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Abstract

Stress is one of the most frequently self-identified seizure precipitants in patients with
epilepsy, and psychogenic non-epileptic seizures (PNES) are by definition associated with
psychological distress. Stress is a multifaceted phenomenon, yet few studies have
systematically examined its different components in patients with seizures. The main aim of
this thesis was therefore to assess the association between stress and seizures using a
combination of stress measures, and to develop an intervention targeting stress in patients
with seizures.

The first study prospectively explored a range of psychological and physiological stress
markers in patients undergoing video-telemetry. A diurnal pattern was observed in the
physiological measures but, whereas some of the physiological measures were shown to be
associated with each other, no close relationship was found with self-reported stress. Notably,
none of the stress measures predicted occurrence of epileptic seizures or PNES; however, the
occurrence of seizures was found to predict greater self-reported stress and autonomic arousal
up to 12 hours after the seizures. A second part of the study assessed implicit attentional
responses to stress-related stimuli and suggested patients with epilepsy show heightened
vigilance towards threat (especially seizure threat), associated with increased autonomic
arousal.

A self-help stress-management intervention, developed as part of the second study, was
evaluated in a pilot randomised controlled trial. Results from the pilot demonstrated the
intervention was acceptable and provided preliminary evidence for its effectiveness in
reducing self-perceived stress. Further evaluation in a larger trial may be justified, although
future studies should include measures to reduce the high attrition rates observed in the pilot
study.

Ultimately, examination of the role of stress in seizure disorders continues to be an
important area for future research. Simple interventions such as the one developed in this
thesis could be a useful complementary treatment option for reducing the distress associated

with seizures.
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1. CHAPTER 1

Introduction

1.1 Epilepsy

Epilepsy is one of the most common disabling neurological disorders, characterised
by recurrent seizures (Haut et al., 2006). According to the International League Against
Epilepsy (ILAE), epilepsy is defined as a disease of the brain diagnosed on the basis of any
of the following three criteria: (1) occurrence of at least two unprovoked or reflex seizures
more than 24 hours apart, (2) one unprovoked or reflex seizure associated with at least 60%
probability of seizure recurrence in the next ten years, or (3) diagnosis of an epilepsy
syndrome (Fisher et al., 2014). Epilepsy is a complex disorder with a heterogeneous
aetiology and diverse manifestations (Berg et al., 2010). The ILAE proposed a classification
system based along five axes that describe (1) the type of seizure (Figure 1.1), (2) focal or
generalised seizure onset, (3) epilepsy syndromes (Figure 1.2), (4) aetiology and (5) the
associated disability (Duncan et al., 2006). Seizures are events in the brain characterised by
hypersynchronous and excessive electrical discharges that can be classified as generalised,
focal or unknown (Berg et al., 2010). Generalised seizures arise within and spread across
both hemispheres, whereas focal seizures originate in one part of the brain and may or may
not spread. Seizures can vary from brief lapses of consciousness, muscle jerks or stiffening to
severe convulsions, and can be accompanied by disturbances of sensation, mood or mental
function (Duncan et al., 2006). Different types of epilepsy can be grouped into epilepsy
syndromes according to the clinical symptoms and characteristics of the disorder (Haut et al.,
2006). Based on the underlying aetiology, epilepsies can be divided into genetic epilepsies

caused by a genetic deficiency or structural-metabolic epilepsies caused by damage or



disorders of the brain including birth trauma, head injury, brain tumours, brain infection or
alcohol abuse. In many cases, the cause remains unknown (Berg et al., 2010).

The overall prevalence of epilepsy is high (between 4 - 15 per 1,000 population per
year) and it is associated with a societal and economic burden (Duncan et al., 2006; Ngugi et
al., 2010). Epilepsy affects individuals of all ages, across all geographical regions, and is
associated with serious impacts on the individual’s self-image, self-esteem and health-related
quality of life (HRQoL) (Baker et al., 2000; Fisher et al., 2000; Hermann & Jacoby, 2009).

The aim of the treatment of epilepsy is a complete elimination of seizures, as well as
the reduction of the associated disability and improvement of HRQoL (Haut et al., 2006).
Most patients are offered long-term antiepileptic drug treatment, which stops the attacks in 60
- 65% of patients, however, about one third of patients do not respond to medication (Duncan
et al., 2006). Drug-resistant epilepsy can be treated by epilepsy surgery, vagal nerve
stimulation (VNS) or other non-pharmacological therapeutic methods including special diets.

Patients may also benefit from psychosocial and educational interventions or
alternative medicine (Wolf et al., 2013). In the past these methods were an important part of
treatment although lost favour as a result of a biomedical understanding becoming
predominant in the second half of the 20" century (Pinikahana & Dono, 2009). Such
approaches however, have recently gained renewed interest. This can be partly attributed to
the fact that many patients using medication continue to have seizures and may therefore seek
alternative treatment options (Wolf, 2002). Another reason may be that unless seizures are
controlled altogether, HRQoL in epilepsy is related less to the frequency and severity of
seizures than to psychosocial factors, such as social isolation or depression and anxiety, for
which people with epilepsy are at higher risk (Kessler et al., 2012).

One of the greatest concerns of people with epilepsy is the unpredictability of seizure

events, one example of this is that people can often find it difficult to understand why their



seizures started (Fisher et al., 2000). Given that seizure (ictal) events can be paroxysmal in

nature and have been described as highly distressing experiences (Fisher et al., 2000), the

recognition and management of seizure triggers is an important area of research with scope

for targeted intervention. It should be noted however that there is a difference between risk

factors and triggers of epilepsy. Risk factors increase the likelihood that the disorder will

develop and therefore explain the vulnerability of an individual to the process of

epileptogenesis or the initial development of epilepsy (Haut et al., 2006). Triggers, on the

other hand, are factors that increase the probability of an attack occurring in an individual

who has already developed the disorder and are therefore related to icfogenesis or the

development of epileptic seizures in the presence of a vulnerability to ‘spontaneous’ epileptic

seizures (Haut et al., 2006).

Figure 1.1. Classification of seizures by the ILAE Commission on Classification and

Terminology (Berg et al., 2010)
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Figure 1.2. Overview of epileptic syndromes proposed by the ILAE Commission on
Classification and Terminology (Berg et al., 2010)
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1.2 Psychogenic Non-epileptic Seizures (PNES)

Psychogenic non-epileptic seizures (PNES) are characterised by episodes of
involuntary alteration of consciousness and disturbances of motor, sensory, autonomic,
cognitive or behavioural function that superficially resemble epileptic seizures but are not
caused by epileptic activity in the brain (Reuber, 2009). PNES are attributed to underlying
psychological causes and are classified as a conversion or somatic symptom disorder in the
Diagnostic and Statistical Manual of Mental Disorders (DSM-V) (APA, 2013) and as a
dissociative disorder in the International Classification of Diseases (ICD-10) (WHO, 1992).

There are multiple predisposing, precipitating and perpetuating factors associated
with PNES, and the disorder is often related to a complex interplay of these factors (Reuber,

2009). The predisposing factors may include dysfunctional family environment, childhood

10




sexual abuse or other traumatic experiences in early life (Salmon et al., 2003). PNES are
often precipitated by significant adverse or traumatic life events and are commonly
associated with other mental disorders, including anxiety, depression, personality disorders,
post-traumatic stress disorder, or other dissociative or somatoform disorders (Bodde et al.,
2009). PNES also develop in about 10 - 30% of patients with concurrent epilepsy (Asadi-
Pooya & Emami, 2013; Martin et al., 2003; Reuber, 2009). In some patients, physical
precipitants, such as minor brain injuries, epilepsy surgery or other neurosurgical procedures
can be identified. A number of factors can further exacerbate the disorder, including the
concurrent psychiatric disorders or maladaptive coping styles (Reuber, 2009). Similar to
epilepsy, it is useful to distinguish between more general risk factors for PNES that
predispose, precipitate and maintain the disorder, and more immediate triggers of the
individual seizures. Such trigger factors include overwhelming sensory and emotional
stimuli, which may play an important role in seizure management (Goldstein & Mellers,
20006).

Of patients newly presenting in seizure clinics with blackouts 10 - 20% have PNES
(Angus-Leppan, 2008). The diagnosis of the disorder can be difficult, although a ‘gold-
standard’ can be achieved by the recording of typical seizures with synchronised video-
electroencephalography (video-EEG). However, video-EEG is typically only carried out in
patients with persistent, frequent or treatment refractory seizures and in the majority of cases,
PNES are associated with a delay in diagnosis (Reuber et al., 2002), and are often initially
misdiagnosed as epilepsy (LaFrance et al., 2013). This means that, although the
recommended treatment method for PNES is psychotherapy, many patients with PNES are
inappropriately treated with anti-epileptic drugs, thus increasing the chance of iatrogenic
harm (LaFrance et al., 2013; Reuber et al., 2005b). Seizure and social outcomes in patients

with PNES are poor if no specific treatment is offered (Reuber et al., 2003).
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1.3 The Concept of Stress

The experience of ‘stress’ is a common component of everyday life. Stress is a part of
an adaptive mechanism that mobilises the organism to respond appropriately to threatening or
challenging stimuli (Aldwin, 2000). However, longitudinal research, such as the Whitehall II
studies (Carroll et al., 2001), has suggested that the physiological changes associated with
stress responses to environmental and psychosocial demands can have adverse effects on
people’s health, particularly if they are excessive or prolonged.

Stress is a complex phenomenon and its aspects and effects on health have been
studied by a number of disciplines (Aldwin, 2000). As a result, there are multiple definitions
and methods of measurement which have created considerable confusion and inconsistency
(Cohen et al., 1995). Cohen et al. (1995) attempted to integrate the different approaches
defining stress as ‘a process in which environmental demands tax or exceed the adaptive
capacity of an organism, resulting in psychological and biological changes that may place
persons at risk of disease’ (p. 3). This encompasses the three main theoretical perspectives on
stress: (1) the environmental perspective, concerned with external environmental events that
can be objectively considered as stressful; (2) the psychological perspective, focussed on the
individual’s subjective appraisals of events and his or her capacity to cope with them; and (3)
the biological perspective, studying the physiological stress responses, in particular the
neuroendocrine and immune processes and their effects on health (Aldwin, 2000). The three
perspectives can be unified into an integrative model (Figure 1.3) showing stress as a
dynamic process with the environmental, psychological and biological variables mutually
influencing each other. The three perspectives place a different emphasis on the subjective
and objective experience of stress, and each of them is associated with different measures of

stress. Given the interactive nature of the different aspects of the stress process, the most
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informative approaches involve combinations of objective and subjective stress measures
(Aldwin, 2000).

One of the most challenging questions across all stress approaches is the question of
the temporal characteristics of stress (Cohen et al., 1995). For instance, a distinction is
commonly made between ‘acute’ and ‘chronic’ stress. There is, however, no clearly defined
time period for the acute versus chronic stress and the consequences of the temporal
characteristics of stress may be different for different health outcomes. Furthermore, evidence
shows that individuals may even be affected by prenatal maternal stress through epigenetic
mechanisms, for example, animal studies demonstrated that infants of mice who were
exposed to a stressor during the gestation period showed memory deficits and increased
depressive-like behaviour (Sierksma et al., 2013). Cohen et al. (1995) therefore recommend
that the temporal aspects should always be considered in the context of the particular research
question and characteristics of the outcome measure.

Figure 1.3. Integrative model of the environmental, psychological and biological perspectives
on stress. Model adapted from Cohen et al. (1995)
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1.4 Stress and Seizures

Stress, epilepsy and PNES are multifaceted conditions, which can interact in complex
ways. Epilepsy and PNES are likely to be associated with a great degree of stress, resulting
from the disabling effects of living with a chronic condition, as well as the experience of
recurrent seizures, each of which can in itself be an acutely stressful event (Goldstein &
Mellers, 2006). The relationship also goes in the other direction. Many studies have
demonstrated that patients with epilepsy consider stress the most common trigger of their
seizures (e.g., Fisher et al., 2000) and the mechanisms by which stress affects the
neuroendocrine and immune systems have been proposed to influence the development and
exacerbation of epilepsy at various stages of the disorder (Friedman et al., 2011). For
instance, a review of animal work has shown that early life stress can contribute to the
development of epilepsy and create an increased vulnerability to seizures through alteration
of the brain structure, electrophysiology, neurotransmitter and neuroendocrine function (Koe
et al., 2009). The neuroendocrine and immune stress responses could also exacerbate the
neural damage following an aetiological event, such as traumatic brain injury or an isolated
or provoked seizure, which could further contribute to the process of epileptogenesis
(Friedman et al., 2011). Finally, by affecting neuronal excitability, stress could also
exacerbate the frequency and severity of spontaneous seizures (Friedman et al., 2011).

The effects of stress on PNES are even more notable, as PNES are by definition
related to psychological stress factors and the seizures are considered to be behavioural or
dissociative responses to emotional, physiological or social distress (Bowman, 2006; Reuber
& Mayor, 2012). The development of PNES has been associated with adverse life events
(Binzer et al., 2004). Stress and psychophysiological arousal have further been suggested as
factors capable of triggering individual seizures (Goldstein & Mellers, 2006). Stress may

therefore be both a risk factor for the development of epilepsy and PNES, as well as a trigger
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affecting the occurrence and severity of seizures in individuals with existing seizure

disorders.

1.5 Aims

The overall aims of this PhD project are to explore the relationships between stress
and epileptic and psychogenic non-epileptic seizures and to develop and pilot-test a self-help
stress management intervention for patients with seizures. In this thesis, I present two studies
that were designed to achieve these aims. The project has a number of specific objectives, as

outlined below:

1.5.1 Primary Aims

1.)  To provide a narrative literature review of the relationship between stress and
epileptic and psychogenic non-epileptic seizures in adults with established seizure

disorders

2.)  To describe diurnal patterns of psychological and physiological measures of stress in
patients with epilepsy and patients with PNES, and explore their relationships to each

other and to seizure occurrence

3.) To investigate implicit attentional responses to stress-related stimuli in patients with
epilepsy and patients with PNES, compared to healthy volunteers, and to explore their

associations to physiological stress measures

4.)  To develop a self-help stress management intervention for patients with seizures and

assess its feasibility and acceptability in a pilot study of a randomised controlled trial
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1.5.2 Secondary Aims

5)

6.)

7)

To explore moderating factors of the implicit attentional responses

To test whether the implicit cognitive and/or physiological stress responses can be

altered by a self-affirmation intervention

To conduct a preliminary evaluation of the self-help stress management intervention
in reducing stress, seizure frequency, anxiety and depression, and improving quality
of life in patients with epilepsy and patients with PNES, and provide estimates of

effect sizes to facilitate sample size calculations for future RCTs
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2. CHAPTER 2

The Role of Stress as a Trigger for Epileptic and Psychogenic
Non-Epileptic Seizures: A Narrative Review of Evidence from

Human and Animal Studies and Psychological Interventions

Several previous reviews have focused on the role of early life stress and stress in
adulthood in epileptogenesis, and the development of PNES. This narrative review
concentrates on the relationship between stress in adulthood and seizures in people with
established seizure disorders. Taking into an account the different perspectives on stress, both
subjective and objective evidence for the relationship between stress and seizures will be
reviewed, using human studies of perceived psychological stress and stressful life events, as
well as physiological findings from animal and human studies of epilepsy and PNES.
Additional evidence from psychological interventions will also be presented and the potential

for development of new interventions will be discussed.
2.1 Psychological Stress, Coping and Seizures

Psychological models of stress emphasise the role of the subjective interpretation of a
stimulus or an event. According to the dominant model of stress developed by (Lazarus &
Folkman, 1984), the stress process consists of four stages: stimulus presentation, primary
appraisal, secondary appraisal and the stress reaction. If the stimulus is appraised as
threatening (primary appraisal), and the individual’s coping resources are appraised as
insufficient (secondary appraisal), the individual responds with a stress reaction. This
involves negative emotional responses (feeling tense, nervous, irritable or upset), as well as

other behavioural reactions, such as changed sleeping or dietary habits (Lazarus, 1993).
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Encountering a stressful situation requires emotional, cognitive and behavioural efforts,
generally referred to as ‘coping’. According to Lazarus and Folkman, there are two broad
types of coping, (1) emotion-focused coping, typically directed at regulating the distressing
emotions and changing the way the individual attends to and interprets the experience, and
(2) problem-focused coping, which involves efforts to take actions to change or improve the
situation (Lazarus & Folkman, 1984). The evidence for whether people’s perceptions, coping

and reactions to stress may have an effect on the occurrence of seizures is discussed below.

2.1.1 Psychological Stress and Epileptic Seizures

2.1.1.1 Self-report studies

There is overwhelming evidence from patient self-reports suggesting that stress is
most commonly perceived as a trigger of seizures. Hayden et al. surveyed over 500 patients
with epilepsy and found that the aspect people found most worrying about their condition
was the unpredictability and lack of control over their seizures. When asked about the
predictability of their seizures, 59% of patients believed that stress was related to seizure
frequency and 41.2% further independently identified stress as the main factor that increases
the likelihood of a seizure (1992). The trend of reporting stress as the main seizure precipitant
was later confirmed across large numbers of patients of different nationalities and with
various epilepsy syndromes (Hart & Shorvon, 1995; Nakken et al., 2005).

One study pointed out a potential issue common to all of the above studies. Apart
from stress, factors including lack of sleep and tiredness are also often reported as seizure
precipitants (Frucht et al., 2000). Frucht et al. (2000) found that stress, which was identified
as the main precipitant by 30% of the 400 participants, was significantly positively correlated
with fatigue and sleep deprivation, forming a cluster of precipitants that may interact to

produce the effect on seizures. However, a later study by Haut and colleagues demonstrated
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that stress is frequently reported independently of other factors. In their study, 64% of the 89
patients who participated in the study believed that stress was related to at least some of their
seizures and this belief was not significantly associated with sleep deprivation (Haut et al.,
2003).

Further supporting evidence comes from interview studies. A semi-structured
interview study found that out of 100 participants, the majority stated stress or feeling
anxious, worried and tense as the main precipitating factors, both in response to open (53%)
and closed questions (66%) (Spector et al., 2000). Another interview study asked young
patients and their carers about seizure precipitation and found that stress (described as feeling
worried, upset, angry, anxious or excited) was the most frequently reported precipitant by
both groups (Cull et al.,, 1996). Moreover, although there was a rather poor agreement
between the patients and carers on all other questions, there was a high correspondence for
stress as a precipitant.

Another study, which showed that most patients also reported stress as a trigger
(55.9%), also highlighted a problem with the retrospective nature of patient self-reports that
undermines the reliability and the potential predictive value of the findings (Pinikahana &
Dono, 2009). While 86.9% of patients reported they were aware of experiencing initial
symptoms and seizure triggers, only 63.6% stated they were able to tell that they were going
to have a seizure. This suggests that patients may only recognise or assume what the
precipitating event was after the seizure.

A major limitation of the self-report studies is the lack of a clear definition and a
standardised, validated assessment of the self-perceived ‘stress’ or its temporal characteristics
in relation to seizures. Furthermore, the retrospective nature and cross-sectional design of
most of the studies do not allow any conclusions about the actual temporal or causal link

between stress and seizure occurrence.
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One of the few studies with a longitudinal design that used a validated stress scale
showed that stress, measured by the Perceived Stress Scale (PSS) (Cohen et al., 1983),
anxiety and depression were all significant predictors of self-reported seizure frequency
(Thapar et al., 2009). This provides support for the idea that stress can trigger seizures, but
also draws attention to the role of comorbid psychiatric disorders in the relationship between
stress and seizures. Another study also found that reporting stress as a seizure precipitant was
significantly related to scores on an anxiety scale (Sperling et al., 2008). Depression and
anxiety are common comorbidities of epilepsy and there is a complex, bidirectional
relationship among the disorders (Kanner, 2009). While epilepsy increases the risk for
depression and anxiety, the history of a psychiatric disorder has been found to double the risk
for developing epilepsy (Hitiris et al., 2007). There could be a common mechanism
underlying the psychiatric disorders, stress and epilepsy that may be involved in triggering
seizures. Whether there are physiological links between self-perceived stress and epileptic
seizures or not, this perception could have important implications for seizure management

and people’s quality of life.

2.1.1.2 Prospective diary studies

Although there is compelling evidence from the self-report research, prospective
studies of stress and seizures yielded more controversial findings. Analysis of patients’ diary
data showed that higher levels of stress and anxiety were associated with a higher risk of
having a seizure the next day (Haut et al., 2007). Furthermore, higher levels of stress and
anxiety were also related to a greater likelihood of a positive seizure prediction. This study
does, however, have several limitations. Firstly, stress and anxiety were not defined or
assessed by a standardised scale and the measures were only taken once a day, which may not

be representative of the levels over the whole day. Secondly, the paper diaries used in the
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study are rather unreliable as they allow for retrospective recording and bias in responding
(Litt & Krieger, 2007).

Haut et al. later conducted a similar study using a more reliable method of recording
through electronic diaries that enabled time tracking to prevent retrospective filling (Haut et
al., 2012). Patients were asked to make recordings twice a day and stress was measured both
by a self-rating scale and the PSS. In addition, the study also investigated mood and
premonitory symptoms, or so-called prodromal states. Epileptic prodromes comprise states
and sensations that precede seizures for a prolonged period of time and include disturbances
in behaviour, mood or sensation (Mormann & Lehnertz, 2013). Haut et al.’s (2012) study
found that the perceived stress levels were not associated with an increased risk of seizures in
the following 12 hours, a finding that directly contradicts the results of the earlier study by
the same author (Haut et al., 2007). Increased seizure risk was, however, significantly
associated with lower mood and higher number of identified premonitory symptoms (Haut et
al., 2012).

It seems plausible that there is a relationship between the premonitory symptoms,
mood and stress. Haut et al. (2007) found a correlation between stress and positive self-
prediction of seizures which could suggest that patients either based their predictions on the
awareness of stress being a potential trigger or they may have misinterpreted the premonitory
sensations related to a forthcoming seizure as feeling ‘stressed’, a hypothesis that is
supported by the study of Haut et al. (2012). When stress and the prodromal states were
assessed separately, prodromes were shown to have a better predictive potential than stress
levels indicated by the self-report and the PSS scales. The relationship between prodromal
states, stress and other precipitants is nevertheless complex (Haut et al., 2012), and there is a

degree of overlap. Furthermore, the diary studies are limited by possible inaccuracy of
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seizure reporting. The evidence from these few prospective studies therefore remains

inconclusive.
2.1.1.3 Stressful life events

A small body of evidence comes from studies on the impact of environmental
stressors on seizure occurrence. There is evidence that external stressors can trigger seizures
in people with no previous seizure history (Moshe et al., 2008). The observation that stressors
can have epileptogenic effects suggests that they could also affect the frequency of seizures
in individuals with existing epilepsy.

Neufeld et al. investigated frequency of seizures during the Persian Gulf War in 1991
(Neufeld et al., 1994). Out of 100 Israelis living in the area, 82 reported experiencing stress
during the war period but only 8 reported an increased frequency of seizures. The authors
conclude that there may be a weak relationship between stressful events and seizures.
Another study examined effects of the experience of an earthquake in Seattle in 2001 and
reported that experiencing the earthquake precipitated a seizure within 24 h after the event in
11.5% of patients (Watson et al., 2002). The subjective perceptions of the event as stressful
were, however, not assessed. Both studies are limited considerably by its design based on
retrospective self-report.

In a prospective study, analysis of diaries from 46 patients showed stressful events to
be significantly associated with increased seizure frequency in five participants, but the
events were also significantly associated with decreased seizure frequency in two patients
(Neugebauer et al.