total dissociation score, reflecting the overall severity of dissociative symptoms (Briere, 2002).
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The MDI has demonstrated strong psychometric properties across various populations
with high internal consistency (Cronbach’s alpha = 0.96), indicating excellent reliability. The
MDI correlates significantly with other measures of dissociation and trauma-related symptoms,
supporting its convergent validity while also distinguishing dissociation from unrelated
constructs, affirming its discriminant validity (Jeffirs et al., 2023). Confirmatory factor
analyses support the six-factor structure of the MDI, aligning with theoretical
conceptualisations of dissociation as a multidimensional construct (Briere, Weathers & Runtz,

2005; Van der Hart & Dorahy, 2022).

The MDI was selected for this study due to its comprehensive assessment of
dissociative phenomena, moving beyond unitary models to encompass a range of dissociative
experiences. This multidimensional approach aligns with contemporary conceptualisations of
dissociation, as discussed in Chapter 2, and it is particularly relevant in the context of FND,
where dissociative processes are considered central to symptomology. Concerns regarding the
potential overlap between MDI items and FND symptoms are acknowledged. However, the
MDI is designed to broadly assess dissociative experiences rather than specific FND
symptoms. This distinction is crucial as it allows for the differentiation between dissociative
processes and the manifestation of FND symptoms, thereby enhancing the specificity of the
assessment. Moreover, research indicates that dissociation in FND is associated with more
severe functional symptoms and poorer quality of life, underscoring the importance of
assessing dissociation as a distinct construct in this population (Campbell et al., 2022). The
selection of the MDI reflects its robust psychometric properties and alignment with the study’s
objectives to comprehensively assess dissociative experiences and potentially related

constructs in individuals with FND.

5.3.4 Procedure

Data for this study was collected between April and June 2020, at a time when large
sections of the population were forced to limit social interaction and travel due to the COVID-
19 pandemic. This provided an opportunity to study social isolation and its relationship with
dissociation in FND, using a unique social situation in which people, regardless of health status,
experienced similar restrictions to social movement. After providing informed consent,

participants provided demographic information and answered a battery of psychological self-
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report measures before being debriefed. Data was collected using Qualtrics, a widely used
platform for designing, distributing, and analysing surveys in various research fields.

Participants accessed the survey through a secure link provided by the researcher.

5.3.5 Ethics

The University's College Research Degrees Committee (CRDC) provided ethical
approval for the following studies. Research standards and practices were followed as outlined
by the British Psychological Society (BPS), especially guidelines pertaining to online mediated
research (British Psychological Society, 2013).

5.3.6 Power and Sample Size

Given that the proportion of missing data is directly attributed to the quality of statistical
inferences, participants were removed from the analysis if they had >10 % missing data (whilst
not a commonly applied rule, Bennett (2001) states that statistical analysis is more likely to be
biased beyond this threshold). Given the equal importance of sample size and quality of the
data, a priori power analysis was conducted using G*Power version 3.1.9.7 (Faul et al., 2007),
which generates minimum sample size requirements based on effect size, error probability,
degrees of freedom, number of groups and covariates. Results indicated the required sample
size to achieve 80 % power for detecting a medium effect, at a significance criterion of a =
0.05, was N = 225 for MANOVA global effects. G¥Power suggested a minimum sample size
of 55 participants per group in an independent samples t-test. The minimum recommended
sample sizes were exceeded in all studies (post-data removal, based on missing values). Effect
sizes were calculated by Eta Squared and interpreted based on Cohen's (1988) cut-off values,

and confidence intervals have been reported at 95 %.

5.3.7 Statistical analyses

Preliminary analyses were performed to assess the assumptions of normality, linearity,

homogeneity of variance-covariance matrices and multicollinearity. No scale or subscale was
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excluded because the data was not normally distributed. To screen for multivariate outliers
amongst the variables in each of the three studies, Mahalonobis distance scores were generated
from multiple regression analyses. Mahalanobis distance follows a Chi-square (x2)
distribution, in which the degrees of freedom are equivalent to the number of independent
variables in the model (Tabachnick et al., 2007). In the current study, there were 7 degrees of
freedom, which equated to a critical Chi-Square value of 24.32 (at @ = 0.001). Mahalonbis-
distance tests indicated eleven cases with a distance score exceeding this critical value. After
examination of the individual cases by response pattern and parameter estimates, these cases
were deemed to be abnormal based on the populations from which they were drawn. Thus,
given this and their sufficiently large influence on the regression parameters, these eleven cases
were excluded from the subsequent analyses. The normality of variables was also assessed
using the Shapiro-Wilk test, which indicated a violation of the assumption of normality for all
variables. However, given the large sample size and skewness and kurtosis values of between

-2 to +2 for each of the scales and subscales, this violation was not considered problematic.

To protect against inflating Type 1 error, MANOVAs with follow-up ANOVAs and
post-hoc comparisons were applied. Pearson correlations between the dependent variables
showed correlations mostly within the moderate range (.02 - .60; Myers et al., 2019); the
meaningful pattern of correlations observed among most of the dependent variables validated
the appropriateness of using MANOVA in this study. Additionally, Box’s M value was
133.411 (p = .009), interpreted as non-significant. Thus, the covariance matrices between the
groups were assumed to be equal for the purposes of MANOVA. Prior to conducting follow-
up ANOVAs, the homogeneity of variance assumption was tested for all subscales of
Dissociation. Based on a series of Levene's F tests, the homogeneity of variance assumption
was considered satisfied (p < .05). However, there were two instances where this was not the
case; Levene's F test suggested that the variances associated with the dissociation subscales
Identity and Depersonalisation were not homogeneous. An examination of the standard
deviations revealed that none of the largest standard deviations were more than four times the
size of the smallest, suggesting that the ANOVA would be robust enough to handle this
(Howell, 2012).

Finally, multicollinearity was assessed using tolerance and VIF and Durbin-Watson
statistics for the assumption of independent errors, which explores serial correlations and tests
whether adjacent residuals were correlated. Tolerates were deemed accepted with a value of all

tolerances >0.1, VIF values <10 and Durbin-Watson values between 0 and 4 (=1.95).
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After tests of assumptions, MANOVA was used to compare scores between
the Groups (FND, Long-term other conditions (LTD) and Healthy) on Anhedonia, Anxiety,
Depression, Social support, Social Isolation, Stress, Resilience, Hopefulness, Rumination and
Cognitive Flexibility. Pearson's Correlations tested for the relationship between these variables
in relation to dissociation. Fisher's Z-tests were computed to compare the magnitude of these

correlations between the three groups.

5.4 Results

Table 1 shows the descriptive statistics, t/f-values and significance for the groups for
anhedonia, anxiety, depression, social isolation, social support, loneliness, resilience and

dissociation.
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Table 1: Means, standard deviations, Cronbach’s alpha and significant values of each of the tested variables for the three groups (Study 1)

Controls

Skewness

FND LTD Kurtosis <  fstatistic  95% CI p
Variables X SD X SD X SD
Anhedonia 6449 1246  69.02 1045  70.19 9.05 -.89 1.23 88  12.696 [.0182,.0948] <.001
Anxiety 1032 557 9.40 4.77 7.37 5.54 20 -.88 93 13.125 [.0193, .0969] <.001
Depression 1433 1364 21.81 12.12 2527 10.64 51 -.36 94 34.635 [.0775, .1874] <.001
Social Isolation 5.70 2.08 6.39 1.94 6.75 1.99 - 11 -1.24 83 11.682 [.0157, .0896] <.001
Social Support 8.43 2.34 8.86 2.29 9.45 2.03 .03 -.58 J1 8.877 [.0092, .0747] <.001
Stress 7.98 5.83 6.10 4.71 3.73 4.23 .80 -25 93 30.257 [.0662, .1721] <.001
Rumination 2224 7.66 21.06  6.67 19.31 7.11 43 -.64 90  6.679 [20.188,21.518] .001
Resilience 2.66 0.84 2.89 0.79 3.33 0.79 -.04 -55 87  28.610 [2.887,3.037] <.001
Hopefulness 1642 745 15.55  7.09 19.65 5.45 -37 -43 93 16.194 [18.636,20.661]  <.001
Cognitive Flexibility 92.51 18.53  96.45 13.93 101.63 14.58 -.16 51 89  13.069 [95.465,98.399]  <.001
Dissociation 66.64 259 56.64  21.76  48.86 20.73 1.18 .81 96  24.823 [.0505, .1495] <.001
(Total)
Disengagement 1574 519 14.12 529 12.43 4.81 25 -75 - 17.452 [.0305, .1176] <.001
Identity 7.52 4.52 6.88 3.63 6.89 3.98 1.92 1.89 - 1.271 [.0000, .0236] 281
Emotional 1141  6.20 1036 5.93 8.28 4.95 .94 -.38 - 12.880 [.0186, .0957] <.001
Memory 11.53 555 9.18 4.62 7.49 3.82 1.18 .63 - 30.516 [.0662, .1720] <.001
Depersonalisation 9.96 5.60 7.73 3.68 6.65 3.54 1.70 1.91 - 23.889 [.0479, .1456] <.001
Derealisation 1048 545 8.37 4.59 7.11 4.11 1.51 1.36 - 21.026 [.0401, .1335] <.001

Note: Cronbach’s alpha scores under the ‘¢’ columns are bolded if deemed to be >0.7 and thus show good internal reliability. Significance is listed under ‘p’ column
with sign and significant effects are bolded. In rows, interactions have been detailed along with relevant significant values. ‘- has been used to represent where data

was not available i.e. when testing was not conducted as it was not applicable to the interaction or when this test was not conducted.
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5.4.1 Mood

There was a significant effect of Group for Anhedonia [f(2,457) = 12.70, p <.001, np?=
.05, small effect], Anxiety [f (2,457) = 13.13, p <.001, np?=.05, small effect], Depression
[(2,457) = 34.64, p <.001, np?=.13, moderate effect] and Stress [f(2,457) = 30.53, p <.001,
np?=.12, moderate effect]. Compared to healthy controls, the FND group showed significantly
lower scores for anhedonia (p <.001), anxiety (p <.001) and depression (p <.001). The FND
group has significantly higher stress scores than healthy controls (p <.001). In comparison to
the LTD group, the FND group showed significantly lower scores for anhedonia (p =.001) and
depression (p <.001). The FND group showed significantly higher scores than the LTD group
for stress (p<.001). There were no significant differences between the FND and LTD groups
for anxiety (p =.308).

5.4.2 Dissociation

There was also a significant difference in dissociation scores between the three groups [f
(2,457) = 24.823, p <.001, np? = .098, moderate effect]. Significantly higher mean scores were
seen in the FND group than in the LTD group (p = .001) and the healthy control group (p
<.001). The mean score of the LTD group was also significantly higher than the mean score
for the healthy control group (p =.011); however, the greatest difference was between the FND
and Control groups (xdif = 17.78, p <.001).

Further analysis showed this effect was present for most of the 6 subscales of
dissociation: the FND group scored significantly higher than the LTD group for
Disengagement (p = .019), Memory (p <.001), Depersonalisation (p <.001) and Derealisation
(p = .001). The FND group also scored significantly higher than healthy controls for
Disengagement (p <.001), Emotional (p <.001), Memory (p <.001), Depersonalisation (p
<.001) and Derealisation (p =.001). The LTD group showed significantly higher scores than
healthy controls for Disengagement (p = .014), Emotional (p <.001), Memory (p = .007), and
Depersonalisation (p = .009). The subscale Identity did not show any statistically significant

differences between the groups; there were no other noteworthy significant interactions.
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5.4.3 Social Isolation and Social Support

There was a significant effect for Group for social isolation [f(2,457) = 11.68, p <.001,
np? = .05] and social support [f(2,457) = 8.88, p <.001, np?= .04]. Post-hoc tests showed
lower scores for social isolation in the FND group compared to the Healthy group (p = <.001)
and lower scores in the FND group compared to the LTD group (p =.009). LTD and the healthy
group (p =.297) showed no significant difference in social isolation scores. Significantly lower
scores were reported by the FND group in social support compared to the healthy control group
(p =<.001). There were no significant differences in social support between the FND and LTD
group (p = .226) or between the LTD and healthy group (p = .06).

5.4.4 Hopefulness, Rumination and Resilience

There was a significant effect for Group for Hopefulness [f(2,457) = 16.194, p =<.001,
np?= .066], Rumination [f (2,457) =6.679, p = .001, np?= .029] and Resilience [f (2,457) =
28.610, p = <.001, np?=.112]. Post-hoc comparisons showed that Hopefulness scores were
significantly lower in the FND group in comparison to the Healthy group (p <.001) and
significantly lower in the LTD group compared to the Healthy group (p <.001). Similarly,
Rumination was significantly higher in the FND group than in the Healthy group (p = <.001),
and Rumination scores were significantly higher in the LTD group in comparison to the
Healthy group (p = .038). There were no significant differences between the FND and LTD
groups for Hopefulness (p = .270) or Rumination (p = .187). Resilience, however, showed
significantly lower scores in the FND group compared to the Healthy group (p <.001) and
compared to the LTD group (p = .017). Resilience scores were also significantly lower in the

LTD group compared to the healthy group (p <.001).

5.4.5 Cognitive Flexibility

There was a significant effect for Group for Cognitive flexibility [f(2,457) = 13.069, p
= <.001, np?= .054]. Post-hoc comparisons showed significantly lower scores for the FND
group compared to the LTD group (p = .047) and significantly lower scores for the FND group
compared to the Healthy group (p <.001). There was also a significant difference between the
LTD and Healthy group for Cognitive Flexibility (p = .006).
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5.4.6 Relationships to Dissociation

Table 2 shows Pearson’s Correlation Coefficients for Anhedonia, Anxiety, Depression,
Stress, Dissociation, Social Support and Social Isolation separated by Group. In those with
FND, Dissociation showed statistically significant, weak, negative correlations with
Anhedonia [p = .001, 95% CI [-.4054, -.1166]] and Social Support [p <.001, 95% CI [-.4993,
-.2307]]. There were strong positive correlations in the FND group with Dissociation for
Anxiety [p <.001, 95% CI [.521, .713]], Stress, [p<.001, 95% CI [.5762, .7496]] and
Depression [p<.001, 95% CI [.6052, .7688]]. There was a weak, positive correlation between
Dissociation and Social Isolation [p <.001, 95% CI[.1318, .4182]]. A similar pattern of results
is seen in both the LTD and Healthy groups, with Dissociation showing strong positive
correlations with Anxiety (p <.001), Stress (p <.001), and Depression (p<.001). Correlations
between Anhedonia and Dissociation in the LTD and Healthy groups were not significant. Both
the Healthy and LTD groups showed a weak negative correlation between Dissociation and
Social Support (p <.001) and a weak positive correlation between Dissociation and Social

Isolation (p <.001).

Pearson’s were also explored for Hopefulness, Rumination, Resilience, and Cognitive
Flexibility, and these correlations are presented, separated by Group, in addition to those above
in Table 2. Of note, in those with FND, Dissociation showed a statistically significant, strong
positive correlation with Rumination [p <.001, 95% CI [.5342, .7196]]. There were moderate
negative correlations in the FND group with Dissociation for Resilience [p <.001, 95% CI [-
.5653, -.3174]], Hopefulness [p <.001, 95% CI [-.5781, -.3344]] and Cognitive Flexibility [[p
<.001, 95% CI [-.5573, -.3077]]. A similar but somewhat reduced pattern of results was seen
in the Healthy and LTD groups, where there was a moderate positive correlation between
Dissociation and Rumination in both groups (p <.001). There were weak, significant, positive
correlations with Dissociation and Resilience (p = .002), Hope (p <.001) and cognitive

flexibility (p <.001) in the LTD and Health Groups.

86



Table 2: Correlations between dissociation, anhedonia, anxiety, stress, depression, social isolation, social support, hopefulness, rumination, resilience and cognitive flexibility in the
FND, LTD and Healthy Groups (Study 1)

Group | Variables Anhedonia Anxiety Stress Depression  Social Social Hopefulness Rumination Resilience Cognitive Dissociation
Isolation  Support Flex
Anhedonia 1
FND | Anxiety -.134 1
Stress -.125 .809%* 1
Depression -.329%* 704%* 124%* 1
Social Isolation -.024 A467** A37** 529%* 1
Social Support .155% -.229%* -2.56* -.343%* -207** 1
Hopefulness .399** -414%* -.440%* -.677%* -.364%*%  33]%** 1
Rumination -.090 T16%* 691 %** J159%* 383%*  -269%* -465%* 1
Resilience 377** - 431 -462%* -.619%%* -.205%%  263%* .600** -.515%* 1
Cognitive Flex A402%* -413%* - 482%* -.557** -297** 179% S12%* -.350%** 518%* 1
Dissociation -261%* 617%* .663** .687** 275%% - -365%* -465%* .636** -450%* -441%** 1
Anhedonia 1
Anxiety -.009 1
Stress 116 152 1
Depression -.126 .693** .592%* 1
LTD Social Isolation 013 301%* 338%x  350%% 1
Social Support 127 - 245%%* -.175% -.386%* -.293%* 1
Hopefulness .146 -.484%* -401%* -.693%* -.158 A412%* 1
Rumination .028 .630%* .656%* 502%* 369%* - 250%* -.380%** 1
Resilience .069 -.569%* - 476%* - 5TT** -.112 321%* 612%* -410%* 1
Cognitive Flex .195% -.373%* -.337%* -.370%* -.166 322%* 397%* -.356%* .390%** 1
Dissociation -.102 S514%* S31** 586%* 259%* - 358%* -297** S506** -272%* -305%* 1
Anhedonia 1
Anxiety -.054 1
Stress .015 J133%* 1
Depression .052 T10** 615%* 1
Healthy | Social Isolation .008 A70%% 303k 510k 1
Social Support .106 -272%* -.245%* -.396%* -.278%* 1
Hopefulness .032 -.302%* -.337%* -446%* -306%*  242%* 1
Rumination 118 T15%* .604** TT76%* AS53%% L 202%* -405%* 1
Resilience -.20 -.363%* -.376%* -.409%* -.163%* 144 A430%* -426%* 1
Cognitive Flex .163* -.366%* -436%* -.366%* -259%*  310%* A434%%* -273%* A497** 1
Dissociation 139 A462%* .679%* 582%* J320%k 27T -.364%* .586%* -.268%* -.379%* 1

Note: ** highlights that correlation is significant at the .001 level.
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To ascertain whether the magnitude of the correlations between the psychometric
measures differed significantly between the three groups (FND, LTD and Healthy), 10 Fisher’s
Z-Tests for multiple independent samples were conducted, followed by independent
comparisons of correlation coefficients (using Fisher’s Z transformations where appropriate).
Results revealed that the strength of the correlation between Dissociation and Anhedonia was
significantly different between the FND (z =-.27), LTD (z=-.10) and Healthy (z= .14) Groups
[x2(3) = 15.04, p = .001]. Results also revealed that the strength of the correlation between
Dissociation and Cognitive Flexibility was significantly different between the FND (z =-.473),
LTD (z = -.315) and Healthy (z = -.399) Groups [x%(3) = 11.34, p = .01]. The magnitude of
the difference was not significant for Dissociation and the following: Anxiety (p=.112),
Depression (p = .195), Stress (p = .095), Social Anxiety (p = .760), Social Support (p =.590)
Rumination (p = .167), Hope (p = .173).

5.5 Discussion

The present cross-sectional project aimed to establish the relationship between
dissociation and FND and explore several factors implicated in the development of dissociation
that could influence this relationship. Specifically, measurements included: 1) comparisons in
dissociation between those with FND, LTD and Healthy controls; i1) relationships between
mood (anxiety, depression and stress), anhedonia and the presence of dissociation; iii)
relationships between dissociation with social isolation, social support, or resilience which may
occur in FND as a result of chronic illness and quality of life changes common in FND, iv) and
the potential effects of heightened dissociation, including relationships with rumination,

cognitive flexibility and hopefulness.

The findings of this study support previous work (e.g. Blanco et al., 2023; Campbell et
al., 2023; Pick et al., 2020) and support the notion that elevated dissociation in FND is
heightened relative to both healthy controls and those with other long-term illness, on most
subscales (Derealisation, Memory/gaps, Emotional, Disengagement and Depersonalization)
but not on those focusing on identity. The findings in previous work in this field do not support
a relationship between dissociation and trauma or dissociation and mood in FND (Blanco et
al., 2023). The current study shows no discernable relationship between mood and dissociation

or social isolation and dissociation in FND. This suggests that elevated dissociation may be
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particularly prominent in FND and greater than in other similar chronic illnesses, thus
corroborating previous assertions that dissociative tendencies are a significant difficulty for
those diagnosed with FND (Brown et al., 2007; Pick et al., 2017). For example, those with
FND are also known to have greater susceptibility to dissociation induction in laboratory
studies (Perez et al., 2018) and are susceptible to detachment and compartmentalisation
phenomena (Brown et al., 2007; Holmes et al., 2005). Dissociative symptoms are not
commonly reported in other conditions like CFS/ME, fibromyalgia, Ehlers-Danlos Syndrome,
Multiple Sclerosis and others which made up the LTD group in the current study and which
have overlapping cognitive or neurological symptoms to FND. Such findings help to identify
the main areas of dysfunction in FND, with implications for focusing interventions and future
research. Understanding dissociation in FND could be valuable in refining treatment options
and increasing focus on overcoming dissociation, in combination with grounding and body or
emotion-focused techniques, such as eye movement desensitisation and reprocessing (EMDR;
Cope, 2020) and mindfulness-based therapies (Baslet et al., 2020). Whilst the effectiveness of
EMDR and mindfulness-based theories is not controversial, further studies should investigate
their effectiveness at reducing dissociation in FND and their potential effectiveness at reducing

Ssymptoms.

Investigations here sought to understand if heightened dissociation in FND is associated
with being chronically ill (and concomitant life changes) or a product of mood. The current
findings suggest dissociation in FND is higher than in both healthy controls and in those with
other long-term health conditions whose symptoms mimic FND. Thus, high dissociation scores
appear to be a key feature in FND and more prominent than in conditions with similar
symptoms. Given the high variability of dissociation in the FND group, it is possible that
dissociation may be particularly associated with certain subtypes, such as Functional Seizures
(Goldstein & Mellers, 2006); Functional Seizure subtypes are also associated with raised
dissociation compared to those with epilepsy (Myers et al., 2019). Identification of such FND
subtypes, characterised by dissociation, might have implications for tailoring treatment for
FND. Dissociation was associated with higher disability scores in previous work (Blanco et al.,
2023) and could reflect generally higher disability and impairment to quality of life than those

with other organic disorders (Carson et al., 2011).

In the current data, there was no association between dissociation and social isolation in
FND. Moreover, even during global social isolation (this study was conducted during the

COVID-19 pandemic), FND participants maintained higher dissociation than both control
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groups. This is particularly interesting as it could be argued that those with FND may be more
accustomed to social isolation and restrictions to their movement as a result of the

unpredictability of symptoms and reduced quality of life.

Both the LTD and FND groups reported higher anxiety during this period, although this
might reflect a lack of access to medical or support care for their conditions during “lockdown”.
This might reflect not only social isolation but also broader anxieties related to the pandemic
itself. Beyond these concerns around access to medical or support care, individuals with
chronic illnesses and disabilities faced heightened distress due to public health policies, such
as the controversial “do not resuscitate’ (DNR) orders that disproportionately targeted disabled
populations. Additionally, fears surrounding COVID-19 infection and its potential long-term
effects on pre-existing conditions may have further contributed to elevated anxiety levels.
Vaccine hesitancy or concerns about the safety and efficacy of rapidly developed vaccines,
particularly in those with complex or poorly understood health conditions, may have also
played a role in heightened distress. At this time, many prominent physicians and societies in
the FND community needed to give statements on vaccine effectiveness and potential

contraindications.

Given these findings, I recommend that future research continues to explore the
importance of dissociation in FND. Further, given the lack of evidence here (and in my
previous research) to support that elevated dissociation is a product of usual triggering factors
(mood, adverse life experiences and social isolation) it should be considered if dissociation in
FND is a symptom of the illness itself rather than a reaction to external stresses. If so, further
investigation is needed to understand what, if any, biopsychosocial mechanism triggers such
elevated levels and if this is a key indicator which distinguishes FND positively from other

related conditions.

When those with FND are compared to others (with or without long-term conditions)
who are being subjected to the kinds of social isolation that often accompany FND, we still
find elevated dissociation in people with FND. This suggests that elevated dissociation in FND
is likely not attributable to the social isolation the patients endure as a result of their chronic
illness. Notably, the FND group reported less anhedonia than the other two groups, which
might indicate prior habituation with the isolation conditions that affected the other groups
more strongly. The discrepancy between previous findings and our own could reflect differing

methodologies and sample acquisition; I recruited participants through advertisements on FND
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support groups, whereas prior literature more heavily relies upon patients in either neurological
or psychiatric clinics or meta-analyses. Alternatively, disruption to the typical dissociation-
ACEs relationship in FND might reflect a reluctance to report adverse life events due to a
sensitivity/awareness of stigma. However, this alternative explanation is somewhat speculative
and needs to be explored in further studies. Thus, based on the current results, I argue that high
dissociation scores in FND do not have a relationship with adverse life experiences (Blanco et
al., 2023). Future research should explore the extent to which adverse life events increase

susceptibility to developing FND across symptom subtypes.

Additional potential correlates of dissociation were also explored through this work,
including Hopefulness, Resilience and Rumination. Rumination is widely recognised as
holding a relationship to dissociation, particularly Depersonalisation and Derealisation and is
a strong predictor of dissociation and adverse effects like reduced sleep quality, reduced
cognitive flexibility and decreased coping and emotion regulation (Cavicchioli et al., 2021;
Roédenas-Perea et al., 2023; Slater et al., 2005; Vannikov-Lugassi et al., 2018). Whilst higher
rumination levels have been identified in Functional Seizure Subtypes (Konovalova, 2023), the
findings presented in the current study suggest that there is no increased rumination in FND
when compared to other long-term illnesses. Whilst both illness groups in the current study
(FND and LTD) display increased rumination relative to controls, this could indicate having
chronic illness more generally rather than being a trait specific to FND. A similar pattern was
seen for Hopefulness in the current study. Previous literature suggests that hopefulness may
relate to dissociation but may also indicate self-stigma in illness experienced (Prasko et al.,
2016, 2017). Hopefulness has been studied in FND in relation to treatment outcomes (Cope,
2020) but not in a more general sense in FND. Again, the findings presented here suggest that
there are no differences between those with FND and those with other long-term conditions
but that both groups show reduced hopefulness in comparison to healthy controls. By contrast,
Resilience scores in the current study were significantly different in all three groups and were
the lowest in those with FND. Whilst the reason for these results can only be speculated,
resilience has previously been linked to other psychological correlates of FND including
alexithymia (Jalilianhasanpour et al., 2018) and is thought to be reduced as being a product of
dealing with increased stress, and the unknown in FND (Canna & Seligman, 2020; Kozlowska
et al., 2023). Correlations with dissociation were found in the current study for Hopefulness,
Resilience and Rumination. While the study found these correlations across all three groups,

the FND group presents with the strongest correlations. This may indicate that these constructs
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amplify dissociative experiences in FND, but they are certainly not indicative of these

constructs as causal factors explaining elevated dissociation in FND.

Cognitive Flexibility was significantly different between the three groups (FND, LTD
and Healthy), with the FND Group reporting the lowest scores for this construct. Due to the
differences in reported scores between those with other long-term conditions and FND, the
finding may suggest that reduced cognitive resources and fixed mindsets may be more common
in those with FND. Previous research certainly supports this finding as cognitive flexibility has
been consistently found to be a primary cognitive deficit in FND (Alluri et al., 2020; de Vroege
et al., 2021; Teodoro & Edwards, 2018) and this may influence other cognitive symptoms and
hinder treatment progression, particularly with forms of psychological therapies (Arbuthnott,
2020; Graham et al.,, 2028). Cognitive Flexibility also held a strong correlation with
dissociation in the FND group, and post-correlation comparisons revealed significant
differences between all groups in this regard, with FND reporting the largest correlation. This
indicates a likely relationship between dissociation and cognitive processes in FND, which are
distinctly different to those with other long-term conditions, and this finding warrants further

exploration.

This study is not without its limitations, namely the use of self-report measurements of
psychological constructs collected remotely with individuals self-identifying their health
status. At the time of data collection, methods of online screening of FND were limited, and
thus, participants with FND were asked to confirm that they had i) been given the diagnosis of
FND from a neurologist and ii) had experienced symptoms for more than 6 months. Those with
other Long-term conditions (control group) were asked to provide similar information as well
as naming health conditions. The presence of comorbid physical and mental health diagnoses
and the use of medications may influence the findings in the FND group. However, symptom-
pure groups are unlikely in this condition and given that the studies here repeatedly demonstrate
high dissociation, this influence seems unlikely. Future studies should, however, also aim to
explore if dissociation subtypes and levels influence symptoms in FND and illness outcomes.
However, despite these limitations and across different and large samples of patients with FND
this pattern of elevated dissociation remains and warrants further exploration and incorporation
into theoretical models and the provision of treatment. One additional limitation of the present
study is the lack of characterisation of the LTD control group, particularly regarding the extent
of functional restrictions and symptom burden experienced by participants. While the LTD

group was included to provide a comparison with individuals managing chronic health
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conditions, it remains possible that differences in family life restrictions, symptom severity, or
coping mechanisms could contribute to dissociation levels. Future research would benefit from
systematically matching the LTD group to the FND group, based on some given variables such
as functional impairment, pain severity, fatigue levels and emotional distress, to ensure that
observed differences in dissociation are not attributable to broader effects of chronic illness.
By refining group comparisons in this way, future studies could further delineate the unique
role of dissociation in FND, distinguishing it from dissociation associated with chronic illness

more broadly.

5.6 Chapter Summary

The current study demonstrates raised dissociation in FND, relative to healthy
individuals and those with other long-term chronic health conditions. Understanding
mechanisms underpinning dissociation in FND would have implications for the development
of etiological models and may be key to the disorder in general. Based on the present findings,
dissociation in FND does not appear to be associated with adverse life events or mood (stress,
anxiety and depression) or psychosocial adversity (social isolation). Dissociation was,
however, associated with increased levels of anhedonia and decreased levels of cognitive
flexibility in those with FND but not in those with other long-term conditions. Future studies
should look towards identifying any biological correlates of dissociation in FND. This raises
the need to address the potential mediating role of dissociation throughout the remaining
empirical studies in this thesis as a potential mediating factor influencing symptoms. Chapter
7 builds upon this further to explore the relationship between dissociation and brain function,
particularly as the work here suggests that there is a strong relationship between dissociation

and cognitive flexibility in FND.

This chapter also raises the question of whether there are differences in the nature of
dissociation across FND subtypes and if the variable nature of this construct could, in part,
explain the variability in symptom presentation in FND. This is further explored in Chapter 6,
which aims to explore the potential relationships between symptoms and triggers in FND and

if symptom types may vary in their experience of dissociative subtypes.
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Chapter 6: Subtypes of FND: A Latent Class Analysis

6.1 Chapter Overview

The previous chapters have explored contemporary conceptualisations of FND and
demonstrated key psychological correlates which could distinguish FND from other disorders,
including dissociation and its effects on Cognitive Flexibility. Throughout the literature, there
is a general assumption that underlying mechanisms may be the same across all FND subtypes
(Kola & LaFaver, 2022; Nicholson et al., 2020). However, there are repeated calls for the need
to distinguish FND subtypes and clinical findings indicative of similar risk factors (Kola &
LaFaver, 2022) but different symptom and neurobiological profiles (Aybek et al., 2022; Matin
et al., 2017; Perez et al., 2021). Some have identified possible trauma subtypes of FND
(Paredes-Echeverri et al., 2022) and possible motor (Aybek & Perez, 2022; Matin et al., 2017)
and cognitive subtypes (Alluri et al., 2020; Kemp et al., 2022; Lamer, 2021; Paredes-Echeverri
et al., 2022; Teodoro et al., 2018). Only one paper to date has attempted to explore possible
relationships to symptom outcomes using empirical data (Butler et al., 2021), despite this being
a recognised clinical phenomenon (Lidstone et al., 2021; Keynejad et al., 2019). Evidence
suggests that there may be physical and biopsychosocial factors which contribute to the
development of the disorder and trigger symptoms (Geroin et al., 2022; Jungilligens et al.,
2020). Therefore, the current Chapter aims to advance this understanding further and explore
a broader range of potential predisposing factors to see if these hold a relationship with the
FND subtype. Firstly, the work re-tests the concepts of dissociation, mood and cognitive
flexibility in those with FND as being distinct from healthy controls and other long-term
conditions. Comparisons are also made in other measures, including burnout, quality of life
and illness triggers. This empirical work also aims to demonstrate possible subtypes of FND
through cluster analysis and explore if these are predicted by predisposing or precipitating
factors. It also aims to explore the relationship between these symptom clusters and additional

“non-core” symptoms of FND (such as pain and fatigue) and dissociation.
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6.2 Introduction

As aname, FND conveys ideas of a condition produced by alterations of functioning in
neural networks rather than structural alterations. Throughout the literature, FND is described
as a product of its symptoms, a notion that seems contradictory and, at times, too all-
encompassing. Current diagnostic criteria allude to a multitude of symptoms experienced by
those with FND in a ‘catch-all’ diagnostic category, one that is too broad and creates further
conceptual confusion (Ball et al., 2020; Hallet et al., 2022; Gupta & Lang, 2009; LaFrance et
al., 2013; Staab et al., 2017). Those with FND can be afflicted by a range of symptoms,
including alterations in motor, sensory or cognitive performance and distressing deficits, which
can occur as constant (continual) deficits or with variability. This raises the question of a
unitary diagnosis as it is likely that there are different phenotypes (Stone et al., 2004);
individuals may present with one (or more than one) or alternate between phenotypes of FND
(Hallett et al., 2022; Lidstone et al., 2021; Nicholson et al., 2020). Whilst it has previously been
suggested that there are likely shared pathologies and physiological underlying mechanisms
across FND subtypes (Bennett et al., 2021; Fobian & Szaflarksi, 2021; Milano et al., 2023;
Pick et al., 2024), this argument has long been used to support the notion of studying FND
subtypes together. More recently, there have been calls from clinicians to begin to distinguish
between FND Subtypes (Hallett, 2022; Fiorio et al., 2022); whether symptom subtypes have
underlying commonalities on a neurophysiological level remains unknown (Voon et al., 2016),

as reviewed throughout Chapter 3.

Actiological work has highlighted that there is a possible role of the precipitating factor
in determining specific functional neurological symptoms and other related, non-core
symptoms; in some cases, clear evidence has been presented, particularly between the nature
of the physical precipitant and subsequent phenomenology of symptoms (Stone et al., 2019).
However, the physical precipitants identified in this work (including minor injury, flu, and
migraine) are very common in the general population, and why these would trigger FND in a
small proportion of people remains unexplained. Whilst some have suggested that
predisposition may play a role, including genetic factors (Spagnolo et al., 2020) and other
biological predispositions (Apazoglou et al., 2018; Maurer et al., 2016), these predispositions
may still not be specific to the development of FND, to distinguish its pathology from other
neurological disorders. Other work has highlighted that structural illness or injury may also

predispose someone to particular FND subtypes. For example, Epilepsy may predate functional
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seizures (Kutlubaev et al., 2018), and migraine may precede the development of Functional
Limb Weakness (Tinazzi et al., 2021). Some neurological disorders are known to be more
likely to trigger FND than others, including Parkinson’s Disease over, for example,
Alzheimer’s Disease (Walzl et al., 2019), which may precede Functional Movement Disorder
and be a result of specific impacts on motor neural networks. Investigations of this phenomenon
must, therefore, account for mechanistic factors in the development of FND as well as
biopsychosocial factors. Understanding the link between precipitating and predisposing factors
and their potential connection to subsequent FND symptoms or phenotypes remains a crucial

area of investigation of continued relevance and importance.

The diverse array of neurological symptoms that seemingly still lack a clear structural or
organic cause can lead to significant impairments in a patient’s daily functioning and overall
quality of life. The intricate interplay between psychological and neurological factors in FND
necessitates a comprehensive examination of various constructs, including dissociation, mood
disturbances, burnout, cognitive flexibility and quality of life to understand better and begin to
classify symptom subtypes within his population. Some of these constructs were previously
explored in Chapter 5 but are again assessed here to explore if these experiences can exacerbate
FND symptoms or support the classification of FND subtypes. For example, mood
disturbances, such as anxiety and depression, are prevalent in FND. However, these affective
symptoms may not only contribute to the overall burden of the disorder but may also influence
the severity and manifestation of neurological symptoms (Kanner et al., 2003). Burnout
(characterised by emotional exhaustion and reduced personal accomplishment) may also arise
in FND patients as a precursor to their symptoms or as a result of the chronic stress and
persistent nature or unpredictability of symptoms. Many authors also stress that Quality of Life
is markedly diminished in FND, reflecting the pervasive impact of the disorder on physical,
emotional and social functioning (McWhirter et al., 2024; Paredes-Echeverri et al., 2022; Pick
et al., 2020). Measuring Quality of Life in FND studies provides a holistic view of the patient's
experience and may prove essential in targeted therapeutic approaches and discerning potential

subtypes.

FND can present with several symptoms in varying combinations (Matin et al., 2017),
such that work to attempt to understand potential symptom clusters is often problematic. In
classification systems, a number of subtypes are proposed, though rarely used in clinical
practice. The Diagnostic and Statistical Manual of Mental Health Disorders (DSM-5) offers

potential diagnosis for core features of FND proposing the following categories: weakness or
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paralysis, swallowing, speech, attacks or seizures, anaesthesia or sensory loss or symptoms
(including visual, olfactory or auditory) and a category of ‘mixed symptoms’ for those with
combinations of core symptoms (American Psychiatric Association, 2013). The International
Classification of Diseases (ICD-11) includes an additional subtype of FND, “functional
cognitive disorder”, based on recent research (Pennington et al., 2015; Stone et al., 2015).
However, alongside core neurological symptoms there are many physical symptoms (such as
pain, fatigue, sleep disturbances, attentional deficits and bowel and bladder dysfunction) in
addition to psychological symptoms (including cognitive fog, mood, dissociation, anhedonia
and alexithymia) which are reported as having clinical significance in FND (Kranick et al.,
2011; Nicholson et al., 2020; Popkirov et al., 2019; Sar et al., 2014; Stone et al., 2010). These
have been reviewed in Chapter 2 and have been found to negatively impact clinical outcomes
(Gelauff et al., 2014; Glass et al., 2018) and have impacts which are just as, if not more,
disabling than the core symptoms recognised by classification systems (Gelauff et al., 2018;
Véchetova et al., 2018). Specific epidemiological data and statistical validation of potential
subtypes, which incorporate a contemporary understanding of FND and various

biopsychosocial-related constructs, are lacking.

Recent work on identifying potential subtypes has focused on reviews (e.g., Hallett et
al., 2022) and only a few empirical studies (e.g., Bulter et al., 2021; Shipstone-Sharman et al.,
2019). Butler et al. (2021) highlighted many potentially under-recognised symptoms and the
presence of multiple-symptom comorbidity, which resulted in higher distress. In this study,
symptom conditional probability was calculated. However, it was limited to pairs of symptoms
that do not inform the complete picture if multiple symptoms overlap to create potential
symptom clusters. Hallet et al. (2022) reviewed four potential symptom types suggesting the
presence of functional seizures, functional movement disorders, perceptual postural dizziness
and functional cognitive disorder. There are, however, other common manifestations, including
sensory disturbances, visual or auditory disturbances and speech disorders, which fall outside
of these categories. Further, symptoms can vary in severity (Nicholson et al., 2020), and it
would be hard to consider, for example, comparable pathologies for paralysis in the same
category as tics, convulsions or reduced coordination. Because of such variability of symptom
profiles, other research has failed to distinguish discreet symptom subtypes and failed to
demonstrate any relationship between precipitating or predisposing factors and symptom
outcomes (Shipstone-Sharman et al., 2019). As a result of such difficulties, many have instead

explored FND types independently.
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There may be key, identifiable differences across FND subtypes from symptom clusters
to differences in precipitating factors. In relation to precipitating factors, patients with
Functional Movement or Motor Disorder (FMD) may commonly report more physical events
(e.g., injury, illness, or surgery) prior to symptom onset (Geroin et al., 2022). It has also been
found that in those with Functional Movement Disorder, there is a higher likelihood of walking
difficulties, balance, tremors, spasms and jerks (Butler, 2021). Differences in symptom clusters
across functional motor symptoms (as potential discreet functional conditions) have not been
identified (Gelauffet al., 2019), and previous cluster analysis studies have also failed to identify
movement disorder subtypes (Forejtova et al., 2021). However, this research only explored
relationships to demographics, mood, mode of onset, pain and fatigue, and there may be a wider
range of symptom clusters to consider. As such, it is likely that those with motor forms of FND
may be predisposed to multiple symptom manifestations. In Functional Seizure subtypes, there
appears to be a higher likelihood of psychological precipitating factors and mood disorder
comorbidities (Popkirov et al., 2019; Reuber et al., 2007), whilst others have noted that there
is a much wider range of precipitating factors (Asadi-Pooya et al., 2020). However, the
literature suggests that Functional Seizures may have distinct phenotypes as there are a wide
variety of clinical manifestations (Aversek & Sisodiya, 2010; Izadyar et al., 2019; Rosemergy
etal., 2013), which could differ in predisposing and psychological comorbidities (Asadi-Pooya
et al., 2020). At present, shared and distinct aetiological underpinnings between Functional
Seizures and Functional Movement Disorder subtypes have not been identified (Millman,
2024). Identification of such differences across FND subtypes would enable better diagnosis

and a better understanding of illness pathology and could influence treatment outcomes.

Increasingly, previously considered “subjective” cognitive experiences like dizziness and
auditory problems are being classified as FND and may represent a distinct subtype (Campbell
et al., 2023). Other authors have called for the incorporation of pain and somatic symptom
subtypes of FND in future classifications (Maggio et al., 2020). Migraine, fatigue, and bowel
and bladder problems are as common (if not more common) than mood disorders in those with
FND (Butler et al., 2021). As these currently lie out of the core features of FND, these are
likely missed by previous research and clinical assessment/practice and in the exploration of
clusters or subtypes of symptoms (Matin et al., 2017). Other researchers have called for drop
attacks (idiopathic momentary loss of consciousness) to be considered as a discreet FND

subtype (Revell et al., 2021). Some have called for the consideration of possible trauma
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subtypes of FND (Paredes-Echeverri et al., 2022), but this does not account for clinical

characteristics and mechanisms or consider those who lack a history of ALEs.

A widely accepted subtype of Functional Seizures exists in the literature, although
seizure presentations vary significantly (Hallet et al., 2020). Additionally, emerging research
has identified Functional Cognitive disorder as a potential FND subtype, characterised by
memory failure and attentional difficulties (Ball et al., 2020; McWhirter et al., 2020a, 2020b;
Reuber et al., 2018; Williamson & Larner, 2018). As with other subtypes, variations within
Functional Cognitive Disorder have been proposed, including isolated cognitive symptoms,
dissociative amnesia, and anxiety-driven presentations (Bhome et al., 2019; McWhirter et al.,
2020b; Teodoro et al., 2018). Clearly, there remain important differences between these diverse
symptoms and understanding potential subtypes of FND could support the further advancement
of knowledge in this field. Despite these efforts, previous research has focused mainly on
isolated symptom presentations rather than capturing the broader heterogeneity of FND. Many
studies have not systematically examined the interplay between dissociation, mood, burnout,
cognitive flexibility, and quality of life, nor have they explored how these factors may
differentiate symptom clusters in FND. Interestingly, only anecdotal evidence from clinical
practice has also linked trigger type to later FND presentation/symptoms, and very few studies
have tried to employ this in a statistically meaningful way. This study addresses these gaps by
using latent class analysis to identify potential subtypes of FND, incorporating a wider range
of psychological and functional variables to advance the classification and understanding of

FND presentations.

6.2.2 Aims and Hypotheses
This study aims to understand the prevalence of core and associated symptoms,

comorbidities, and predisposing and precipitating factors in FND based on FND patients’ own
perceptions of their FND narrative. The main aim is to explore if these can be clustered into
meaningful and contextual clusters representing subtypes of FND. An online questionnaire
was disseminated to an international sample of FND patients to achieve these aims. Utilising a
data-driven approach, this study employs a form of cluster analysis (Latent Class Analysis;
LCA) to explore potential FND subtypes in an unbiased fashion. Latent class analysis was
applied to a large set of symptoms associated with FND. The intent of these analyses was to
elucidate the symptomatic heterogeneity associated with this condition. Latent class analysis

was selected as a method due to its usefulness in prior studies of complex traits (e.g., Bucholz
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et al. 1996; Eaves et al., 1993; Sullivan & Kendler, 1998). Given the typical conceptualisation
of the distinctiveness and possibility of subtypes of FND, a priori expectation was that LCA
would yield different classifications consistent with theoretical assumptions, though this may
not account for graduation in severity in singular dimensions. The aims of the current study
were therefore; 1) to explore dissociation, mood, burnout, cognitive flexibility and quality of
life in those with FND compared to healthy controls and an LTD control cohort, 2) to explore
if subtypes exist in FND which can be characterised by clusters of symptoms using LCA 3) to
explore if additional “non-core” symptoms hold a relationship with these clusters 4) to
investigate if symptom clusters hold a relationship with the precipitating factor in FND, 5) to
explore if dissociation and other characteristics are differentially associated with FND

subtypes.

Based on the study aims and existing literature, the following hypotheses are proposed:

e HI: Individuals with FND will exhibit higher levels of dissociation, mood
disturbances (anxiety and depression), burnout, cognitive inflexibility, and
lower quality of life compared to both healthy controls and the LTD group.

e H2: Latent class analysis (LCA) will reveal distinct FND subtypes,
characterised by clusters of symptoms, supporting the heterogeneous nature of
FND rather than a singular diagnostic entity.

e H3: Non-core symptoms (e.g., migraine, chronic pain, fatigue) will significantly
contribute to the characterisation of FND subtypes, suggesting that symptom
clusters extend beyond traditional diagnostic criteria.

e H4: Symptom clusters will be associated with different precipitating factors.
Certain FND subtypes will show stronger associations with specific triggers,
including physical trauma, viral infections, or psychological stressors, while
others may lack an identifiable precipitating event.

e HS5: Dissociation, mood disturbances, and cognitive flexibility will differentially
associate with FND subtypes, suggesting that psychological and cognitive

profiles contribute to symptomatic variation within the disorder.
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6.3 Methods

6.3.1 Participants
Participants (N = 1227; 991 females; Mage =41.08, SD = 12.97) were recruited. Eight

participants were removed from the subsequent analysis due to missing data (>10%). The final
cohort comprised, FND participants (N = 746; 618 females, Mage = 43.02, SD = 13.13),
Healthy Controls (N = 303; 247 females, Mage = 36.58, SD = 10.86) and a long-term disability
control group (LTD; N = 131; 99 females, Mage = 42.06, SD = 14.09). Gender splits were
roughly even in each group (females accounting for the largest percentage across all three
groups, ranging from 74.8% to 83.7%). A one-way ANOVA revealed a significant difference
between the average age of groups [f (2, 1219) = 29.2074, p <.001]. The average age was
significantly lower in the Healthy control group compared to the FND group (p <.001) and
significantly lower than the LTD group (p <.001). Participants with FND were recruited
through advertisements within charities and support groups. Owing to a lack of versatile,
reliable self-report screening tools for FND, participants were included if they had received a
diagnosis of FND by a healthcare professional and if symptoms had lasted for more than 6
months. Controls (healthy participants with no pre-existing mental or physical health

conditions) were recruited through existing online platforms and snowballing.

A long-term disability (LTD) group was formed as an additional control. LTD had
conditions characterised by similar physical impairments to those with FND, which had lasted
for >6 months. To recruit the LTD group, several support groups that supported people with
conditions including Multiple Sclerosis, Ehler-Danlos Syndrome, Epilepsy, ME/CFS, and
Fibromyalgia advertised the study link. Participants were asked to provide details of their
condition/disability if it lasted more than 6 months and significantly impacted their daily
function. The final LTD sample consisted of those with a diagnosis of: Arthritis (Various;
7.63%), Cancer (Various 5.35%), Chronic Migraines (2.29%), Chronic Regional Pain
Syndrome (3.82%), Ehlers Danlos Syndrome (EDS; 3.05%), Fibromyalgia (19.08%), Heart
and Blood Disorders (Various; 3.05%), Long Covid (5.35%), Lupus (2.29%), ME/CFS
(16.79%), Mood Disorders (Various; 8.40%), Multiple Sclerosis (MS; 5.35%), Neurodiverse
(including ASD/ADHD; 9.15%), Parkinson’s Disease (1.53%), Traumatic Brain Injury (TBI;
6.87%).
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Much of the sample consisted of UK participants; the demographic variables for each
cohort are provided in Table 3 below. All participants were over the age of 18 and reported
being fluent in the English language.

Table 3: Demographic information across three groups and total sample (Study 2, Chapter 6)

Total sample FND LTD Healthy Control

Total Sample Size (N) 1227 746 131 330
Age

Age range 18 — 84 years 18 — 84 years 18 — 74 years 18 — 84 years

Age Mean (SD) 41.08 (12.97) 43.26 (13.13) 42.06 (14.09) 36.58 (10.86)
Gender frequency

Female (%) 991 (80.1%) 618 (82.8%) 99 (75.6%) 247 (74.8%)

Male (%) 210 (17%) 103 (13.8%) 26 (19.8%) 81 (24.5%)

Non-binary (%) 27 (2.2%) 21 (2.8%) 6 (4.6%) 0

Not disclosed (%) 9 (:7%) 4 (.5 %) 0 2 (.6%)
Country

Australia/ New Zealand 20 19 3 0

Belgium 2 2 0 0

Brazil 1 1 0 0

Canada 16 13 2 1

France 1 1 0 0

Germany 1 1 0 0

Greece 1 0 5 0

Italy 1 1 0 0

Ireland 2 2 0 0

Netherlands 7 4 0 0

Norway 1 1 0 0

Russia 1 1 0 0

South Africa 2 2 0 0

Spain 4 3 1 0

Switzerland 1 1 0 0

UK 1072 (90.7%) 647 (86.7%) 120 (95.2%) 328 (99.4%)

USA 36 35 1 0
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6.3.2 Materials

Self-report scales were used in this study. To explore comparable effects in a large
sample, all participants across the three groups (FND, LTD and Healthy Controls) were asked
to complete self-report scales to assess the constructs of Dissociation, Mood, Burnout, Quality
of Life and Cognitive Flexibility. Illness data was collected from the FND and LTD groups,
including information about duration, length of diagnosis and illness triggers, if known.
Additional data was asked of the FND cohort about their illness, including comorbidities, to
allow for descriptive analysis and symptoms for a robust class analysis. Details of the measures

are outlined in the subsections below.

6.3.2.2 Dissociation

To measure dissociation as a multi-construct model over a unitary model, Briére,
Weathers, and Runtz's (2005) Multiscale Dissociation Inventory (MDI) was used. This
assesses dissociation across 6 subscales to emulate contemporary notions of the multifaceted
nature of dissociative experiences: Disengagement, Identity, Emotional, Memory,
Depersonalisation and Derealisation. This scale unveiled useful findings in the previous
empirical study (Chapter 5). The 30-item scale also generates a total dissociation score. The

scale showed good psychometric properties and good internal validity (Cronbach’s alpha =
.96).

6.3.2.3 Mood

The Depression, Anxiety and Stress Scale (DASS-21; Lovibond & Lovibond, 1995) is a
21-item scale (7 items each for depression, anxiety and stress). Scores on each of the subscales
ranged from 0 (none) to 3 (usually/always). The scale assesses dysphoric mood states including
self-depreciation, lack of interest, hopelessness, arousal states and emotional liability to
stressors across the subscales. Only the Anxiety and Stress subscales were used in the present
study. Summed scores were generated and multiplied by two to match the authors’

recommendations. The scale has good psychometric properties (Cronbach's alpha = 0.80).
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6.3.2.4 Burnout

The Copenhagen Work and Personal Burnout Inventory is a measure developed to assess
the extent to which participants have experienced emotional exhaustion and work-related
frustration within the past two weeks (Kristensen et al., 2005). Although initial testing was in
psychiatric services, this scale has been applied to a broad range of sectors and contexts
(Montgomery et al., 2021). Personal and work burnout subscales were used, consisting of 6
and 7 items, respectively (total items = 13). Personal includes six items rated 1 - 5. Participants
responded to three items targeting work-related burnout using a 5-point scale ranging from 0 =
“Never” to 4 = “Always”. Reverse scoring was applied when needed, and high scores indicated

high levels of burnout. The scale has good psychometric properties (Cronbach’s alpha =.91).

6.3.2.5 Cognitive Flexibility

The Cognitive Flexibility Inventory (CFI; Dennis & Vander., 2010) is a 22-item scale
which provides information about two types of cognition: alternative perceptions (the ability
to perceive multiple alternate explanations and solutions to problems) and control (the tendency
to perceive difficult situations as controllable). Responses to this self-report scale are measured
on a 7-point Likert scale from 1 (Strongly disagree) to 7 (Strongly agree). Items were reverse
scored when necessary, and total scores were created from a sum of the items with higher
scores indicating greater cognitive flexibility. The scale shows good validity (Cronbach’s alpha
= .89). As this showed potential as an indicator of cognitive function in previous empirical
work (see Chapter 5), it was again utilised here to explore correlates with dissociation in a

larger sample and to explore influences of type of dissociation on this variable.

6.3.2.6 Quality of Life

Quality of life was evaluated using the World Health Organization Quality of Life Scale,
Abbreviated Version (WHOQOL-BREF; Whoqol Group, 1998). Validated across populations,
this scale measures satisfaction levels using four subscales: perceptions of physical health,
perceptions of psychological health (including self-appraisal of positive and negative

emotions), social relationships and environment. The 26 items in the WHOQOL-BREF are
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rated on a five-point scale ranging from 1 (very poor/never) to 5 (very good/always), with
higher scores denoting better (perceived) quality of life. The WHOQOL-BREF reported good
internal consistency with Cronbach’s a values for the subscales ranging from 0.69 — 0.89
(Power et al., 1999) and good reliability in other health populations (e.g., Fang et al., 2002; Lin
et al., 2007; Mas-Exposito et al., 2011).

6.3.2.7 Symptoms

To perform a suitable analysis to meet the study aims, the choice of symptoms, including
an analysis of symptomatic heterogeneity, is critical. An obvious initial consideration was to
include the symptoms that define FND in major classification systems; however, this assumes
that such criteria are correct and that classification systems are up to date with contemporary
findings of this condition and would negate other potentially underappreciated symptomatic
differences. Rather, this analysis focused on the analysis of symptoms commonly reported
throughout the literature and in contemporary pieces which have aimed to provide an overview
of symptoms across FND types. Similar approaches to item selection have been used by others
in other illness work (Hickie et al., 1995; Sullivan et al., 2002). As part of this questionnaire,
participants were asked about 38 different signs and symptoms that are at least occasionally
noted by those with FND. While core FND symptoms such as functional seizures, motor and
sensory disturbances and speech impairments are well documented in diagnostic frameworks,
a growing body of evidence suggested a growing body of evidence suggests a broader, more
heterogenous range of symptoms that are frequently reported by individuals with FND yet

remain underrepresented in formal classification systems.

To balance comprehensiveness with empirical grounding, symptom selection was guided
by a review of contemporary literature on FND symptomatology and previous studies that have
attempted to catalogue common and emerging symptoms across different FND subtypes (e.g.,
Butler et al., 2021; Revell et al., 2021; Teodoro et al., 2018). To ensure methodological rigor,
symptoms were included if they appeared in at least three peer-reviewed studies or were
identified as frequently reported in clinical or research-based reviews of FND presentations.
This approach aligns with previous illness classification work in conditions with significant
symptomatic heterogeneity, such as ME/CFS (Hickie et al., 1995) and Fibromyalgia (Sullivan
et al., 2002), where symptom inclusion was similarly based on frequency in research literature

rather than strict nosologically informed criteria. Of the 38 symptoms included, approximately
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60% were drawn from symptoms explicitly mentioned in formal diagnostic classifications
(DSM-5/ICD-11), including functional limb weakness, tremors, gait disturbances, functional
seizures, sensory loss, speech difficulties, and dissociative symptoms. The remaining 40%
comprised of symptoms frequently reported in FND research and clinical literature but not
explicitly listed in diagnostic frameworks, such as, migraine, bowel and bladder dysfunction,
cognitive dysfunction, dizziness, tinnitus, and non-epileptic drop attacks (Ball et al., 2020;
Maggio et al., 2020; McWhirter et al., 2020). Some symptoms are considered non-core
symptoms in FND, such as chronic pain or fatigue, and perhaps they are too broad or non-
specific. These 12 symptoms were listed as ‘additional symptoms’. They were used as part of
an extension analysis to see if this influenced the structure of the subclasses developed within

the main study.

Participants with FND were presented with the 38-item symptom list and asked to
indicate the extent to which each symptom was part of their unique symptom profile, using a
3-point scale (0 — not at all, 1 — occasionally, 2 — a lot/most of the time). They were then
presented with a similar scale for the 12 additional symptoms. Additionally, an open-ended
section was provided to allow participants to report symptoms they felt were important but not
included in the previous predefined list, ensuring that the breadth of symptom experience was

captured.

6.3.2.8 Illness Data

In addition to symptom data described above, all participants in the FND and LTD groups
were asked to complete an extensive questionnaire to obtain self-report data on antecedent
events (possible precipitating and predisposing factors), medical history, comorbidities and
demography. These variables were selected to enable comparative analyses, examining the
potential impact of diagnosis and broader health history on symptom expression. Additionally,
this data was used to inform subsequent latent transition analysis (LTA), which supported a

more nuanced understanding of symptom profiles across proposed subtypes of FND.

The inclusion of precipitating and predisposing factors was informed by an extensive
literature review, drawing from studies that have explored the role of biopsychosocial
influences as potential risk factors for the development of FND (e.g., Ludwig et al., 2018; Perez

et al., 2018; Pick et al., 2020). Medical history variables were selected based on evidence of
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increased prevalence of specific conditions and or incidents in medical settings happening prior
to the onset of FND including migraine, irritable bowel syndrome, hypermobility spectrum
disorders, surgery, head injury, and autoimmune conditions (e.g., Hallet et al., 2020; Kranick
& Hallet, 2013; McWhirter et al., 2020). Additionally, to ensure the inclusivity of patient-
reported experiences, an open-ended section was included to allow participants to list any
additional comorbidities they deemed relevant to their health status. This approach aligns with
previous research methodologies in complex conditions, where rigid selection may fail to

capture the full breadth of relevant medical factors.

By incorporating both structured and open-ended data collection, the study balances
methodological rigor with patient-centred reporting, enabling a comprehensive assessment of
illness history. Table 4 provides a full breakdown of included illness data, including symptoms,

medical history, and comorbidities.
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Table 4: Details of items used to assess core symptoms, additional symptoms and predisposing events in Study 2

(Chapter 6)

Symptoms (Core FND)

Additional Symptoms

Triggers (predisposing events)

S1 Walking Difficulty

S2 Heaviness one-sided

S3 Co-ordination (with objects)
S4 Limbs (dissociation from)
S5 Tingling or numbness

S6 Co-ordination (of Limbs)
S7 Reduced movement in limbs
S8 Paralysis

S9 Blackouts/ Functional Faints
S10 Functional Seizures

S11 Moments motionless

S12 Staring unresponsive

S13 Functional Tremor

S14 Functional Dystonia

S15 Excessive movements

S16 Facial Spasm

S17 Tics (Eyes)

S18 Tics (All)

S19 Jerks and Twitches

S20 Drop Attacks

S21 Pins and Needles

S22 Limbs Disconnectedness
S23 Memory (Sequential)

S24 Memory (everyday)

S25 Memory (Social)

S26 Memory (Short Term)

S27 Memory (words)

S28 Slurred Speech

S29 Stutter

S30 Words (finding the right word)

S31 Words (mix up)

S32 Speak with Whisper or Hoarse

S33 No speech

S34 Foreign Accent Syndrome
S35 Swallowing difficulties
S36 Dizziness

S37 Vision issues (blurred, double or

reduced)
S38 Light Sensitivity

A1 Chronic Pain

A2 Persistent Fatigue

A3 Insomnia

A4 Hypersomnia

A5 Migraines

A6 Other headaches and facial pain
A7 Irritable Bowel Syndrome (IBS)
A8 Anxiety and panic attacks

A9 Depression

A10 Chronic Urinary Retention
A1l Dysfunctional Breathing

A12 Hearing loss or reduced

T1 Cold or Flu

T2 Viral Infection

T3 Head Injury

T4 Another physical injury
TS5 Operation/ Surgery

T6 Childbirth

T7 Traumatic Experience

T8 Stress/ Burnout (Work)
T9 Stress/Burnout (Personal)
T10 Childhood Trauma

T11 Symptoms since childhood
T12 None

T13 Other conditions first

6.3.2.9 Software

Data were collected using the online survey platform Qualtrics. Data analysis was

conducted using the R statistical computing environment, an open-source software

environment for data analysis, visualisation and modelling. Specifically, the latent class
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analysis (LCA) was performed using the poLCA package in R, which provides tools for fitting

latent class models to categorical data.

6.3.3 Procedure

Participants took part in this online research through Qualtrics. After providing
informed consent, all participants were asked about their health status and demographic
information. All participants, regardless of health status, answered scales related to
Dissociation, Mood, Burnout, Cognitive Flexibility and Quality of Life. LTD and FND groups
were asked for additional health data, such as any precipitating or triggering health factors,
duration and comorbidities. Those with FND were asked further questions related to symptoms.
After completing the battery of self-report measures, all participants were thanked for their

time and debriefed.

6.3.4 Statistical Analyses

6.3.4.1 Preliminary

Preliminary analyses were performed to assess the assumptions of normality, linearity,
homogeneity of variance-covariance matrices and multicollinearity. No scale was excluded as
a result of abnormalities in the distribution of data. Outliers were screened for in advance of all
analyses and removed prior to analysis. No extreme violations were noted in these preliminary
analyses prior to the execution of analysis between groups (using MAONA). However,
additional caution is noted in the interpretation of the results owing to the homogeneity of
covariance matrices, and these have been noted in the ‘comparisons between groups’ section.
Of note, in preparation for the LCA, additional assumptions of data were checked, and data
included in the LCA was categorical. Whilst it would have been good to include dissociation
into models, data collected was continuous, though further analysis could be done to explore
its inclusion at a later date and this construct was explored as a later correlate instead. LCA
assumes that observed categorical variables are conditionally independent within each latent

class; thus, once the latent class is known, the observed variables are independent of each other.
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This type of exploratory LCA cannot assume this, and thus, careful consideration was given to
fit indices (outline below) in the examination of proposed latent classes. Local independence
could also not be guaranteed, and at best, the work which follows should be considered as

speculative latent class suggestions that warrant further confirmation.

6.3.4.2 Comparisons between groups

To protect against inflating Type 1 error, MANOVAs with follow-up ANOVAs and
post-hoc comparisons were applied to explorations of variables between groups. Box’s M value
was 316.527 (p <.001), which was interpreted as being significant and a violation of
homogeneity. Levene’s test was also significant across many variables, indicating a violation
of the assumptions of homogeneity of variances. Together, these indicate that the variances and
covariances of the dependent variables differ across groups. Additional exploration of the data
and of Log Determinants showed significant differences in the dispersion of data across groups;
particularly noted was a larger difference in the log determinant of the Healthy control Group
compared to the FND and LTD groups. This implies that, at least in part, results are influenced
by greater variability of scores in illness groups; similar dispersion of scores across the
dependent variables could indicate similarities in the nature of illness, symptom profiles or
common underlying mechanisms. Nonetheless, because of large fluctuations in sample size
between the groups and the particularly large data set, Pillia’s Trace was used in the subsequent
MANOVAs in line with literature recommendations, owing to the sensitivity of Box’s M
(Cohen, 2008; Hans-Vaughn, 2016). Pillai’s Trace is considered robust to violations of
assumptions and tends to perform well even with unequal variances and sample sizes.
Additionally, post hoc ANOVA relied upon Welch’s ANOVA, which does not assume equal
variances. Despite such caution in consideration of preliminary analyses, it is recommended
that the MANOVA results be interpreted with caution. MANOVA with Pilla’s Trace was used
to compare the scores between the Groups (FND, Long-term other conditions (LTD) and
Healthy Controls) on Dissociation, Mood, Burnout, Cognitive Flexibility and Quality of Life.
Post hoc Welch’s ANOVAs were used to assess relationships between groups to consider the

significance of variability across groups and account for unequal variances and sample sizes.
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6.3.4.3 Illness data

As illness data was only comparable between two Groups (LTD and FND) ANOVA
and descriptive statistics have been applied to this data. This included exploration of

differences in illness duration, diagnosis length and comorbidities.

6.3.4.4 Latent Class Analysis

Latent Class Analysis (LCA) was conducted to identify homogeneous subgroups (latent
classes) within the FND sample based on reported symptoms, triggers for illness, and additional
correlates. LCA is a statistical method used to classify individuals into mutually exclusive and
exhaustive groups based on their response patterns to categorical variables (Collins & Lanza,
2010). The principles of latent class analysis were followed (e.g., Eaves et al., 1993; Collins &
Lanzza, 2010). This analysis intended to characterise the number and structure of latent classes
to understand heterogeneity in FND better. The first goal was to determine the number of latent
(i.e. observed) classes that gave rise to the observed data (e.g., the 50 dichotomous physical
symptoms associated with FND). Latent classes are not observed directly but instead are
inferred from observed data. LCA can give rise to 1 to 238 — 1, which is approximately
274,877,906,943, or over 274 billion possible unique combinations, if there was a latent class
corresponding to each possible unique combination of these 50 symptoms. If more than one
class is present, the characterisation of classes can be informed by consideration of theoretical
understandings and referenced additional data. This has supported the analysis in identifying
distinctive and better-informed latent classes. Consideration was also given to correlates of
these classes that may distinguish them, including the nature of the predisposing or
precipitating event and dissociation subtypes. Prior to analysis, the dataset was prepared by
encoding categorical variables (e.g., symptoms, triggers, dissociation subtypes) as factors in R
(R Core Team, 2021). Irrelevant observations were excluded from the LCA analysis,

particularly those not corresponding to "Healthy" or "IlI" health statuses.

The LCA model was fitted using the poLCA package in R (Linzer & Lewis, 2011). The
model included symptoms, triggers, dissociation subtypes, and additional correlates (e.g.,

cognitive flexibility, anxiety, stress, depression) as predictors of latent class membership. The
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number of latent classes was determined based on theoretical considerations and model fit
indices, including the Akaike Information Criterion (AIC, a measure of model fit that balances
the goodness of fit with complexity wherein lower values indicate better fit) and Bayesian
Information Criterion (BCI; which penalises model complexity more heavily than AIC).
Sample-size adjusted BIC (aBIC) was not utilised as the sample size of the FND Group (N =
746) exceeds minimum thresholds for LCA (Dziak et al., 2014; Bjorklund, 2002). Additional
model fit indices included the Maximum Likelihood Ratio (MLR), which is commonly used in
estimating parameters for LCA, and Entropy as a measure of classification accuracy ranging
from 0 to 1 (with higher scores denoting better classification. Upon fitting the LCA model,
model parameters were examined to interpret the latent classes with class membership
probabilities computed to determine the likelihood of individuals belonging to each latent class.
Additionally, variable distributions within each latent class were analysed to characterise the

profiles of symptoms, triggers, and correlates associated with each class.

The LTA model thus considers item probability parameters where M represents the class
items (indicators, in this case, symptoms) that are observed in individuals (#). The items are
assumed to be independent measures of underlying latent class variables (C) which has (K)
latent classes. Once a latent class is accounted for, the items are assumed to be independent
from one another (known as conditional independence assumption) and observed items are

decomposed to be a function of class-specific item probability, specifically:

k

Py =1) = Z P(y = 1|C = k).
k=1
This equation denotes the probability that an item is one, or the marginal probability.
The observed probability is decomposed into the sum of conditional item probabilities that vary
by class. The class-specific item probabilities are then expressed as individual thresholds on

the inverse logit scale, specifically:

1
1+ exp(—wjk)

Py = 1]c = ) =
The class size parameters, or class proportions (m_k) are then expressed on the
multinomial logistic regression formulation, specifically:

exp(ay)

me=PO=0) = S (@)
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Herein each individual is a member of only one latent class, with item responses
assumed to be independent and conditional on class membership. Class size parameters are
considered the structural parameters of the LCA model and whilst these are estimated as logits,
they are converted to probabilities. These are reported as percentages indicating the degree to

which each class accounts for the percentage of the sample.

6.4.3.4 Latent Transition Analysis (LTA)

Owing to model complexity, the LCA was conducted on the initially identified 38
symptoms. However, many of these do not account for other common symptoms seen in the
condition, which are considered with growing relevance to the diagnosis and understanding of
FND. As such, Latent Transition Analysis (LTA) was used as an extension of LCA to explore
the dynamic class groups based on additional symptom information. LTA is also referred to as
latent Markov modelling and is an extension of LCA, which can explore the interrelations of
multiple latent class variables. LTA allows for the tracking of changes to class membership
and the opportunity to reconceptualise latent class variables that may sometimes be otherwise
modelled with a static structure (Hagenaars & McCutcheon, 2002; Langeheine, 1988). In this
sense, the LCA extracted classes are regressed onto the previously identified structure and

denoted by transition probabilities.

6.4.3.5 Further relationships between latent classes

As other collected data was not categorical, it was used as comparative data of the
proposed latent classes (FND Subtypes). General linear models or Log Likelihood ratio tests
were applied where appropriate to explore the relationship between proposed latent classes and

Predisposing event and the relationship between proposed latent classes and Dissociation.
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6.4 Results

The study first conducts a MANOVA to compare FND, Healthy, and LTD groups,
followed by an exploration of illness-related data within the FND and LTD groups.
Subsequently, a Latent Class Analysis (LCA) is conducted within the FND group to identify
underlying subgroups, followed by an examination of correlates associated with the identified

classes.
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6.4.1 Between Group Comparisons

Table 4 shows the descriptive statistics, f-values and significance for the groups for Dissociation Total (and 6 subtypes), Stress, Anxiety,

Depression, Burnout, Cognitive Flexibility and Quality of Life.

in Study 2, Chapter 6

Table 5: Means, standard deviations, Cronbach’s alpha and significant values of each of the tested variables for the three groups (FND, LTD & Healthy)

FND LTD Controls Skewness Kurtosis < f 95% CI p

Variables X SD X SD X SD statistic

Anxiety 29.29 9.64 28.59 10.24 21.10 6.97 677 -.329 .79 85.564  [20.08,22.12] <.001
Burnout 72.46 17.35 61.23 19.14 42.59 19.49 -452 -378 93 271.651 [40.53, 44.65] <.001
Depression 30.92 12.15 32.47 12.52 23.05 9.62 561 -.795 .84 53.668  [21.74,24.35] <.001
Stress 32.03 10.89 32.45 10.64 25.15 8.96 408 -.745 91 48.133  [.0662, .1721] <.001
Cognitive Flexibility 73.25 5.96 75.03 5.77 77.03 5.36 -.160 -.151 .89 19.919  [72.59, 73.90] <.001
Quality of Life 66.91 14.19 72.94 16.41 91.29 13.12 161 -.730 87  299.427 [89.68, 92.89] <.001
Dissociation 68.65 20.43 59.91 20.90 44.73 15.84 .937 77 91 152.386 [42.79,47.16] <.001
(Total)

Disengagement 16.01 4.52 14.66 5.85 10.97 4.18 400 1.023 - 121.383 [10.46, 11.50] <.001
Identity 7.16 4.30 6.44 3.06 5.98 2.46 2.866 8.446 - 10.515  [5.56, 6.41] <.001
Emotional 11.91 4.99 10.07 5.30 7.66 3.97 .986 339 - 81.177  [7.12, .8.20] <.001
Memory 11.97 5.01 10.20 4.43 7.34 3.29 937 254 - 106.296 [6.83, 7.85] <.001
Depersonalisation 10.85 4.36 9.46 4.80 6.35 2.84 1.186 1.058 - 125.822  [5.89, 6.80] <.001
Derealisation 10.75 4.53 9.08 4.59 6.67 2.97 1.237 1.292 - 98.180  [6.20, 7.14] <.001

Note: Cronbach’s alpha scores under the ‘o<’ columns are bolded if deemed to be >0.7 and thus show good internal reliability. Significance is listed under ‘p’ column with
sign and significant effects are bolded. In rows, interactions have been detailed along with relevant significant values. ‘- has been used to represent where data was not
available i.e. when testing was not conducted as it was not applicable to the interaction or when this test was not conducted.
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In relation to mood, there was a significant effect of Group for Anxiety [f (2, 1025) =
85.564, p <.001, np?=.143, large effect], Depression [f (2, 1025) = 53.668, p <.001, np?=.095,
moderate effect], and Stress [f(2, 1025) = 48.133, p <.001, np?=.086, moderate effect]. There
were no significant differences between FND and LTD for Anxiety (p = 1.000), Depression (p
= .554), or Stress (p = 1.000). There was a significant difference between FND and Healthy
groups for Anxiety (p <.001), Depression (p <.001), and Stress (p <.001) with the FND groups
reporting higher measures of each. This was emulated in the differences between the LTD and
Healthy groups, where the LTD group reported significantly higher measures than the Healthy
group for Anxiety (p <.001), Depression (p <.001), and Stress (p <.001).

There was a significant effect of Group for measures of life impacts, including Quality
of Life [£ (2, 1025) = 299.427, p <.001, np?= .396, very large effect], Burnout [f (2, 1025) =
271.651, p <.001, np?= .364, very large effect] and Cognitive flexibility [f(2, 1025) = 19.191,
p <.001, np?=.037, moderate effect]. Post-hoc comparisons showed significantly lower scores
for the FND group compared to the Healthy control group for Quality of Life (p <.001) and
Cognitive Flexibility (p = .002) and higher scores in the FND group compared to the Healthy
group for Burnout (p <.001). There were also lower scores for the FND group compared to the
LTD group for Quality of Life (p <.001) and Cognitive Flexibility (p =.002) and higher scores
in the FND group compared to the LTD group for Burnout (p <.001).

There was also a significant difference in total dissociation scores between the three
groups [f (2, 1025) = 152.386, p <.001, np?= .229, large effect]. Significantly higher mean
scores were seen in the FND group than in the LTD group (p = .001) and the healthy control
group (p <.001). The mean score of the LTD group was also significantly higher than the mean
score for the healthy control group (p = .011); however, the greatest difference was between

the FND and Healthy Control group (Xdif = 23.68, p <.001).

Further analysis of dissociation as a product of its 6 subscales showed statistical
significance at the Group level for all variables with large effect sizes for Disengagement (p
<.001, np?= .191), Emotional (p <.001, np?= .137), Memory (p <.001, np?= .172)
Depersonalisation (p <.001, np?= .197) and Derealisation (p <.001, np?=.161). There was a
significant difference between the three groups for Identity, with a small effect as denoted by
partial eta squared (p <.001, np?= .020). Further analysis showed this effect was present for
most of the 6 subscales of dissociation: the FND group scored significantly higher than the
LTD group for Disengagement (p = .012), Emotion (p <.001), Memory (p <.001),
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Depersonalisation (p = .002) and Derealisation (p < .001). The FND group also scored
significantly higher than healthy controls for Disengagement (p <.001), Emotional (p <.001),
Identity (p =<.001), Memory (p <.001), Depersonalisation (p <.001) and Derealisation (p
<.001). The LTD group showed significantly higher scores than healthy controls for
Disengagement (p <.001), Emotional (p <.001), Memory (p < .001), Depersonalisation (p <
.001) and Derealisation (p <.001). The subscale Identity did not show any statistically
significant differences between the FND and LTD groups (p = .173) or the LTD and Healthy
group (p =.778), but there were significantly higher scores in the FND group relative to healthy
controls (p = <.001).

6.4.2 Illness data

Data collected on illness duration indicated that the FND group (M =9.99, SD = 74.08)
did not significantly differ in illness duration in comparison to the LTD group (M =13.91, SD
=09.16, ¢ (866) = .278). However, the drastic difference between the variance of these scores
should be noted. Data on diagnosis time was also collected for the FND and LTD groups.
However, the dataset presented a challenge as illness durations were recorded in diverse units,
ranging from years to hours. This posed a difficulty in cleaning and standardizing the data,
which would have required a significant amount of time. Additional data on comorbidities in
both groups would likewise require further clearing. Regrettably, given the constraints of time,
it was decided that these analyses were not included to ensure the timely completion of the
remaining research, which addresses the overarching thesis aims. Comorbidities were clearly
seen in the FND group as 74.69% stated that they had other additional diagnoses. Triggers were

analysed in relation to the Latent Class Analysis (Presented below).

6.4.3 Latent Class Analysis Subtypes

The LCA revealed seven distinct subgroups within the FND population, each
characterised by unique symptom profiles and population shares. Class membership ranged
from 6.62% to 22.71%, reflecting varying degrees of prevalence across subgroups. The
maximum log-likelihood was -20008.69, with Akaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC) values of 41093.38 and 43488.58, respectively.
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Comparisons to alternative class solutions revealed that the 7-class model provided the best
balance between model fit and complexity. While the 3 and 5-class solutions yielded the lowest
BIC value, indicating a better fit, they failed to capture the full heterogeneity of symptom
presentations observed in the data. Conversely, the 8-class, 9-class and 10-class solutions
resulted in overfitting, as evidenced by negative degrees of freedom and higher AIC and BIC
values. These higher-class solutions were negated due to increasing model complexity, which
would remove class solutions from likely theoretical understandings. The 6-class solution
offered a reasonable alternative, but the 7-class solution demonstrated superior model fit across
multiple criteria, including maximum log-likelihood, AIC, BIC, and goodness-of-fit statistics.
The 7-class structure showed a superior model fit characterised by a higher log-likelihood ratio
(LL =-19949.55, DF = 96) and a lower Chi-Square goodness fit compared to other tested class
structures, indicating better model fit. The Chi-Square Goodness of Fit (y* (7) = 6.22, p = .08)
was not significant, which, along with the entropy value (0.901), indicates good model fit with
differences between the observed and expected data and good classification of accuracy
meaning that the latent classes in the 7-class model are more distinct. Individuals are more

clearly assigned to one class over another. A comparison of key model fit statistics can be seen

in Figure 1.
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Figure 1: Comparisons of Fit Indices (aBIC, BIC, cAIC and Log-Likelihood Ratio) across latent class structures
explored (1 — 10) in FND
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Further exploration of the 7-class solution identified distinct subgroups within the data
set, each characterised by a unique set of patterns and symptoms. Table 5 below provides a
detailed description of each class within the identified 7-class structure and provides population
estimates and predicted probabilities. Symptoms were explored using by examining by

examining the conditional probabilities of symptoms and their relation to each class.

Table 6: Descriptions of the classes identified in the 7-class structure based on characteristics of symptom clusters (Study
2, Chapter 6)

Class | Assigned name Est. Pred Description
No. Population Population
share (%) share
1 Motor Dissociation States 6.31% 0.0647 The smallest in terms of population share.

Symptoms that appear all the time in this group
are those associated with movement, including
Walking difficulties (S1), one-sided heaviness
(S2), Dissociated Limbs (S4), limb numbness
(S5), Limb coordination (S6), and Paralysis (S7).
Occasional symptoms of coordination issues
(external; S3) and facial spasms (S15) were
reported.

2 Non-Responsive Tremor 11.33% 0.1136 Core and often occurring symptoms in this class
include Unresponsive States (S10), Staring and
unable to respond (S11) and conscious
convulsions/ tremors (S12). Of note all other
symptoms (S1—S7, S13 -S16, S19 —S38) could
occur some of the time. The only symptoms that
were not of probabilistic relevance to this class
were Blackouts (S8), Seizures (S9), Tics (S17)
and Jerks/Twitches (S18).

3 Polysymptomatic Seizure 21.39% 0.2129 This group identified core occurring symptoms
related to impaired motor processes (S1 — S7)
and Seizure subtypes (S10 — S13). Notably, all
symptoms in this class were rated at least
occurring some of the time, denoting a subclass
with seizure and motor issues as well as regular
other problematic symptoms.

4 Occasional Neuropathic 12.98% 0.1309 This group was only characterised by occasional
occurrences of neuropathy (S3 coordination
issues and S5 tingling and numbness). All other
symptoms were rated at 0.

5 Mixed Multisystem symptoms | 20.48% 0.1987 Many symptoms in this group related to motor
processes but a large collection of symptoms was
reported across this group as occurring some of

the time.
6 Intermittent Seizure- 14.58% 0.1498 Symptoms SI — S3 and S5 (all related to
Movement movement issues) were rated as being present all

of the time. This group also reported occasional
probabilities of other motor difficulties and
seizures. This subgroup is characteristic of
seizures and movement difficulties which occur
more sporadically.

7 Occasional Dystonic 12.93% 0.1293 This group reported occasional motor
difficulties, particularly S1, S3, S5, S6 and S13,
suggestive of Dystonic motor issues which occur
sporadically. All other symptoms reported as 0.
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Further exploration of symptoms highlights how these 7-class structures are
characterised by both symptoms, which are present all the time, and potential occurrences some
of the time. There is still great heterogeneity in the sample outline, demonstrating the chaotic
nature of illness narratives and the mixed nature of likely symptom subgroups. There are,
however, distinct differences within the classes; for example, whilst both class 3 and class 6
contain similar symptoms, which suggest dysfunction in both motor and seizures, class 3
probabilities suggest these are a more regular occurrence, whereas class 6 shows these
symptoms more intermittently. Class 4, occasionally neuropathic, displays only two core
symptoms, and further investigation of this, including correlates of the latent class, might help
to appreciate this finding. This is distinctly different to the occasional dystonic subgroup (class
7), which demonstrates more fixed and dystonic movement issues. Class 1, Motor Dissociation,
accounted for the smallest share but is synonymous with descriptions within the literature of
Functional Movement Disorder. Of note in this class was the occurrence of dissociated and
reduced movements. Whereas in Class 2, the Non-responsive Tremor was characterised by

more excessive movements.

In Table 6, after outlining the characteristics of latent classes, further investigation was
drawn to the likely probabilities associated with each symptom in each class. Figure 2 presents
a visual representation of this data, illustrating the probabilities of each symptom in relation to
each latent class. This figure clearly demonstrates the distribution of symptoms across latent

classes but is indicative of the need to explore further class structures owing to mixed profiles.
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Stacked bar chart showing probabilities of each symptom in each class
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Figure 2: Probability of Symptoms (S1 — S38) in each identified latent class (I — 7)

6.4.4 Latent Transition Analysis (LTA) of Additional Symptoms

LTA can be used as an expansion to LCA and was used to explore the transitional
probabilities indicated with additional symptoms in relation to the identified symptom clusters
of the LCA. LTA allowed for the modelling of changes to class membership and provided
confirmation of a final latent class structure. The results revealed that there was a significant
difference between the full and reduced models (x? (108) = 488.66, p <.001). This suggests
that the additional symptom variables collectively and significantly affect class membership
and should be considered as part of the core symptoms. This is further supported by model fit
indices, which support the adequacy of the 7-class latent class structure even with consideration

of the additional symptoms.

The logistic regression analysis explored the relationship between additional symptoms

and class membership within the sample. Across the seven identified classes, varying patterns
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of symptom influence emerged. Notably, Chronic Pain (A1), Persistent Fatigue (A2) and
Insomnia (A3) demonstrated significant associations across multiple classes. For instance, in
Class 2, Chronic Pain exhibited the strongest influence ( = 2.58), followed by Chronic Urinary
Retention (B = 1.78) and Hearing issues (B = 2.15). Similarly, in Class 3, Persistent Fatigue (3
=1.91) and Insomnia (B = 1.23) emerged as the most influential symptoms, along with Hearing

issues (B = 1.87).

Conversely, Class 7 displayed distinct associations, with Persistent Fatigue (f = -2.40),
Dysfunctional breathing (B = -2.53), and Insomnia ( = -0.27) exerting notable effects. Whilst
in Class 1, Hypersomnia ( = 0.43) and Migraines (B = 0.61) showed modest associations,
while in Class 4, Hypersomnia (f = 1.25), Migraines (f = 1.19), and Anxiety and Panic Attacks
(B = 1.59) emerged as significant predictors. Class 7 exhibited strong associations with

Persistent Fatigue (B = -2.40), Dysfunctional Breathing (B = -2.53), and Insomnia ( = -0.27).

Further examination revealed class-specific symptom profiles, suggesting nuanced
relationships between certain symptoms and class membership. For instance, in Class 6, Other
headaches and facial pain (B = 2.40) and Dysfunctional Breathing (B = 2.07) emerged as
primary influencers, whereas Class 5 demonstrated strong associations with Persistent Fatigue
(B =2.09), Hypersomnia (B = 2.32), and Anxiety and Panic Attacks (B = 1.94). These findings
support the notion of additional symptom contributors to the identification of meaningful
subgroups and are added to Table 7, along with findings of precipitating events for full

descriptions of identified latent classes.

6.4.5 Relationships between Subtypes and Triggers

Owing to the categorical nature of variables, Likelihood ratio tests were used to assess
the overall fit of the multinomial logistic regression model predicting latent class membership
based on trigger (or precipitating) variables in those with FND. The results revealed a
significant chi-square statistic (x? = 163.08, p <.001), indicating that the full model provided
a significantly better fit to the data compared to a reduced model. This suggests that triggers

contribute to the prediction of latent class membership.

Further examination of individual triggers and coefficients revealed significant
contributions of a selection of triggers to class membership. Of note the triggers Viral Infection

(x2 =19.31, p = .004), Head Injury (x? = 15.54, p = .008), Operation or Surgery (x? = 19.09,
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p =.024) and No Triggers (x2 = 20.71, p = .014) indicated significant contributions to model
fit. The coefficients of each trigger were compared for each identified class and have been

added to Table 7.

6.4.6 Relationships between Subtypes and Dissociation

Logistic regression analysis examined the association between class membership and
total dissociation score. The analysis revealed a significant coefficient for Dissociation total (3
= 0.018, SE = 0.009). The associated Z value of 2.076 and p-value of 0.03 suggest that
dissociation scores influence the likelihood of class membership (as denoted by clusters of
symptoms). The model's goodness-of-fit was assessed using the null deviance, residual
deviance, and AIC. The null deviance, which represents the deviance when only the intercept
is included in the model, was 392.62 (df = 423). The residual deviance, which measures the
deviance when the predictors are included, was 387.91 and the AIC (Akaike Information

Criterion) was 391.91.

Further analysis revealed that the probabilities of class membership could be noted
based on levels of dissociation. Notably, high levels of dissociation were probabilistically more
strongly associated with Class 1 (0.862), Class 4 (.8767), Class 5 (.8362) and Class 6 (.8150).
Overall, the logistic regression model provides support for a significant relationship between
total dissociation scores and class membership, with higher levels of dissociation associated
with increased odds of certain class memberships. These relationships have been considered

and added to Table 7 which provides a full description of all associations of each class.
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Table 7: Latent Class Descriptions in relation to symptom clusters, additional symptoms, dissociation and predisposing (triggering) events

Class  Assigned name Est. Description Additional Triggers
No. Population Symptoms & Highest coefficients
share (%) Dissociation
1 Motor 6.31% Symptoms that appear constantly in this group are those associated with Hypersomnia Head Injury
Dissociation movement, including Walking difficulties (S1), one-sided heaviness (S2), Migraines Physical injury
States Dissociated Limbs (S4), limb numbness (S5), Limb coordination (S6), and High dissociation Viral Infection
Paralysis (S7). Occasional symptoms of coordination issues (external; S3)
and facial spasms (S15) also occur.
2 Non-Responsive 11.33% Core and often occurring symptoms include Unresponsive States (S10), Chronic Pain Viral infection
Tremor Staring and unable to respond (S11) and conscious convulsions/ tremors Chronic Urinary Operation/Surgery
(S12). Of note all other symptoms (S1 —S7, S13 —S16, S19 — S38) could Retention
occur some of the time. The only symptoms not of probabilistic relevance Hearing issues
were Blackouts (S8), Seizures (S9), Tics (S17) and Jerks/Twitches (S18).
3 Polysymptomatic ~ 21.39% Core occurring symptoms related to impaired motor processes (S1 —S7) and  Persistent Fatigue Head Injury
Seizure Seizure subtypes (S10 — S13). Notably, all symptoms in this class were rated Insomnia Symptoms since
as at least occurring some of the time, denoting a subclass with seizure and Hearing issues childhood
motor issues as well as other regular problematic symptoms.
4 Occasional 12.98% This group was only characterised by occasional occurrences of neuropathy ~ Hypersomnia Viral infection
Neuropathic (S3 coordination issues and S5 tingling and numbness). All other symptoms ~ Migraines Head Injury
were rated at 0. Anxiety Operation/Surgery
High dissociation No triggers
5 Mixed 20.48% Many symptoms in this group related to motor processes, but a large Persistent Fatigue Viral infection
Multisystem collection of symptoms was reported across this group as occurring Insomnia No Triggers
symptoms occasionally. High Dissociation
6 Intermittent 14.58% Symptoms S1 — S3 and S5 (all related to movement issues) were rated as Other headaches Operation/Surgery
Seizure- being present all the time. This group also reported occasional probabilities and facial pain Childbirth
Movement of other motor difficulties and seizures. This subgroup is characteristic of Dysfunctional
seizures and movement difficulties that occur more sporadically. breathing
High dissociation
7 Occasional 12.93% This group reported occasional motor difficulties, particularly S1, S3, S5, Persistent Fatigue Stress/burnout
Dystonic S6, and S13, which suggest sporadic Dystonic motor issues. All other Dysfunctional Trauma
symptoms were reported as 0. Breathing No Identified Triggers
Insomnia

124




6.5 Discussion

The present cross-sectional study aimed to explore the presence of subtypes of FND.
First, a comparable study was conducted between those with FND, Healthy controls and an
LTD population to add further insight into the results obtained in Chapter 5. Next, novel forms
of statistical analysis for the field were applied, LCA and LTA analysis, to explore the potential
presence of subtypes in FND. The research aimed to explore if subtypes exist which can be
characterised by clusters of symptoms. The research then expanded upon this by the inclusion
of an LTA as an extension of the LCA to explore additional other (non-core symptoms).
Finally, the relationship between symptom clusters and the precipitating factor in FND was
conducted, and explorations of other characteristics like dissociation were investigated to see

if these differentially were associated with FND subtypes.

In relation to between-group findings, the work presented here further supports the
notion that Anxiety, Depression and Stress are not specific to FND. Whilst significant
differences were noted between the FND and Healthy Control group, this was also emulated
by the findings of the LTD and healthy group. As no significant differences were noted between
the LTD and FND groups, findings of higher anxiety, depression, and stress scores could be
related to chronic illness in general rather than being specific to FND. This amplifies the need
to conduct research which considers additional control groups, such as other illness controls,
to avoid jumping to conclusions in this field (Pick et al., 2020). Several studies report a finding
of high prevalence of mood disorders in FND (Akyiiz et al., 2017; Butler et al., 2021; Pick et
al., 2020; Perez et al., 2021; Sar et al., 2004). However, these do not always consider
associations with other illness groups. Whilst co-occurring symptoms worsen clinical
outcomes and are as disabling as the core features of FND (Gelauff et al., 2014; Glass et al.,
2018; Nicholson et al., 2020) and worsen quality of life (LaFrance et al., 2009; Jones et al.,
2016) mood disorders may reflect something beyond this. However, not all research has
demonstrated a link between FND and co-occurring disorders of mood, with some finding low
rates in FND cohorts (Fobian & Elliott, 2019; van der Hoeven et al., 2015). It should also be
acknowledged that other neurological disorders (e.g., Multiple Sclerosis, Epilepsy,
Fibromyalgia and Parkinson’s) are also associated with high levels of anxiety, depression and
dissociation (Bulloch et al., 2015; Davies et al., 2001; Karatzias et al., 2017). This is further
supported by the findings of the current study, which found no differences between scores of

those with other long-term conditions and FND.
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Between-group differences were also noted for cognitive flexibility, burnout and quality
of life. Quality of life has been noted as being lower in FND in previous research (Butler et al.,
2021; Gendre et al., 2019; Jones et al., 2016). Results presented here indicate that those with
FND have a significantly lower quality of life compared to both healthy controls and those with
other long-term conditions. This signifies that Quality of life is not merely a product of chronic
illness but is likely influenced by other factors in FND, perhaps including stigma, reduced
health care provisions and chaotic illness narratives. Findings of reduced cognitive flexibility
may also indicate a more fixed mindset in those with FND, which could influence treatment
outcomes and should be carefully considered in investigations of symptom characterisation and
as a biological outcome (Alluri et al., 2020; Graham et al. 2018). Personal burnout was notably
higher in FND. Whilst this has previously been considered as a factor which may contribute
toward the onset of FND, here it is noted that this score is high post-diagnosis. Careful
consideration should be given to the meaning of this finding, and further exploration as to why
burnout is higher should be noted, as this, too, seemed more prevalent within the FND than the

long-term illness group.

Again, the results here support those of Chapter 5 and of previous research (e.g. Blanco
et al., 2023; Campbell et al., 2023; Pick et al., 2020) and support the notion that elevated
dissociation in FND is prevalent relative to both healthy controls and those with other long-
term illness across most dissociation subscales. Elevated dissociation may be particularly
prominent in FND and pose a significant additional difficulty for those with FND (Holmes et
al., 2005; Pick et al., 2017). Given the high variability of dissociation in the FND group, it is
possible that dissociation may be particularly associated with certain subtypes, such as
Functional Seizures (Goldstein & Mellers, 2006); Functional Seizure subtypes are also
associated with raised dissociation compared to those with epilepsy (Myers et al., 2019). The
identification of such FND subtypes, characterised by dissociation, might have implications
for tailoring treatment for FND. Dissociation was associated with higher disability scores and
could reflect generally higher disability and impairment to quality of life than those with other

organic disorders (Carson et al., 2011).

The identification of seven distinct latent classes, based on cluster analysis of 38 core
FND symptoms, suggested a nuanced understanding of the underlying potential FND
subgroups. Whilst current diagnostic criteria allude to a multitude of experiences and
symptoms in FND, this creates further conceptual confusion (Ball et al., 2020; Hallet et al.,
2022). The findings from this exploratory LCA support that there could be at least seven
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subclasses of FND. In doing so, the data provides support for those who call for the exploration
of different phenotypes of FND (Hallett et al., 2022; Fiorio et al., 2022; Stone et al., 2004;).
Whilst the data could not capture clinical observations of those who present with more than
one phenotype or who alternate between phenotypes, it does provide a starting point for these
discussions. Of note, further considerations should be given in the refinement of the scale to
capture subtle symptom nuances (such as distinguishing between different types of seizure)
and in capturing so-called Functional Cognitive Disorder (Ball et al., 2020). The findings so
support the notion that functional seizure subtypes may have difficulty in motor states in
addition to seizure symptoms, but large heterogeneity in some of the mixed groups warrants

further explorations.

Additional explorations of the latent classes identified revealed a significant contribution
of 'additional’ symptoms, i.e., symptoms like chronic pain and fatigue which are often assumed
to be a part of an FND diagnosis but not specific to FND (Butler et al., 2021; Teodoro et al.,
2018). These played a significant contribution to the model and posted strong associations
across most of the 7 subtypes, indicating that these could be considered as part of the core
symptoms, particularly if these have a role in differentiating between subtypes of FND. These
symptoms are noted as having clinical significance (Kranick et al., 2011; Nicholson et al.,
2020; Popkirov et al., 2019; Stone et al., 2010), negatively influence clinical outcomes (Gelauff
et al., 2014; Glass et al., 2018) and are often just as disabling as the core symptoms noted
(Glauff et al., 2018). Thus, the current research supports the notion that these should be
included as core symptoms in the development of symptom profiles and in further explorations

of this area.

The current study also explored precipitating factors and dissociation in relation to the
seven identified classes or subgroups of FND. Previous research has noted that precipitating
factors are common and commonly have a relationship with the type of symptoms experienced
(Geroin et al., 2022; Butler et al., 2021; Geflauff et al., 2019; Forejtova et al., 2021). The current
research suggests that some precipitating factors (particularly viral infection, head injury and
operation and surgery) may be influential in the development of specific subtypes of FND.
However, a notable proportion of participants did not identify any clear precipitating event
preceding their symptom onset. The absence of a discernible trigger was strongly associated
with several of the identified symptom clusters, raising important questions about alternative
mechanisms driving symptom onset in these cases. While FND has historically been linked to

psychological or physical precipitating events, research increasingly recognises that not all
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individuals with FND report identifiable triggers (Ludwig et al., 2018; Perez et al., 2021). This
finding aligns with contemporary perspectives suggesting that FND can emerge through
multiple pathways, some of which may involve insidious onset, predisposing neurobiological
vulnerabilities, or cumulative stressors rather than discrete triggering events (van der Feltz-
Cornelis et al., 2020). Given the heterogenous nature of FND, the results suggest that symptom
clusters may not always develop in direct response to a single identifiable event but could
instead arise from long-term neurobiological dysregulation, a culmination of biopsychosocial
factors or in some cases, that allostatic load may be pinpointed to a singular event. Further
investigation is needed to validate these symptom clusters and explore how different FND
subtypes may relate to distinct underlying mechanisms. Additionally, dissociation scores were
strongly associated with some of the latent classes identified, reinforcing their role as a
potentially differentiating factor in FND subtypes. Future work should continue to explore the
relationship between dissociation and symptom clusters, as this may have significant
implications for treatment stratification and clinical outcomes. Notably, further research could
be undertaken to validate symptom clusters and their relationship to different types of

dissociation.

In the realm of psychological phenomena, LCA serves as a valuable tool for discerning
underlying structures amidst seemingly disparate manifestations, and here, it has been extended
to FND. By employing LCA, there has been an exploratory and successful attempt to discern
distinct subgroups within the heterogeneous FND population, shedding light on potential
clusters of symptoms and their interrelations (Stone et al., 2020). These findings resonate with
the tenets of chaos theory, which posits that complex systems, like FND, are sensitive to initial
conditions, wherein small variations can lead to vastly different outcomes (Gleick, 1987). In
this context, the identification of symptom clusters through LCA mirrors the intricate dynamics
of deterministic chaos, where seemingly minor differences in symptomatology can precipitate

significant variations in the progression and manifestation of FND (Jones & Stone, 2021).

Moreover, extending the analysis to explore correlations with precipitating events,
dissociation, and additional symptoms adds another layer of complexity reminiscent of chaos
theory. Just as chaos theory emphasises the notion of the butterfly effect, where small changes
in initial conditions can lead to large-scale effects (Lorenz, 1963), the exploration of these
correlations within the context of FND underscores the nonlinear and interconnected nature of
the disorder. For instance, the identification of specific precipitating events or the presence of

dissociative experiences may act as catalysts, triggering cascading effects throughout the
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symptomatology of FND. Such observations underscore the intricate and dynamic interplay
between various factors within FND, highlighting the need for comprehensive and nuanced
approaches to researching, understanding and treating the disorder. Chaos theory notions to
explorations of FND also support an understanding of these dynamics and offer promising

avenues for the advancement of theoretical frameworks.

This study is not without its limitations. Whilst a data-driven cluster analysis technique
was employed here to provide a data-driven approach to FND Subtypes with LCA analysis in
an unbiased fashion, this is an emerging investigation tool. Across illness groups, other studies
have failed to identify clusters, including in Parkinson’s disease (Ba et al., 2016; Mu et al.,
2017; Starkstein et al., 2011) and fibromyalgia (Sullivan et al., 2002; Schmalbach et al., 2021;
Yim et al.,, 2017). As with these studies, there is a potential for false-positive cluster
identification. One potential limitation of latent class analysis is that the number of classes is
sometimes equivocal, analogous to the difficulties often encountered in determining the
number of factors to interpret in factor analysis. Thus, inferences about the specificity of the
current findings are not entirely possible, and further studies are needed. Indeed, this is
particularly important in the absence of a validated scale of FND. Whilst this study provides
support for the notion of different subtypes of FND, to ensure robustness further research needs
to consider the validity of the symptom list and incorporate additional symptoms. This needs
to be explored before neurobiological research can investigate potential nuances in the

underlying mechanisms underpinning each subtype.

The patterns observed within each class offer insights into the heterogeneity of symptom
presentations and clusters of such presentations. These findings highlight the presence of
heterogeneity in FND symptomatology, suggesting underlying differences in aetiology,
pathophysiology, and clinical manifestations. Further investigation into the symptom profiles
of each class is warranted to elucidate their unique characteristics and inform personalised
treatment approaches. Understanding the distinct subtypes of FND can facilitate targeted
interventions, optimise clinical care, and enhance outcomes for individuals with this complex
disorder. Additional explorations of precipitating factors, additional symptoms, and

dissociation offer further insight into this area.
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6.6 Chapter Summary

This chapter has further explored the role of dissociation in relation to differences
between control groups (healthy and other long-term conditions) and in relation to other
correlates of FND such as quality of life, burnout and cognitive flexibility. Whilst a latent class
structure and seven potential FND groups were identified within this work, this is a very early-
stage exploratory study, and much more work is needed to validate these subtypes before
neurobiological evidence is conducted on these subtypes. Thus, the chapters to follow explore
neurobiological explorations of FND in the absence of these proposed subtypes. Chapter 7

considers the relationship between inflammation, dissociation and brain activity in FND.
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Chapter 7: Inflammation, Dissociation and Brain Function in FND

7.1 Chapter Introduction

Previous chapters have explored FND and identified dissociation as a core feature
within this (Chapter 5) and prevalent across a range of symptom clusters in FND (Chapter 6).
The current chapter, therefore, advances on these ideas and proposes that FND is a condition
of the embodied brain in which there is a relationship between physiological and homeostatic
functions, brain activity (or dysfunction) and psychological correlates such as dissociation. The
current chapter proposes that a mediating factor that has been less studied in FND and which
accounts for these mechanistic underpinnings of the disorder is inflammation. The chapter
presents a multimodal exploratory study which aims to understand the role of inflammation in
FND and its relationship to brain activity (measured by baseline resting state data) and
dissociation. Further considerations were given to electrode clusters which represent distinct

areas of interest in FND and their relationship to inflammation and dissociation.

7.2 Introduction

As this thesis has demonstrated, FND is a complex disorder involving many
disturbances of bodily function. It is likely that there are symptom clusters that could explain
some of the heterogeneity of FND symptoms (as outlined in Chapter 6). Despite this, many
believe that a common mechanism operates beneath all FND subtypes, yet research has yet to
establish what this mechanism is. A way to view FND is as a condition which defies dualism
and a disorder which goes beyond theories of neural network dysfunction and includes the
conceptualisation of FND as a disorder of the embodied brain (one in which there is
dysfunction in neural networks as well as bodily systems and psychopathology). Such a theory
could also explain the accumulating data that suggests that there are fluctuations in the severity
of symptoms and account for why some experience ‘attacks’ of symptoms rather than a simple
presence or absence of symptoms (McEwen et al., 2015). An underlying mechanism which
has, to date, received very little attention in FND is that of the inflammatory system. It is this

that the current study sets out to explore as a potential underlying mechanism in FND.
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It is widely acknowledged that a complex network involving bidirectional signals is
constantly exchanged between the nervous system, neural networks, and endocrine and
immune systems, which can influence cognition, mood and wider functioning (Maier, 2003).
For instance, research into chronic stress underscores how persistent activation of the HPA and
ANS leads to inductive changes in the immune system through the release of hormones (Glaser
& Kiecolt-Glaser, 2005). Chronic activation of inflammatory pathways can also modify the
synthesis of neurotransmitters, heighten stress responsiveness and impact cognitive domains,
such as learning, memory and executive function (Kiecolt-Glaser et al., 2015; Svob et al.,
2016). Inflammation itself is a complex biological response, but chronic inflammation is
known to result in tissue damage and contribute to neuroinflammation wherein chronic states,
which fail to return to manageable levels, affect nervous system function (Castellheim et al.,
2009; Nathan & Ding, 2010). Neuroinflammation has been acknowledged as a component in
the pathogenesis of nervous system conditions including neuropathic chronic pain (Kim et al.,
2007; Martini & Wilson, 2016; Myers et al., 2006) and diseases of the central nervous system,
including mood disorders (Calsolaro & Edison, 2016; Castanon et al., 2015; Najjar et al., 2013;
Wohleb et al., 2016) and autism (Thoharides et al., 2016). Despite this, very little literature has

delved into the potential pathogenesis of FND as influenced by neuroinflammation.

Whilst several mechanisms are proposed by models of FND, its specific origins remain
unknown (Ratcliffe & van der Feltz-Cornelis, 2020). A plausible explanation more recently
being considered is systemic low-grade inflammation or neuroinflammation (Del Grande da
Silva et al., 2016; Kovacs et al., 2016). To date, research has found elevated CRP in children
with FND (Kozlowska et al., 2019) and in adults with FND who have motor function
difficulties over other subtypes or symptom profiles (Tak et al., 2009). Owing to the reciprocal
bidirectional nature of corticosteroid influences, this could result in peripheral inflammation,
which could not be easily reversed and could account for the symptoms seen in FND (Pongratz
& Straub, 2014). However, CRP as a measure is somewhat generic and can be highly sensitive

and inflammatory processes can be studied more specifically.

The inflammatory response is adaptive and lends to disrupted homeostasis mediated
through the production of various cytokines (Becher et al., 2017; Dantzer et al., 2008),
including commonly studied proinflammatory cytokines (the interleukins, e.g. IL-13, IL-2, IL-
6 and TNFa). High concentrations of pro-inflammatory cytokines in response to infection are
adaptive responses which contribute to survival during infection (Dantzer et al., 2008) and

could account for so-called “somatoform” symptoms seen in FND including drowsiness,

132



fatigue, cognitive fog or ‘fugue’, joint pain, dissociation and reduced social activity. In FND,
neuroinflammation is beginning to be recognised across several cytokines. For example, Van
der Feltz-Cornelis et al. (2021) found elevated levels of IL-6 and TNF-alpha in FND using a
relatively small cohort (n = 14). Fluctuations of these cytokines may affect physiological
processing, including the formation and organisation of neural networks, and influence
cognitive function effectiveness (Dantzer & Kelly, 2007; Levin et al., 2021). Fluctuations may
also account for slump-crash reactions in FND and co-ordination of cells throughout the body;
thus resulting in dysfunction in many functions, such as thermoregulation, eating, sleep,
emotion, cognition, learning, memory and others through modulation of synaptic transmission
and neuroplasticity (Becher et al., 2017; Levin & Godukhin, 2017; McAfoose & Baune, 2009;
McKim et al., 2016; Osipova et al., 2018).

These findings do not sit in isolation from other research findings in FND. For example,
research exploring brain function in FND suggests that arousal and emotion-processing regions
are overactive and dominant in those with FND, showing hyperconnectivity with motor
regions, which in turn disrupts motor regions, leading to symptoms of motor dysfunction (as
reviewed in Blakemore, 2016). Emotion-processing dysfunction in FND has also been
attributed to increases and decreases in grey matter in both motor and emotional processing
regions in adult patients with FND (Atmaca et al., 2006; Aybek et al., 2014; Labate et al., 2012;
Nicholson et al., 2014; Perez et al., 2017). Psychological correlates of inflammation should be
induced through allostatic load (as reviewed in Chapter 3, Section 3.5.3). The allostatic load
was recently measured by an index of 11 biomarkers of metabolic, cardiovascular,
inflammatory and HPA and ANS activity and particularly implicated high levels of IL-6, CRP
and lower cortisol, which could support this model of inquiry in FND (Keynejad et al., 2019).
In exploring the psychological correlates of FND, a study exploring the cortisol awakening
response using salivatory cortisol showed that dysregulation of this in FND correlated with
ALEs (particularly childhood adverse experiences) and subjective distress (Chung et al., 2023).
The findings, however, also support the idea that neural underpinnings of FND may extend
across arousal-processing and emotional-processing systems. Despite these findings,
dissociation has yet to be studied in relation to inflammatory markers in FND. Nevertheless, in
other disorders, dissociation has been associated with inflammatory processes (e.g., Grassi-

Oliveira et al., 2008; Lamb et al., 2021; Staniloiu et al., 2010).

Similarly, the brain’s innate immune effector cells, glial cells, confer immunological

memory and these play an important role in neuroplasticity (Frank et al., 2016; Ji et al., 2016;
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von Bernhardi et al., 2016) and could play a role in the experience-dependent plasticity changes
seen in those with FND (Kozlowska et al., 2018; Stephenson & Baguley, 2018). Further, an
inflammatory exploration of FND may enable the progression of understanding of the cognitive
dysfunction seen in those with FND. A range of neurocognitive issues, including motor
cognition and information processing speed and accuracy, occur in FND (Baumeister et al.,
2016; De Vroege et al., 2020), which could be indicative of neuroinflammation affecting brain
activity and neurocognitive function. Particularly, research has postulated dysregulation of the
HPA axis in those with FND, but its relationship to anatomical and biological states remains
to be elucidated. Weber et al.'s (2024) study explored the HPA in relation to inflammation by
utilising cortisol awakening responses and diurnal baseline cortisol in 86 patients with mixed
FND symptom profiles. HPA dysregulation and changes in glucocorticoid signalling on a
molecular level may contribute to increased vulnerability to FND because of epigenetically
mediated changes to the neural networks implicated (Chung et al., 2023). However, these
changes could also result from the biological insult posed by FND, and changes could reflect
effect rather than causality. Whilst an important and notable finding, this again does not
consider more stable trait markers of inflammation, including IL-6 and CRP, which are
recognised as key markers of systemic inflammation (Gabay & Kushner, 1999; Mclnnes &
Schett, 2017; Ridker et al., 2000; Povoa et al., 2005). This is an important area to address, not
only in advancing theory, but also given that these neurocognitive symptoms have been found

to strongly influence treatment effectiveness and illness progression (De Vroege et al., 2017).

Whilst previous research in FND has relied upon task-based research, to progress
understanding of FND, it is also important to look at resting-state data. As reviewed throughout
Chapter 3, resting state data analysis, particularly that of electrophysiological data, has been
under-utilised as a research tool within the field of FND. Contemporary imaging studies have
enabled the identification of functional networks which are central to the organisation and

function of the brain during both rest and task-based states (Raichle, 2015; Williams, 2017).

The Default Mode Network (DMN) is a group of nodes located in the medial prefrontal
cortex, posterior cingulate and precuneus cortex, and lateral temporoparietal cortex. Its primary
function is to facilitate self-directed thinking and the ability to transition between alert states
(Hagmann et al., 2008; Raichle, 2015). Mental health disorders have been linked to specific
dysfunctions within the DMN (Williams et al., 2017; Wang et al., 2016), and it is possible that

dissociative disorders, including FND, may also involve disruptions within the DMN.
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In addition to the DMN, the salience network, which consists of the limbic network
defined by the anterior insula, dorsal anterior cingulate cortex (ACC), and amygdala, plays a
role in energy regulation. According to Kleckner et al. (2017), the DMN and salience networks
work together as a single, allostatic-interoceptive brain system that regulates energy and
supports various psychological functions, such as emotion processing, pain processing,
memory, and decision-making. This brain system predicts the body's energy needs and
regulates the body's physiological systems to maintain energy balance (allostasis). In response
to danger, the system anticipates the body's increased energy needs and activates brain-body
systems that support increased energy consumption. When the danger has passed, the system
readjusts the energy-regulation system. However, continued activation of the system may
increase the risk of stress-related physical and psychological disorders. Individuals with
functional neurological disorders (FND) exhibit activation of the hypothalamic-pituitary-
adrenal (HPA) axis, autonomic nervous system, and brain systems responsible for arousal and
energy consumption. Kozlowska et al., (2018) showed that in children with FND there were
distinct neural changes within the DMN. This suggests that maladaptive activation of the
allostatic-interoceptive brain system, along with disruptions in motor systems, could be a core
feature of FND, but has yet to be explored within adult populations and across mixed subtypes.
Advancements in understanding in these areas, require multi-study investigations which

consider the role of inflammation, dissociation and relationships with brain function.

7.2.3 Aims and Hypotheses

Research in this area shows great promise for progressing the understanding of FND
and leading to more holistic treatment methods. However, there are several limitations of
previous research to note. Firstly, an overreliance on cortisol limits understanding of chronic
inflammatory states. Cortisol can be influenced by various factors beyond inflammation,
including stress, medications and circadian rhythm, and its lack of specificity and diurnal
fluctuations somewhat limit its reliability as a sole biomarker of inflammation (Chrousos,
1995). Thus, an important consideration in advancing research in this area is the exploration of
wider, more stable markers of systemic inflammation. Secondly lack of inclusion of combined
biochemical and brain activity data for robust multimodal designs. Studies in FND have yet to
integrate molecular and neuroimaging for a holistic understanding of cytokine modulation in

FND. Finally, whilst some studies have likened findings to stress responses and made

135



comparisons between ALEs and inflammatory levels in FND, there is a lack of consideration
of further key biopsychological correlates which are important in the exploration of FND, such
as dissociation. As such, the current chapter presents a multimodal experiment which explores
inflammatory molecules in FND, alongside data on dissociation and brain function and, in
comparison, to a healthy, matched control sample. Specifically, this multimodal exploratory
study aims to address the following questions: 1) Are there differences in inflammatory
markers (IL-6 and CRP) in FND compared to healthy, matched controls? 2) Are these
differences maintained when mediations are considered for anxiety, depression, stress, BMI
and dietary inflammation? 3) Do inflammatory markers correlate with dissociation, and are
these different in FND compared to healthy controls? 4) Do baseline EEG measures correlate

with inflammatory markers in FND?

Based on existing literature and theoretical frameworks, the following hypotheses are

proposed:

e HI: Individuals with FND will exhibit higher levels of inflammatory markers
(IL-6 and CRP) than healthy, matched controls.

e H2: Differences in inflammatory markers will persist after controlling for
potential confounders such as anxiety, depression, stress, BMI, and dietary
inflammation.

e H3: Higher dissociation scores will be associated with increased inflammatory
markers, and this relationship will be stronger in the FND group than in healthy
controls.

e H4: Individuals with FND will exhibit altered resting-state EEG activity at
midline sites (including frontal, central, and parietal electrodes), as well as in
key nodes of the Default Mode Network (DMN). These differences will be
characterised by changes in oscillatory power and connectivity patterns
compared to healthy controls.

e HS5: Baseline EEG measures will show significant correlations with
inflammatory markers in FND, suggesting an interaction between

neurophysiological activity and immune function.
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7.3 Methods

7.3.1 Participants

A sample of participants who had completed Study 2 (Chapter 6) were invited to reply
via email to take part in this phase of the study. A sample of N = 78 took part in this
experimental study, aged between 18 — 67 (MeanAge = 39.97, SD = 12.05, 62 females). This
sample included 29 Healthy Controls (MeanAge = 39.38, SD = 14.18, 22 females, 7 males)
and 49 people with a diagnosis of FND (MeanAge = 40.33, SD = 12.48, 40 females, 9 males).
A matched design was ensured based on gender, age, lifestyle and handedness. Often, carers,
partners, relatives, or friends of the patient group would act as healthy controls. There was no
statistical difference in the mean ages of the groups (¢ (76) = .366, p = .759). Additional health
factors were screened for during the recruitment process, particularly anything which may
influence biological markers such as health conditions in both groups, pregnancy and lactation,
recreational drug use, heavy drinking, smoking, heart conditions, diabetes, asthma and blood-
thinning medications. Demographic and health data was also collected from the sample, which
could influence biological markers but could not be fully controlled, including menstruation
cycle, sedentariness in the last week, medications, height and weight and dietary intake within
the previous two weeks. BMI was calculated, and the mean BMI of the FND group (M = 30.61,
SD = 6.36) was significantly higher than the BMI of the Healthy Control Group (M = 25.88,
SD =25.88, SD =4.89; (1, 67)=5.067, p = .028). This was further reflected by measures of
sedentary activity suggesting that those in the FND group had more restricted and sedentary
lifestyles compared to controls. FND patients also had a list of additional medications (in some
cases rather large lists) which could not be screened out, and this, along with BMI, is considered

in the analyses that follow.

7.3.2 Procedure

Participants were invited to participate in the online study and asked to indicate
preferences to be contacted regarding this experimental phase of the study. Before coming in
for assessments, participants completed online screening information which ensured that
ethical and safe practices were applied and that there were no contraindicators to testing,

particularly for phlebotomy measures. Participants were asked to fast for 12 hours prior to their
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appointment, but to hydrate well (with water only) and to continue taking any prescribed
medication as needed. Upon arrival at the lab, participants were greeted, offered water to ensure
sufficient hydration and completed further screening and health questions. Participants were
then weighed and had their height recorded. Participants were first invited to provide a blood
sample (10ml of Venus blood was extracted). After ensuring participants' safety and supplying
them with a healthy snack, participants participated in an EEG. The EEG consisted of 6 minutes
of recorded data in total (3 minutes eyes open and 3 minutes eyes closed), and these conditions
were randomly ordered to reduce the effects of fatigue and order effects. Upon completion,

participants were debriefed and thanked for their participation.

7.3.3 Data collection & and processing

7.3.3.1 Psychological Markers Collection and Processing

To measure dissociation as a multi-construct model over a unitary model, Bricre,
Weathers, and Runtz's (2005) Multiscale Dissociation Inventory (MDI) was used. This
assesses dissociation across 6 subscales to emulate contemporary notions of the multifaceted
nature of dissociative experiences: Disengagement, Identity, Emotional, Memory,
Depersonalisation and Derealisation. This scale veiled useful findings in the previous empirical
studies (Chapter 5 and Chapter 6). The 30-item scale also generates a total dissociation score.
The scale showed good psychometric properties and good internal validity (Cronbach’s alpha
= .96). The current study only employed the sum of the total dissociation score rather than
exploration of the component parts as an initial exploration into the links between dissociation,

inflammation and brain function.

Mood was measured using the Depression, Anxiety and Stress Scale (DASS-
21; Lovibond & Lovibond, 1995) is a 21-item scale (7 items each for depression, anxiety and
stress). Scores on each of the subscales ranged from 0 (none) to 3 (usually/always). The scale
assesses dysphoric mood states including self-depreciation, lack of interest, hopelessness,
arousal states and emotional liability to stressors across the subscales. Only the Anxiety and
Stress subscales were used in the present study. Summed scores were generated and multiplied

by two to match the authors’ recommendations. The scale has good psychometric properties

(Cronbach's alpha = 0.80).
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7.3.3.2 Other demographic and health status information

Demographics and health status were obtained in an online questionnaire before
attending the lab on the day of testing. This online survey included the above psychological
constructs: Dissociation, Depression, Stress, and Anxiety and asked for additional details,
including age, handedness, sex and other markers, which could be used to assess overall health
status to ensure a suitably matched design. Additional questions ensured rigorous screening to
ensure that there would be no adverse effects to testing. This included screening for anyone
with pregnancy, diabetes, heart conditions, and asthma, as these could influence levels of
inflammation or act as adverse conditions, causing potential issues for testing. Upon attendance
at the lab, participants were asked to complete further health status data, including providing
lists of medications, additional conditions, information on menstrual cycle and activity level
and stating any prior issues with blood samples. Participants were weighed on a set of standard

metric scales, and height was obtained to calculate accurate BMIs.

7.3.3.3 Phlebotomy Collection and Processing

Prior to data collection, participants were required to fast for a minimum of 12 hours,
consuming only water prior to their appointment to ensure that inflammatory data was not
subsumed by dietary intake (as per literature recommendations, e.g., Langsted et al., 2014). IL-
6 and CRP were selected as these are two of the most commonly assayed biomarkers of chronic,
low-grade inflammation (e.g., Baumeister et al., 2016; Fagundes & Way, 2014). Though of
course, the role of these molecules extends beyond inflammation, they are a good starting point
for exploratory studies as these molecules are easier to detect (Del Giudice & Gangestad,
2018). Venous blood was collected into an EDTA vacutainer (10ml), inverted to mix and stored
in a fridge prior to processing. Each sample was centrifuged for 15 minutes at 1000 x g at 4°C
within 30 minutes of collection. Plasma was decanted and aliquoted to 200uL cryotubes before
being stored in a -80°C freezer until analysis. Processing of samples followed approved

guidelines.

Uncoated multiplex ELISA plates from MESO Scale Discovery (MSD, Gaithersburg,
USA) were selected for assays as they allow for sensitivity at low concentrations as well as the
high dynamic range of standard curves and inter-plate low reliability. Panels were coated
according to ELISA processes with minimal modifications to ensure maximum optimisation

and accuracy. All plasma samples from healthy controls and patients were assayed in duplicate
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immediately after the first thaw. Repeated freeze/thaw cycles were avoided to ensure sample
preservation and to avoid degrading sample proteins. Once plates were coated, 50 pl of each
diluted sample was added to the well of the 40-well plate and incubated at room temperature
for 2.5 hours. The plates were then washed three times with a Wash Buffer (MSD) and Sulfotag
Detection Antibody (MSD). Finally, plates were washed again and 150 pl of read buffer was
added prior to being scanned by a SECTOR Imager 6000 Reader (MSD). IL-6 levels are

reported as a mean after the mean zero standard has been subtracted.

7.3.3.4 Electroencephalography Recording and Processing

Each participant's resting state EEG data were recorded for 3 minutes per condition
(eyes open and eyes closed). EEG was recorded with a NeuroScan Nuamps Amplifier
(Compumedics, USA) based on an extended 10-20 placement via 34 Ag-AgCI electrodes
which were mounted onto a Quik-Cap. The reference electrode was Cz and the ground
electrode was located at a frontopolar midline position. Measurements were taken of
participants' heads in line with standard EEG collection convention, to ensure correct fitment
and placement and position of the cap in each instance. Additional electrooculogram (EOQG)
electrodes were placed at the outer canthus of each eye, and vertical EOG electrodes were
placed above and below the right eye. Impedance was maintained at below 5 kQ throughout

the recording and recordings were conducted with a 1000-Hz sampling rate.

Signal processing was performed using CURRY 7.12 (Compumedics, USA). Data was
initially refenced to a linked mastoid. Filters included a low-pass filter of 49Hz, high-pass filter
of 1Hz and notch filter of S0Hz. Artefacts were reduced in the following way. Firstly, a semi-
automated procedure identified noise in posterior channels and marked the area as a bad block.
Data in the bad block were “flatlined”. Eye movement artefacts were then reduced. Frontal
electrode channels were used to identify blink artefacts, and principal components analysis was
used to extract blink-related activity from the data. Data files were then saved and reopened.
EEG data was divided into 2s back-to-back epochs. Epochs with any further artefacts were
removed, with the criteria that a minimum of 60 epochs were retained for each participant
(equating to 2 minutes of clean data). During data processing, some samples were excluded
from the analysis. Of the original 49 FND participants, 2 had adverse experiences in testing,
which limited accuracy and noise in the recorded EEGs and 3 presented with abnormally high-

frequency data. Of the original 29 controls, 3 declined to provide EEG and a further 2 were
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excluded in data cleaning owing to excessive noise in the recorded data. A total of 44 FND

participants and 24 Healthy Controls were retained for analysis.

Spectral analysis explored Delta (1 — 4 Hz), Theta 4-8Hz), Alpha (8-12Hz), Beta (12-
30) and lower Gamma (30 — 49 Hz). Alterations in these frequency bands have been implicated
in various neurological and psychological disorders, including those characterised by
dissociative symptoms or inflammation (Clarke et al., 2001; D’ Alessandro et al., 2003). Whilst
whole brain analysis was reported across the scale, specific electrode clusters were also
explored, which represent distinct brain regions and functional networks. This approach
allowed for a more focused investigation of neural activity within regions of interest and
aligned findings with stronger theoretical frameworks and previous research. Selective analysis
of electrode clusters also enabled exploration of more meaningful relationships between neural
activity and additional variables (Giacometti et al., 2014; Keil et al., 2014; Lemieix et al., 2001;
e.g., dissociation and inflammation). Initial analysis and figures were based on frequency bands
at frontal, frontal central, central parietal, temporal and occipital sites. Explorations then went

beyond this to explore specific cluster sites of interest to the current research.

EEG power data were next quantified for specific regions of interest, particularly those
which define the default mode network, salience and supplementary motor area networks.
Channel selection was based upon the topographical map developed by Giacometti et al.,
(2014). Topographic mapping techniques were implied to infer underlying brain activity from
scalp EEG data, though the inherent limitations in precise localisation of such an approach are
acknowledged. Clusters of electrodes corresponding to regions of interest were identified and
based on established literature (Giacometti et al., 2014; Kozlowska et al., 2018) facilitating
investigation into neural correlates of dissociation and inflammation in FND. Channels selected
for electrode clusters have been reported here to conform to best practices and the need for
transparency in EEG studies (Keil et al., 2014). Due to the complexity and scale of the data set
and conceptual disagreements within the literature, two further rounds of electrode clusters
were explored. In particular, electrode clusters employed in previous EEG studies in children
with FND were considered in this analysis (Kozlowska et al., 2018) to ensure that results could
be interpreted with clear reference to work which has previously been done. In set 1, areas
implicated in the DMN were explored as a whole including regions of the Medial and Posterior
Cortex (mPFC, Electrodes CP4, CPz, Fpl, FT7, FT8, O1, 02, Oz, Pz) and Temporal and
Parietal Regions were explored as a separate cluster (Electrodes F10, F9, P3, P4, P7, P§, POI,
PO2, T7, T8, TP7, TP8). The salience network was defined according to two core regions of
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the network, the insula cluster and the dorsal ACC cluster (as per literature recommendations
e.g., Seeley et al., 2007; Williams, 2017; Electrodes: F7, F8, Fz, F4). The Supplementary motor
area, or SMA, was identified using further literature recommendations (Williams, 2017) and
utilised corresponding electrodes in frontal and motor cortex areas (FC3, FC1, FCZ, FC2, FC4,
Cz, CP3, C4, C3).

In set 2 of the EEG power data analysis, more specific elements of the DMN were
explored. This included examining separately a cluster of electrodes of the posterior DMN and
electrodes corresponding to the posterior cingulate cortex cluster (PCC Cz, C4), the precuneus
cluster (O1, Pz, O2), and the temporal lobe cluster (P3, P4). The anterior DMN was explored
through investigation of the ventromedial prefrontal cortex (vimPFC; Fpl, Fp2, Fz). These
electrode selections were based upon recently verified topographical map and cluster
suggestions from Giacometti et al. (2014) and in recent work in FND from Kozlowska et al.,

(2018).

7.3.4 Statistical analyses

Analysis of variance (ANOVA) was used to investigate differences in clinical measures
between those with FND and healthy controls. An ANOVA was applied to explore differences
in inflammatory markers (IL-6 and CRP) between the two groups (FND and Controls). A
further ANOVA was run to consider covariates of Mood (Depression, Anxiety, Stress) and
BMI. Pearson’s correlations were then used to explore the relationship between IL-6 and CRP
and Dissociation. With regard to EEG, MANOVA was performed to compare the cortical
network characteristics at the global level and in each frequency band across the scalp.
Bonferroni corrections and adjusted p-values were applied to control for multiple comparisons.
Forms of cluster analysis were then run to explore frequency bands within clusters of electrodes
at specific sites of interest using MANOVA. Again, upon completion, covariates of IL-6, CRP
and Mood were added to the model. Correlations between inflammation data and EEG were
applied using Pearson’s correlations in each group and any significant comparisons made
between these applied Fisher’s Z to assess the magnitude of difference between the groups. All

statistical analyses were performed in SPSS v28.
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7.4 Results

7.4.1 Inflammation and psychological constructs: between-group comparisons

Table 8 shows the descriptive statistics, f-values and significance for the groups for

Dissociation, Stress, Anxiety, Depression, BMI, IL-6 and CRP.

Table 8: Means, standard deviations and significance values for each of the tested variables for FND
and Control Groups in Study 3, Chapter 7

FND Controls [ statistic 95% CI p
Variables X SD X SD
Anxiety 3126 9.34 19.92 7.75 23.788 [23.436,27.955] <.001
Depression 32.39  12.07 19.56 5.81 23.149 [23.318,28.639] <.001
Stress 3291 10.60 22.58 8.58 15.466 [25.343,30.440] <.001
BMI 30.19 6.34 26.78 4.98 5.067 [26.975,29.996] .028
Dissociation 68.29 17.92 43.48 8.93 36.870 [51.728,59.424] <.001
IL-6 1675 1126 .0786 .0341 17.051 [.190, .233] <.001
CRP 2404 .0885 1822 .0947 7.478 [.102, .144] .008

ANOVA was used to explore psychometric data obtained prior to physiological testing.
The FND group scored significantly higher than healthy controls for Anxiety (p <.001),
Dissociation (p <.001), Depression (p <.001) and Stress (p <.001). BMI was also significantly
higher for the FND group than for the control group (p = .028) and thus was considered as a

covariate in the analysis which follows.

7.4.2 Inflammation Findings

Multivariate analyses using ANOVA were used to explore the relationship between
groups for inflammatory markers IL-6 and CRP to protect against Type II errors, which can
occur from multiple t-test comparisons. The mean CRP index of the FND group (M = .2404,
SD = .0884) was significantly higher than that of the Healthy Control group (M = .1822, SD =
.0947; F (1,76) =7.478, p = .008). ANOVA was also used to explore the relationship between
IL-6 and Group. The mean IL-6 index of the FND Group (M =.1675, SD = .1126) was
significantly higher than that of the Healthy Control Group (M = .0786, SD = .0341; F (1, 76)
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= 17.051, p <.001). These differences are displayed in Table 8 along with psychometric data
and are displayed in Figure 3.

IL-6 & CRP Levels in FND and Healthy Controls
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Figure 3: Levels of IL-6 and CRP in FND and Healthy Controls, Chapter 7, Study 3

A multivariate analysis of variance (MANOVA) with covarying factors was used to
examine the independent effects of other variables in this relationship. This included examining
the independent effects of BMI, Depression, Stress, and Anxiety as covariates in the
relationship between group membership and IL-6 and CRP levels. MANOVA revealed
significant differences in IL-6 levels between the FND and Control Groups (£ (5, 64) = 5.195,
p <.001), as indicated by a Type III sum of squares value of .212. However, no significant
differences were found in CRP levels between the two groups (F (5, 64) = 1.395, p = .238),
with a Type III sum of squares of .055.

Further examination of individual predictors revealed significant effects of Depression
on IL-6 levels (F (1, 64) = 4.453, p = .039), but not on CRP levels (¥ (1, 64) =, p = .600).
Additionally, BMI showed a marginal effect on CRP levels (£ (1, 64) = 3.431, p = .060) but
not on IL-6 levels (F (1, 64) = 1.877, p = .175). Group membership showed a significant
influence on IL-6 levels ((F (1, 64) =4.744, p = .033), but not on CRP levels (F (1, 64) =.926,
p = .340). Stress and anxiety did not significantly influence IL-6 or CRP levels. Overall, the

model accounts for a significant proportion of the variance in IL-6 levels (R? = .289, Adjusted
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R? = .233) but only a small proportion of the variance in CRP levels (R? = .098, Adjusted R?
~ 028).

7.4.3 Dissociation and inflammation

Pearson’s Correlation Coefficients were used to assess the relationship between
Dissociation, IL-6 and CRP. In the total sample, significant positive correlations were found
between CRP and IL6 levels (r = .387, p <.001), indicating a moderate positive relationship
between these inflammatory markers. Additionally, there was a moderate, positive correlation
between Dissociation and IL-6 levels (» =.285, p =.016) and Dissociation and CRP levels (r =
.242, p =.042). Findings indicate that higher levels of inflammatory markers IL-6 and CRP are
associated with greater levels of dissociation within the overall sample. Notably, when
correlations were run for the FND group alone, similar patterns of associations were observed.
Within the FND group, there were significant positive correlations between CRP and IL6 levels
(r=.379, p = .007) and between CRP levels and dissociation (» = .149, p = .036), albeit the
latter was weaker. Conversely, in the healthy control group, no significant correlations were
found between CRP and IL6 levels (» =.105, p = .589) or between IL6 levels and dissociation
(r = -.281, p = .206), and a negligible correlation was observed between CRP levels and

dissociation (» = -.005, p = .983).

7.4.4 EEG Investigations at Midline Sites

These were investigated across the scalp at the frontal, frontocentral, centroparietal,
temporal, and occipital regions. At lower frequency bands (Delta and Theta), there are no
significant differences between FND and Healthy controls to report. The statistics associated

with these tests can be seen in Table 9.
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Table 9: Delta and Theta Frequency analysis in EEG at midline cites across the scalp, Chapter 7,
Study 3
Mean Value  Mean Value F p- Partial Eta Squared

Site FND pV? Control pV? value  Effect Size
Delta

Frontal 19.84 18.57 802 374 012

Frontocentral 11.26 10.57 619 424 .009

Centroparietal 13.40 13.29 .029 .865 .000

Temporal 25.16 23.35 821 .368 012

Occipital 11.98 11.62 15735 .002
Theta

Frontal 9.25 8.64 586 .447 .009

Frontocentral 5.93 5.54 494 484 .007

Centroparietal 6.75 6.58 .061 .806 .001

Temporal 11.33 10.47 .647 424 .010

Occipital 6.01 5.79 150 .700 .002

ANOVA also explored sites across higher frequency bands (Alpha, Beta and Gamma)
and again across the scalp. Of note, those with FND had statistically lower alpha at
frontocentral (p <.001), centroparietal (» <.001) and temporal (p =.46) sites in comparison to
healthy controls. Mean scores for the FND group were also significantly reduced in the Beta
frequency band at the centroparietal cluster (p =.035) and in the Gamma frequency band at the

temporal cluster (p =.023). These results are displayed in Table 10.
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Table 10: Alpha, Beta and Delta Frequency analysis in EEG at midline sites across the scalp,
Chapter 7, Study 3
Mean Value  Mean Value F p-value Partial Eta Squared
Site FND pV? Control pV? Effect Size
Alpha
Frontal 7.36 8.06 154 388 011
Frontocentral 4.98 7.09 19.041 <.001 224
Centroparietal 6.09 8.98 16.711 <.001 202
Temporal 10.05 12.33 4.155  .046 .059
Occipital 6.12 6.85 745 391 011
Beta
Frontal 5.11 4.87 337 564 .005
Frontocentral 3.20 2.96 172 .383 012
Centroparietal 3.50 4.18 4.631 .035 .066
Temporal 6.98 7.76 1.868  .176 .028
Occipital 3.22 3.05 415 522 .006
Gamma
Frontal 1.75 1.635 .295 .589 .004
Frontocentral .859 738 1.814  .183 .027
Centroparietal 759 .835 735 394 011
Temporal 2.36 3.03 5409  .023 076
Occipital 926 877 .184 .670 .003
Note: Tests denoting significant differences have been bolded.

Activity across electrode sites and across frequency maps can be seen in Figure 4. The
collection of 5-line graphs depicts activity across the scalp in relation to each frequency band.
Whilst differences between those with FND and Healthy controls are often too small to be
deemed of statistical significance, there is a general pattern of altered activity which requires

further exploration.
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Figure 4: Denoting Average frequency bands across Frontal, Frontal central, Central Parietal,
Temporal and Occipital regions across the scalp in FND and Control Groups

A repeated measures ANOVA was conducted to examine the effects of electrode
clusters on EEG power across different frequency bands. The model included five within-
subject factors representing electrode clusters (Frontal, Frontocentral, Centroparietal,
Temporal, Occipital), and dependent variables representing EEG power in different frequency
bands (Delta, Theta, Alpha, Beta, Gamma). Tests of between-subjects effects revealed a

significant main effect of electrode clusters on EEG power across all frequency bands (Wilks’
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=.199, 1 (68, 296) = 10.553, p <.001, nP? = .728). Group was included as a between-subjects
factor and revealed a significant main effect of group on EEG power across all frequency bands,

Wilks' A =0.399, F (1, 68) = 52.618, p < .001, partial nP> = .437.

Analysis indicated that there was no significant effect of electrode clusters in delta (#
(4, 296) = .029, p =.865). There was also no effect of Group found for delta (¥ (1, 68) =.802,
p = .374, nP? = .012). Similarly, there was no significant main effect of electrode clusters in

Theta band power (F (4, 296) = .647, p =.424) and no effect of Group (p = .249).

MANOVA analyses here showed a significant main effect of electrode clusters on
Alpha band power, (F (4, 269) = 19.041, p < .001, nP? = .224). There was also a significant
main effect of group on Alpha band power (F (1, 68) = 23.688, p = <.001, nP? = .258 Post hoc
analyses using univariate ANOVA showed significant variations in Alpha band power across
different electrode clusters, particularly between frontal and frontocentral clusters (£ (1, 269)
=68.989, p <.001, n* = .224). Analysis revealed a significant main effect of electrode clusters
on Beta band power (F (4,269) =4.631, p = .035, nP? =.066) and of Group (F (1, 68)=7.131,
p =.009, nP% = .095). Contrasts between Frontocentral and Centroparietal electrode clusters
showed significant differences in Beta band power (F (1, 269) = 7.223, p = .035, nP? = .066).
Analysis revealed a significant main effect of electrode clusters on Gamma band power (F (4,
269) = 5.409, p = .023, nP?* = .076). There was also a significant main effect of group on
Gamma (F (1, 68) = 10.192, p = .002, nP? = .130). Post hoc tests indicated specific differences
among electrode clusters for Gamma band power, and there was a significant difference in
Gamma between Temporal and Occipital electrode clusters (F (1,269)=7.098, p=.023, nP? =
.076).

7.4.5 Group differences in EEG spectral power in the DMN, Salience, SMA and
Temporal and Parietal Clusters

Spectral power was examined in areas of interest outlined in the methods. Patients with

FND showed increased Delta activity in the DMN, SMA and Temporal regions. No significant

differences were noted in the Theta frequency band. These differences are noted in Table 11.
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Temporal Clusters, Chapter 7, Study 3

Table 11: Delta and Theta Frequency analysis in DMN, Salience, SMA and Lateral Parietal and

Site

Delta
DMN
Salience
SMA
Temporal

Theta
DMN
Salience
SMA

Temporal

Mean Value  Mean Value F p- Partial Eta Squared
FND pV? Control pV? value  Effect Size

2.81 2.13 16.646 <.001 .201

2.77 2.68 .260 612 .004

2.27 1.63 21.793 <.001 .248

2.67 2.25 10.296 .002 135

1.17 1.14 135 715 .002

1.28 1.22 410 524 .006

973 951 .089 766 .001

1.13 1.11 058 .810 .001

Note: Tests denoting significant differences have been highlighted in bold.

Those with FND also showed reduced activity in Salience and SMA networks in Alpha

frequency and reduced Beta activity in the SMA and Temporal regions. Further analysis also

revealed differences in Gamma activity particularly in the DMN, SMA and Temporal clusters.

These findings are noted in Table 12.
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Table 12: Alpha, Beta and Delta Frequency Analysis in DMN, Salience, SMA and Lateral
Parietal and Temporal Clusters, Chapter 7, Study 3
Mean Value  Mean Value F p-value Partial Eta Squared

Site FND pVv? Control uVv? Effect Size
Alpha

DMN 1.16 1.12 137 713 .002

Salience 945 1.38 21.958 <.001 250

SMA 795 1.25 29.297 <.001 307

Temporal 1.12 1.31 2.441 123 .036
Beta

DMN .688 .649 156 .694 .002

Salience 755 724 234 .630 .004

SMA 515 704 7.999  .006 .108

Temporal .663 .848 8.384  .005 113
Gamma

DMN 182 442 33.384 <.001 336

Salience 271 256 197 .659 .003

SMA 136 .186 7.089  .010 097

Temporal 212 304 10.491 .002 137
Note: Tests denoting significant differences have been bolded.

7.4.6 Relationships between DMN, Salience, SMA and Temporal Networks in
Relation to Groups, Inflammation and Dissociation

A MANOVA was conducted to investigate the impact of DMN, Salience, SMA, and
Temporal clusters of EEG activity on various frequency bands (Delta, Theta, Alpha, Beta, and
Gamma) in relation to groups with CRP, IL6, and Dissociation serving as covariates. The
analysis revealed a significant multivariate effect of network clusters on frequency power,
indicating that the combined clusters significantly predicted variations across the different
frequency bands (Wilks’ Lambda = .647, F (16, 240) = 3.268, p <.001, nP? = .179).
Specifically, within the Delta frequency band, the DMN cluster showed significantly higher
EEG power compared to other clusters (F (4, 240) = 7.548, p < .001, nP? = .346), indicating

increased activity in regions associated with the DMN during restful states. In the Alpha
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frequency band, both the Salience and SMA clusters exhibited significantly higher EEG power
compared to other clusters (Salience: F (4, 240) = 4.858, p = .002, nP? = .254; SMA: F (4,
240) = 5.819, p < .001, nP? = .290), suggesting enhanced attentional and motor processing,
respectively, in these regions. Furthermore, in the Gamma frequency band, the DMN cluster
demonstrated significantly higher EEG power compared to other clusters (' (4, 240) = 12.061,
p <.001,nP? = .458), indicative of increased neural synchronisation associated with cognitive

processing.

Univariate ANOVAs for each band demonstrated significant main effects for these
clusters in all frequency bands, and Tables 11 and 12 note where these were significantly
different between groups. When mediated by covariates, within the Delta frequency band, the
group differences were particularly pronounced, with significant effects observed for all
clusters (DMN: F (1, 240) = 27.125, p < .001, nP? = .322; Salience: F (1, 240) = .992, p =
323,7P2=.017; SMA: F (1, 240) = 18.986, p <.001, nP? = .250; TNP: F (1, 240) =3.492, p
=.067, nP? = .058), suggesting distinct neural processing patterns between groups, possibly
related to cognitive or affective states. Notably, in the Alpha frequency band, significant group
differences were observed in the Salience and SMA clusters (Salience: F (1, 240) =11.407, p
=.001, nP?% = .167; SMA: F (1, 240) = 11.326, p = .001, nP? = .166), indicating differential
attentional and motor processing across groups. Similarly, in the Gamma frequency band,
significant group differences were found in the DMN and TNP clusters (DMN: F (1, 240) =
23.651, p < .001, nP? = .293; TNP: F (1, 240) = 5.618, p = .021, nP? = .090), suggesting

distinct patterns of neural activity.

The results revealed significant main effects for IL-6, CRP, and dissociation, as well as
significant interactions between these factors and electrode clusters within specific frequency
bands. Specifically, or delta, significant main effects were observed for IL-6 (p <.001, nP? =
.336), CRP (p =.40, nP? = .159), and dissociation (p =.007, nP? = .112). These effects varied
across different electrode clusters, indicating differential modulation of EEG power as
influenced by inflammatory markers and dissociative symptoms. Specifically, TNP cluster
differences in the Delta frequency band were moderated by CRP levels (F (4, 240) =2.692, p
=.040, nP%=.159).

Additionally, in the alpha frequency band, significant main effects were found for IL-6
(p = .002, nP? = 2.54) and CRP (p <.001, nP?% = .290), suggesting their influence on neural

oscillations within specific brain regions. Analysis revealed a significant main effect of group
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on Beta band power (¥ (1, 68) =7.131, p=.009, nP>=.095). Differences in Alpha band within
the salience cluster were influenced by IL6 levels (F' (4, 240) = 4.858, p = .002, nP? = .254).
Additionally, dissociation showed a significant main effect (p = .037, nP? = .166), indicating
an association with alterations in alpha band activity. This specifically moderated differences
in Beta within the DMN cluster (£ (4, 240) = 7.939, p = .007, nP? = .122). Finally, CRP levels
were found to have moderate differences in the Gamma frequency band; this was particularly

noted within the SMA cluster (¥ (4, 240) =2.567, p = .048, nP? = .153).

7.4.7 Exploration of areas within the DMN in relation to frequency bands

Final multivariate analyses explored specific facets of the DMN; notably, these were
explored by clusters of electrodes to denote the Posterior Cingulate Cortex (PCC), Precuneus,
ventromedial Prefrontal Cortex (vmPFC) and Temporal Lobe cortex (TLC). Group differences
are explored in relation to frequency bands (Delta, Theta, Alpha, Beta and Gamma) and in
relation to the group. In relation to Delta and Theta activity, the FND group showed higher
activity in the PCC Precuneus and vmPFC. No differences were noted in Theta. Results are

displayed in Table 13.
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Table 13: Delta and Theta Frequency analysis in DMN components (PCC, Precuneus,
vmPFC and Temporal Lobe), Chapter 7, Study 3
Mean Value  Mean Value F p-value R?
Site FND pVv? Control uVv?
Delta
PCC 3.77 3.01 8.761 004 A17
Precuneus 6.92 5.38 7.490 .008 102
TLC 3.76 3.75 .002 963 .000
vmPFC 9.10 7.06 9.807 003 129
Theta
PCC 1.93 1.80 484 489 .007
Precuneus 3.45 3.42 .020 .889 .000
TLC 1.89 1.83 .080 778 .001
vmPFC 4.32 3.95 .595 443 .009
Note: Tests denoting significant differences have been highlighted in bold.

In relation to Alpha activity, the FND group showed lower activity in the PCC,

Precuneus and vmPFC. The FND group also showed lower activity in the vmPFC in the

Gamma Frequency band and a trend toward significance in TLC. No significant differences

were noted in Beta. These statistical analyses are outlined in Table 14.
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Table 14: Alpha, Beta and Delta Frequency Analysis in DMN components (PCC, Precuneus, vinPFC
and Temporal Lobe), Chapter 7, Study 3
Mean Value Mean Value F p-value R?
Site FND pV? Control uV?
Alpha
PCC 1.59 3.64 51913 <.001 440
Precuneus 2.46 5.22 61.616 <.001 483
TLC 1.93 2.38 2.614 A11 .038
vmPFC 2.89 3.93 12.793 <.001 .162
Beta
PCC 1.01 .942 513 476 .008
Precuneus 1.88 1.80 279 .599 .004
TLC 1.039 956 .825 367 012
vmPFC 2.09 2.03 125 725 .002
Gamma
PCC 25 21 2.287 135 .033
Precuneus .54 Sl 177 .675 .003
TLC 25 21 3.891 .053 .056
vmPFC 49 91 25.408 <.001 278
Note: Tests denoting significant differences have been highlighted in bold.

The MANOVA reveals significant between-subject effects, as evidenced by the

corrected model’s statistical significance (F (1, 67) = 8.761, p = .004, R? = .117), indicating

overall predictive power. Subsequent examination of group differences elucidates noteworthy

variations in neural activity in different brain network regions and frequency bands, noted in

Tables 13 and 14. These are particularly evident in the Delta, Alpha, and Gamma frequency

bands.
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7.4.8 Interactions between PCC, Precuneus, vimnPFC and Temporal Lobe in Relation
to Groups, Inflammation and Dissociation

An additional MANOVA was run for these clusters to include IL-6, CRP and
Dissociation as well as a group, and this was statistically significant (Wilks’ Lambda =.596, F/
(20, 206) = 2.135, p = .006). This indicates that the combined set of covariates significantly
predicted the cluster variables. For the delta frequency band, significant corrected models based
on these covariates were found for PCC (F (4, 57)=3.582, p=.011, R? = .201), and Precuneus
showed a trend toward significance (F (4, 57) = 2.518, p = .051, R? = .150). In delta, there was
also a significant effect observed for the corrected model in the vmPFC cluster (F (4, 57) =
4.545, p = .003, R? = .201). Group had a significant effect in this corrected model for PCC (F
(1,57)=6.694, p=.012, R? = .285), Precuneus cluster (F (1, 57) = 8.027, p = .006, R? = .285)
and vmPFC (F (1, 57) = 16.824, p <.001, R? = .150), suggesting its influence on these clusters
in the Delta band.

Similarly, in the Alpha frequency band, significant corrected models were observed in
the PCC (F (4, 57) = 11.631, p <.001, R? = .449), the Precuneus cluster (F (4, 57) = 14.233, p
<.001, R? = .500) and the vmPFC (F (4, 57) = 2.897, p =.030, R? = .169). Group significantly
influenced PCC (F (1, 57) = 27.364, p <.001, R? = 411), Precuneus (F (1, 57) = 8.761, p =
.004, R? = 117) and vmPFC (F (1, 57) = 5.281, p =.025) clusters in the Alpha band. The
Gamma frequency band showed significant corrected models in the vimPFC region (¥ (4, 57)
=7.705, p <.001, R? = .281). This was also observed as a significant effect in the exploration
of the influence of Group (F (1, 57) = 12.242, p <.001). In the theta and Beta frequency bands,
none of there were no significant observed effects for models or Groups, indicating a lack of

relationship between covariates and clusters in these bands.

In exploring the influence of covariates, CRP levels exhibited significant effects on
neural oscillations in the PCC region in both the Delta (£ (1, 57) =4.662, p =.035) and Gamma
(F(1,57)=4.032, p=.049) frequency bands. IL6 showed no significant associations with these
network clusters but showed a trend toward significance in PCC in both Delta (F (1, 57) =
3.298, p =.075) and Gamma (F (1, 57) = 3.385, p =.071). Dissociation as a covariate showed a
significant relationship with vmPFC in Delta (¥ (1, 57) = 5.844, p =.019) and a trend toward
significance for vimPFC in Theta (F (1, 57) = 3.326, p =.073).
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7.4.9 Correlations between EEG, Dissociation and Inflammation

Whilst Dissociation and inflammation have been used as covariates throughout these
electrophysiological analyses, Pearson’s correlations were run to assess a more direct
relationship with these measures and to ascertain the strength and direction of their influence.
Whilst CRP did not correlate with any of the neural network clusters, there was a trend toward
significance between CRP and the temporal and parietal region in Beta (» =.295, p = .052) and
between CRP and the PCC in delta activity (» = .293, p = .054). IL-6 did not show any
significant associations with any of the electrode clusters at any frequency sites. This indicates
that a complex interplay and relationship may be present in the relationship between
inflammation and neural activity in FND. Dissociation showed a strong negative correlation
with DMN in Delta (» = -.418, p = .005) and DMN in alpha (» = -.319, p = .035). When
exploring components of the DMN, Dissociation showed negative, significant correlations with
vmPFC region in both Delta (» = -.359, p =.017) and Theta (» = -3.06, p = .043) frequency

oscillations.

7.5 Discussion

This study aimed to explore inflammation, dissociation and brain function within FND.
The study aimed to overcome the limitations of previous research by exploring more stable
biomarkers indicative of inflammation and by including a multimodal research design which
included psychological, physiological, neurochemical and electrophysiological data. It was
hoped that integrating these findings would enable the consideration of more holistic findings
in FND. Specifically, this study aimed to; 1) Explore differences in inflammatory markers (IL-
6 and CRP) in FND compared to healthy, matched controls, 2) Consider the role of
psychological and physiological data and their influence in inflammation, including if
inflammatory levels are maintained when mediations for anxiety, depression, stress, BMI and
dietary inflammation are considered, 3) explore inflammatory markers as correlates with
dissociation 4) explore baseline EEG measures and their association with dissociation and

inflammation in FND.

Inflammation, as measured by IL-6 and CRP, was found to be higher in those with FND
than in healthy-matched controls. The findings presented within this study highlight that FND
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goes beyond neural networks and that there are likely key inflammatory markers involved in
this relationship. Much of the previous research in this field has focused on cortisol, but these
have shown mixed results and variable methods (Apazoglou et al., 2017; Bakvis et al., 2009;
Chung et al., 2023; Weber et al., 2024). Further, whilst this research is important, cortisol as a
cytokine lacks specificity, and thus, the addition of findings presented here from more widely
recognised and stable trait markers of inflammation (IL-6 and CRP) add to this body of
literature and support the establishment of consideration of these markers and the role of

neuroinflammation in FND.

Higher inflammatory levels remained even when covariates (depression, anxiety, stress,
BMI) were considered in the model for IL-6 but not for CRP. CRP was particularly influenced
by physiological measures (such as BMI) and psychological measures, particularly Depression.
It is widely recognised that inflammation and concertation of cytokines can affect many
physiological and psychological processes (Becher et al.,, 2017; Levin & Godukhin,
2017; McAfoose & Baune, 2009; McKim et al., 2016; Osipova et al., 2018). In addition to their
role in the immune system, IL-6 and CRP are influenced by a wide range of factors, including
psychological stress and physical activity (Petersen & Pedersen, 2005). Whilst IL-6 is involved
in the initiation of the inflammatory cascade, CRP is a downstream marker of inflammation
and is often considered a marker of systemic inflammation (Pepys & Hirschfield, 2003).
Depression has been consistently associated with alterations in immune system function and
increased inflammation (e.g., Miller et al., 2009). Chronic stress and depressive symptoms can
dysregulate the HPA axis and nervous system, then leading to increased production of pro-
inflammatory cytokines like IL-6. Moreover, depression is associated with changes in health
behaviours (poor diet, physical inactivity) and physiological factors (dysregulated cortisol) that
can further exacerbate inflammation (Miller, 2009). CRP, as a downstream marker of
inflammation, may be particularly sensitive to these effects of depression due to its direct
association with IL-6 production. Unlike IL-6, which is primarily regulated at the
transcriptional level in response to various stimuli, CRP production is influenced by multiple
factors, including genetic predisposition, environmental factors, and chronic diseases (Khera
et al., 2005). Studies have shown that depression can directly influence CRP levels through its
effects on hepatic function, insulin resistance, and adiposity (Howren et al., 2009).
Additionally, depression-related behaviours such as poor sleep quality and substance abuse
may contribute to increased CRP production independently of IL-6 levels (Howren et al.,

2009). It is important to note, therefore, that the findings do not discredit the role of
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inflammation in FND, but that reduced activity caused by mobility impairments or fatigue or
overlap of symptoms, which lends to reduced quality of life and depression, could explain
increases in CRP and the mediation between CRP and depression in FND. The persistence of
elevated IL-6 levels, even when accounting for covariates, underscores its robustness as a

biomarker and suggests a pivotal role of chronic inflammation in the pathogenesis of FND.

The aim of this study was to explore inflammation, dissociation and brain function
within FND. The study aimed to overcome the limitations of previous research by exploring
more stable biomarkers indicative of inflammation and by the inclusion of a multimodal
research design which included psychological, physiological, neurochemical and
electrophysiological data. It was hoped that the integration of these findings would enable the
consideration of more holistic findings in FND. Specifically, this study aimed to; 1) Explore
differences in inflammatory markers (IL-6 and CRP) in FND compared to healthy, matched
controls, 2) Consider the role of psychological and physiological data and their influence in
inflammation, including if inflammatory levels are maintained when mediations for anxiety,
depression, stress, BMI and dietary inflammation are considered, 3) explore inflammatory
markers as correlates with dissociation 4) explore baseline EEG measures and their association

with dissociation and inflammation in FND.

Inflammation, as measured by IL-6 and CRP, was found to be higher in those with FND
than in healthy-matched controls. The findings presented within this study highlight that FND
goes beyond neural networks and that there are likely key inflammatory markers involved in
this relationship. Much of the previous research in this field has focused on cortisol but these
have shown mixed results and variable methods (Apazoglou et al., 2017; Bakvis et al., 2009;
Chung et al., 2023; Weber et al., 2024). Further, whilst this research is important, cortisol as a
cytokine lacks specificity, and thus, the addition of findings presented here from more widely
recognised and stable trait markers of inflammation (IL-6 and CRP) add to this body of
literature and support the establishment of consideration of these markers and the role of

neuroinflammation in FND.

Higher inflammatory levels remained even when covariates (depression, anxiety, stress,
BMI) were considered in the model for IL-6 but not for CRP. CRP was particularly influenced
by physiological measures (such as BMI) and psychological measures, particularly Depression.
It is widely recognised that inflammation and concertation of cytokines can affect many

physiological and psychological processes (Becher et al., 2017; Levin & Godukhin, 2017;
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McAfoose & Baune, 2009; McKim et al., 2016; Osipova et al., 2018). In addition to their role
in the immune system, IL-6 and CRP are influenced by a wide range of factors, including
psychological stress and physical activity (Petersen & Pedersen, 2005). While IL-6 is involved
in initiating the inflammatory cascade, CRP is a downstream marker of inflammation and is
often considered a marker of systemic inflammation (Pepys & Hirschfield, 2003). Depression
has been consistently associated with alterations in immune system function and increased
inflammation (e.g., Miller et al., 2009). Chronic stress and depressive symptoms can
dysregulate the HPA axis and nervous system, then leading to increased production of pro-
inflammatory cytokines like IL-6. Moreover, depression is associated with changes in health
behaviours (poor diet, physical inactivity) and physiological factors (dysregulated cortisol) that
can further exacerbate inflammation (Miller, 2009). CRP, as a downstream marker of
inflammation, may be particularly sensitive to these effects of depression due to its direct
association with IL-6 production. Unlike IL-6, which is primarily regulated at the
transcriptional level in response to various stimuli, CRP production is influenced by multiple
factors, including genetic predisposition, environmental factors, and chronic diseases (Khera
et al., 2011). Studies have shown that depression can directly influence CRP levels through its
effects on hepatic function, insulin resistance, and adiposity (Howren et al., 2009).
Additionally, depression-related behaviours such as poor sleep quality and substance abuse
may contribute to increased CRP production independently of IL-6 levels (Howren et al.,
2009). It is important to note, therefore, that the findings do not discredit the role of
inflammation in FND, but that reduced activity caused by mobility impairments or fatigue or
overlap of symptoms, which lends to reduced quality of life and depression, could explain
increases in CRP and the mediation between CRP and depression in FND. The persistence of
elevated IL-6 levels, even when accounting for covariates, underscores its robustness as a

biomarker and suggests a pivotal role of chronic inflammation in the pathogenesis of FND.

Dissociation was found to correlate with both IL-6 and CRP in FND but not in healthy
controls. This likely is because there were extreme levels and variability of dissociation in the
FND, compared to the baseline levels reported by healthy controls. This finding aligns with
previous studies, reinforcing the consideration of dissociation as a core feature in FND
symptomatology. The relationship between dissociation and inflammation in FND could be
bidirectional. While dissociation can influence inflammatory levels, inflammation itself can
also induce dissociative experiences. Pro-inflammatory cytokines, such as IL-6, can cross the

blood-brain barrier and affect neurotransmitter metabolism, potentially leading to behavioural
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changes, including dissociation (Kronfol & Remick, 2000; Van Dyken & Lacoste, 2018).
Psychological processes and the nervous system and immune responses are deeply
interconnected. So, whilst dissociation can influence levels of inflammation in FND,

heightened inflammation can likewise induce dissociative experiences.

In the context of FND, the principles of allostasis (Sterling, 1988) suggest that chronic
stress and the resultant allostatic load can lead to dysregulation across multiple physiological
systems, contributing to both heightened dissociation and inflammatory responses. These
dysfunctions result in detrimental effects of allostatic load (McEwen, 2003), subsequently
impacting other physiological and neural systems, which may play a role in the dysfunctions
observed in FND. Dissociation has been implicated in this process and is increasingly
considered to be a psychobiological reaction to allostatic overload (Grassi-Oliveira et al., 2008;
Lamb et al., 2021; Staniloiu et al., 2010). However, while I do not ordinarily engage in quite
so much intellectual fencing with myself, the complexity of this discussion (and the inherent
limitations of inferring causality) demands a certain degree of counterbalancing contradiction.
Indeed, the relationship between dissociation and inflammation is likely bidirectional, as
inflammation itself may contribute to neurobiological changes that facilitate dissociative
experiences. Pro-inflammatory cytokines, such as IL-6, have been shown to influence
neurotransmitter metabolism and neural connectivity, potentially inducing alterations in

consciousness and self-perception, which are core aspects of dissociation.

Further supporting the complexity of this model, Keynejad et al. (2019) explored
allostatic load in FND using an index of 11 biomarkers, including metabolic, cardiovascular,
inflammatory, HPA, and autonomic nervous system activity. Their findings particularly
implicated elevated IL-6 and CRP alongside lower cortisol, reinforcing the role of systemic
inflammation and dysregulated stress responses in FND. The present study's findings add to
this body of research by demonstrating significant associations between dissociation and
inflammatory markers, suggesting systemic and chronic inflammation should be integrated into
theoretical models of FND. Given the complex interplay between immune and neurocognitive
processes, further research is needed to clarify the directionality of these relationships and
determine whether inflammation acts as a trigger, consequence, or reciprocal mechanism in

dissociation and FND pathology.

In explorations of electrophysiological data in this study, there were notable areas of

difference in FND in higher frequency bands (Beta, Alpha, Gamma) but nothing of note at
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lower frequency bands (Delta and Theta). At higher frequency bands, patients with FND
showed a lower frequency at the frontocentral, central and parietal regions. Previous research
into children with FND found that there was excessive theta and delta power in electrode
clusters, which corresponded to posterior rather than frontal regions (Kozlowska et al., 2018).
Differences between the current findings and previous research could indicate differences in
the neurobiology of FND between children and adult samples and previous research does note
that symptoms display differently between these two populations (Vassiopoulos et al., 2022;
Yong et al., 2023). Other research has noted that there are also alterations in frontal and central
regions in children with FND using ICA data-driven approaches (Rai et al., 2022) which
supports the findings of the current study.

Further exploration of EEG data in this study revealed that whilst Delta was not
significantly different in overall scalp sites, there were differences in specific cluster areas.
Specifically, the supplementary motor area and temporal areas showed alterations in different
frequency bands. Beta frequency was increased in these areas, and gamma was decreased,
indicating increased neural synchronisation in motor cognition and processing. This was
supported by findings of reduced alpha in the salience area and SMA, which would indicate
enhanced attentional and motor processing in FND. The differences between groups noted here
indicate differences in attention and motor cognition in FND and distinct patterns of neural
activity in FND. Support for these findings can be drawn from a range of neuroimaging studies
in the past decade, which has highlighted that arousal, emotion processing and self-referential
functions and attention are altered in FND (e.g., Voon, 2014; Vuilleumier, 2014; van der Kruijs
et al., 2014). Studies of resting-state data in FND have also noted changes in functional network
organisation in regions of the DMN, salience network and SMA which suggest activation of
allostatic brain systems which shift to a more defensive brain organisation. This organisation
is associated with increased arousal and attention in a system which prioritises reflective and
defensive patterns over voluntary and motor control, which enables responses to threats to
occur more rapidly (Arnsten, 2009; Kynazev et al., 2007). Additionally, CRP moderated delta
in the temporal and parietal region and in the gamma region of the SMA. I1-6 showed wider
effects, particularly in the alpha and beta salience clusters. Dissociation was seen to mediate
this relationship too, particularly in the SMA. Combined, these findings suggest that
inflammation mediates these networks and is further reflective of a system in which allostatic
load has been increased, affecting emotional arousal and leading to reduced neural activity,

which reflects a neural system in a defensive state.
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Given findings attributed to the DMN, a further cluster was explored, which specifically
focused on component parts of the DMN, including the PCC, Precuneus and vmPFC. Findings
suggested that alpha frequency was reduced in some clusters and gamma was particularly
reduced in the vimPFC for those with FND. There was a particular role of CRP in these neural
oscillations particularly in the PCC in Delta and Gamma frequencies. A trend was noted for
IL-6 in the same areas. Whilst correlations were noted for CRP and IL6 by themselves they
were not significant. Taken together, findings here further emphasise that CRP levels in FND
may be influenced by psychological measures such as depression and dissociation and,
importantly, that inflammation levels influence neural activity in FND. They also demonstrate
the complex interplay between these specific mechanisms and the activation of immune and
inflammatory cells in changes to neuroplasticity and brain networks (Milligan & Watkins,
2009). Similarly, the brain’s immune effector cells (glial cells) may be particularly influenced
by inflammation and psychological measures of distress and dissociation, which may
contribute toward increased and decreased neural activity in the brain at rest in specific sites

(Fields, 2009; Frank et al., 2016; von Bernhardi et al., 2016).

Dissociation was found to have particular influences on the vmPFC in the delta and
theta and in DMN activity in the delta and alpha band. This aligns with existing literature on
the neurobiological underpinnings of FND. Studies have consistently implicated alterations in
the function and connectivity of the vmPFC and DMN in the pathophysiology of FND (Hassa
et al., 2021; Voon et al., 2016). The vmPFC is involved in emotion regulation and self-
referential processing, whist the DMN is associated with introspection and self-awareness.
Dysfunctions in these regions have been proposed to contribute to the cognitive and affective
symptoms characteristic of FND, including dissociation (Hassa et al., 2021; Voon et al., 2016).
The specific effects of dissociation on delta and theta oscillations in the vmPFC and delta and
alpha oscillations in the DMN provide further insights into the neurophysiological mechanisms
underlying dissociative experiences in FND. Delta and theta oscillations are associated with
deep states of relaxation, introspection, and altered states of consciousness, while alpha
oscillations are related to attentional processes and cognitive control (Kleckner et al., 2017;
Knyazev, 2012). Dysregulated oscillatory activity in these frequency bands may reflect
disruptions in neural communication and synchronization within and between brain networks,
contributing to the manifestation of dissociative symptoms in FND. These findings can be
integrated into existing neurobiological models of FND that emphasise the role of

dysfunctional self-awareness, emotion regulation, and cognitive control processes (Edwards et
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al., 2008; Voon et al., 2016). Dissociation, characterised by disruptions in consciousness,
identity, and memory, may arise from aberrant processing within the vmPFC and DMN,
leading to a disconnection between self-referential processing and external reality. Importantly,
these neural alterations may interact with psychological and environmental factors to
perpetuate and exacerbate dissociative symptoms in FND (Hassa et al., 2020; Perez et al.,

2018).

The findings demonstrate that the conceptualisation of FND should go beyond that of
a neural network disorder and that FND should be considered as a “whole body” or embodied
brain disorder. Previous research has highlighted how biological markers and bodily
dysfunctions could underpin neural network dysfunctions (Asadi-Pooya, 2016; Milano et al.,
2023; Villagran et al., 2021). The current study adds to this argument further and considers that
psychological states like dissociation and biological dysfunction, including inflammation,
underpin neural network dysfunction in FND. Whilst, of course, the current study cannot
determine cause and effect, it is essential to note the relationships between these markers. FND
could be considered a product of dysfunction in neuroinflammation, wherein chronic
inflammation has led to impaired neural networks. Further, the findings could explain crash
slump reactions in FND. It may also lend toward exploration and consideration of treatment,
which targets not only neural networks but also reduces dissociation and inflammation.
Breaking the bidirectional cycle in which these constructs operate could lead to significant
changes in quality of life, psychological distress and symptom reduction. Additionally,
dissociation must be considered in overall functional outcomes in those with FND and
identification of neural biomarkers associated with dissociation could aid the early detection
and diagnosis of FND, facilitating timely intervention and personalised treatment planning to

improve symptom outcomes.

This study is not without its limitations. Firstly, the distribution of those with FND and
healthy controls is slightly skewed, and additional controls could have enabled a more robust
design. In relation to inflammation, whilst ELISA assays are sensitive and widely used for
quantifying protein concentrations, they may have limitations in specificity as cross-reactivity
with other proteins or interference of biological samples could affect the accuracy of the
measurements. Care was taken to ensure that factors such as batch-to-batch variability and
sample handling procedures were rigorous and that standardised assay protocols were
followed. However, future research could explore alternative assay techniques, including

multiplex immunoassays or mass spectrometry-based approaches, to validate findings and
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explore distributions between different markers. ELISA assays provide quantitative
measurements of IL-6 and CRP levels but not of underlying biological mechanisms driving
changes in inflammation. Future research could also incorporate complementary molecular and
cellular techniques, including gene expression analysis or immunohistochemistry, to
investigate the molecular pathways and cellular processes associated with alterations in

inflammatory markers in FND.

In relation to EEG, whilst comprehensive, additional techniques could have been
applied to the data to add several important dimensions to the findings and address some of the
present limitations. ICA is a powerful technique for decomposing EEG data into spatially
independent components and representing distinct brain networks or sources of neural activity
(Makeig et al., 1997), and this was not applied here. This could support the investigation of
brain networks associated with inflammation and dissociation and enable the examination of
dynamics and interactions to provide a more comprehensive understanding of neural correlates
and neurobiological mechanisms. Additionally, dipole modelling was not applied which could
enable estimation of the location and orientation of electrical sources based on EEG scalp
recordings. Findings, particularly of the vmPFC and DMN regions in his study, should,
therefore, be interpreted with caution. Additionally, EEG does have a limited spatial resolution
in comparison to over-neuroimaging techniques, and further investigations with fMRI could
further support the findings and explore the spatial distribution of neural activity. Similarly,
advanced EEG processing such as the application of Spiking Neural Networks (SNN) to
explore differences in connectivity throughout brain data which should be considered in future

research.

Finally, whilst this study identified associations between inflammation and FND and
considered the role of neural networks and markers of psychological constructs like mood and
dissociation, further research is needed to draw clear conclusions. The cross-sectional nature
of the design limits the ability to draw causal inferences or assess temporal relationships. Future
research could employ longitudinal study designs to investigate the interplay between these
dynamics in FND over time. Additionally, an important future direction would be the inclusion
of a long-term disorder (LTD) comparison group to determine whether the inflammatory,
neural, and psychological profiles observed here are unique to FND or reflective of chronic
illness more broadly. Given the exploratory and feasibility-driven nature of this study, the
inclusion of an additional LTD group was beyond the scope of the available resources, time

and funding, particularly given the complexity of EEG and phlebotomy-based data collection.
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However, future studies should aim to systematically compare FND with other chronic
conditions systematically, and this would enhance our ability to differentiate disorder-specific
mechanisms from those arising from chronic health burden. Furthermore, an examination of
the potential clinical correlates, including symptom clusters (as identified in Chapter 6),
symptom severity, treatment response or functional outcomes, could provide valuable insights
into the clinical relevance of inflammatory markers in FND. Finally, EEG analyses hold
promise for further defining subtypes of FND, as they have been successfully employed in
other conditions, such as ADHD (e.g. Clarke et al., 2001).

7.6 Chapter Summary

Chapter 7 has explored the role of inflammation and neural network dysfunction in
FND. In particular, it highlights the complex interplay between inflammation, neural networks,
baseline frequency data and dissociation in FND. Whilst this study is not without limitations,
it provides key findings which enhance the understanding of FND as a condition of allostatic
load and findings are related to conceptualisations of FND as an embodied brain disorder, one
in which there are alterations to physiology, psychology and neural network activity. This is
explored further in the final chapter, Chapter 8, which provides an overall discussion of all the

findings of this thesis.
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Chapter 8: General Discussion

8. 1 Thesis overview

The current thesis seeks to understand FND regarding the neurophysiological and
neuropsychological mechanisms that may underpin the disorder. The first chapter explored
definitions and the history of the development of the conceptualisation of FND. It challenged
this with Chaos theory and slump crash reactions, often overlooked as part of FND. Chapter 2
explored the psychological correlates of FND and mainly focused on dissociation, which may
warrant further investigation into FND and inclusion in theoretical models. This was followed
by Chapter 3, which provides a detailed description of the neurophysiology and neurochemical
correlates of FND. From these discussions, a series of questions were formulated and addressed

throughout this thesis:

1. Isdissociation a core construct in FND, and how does this relate to other psychological
correlates of chronic illness (stress, anxiety, depression, resilience, social isolation and
social support) and outcomes (cognitive flexibility, hopefulness)?

2. Can the presence of potential subtypes of FND be statistically identified through LCA
analysis, and what are their relationships to dissociation types and predisposing
factors?

3. What is the role of inflammation in FND, and how does this relate to dissociation?

4. Is inflammation in FND mediated by other facets of chronic illness, including dietary
inflammation, BMI and mood?

5. Do baseline EEG measures and Default Mode Network (DMN) differ in FND?

6. What is the relationship between neural activity at baseline, inflammation and

dissociation in FND?

Chapter 5, the first empirical chapter, undertook primary investigations into the role of
dissociation in FND. The aim was to establish its appropriateness as a measure and its relation
to symptom outcomes and other measurable constructs in FND. The findings were significant,
suggesting that multiscale FND constructs were suitable for investigating FND. Moreover,
these constructs exhibited distinct differences between healthy controls and individuals with
other long-term conditions. Elevated dissociation in FND was particularly relevant across five
constructs (Derealisation, Memory, Emotional, Disengagement and Depersonalisation) but not
for identity. Elevated dissociation in FND was not mediated by trauma, mood or social

isolation, suggesting that this may be a particular area of dysfunction in FND that is distinct
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from other long-term chronic illnesses and which warranted further investigation. Dissociation
did, however, display a relationship with cognitive flexibility, suggesting that dissociation
impairs this ability and should be explored with neurobiological measures to assess the role of
dissociation on neural activity. This underscores the importance of considering dissociation in

subsequent investigations, as hinted by the research findings.

Before such investigations, the question of whether there are discernible subtypes in FND
was addressed in Chapter 6. As previous research has noted differences in psychological and
neurobiological function for different subtypes, it was felt that it was essential to see if
symptoms could be clustered into theoretically viable and statistically meaningful categories.
Findings of between-group comparisons in LTD, FND and Healthy controls supported the
findings from Chapter 5. They contributed new findings highlighting the role of cognitive
flexibility and impairments in quality of life in FND. Without a scale of FND, literature was
consulted to develop a list of commonly reported symptoms. Through latent class analysis
(LCA), a 7-class model based upon these symptoms was identified. Clusters were named based
on theoretical overviews of the prevailing symptoms; these were: Motor Dissociation States,
Non-Responsive Tremor, Polysymptomatic Seizure, Occasional Neuropathic, Mixed
Multisystem symptoms, Intermittent Seizure-Movement and Occasional Dystonic. These
seven subtypes were further explored regarding additional (non-core) symptoms through LTA.
Consideration was also given to relationships between the identified subtypes, predisposing or
triggering events and dissociation. These additional considerations enabled further
characterisation of the subtypes of FND, and the distinct profile of each was noted. This

exploratory study required further validation, so it was not carried over to Chapter 7.

Chapter 7 presents a final empirical multimodal study to explore inflammation in FND
and combined analysis of EEG resting state data and dissociation. Inflammatory markers (IL-
6 and CRP) were higher in those with FND than in healthy controls. Whilst IL-6 levels
remained even when covariates (Stress, Anxiety, Depression, Dissociation, BMI) were
considered, CRP levels did not. This indicates the role of different inflammatory pathways in
the pathogenesis of FND. CRP was mainly influenced by depression, highlighting that adverse
effects of chronic illness could, in part, be associated with psychobiological constructs and
perhaps as a consequence of previously noted reductions in quality of life. Additionally, EEG
resting-state data revealed altered neural activity in FND, particularly at midline and Default
Mode Network (DMN) sites, suggesting disruptions in intrinsic neural connectivity. The

relationships between altered patterns of activity were extremely specific and dependent upon
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the frequency oscillation being explored, with the greatest differences seen in higher frequency
bands. Relationships between dissociation and EEG activity were also observed, with either
higher dissociation scores associated with abnormal oscillatory activity in key cortical regions,
reinforcing the role of dissociative processes in shaping functional neural alterations in FND.

These findings are explored in greater depth in chapter 7 and later in this discussion.

The current chapter discusses these findings and how they contribute to furthering our
understanding of FND. Additionally, the methods used are discussed in their relation to FND
and the findings' contributions to theoretical models and treatment. Finally, the limitations are

discussed alongside avenues for future research.

8.2 Dissociation

Dissociation, in its broadest sense, describes a loss of integration of typically integrated
cognitive functions. Conceptualisations of dissociation usually consider a loss of awareness of
cognitive or physical processes and represent a state of altered consciousness (Goldberg, 2020;
Lanius, 2015). The conceptualisation of this construct has not been without controversy, and
more recent conceptualisations of dissociation consider it is a multifactorial measurement (e.g.,
Briere et al., 2005; 2016; Holder, 2013) and to be more about the identification of types of
dissociation rather than a sum of dissociative experiences. Throughout the thesis, dissociation
is considered as both a multifactorial and a unitary model in places to enable a rich depth of
exploration in FND. Dissociative pathology has been studied across a range of psychological
and neurological disorders, including Schizophrenia, Epilepsy, multiple sclerosis and post-
traumatic stress disorder (PTSD; Armour et al., 2014; Bob & Mashour, 2011; Medford, 2014;
Scarrabelotti & Carroll, 1999). However, little attention has been given to its potential role in

FND.

Despite the overlap of symptoms of dissociative experiences and their frequent reports
in those with FND, little previous research has explored this. Furthermore, pathological
dissociation should be considered across illnesses (Hunter et al., 2003; Medford et al., 2003),
particularly as dissociation is an essential predictor across illnesses for poor treatment
responses and high relapse rates and contributes toward the likelihood of development of severe
mental ill-health, chronic symptoms or additional disabling symptoms as a byproduct of

elevated levels of dissociation (Bailey & Brand, 2017; Cronin et al., 2014; Halvorsen er al.,
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2014; Spitzer et al., 2007; Thompson-Hollands et al., 2017). Throughout this thesis,
dissociation was considered as both a byproduct and a symptom of FND. Despite the mirroring
of histories between dissociation and FND, this is often neglected for consideration in
theoretical models but could account for many facets of the illness. This includes influences on
executive control and a diverse range of predisposing factors in FND, which could lead to
elevated dissociation and could account for previous findings of alexithymia and
neurobiological findings in FND. Throughout this thesis, dissociation has been found to
correlate with psychological measures, have a particular influence on some subtypes of FND,

and have a relationship with neurobiological findings from EEG and inflammation studies.

8.2.1 Psychological Correlates of Dissociation

Chapter 5 mainly explored the psychological correlates of FND and explored these in
relation to dissociation. The study identified that dissociation was elevated in FND and that
this correlated negatively with Anhedonia, Cognitive Flexibility, Hopefulness, Rumination,
Resilience, and Social Support and positively with Anxiety, Stress, Depression, and social
isolation. The identification of elevated dissociation underscores its significance as a central
feature of FND. Dissociation has been implicated in various symptoms associated with FND,
including motor and sensory disturbances (Campbell et al., 2023; Pick et al., 2020). The
findings here further support notions of the role of dissociation in FND and elucidate its
relationship with other psychological variables for a deeper understanding of the complex
interplay between psychological factors and FND symptomology. Negative correlations
between dissociation with both anhedonia and cognitive flexibility suggest that individuals
with higher levels of dissociation may experience difficulties in experiencing pleasure and
adapting to changing circumstances. This aligns with previous research, highlighting deficits
in reward processing and cognitive flexibility in FND (Demartini et al., 2014). Further
exploration of these linking mechanisms could support targeted treatments that improve

emotional and cognitive functioning.

The research outcomes indicate that it is crucial to examine the impact of dissociation
on the well-being of individuals with FND. In Chapter 5, it is demonstrated that dissociation is
positively correlated with anxiety, stress, and depression in FND, underscoring its significant
role in the mental health and overall well-being of those with the disorder. Moreover, previous

studies have linked dissociation to heightened psychological distress and unfavourable

170



treatment outcomes in other conditions (Lyssenko et al., 2018). Therefore, comprehending the
interconnected relationship between dissociation and psychological symptoms is essential for
improving the understanding of FND and ameliorating its treatment outcomes. Although the
study could be criticised for not including all types of Functional Neurological Disorders
(FNDs), it did investigate dissociation in particular subtypes of FND (in Chapter 6), and the
extensive sample size allowed for a varied sample to be examined within this study. Previously,
mental health and well-being have been explored nearly exclusively as being a product of
adverse life events and experiences. Whilst these previous findings must not be overlooked,
the role of dissociation should be further examined in FND. Elevated dissociation in the current
study was found to be a strong predictor of higher levels of disability, and this could reflect
generally higher levels of disability and impairment as a result of dissociation. Of course, this
research cannot determine cause and effect, and as such, considerations should include

exploration as to whether dissociation is a symptom of other underlying factors.

Negative correlations were identified between dissociation and resilience, hopefulness
and social support. These findings underscore the importance of coping resources and social
connections in mitigating the impact of dissociation on psychological well-being and in
considering broader influences that could lead to increased social isolation. Resilience scores
were the lowest in those with FND, and whilst the reason for these results can only be
speculated, resilience has previously been linked to other psychological correlates of FND,
including alexithymia (Jalilianhasanpour et al., 2018). This could be a product of dealing with
increased stress and the unknown in FND (Canna & Seligman, 2020; Kozlowska et al., 2023),
including chaotic and unpredictable life changes and reductions in quality of life (which were
identified in Chapter 6). Enhancing resilience, fostering hope and strengthening social support
networks may serve as protective factors against the adverse effects of dissociation and
implicated psychological factors in FND (Herbert et al., 2014). However, the role of social
support is often overlooked in FND (Foley et al., 2024), and indeed, some are advised against
social support groups and interaction with other patients with the condition for fear that it will
“worsen” symptoms. Furthermore, some social isolation and reduced social support may be a
product of stigma and reduced care provisions, in addition to chaotic illness narratives and
changes in quality of life. Socio-political influences have greatly influenced understandings of
FND, and definitions and medical stigma remain a significant influence, lending to adverse
views of patients with the condition. Studies have shown that within healthcare, generally,

negative attitudes towards FND exist and that there is continued skepticism about the
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legitimacy of FND (Barnett et al., 2022; Begley et al., 2023; Evans & Evans, 2010; Kanaan et
al., 2011; Marotta et al., 2021; Tinazzi et al., 2022). Not only do these negative attitudes
contribute to a lack of research and limited formal training (de Liege et al., 2022; Stone et al.,
2020), but they also contribute toward clinical decision-making and in shaping the general
population's views of the disorder. Both implicit and explicit attitudes have a direct impact on
the care and psychological well-being of individuals who have been diagnosed with functional
neurological disorder (FND). Consequently, it is crucial to develop treatment plans to improve
patients' well-being, strengthen their support networks and address the broader mindset and

treatment of FND.

8.2.3 Dissociation and Neurobiological/Neurochemical Correlates

Elevated dissociation was noted as influencing neurobiological and neurochemical
studies within this thesis. Dissociation was found to have a relationship with other
neuropsychological constructs (including mood, social support or isolation and quality of life)
in Chapter 5, as well as cognitive flexibility. Psychological constructs like these correlate with
Dissociation and are associated with brain function and neuroendocrinology (Cacioppo et al.,
2015; Lieberz et al., 2021). Thus, relationships between dissociation and altered brain activity
or inflammation findings are not linear. Dissociation was found to mediate and correlate with
inflammatory markers and resting-state brain activity in this study (Chapter 7). Specifically,
correlations were more strongly identified between dissociation and CRP and both
frontocentral, centroparietal regions and areas of the SMA. Indeed, previous research has found
that dissociation is related to cingulate cortex cortical thickness (Perez et al., 2018), right lateral
occipital cortical thickness (Labate et al., 2012) and general functional connectivity in those
with functional seizures, particularly in resting state networks associated with the
frontoparietal, executive, sensorimotor and default mode networks (van der Kruijs et al., 2012).
Previous EEG findings have noted that connectivity and emotion regulation are also associated
with dissociation in FND (Kienle et al., 2018). The current thesis adds to these findings and
notes that dissociation correlates with specific components in specific frequency bands in

resting state data in FND, which displays distinct patterns compared to healthy controls.

To build on emerging neurophysiological research in FND, the current thesis has

integrated EEG resting-state data with dissociation measures to explore the neural
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underpinnings of FND. Findings demonstrated altered oscillatory activity in key frequency
bands, particularly in the beta and gamma ranges, in individuals with FND compared to healthy
controls. Specifically, reduced beta-band power was observed in frontocentral and
centroparietal regions, aligning with previous studies suggesting disruptions in sensorimotor
and attentional networks (Barzegaran et al., 2016; Xue et al., 2013). Heightened gamma-band
spectral power in the left parietal region and reduced gamma-band activity in the right temporal
region further point to hemispheric asymmetries, which may reflect compensatory mechanisms
or disrupted network integrity in FND (Umesh et al., 2017). Moreover, dissociation scores
correlated significantly with altered oscillatory activity, particularly in frontocentral regions
and the supplementary motor area (SMA), suggesting a direct link between dissociative
experiences and functional network disruptions in FND. This aligns with prior neuroimaging
studies indicating structural and functional connectivity differences in dissociation, including
reduced cortical thickness in the cingulate cortex (Perez et al., 2018) and altered connectivity
in frontoparietal, executive control, and default mode networks (van der Kruijs et al., 2012;
2014). The current thesis expands upon these findings by showing that dissociation correlates
with neural activity in FND and influences electrophysiological signatures, reinforcing its role

as a core feature in the condition.

These findings suggest that oscillatory abnormalities in FND may reflect altered sensory
processing, attention, and motor control, with dissociation playing a key modulatory role. The
observed reductions in beta-band power and alterations in gamma activity may also have
implications for neural inhibition and integration processes, supporting models of disrupted
top-down regulation in FND (Edwards et al., 2012). Future research should explore whether
these EEG signatures could be leveraged as potential biomarkers for dissociative subtypes of

FND and whether they hold predictive value for treatment response or symptom severity.

Taken together, findings suggest that dissociation may play a specific role in brain
structure and function but should also be considered in terms of its complex relationship to
other neuropsychological, social, and environmental factors. Moreover, dissociation could
account for slump-crash reactions seen in FND, the types of symptoms seen, and the variability
across the FND population in symptom display through its association with neural connectivity.
These results suggest that dissociation may be a crucial factor to consider when studying the
neurobiology and neurochemistry of FND. Furthermore, relationships between cognitive
flexibility and dissociation emphasise the need to consider its implications in research and

treatment practice.
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8.3 Subtypes of FND

Symptoms of FND are often listed and described as if they were unrelated to one
another and occur at random. However, theoretical models presume that there is an underlying
mechanism which somehow shifts to present different symptoms and variations of symptoms
within this patient group. In clinical practice and community work, there are reports of
symptom clusters occurring consistently and in relation to the predisposing (or triggering)
event. For example, those who report a physical event at the onset of the development of FND
seem to show correlates with subsequent symptomology, i.e. painful limb injuries are reported
commonly prior to the onset of FND and the same limbs are affected in functional dystonia
(van Rooijen et al., 2011). Panic attacks, events of emotive significance and events which
induce dissociation are commonly reported prior to the onset of functional seizures (Goldstein
& Mellers, 2019). This thesis sought to explore these suggested relationships and identified if,
statistically, 1) symptom clusters could support the identification of distinct and statistically
driven subtypes of FND, ii) if there was a relationship between these clusters and additional

(non-core) symptoms, and iii) if precipitating events predicted these.

These findings were sought by applying novel statistical techniques such as LCA and
LTA, providing a unique opportunity to explore potential subtypes within FND (Collins &
Lanza, 2010; Nylund et al., 2007). These methods allowed for the elucidation of underlying
patterns of symptomology and the identification of distinct latent classes which represent and
are characterised by specific clusters of symptoms (Lanza & Rhoades, 2013; Nagin, 2005). A
7-class solution was identified and suggested that at least seven subtypes of FND may be
present, though further research is needed to validate and confirm these findings. Nonetheless,
this complexity in the manifestation of symptoms resonates with the principles of chaos theory,
which posits that complex systems, such as human behaviour and neurological disorders, can
exhibit nonlinear dynamics and sensitive dependence on initial conditions (Gleick, 1987;
Strogatz, 2018). In the context of FND, identifying multiple latent classes suggests a dynamic
interplay of various factors contributing to symptom expression akin to the intricate dynamics
observed in chaotic systems. The inclusion of LTA as an extension of LCA facilitated the
exploration of the transition of symptom states (Collins & Lanza, 2010) about additional “non-
core” symptoms, including pain and fatigue, suggesting additional symptoms which should be

included in the context of FND symptomology. Further explorations posited that the triggering
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or precipitating event influenced subsequent subtype predictions. Previous research has noted
that symptom profiles of FND can change over time and that symptoms can replace others or
that those with FND may present with more than one subtype of FND (Bulter et al., 2021;
Nicholds et al., 2022). This temporal instability echoes the "butterfly effect" concept in chaos
theory, where small perturbations in the system's initial conditions can lead to significant
changes in its subsequent behaviour (Lorenz, 1963) or, in this case, symptom outcomes. By
embracing the principles of chaos theory, this study offers a novel perspective on the
complexity and dynamism inherent in FND symptomatology, highlighting the need for holistic

and dynamic approaches to its assessment and management.

8.3.2 Presence of Dissociation in Subtypes

Dissociation was found not only to predict mental well-being in FND and underpin some
of the neurobiological mechanisms in FND but also to play an influential role in predicting
symptom clusters or subtypes of FND. The findings of Chapter 6 allude to an intricate
relationship between dissociation and subtypes of FND. Specifically, the results reveal that
dissociation scores exerted a probabilistically strong influence on specific FND subtypes,
notably Class 1 (motor dissociation states), Class 4 (Occasional Neuropathic), Class 5 (Mixed
multisystem symptoms), and Class 6 (intermittent seizure subtypes). Moreover, examining the
relationship between symptom clusters and precipitating factors in FND, alongside
investigations into characteristics such as dissociation, underscores the multifaceted nature of
the disorder and its susceptibility to nonlinear interactions (Stone et al., 2019). The results also
underscore the pivotal role of dissociation in shaping the heterogenous symptomology
observed in FND, aligning with previous literature which has highlighted the significance of
dissociation in the disorder (Aybek et al., 2015; Campbell et al., 2023; Cromer et al., 2006;
Fobian & Eliott, 2018; van der Bergh et al., 2017; van der Kruijs et al., 2012).

The observed associations between dissociation and specific FND subtypes resonate with
principles from chaos theory, which posits that complex systems exhibit nonlinear dynamics
and sensitive dependence on initial conditions (Gleick, 1987; Strogatz, 2018). In the context of
FND, identifying distinct subtypes characterised by differential associations with dissociation
underscores the dynamic and complex nature of the disorder. Analogous to the "butterfly

effect" in chaos theory, subtle variations in initial conditions, such as the presence of

175



dissociative symptoms, may lead to significant variations in symptom expression and clinical
outcomes across different FND subtypes. Findings in this thesis between associations of
dissociation and FND subtypes also contribute to our understanding of the broader
neurobiological mechanisms underlying the disorder, particularly in the context of allostatic
load. Previous research has demonstrated links between dissociation and the dysregulation of
inflammatory markers not specifically to FND (Hori et al., 2019; Quinones et al., 2020; Powers
et al., 2019) and in alterations in brain function and connectivity patterns generally (Krause-
Utz etal., 2017; Frewen et al., 2006; Lebois et al., 2021; Lotfinia et al., 2020) and in FND (Pick
et al., 2020; Perez et al., 2021; Puentes et al., 2023; Voon et al., 2016). The findings from the
current study support this notion, and taken together, findings suggest that dissociation may
contribute to an increased allostatic load, defined as the cumulative physiological burden
resulting from chronic biological and psychological stress, adversity and assault (McEwen &
Ginaros, 2010). Dysregulated inflammatory processes, characterised by elevated levels of
inflammatory cytokines such as interleukin-6 (IL-6) and C-reactive protein (CRP), are
associated with increased symptom severity and could explain chronicity and slump-crash
reactions in FND. Furthermore, alterations in brain function, including aberrant activity in
regions of emotion regulation, self-awareness, SMA and salience networks, have been
observed throughout the literature. Data in the current study supports the notion that frequency
band resting state data and some electrode clusters may also show altered connectivity in
specific frequency bands in resting state data. These may also be influenced by dissociation.
FND should be viewed, therefore, as a product of embodied brain dysfunction in which
multifaceted systems interact to produce the symptom profiles observed and the unique nature
of FND symptoms. Furthermore, the current study adds to a growing body of literature
highlighting the role of allostatic load in the pathophysiology of the disorder with limitations
for the development of future growth of this knowledge and perhaps the development of
targeted interventions which are aimed at mitigating adverse effects of dysregulated systems

in FND.

8.4 Electroencephalography findings

Despite the early inception of electroencephalography (EEG), the methodology has not
received commensurate attention in FND research. This disparity may be attributed to the

delayed emergence of neuroimaging technologies in FND coupled with prevailing preferences
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for fMRI and BOLD contrast among other newer neuroimaging technologies. However, EEG
can offer insights into dynamic brain and electrical activity, complementing data from
hemodynamic measures. Whilst EEG has previously been used as a tool to differentiate
Functional Seizures from epilepsy (Popkirov et al., 2017) and the use of the
Bereitschaftspotential to diagnostic Functional Movement Disorder subtypes (Tomsen et al.,
2020), these underpin assumptions of FND as an exclusionary diagnosis. The current thesis
explores if EEG could be utilised beyond this to provide information about brain activity and
neural networks by investigating the exocellular activity of postsynaptic neurons and pyramidal

cells.

Recent studies demonstrate that brain oscillations reflect mechanisms of cerebral
integration across several functional domains (Arikan et al., 2021; Frauscher et al., 2015),
measured using EEG. Various frequency bands (such as alpha, beta, gamma, delta, and theta)
can be explored to provide valuable insight into distinct cognitive processes and brain states,
understand neural mechanisms, and identify abnormalities or patterns of activity. Briefly,
higher-frequency bands in EEG (alpha, beta, gamma) are associated with processes associated
with higher-order cognitive function, including those of theoretical importance to FND
(Knyazev, 2017). For example, alpha oscillations have been implicated in attentional processes,
while beta oscillations are associated with motor control and executive functions (Putman et
al., 2014; Schmidt et al., 2019). Gamma oscillations are often observed during cognitive
integration tasks, but there remains much debate over their functions (Buzsaki & Wang, 2012;
Herrmann & Demiralp, 2005). Lower frequency bands (delta, theta) are associated with more
primitive mechanisms, including attention, drowsiness, memory, movement, learning, emotion
regulation and spatial navigation, as well as the maintenance of bodily functions (Buzsaki &

da Silva, 2012; Frauscher et al., 2015).

The current thesis did identify differences in frequency bands in FND in an adult mixed-
symptom population. Frequency bands implicated were reduced alpha activity (specifically in
frontocentral, centroparietal and temporal sites), reduced beta activity in centroparietal regions
and reduced gamma in temporal regions. Previous research into children with FND found
excessive theta and delta power in electrode clusters that corresponded to posterior rather than
frontal regions (Kozlowska et al., 2018). Differences between the current findings and previous
research could indicate differences in the neurobiology of FND between children and adult
samples, and previous research does note that symptoms display differently between these two

populations (Vassiopoulos et al., 2022; Yong et al., 2023). Other research has noted that there
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are also alterations in frontal and central regions in children with FND using ICA data-driven
approaches (Rai et al., 2022), which supports the findings of the current study. Findings support
notions of altered connectivity in different frequency bands in FND. Further investigations to
elucidate the precise mechanisms of the observed differences and their implications for the
diagnosis and management of both paediatric and adult populations are, however, needed. This

is an exploration of potential differences in subtypes of FND.

Further explorations aimed to explore the potential different frequency bands in areas
associated with the salience network, temporal parietal region, SMA, DMN and parts of the
DMN. Previous research using EEG in children and adolescents with FND has found increased
automatic and cortical arousal and increased activation of nodes of the Default Mode Network
(DMN), salience network (dorsal ACC/dorsomedial PFC), and supplementary motor area
(SMA) in resting state studies (Kozlowska et al., 2018; Radmanesh et al., 2020). This may
differ between subtypes. For example, in functional seizure subtypes, previous research has
found decreased gamma synchronisation between frontal and posterior regions (Xue et al.,
2013), decreased functional connectivity in widespread critical regions in the alpha band
(Barzegaran et al., 2016) and heightened gamma-band spectral power in the left parietal region
with lower gamma band spectral power in the right temporal region (Umesh et al., 2017). A
recent study found that both beta and gamma oscillations were higher in those with functional
seizures than in an epilepsy control group (Rai et al., 2022). The current study employed a
mixed FND subtype group, and findings cannot be attributed to specific subtypes of symptoms.
However, this requires further exploration, and the findings here could instead be attributed to

underpinning neural mechanisms that operate among all subtypes of FND.

The findings presented in this thesis support the notion that there are differences in
frequency oscillations in different clusters of electrodes. By applying theoretically driven
approaches based on topographical maps (Giacometti et al., 2014) and by applying procedures
akin to those in previous research in this area, which explored EEG analysis of DMN in a
paediatric sample of FND (Kozlowska et al., 2018) the study aimed to be able to explore direct
comparisons to previous work. In particular, increased activity was noted in delta in electrode
clusters representing the DMN, SMA and Temporal regions. Reduced activity in FND was
noted in clusters presenting the Salience network (Alpha), SMA (Alpha, Beta and Gamma) and
the Temporal region (Beta and Gamma). In further explorations of the component parts of the
DMN, reduced activity was noted in the PCC (Delta and Alpha), Precuneus (Delta and Alpha)
and vmPFC (Delta, Alpha and Gamma) in FND. Some of these findings are also related to
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inflammatory markers and dissociation, further elucidating the role of bidirectional
mechanisms underpinning FND. In these more exploratory investigations, it is essential to note
that whilst findings indicate differences, information about these subcortical regions is based
on the inference of scalp recordings. More accurate means of determining underlying areas of
difference are needed. The limitations of this approach are discussed at length in the limitations

section of this chapter.

8.5 Inflammation

Within this thesis, a further key finding relates to the role of inflammation. In chapter 7,
individuals with FND exhibited higher levels of inflammation when measured by IL-6 and
CRP compared to healthy-matched controls. The study highlights that specific inflammatory
markers are likely to play a significant role in the relationship between FND and neural
networks and dissociation. Previous studies in this field have focused mainly on cortisol.
However, these studies have produced mixed results due to the inconsistent methods employed
(Apazoglou et al., 2017; Bakvis et al., 2009; Chung et al., 2023; Weber et al., 2024). Although
cortisol is essential, it is not a cytokine with specificity. Therefore, the findings presented in
this study, which utilise more widely recognised and stable trait markers of inflammation (IL-
6 and CRP), contribute to the existing literature and support considering these markers and the

role of neuroinflammation in FND.

Higher levels of inflammation persist even when considering covariates like depression,
anxiety, stress, and BMI in the IL-6 model. However, CRP is mainly influenced by
physiological measures such as BMI and psychological measures, especially depression and
dissociation. It is widely acknowledged that inflammation and cytokine concentration can
impact many physiological and psychological processes (Becher et al., 2017; Levin &
Godukhin, 2017; McAfoose & Baune, 2009; McKim et al., 2016; Osipova et al., 2018). Several
factors influence IL-6 and CRP, including psychological stress and physical activity (Petersen
& Pedersen, 2005). While IL-6 initiates the inflammatory cascade, CRP is a downstream
marker of inflammation and is often considered a systemic inflammation marker (Pepys &
Hirschfield, 2003). Depression has consistently been associated with immune system function
changes and increased inflammation (Miller et al., 2009). Chronic stress and depressive
symptoms can dysregulate the HPA axis and nervous system, leading to increased production

of pro-inflammatory cytokines, such as IL-6. Furthermore, depression is linked to changes in
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health behaviours (poor diet, physical inactivity) and physiological factors (dysregulated

cortisol) that can further exacerbate inflammation (Miller, 2009).

CRP, a downstream marker of inflammation, may be particularly sensitive to the effects
of depression due to its direct association with IL-6 production. Unlike IL-6, CRP production
is influenced by multiple factors, including genetic predisposition, environmental factors, and
chronic diseases (Khera et al., 2005). Studies have demonstrated that depression can directly
affect CRP levels through its impact on hepatic function, insulin resistance, and adiposity
(Howren et al., 2009). Additionally, depression-related behaviours such as poor sleep quality
and substance abuse may contribute to increased CRP production independently of IL-6 levels
(Howren et al., 2009). It is important to note that the findings do not undermine the role of
inflammation in FND. Instead, reduced activity caused by mobility impairments, fatigue or
overlap of symptoms that lead to decreased quality of life and depression could explain
increases in CRP and the mediation between CRP and depression in FND. The persistence of
elevated IL-6 levels, even when accounting for covariates, underscores its robustness as a
biomarker and suggests a pivotal role of chronic inflammation in the pathogenesis of FND.
However, it is essential to consider how these may relate to inflammatory pathways, and

exploring other molecules is essential for advancing understanding in this domain.

The results of this thesis showed a correlation between dissociation and both IL-6 and
CRP in FND but not in healthy controls. This is likely because extreme levels of dissociation
were reported in the FND group, whereas the healthy controls mainly reported baseline levels
of dissociation. These findings suggest that dissociation is a crucial aspect of FND
symptomology. Additionally, dissociation may affect inflammation levels in FND, which
could be related to the principles of allostasis (McEwen, 2003). This implies that individuals
with FND may have dysfunctions that have detrimental effects on allostatic load, subsequently
affecting other systems and contributing to further dysfunctions (Grassi-Oliveira et al., 2008;
Lamb et al., 2021; Staniloiu et al., 2010). Dissociation is believed to be a psychobiological
response to allostatic load, and previous research has linked high levels of IL-6, CRP, and
lower cortisol in FND (Keynejad et al., 2019). Therefore, theoretical models of FND should
consider systemic and chronic inflammation, and further research is needed to explore the

relationship between dissociation and inflammation in FND.

The current thesis extends prior work by examining the interaction between

inflammatory markers and EEG activity. This further analysis elucidated the role of
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inflammation in neural activity, particularly within some regions of interest in FND,
highlighting the potential neuroimmune contributions to FND pathophysiology. Significant
correlations were found between IL-6 and CRP levels and alterations in EEG spectral power,
particularly in frontocentral and sensorimotor regions. Specifically, higher IL-6 levels were
associated with increased gamma-band activity in the supplementary motor area (SMA) and
reduced beta-band power in centroparietal regions, suggesting a link between
neuroinflammatory processes and disrupted motor control networks. These findings align with
existing literature, which shows that pro-inflammatory cytokines influence neural excitability
and oscillatory activity, potentially through mechanisms involving microglial activation and
glutamatergic dysregulation (Drevets et al., 2008; Felger & Treadway, 2017). Moreover, the
interplay between dissociation, inflammation, and EEG abnormalities further complicates the
linear interpretation of these findings. Dissociation scores correlated with both inflammatory
markers and altered oscillatory patterns, reinforcing its role as a modulator of neurobiological
dysfunction in FND. Combined, the findings indicate that inflammation may mediate neural
network dysfunction in FND and further reflect a system in which allostatic load has increased,

affecting emotional arousal and reducing neural activity.

Some measures of inflammation were more related to neural activity than others or more
influenced by combinations of dissociation and depression. Thus, they demonstrate the
complex interplay between these specific mechanisms and the activation of immune and
inflammatory cells in response to changes in neuroplasticity and brain networks, as well as the
influence of measures of distress and dissociation. Notably, CRP levels showed stronger
correlations with EEG activity in frontoparietal and sensorimotor regions, a pattern consistent
with research indicating that elevated systemic inflammation may contribute to aberrant
connectivity in resting-state networks (Harrison et al., 2015; Menon, 2011). This supports the
hypothesis that neuroimmune dysregulation could drive, or at least exacerbate, the functional
neural alterations observed in FND. The bidirectional nature of the relationships between
dissociation, inflammation, and EEG alterations presents a complex challenge in understanding
causality. While heightened inflammation may disrupt neural oscillatory stability, it is equally
plausible that persistent neural dysregulation contributes to prolonged inflammatory responses
via dysregulated autonomic and hypothalamic-pituitary-adrenal (HPA) axis activity. Given this
interplay, future research should employ longitudinal designs to assess whether inflammation
precedes EEG alterations or vice versa, as well as whether these factors predict symptom

progression or treatment response in FND. In essence, all of these states may act cyclically,
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resulting in cascades of dysfunction across these symptoms, wherein one becomes a response

to dysfunction in another.

8.6 An embodied brain model of FND

The findings throughout this thesis demonstrate that the conceptualisation of FND
should go beyond that of a neural network disorder and that FND should be considered as a
“whole body” or embodied brain disorder. Previous research demonstrates that biological
markers and bodily dysfunctions could underpin neural network dysfunction in FND (Asadi-
Pooya, 2016; Milano et al., 2023; Villagran et al., 2021). The current study adds to this
argument further and considers that psychological states like dissociation and biological
dysfunction, including inflammation, underpin neural network dysfunction in FND. Whilst, of
course, these findings cannot state cause and effect, they do emphasise the essential need to
note relationships between dissociation, other psychological facets, neuroinflammation and
neural dysconnectivity in FND. FND could be considered a product of dysfunction in
neuroinflammation, wherein chronic inflammation has led to impaired neural networks. They
also elucidate the role of dissociation within this relationship and the role of subtypes in FND.
Breaking the bidirectional cycle in which these constructs operate could lead to significant

changes in quality of life, psychological distress and symptom reduction.

As such, the current thesis tentatively proposes a model of FND that incorporates these
findings and can be expanded upon further with future research. This model is displayed in

Figure 5 and discussed below.
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Figure 5: Proposed Embodied Brain Model of FND

The proposed model conceptualises FND as a complex, bidirectional interplay between
neuroinflammation/chronic inflammation, neural dysregulation, and dissociation. All of these
are influenced by predisposing and precipitating factors and maintained by broader
psychological, social, and environmental factors, which can feed into the cycle or dysregulate
symptoms. Finally, the model proposes that levels and influence from the middle parts of the

model lend to the development of various subtypes of FND.

Previous literature has extensively documented predisposing (e.g. genetic, early-life
adversity, personality traits) and precipitating (e.g., viral infections, surgeries, psychological
stressors) factors in the development of FND (Pick et al., 2020; Nicholson et al., 2020). My
PhD findings directly contribute to this area by identifying specific triggers that significantly
predict symptom clusters, including viral infections, head injury, and operations/surgery, as
well as cases where no identifiable trigger was present. This latter finding underscores the
heterogeneity of FND onset. It suggests that while identifiable external events may initiate
symptoms for some, others may develop symptoms through endogenous mechanisms (e.g. pre-
existing neurobiological vulnerability, prior dissociative tendencies or inflammatory states) or

by complex multiple factors which are not easily pinpointed to one direct, specific event.

A major contribution of this thesis is the integration of inflammation as a core component
of FND pathophysiology. My research demonstrated inflammatory markers (IL-6 and CRP) in
FND. Acute pathways of neuroinflammation (as denoted by CRP findings) may also be

influenced by enforced life changes, emotional dysregulation or mood as a byproduct of
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reduced function, cognitive flexibility or predisposing events of emotional valence. CRP and
mood, particularly depression, may also lend to elevated dissociation or be a result of elevated
dissociation and subsequent symptomology. Though CRP was influenced by mood and
dissociation, IL-6 levels remained elevated independent of mood, BMI, or mediation use,
indicating that systemic inflammation contributes to neural dysfunction in this disorder. This
may contribute to neural dysregulation and alterations in brain function, ultimately leading to
the manifestation of FND symptoms. Additionally, my EEG findings highlight functional brain
alterations in FND, including dysregulated activity in the supplementary motor area (SMA)
and frontoparietal networks, which have previously been implicated in sensorimotor
integration, self-agency and dissociation (Perez et al., 2018; Kienle et al., 2018). The findings
from the current thesis align with prior research suggesting that neural network dysfunction
plays a key role in FND symptoms. However, my study adds novel evidence by demonstrating
that dissociation correlates with both inflammation and EEG alterations, reinforcing the idea

that dissociation is not purely a psychological construct and has neurobiological underpinnings.

The proposed model here explicitly frames dissociation as both a cause and a
consequence of FND symptoms. Chronic dissociation may contribute to neural network
instability, impairing the ability to regulate sensorimotor processes. Simultaneously, neural
dysregulation (which can be driven by inflammatory pathways) may also increase dissociative
symptoms, reinforcing a maladaptive feedback loop. This bidirectional relationship is a critical
expansion upon previous models, which often position dissociation as a purely psychological
phenomenon and only as a predisposing factor, without acknowledging its biological

dimensions and the negative cycle created by these three constructs.

While mood disorders, chronic illness burden, and social/environmental stresses were
not always directly implicated in the casual pathways of FND in this set of studies, they were
considered influential in maintaining or exacerbating symptoms. Depression and anxiety, for
instance, in some studies are highly comorbid with FNS (Brown & Reuber, 2016) and could
contribute to neuroinflammatory activity and neural dysregulation, thereby sustaining or
amplifying FND symptoms over time and acting as a trigger for ‘crash-slump’ reactions.
Likewise, individuals with chronic illness often experience heightened allostatic load, which
may exacerbate neuroinflammation and dissociative processes (McEwen, 2003; Keynejad et
al., 2019). The inclusion of chronic illness burden and environmental and social factors in the

model reflects their role in maintaining the cycle rather than directly initiating it. This
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distinction is important in differentiating the primary mechanisms of FND pathogenesis from

secondary factors that could contribute to its persistence. Further work in this field is needed.

A final key contribution of this PhD research was the empirical identification of at least
seven distinct FND subtypes, each with unique symptom clusters. This supports the notion that
FND is not a monolithic disorder but a spectrum condition with multiple distinct pathways.
The findings from latent class analysis (Chapter 6) reinforce that different subtypes may arise
from different interactions of the core mechanisms within the model, explaining the diverse
symptom presentations observed in clinical settings. For example, my research suggests
subtypes with prominent dissociative features may be more biologically linked to inflammatory
and neural network dysfunctions. In contrast, subtypes with more substantial sensorimotor
involvement may have different underlying disruptions in the brain's predictive processing or
movement regulation areas on a functional level. These insights contribute to the growing
movement to redefine FND classification based on symptom clusters rather than singular

diagnostic labels.

To illustrate the complexities further of FND-specific mechanisms from general chronic
illness effects, consider the example of functional seizures. If this thesis had focused solely on
functional seizures, an obvious LTD comparison group would have been epilepsy patients.
However, even within epilepsy, seizure types vary significantly, and functional seizures can
often present alongside epileptic seizures, making it difficult to establish a clean one-to-one
comparison. The same challenge applies to broader FND research, where heterogeneous
symptoms, comorbidities, and overlapping pathophysiological and biopsychosocial
mechanisms complicate interpretation. Thus, while boldly included in the thesis, this model
does not propose a singular explanatory mechanism for all cases of FND. Instead, it offers a
flexible, multidimensional framework for understanding how different biopsychosocial
influences interact to shape individual presentations of FND. It also serves as a reminder that
FND goes beyond a brain network dysfunction; it is a disorder of ‘embodied brain” combining
findings of body, brain and mind, as well as environmental, social and mood, in a single

framework.

The model remains preliminary and requires much more empirical validation. However,
it provides a valuable framework for conceptualising the interplay between inflammation,
neural dysregulation, and dissociation in FND. Future research should validate the proposed

interactions through longitudinal studies examining whether dissociation, inflammation and
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neural dysfunction predict symptom progression (or relapse). Further multimodal
neuroimaging and biomarker analysis could help to refine our understanding of how neural
networks and inflammation interact with FND subtypes. Interesting future progression for the
development of understanding of subtypes could consider stratifying FND patients by latent
symptom clusters to determine whether specific pathways (e.g., inflammatory, dissociative,
sensorimotor) are more relevant to certain subtypes experimentally. This, in turn, could enable
the exploration of interventions which target these mechanisms, for example, whether anti-
inflammatory treatments or neural network modulation therapies could be used to reduce

dissociation or improve motor symptoms in FND.

8.7 Limitations

This thesis and the studies contained within are not without their limitations. While
these have mainly been addressed throughout, some general considerations and more specific

points about the multimodal nature of the research need to be addressed further.

8.7.1 Exploratory Nature of Subtype Identification

Whilst seven subclasses were statistically and successfully identified within the
literature, this should be considered an exploratory study, and there is undoubtedly more work
which could be done to enhance and refine the study's findings further. In an examination of
the scale items, for example, there may have been missed opportunities to consider further
distinct seizure subtypes or distinct functional cognitive subtypes, which are increasingly being
noted throughout the literature (e.g., Ball et al., 2020; McWhirter et al., 2020; Teodoro et al.,
2018). Thus, further exploration and improvements to this scale would be advantageous.
Furthermore, the incorporation of Exploratory Factor Analysis (EFA) followed by K-means
clustering (EKA) alongside Latent Class Analysis (LCA) could have provided complementary
insights into the latent structure of the observed variables. While LCA identifies latent classes
based on observed response patterns, EFA explores underlying factor structures and identifies

latent dimensions that contribute to the observed variance (Fabrigar et al., 1999) and allows for
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the exploration of relationships between variables by identifying shared variance. Integrating
these exploratory techniques with LCA enhances the validity and robustness of the identified
classes, offering a more comprehensive exploration of the latent structure of the data (Lubke
& Neale, 2006). Additional statistical analysis like EFA, EFK and scale validation would
provide a more nuanced understanding of the underlying dimensions shaping class membership
and corroborate and validate the findings through distinct exploration of factor patterns and

scale validation (Marsh et al., 2009).

8.7.2 Methodological Considerations in Biomarker Analysis

Within the experimental study in Chapter 7, inflammation manufacturers used ELISA
assays, which are sensitive and widely used in quantifying protein concentrations. However,
they may have limitations in specificity as cross-reactivity with other proteins or interference
of biological samples can affect the accuracy of the measurements. Care was taken to ensure
that batch-to-batch variability was reduced, and sample handling procedures were rigorous.
Standardised assay protocols were followed throughout. However, alternative assay
techniques, including multiplex immunoassays or mass spectrometry-based approaches, should
be considered to validate the findings and explore distributions between different markers,
which were not considered here. Additionally, immunohistochemistry should be applied to
investigate molecular pathways and cellular processes associated with alterations in

inflammatory markers and identify different inflammation pathways that may be present.

8.7.3 Sample Size Considerations in Inflammatory Studies

A further key limitation in biomarker research, particularly in neuroinflammatory
studies, is the sample size required to detect robust effects. Studies investigating inflammatory
markers such as IL-6 and CRP typically require large cohorts to account for variability in
immune function, given the influence of biological, environmental and psychological factors
on cytokine levels (Dhabhar, 2014; Lambregts et al., 2023). Many large-scale inflammatory
studies rely on hundreds or even thousands of participants to ensure adequate statistical power

and generalisability (Marsland et al., 2017).
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In this thesis, funding constraints and the multimodal nature of the study (including
assessment of inflammation alongside EEG and dissociation analyses) limited the sample size
available for phlebotomy-based biomarker collection. However, despite this limitation,
significant relationships between inflammation, dissociation and EEG activity were still
observed, suggesting that the observed effects are meaningful and not merely statistical
artifacts. Additionally, the use of matched healthy controls, alongside rigorous statistical
adjustments for BMI, mood, and medication use, helped account for potential confounding
factors and increase the reliability of inflammatory findings despite the smaller sample size.
Nonetheless, future research should aim to replicate and expand on these findings in larger
cohorts, integrating EEG, inflammatory markers, and key neuropsychological constructs to
validate the associations identified in this study further. The present findings contribute
valuable preliminary evidence that neuroimmune dysfunction and dissociation may play a role
in the pathophysiology of FND, warranting further exploration with larger, multimodal

datasets.

8.7.4 Limitations in EEG Analysis and Neural Correlates of FND

In relation to EEG data, the approach taken in this study involved quantifying EEG power
data for specific regions of interest, particularly those associated with the default mode network
(DMN), salience network, and supplementary motor area (SMA). Channel selection was
guided by a topographical map developed by Giacometti et al. (2014), which facilitated the
identification of clusters of electrodes corresponding to these regions. While topographic
mapping techniques are commonly used to infer underlying brain activity from scalp EEG data,
it is essential to acknowledge the inherent limitations in the precise localisation of such an
approach. Despite this limitation, selecting electrode clusters based on established literature
(Giacometti et al., 2014; Kozlowska et al., 2018) aimed to facilitate investigation into the neural
correlates of dissociation and inflammation in FND. The channels selected for electrode
clusters were chosen to adhere to best practices and ensure transparency in EEG studies (Keil
et al., 2014). Due to the complexity and scale of the dataset, as well as conceptual
disagreements within the literature, two rounds of electrode clusters were explored.
Specifically, areas implicated in the DMN, salience network, and SMA were delineated into
clusters according to established literature recommendations (Seeley et al., 2007; Williams,

2017). In the subsequent analysis, more specific elements of the DMN were investigated,
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including separate clusters for the posterior DMN, posterior cingulate cortex, precuneus, and
temporal lobe. These selections were based on verified topographical maps and cluster
suggestions from previous studies (Giacometti et al., 2014; Kozlowska et al., 2018). However,
it is essential to note that the precise localisation of neural activity using scalp EEG data may
be limited, and further validation of these electrode clusters is warranted. Additionally, while
this approach enables the investigation of specific brain regions implicated in FND, the
interpretation of results should be cautious, considering the inherent limitations in spatial
resolution and the potential for confounding factors. Further research utilising complementary
neuroimaging techniques, such as functional magnetic resonance imaging (fMRI), could
provide additional insights into the spatial distribution of neural activity and help validate the
findings obtained from EEG-based analyses. In addition, other, more advanced forms of EEG

analysis, including independent component analysis (ICA).

ICA is a powerful technique for decomposing EEG data into spatially independent
components, thereby revealing distinct brain networks or sources of neural activity (Makeig et
al., 1997). Despite its utility, ICA was not applied in the present analysis. Incorporating ICA
could have facilitated the investigation of brain networks associated with inflammation and
dissociation, allowing for the examination of dynamics and interactions among neural networks
and providing a more comprehensive understanding of the neural correlates and
neurobiological mechanisms underlying FND. Dipole modelling, another valuable technique,
was also not utilised in this research. This enables estimation of the location and orientation of
electrical sources based on EEG scalp recordings. The absence of dipole modelling in the
analysis also raises concerns about the interpretation of findings, particularly regarding
subcortical regions such as the vmPFC and the DMN. Therefore, caution should be exercised
when interpreting the findings related to these regions. Additionally, advanced EEG processing
techniques, such as the application of Spiking Neural Networks (SNNs), warrant consideration
in future research endeavours. SNNs offer a biologically plausible framework for exploring
differences in connectivity throughout brain data, providing a more nuanced understanding of
the complex interactions among neural networks implicated in FND. Whilst the methods
employed in the thesis provide valuable insights into the neural correlates of FND and their
relationship to inflammatory and neuropsychological facets, notable limitations should be
addressed in future research. By incorporating techniques, including ICA, dipole modelling,
fMRI, and SNNs, researchers can overcome these limitations and more comprehensively

understand the neurobiological underpinnings of FND.
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8.7.5 Conceptual Challenges in LTD Control Groups and Representativeness

The use of long-term disability (LTD) control groups throughout the research in this
thesis serves a dual function first, to differentiate mechanisms specific to FND from those
associated with chronic illness more broadly, and second, to address critiques that FND-related
findings may reflect general consequences of chronic ill health rather than disorder-specific
features (Kemp et al., 2022; Nicholson et al., 2020). Given that FND shares symptomatic
overlap with conditions such as ME/CFS, fibromyalgia, chronic pain and multiple sclerosis
(MS), including fatigue, cognitive dysfunction, autonomic dysregulation, and mood
disturbances, and LTD comparison group provides a valuable framework for establishing
specificity in symptom presentation, psychological correlates, and neurobiological markers
(Stone et al., 2020; Pick et al., 2020). However, the interpretation of findings derived from
LTD groups is not without methodological and conceptual challenges, which merit careful

consideration.

A central challenge in using LTD groups is the heterogeneity of the conditions included.
LTD cohorts, especially those in this thesis, encompass a broad range of illnesses, each with
distinct underlying pathophysiology, diagnostic criteria, and illness trajectories. While FND is
characterised by disrupted functional connectivity and sensorimotor dysfunction (Hallet et al.,
2021), many LTD conditions are driven by autoimmune, inflammatory, neurodegenerative, or
metabolic processes. This pathophysiological diversity complicates direct comparisons, as
differential mechanisms may drive overlapping symptoms. Thus, an elevated level of anxiety
and fatigue in an LTD group may have different underlying causes than similar symptoms

observed in FND, limiting the interpretability of direct comparisons.

A directly related challenge is that FND frequently coexists with various psychological
or medical comorbidities, contributing to the complexity of its clinical presentation. Studies
report that anxiety disorder is commonly reported, followed by mood disorders and
neurodevelopmental disorders; around 40% of patients with FND have a dual psychological
diagnosis (Carle-Toulemonde et al., 2023). Additionally, patients with FND often report other
symptoms, including fatigue and cognitive symptoms, and many will have a dual diagnosis
with ME/CFS and/or fibromyalgia. This high prevalence of comorbidities underscores the

importance of comprehensive approaches to FND, and a symptom-pure group may be near
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impossible to obtain or clarify in research, but it further complicates analysis in comparison to

LTD groups.

Furthermore, the inclusion criteria for LTD groups vary across studies, leading to
inconsistencies in sample composition and representativeness, and they certainly have varied
in the current thesis across all studies, too. For example, LTD cohorts often overrepresent
certain chronic illnesses (e.g. fibromyalgia, ME/CFS) while underrepresenting others (e.g.,
degenerative neurological conditions like Parkinson’s or Huntington’s disease), creating
potential biases in symptom profiles (Greenland et al., 1999; Arnold & Ercumen, 2016).
Without careful sample stratification, comparisons between FND and TLD groups may be
influenced by a disproportionate representation of conditions with shared features, artificially
inflating the perceived similarity or difference between groups. Yet, clear guidelines for using
LTD groups and which groups to target for best presentiveness have not been produced. Nor

is there explicit agreement within the field of FND as to which groups would best serve this

purpose.

Another critical issue is selection bias in LTD control groups. Recruitment methods often
rely on self-reported diagnoses, which may vary in diagnostic accuracy and rigour across
conditions and studies (Althubati, 2016; Tripepi et al., 2010). Given that FND itself is often
misdiagnosed or overlooked in clinical practice, the possibility exists that some individuals
classified within an LTD group may have undiagnosed functional symptoms, further
complicating direct comparisons. Additionally, individuals who volunteer for LTD studies may
differ systematically from the broader chronic illness population, as they tend to have higher
levels of healthcare engagement, greater symptom severity, or distinct illness perceptions,
introducing systematic differences in the control group which may not be reflective of the
broader LTD population (Chen et al., 2022; Dahlen & Charu, 2023; Moreno-Fernandez &
Matute, 2020).

Even within subtypes of FND, comparison with an LTD group presents distinct
methodological challenges. For example, suppose this thesis had focused solely on functional
seizures rather than a broader spectrum of FND subtypes. In that case, a logical comparison
group might have been individuals with epilepsy, as both conditions involve seizure-like events
and potential neural hyperexcitability. However, even this comparison is fraught with
complexity, particularly in online sampling contexts where individuals with functional seizures

may present with overlapping seizure types or co-occurring neurological conditions (Brown &
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Reuber, 2016). Additionally, not all seizures look the same, even within functional or epileptic
subtypes, and the variability in the presentation, diagnosis, and comorbidities would complicate
direct comparisons between the two groups (LaFrance et al., 2013). This illustrates a broader
issue with control group selection in FND research, where heterogeneity in presentation, even
with a single symptom domain, renders establishing a “perfect” control group nearly

impossible.

In this thesis, several strategies were employed to address these challenges. First, the use
of multiple control groups (healthy controls and LTD groups) across different studies allowed
for a broader comparative framework, reducing the risk that findings were solely by the
inclusion or exclusion of an LTD sample. While an LTD comparison group was not feasible in
the EEG and inflammatory marker studies (due to resource constraints), the inclusion of LTD
controls in other analyses ensured that key psychological and symptomatic distinctions could
still be examined. Further, this thesis explicitly considers which symptoms and correlates may
be specific to FND versus those expected in chronic illness populations more broadly. Findings
suggesting that elevated dissociation is a unique feature of FND (rather than a general chronic
illness correlate) provide evidence that FND-specific mechanisms contribute to
symptomatology beyond those expected in chronic illness alone. However, future research
should continue refining the use of LTD comparisons, potentially incorporating stratified
matching techniques to control for illness duration, disability severity, and psychosocial
factors, as well as exploring biomarker-based comparisons to distinguish better shared versus
disorder-specific pathophysiological mechanisms. Implementing carefully matched LTD
control groups in future studies could ensure balance in illness duration, severity, functional
impairment and symptom clusters. Beyond this, future research should also use neurobiological
markers (such as EEG, inflammatory markers, and neuroimaging) in LTD comparisons to
differentiate FND-specific disruptions from broader chronic illness mechanisms. Finally, the
examination of longitudinal trajectories should be undertaken, as chronic illness conditions
often exhibit different symptom progressions compared to FND, which fluctuates over time in

ways that may not align with progressive or autoimmune disorders.
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8.8 Future Research

Considering the limitations discussed in the previous section, the current set of studies
represents an initial exploration into many areas of FND. It lends direction to exploration for
future research. Concerning the identification of the subclassification of FND, the identification
of seven subclasses serves as a starting point for future investigation and refinement. However,
it is crucial to recognise that the study is inherently exploratory, and there are ample
opportunities for enhancing and refining the findings in future research endeavours. For
instance, an in-depth examination of the scale items could unveil missed opportunities to
capture distinct seizure subtypes of function cognitive subtypes, which have garnered
increasing attention in the literature (Ball et al., 2020; McWhirter et al., 2020; Teodoro et al.,
2018). Thus, future studies could benefit from refining the measurement tool to encompass a
broader spectrum of FND manifestations. In addition to refining measurement tools and
statistical techniques, future research endeavours should also prioritise participant participatory
involvement (PPI) to ensure that the subclassification of FND is grounded in the lived
experiences and perspectives of individuals affected by the disorder. Engaging participants in
the research process, from study design to interpretation of findings, fosters a sense of
ownership and empowerment, ultimately enhancing the relevance and applicability of research
outcomes to clinical practice and patient care. By embracing a PPI approach, researchers can
collaboratively explore the diverse manifestations of FND and develop subclassification
frameworks that resonate with the unique needs and experiences of individuals living with the

disorder.

Moreover, the incorporation of additional statistical techniques, such as Exploratory
Factor Analysis (EFA) followed by K-means clustering (EKA), alongside Latent Class
Analysis (LCA), could provide complementary insights into the latent structure of the observed
variables. While LCA identifies latent classes based on observed response patterns, EFA
explores underlying factor structures and identifies latent dimensions contributing to the
observed variance (Fabrigar et al., 1999). Integrating these exploratory techniques with LCA
can enhance the validity and robustness of the identified classes, offering a more
comprehensive exploration of the latent structure of the data (Lubke & Neale, 2006).
Additionally, conducting scale validation procedures would further corroborate and validate
the findings by examining factor patterns and ensuring the reliability and validity of the

measurement instrument (Marsh et al.,, 2009). The development and refinement of this

193



measurement tool should capture a broader range of FND manifestations and integrate further
exploratory statistical techniques to enhance the validity of subclassification approaches and
ensure the measurement's reliability. Future research in this sphere could support the
enhancement of research approaches and have implications for targeted approaches in clinical

practice.

Neuroinflammation was confined to IL-6 as CRP levels seemed more moderated by
physiological facets (particularly depression and dissociation). Nonetheless, in the current
study, neuroinflammation was evidenced by elevated interleukin-6 (IL-6) levels as a significant
factor in the pathophysiology of FND. IL-6 is a pro-inflammatory cytokine implicated in
various neurological diseases through its role in neuroinflammatory processes and synaptic
dysfunction (Erta et al., 2012; Gruol, 2015). Importantly, IL-6 has been shown to exert its
effects on neuronal function via epigenetic modifications of Brain-Derived Neurotropic Factor
(BDNF), a key regulator of neuronal survival and plasticity (Karpova et al., 2014; Kowianski
et al., 2018; Leal et al., 2017; Sleiman et al., 2016). Dysregulation of BDNF signalling
pathways could be implicated in the pathogenesis of FND as it is associated with alterations in
neuronal excitability and synaptic transmission, which is known to be altered in FND (Aybek
et al., 2019; Carlozzi et al., 2016). Therefore, investigating the relationship between IL-6-
mediated neuroinflammation and epigenetic modifications of BDNF represents a promising
avenue for future research in FND, with potential implications for developing targeted
therapeutic inventions aimed at restoring neuroplasticity and mitigating symptom severity.
Future research could also explore alternative assay techniques, including multiplex
immunoassays or mass spectrometry-based approaches, to validate findings and explore
distributions between markers. ELISA assays provide quantitative measurements of IL-6 and
CRP levels but not of underlying biological mechanisms driving changes in inflammation.
Incorporation of complementary molecular and cellular techniques, including gene expression
analysis or immunohistochemistry, could support investigations of the molecular pathways and

cellular processes associated with alterations in inflammatory markers in FND.

Conversely, C-reactive protein (CRP), a non-specific acute-phase reactant, lacks
specificity for brain-related processes and may be influenced by a myriad of non-brain-
involved clinical contributions. In the current thesis, CRP levels were influenced by
dissociation and depression, highlighting the role of neuropsychological states in FND but
signalling the need for more specific biomarkers, too. BDNF emerges as a potential candidate

biomarker which may offer greater specificity than CRP in diagnosing and stratifying
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individuals with FND. BDNF, centrally involved in neurodevelopment, synaptic plasticity and
neuronal survival, has garnered attention as a putative biomarker based on previous research
findings (e.g., Aybek et al., 2021; Chen et al., 2019). Future research should explore the utility
of BDNF as a diagnostic marker in FND, with particular emphasis on its specificity and
sensitivity in distinguishing FND from other neurological and psychological conditions.
Additionally, investigations into the mechanistic underpinnings of BDNF dysregulation in
FND, including its interaction with inflammatory pathways and epigenetic modifications, hold
promise for elucidating the pathophysiological mechanisms of the disorder and restoring

homeostasis to alleviate symptom burden.

In relation to EEG, whilst comprehensive, additional techniques could have been applied
to the data to add several critical dimensions to the findings and address some of the present
limitations. ICA is a powerful technique for decomposing EEG data into spatially independent
components and representing distinct brain networks or sources of neural activity (Makeig et
al., 1997), and this was not applied here. Even though only a few channels were used, and
higher densities of EEG channels may provide more spatial investigation and the accuracy of
ICA decomposition, extracting meaningful components from EEG with a limited number of
electrodes is still feasible. This could support the investigation of brain networks associated
with inflammation and dissociation and enable the examination of dynamics and interactions
to provide a more comprehensive understanding of neural correlates and neurobiological
mechanisms. Additionally, dipole modelling was not applied, which could enable the
estimation of the location and orientation of electrical sources based on EEG scalp recordings.
Findings, particularly of the vmPFC and DMN regions in his study, should, therefore, be
interpreted with caution. Additionally, EEG has a limited spatial resolution compared to over-
neuroimaging techniques, and further investigations with fMRI could further support the
findings and explore the spatial distribution of neural activity. Similarly, advanced EEG
processing, such as the application of Spiking Neural Networks (SNN) to explore differences

in connectivity throughout brain data, should be considered in future research.

Furthermore, the continued advancement of analytical techniques for
electroencephalography (EEG), particularly machine learning (ML) and neural network
analysis, presents promising avenues for future research in understanding Functional
Neurological Disorder (FND). ML techniques, such as supervised and unsupervised learning,
offer opportunities to uncover hidden patterns and infer valuable insights from complex EEG

data (Ghahramani, 2015; Kotsiantis et al., 2007). Supervised learning methods leverage
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existing and estimated target values to develop predictive models, whereas unsupervised
learning techniques cluster data based on similarities, revealing unknown patterns and
structures. Additionally, spiking neural networks (SNNs) represent a novel application that
extends beyond conventional ML approaches, enabling the training of data to interpret spatial
and temporal information and create three-dimensional models mapping brain structures
(Indiveri et al., 2015). SNNs simulate the brain's natural processes by incorporating artificial
spiking neurons capable of learning from temporal data and integrating time into their
computational operations (Agatonovic-Kustrin & Beresford, 2000; Schmidhuber, 2015). By
applying SNNs to EEG data, researchers can model and extract new knowledge from
spatiotemporal dynamics, offering a more biologically plausible approach to understanding
brain function (Gholami Doborjeh et al., 2018). These advancements hold significant promise
for enhancing our understanding of FND by providing deeper insights into the dynamic
interactions and patterns of brain activity underlying the disorder. Whilst there was insufficient
time or space to include these techniques in the current thesis, future research endeavours could
leverage these techniques. These have the potential to reveal novel biomarkers, refine
diagnostic criteria, and develop targeted interventions for individuals with FND, ultimately

transforming the landscape of FND research and clinical practice.

8.9 Thesis conclusion

In summary, this thesis demonstrates that there are psychological, neurophysiological
and neurochemical differences in FND and that these could result in distinct disorder subtypes.
Specifically, dissociation, an often-overlooked concept in contemporary models, was elevated
throughout the studies presented here. Dissociation should be considered as a core construct in
FND, and this holds a relationship with many other psychological facets in chronic illness,
some of which are more specific to FND. The presence of distinct subtypes of FND was noted
through latent class analysis. Some subtypes were noted as having a relationship to
predisposing factors and dissociation. Collections of symptoms can characterise each of the
seven distinct subtypes, and further research should consider expanding upon this further in the

hopes of capturing further subtypes and being reflective of patients' lived experiences.

The thesis also demonstrates the role of inflammation in FND and its relationship to

dissociation. Inflammation is elevated in those with FND, and further work could establish the
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distinct neurochemical profile of FND and implicated inflammatory pathways. Some of these
inflammatory markers were influenced by dissociation and mood and other elements more
typically associated with general chronic illness (such as life changes, reduced activity, etc).
However, this did not influence IL-6, and as such, there could be at least two implicated

inflammatory pathways which warrant further investigation.

Brain activity baseline differences were found in FND. This has implications for the
usefulness of EEG in investigating FND and adds to the growing body of knowledge in this
area. Particular frequencies denoted higher and lower connectivity, suggesting specific neural
dysfunction and signatures in FND that need further investigation. These, too, in some cases,

held a relationship to dissociation and inflammation.

Taken together, the thesis suggests that an embodied brain model is a novel way of
conceptualising FND. This acknowledges the bidirectional interactions involved in the
neuropsychological, neurobiological, neural network, and neurophysiological processes
involved in FND. This thesis highlights essential insights into this relationship and how these
can further inform the dynamics and unique neurobiological mechanisms of FND. This work
offers an improved understanding of the neurophysiology of FND and the necessity for the

application of multimodal studies to develop this knowledge.
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Chapter 9: Reflections on Belonging: Academia, Identity, and the Patient-

Researcher Experience

9.1 Chapter Introduction

Academia prides itself on the pursuit of knowledge, objectivity, rationality, and the idea
that research exists in a vacuum, untainted by the biases, struggles, and lived experiences of
those who conduct it. But the reality is far messier. No research is ever genuinely objective
because researchers are not blank slates. We bring ourselves, our identities, our histories, and

our challenges into our work, whether we acknowledge it or not.

When my examiners suggested a reflection on my PhD journey to be included in my
thesis, they framed this around the impact of the pandemic. The disruptions to research, the
shift to remote work, the need for resilience in uncertain times and the project plans that shifted
along the way. However, to limit this reflection to the pandemic alone would only be part of
the story for me. Because the truth is, I was navigating this PhD as an outsider long before

COVID-19 arrived.

This chapter, therefore, is about conducting research during a global crisis (a reflection
that I am sure my peers would resonate with). However, it is also about what it means to
complete a PhD while being a patient myself, a mother, a woman of a working-class
background in a field that often asks for detachment where I could only bring lived reality. It

is about holding (and juggling) multiple identities at once:

e A patient-researcher studying a condition I experience while trying to remain
‘objective’ in pursuing scientific rigour.

e A single mother balancing a PhD with childcare, financial instability, and the
knowledge that traditional academia was not built for people like me.

e A working-class academic and first-generation student learning the unspoken
rules of a system that assumes a level of social capital I did not have.

e As an individual who was rebuilding from personal upheaval, I was carrying the

weight of responsibilities far beyond research deadlines.

For me, the Ph.D. was not just an academic challenge; it was deeply personal and six

years of my life. It was a test of endurance, a negotiation between the structures of academia,
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the unpredictable and often chaotic nature of life, and the negotiations I had to make along the

way.

Reflection is often positioned as second in research, something to be tucked away and
conducted privately and rarely published for the world to read, or simply a small nod to the
‘challenges encountered’ before moving on to the real work. But autoethnography challenges
this idea and positions personal experience as not a striction from research but an essential part
of it (Adams et al., 2017; Butz & Besio; 2009; Ellis et al., 2011). During my PhD, I initially
grappled with the tension between subjectivity and academic rigor, unsure how to navigate my
dual role as both researcher and patient. It was only through engaging with autoethnography
that I began to see my lived experience not as a methodological weakness but as a legitimate
and valuable lens of inquiry. As Wall (2006) describes, the process of learning autoethnography
itself is a deeply reflexive and sometimes unsettling journey, one that challenges conventional
notions of objectivity while demanding a level of self-examination that is both intellectually

and personally transformative.

To structure this reflection, I draw on several reflective models. I draw on Gibb’s
Reflective cycle (1988) as an homage to my students whom I encourage to use the model often,
and which provides a systematic way of examining experiences through six stages:
Descriptions, Feelings, Evaluation, Analysis, Conclusion, and Action. I will also integrate
Schon’s (1983) concepts of reflective practice, distinguishing between reflection in action (how
I adapted in the moment) and Reflection in action (looking back at moments of challenge to
extract deeper meaning and insights). By applying such frameworks, I move beyond my brand
of personal storytelling (somewhat) into a critical exploration of how my journey shaped not

just my research but my understanding of academia and my own practice itself.

PhDs are often framed as intellectual pursuits, but the reality is that they are deeply
personal journeys, shaped by life within and beyond academia. This chapter is a reflection not
just on the barriers I faced but on the ways in which those barriers reshaped my understanding
of knowledge, the transference of knowledge, resilience and identity. It is also an argument
(because it would not be me elsewise) that personal experience does not invalidate research but
strengthens it; academia should recognise the realities of those who do not fit its traditional
mould, and that reflection should not be an afterthought but a critical tool in knowledge

production itself. This is not just a story about my PhD, but a recognition about what it means
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to pursue knowledge while holding multiple, and at times conflicting, identities

simultaneously. Perhaps, most importantly, it is a reflection on why systems must change.

9.2 Chapter overview

This chapter explores key moments of my PhD journey, structured around the major

challenges, transformations, and insights that defined it. I have divided it into 6 key sections.

e Navigating Academia as an outsider — Learning the unspoken rules of a world
that I never believed I belonged in.

e The Patient-Researcher Paradox — The tension between studying a condition I
experience while maintaining academic ‘objectivity’.

e Single Parenthood and the PhD — The reality of balancing academia with
caregiving.

e The Pandemic as a Disruptor and Catalyst — How the COVID-19 pandemic
both complicated and clarified my journey.

¢ Finding my Voice — overcoming imposter syndrome, embracing advocacy and
learning that I did not need to erase parts of myself to succeed.

e Recommendations — drawing meaningful conclusions based on this reflection.

9.3 Reflection Introduction

Early in my PhD, my son was small enough to sit on my lap whilst I worked. I remember
precise moments of one adorably chubby hand gripping his bottle, the other lovingly tangled
in my hair, sticky with whatever remnants of the day clung to his fingers. I would read my
drafts or papers aloud, trying to balance my roles, my voice reading scientific notes in a voice
soft enough to soothe him to sleep but clear enough that I could still hear the shape of my own
arguments or those on the page. Somewhere at the back of my mind, I’m still trying to think of
the plans I have for the evening; my productive time can begin the moment I settle him to bed.
It was an imperfect system, but it was mine and the only way in which I could operate. Now,
seven years on, he leans against me in a different way — longer limbs, heavier presence, his arm
draped casually over my shoulder as he loses himself in the small, pixelated world of his

Nintendo DS. I work as he rests, still weaving my words around the weight of his presence
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(though now he can read, he occasionally reads aloud a sentence he feels I have mistyped or
one that he has an opinion on). Yet here I am, still balancing the dual roles of researcher and
mother. The landscape now, however, has shifted. This reflection is about that shift, not just
the passage of time, but the evolution of identity, the way a PhD is never just about research,

but about the person you become while writing it.

When my examiners suggested a reflection, it was framed around the pandemic — its
disruptions, its forced adaptions, the ways in which we learned to work in isolation, to
recalibrate our expectations of progress. And while that is certainly part of this story, it is not
the whole story. Because resilience did not begin with the pandemic, and it did not end with it.
This reflection extends beyond the logistical challenges of remote research. It is about
navigating academia as an outsider, about learning the unspoken rules of a world that was never
built with people like me in mind. It is about the tensions of dual identity, being both a patient
and a researcher, both a single mother and an academic, both the one producing knowledge and
the one scrutinised by it. At its heart, this is a reflection on what it means to belong in spaces

that were not designed for you and the ways in which we carve out space anyway.
Throughout this piece, I explore:

e The pandemic as both disruption and revelation - The forced isolation of
lockdown made the invisible visible, bringing into sharp focus structural
inequalities that existed long before the pandemic.

e The resilience of patient research - the duality of researching a condition while
embodying its lived reality and the tensions this creates in an academic world that
historically privileges detachment.

e The shifting identity of the academic parent — balancing a PhD with single
parenthood, moving from a lap-held toddler to a growing child who has, in his
own way, grown up alongside my research.

e The importance of advocacy and inclusion — why representation in academia
matters and how those of us who enter these spaces from the margins must often

build the bridges we need.

While this is deeply personal, my reflection extends beyond this. Autoethnography
teaches us that experience is not merely anecdote but data and that lived experience offers

insights that cannot be accessed through distance alone (Wall, 2006). To structure this

201



reflection, I draw on Gibbs’ Reflective Cycle (1988) and Schon’s (1983) model of reflective
practice, both of which allow for a systematic exploration of experience. This is not just what
happened but what it means, how it shaped me, and how it informs my work moving forward.
More than anything, this is a reflection on endurance, on persistence, on what it means to sit in
the uncomfortable spaces and remain anyway. Academia, traditionally, may not have been built

for people like me. But here I am. And I am staying (with my own brand of Chaos).

9.4 Navigating Academia as an outsider

When I entered academia, I felt like a trespasser, tiptoeing into a world that wasn’t built
“for people like me” and feeling like I did not belong. The first in my family to go to university,
I knew that knowledge (or at least the access to it) was a privilege, one that I could only access
if I learned how to move invisibly, quietly, correctly. At first, I tried to decode the language of
academia through observation, absorbing every unspoken rule like an anthropologist would in
an unfamiliar culture (Bourdieu, 1984). Nevertheless, no matter how well I studied the customs,
I always felt like I was mimicking, never genuinely belonging in a place that I truly longed to

belong in.

There is a moment, rather trivial in hindsight, that sticks with me still: a conversation
about halloumi cheese in the shared kitchen. I already felt like an imposter, straight out of my
undergraduate studies, but I landed a role as a research assistant on a huge multi-study project
that had landed so much funding and I, so much responsibility. But there, in the kitchen, the
group was animated, debating the squeak factor, discussing the best brands, and comparing
halloumi to other cheeses. I stood there, silent. Not because I had nothing to say but because I
had no reference point, no shared history of dinner table debates about “premium cheeses,” and
I felt like I was missing some kind of internal joke that the rest of the group knew of. It was
not about cheese. It was about cultural shorthand (Bennet, 2017) and an invisible test of
belonging that I had already failed. This moment, though minor, reflects Bourdieu’s (1986)
concept of cultural capital, where knowledge, language, and social cues act as forms of power.
Academia assumes a certain baseline familiarity with these codes, ones that working-class

students often find themselves learning on the spot rather than inheriting.

The discomfort wasn’t just social; it was existential. Whenever I spoke in a seminar or at

a research group later in my career, I felt the weight of proving I deserved to be there. If I spoke
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too assertively, I was “too aggressive” or “too egotistical”. If I softened my stance, I was
“uncertain”. If I admitted I struggled, I would be proving the doubts I already feared others had
of me. Academia is a world where confidence masquerades as competence (Moutntz et al.,
2015), where the correct vocabulary, the right tone, and the right knowing smirk in a discussion
can establish your credibility. However, I did not know the rules of the game, let alone how to
play it convincingly. Prior to my PhD, I had already spent years balancing being a single
mother, a patient, and a researcher, but those identities were not visible when I walked into a
room. Instead, I was measured against standards built for those who never had to fight just to

sit at the table in the first place.

At times, through my journey, I have felt as though I was dismantling myself into socially
acceptable pieces, cutting away the raw edges of my experience to fit into a mould that was not
designed for me. Research has shown that working-class students and academics often engage
in this ‘code-switching’ to assimilate into academic culture at significant psychological cost
(Reay, 2018). I changed the way I dressed, the way I spoke. I had to be corrected on formalities
in email tone or voice projection, all the while people did not see that it was because I had not
been taught these acts. I learned to self-edit in real time, constantly scanning for cues about
how much of myself was safe to reveal. Ahemend (2012) describes the constant “sweating” of
those who do not fit, an awareness of being hyper-visible while simultaneously invisible in

decision-making spaces. Nevertheless, still, despite my efforts, I was still seen as an outsider.

The irony is that I entered this field precisely because of my personal connection to my
research. My work was not just academic; it was deeply, intrinsically personal. I studied
Functional Neurological Disorder (FND), inflammation and dissociation, not just because they
were intellectually interesting, but because they were a part of my body and my reality.
However, objectivity is a currency in academia, and personal experience is often seen as an
intellectual liability rather than an asset (Harding, 1991). My lived and felt knowledge was
dismissed in favour of detached observation. When I pointed out patterns in patient narratives
were not always accounted for in the literature, I was met with scepticism in some places, even
condescension. At a time in a research seminar, someone dismissed a patient’s subjective
account as “anecdotal”. I sat there, feeling the weight of my own experience in my throat,
knowing that in their eyes, I was an anecdote too. This is a well-documented issue in research,
epistemic injustice, where lived experience is seen as secondary to ‘expert’ knowledge (Fricket,
2007). Patient narratives are often framed as interesting but unreliable, even though those with

firsthand experience often hold the deepest insights into their own conditions (Greenhalgh,
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2016). It was here, in this paradox, between being a researcher and being the subject of

research, that I found the deepest tension in my academic journey.

It was not an institution that gave me permission to belong — it was people. One of them
was Prof. Eva Sundin. She took it upon herself to become my informal mentor and saw in me
what I had not yet learned to see in myself. She never asked me to shrink or to filter my
experiences to fit academia’s standards. Instead, she helped me to understand that the things
that made me feel like an outsider were also my greatest strengths. Mentorship is crucial for
students from underrepresented backgrounds. McAlpine and Amundsen (2011) highlight the
importance of academic mentorship in building confidence, particularly for those navigating
imposter syndrome. Having someone validate your perspective, not despite your background
but because of it, can be transformative. Eva passed away before I finished my PhD. She never

saw the end of this journey. Nevertheless, her presence is embedded in every word I write.

I was also fortunate to have a supervisory team that recognised my potential and
supported my progression. My director of studies, Prof. Alex Sumich, has guided me from my
undergraduate degree, then to my master’s and finally onto my PhD. Alex once told me that he
stood on the shoulders of giants, and now, in the role of a senior lecturer, I can appreciate his
sentiment. Alongside him, Christina Howard and Suvo Mitra played an invaluable role in my
PhD. Their support of my academic progression was matched by their concern for my well-
being. They provided me space to navigate this journey and its complexity as a team. I feel that
in some way, by recognising the unique aspects of my journey and some mirroring their own
experiences, they were able to provide me space and the ability to recognise my potential
beyond my academic output. It was never just about the research — it was also about the person

behind the research.

I no longer write or speak with the intention of proving that I belong here. I belong here
because I am here. I have stopped dismantling myself into palatable pieces. Instead, I bring all
of it — the patient, the researcher, the single mother, the advocate. I no longer try to contort
myself into a version of professionalism that demands detachment. Instead, I claim the space
never designed for me and reshape it in my own image. Traditionally, academia asks us to strip
our work of emotion, of self, as if knowledge can only be formed in sterile, detached spaces.
However, Harding (1991) argues that all knowledge is situated; objectivity is not achieved

through detachment but through acknowledging one’s positionality.
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Now, as a Senior Lecturer, my lived experience informs not just my research but also my
pedagogical approach. My teaching is shaped by critical pedagogy (Freire, 1970), the idea that
education should be a practice of liberation rather than assimilation, challenging traditional
power structures rather than reinforcing them. I do not just teach my students to absorb
knowledge; I encourage them to question the producers of knowledge, whose voices are
included and whose perspectives are silenced. Like Bell Hooks (1994), I believe that education
should be transformative and that the classroom should be a place where lived experience and
academic knowledge are in dialogue, not opposition. This is particularly critical for students
from underrepresented backgrounds, who, like I once did, may feel that their struggles make
them less suited for academia. I try to encourage the realisation that their experiences offer
perspectives that academia (and clinical practice) desperately needs. I integrate inclusive
pedagogical practices into my teaching, encouraging students to reflect on how their
positionality shapes their academic work (Cook-Sather, 2014). I draw on asset-based
approaches that reframe challenges not as deficits but as sources of insight (Yosso, 2005). My
goal is for students to leave my classroom not just with knowledge but with the confidence that

they, too, have a place in academic and professional spaces.

Academia should not be about erasing personal struggles but learning from them and
using them as a force for change. The more I teach, the more I see this in practice. The students
who come to me doubting whether they belong are often the ones who bring the most profound
insights. I write this not just for myself but for the next researcher/s who sit in silence in a
shared kitchen, wondering if they are an imposter in a world of halloumi conversations. You

belong. The world will catch up with that fact soon, too.

9.5 The Patient-Researcher Paradox

I have read descriptions of my own conditions in textbooks, journal articles and clinical
reports, but never in my own words until undertaking research. At one point, I became
paralysed by the act of writing itself, trapped in a kind of intellectual imposter syndrome. How
could I feel like an outsider to a condition I had both studied and lived? How could 1 fear
misrepresenting something that shaped my own body, my own life? And yet, I did. For most
of my academic journey, I encountered my body not as a site of knowledge but as an object of

study (and dysfunction and chaos). Something dissected in medial literature's cool, detached
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language, framed through the lenses of dysfunction, conversion and deficit. I remember reading
an early paper on FND that outlined a clinical presentation eerily similar to my own (so similar,
in fact, that I remain convinced it was about me). It should have been an intellectual exercise,
but instead, it felt invasive, like standing outside of myself while a room full of experts
discussed my body as though I were absent. Nevertheless, | knew what that felt like, too. I had

already lived that moment.

When I was first diagnosed, I lay in a hospital room, unable to move, unable to speak,
trapped in a body that no longer responded to me. I heard them before I saw them; the clinicians
gathered at my bedside, speaking over me, about me, as though I were not there. I heard the

doubt in their voices, the causal speculation:

“She’s a teenager.”

’

“Maybe she just wants attention.’
“If we leave her long enough, maybe she’ll snap out of it.”

I wanted to scream. I wanted to move, to make them see that I was not invisible, not
pretending, not absent from my own body. But I was trapped. Stuck between medical
scepticism and the undeniable reality of my own experience. Years later, as I sat in front of my
PhD (or the blank page that would eventually become my thesis), I found myself in a similar
state of paralysis. How do you write with authority about something that has, at times, rendered
you voiceless? How do you position yourself as an expert in a condition that academia insists
you can only study at a distance? That is the paradox of being both a patient and a researcher.
The closer you are to your subject, the more you are asked to prove your legitimacy. To strip

away the personal. To perform detachment. To dissect yourself.

This is the paradox of being both patient and researcher. You learn to toggle between
identities. Between being the subject and investigator, between the dispassionate voice of
academic writing and the deeply embodied experience of living with the very condition you
are analysing. It is a paradox that is not easily resolved because academia, historically, has built
the foundation of detachment as a marker of legitimacy (Haraway, 1988). The patient-
researcher model challenges this deeply embedded norm, forcing a confrontation with the

question: Who is allowed to produce knowledge?

From the outset of my PhD, I was aware that my lived experience would be both my

greatest strength and my greatest liability. It gave me insight into patterns that traditional
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research often overlooked, but it also placed me in a position where I would need to justify my
place at the table, not only as a scientist but as a subject. There is an implicit hierarchy of
knowledge in academia, one that privileges the detached observer over the embodied knower
(Carel & Kidd, 2014; Fricker, 2007). Lived experience is often relegated to the realm of
anecdote — interesting but perhaps not scientific. I felt the weight of this dynamic often, and I
hesitated to speak out. Even at conferences, I wondered if mentioning my diagnosis would
undermine my authority. In a seminar discussion, for example, a fellow researcher dismissed a
patient narrative as “purely anecdotal”. I sat there knowing that in their framework, I too was
anecdotal. No matter my research's rigour, my lived experience threatened to destabilise my
growing credibility. This scepticism toward patient-researchers is part of a broader issue of
epistemic injustice in medicine, the systematic devaluation of patient knowledge in favour of
institutional authority (Carel & Kidd, 2014). Patients often feel unheard in clinical settings,
their accounts are scrutinised more than their diagnostic tests, and their words carry less weight
than their medical records. In academia, as in medicine, the patient is expected to be the passive

recipient of knowledge, not its producer.

However, what if that framework is wrong? What if the lived experience of illness does
not taint research but enriches it? What if the knowledge held in bodies, narratives, and
communities of patients advocating for themselves is just as valid, if not more so, than the
knowledge in textbooks? Feminist epistemologists have long argued that all knowledge is
situated and that objectivity is not the absence of bias but the awareness of one’s positionality
(Harding, 1991; Haraway, 1988). I began to realise that my role was not to suppress my
experience but to integrate it critically, to interrogate where lived experience intersects with
empirical data and where it challenges those dominant narratives. I would love to say that there
was a critical moment where this realisation occurred, but there was not; it happened slowly
and with time. As my PhD progressed, so did my confidence in this perspective. I began to see
what others had missed, like patterns in patient narratives that aligned with neurobiological
findings or could be experimentally explored and inconsistencies in theoretical frameworks
that could only be noticed when lived experience was considered. I was no longer simply
collecting data; I was interpreting it through a lens that traditional researchers did not have
access to. The shift was gradual, shaped by conversations with others, by my increasing
involvement in advocacy, and by moments where I saw firsthand the gaps in academic

knowledge that would only be filled by those who had lived it.
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The expectation that knowledge should be gathered, observed, and analysed from a safe
intellectual distance was not one that would fit my direction. Despite this, personal experience
(particularly in medical and psychological sciences) remains commonly seen as a contaminant
rather than an asset (Haraway, 1988). This is the Cartesian legacy of mind-body dualism, where
scientific legitimacy is tethered to detachment and objectivity, as though the body is an
unreliable narrator of its own experience (Wendell, 1996). Yet this creates a fundamental
paradox for the patient-researcher and for the progression and advancement of many fields.
Continued practices create epistemic injustice and marginalise embodied knowers who should
be central to knowledge production rather than discredited. This tension in my own research
manifested in tangible ways. Though I hesitated initially, I could move through critical self-
reflection and change how I performed research. Though I recognised the paradox and the
constant negation between the boundaries of scientific analysis and personal insight, I felt
conflicted. I began to recognise that the tension between embodied knowledge and academic
authority was not a failure of my research or myself but a failure of the system that defines
expertise. The rejection of lived experience in the medical sciences reflects broader historical
trends, where patient voices have been excluded from shaping medical discourse (Greenhalgn,
2016). I began to see my perspective not as a bias but as a methodological strength, aligning
with contemporary movements in narrative medicine and patient-centred research (Charmaz,
1991). I no longer sought to distance myself from my research but instead acknowledged it as

situated knowledge and integrated my perspective more critically (Haraway, 1988).

While the traditional academic model has historically excluded patient voices, there is
a growing movement toward participatory and co-produced research that actively integrates
lived experience into study design, analysis, and dissemination (Greenhalgh et al., 2019;
Madden & Speed, 2017). Participatory Action Research (PAR) and co-produced
methodologies challenge the traditional researcher-subject hierarchy, recognising that those
with a lived condition hold expertise that is complementary to clinical and academic knowledge
(Cargo & Mercer, 2008). This shift is particularly evident in patient-led research initiatives,
which value experiential knowledge as integral rather than supplementary to scientific inquiry.
This also aligns with broader changes in medical humanities and narrative medicine, which are
that stories are not just personal reflections but legitimate sources of data (Frank, 2013). Rather
than reducing patient experience to “anecdote”, qualitative research and phenomenological
approaches increasingly highlight the necessity of integrating first-person accounts into

medical and psychological science (Mattingly, 2010). My own research was situated at the
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intersection of these tensions. While I had entered academia expecting to distance myself from
my condition, I ultimately realised that patient-researchers hold unique epistemic authority —
not because of bias, but because our lived experience allows us to see things that conventional
researchers might miss. However, whilst these shifts toward participatory methodologies are
promises, they are not yet fully embedded into the academic mainstream. The tension remains:

whose knowledge is considered legitimate, and whose is still considered secondary?

My shifting thoughts on this topic did not happen in isolation but were ultimately
shaped by direct involvement in patient advocacy, the third sector, and interdisciplinary
conversations in medical humanities. Schon’s (1983) concept of ‘reflection-in-action’ captures
this transition well. Through advocacy work, I was no longer just reflecting on my role in
academia but actively reshaping it in real time. This became clear when I stepped onto a TEDx
stage, delivering a talk that did not just outline my research but positioned patient narratives as
central to medical knowledge production. In my role as Vice-Chair at FND Dimensions, | was
no longer negotiating my position as an outsider. Instead, I was contributing to systemic
change, challenging structures that had once made me question my legitimacy in academia and
opening the doors for others who wanted to access higher education. I have also begun to
produce systems whereby patients' experiences are heard and listened to and wherein they
become the producers of knowledge that ultimately support others in the community. These
moments did not erase the patient-researcher paradox, but they reframed it. No longer was it a
limitation to be managed but an asset to be fully claimed. This is, for me, the direction academia
must move toward — one where expertise is not defined by detachment but by the integration

of critical lived perspectives into research.

9.6 Single-Parenthood and the PhD

My son has never known a life without my PhD. When I started, he was barely two and
small enough to fit against my chest as I typed, his breathing slow and steady while I proofread
journal articles one-handed. Now he is eight, long-limbed and independent (well, mostly),
stretching into the world while I try to balance academia with the responsibilities of raising
him alone. Single parenthood was never an incidental factor in my PhD); it shaped every aspect
of my experience, not just in time and resources but in identity. The duality of roles as a

researcher and a mother, academic and caregiver, was a constant negotiation, a shifting of

209



priorities that my PhD did not wait for and that others failed to recognise as legitimate. In a
seminar once, a peer suggested adjusting my priorities and being at home with my child. Others
have critiqued my inability to prioritise when my little one falls unexpectedly ill or when I
attend a professional event with an unexpected food smear across my shirt. The chaos of the
role was never the thing that bothered me the most, but the perceptions of others (or that others
felt that they could have) when I became a mother and continued to pursue my career did. Who
knew that informing someone you could not do something because you were a single parent
would lead them to ask “Why?”” or question your legitimacy or have an opinion on what you
should be doing when they themselves have never experienced this? Or expect you to inform

them of the traumas openly that have led to you raising a child alone?

Though the chaos certainly did exist. While some of my colleagues spoke of ‘immersing’
themselves in their research, losing entire weekends to deep intellectual thought, I did not have
that luxury. My days were not marked by the ebb and flow of research productivity alone but
by school runs, meal planning, bedtime routines, and the ever-present hum of financial
responsibility. In this, my experience aligns with Sime and Sheridan’s (2014) research on the
academic parent paradox, where the expectations of productivity in academia conflicted with
the non-negotiable realities of caregiving. Motherhood is rarely factored into the structures of
higher education, and even less so is single parenthood, where every responsibility is
concentrated in one person. I always negotiated time, space, and energy, constantly to-ing and

fro-ing between competing demands.

Beyond time, there was the inevitable financial strain. Unlike many of my colleagues
who could rely on additional income from partners or family support, I bore the full weight of
financial responsibility. Academia is not designed for financial precarity. PhD funding is often
modest, contracts for academic work temporary, and childcare remains an exorbitant cost that
is rarely accounted for in institutional policies (Moreau & Bernard, 2018). To sustain both my
research and my child, I worked alongside my PhD, taking additional academic roles, picking
up research assistantships, and later moving into lecturing before my thesis was even complete.
The concept of an “ideal PhD candidate” assumes financial stability and the ability to work full
time on research without the interruptions of employment or caregiving. However, as Lynch
(2010) notes, this assumption is built upon middle-class privilege and male-dominated

academic norms, where the invisible labour of parenting is either outsourced or not a problem.
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The invisibility of care work in academia is a key site of feminist critique. As Guenther
et al. (2021) highlight, single mothers in academia face a double bind: They are expected to be
both fully committed to their research and fully available to their children. The lack of structural
support means that they often compensate through overwork, stretching themselves across
academic and domestic labour in mentally, emotionally, and physically unsustainable ways. I
certainly remember staying up late for hours on end to complete tasks when my little one slept
and juggling competing demands. It also has implications for career progression. Though
expected to present at conferences and travel, such things are not possible for those in a single-
parent position. Often, financial support is not provided or is limited to transport costs. For me,
the financial strain was not just about income but also about the mental burden of ensuring we
had enough. There was no room for failure, no option to pause my studies for financial reasons
without serious consequences for both my career and my child’s stability. And yet, despite this,

financial hardship is often framed as personal failing rather than continued structural issues.

Academia has long operated under the illusion of the “ideal researcher”, the detached,
fully committed scholar who exists solely to pursue knowledge (Grant et al., 2004). This ideal
assumes total availability to the institution, a capacity for evening seminars, weekend or even
midweek conferences, and the kind of all-consuming intellectual work that is incompatible
with caregiving (statistical analysis and re-runs of Shuan the Sheep on Netflix are, in my
opinion, two things that should never have to go together). In contrast, single parents in
academia operate within constant constraints wherein time is fragmented, availability is
negotiated, and research is fitted into the spaces left behind after all other responsibilities. Shaw
and Ward (2014) describe this as the “motherhood penalty” in academia, where parents face
reduced opportunities for career advancement due to caregiving constraints. It is no wonder I
felt lost in this process, and could not formulate the separate parts of myself into a coherent
narrative structured around a clear sense of self, belonging and identity. Much of life has been

“on hold” as a result and I feel the weight of this still even whilst finalising my submission.

This was particularly evident during the pandemic. While some researchers found
themselves with unexpected writing retreats during lockdown, I was balancing full-time
childcare, homeschooling and research (and had taken a temporary role with the Covid-19
foresight committee) without a support system. Though I remain grateful to some of my peers
who had equally poor sleep patterns and who would meet me online, late at night, to perform
virtual writing retreats. Research by Minello et al., (2021) found that during the pandemic,

academic mothers reported a sharp decline in research productivity, widening an already
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significant gender gap in higher education. There is a cognitive dissonance in academia’s
approach to single parents. Universities celebrate stories of perseverance and resilience yet
often provide little structural support and often no policies that acknowledge the reality of
single-parent PhD students (e.g. funding adjustments, childcare provisions, formal recognition

of the additional barriers).

I adapted, thanks to the people and support structure that I had, and I am certainly
grateful that my institution did make some adaptions. This is not true for many, where barriers
are invisible to the institutions but deeply tangible for those in the midst of them. I worked in
bursts, early mornings before school drop-offs and late nights after my son had fallen asleep. I
attended academic conferences online wherever possible with a baby monitor next to my
laptop, my mind switching between research discourse and the practicalities of whether my
child was settling for a nap. Through Schon’s (1983) model of reflective practice, I came to
recognise that my approach to academia — working in fragmented, adapted, and non-linear
ways- was not a failure but a different way of existing in research. My experience was not one
of deficiency but of innovation, finding a way to navigate. Going forward, I refuse to measure
success against a model that was never built for me. Success is not measured by proximity to
an outdated ideal but by the ability to redefine academia in more inclusive, representative ways.
I certainly hope I have begun doing this for my students and those going through their
undergraduate or master’s thesis work who have caregiving responsibilities. Beyond this, |
recognise that the PhD was never just mine. It was ours, mine and my son’s. In that, I have

already succeeded.

9.7 The Pandemic as a Disrupter and a Catalyst

’

I remember, half-jokingly, telling a colleague, “I could do with two weeks at home.’
When the threat of the potential first lockdown was upon us, it was a passing remark, one of
those offhanded wishes for a pause, just long enough to catch my breath, to slow the relentless
pace of research, work and parenting. I had no idea that the entire world was about to stop.
When the pandemic arrived, it did not simply delay my research. It upended it. The day before
the lockdown was announced, my EEG experiments (three task-based paradigms) had
successfully (finally, after nearly a year of coding) run in their first pilot, and my phlebotomy

equipment was all set up and ready to go. Suddenly, I was not just a PhD candidate navigating
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methodological complexities; I was a researcher in a world that was actively rewriting its own
rulebook in real time. The longer the lockdowns went on, the more my designs had to change.
Ethics procedures shifted, participant recruitment became impossible, and the data collection
painstakingly planned over months was indefinitely postponed. Yet, in that disruption,
something unexpected happened. The pandemic did not just obstruct my PhD; it transformed
it.

Though the pandemic obstructed my research, it also created opportunities which have
profoundly shaped my academic and professional trajectory. During this period, unable to do
my research, [ worked with the COVID-19 Foresight Team. Not only did it promise to provide
me with a short extension, funded, to my PhD and give me some financial security, but I also
had the opportunity to contribute to policy development, crisis response strategies, and public
health research and planning. The skills I had honed during my PhD, like critical analysis,
health research, and psychological insight, became directly applicable to a global crisis. This
experience placed me at the intersection of health policy and research application, providing
an entirely new dimension to my academic identity. Theorising about health disparities in
research is one thing, witnessing the direct impact of health crises on real populations is
another. The work I did with this team deepened my understanding of the social determinants
of health, crisis response and the systemic vulnerabilities within public health infrastructures
(Bambra et al., 2020). More than that, it reshaped my understanding of my own research,
reinforcing that real-world application must sit alongside academic inquiry. The pandemic
restructured my understanding of research, crisis and resilience, but it would take much longer

for me to apply those lessons to myself.

By the time the world began to return to normal, I had finished my work with the foresight
team, resumed my PhD and teaching at full capacity, and re-entered academic life at full speed.
While many had taken the pandemic as an opportunity to slow down, to rest, to recalibrate, I
had done the opposite. I did not take the time to pause because it did not feel like an option. I
had adapted, pivoted, and moved forward, driven by the urgency of both my research and my
responsibilities. I will admit that the pandemic and the fears it brought were difficult to process,
too. I was driven by anxieties about my health, that of my son, the risk of infection (and was
alerted to being part of the “extremely vulnerable population”, a label which I did not want as
I was reminded that I was ill and recovering from surgeries still). This anxiety drove and fed
my already-burning imposter syndrome, and I drove it into research as a means of coping. It

was only later, when my health shifted further in ways I could no longer ignore, that I
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recognised what [ had missed. A new diagnosis, one that I chose not to focus on here, but which
fundamentally reshaped my perspective, forced me to confront something that I had long

resisted: the need to slow down, intellectually and physically.

It was ironic in some ways. The pandemic has taught the world to pause, but I only
learned the lesson after the world had moved on. Lupton (2020) describes the pandemic as a
rupture in the way people relate to their own bodies —a moment that forced many to re-evaluate
their relationship with health, time and personal limits. For me, that rupture came not during
the pandemic but after it. I felt guilt when I realised how much I had pushed through, and the
experience of illness became a personal embodiment of what I had studied in health research —
the disconnect between knowledge and lived behaviour. Broadly, the culture of academia and
the crisis response do not often reward rest but endurance, and I had internalised this (likely a
result of my previously mentioned feelings of imposter syndrome). Only later did I see the
consequences and lesson the pandemic should have taught me: Rest is not an indulgence but a
necessity. I am now more intentional about balancing research, advocacy, teaching and health,

recognising that contribution is not just about productivity but also about sustainability.

I began my PhD believing in certainty, research plans, structured methodologies, and
tightly controlled schedules and environments. The pandemic dismantled that illusion,
revealing a world where research must be responsive, adaptable, and engaged with real-world
complexity. It was not only my research that had to adapt, but I also had to adapt. Disruptions
from the pandemic taught me resilience, flexibility and the urgency of real-world application.
My new diagnosis forced me to consider things more deeply, the way I valued my health within
that system. Rather than seeing this period as a setback (which undoubtedly set me back a few
years), | now recognise this as one of the most defining aspects of my PhD journey. It forced
me to confront long-held assumptions about research certainty, methodological control, the
false distinction between theory and practice and my identity as an academic. It forced me to

confront my own assumptions about what it means to endure, contribute, and rest.

9.8 Finding My Voice

A peculiar silence comes from building your career in academia — hesitation, waiting
until you feel you have earned the right to speak. For much of my PhD, I carried that silence. 1

was a researcher studying a condition I lived with: a single mother competing with demands, a
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first-generation academic with a working-class background in a space filled with unspoken
rules. I wrote carefully, too carefully, each sentence measured, each argument hedged, afraid
that too much certainty would expose my blind spots, but too much caution would betray a lack
of confidence. Every email I had to write induced in me the kind of anxiety one would expect
if being chased by a bear in the woods. I saw in myself, and continue to see in many early-
career researchers, the paradox that authority in academia must be earned through years of
meticulous study rather than the legitimacy of one’s insights. This tension is well-documented
in the literature on academic identity formation. Colyar (2009) describes how doctoral students
undergo a process of “textual self-construction”, learning how to position themselves within
academic discourse while negotiating what parts of their own perspectives feel “permissible”
in scholarly writing. Kamler and Thomson (2006) similarly highlight the way doctoral writing
functions as a site of identity negotiation, where students must balance their developing voice
against the weight of disciplinary expectations. But when do you stop waiting for permission?

At what point does knowledge stop feeling borrowed and start feeling like something you own?

For me, the answer came in pieces, through moments where I spoke before I felt ready,
where I stepped into spaces I was not sure I belonged, where I wrote, presented and advocated
not because I felt certain, but because I finally understood that certainty was never the goal. |
remember a moment when writing the early chapters of my thesis, tabs open, scrolling for the
correct information. I was reading a paper and loved the author's writing style. It felt “sassy”,
like they were sure of their opinions and were not afraid to contradict prominent authors in the
field. Wanting to mimic some of the authors' wit, tenacity, and passion (which is uncommon
in peer-reviewed work), I scrolled to the top of the page to check out their bio, only to discover
that the author was me. That paper came because of teamwork and collaboration, of wanting
to have a voice and because writing should never be perfect — but words on a page, having a

voice, and sharing insights matter.

There are other moments in an academic journey that feel like turning points, not because
they change your knowledge but because they change how you see yourself in relation to it.
For me, one of those moments was standing on a TEDx stage, speaking about my research and
my lived experience to an audience that was not constrained by academic gatekeeping or
journal peer review. The process of preparing the talk forced me to ask what mattered and what
message | wanted to give. The experience was transformative; not only was this the first TEDx
talk on FND, but the curators forced me to craft my speech beyond academic literature. I had

spent years learning to write in the careful, detached language of academia, but on that stage, I
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had to speak in a way that resonated, that mattered, that connected, and that told my story to
the world while giving others in the FND community a voice. The shift was not just in how I
communicated but in how I conceptualised my role as a researcher. Academic knowledge is
often confined within institutional walls, yet the real impact happens when knowledge escapes
those walls, reaching patients, policymakers and communities. This aligns with the principles
of engaged scholarship (Boyer, 1996), which argue that research must not only contribute to

academic discourse but also to public understanding and social change.

Imposter syndrome is a term so frequently used in academia that it has almost lost its
meaning. But that sense of “imposterhood” is not just internal; it continues to be reinforced.
Research on first-generation academics, women in STEM and minority scholars suggests that
feelings of imposterism are not just about individual self-doubt but about the historical
exclusion of certain voices from academia (Clance & Imes, 1978; Gardner & Holley, 2011).
For much of my PhD, I internalised the expectation of proving my right to be here, to justify
my lived experiences, methodological choices, and my very presence in academia. But slowly,
I began to realise that the standard I was measuring myself against was built for a different kind
of academic, a different kind of scholar. The problem was not that I did not belong, but that
academia was still learning how to accommodate voices like mine. This thought mirrors the
arguments made by Ahmed (2012) in “On Being Included”, where she describes the way
marginalised scholars are often positioned as “guests” in academic spaces, expected to conform
to existing norms rather than reshape them. The reality is that academia does not need more
silent participants — it needs researchers willing to bring a bit of chaos — researchers willing to

disrupt, challenge and expand the boundaries of knowledge production.

Writing is not just an academic exercise; it is an act of self-authorisation. The academic
system encourages emerging researchers to write in ways that are neutral, detached, and
distanced from personal stakes. But as Richardson (2000) argues, all writing is situated, and
knowledge is produced from somewhere, by someone. To pretend otherwise is not a display of
objectivity but a failure to acknowledge the social construction of knowledge itself. This is
particularly relevant in research that intersects with patient experience, disability and advocacy.
Charmaz (2004) argues that traditional research paradigms often fail to capture the lived
realities of chronic illness, prioritising clinical objectivity over experiential truth. Writing from
a place of lived experience, then, is not just a methodological choice; it is an intervention in
how knowledge is structured and who is allowed to produce it. It is with this realisation that

my writing has changed. I stopped filtering out what made my perspective unique. I stopped

216



waiting for the elusive feeling of “enoughness” (enough expertise, enough legitimacy, enough

permission). Instead, I wrote.

9.9 Reflection Conclusion

This reflection has traversed the complexities of navigating academia as a patient-
researcher, a single parent, and a scholar whose lived experience both enriched and complicated
the research process. It has uncovered the tensions between objectivity and subjectivity,
inclusion and exclusion, tradition and transformation — tensions that are not unique to my
journey but which are embedded in many others' journeys too. The pandemic, too, functioned
as both a disruptor and a catalyst, forcing a reconsideration of what is essential in research, not
just in terms of methodological flexibility but in the way we define expertise, recognise
barriers, and support the reality of diverse scholars. This journey for me has not been about
simply completing a PhD; it has been about questioning who academia is built for and who is

still asked to justify their place within it.

If academia is to evolve, it must move beyond rhetorical commitments to inclusivity and
embed structural changes that recognise the realities of non-traditional scholars. The following

key insights emerge from this work:

1. Patient-researchers bring an epistemic richness that must be recognised as an asset,
not a liability. Academic institutions and publishing bodies must move beyond
outdated notions of detachment as a hallmark of credibility (Carel & Kidd, 2014).
Lived experience enhances research, particularly in fields that intersect with health
and patient advocacy.

2. Single parents and caregivers remain structurally disadvantaged in academia. The
“ideal researcher” model assumes unlimited time and availability, creating invisible
barriers to participation (Moreau & Bernard, 2018). Universities must acknowledge
these realities through flexible PhD pathways, institutional childcare support and
hybrid conference options.

3. PhD programmes must be designed with adaptability in mind. The pandemic exposed
the fragility of rigid, linear academic timelines. Research must be crisis-responsive,
allowing for alternative competition pathways that do not penalise disruptions to

health or caregiving responsibilities (Greenhalgn et al., 2020).
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4. Participatory and co-produced research models must become the standard, not the
exception. Traditional research structures often exclude the very communities they
seek to understand (Cargo & Mercer, 2008). Patient-led and participatory
methodologies should be actively funded, incentivised, and valued as legitimate
contributions to knowledge production.

5. Academia must embrace voice and reflectivity rather than treat them as indulgences.
Knowledge is never neutral. Scholarship that acknowledges positionality is not
weaker; it is more honest, transparent, and impactful (Haraway, 1988). PhD
candidates and early career researchers must be encouraged to write with presence

and clarity rather than suppressing their insights to fit outdated notions of authority.

This PhD began as a search for answers but ended with more profound questions, not just
about the subject of my research (though I have many unanswered questions and much more
research to conduct) but also about the structures that shape who is permitted to research at all.
I no longer seek to prove that I belong here. I belong because I insist on my presence, because
I have carved out a space where none was offered and because I have reshaped my academic
practice, not to fit in with exclusionary norms, but to challenge them. In the end, the measure
of a PhD is not simply in its contribution to knowledge but in how it transforms the scholar
who undertakes it. This work has changed me, not just in what I know (rather in what I do not

know), but in how I speak, how I write and how I claim space at the table.

If my journey is any indication, academia is at its strongest when it learns to listen. Listen
to those who enter as outsiders, to those who bring lived experience, to those who challenge its
unspoken rules, and to those who bring chaos. Transformation, in the end, is not just an
individual act. It is the work of reshaping institutional practices moving forward to better reflect

the world it seeks to understand.
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