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Abstract

The stress response has been demonstrated to vary considerably between individuals, with
maladaptive responses found to put people at increased risk for development of psychiatric
disorders. The personality organisation of schizotypy and the rs1006737 (A/G) single
nucleotide polymorphism within the CACNA1C genotype have been strongly implicated in
mental health vulnerability. This research aimed to investigate the interaction between the gene
variant and schizotypy with stress response and recovery, utilising physiological and self-report
measures.
The use of wearable devices to measure heart rate variability was introduced, keeping up with
recent research. As the use of wearable devices is a recent development, a second study aimed
to investigate the reliability of wearable devices for heart rate variability measurement, directly
exploring the influence of movement. Salivary cortisol, heart rate variability, electrodermal
activity and self-reported stress, anxiety and insecurity were recorded in 22 females during a
laboratory based acute psychosocial stressor. In the second study, 12 participants completed a
series of movements at varying levels of intensity whilst wearing the Empatica E4 and Polar
H10.
High level schizotypy individuals were found to report increased perceived stress both leading
up to the experiment and at multiple points during it. In the second study, the Empatica E4 was
consistently associated with increased movement artefacts, in a range of movement intensities.
This study provides evidence for the influence of schizotypy on perceived and subjective stress
on individuals. Results from the rs1006737 single nucleotide polymorphism suggested a
potential influence of rs1006737 on cortisol release pattern, warranting future studies to further
investigate this.
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Chapter 1: General Introduction
The number of people being identified as experiencing mental health issues is significantly
increasing, with a steady rise in disorders such as anxiety and depression, especially in
young adults (Twenge et al., 2019). Understanding risk factors and influences is of growing
importance, with an increasing amount of research focusing on understanding exactly what
puts people at increased risk for the development of mental health disorders. One of these
risk factors with substantial research backing is stress. Stress has been found to significantly
increase vulnerability to mental health disorders, however there is still demand for
understanding the mechanism behind this susceptibility (Davis et al., 2017). Whilst the stress
response system is an evolutionary adaptation, designed to equip humans to respond to
threatening situations, the precise form of the response varies greatly between individuals and
is not always adaptive (Taborsky et al., 2021). Recent developments in technology have
opened up the use of wearable devices for measuring the physiological aspects of the stress
response (Aimie-Salleh et al., 2019). Developments such as this allow research to delve into
the differences in the physiology of the stress response which may put people at risk for
development of mental health illnesses, however their efficacy still needs validation.
Research utilising these technologies is encouraged to continue investigate their capabilities,
whilst also remaining optimistic about their potential (Hinde et al., 2021).

1.1 Defining the stress response
The stress response is a multicomponent, complicated physiological response to intrinsic or
extrinsic adverse forces known as stressors (Schneiderman et al., 2005). Stress may be caused
by environmental factors or internal perceptions by an individual (Shahsavarani et al., 2015).
People have an internal appraisal of a perceived threat and, in response to the perceived
threat, invoke coping responses (Schneiderman et al., 2005). In order to understand why
individual differences in the response are so key to understanding mental health vulnerability,
it is first important to understand the response itself. The two main anatomical pathways by
which the body invokes these responses are the Autonomic Nervous System (ANS) and the
Hypothalamic-Pituitary Adrenal (HPA) Axis. These pathways are highly interconnected and
work efficiently together in the stress response by being reciprocally innervated (Rotenberg
& McGrath, 2016). Interaction between the systems has been demonstrated in human studies
by looking at the effects of the ANS and HPA Axis. The ANS can be measured using Heart
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Rate Variability, reflecting the impact the system has on cardiac function. The HPA Axis can
be measured through cortisol levels, reflecting the changes in hormone levels following HPA
Axis activation (Rotenberg & McGrath, 2016). Higher morning and afternoon cortisol levels
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have been associated with lower time spent in the high frequency domain HRV state,
demonstrating the interaction between the stress systems (El-Sheikh et al., 2011).
When both pathways are functioning effectively and in sync, it generally indicates a healthy
response to stress, which in turn decreases the risk to the individual of the negative long-term
effects of stress, such as increased risk of heart attacks or vulnerability to disorders such as
depression (Rotenberg & McGrath, 2016).

Within the stress response, the ANS is a control system in the body responsible for the
regulation of numerous functions such as digestion, urination, and respiratory rate. When all
functions are well balanced, the body is in a state of homeostasis. Homeostasis is a property
of biological systems, maintaining bodily processes such as core body temperature within a
parameter suitable for cell function (Godoy et al., 2018). The stress response is a protective
reaction which helps to maintain homeostasis (Chovatiya & Medzhitov, 2014). The ANS is
part of this response and can be divided into two branches, the Sympathetic Nervous System
(SNS) and the Parasympathetic Nervous System (PNS). These branches interact to regulate
the stress response. In an acute stress response, the ANS, through a precisely balanced
activation of the SNS and PNS, causes a rapid physiological response in the body which
involves alterations in a number of target organs (Guan et al., 2018).

Activation of the SNS is the first stage of the response to a stressor. The SNS is responsible
for the body’s involuntary physiological response to a stressor or stressful situation. In
particular, the SNS causes the well-known ‘fight or flight’ response. Activation of the SNS
impacts numerous functions within the body, such as lung function, kidney function and
pancreas function (Zhang & Anderson, 2018). The SNS plays a key role in function of the
cardiovascular system, making the cardiac response to stress an appropriate measure of SNS
function (Malpas, 2010). SNS activation causes an increased heart rate following a stressor
through its release of epinephrine. This increase in heart rate allows for an increased cardiac
output which, in turn, supplies the body with increased amounts of oxygenated blood. The
other branch of the ANS, the PNS, is more commonly associated with the recovery aspect of
stress, sometimes referred to as ‘rest and digest’. It is composed largely of cranial and sacral
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spinal nerves and is considered by some to ‘undo’ the actions of the SNS (Porges, 2008).
With specific regard to heart rate, the PNS decreases heart rate through release of
acetylcholine from parasympathetic postganglionic neurons (Rotenberg & McGrath, 2016).
Activation of the PNS returns the body to its homeostatic state.

1.1.1 Measuring the Autonomic Nervous System
A common method of measuring ANS activity is Heart Rate Variability (HRV). HRV is
defined as the fluctuation in the time of the intervals between adjacent heartbeats, with this
being known as the inter-beat interval (IBI) or RR interval (McCraty & Shaffer, 2015). The
RR interval is the time between two successive R-wave peaks in the ECG. It has been used in
a variety of healthcare settings, from the response to nutrition (Young & Benton, 2018) to
understanding mood (Steffen et al., 2017). Recent research has seen a surge in studies using
HRV to assess the individual stress response (Billman, 2011). The regular, fairly monotonous
beat of the heart involves a delicate balance of SNS and PNS activity, with an increased or
diminished activity of either branch leading to a change in the regularity of beats. Both the
SNS and PNS innervate the Sinoatrial Node (SAN) and modulate heart rate (Rotenberg &
McGrath, 2016). HRV has been demonstrated to be reliable in its ability to accurately
represent the physiological stress response (Kim et al., 2018). Stressors affect heart functions
in numerous ways, from increased heart rate to strength of contraction to vasodilation of the
arteries and more (Yaribeygi et al., 2017), thus, equipment which can reliably measure the
heart’s response to a stressor is useful across many research settings.

Alongside HRV, Electrodermal Activity (EDA) is another physiological measure of the stress
response. EDA reflects the variation in electrical conductance of the skin surface following
fluctuation in sweat production and is measured in Micro-Siemens (uS) (Posada-Quintero et
al., 2018). EDA incorporates both tonic activity and phasic activity resulting from
sympathetic activity. Tonic activity fluctuates a lot more slowly than phasic, depicting a
general physiological state (Barry et al., 2005) whilst phasic activity fluctuates quickly, often
within seconds, and in response to a stressor and is often termed Galvanic Skin Response
(GSR) (Nagai et al., 2019). Use of EDA has been demonstrated in the research areas of
psychopathy, personality and more.

EDA is especially useful for understanding activation of the SNS. This is due to the SNS
being directly responsible for changes in sweat gland activity (Wang et al., 2018). The SNS
3

distributes sympathetic nerve fibres to effectors of the skin, including the sweat glands.
Increased sweating is a part of the stress response, allowing the body to thermoregulate whilst
other responses, such as increased heart rate, create more heat (McCorry, 2007). In recent
years, non-invasive methods of understanding SNS activity through EDA have become
increasingly popular (Boucsein et al., 2012). Within EDA, low SNS activation is represented
by less sweating and high SNS activation is represented by increased sweating.

1.1.2 The Hypothalamic-Pituitary-Adrenal Axis and measurement
The other pathway in the stress response, the HPA Axis, is the neuroendocrinal response to a
stressor, comprising the hypothalamus, pituitary gland, and adrenal glands (See Figure 1.1).
Activation of the HPA Axis occurs a few minutes after the stressor onset (Becker &
Rohleder, 2019), and causes neurons in the paraventricular nucleus in the hypothalamus to
release corticotropin-releasing hormone (CRH), as well as arginine vasopressin (Joseph &
Whirledge, 2017). These hormones stimulate the anterior pituitary gland to secrete
adrenocorticotropin hormone (ACTH). ACTH stimulates the secretion of glucocorticoids,
mineralocorticoids and adrenal androgens from the adrenal cortex(Stephens & Wand, 2012).
One of the most well-documented hormones released in this process is cortisol, often
described as the stress hormone (Lee et al., 2015).

Cortisol is the main glucocorticoid in the adrenal cortex (Lee et al., 2015). Release of
cortisol is considered one of the core systems making up the stress response (McEwen,
2008). Within the stress response, it is secreted as the final stage of the HPA axis activation.
Cortisol binds more strongly with mineralocorticoid receptors than glucocorticoid receptors,
which helps to maintain the free levels of the hormone in the body as there are limited levels
of mineralocorticoid receptors. When cortisol levels are high, such as following a stressor,
they begin to bind to glucocorticoid receptors. Activation of these receptors ceases the stress
response, bringing the body back to a normal state, regulating the HPA axis activity by
inhibiting further release of CRH and ACTH (Stephens & Wand, 2012).

4

Figure 1.1. Activation of the HPA axis. Response to a stressor causes the hypothalamus to
release corticotropin-releasing hormone (CRH) and arginine vasopressin (AVP). Once CRH
reaches the anterior pituitary, it binds with CRF type 1 receptors. Adrenocorticotropic
hormone (ACTH) is released into circulation, binding to receptors in the adrenal cortex,
causing the release of glucocorticoids. Glucocorticoids enter the circulation and target
cardiovascular tissues, causing changes in cardiac response, then feeding back to the CNS to
inhibit the HPA axis activation. Vasculature and heart function can be measured through
Electrodermal Activity and Heart Rate Variability (Burford et al., 2017).

1.2 Individual differences in the stress response
Stress has been identified as one of the most prominent risk factors for development of a
psychiatric disorder and has also been associated with exacerbation of symptoms and
increase in relapse risk (Schönfeld et al., 2015). Mental health disorders are a public health
concern which affect people of all ages, religions and nationalities (Gustavson et al., 2018). A
strong understanding of the factors that contribute to the development of these disorders is
vital in not only treatment, but prevention. The diathesis-stress model was a widely accepted
explanation for the aetiology of psychiatric disorders such as depression and schizophrenia
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(Colodro-Conde et al., 2017). The model explains disorders through the interaction between
vulnerability, or diathesis, and stress wherein a pre-existing vulnerability to a disorder is
exacerbated by stress, leading to the development of the disorder (Ingram & Luxton, 2005).
Though potentially useful, the model has been criticised for being too “vague”, particularly
on the vulnerability side of the model (Belsky & Pluess, 2009). A lack of clarity in the
vulnerability has led to more recent research focusing less on the general diathesis-stress
model and more on specific, individual vulnerabilities, such as personality differences and
genetic variation.

1.2.1 Psychological differences in the stress response
Psychological stress can be divided into two subcategories, acute stress, and chronic stress.
Acute stress refers to short term stressors, such as a student feeling stressed during an exam.
Chronic stressors are more long term, such as financial stress over an increased period of
time. The cumulative effects of both acute and chronic stressors have been identified as a
predictor for the onset of depression and anxiety disorders (Parrish et al., 2011). The Mental
Health Foundation (2018) reported that 51% of adults feeling stressed also reported feeling
depressed and 61% reported feelings of anxiety, demonstrating the comorbidity of stress and
negative feelings. This comorbidity also relates to the acute and chronic forms of stress.
Identified early on by Brown and Harris (1989), it was found that acutely stressful events
that match an ongoing chronic stressor significantly increased the likelihood of the
development of depression. The interaction of acute and chronic stress can be apparent in a
number of ways. For example, prolonged chronic stress has been associated with a decrease
in the hippocampal region and a volume increase in the amygdala, increasing susceptibility
to the effects of acute stress (Tse et al., 2014).

Individuals perceive stressors differently, and this variance in perception has a big impact on
the effect a stressor has on the health of the individual (Wenzel et al., 2002). Wiegner et al.
(2015) found individuals, especially females, who perceive stressors to be greater experience
feelings of exhaustion to a greater extent than those with lower stress perception,
demonstrating how stress perception may be associated with increased mental health
vulnerability. Research on stress perception and processing focusing on University students
has increased dramatically in recent years, largely due to the increase of mental health
disorders being diagnosed amongst this group (Hunt & Eisenberg, 2010). Young adults aged
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18-25 are at a particularly sensitive developmental stage in their life, putting them at a high
risk for developing a mental health disorder. This often coincides with the onset of
University, a time where stress levels can significantly increase (Hubbard et al., 2018). Given
this time of heightened stress putting young adults at risk of mental health disorders, research
looking into risk factors that will increase the stressful experience are important.
Understanding who is at increased risk of significant stress can help pave the way for
treatments and recommendations on how to handle the stress in a healthy way, increasing
resilience and decreasing risk of development of any mental disorders.
Research has shown that specific traits of personality, a dynamic integration of a person’s
subjective experience and behavioural patterns (Kernberg, 2016), can be used to indicate risk
of development of psychiatric disorders over time (Muris et al., 2009). Personality can
influence stress reactivity in a number of ways, from the way in which the stressor is first
perceived to the ability to adapt, cope and recover. Research on personality factors and
variation in stress response often focuses on the Five-Factor Model of Personality, including
the traits of extroversion, neuroticism, conscientiousness, openness to experience and
agreeableness (McCrae, 2011). For example, a study from Bibbey et al. (2013) found
individuals with high neuroticism scores exhibited smaller cortisol and cardiac responses,
suggesting individuals with this type of personality may have diminished stress reactivity.
Findings such as these support the research proposing that blunted stress reactivity may be a
maladaptive stress response.

Whilst individual personality features have been associated with differences in stress
response, personality profiles made up of multiple personality features have been identified
as being the most helpful in understanding individual behavioural differences (Hagger, 2009).
Different personality ‘types’ have been identified using personality profiles, such as type A
and type B personalities. The type A personality type pertains to individuals who are often
time-urgent, competitive and hard driving (Heilbrun Jr. & Friedberg, 2010), whilst the type B
personality tends to be in individuals who are laid-back, even-tempered and with strong
patience (Hisam et al., 2014). More recently, a new personality type known as type D, or type
distressed, has been identified (Denollet, 2000). This personality type is characterised by an
increased experience of negative emotions, alongside an inhibition of these emotions whilst
avoiding social contact (Sher, 2005). As a result, these individuals are often very negative in
their mood, highly anxious and socially afraid. These individuals often experience increased
7

levels of distress, and as a result of decreased social extroversion have less of a support
system to help them cope (Williams et al., 2008). The type D personality type has also been
heavily implicated in increased risk for developing cardiovascular disease and has now been
associated with vulnerability to psychiatric disorders (Mols & Denollet, 2010). Individuals
with this personality type have been suggested to have hyperreactivity to stress, leading to a
cardiovascular hyperreactivity. Hyperreactivity in both psychological and physiological stress
response has been identified as a mechanism to understand the association between
personality types and diseases (Krantz & Manuck, 1984). The type D personality has been
associated with a change in physiological measures of stress, such as Heart Rate Variability
(HRV). Jandackova et al. (2017) found individuals with a type D personality to have
consistently lower resting HRV. Low resting HRV is seen as indicative of a poor stress
response system, and D individuals have been associated with increased stress response (Kim
et al., 2018). Type D personality has also been associated with maladaptive HPA axis
function, evidencing an association between psychological and physiological stress outcomes
(Denollet & Kupper, 2015). Whilst the type D personality can be useful in understanding risk
for development of a number of disorders, the constructs it comprises may contribute to
different elements of risk. As discussed, the personality construct is categorised by a
combination of negative affectivity (NA) and social inhibition (SI). (Lodder, 2020)
investigated the need for both NA and SI for categorisation of the personality type, finding a
requirement for both to significantly increase chances of a false positive result. This was due
to the fact that when either NA or SI individually was related to a medical or psychological
outcome, the correlation between the two traits caused part of the effects of one trait to spill
into the other. This then falsely indicates that both traits are related to the outcome when the
reality is that only one is (Smith, 2011). As these risks have been identified in the personality
type classification the contribution of both individually is important for researchers to
consider.
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1.2.1.1 Schizotypy
Another personality organisation which is well studied within the context of stress research is
schizotypy. Schizotypy is the subclinical expression of the schizophrenia phenotype, and
shares most of its personality features with the clinically diagnosed schizophrenia spectrum
of disorders (Völter et al., 2012). This includes features such as social anxiety,
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suspiciousness, odd beliefs and more (Rosell et al., 2014). Individuals who score highly on
schizotypal trait questionnaires are considered at risk for schizophrenia and schizophrenia
spectrum disorders (Gooding et al., 2005). Raine et al. (1994) proposed a 3 factor model
consisting of positive schizotypy, negative schizotypy and cognitive disorganisation; a model
which has been validated in numerous studies (Kerns, 2006). The personality organisation
can appear at varying phenotypic intensities and is strongly influenced by environmental
inputs (Lenzenweger, 2018). High levels of schizotypy have been associated with a range of
changes to individuals, such as impaired working memory (Chun et al., 2013) and an
increased perception of stress (Cohen et al., 2015). As increased perception of stress has been
identified as an important contributor to MH vulnerability, this is an important area to
research. Thus, schizotypy provides an opportunity for understanding the vulnerability, risk,
resilience and more in those who have not yet reached the clinical requirements for a
diagnosis of schizophrenia (Kwapil & Barrantes-Vidal, 2015). Researchers can gain more
insight into the genetic background of mental illnesses such as schizophrenia and the
vulnerability associated with it. Schizotypy also provides an interesting avenue in research
for understanding how different individuals experience stressors, allowing researchers to
compare individuals with schizotypal traits to those without in order to develop interventions
and strategies to help these individual better manage their day to day lives.

1.2.2 Physiological differences in the stress response

The psychological factors influencing our individual stress response may be closely related to
genetic and biological individual variation. Indeed, it is recognised that many mental health
disorders and vulnerability to developing mental health disorders have high heritability,
evidenced by the high concordance in psychiatric disorders amongst family members,
particularly close relatives who share an increased proportion of genomes (Uher, 2009).

Genetic variation of mechanisms such as the HPA axis has serious implications for the
pathophysiology of mood, anxiety and other disorders (Keller et al., 2017). Multiple studies
have identified polymorphisms coding for HPA axis related proteins that are associated with
functional consequences in the HPA axis, including altered production of cortisol (Derijk et
al., 2008). HPA axis dysfunction has been heavily implicated in anxiety disorders, as well as
in other mental health disorders (Faravelli et al., 2012). Any fluctuation in the HPA axis
response to stress can have a variety of outcomes, for example hypersecretion of cortisol has
9

been directly associated with the levels of stress experienced by depressed patients (Qin et
al., 2016). Cortisol fluctuation is associated not only with depression, but other mental
illnesses and personality organisations (Heinze et al., 2016). One such association is with
schizotypy and stress (Hori et al., 2011). Investigating the association between such
personality organisations and stress is important, as it improves understanding of the
processes involved in mental health vulnerability. By measuring the physiological changes in
response to stress, researchers can understand how mental health disorders can influence the
response. For example, Schiweck et al. (2018) conducted a systematic review looking at
studies examining HRV during stress in clinically depressed participants, finding hyporeactivity of HRV during stress a hallmark of depression in the participants, evidenced by
lower fluctuation in heart rate and heart rate variability in the high-frequency band.

HRV levels increase steadily during relaxing activities such as meditation our sleep, where
the PNS is dominant, and the heart is beating slowly and decrease during stressful periods
where the SNS is dominant, and the heart is beating faster (Kirk & Axelsen, 2020). In a
healthy individual, this pattern reflects the intensity of the stressors being experienced and
noticeable moves between a high and low HRV. The adaptive response following the periods
in high HRV is characterized by a swift yet steady move back to low HRV. In individuals
experiencing chronic stress a maladaptive HRV response may develop, wherein the balance
between the SNS and PNS can become interrupted, leading to an individual increasingly in a
fight or flight state with low HRV even when resting (Draghici & Taylor, 2016). The rise and
fall of HRV is much less steady, often taking far longer to return to normal. This puts
increased pressure on the heart and can lead to risk of cardiovascular disorders (Young &
Benton, 2018). Alongside HRV, EDA response has been demonstrated to differ between
individuals in reflection of any mental health disorders. Electrical hypoactivity has been
identified as a marker for depression and suicidal risk, although as EDA research is not as
well established as HRV research it can be considered to be less indicative of response and
risk (Sarchiapone et al., 2018). The relationship between EDA and stress response is
considered less direct than that with HRV. HRV reflects the balance of both the SNS and
PNS, whilst EDA represents only the variation in SNS response (Kim et al., 2019).

One common method of testing for genetic association to vulnerability is through Genome
Wide Association studies (GWAs) (Visscher (Visscher et al., 2017). GWAs generally use a
number of data sets to form a meta-analysis, giving them access to a large pool of participants
10
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(Evangelou & Ioannidis, 2013). GWAs involve searching the human genome for particular
loci, physical locations of a gene on a chromosome, which are associated with increased
vulnerability to a variety of disorders. Within these loci, researchers can then look for small
genetic variations e.g., Single Nucleotide Polymorphisms (SNPs). SNPs are the result of
point mutations which produce single nucleotide differences among certain stretches of DNA
(Wakeley et al., 2001). GWAs identify these loci in order to identify SNPs and look to see if
specific ones occur more frequently in individuals with a particular disease than in those
without (Mills & Rahal, 2019). SNPs consistently occurring in individuals with the disease or
condition are pinpointed as genes that may potentially contribute to an individual’s risk of
developing the disease (Mills & Rahal, 2019).

Results of GWAs should be taken with caution due to risks with accurate representation and
occurrence of type 1 errors. Less than 10% of participants in GWAs come from nonEuropean descent, meaning there is a distinct lack of representation (Mills & Rahal, 2020).
This lack of representation therefore impacts the transferability of results from the studies to
other ethnic populations, excluding a vast number of individuals (Loos, 2020). In future, it is
vital to address this Eurocentricity and increase the inclusion of other races. At present,
researchers should be conscious to only draw conclusions from a European population.
GWAs can also be at risk of increased type 1 errors. With as many as 500,000 SNPs in
GWAs studies there are often cases where the SNPs cannot be clustered into distinct groups.
These can then be placed into incorrect or inaccurate groups, with the vast number meaning
this minority can have a great impact on the inflation of type 1 error rates (Sampson & Zhao,
2009). Whilst the use of meta-analysis for the data in GWAs is often used to try to mitigate
the risk, this can only be utilized in studies where independent replication samples are
available (Sabourin et al., 2020).
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GWAs have been used to identify certain genes linked to the pathology of a number of
mental health disorders, such as anxiety, depression and OCD (Meier et al., 2019). This data
has provided insight about the genetic basis of psychiatric disorders, often referred to as their
‘genetic architecture’. Genetic architecture has been used to deepen understanding of effect
sizes, interaction between genetic loci and environmental factors and more (Collins &
Sullivan, 2013). The identification of risk genes allows further understanding of the factors
influencing heritability and, when combined with other vulnerability factors such as elevated
stress levels can help to identify what puts people at risk of developing psychiatric disorders.
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These large scale GWAs have consistently identified the CACNA1C gene as a cross-disorder
risk gene for psychiatric disorders including bipolar disorder, Depression and schizophrenia
(Sklar et al., 2008). The CACNA1C gene codes for the pore-forming a1C subunit of the Ltype voltage-gated calcium channel CaV1.2 (Bhat et al., 2012). Calcium channels transport
calcium ions into cells, playing a vital role in how the cell generates electrical signals. In
CACNA1C, the rs1006737 SNP has the highest associated vulnerability to disorders.
rs1006737 is positioned in the third intron where an arginine replaces a guanine (See Figure
1.2). Studies have shown carriers of the A allele to have an odds ratio for schizophrenia
between 1.07-1.18, with the frequency largely dependent on population (Ferreira et al.,
2008). (Bhat et al., 2012) rs1006737 is on a non-coding region of the gene, meaning it is
unlikely to interfere with the structural or functional properties of CaV1.2. Instead, it is more
likely that the impact will be on regulation of expression of the channel (Bhat et al., 2012).

One impact rs1006737 appears to have is on the hippocampus in the brain. The SNP has been
associated with hippocampal dysfunction in both healthy individuals and those with
psychiatric disorders (Krug et al., 2013). This is relevant to the stress response as the
hippocampus contains high concentrations of mineralocorticoid receptors and glucocorticoid
receptors, meaning it plays an important role in Hypothalamic Pituitary Adrenal (HPA) axis
activity, one of the main pathways of the stress response (Phillips et al., 2006). There is also
impact on the heart. Regulation of the channel activity in the heart is considered to be key in
mediating effects of sympathetic stimulation on the heart (Harvey & Hell, 2013). Upon
sympathetic stimulation, catecholamines are released into the blood. Catecholamines bind to
β-adrenergic receptors (βAR), which activates the stimulatory protein Gs. This stimulates
Adenylyl Cyclase production of 3’,5’-cyclic adenosine monophosphate (cAMP), which then
activates protein kinase A (PKA). PKA phosphorylates CaV1.2, regulating its production
(Wachter & Gilbert, 2012). These functions all show the continuous loop of influence the
CaV1.2 channel has in the heart, further supporting the theory that expression of the
CACNA1C gene can significantly influence many areas of the body relevant to mental health
disorders and stress reactivity. Any difference in the levels of the CaV1.2 channels could
potentially have significant effects on the way in which the heart responds to a stressor.
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Figure 1.2. Position of rs1006737 SNP on the CACNA1C genome following recent genomewide association studies. Adapted from: Orrù et al. (2018).

1.3 Aims

Based on previous research indicating that an interaction between personality organisations,
genetic variations and stress can be used to understand mental health vulnerability, the
following thesis aimed to investigate the interaction of schizotypy, CACNA1C and the stress
response, utilising wearable devices to measure physiological aspects of the response. More
specifically, the following research questions were addressed:
1) How do levels of schizotypy and CACNA1C variation influence stress reactivity in
response to an acute psychosocial stressor?
2) Can meaningful heart rate variability data collected from a wristband device and how
much does movement interfere with the data obtained.
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Chapter 2

Influence of Schizotypy and CACNA1C genotype on response to an acute psychosocial
stressor

2.1 Introduction
The human stress response system is designed to enable a healthy and controlled response to
a stressor. However, there are many people who show maladaptive responses to the same
situation (Xin et al., 2017). As discussed previously, these variations in response can be
associated with a number of causes, including personality factors, gender and genetic
predisposition (Ebner & Singewald, 2017). As an individual’s response to both acute
stressors and chronic stress has been demonstrated to increase vulnerability to mental health
(MH) disorders, the identification and understanding of individual differences in the response
is essential for increasing resilience and treatment options (Martin-Soelch & Schnyder,
2019).

One factor contributing to altered stress response is personality (Childs et al., 2015).
Schizotypy is a personality organisation that is associated with an increased risk of
developing Schizophrenia (Lenzenweger, 2018). Individuals with high schizotypal traits are
more appropriate to study than those with diagnosed schizophrenia, due to their being free of
medication and the fact they are less at risk of the potential psychosocial consequences that
are often associated with stress research, which can be attributed to the extreme anxiety
experienced by people diagnosed with schizophrenia (Barrantes-Vidal et al., 2015). High
levels of schizotypy have been associated with variation in the stress response, particularly
the response to acute stressors (Rosell et al., 2014). For example Smith and Lenzenweger
(2013) found high schizotypy individuals reported increased subjective stress during a
laboratory stressor. This variation in response has been attributed to the higher levels of
social anxiety experienced by individuals high in this personality profile, wherein their
response to social situations is often heightened and maladaptive (Kirchner et al., 2018). High
schizotypy individuals have been shown to report increased perceived stress following a
social stressor when compared to those low in social anxiety groups, suggesting an increased
stress response (von Dawans et al., 2018).
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This altered stress response has also been evidenced in the physiological response of high
schizotypy individuals, particularly in cortisol levels. Cortisol is the main glucocorticoid
produced by the adrenal cortex and is released as the final stage of the HPA axis response,
with it being considered an easy to collect, relatively inexpensive biomarker of stress
(Hanrahan et al., 2006). Because of this, it is the most commonly used measure of the HPA
axis response to a stressor (Lee et al., 2015). A blunted cortisol response to a stressor has
been associated with a poor stress response and heightened vulnerability to psychiatric
disorders (Seitz et al., 2019). In general, high schizotypy individuals have been found to have
increased baseline cortisol levels when compared to those with low schizotypy. This has been
attributed to an overactive sympathetic nervous system, reflecting the increased anxiety
levels associated with the personality type (Walter et al., 2018). In addition to lower baseline
cortisol, schizotypal traits have also been associated with a lower overall cortisol response
when compared to individuals with low levels of schizotypy, representing a blunted response
(Mitropoulou et al., 2004). High schizotypy individuals have been demonstrated to take
longer to reach cortisol peak following a stressor, suggesting a delay in the stress response
(Walter et al., 2018). In sum, a clear pattern of altered response to stress has been identified,
both in reported stress and physiological stress measures. The consequences of poor response
to stress, particularly physiological response, can have negative long term effects, such as
increased risk for cardiovascular disease (Dimsdale, 2008). It is still unclear how factors such
as schizotypy interact with these consequences and, as there are such significant potential
impacts, further investigation into the interaction between schizotypy and stress response is
both warranted and encouraged (Walter et al., 2018).

Alongside a need to investigate personality factors increasing vulnerability to MH, also
important to research are genetic vulnerabilities. The CACNA1C calcium gene, in particular
the rs1006737 SNP, has been found as a risk gene for vulnerability to numerous MH
disorders as previously stated (Moon et al., 2018). Previous research on investigating the
influence of the SNP has identified potential effects on response to environmental stressors
and HPA-axis response (Klaus et al., 2018). This research in particular assessed the impact of
rs1006737 on chronic stress, investigating the long-term effects on HPA Axis function, in
particular the cortisol awakening response and its interaction with childhood trauma, finally
recommending future research understanding the effect on acutely stressful situations. With
regard to variation in CACNA1C and HPA axis function, calcium channels have been shown
to be highly responsive to glucocorticoid administration. Following a stressor, there is a rise
15

in Ca2+ which has been attributed to increased release of corticosterone and catecholamine
release, resulting from HPA axis activation (Bali et al., 2013). A reduced expression of the
CACNA1C gene due to genetic variation may thus impact the movement of Ca2+ in the brain.

Abnormalities in HPA-axis function are a consistent finding in many mental health disorders
(Baumeister et al., 2014), including those associated with rs1006737.rs1006737 may also
directly influence the stress response in the heart. As the CaV1.2 channel produced by the
CACNA1C gene is prominently expressed in the heart, it is understandable that variation
may impact on cardiac function. The CaV1.2 channel is heavily involved in the function of
cardiomyocytes, being the most common L-type calcium channel found in the heart muscle.
The channels open and close controlling the flow of calcium ions into the heart’s
cardiomyocytes during every heartbeat. This opening and closing of the channels is vital in
the length of the heartbeats and maintenance of normal heart function. Regulation of CaV1.2
channels is attributed to the Ca2+ signals they produce. Both rs1006737 and the acute stress
response have been identified as risk factors for the development of psychiatric diseases
(McLaughlin et al., 2010). However, any association between these two factors has yet to be
investigated.

Also requiring further investigation is exactly how the variant of CACNA1C influences
individuals’ behavioural responses. However, one such study in the area from Roussos et al.
(2011) found the rs1006737 A allele to be associated with higher levels of trait anxiety. This
supports the findings from other research such as that from Erk et al. (2014) suggesting that
individuals with rs1006737 score higher on an anxiety scale. As the gene variant is so highly
associated with mental health disorders such as schizophrenia, which itself is characterised by
increased anxiety, the results from these studies appear to provide more specific
understanding of exactly how rs1006737 contributes to psychiatric diseases. Increased
anxiety levels have a number of effects on individuals. Individuals with increased anxiety
levels have been demonstrated to show increased perceived stress in different situations,
leaving them more vulnerable to the negative impacts of stress (Racic et al., 2017).

In later research, (Roussos et al., 2013) found an association between risk allele carriers of
rs1006737 and high levels of schizotypy. The study provided support for the notion that this
SNP is a risk factor for high levels of schizotypy. This study supported the role of genetic
variation in CACNA1C for the emergence of schizotypy in the non-clinical population.
16
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Following Roussos and colleagues’ research it can be inferred that high levels of schizotypy
and rs1006737 have both been associated with increased anxiety and an elevated perception
of stress (Heinze et al., 2016). This provides an interesting avenue in research to investigate
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the interaction between schizotypy, CACNA1C and experience of stress and anxiety in a
controlled environment, such as a laboratory based stressor (Herzig & Mohr, 2012). Such a
study has yet to be carried out, providing a novel approach to investigate further that reported
in previous established research.

As previous research has identified strong results from acute laboratory based stressors, it
appears the acute stress response is a promising area of study (Rosell et al., 2014). The acute
stress response involves activation of the Hypothalamic-Pituitary Adrenal (HPA) axis and
Sympatho-medullary (SAM) Pathway shortly followed by activation of the Parasympathetic
Nervous System (PNS) and inhibition of the HPA axis which return the body to a
homeostatic state (Becker & Rohleder, 2019) (See Figure 2.1). A well-established, reliable
tool for measuring the acute stress response is the Trier Social Stress Test (TSST)
(Kirschbaum et al., 1993). The TSST is a standardised laboratory based social stressor which
has been demonstrated to induce both the psychological and physiological stress response
(Birkett, 2011). The protocol of the TSST exposes participants to a series of unpredictable
and uncontrollable events with aspects of socially stressful situations (Allen et al., 2017).

17
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Figure 2.1. Acute stress response and its pathways. ACTH = Adrenocorticotropic hormone.
BP = Blood Pressure. CRF = Corticotropin Releasing Factor. SNS = Sympathetic Nervous
System. Taken from: Antoun et al. (2017).

The present study was conducted as part of the fulfilment for a Masters By Research (MRes)
course, however the study itself was part of a larger PhD research project. The MRes
researcher was integral to recruitment, TSST panel coordination, HRV and EDA data
collection and analysis and used a subset of the full dataset collected for the purposes of this
thesis.

2.1.1: Aims and hypotheses

The present study aimed to investigate the interaction between CACNA1C variant, schizotypy
and stress response/recovery. It aimed to utilise both self-report and physiological measures
to understand individual differences in the stress response.

Given the previous published literature, the specific hypotheses of this thesis were that:
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1.Participants in the high schizotypy group, as well as carriers of the rs1006737 risk allele
would have increased baseline salivary cortisol, lower overall cortisol release and delayed
recovery during the acute psychosocial stressor.
2. Participants with high schizotypy and those who are risk allele carriers of the rs1006737
SNP would report increased perceived stress.
3. Both high schizotypy individuals and those with the rs1006737 SNP would have increased
self-reported stress, anxiety, and insecurity during the acute psychosocial stressor.
4. Both high schizotypy participants and carriers of the rs1006737 risk allele would have
higher EDA and lower HRV during the TSST, with a larger increase from baseline to peak
stress level and poorer recovery than low schizotypy participants and risk allele non-carriers.

2.2 Methodology

2.2.1 Participants
A pre-screen was carried out for the study to identify and recruit participants’ with either high
or low schizotypy levels. For the pre-screen, 160 participants successfully completed the
online set of questionnaires via Qualtrics (See Measures for questionnaires used). 136
participants were female and 24 were male, with ages ranging from 18 to 45 (M = 20.33, SD
= 3.05). Subsequently, for session two of the study, a total of 34 participants were recruited
based on their scores in a schizotypy measure falling into either high schizotypy (Global
score 19 or above) or low schizotypy (Global score 10 or below) (Sierro et al., 2016). As
previously stated, the present study is part of a larger PhD project and, as such, a subset of the
participants was analysed. The subset of data used for the present study contained 22 female
participants from a white ethnic background, with ages ranging from 18 to 25 (M = 19.28, SD
= 0.88). Of the subset, 19 were Psychology Undergraduate degree students, 1 was a
Psychology postgraduate student and 2 were students from other courses. All participants
were students at the University of Lincoln.

HRV is known to vary in individuals of different ages and, in particular, gender (Voss et al.,
2015). To limit this effect, the participants in the present study were all female. The
participants had no history of endocrine, neurological, cardiovascular or psychiatric disorders
and were not taking any glucocorticoids during the time of study due to their known effect on
cortisol concentration (Guzman et al., 2020). Oral contraceptives were permitted. Only
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participants who identified with the same gender they were assigned at birth were recruited
due to the focus on hormonal measures in the research.

Recruitment for the pre-screen consisted of a University pool of Psychology students found
on a system called SONA, posters distributed on the University campus (see Appendix A),
advertisement on social media and word of mouth by the researchers. Psychology students
who signed up through the SONA system were awarded 2 points for completing the prescreen as part of their course requirement. Recruitment for the second session involved
contacting participants directly by email to ask for their participation. Those who participated
and were on the SONA system were given 15 points for completing session 2 of the study,
and those who did not use the SONA system were given £15 cash upon completion of both
sessions of the study.

Initially, the target total final sample size for the second session of the study was 80
participants, with 40 participants per group. This was identified using a G*Power analysis,
based on an effect size of 0.45, power of 0.95, numerator df of 2 and 2 groups.
Unfortunately, during the data collection a cease of face-to-face research at the University
was imposed as a result of the Covid-19 crisis, meaning recruitment had to stop midway
through the study in March 2020.

2.2.2 Ethics
A favourable ethical opinion for this study was received from the University of Lincoln
Ethics Committee on 09/10/2019 with the approval code 2019-0624 (see Appendix B).

To ensure safe handling of the tissue samples collected during the course of the study, the
researcher attended a human tissue training course where they learned how to safely collect
and store the samples. The researchers and volunteer panel members for the Trier Social
Stress Test (TSST) agreed to a protocol in case of an adverse reaction to the TSST. If the
panel members noticed the participant becoming overly stressed or anxious, they were to ask
the participant if they wanted to continue the study. If the participant said yes, the protocol
continued as normal, however, if they said no, the protocol was immediately stopped and the
lead researcher would come in to collect the participant to speak to them, ending the study.
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2.2.3 Design
The study had a mixed experimental design where the experimental stimulus was an acute
psychosocial stressor. There were two between subjects factors of interest, schizotypy
(high/low) and CACNA1C genotype (risk allele A carrier and non-carrier) with five within
subjects time-points (Baseline, preparation period, speech task, math task & recovery).
Outcome measures were perceived stress at baseline, VAS scores for ASI throughout the
time points, cortisol release over the stressor, HRV and GSR. A between subjects factors
interaction was not possible due to limited sample size. The independent variables of the
study were schizotypy (high/low) and CACNA1C genotype (A carrier/GG), the experimental
stimulus being the acute psychosocial stressor and dependent variables being performance on
PSS-14 scale, VAS Scores, Cortisol Response, HRV and GSR.

2.2.4 Measures
The questionnaires from the pre-screen used for the present study were the Oxford-Liverpool
Inventory of Feelings and Experiences (O-Life) (Mason et al., 1995) which measured
Schizotypy and the Hospital Anxiety and Depression Scale (HADS) (Zigmond & Snaith,
1983) which measured Anxiety and Depression levels. To ensure the researchers in the study
remained blinded to group allocation, the academic supervisor analysed the responses from
these questionnaires and, using the O-Life questionnaire, isolated participants with high or
low schizotypy. Participants not reaching the threshold for either level of schizotypy were not
invited to the second session.

The O-Life is a tool consisting of 104 items in a yes/no response format. It uses four
subscales to determine schizotypy level, split into: positive schizotypy, cognitive
disorganisation, introvertive anhedonia and impulsive nonconformity. Since being
introduced, the O-Life has demonstrated high internal consistency high levels of test-retest
reliability (Burch et al., 1998). The HADS questionnaire is comprised of 7 questions focused
on anxiety and 7 focused on depression, with both being scored separately. A score of 7 or
less on either indicates the absence of clinically significant anxiety or depression symptoms
and scores above this are split into three severities with 8-10 being mild, 11-14 being
moderate and 15-21 being severe. Cut-off scores are deemed very sensitive, with a score of 8
or more in anxiety having a specificity of 0.78 and sensitivity of 0.9, and the same score in
depression having a specificity of 0.79 and sensitivity of 0.85 (Bjelland et al., 2002). The
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HADS questionnaire has been demonstrated to show high validity in a number of languages,
countries and settings and is recommended by the National Institute for Health and Care
Excellence for the diagnosis of depression and anxiety (Stern, 2014). To ensure there was
minimal psychological stress and to limit avenues of potential harm, participants with high
Anxiety or Depression levels following analysis of the HADS questionnaire were not invited
to take part in session 2 of the study.

The second session of the study consisted of another set of questionnaires and the TSST
procedure. The questionnaire of note from this session was The Perceived Stress Scale (PSS14) (Cohen et al., 1983) which measured current perceived stress over the past month.
Responses on the PSS-14 are rated from 0-4 on a Likert Scale, with higher overall scores
indicating greater perceived stress. Questions 4, 5, 6, 7, 9, 10 and 13 are reverse scored on the
PSS-14. A cut-off value of 28 is implemented to indicate a high level of perceived stress. The
scale is considered a valid and reliable measure of perceived stress with consistently highquality results (Hewitt et al., 1992).

Throughout the second session of the study, Visual Analogue Scale (VAS) questionnaires
were filled in at 5 time points to measure self-reported anxiety, insecurity, and stress. (see
Appendix C). These were filled in alongside saliva sample collection using Salivette tubes
(see Figure 2.2 for timing).

Figure 2.2 Timeline to show the time frame in minutes since the start of the experiment for
waiting period and questionnaires, anticipatory period, TSST, recovery period and debrief
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for the study. Figure also demonstrates the length of time the Empatica E4 is recording
during the study and notes the time points at which the saliva samples and VAS responses are
taken.

2.2.5 CACNA1C
Genotyping for CACNA1C rs1006737 was carried out using TaqMan® Pre-Designed SNP
Genotyping Assay containing primers and fluorescent allele-specific probes (Applied
Biosystems, Warrington, UK) in collaboration with Dr Caroline Dalton within the
Biomedical sciences department at Sheffield Hallam University. The 25 μl reaction volume
contained 30 ng of genomic DNA, 0.66 μl of 40X assay mix, 12.50 μl of DNAse-free water
(Cat #: 4502, Sigma-Aldrich, Dorset, UK). Amplification was carried out using ABI
SubtepOneTMPlus Real-Time PCR System with 96-well plates. The thermal profile was
60°C for 30 s, 95°C for 10 min, followed by 50 cycles at 92°C for 15 sec and 60°C for 90
sec. PCR software (StepOnePlusTM v2.0) measured SNP-specific fluorescence and
genotyped each sample post-PCR.

2.2.6 Trier Social Stress Test
Session 2 of the study was set up to include a number of questionnaires and the Trier Social
Stress Test (TSST) (Kirschbaum et al., 1993). The TSST is a highly standardised and reliable
method of experimentally inducing acute psychosocial stress (Campbell & Ehlert, 2012).

Prior to attending this session, participants were contacted and asked to refrain from drinking
alcohol and smoking marijuana for the 24 hours leading up to the study and to refrain from
smoking cigarettes or drinking water for the hour beforehand.

Upon arrival for session 2, the participant was asked to read the Participant Information Sheet
and fill in a consent form (see Appendix D). WhatmanEasiCollect Buccal Collection Kit
swabs (GE Healthcare, Chicago, US) were then used to collect DNA samples from the inner
cheeks according to protocol. The participant the filled in a demographic questionnaire and
the Empatica E4 wristband was applied, and the recording started. The participant completed
a series of questionnaires provided on Qualtrics (see Appendix E), then filled in their first
VAS and gave the first saliva sample for cortisol measurement.
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After the VAS and saliva sample, the official protocol for the TSST begun. The participant
entered the anticipatory phase as they were told they would be going into a mock job
interview for their dream job and moved to room 2 where volunteer panel members had set
up the room for testing (See Figures 2.3 & 2.4). This lasted around 5 minutes. Once in room
2, the lead researcher introduced the participant to the panel and asked them to take a seat and
begin the preparation for the speech. The participant was given 5 minutes to prepare. During
this period, another VAS and saliva donation were completed. The participant then gave the
speech to the panel members and completed a mental arithmetic task, both lasting 5 minutes
each.

Figure 2.3. Images showing the room setup for the TSST. Image A shows the setup of the
panel, video camera, participant, and microphone from a far corner of the room. Image B
shows the setup of the panel and the video camera from the participants’ point of view. Taken
from: Frisch et al. (2015).

Once the TSST protocol had finished, the researcher met the participant outside the testing
room and asked them to fill in another VAS sheet and donate another saliva sample. The
participant was then taken back to room 1 for the recovery phase which lasted an hour.

For the recovery period, the participant was told not to check their phone. Neutral magazines
were provided to read through. After 15 minutes of recovery, a saliva sample and VAS sheet
were completed. At the end of the period, the final saliva sample and VAS sheet were
completed. The participant filled in a questionnaire on perception of the panel including their
believability and how well they knew each member (see Appendix F). The Empatica E4
watch was then taken off and turned off and the debrief given. Questions from the participant
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were answered and payment or points were provided. This concluded the study and the
participant left.

2.2.7 Salivary collection and cortisol measurement
5 saliva samples per participant were taken using the Salivette (Sarstedt, Nümbrecht,
Germany) throughout the course of the study (see Figure 2.4), meaning a total of 110 samples
were analysed. Participants were further instructed not to eat, drink or smoke before providing
samples. Once returned, saliva samples were stored at −20 °C before a single freeze thaw followed
by centrifugation (716G for 5 min (Beckman Coulter Allegra X-15R) and 13.3G for 10 min at 4 °C
(Eppendorf Centrifuge 5430R)) and storage in 1.5 mL aliquots at −80 °C.
Quantification of cortisol was determined by immunoassay (Salimetrics,
UK; https://salimetrics.com/assay-kit/salivary-cortisol-elisa-kit/) according to manufacturer's
instructions with duplicates run for each of the seven standards on each plate and the high and low
controls. Unknown samples were analysed blind and thus randomized across plates with 10%
assayed in duplicate on each plate. Assay detection limit with functional sensitivity for this assay has
been shown by the manufacturer to be 0.028μg/dL and intra and inter assay coefficients of variation
were < 3% and < 10% respectively across all samples.

Data for date collected, participant ID, Barcode, Sample type, Principal Investigator and date
moved to the Joseph Banks Laboratories was recorded in accordance with the Human Tissue
Act (2003) guidelines.

2.2.8 Heart Rate Variability and Electrodermal Activity

Heart rate variability (HRV) data was collected using the Empatica E4 wristband (Empatica,
2020) (https://www.empatica.com/en-gb/research/e4/). The wristband uses
Photoplethysmography (PPG) to collect HRV data, with a fixed sampling rate of 64Hz. This
data was processed and analysed using Kubios HRV Premium (Tarvainen et al., 2014). The
settings used to analyse the file were changed to the data file type of PPG with 1 data column.
Initially, the Empatica E4 was connected to a computer and synced using a USB cable. This
used E4 manager, a downloadable app provided by Empatica. Once the watch has been
synced, the data was uploaded to E4 connect, an online server provided by Empatica that
stores all data from each session on the watch. A folder was downloaded from E4 connect
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containing 8 separate data files containing data from the accelerometer sensor, electrodermal
activity, temperature, blood volume pulse, heart rate and inter-beat interval. For the purposes
of this study and in accordance with the ethical approval received, only the Blood Volume
Pulse, Inter-Beat Interval and Electrodermal Activity (EDA) data files were kept and stored
for analysis. Unfortunately, due to issues with the quality of data provided by the Empatica
E4 this data was not able to be used for analysis. This is further discussed and investigated in
the following chapter.

For galvanic skin response (GSR) analysis, the EDA file was downloaded from Empatica
Connect. A .txt file was created, comprising the minutes from the start of the Empatica
recording for 12 time points (See Figure 2.4). The GSR data files were processed on
MATLAB R2016b initially and then MATLAB in subsequent times. A script was run to
calculate an average Microsiemens (uS) value for 5 minutes of each time point. An SPSS file
containing these values was created and analysed using the SPSS software.

Figure 2.4. Timeline to show when the baseline, anticipatory phase, preparation period,
speech period, math period, start of recovery, end of recovery and VAS sheet completions
took place in minutes from the start of the study. Figure shows the time points as they were
used in the EDA analysis, each in 5 minute chunks (Posada-Quintero & Chon, 2020).
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2.2.9 Statistical Analysis
All statistical tests were performed using SPSS Software (IBM SPSS Statistics for Mac,
Version 22.0, IBM Corp. Released 2013). The statistical significance threshold was set at p <
.05. To test that the data was normally distributed, the Shapiro-Wilks test was used on all data
types. The decision to use the Shapiro-Wilks test was made due to the test’s high-power
detection and the small sample number (Steinskog et al., 2007). Skewness and kurtosis were
also considered, and data that was non-normally distributed and had high skewness and
kurtosis levels was log transformed prior to analysis. This pertained to the cortisol samples. A
mixed analysis of variance (ANOVA) was conducted to compare the Schizotypy groups to
the VAS response, GSR and Cortisol at 5 discrete time points before, during and after the
TSST?. A mixed ANOVA was also conducted to compare the CACNA1C genotype groups
to the same variables. Mauchly’s test for sphericity was used when conducting ANOVAs in
the results and, where appropriate, a Greenhouse-Geisser correction was applied. Multiple
comparisons were controlled for using the using Bonferroni correction in the post hoc test.

2.3. Results

2.3.1 Descriptive Statistics
In total, data from 22 female participants was analysed (See Table 2.1). Schizotypy and
genotype were analysed using a chi-squired test to see if there was an association between the
variables. Results of the test were not significant, meaning the variables were independent of
each other, X2 (1, N = 22) = .001, p > .05.

CACNA1C Genotype
GG

Schizotypy

AG/AA

Total

High

6

5

11

Low

6

5

11

12

10

22

Group

Total:
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Table 2.1. Table to show the distribution of participants within each variable.
2.3.2 Cortisol release during TSST
To see if the cortisol levels changed between different time points of the study, a repeated
measures ANOVA was conducted. Cortisol values were log transformed to ensure normality
of distribution. The repeated measures ANOVA with a Greenhouse-Geisser correction
determined that the cortisol samples were statistically significantly different across the five
different the time points F(2.66, 55.79) = 7.207, p = .001, ηp2 = .159.
(See Figure 2.5). However, no given pair of time points showed a significant difference
following post-hoc testing using the Bonferroni correction.

Figure 2.5. Line graph to show mean cortisol sample values throughout the Trier Social
Stress Test for all participants (n=22).
2.3.2.1 Effect of schizotypy on cortisol release
To understand if there was a difference in the cortisol sample levels at different time points
between the schizotypy groups, a mixed ANOVA with a Greenhouse-Geisser correction was
conducted. However, results of this did not indicate a difference in the samples by group
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F(2.16, 43.33) = .64, p = .637, ηp2 = .031, suggesting both the high and low schizotypy
individuals experienced a similar cortisol response (See Figure 2.6).

Figure 2.6. Line graph to show mean cortisol sample value throughout the Trier Social Stress
Test, separated by schizotypy group.

We expected high schizotypy participants to have higher baseline salivary cortisol levels,
however, we found no difference between the baseline levels of the two schizotypy groups in
our sample t(20) = .695, p = .495, r = .31. We also anticipated that high schizotypy
individuals would have a blunted response to the stressor, which was tested by carrying out
an independent samples t-test looking at the post stressor time point minus samples at the
baseline measurement for participants between the high and low schizotypy groups. This
tested the difference in the size of the stress response between the groups in relation to
cortisol release. Similarly, results of this found no significant difference between the groups
t(20) = .164, p = .871, r =.19. In order to understand if the recovery was different between
schizotypy groups, an independent samples t-test was conducted on the samples at the end of
recovery minus the baseline by schizotypy group. Results of this test found no significant
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differences between the participants t(20) = -1.090, p = .289, r =.65. The hypothesis that the
high schizotypy participants would have a delayed cortisol response was tested by carrying
out an independent samples t-test on the participants’ individual cortisol peak release time
from high schizotypy individuals (M = 2.06, SD = 1.87) and low schizotypy participants (M =
1.81, SD = 1.86). This was represented by the 5 time points cortisol samples were taken from.
However, the results did not support a difference by group t(20) = -1.936, p = .067, r =.83.

2.3.2.2 Effect of CACNA1C genotype on cortisol release
To understand if CACNA1C genotype had an impact on cortisol release during the TSST, a
mixed ANOVA with a Greenhouse-Geisser correction was carried out. Although there was
an increased cortisol release seen in the A allele carriers, statistical analysis did not support
an altered cortisol response by genotype F(2.65, 52.99) = .280, p = .815, ηp2 = .032 (See
Figure 2.7)

Figure 2.7. Line graph to show mean cortisol values in ug/dL at different timepoints during
the Trier Social Stress Test, separated by CACNA1C genotype, risk allele AA/AG.
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2.3.3 Effect of schizotypy on perceived stress
To test the hypothesis that individuals with high schizotypy would have higher PSS-14 scores
than low schizotypy individuals, an independent samples t-test was conducted. The test
showed that the 11 participants in the high schizotypy group (M = 32.64, SD = 6.82)
compared to the 11 participants in the low schizotypy group (M = 22.37, SD = 8.10) reported
significantly higher PSS-14 scores, t(20) = 3.22, p = .004, r = 1.37 (See figure 2.8). This was
the expected result and supported the proposed relationship between perceived stress and
schizotypy.

Figure 2.8. Bar graph to show mean PSS-14 score separated into high and low schizotypy
group.
2.3.4 Effect of CACNA1C genotype on perceived stress
Participants with the CACNA1C risk allele A were expected to show increased PSS-14
scores when compared to those without the risk allele. To test this, an Independent samples ttest was conducted comparing the PSS-14 scores of the 10 individuals with the AG/AA allele
(M = 28.30, SD = 8.95) to the 12 with the homozygous GG allele (M = 26.83, SD = 9.39),
however no significant difference in scores was found t(20) = -.373, p = .713, r = .16 (See
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Figure 2.9). These findings did not support the hypotheses, instead indicating that there was
no significant difference in the perceived stress of the participants in each group.

Figure 2.9. Bar graph to show mean PSS-14 score separated into different CACNA1C
genotypes.

2.3.5 Visual Analogue Scale responses
To understand if the VAS stress scores changed during the course of the study, a
a repeated measures ANOVA with a Greenhouse-Geisser correction was conducted. Results
of the ANOVA showed that the scores did differ between time points F(2.51, 52.73) = 58.71,
p = .001, ηp2 = .74 (See figure 2.10a). Pairwise comparisons with a Bonferroni correction
were looked at in order to see the relationships of the VAS stress scores at different time
points.

The baseline scores were shown to be significantly lower than those at the preparation stage)
(p = .001). Baseline scores were also significantly lower than the post-stressor scores (p =
.001). VAS stress scores at the preparation stage were significantly lower than post-stressor
(p = .001) and significantly higher than at the end of recovery (p = .001). Post-stressor
scores) were found to be higher than both the start of recovery (p = .001) and the end of
recovery (p = .001). Scores at the start of recovery were significantly higher than those at the
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end of recovery (p = .001). These relationships follow the pattern expected from a healthy
response during the TSST.

The same analysis was conducted on the VAS Anxiety scores. A repeated measures ANOVA
determined that VAS Anxiety scores differed significantly over the course of the study F(4,
84) = 56.81, p = .001, ηp2 = .895 (See Figure 2.10b). Pairwise comparisons with a
Bonferroni correction showed that VAS anxiety scores at the baseline were significantly
lower than the scores at the preparation stage (p = .001) and post-stressor (p = .001). The
preparation stage was higher than the start of recovery (p = .001) and the end of recovery (p =
.001). The anxiety scores at the post-stressor point were significantly higher than both the
start of recovery (p = .001) and the end of recovery (p = .001). As with the VAS stress scores,
the VAS anxiety scores at the start of recovery were significantly higher than at the end of
recovery (p = .001).

The VAS Insecurity scores were also tested to see if there was a change during the course of
the study. A repeated measures ANOVA with a Greenhouse-Geisser correction determined
that the VAS Insecurity scores were significantly different between the time points F(2.89,
60.66) = 64.46, p = .001, ηp2 = .76 (See figure 2.10c). Pairwise comparisons with a
Bonferroni correction showed that baseline insecurity scores were significantly lower than
preparation scores (p = .001) and also those post-stressor (p = .001). Baseline scores were
significantly higher than the end of recovery (p = .021). The scores at the preparation stage
were higher than those both at the start of recovery (p = .001) and the end of recovery (p =
.001). The same relationship was found with the post-stressor insecurity scores, in that they
were higher than those at the start of recovery (p = .001) and the end of recovery (p = .001).
As with the stress and anxiety VAS scores, the insecurity scores at the start of recovery were
higher than those at the end of recovery (p = .001). The relationships between the VAS
insecurity scores over time followed the expected response from individuals taking part in a
social stressor.

33

Figures 2.10a, 2.10b & 2.10c. Line graphs to show mean VAS Stress, Anxiety, and Insecurity
scores over the 5 different time points: Baseline, Preparation, Post-Stressor, Recovery Start
and Recovery End.

34

2.3.5.1 Effects of schizotypy on Visual Analogue Scale responses
It was expected that the high schizotypy participants would report increased self-reported
stress levels, which was supported by a mixed ANOVA with a Greenhouse-Geisser
correction F(2.4, 48) = 3.72, p = .025, ηp2 = .157 (See Figure 2.11a). An Independent
samples t-test determined that immediately following the stressor, the high schizotypy group
(M = 80.45, SD = 15.69) reported higher stress scores than the low schizotypy group (M =
56.27, SD = 24.94), t(20) = 2.722, p = .015, r = 1.16 (See figures 14 and 15). The test also
showed that at the start of recovery the high schizotypy group (M = 37.82, SD = 24.63)
reported significantly higher stress levels than the low schizotypy group (M = 12.27, SD =
11.15), t(20) = 3.134, p = .007, r =2.18.

This analysis was also conducted on the VAS Anxiety scores. As expected, a mixed ANOVA
determined that VAS Anxiety scores did differ statistically significantly by Schizotypy group
F(4, 80) = 4.00, p = .005, ηp2 = .167 (See Figure 2.11b). In order to see at which time points
the differences were significant, an independent samples t-test was conducted. This showed
that at the start of recovery only, the high schizotypy group (M = 37.27, SD = 20.52) reported
significantly higher anxiety scores than the low schizotypy group (M = 17.91, SD = 16.95),
t(20) = 2.413, p = .026, r =1.03.

Unlike the VAS anxiety and VAS stress scores, the VAS insecurity scores were not found to
be different between the schizotypy groups F(2.76, 55.10) = 2.20, p = .103, ηp2 = .099 (See
Figure 2.11c).
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Figures 2.11a, 2.11b & 2.11c. Line graphs to show mean VAS Stress, Anxiety, and Insecurity
scores for high and low schizotypy participants at the baseline, anticipatory period, poststressor, start of recovery and end of recovery.
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2.3.5.2 Effect of CACNA1C genotype on Visual Analogue Scale responses
To understand if the hypothesis that individuals with the risk allele variant of the CACNA1C
gene would report increased stress during the TSST was accurate, mixed ANOVAs were
carried out comparing the VAS stress, anxiety and insecurity scores between the AA/AG and
GG allele groups (See Figures 2.12a, 2.12b & 2.12c). Whilst it has been demonstrated that
the VAS Stress scores did change throughout the course of the study, a repeated measures
ANOVA with a Greenhouse-Geisser correction showed there was no difference found
between the different genotypes F(2.49, 49.76) = .327, p = .859, ηp2 =.016. Similarly, no
difference between the genotype groups was found for the VAS Anxiety scores F(4, 80) =
.525, p = .718, ηp2 = .026 or VAS Insecurity scores F(4, 80) = .845, p = .501, ηp2 =.041.
These findings did not support the hypothesis, instead finding similar results between all
participants in all areas of the VAS forms.
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Figures 2.12a, 2.12b & 2.12c. Line graphs to show mean VAS Stress, Anxiety, and Insecurity
scores for different CACNA1C genotype participants at the baseline, anticipatory period,
post-stressor, start of recovery and end of recovery.
2.3.6 Electrodermal Activity during the TSST
To ensure the GSR readings showed change over time in the course of the study, indicating a
response, a mixed ANOVA with a Greenhouse-Geisser correction was carried out. Results
showed that there was a difference between the time points F(3.58, 75,27) = 12.70, p = .001,
ηp2 = .377 (See figure 2.13). Pairwise comparisons with a Bonferroni correction revealed
that GSR at baseline was significantly lower than the response in the preparation stage (p =
.015), the speech stage (p = .001), the math stage (p = .001) and the start of the recovery
period (p = .018). The response at the preparation stage was found to be significantly higher
than the response at the end of recovery (p = .027), showing a large decrease in GSR. The
end of recovery was also found to be significantly lower than the speech stage (p = .001),
math stage (p = .001) and the start of recovery (p = .005).

Figure 2.13. Line graph to show the change in mean EDA levels over the 7 time points:
Baseline, Anticipatory Stage, Preparation Stage, Speech Stage, Math Task, Recovery Start
and Recovery End.

Alongside this, the EDA readings taken during the time the participants were filling out the
VAS sheets was also tested and found to differ between the 5 time points F(2.86, 60.14)
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=13.91, p = .001, ηp2 =.398, further supporting the change in GSR response during the
course of the stressor. Pairwise comparisons with a Bonferroni correction showed that the
GSR at the VAS point of the preparation stage was significantly higher than at the time the
sheet was filled in for the start of recovery (p = .003) and end of recovery (p = .001). GSR at
the point the post-stressor VAS sheet was completed was also higher than at the start of
recovery (p = .001) and end of recovery (p = .001).

2.3.6.1 Effect of schizotypy on Electrodermal Activity
The high schizotypy group was expected to show a higher EDA response during the TSST,
however no difference between groups was found in the 7 time points following a mixed
ANOVA F(3.53, 70.63) = 1.49, p = .220, ηp2 =.069. There was also no difference between
schizotypy groups found during the 5 timepoints of the VAS questionnaires F(2.91, 58.26) =
1.43, p = .244, ηp2 =.067. To test the hypothesis that individuals with high schizotypy would
have a higher GSR response between these time points, an independent samples t-test was
conducted looking at the difference in readings between the baseline and math task by
schizotypy group, however no difference was found t(20) = .313, p = .758, r =.133. An
independent samples t-test was also conducted looking at the difference between the math
task and the end of recovery by schizotypy group. This represented the return from peak
stress to recovery in EDA response, testing the hypothesis that high schizotypy individuals
would take longer to return to baseline EDA. These results were also not significant t(20) =
.237, p = .815, r =.087.

To understand if there was a difference in response throughout the whole time course of the
study between the schizotypy groups, an independent samples t-test was conducted looking at
the end of recovery minus the baseline by schizotypy group. These results were also not
statistically significant t(20) = -1.090, p = .289, r =.46. A mixed ANOVA with a GreenhouseGeisser correction determined that the EDA responses during the TSST were statistically
significantly different from each other F(3.59, 75.27) = 12.70, p = .001, ηp2 =.377. However,
there was not a statistically significant difference in GSR response during the TSST between
schizotypy types F(6, 120) = 1.49, p =.188, ηp2 = .069 (See Figure 2.14).
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Figure 2.14. Line graph to show mean EDA value in Microsiemens (uS) throughout the Trier
Social Stress Test, separated by schizotypy group.

2.3.6.2 Effect of CACNA1C genotype on Electrodermal Activity
The CACNA1C risk allele was expected to be associated with an increased EDA response,
however when comparing the EDA response of the homozygous GG and heterozygous AG
alleles at 7 different timepoints throughout the study with a mixed ANOVA this was not
supported F(3.56, 71.26) = .114, p = .968, ηp2 = .006 (See Figure 2.15). There was also no
difference in EDA response identified between the different genotypes at the 5 points VAS
sheets were filled in F(2.84, 56,71) = .143, p = .926, ηp2 =.007.
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Figure 2.15. Line graph to show mean electrodermal activity in Microsiemens (uS) during
the Trier Social Stress Test by CACNA1C genotype.

2.3.7 Heart Rate Variability
There were a number of issues throughout the HRV data analysis. Due to the time pressures
and this being part of a wider study, recruitment had to start before methodology for E4 data
analysis could be finalised and optimised. The first issue faced was that the IBI data file
provided in the download file from E4 connect underwent pre-processing from Empatica and
Kubios, meaning the researcher could not see true timings of the file and could not match up
data to time points in the study. As the experimental design relied heavily on matching
specific timings, this meant that the IBI file could not be used for analysis. Instead, the Blood
Volume Pulse (BVP) file was used. This file is the primary output from the PPG sensor and
is used to create the IBI file. This was not pre-processed by Empatica or Kubios before being
opened and so provided the true raw data, meaning it was reflective of the times of the TSST
procedure.
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The second issue with the data analysis for HRV was issues with movement and the
Empatica E4 device. Upon initial analysis, it became evident that there were too many
artefacts in the data to include it in analysis. Through regular contact with the Kubios support
team it was made clear that the levels of movement artefacts within the HRV data from the
Empatica E4 were too much for the Kubios artefact correction algorithm to function properly.
Most data from the duration of the study was shown to be of poor quality (See Figure 2.16).

Figure 2.16. Example of HRV data produced by Kubios from a participant. Data marked with
red ‘corrupted’ bar shows data of too poor quality to use. Data marked with green ‘high
quality’ bar shows example of data that would be appropriate. A majority of data from all
participants was corrupted, meaning it contained too many artefacts to be considered high
enough quality data.

Due to the number of issues faced during the data analysis of the Empatica E4 wristband, and
the lack of research testing the validity of the Empatica E4 wristband, it was decided to carry
out a further study to test the reliability of the HRV Empatica E4 wristband to investigate
further the impact of movement on HRV measurement using mobile devices (see chapter 3).

43

2.4 Discussion
This study aimed to further understand the effect of CACNA1C genotype and schizotypy
level on the response to and recovery from an acute stressor. The study considered the
differences in physiological measures of stress between individuals, such as HRV and EDA
and aimed to understand how these measures differed in different groups of individuals.
Unfortunately, due to issues with the Empatica E4 wristband, HRV data was unable to be
analysed. The hypotheses relating to HRV amongst the participants were therefore not able to
be tested. The study also faced issues with participant numbers. Whilst the initial sample size
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was intended to be 80, the Covid-19 crisis meant that just 34 could be recruited in total.
Being a part of a larger PhD, a subset of 22 participants was used from this pool for the
present study This should be considered when discussing the results of the study as the
sample size may lack representation, increasing the possibility for error.

The CACNA1C risk allele carriers and non-carriers, did appear to have a different cortisol
response pattern to the acute psychosocial stressor upon visual inspection, however this did
not reach statistical significance. Despite this, the visual pattern is still interesting to discuss.
The risk allele AA/AG carriers were seen to have higher cortisol levels throughout the study.
The carriers in the experiment had a steep incline in cortisol release between the post-stressor
stage and start of recovery, reflecting an increase in physiological stress during the interview
aspect of the Trier Social Stress Test. This release pattern was not shared by the risk allele
non-carriers, who instead showed the steepest incline between the preparation stage and poststressor, reflecting a steep increase in physiological stress leading up to the preparation
period. The small sample size may be a potential explanation as to why there was no
significance in these differences in cortisol response, but their visibly different response
pattern does warrant further investigation in future research.

Furthermore, studies comparing individuals at high genetic risk of developing a
psychological disorder to those with a low genetic risk have found that a loving, stable family
environment both in childhood and beyond can significantly reduce the likelihood of
developing the disorder (Schlosser et al., 2012). The positive environment acts as a protective
factor and can reduce the symptoms of already developed disorders. This could be present in
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the cortisol response, in that the risk allele carriers are still at a higher vulnerability for the
maladaptive cortisol response but have had a protective environment that may have mediated
the vulnerability. This provides a potential explanation for why there did not appear to be a
difference in cortisol response between the risk allele carriers and non-carriers that was large
enough to withstand statistical testing, however given the previous research in this area,
further investigation of differential response due to this gene variant may be warranted.

It was anticipated that the high schizotypy individuals in the study would demonstrate
increased baseline salivary cortisol levels, a lower overall cortisol response and a delayed
cortisol response to the TSST. These hypotheses were not supported in this research, with no
significant differences. Whilst schizotypy has been associated with maladaptive cortisol
response (Walter et al., 2018), there are numerous factors influencing the cortisol response
such as environment and upbringing (Zhang et al., 2019) that could explain the nonsignificant findings. Another potential explanation for the findings in this study is that
previous research finding links between schizotypy and impaired cortisol response may have
misidentified relationships. Grant and Hennig (2018) criticised the paper from Walter et al.
(2018) linking blunted cortisol response to high schizotypy levels. The paper was criticised
for suggesting an effect of schizotypy on perceived stress, with the authors drawing attention
to the fact that the study simply identified blunted cortisol responses in highly schizotypal
individuals. This is an important limitation, as blunted cortisol response has been attributed to
a number of causes, such as childhood maltreatment (Ouellet-Morin et al., 2011). Grant and
Hennig (2018) replicated the study from (Walter et al., 2018), and were able to attribute the
variance in perceived stress in cortisol response through high cognitive slippage, which is a
form of disconnected thought processes, and neuroticism. It was therefore concluded that the
effect on cortisol and stress was not a direct result of schizotypy, but of the cognitive slippage
and neuroticism. Some have criticised this as cognitive slippage and neuroticism can be
considered components of schizotypy, however this remains to be debated (Ettinger et al.,
2005)

As expected, the high schizotypy individuals scored significantly higher on the PSS-14
compared to those with low schizotypy, suggesting they felt they had experienced more stress
over the 2 weeks leading up to the study than the low schizotypy individuals. This reflects the
research showing high schizotypy individuals have more extreme subjective experiences of
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cognitive and emotional regulation deficits (Yanqing et al., 2019), suggesting they are less
able to regulate their perception of stress than low schizotypy individuals. Schizotypy has
been associated with an increased use of maladaptive emotional regulation strategies such as
ignoring the emotional stimulus or overly dwelling on them (Martin et al., 2011), as well as
elevated social anhedonia which can increase the individuals’ perception of stress (Blanchard
et al., 2001). In research, psychotic patients have been found to have hyperactive HPA-Axis’,
resulting in a heightened stress responsivity which could explain increased perceived stress
(Walker et al., 2008) although this was not found to a significant level in the current study.
Schizotypal individuals often display a number of the symptoms of psychotic patients, often
just at a lower intensity, meaning this could explain the increased PSS-14 scores. This
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provides opportunity for application to real life experiences. Individuals with high levels of
schizotypy can anticipate finding social situations increasingly difficult. Methods such as
mindfulness can be utilised to help manage this difficulty, minimising the perceived anxiety
(Hoffman & Gomez, 2018).
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Whilst schizotypy level was found to be associated with PSS-14 scores, no such relationship
was found with CACNA1C genotype. Analysis comparing the risk allele carriers to the noncarriers did not show any difference in score. This can likely be attributed to the limited
sample size in the study. With the odds ratio of 1.07-1.18 of the risk allele A, the limited
number of carriers in the sample was comparable to that of the general population (Ferreira et
al., 2008). Genetic association studies looking at mood disorders in general are considered to
require a large sample size in order to obtain meaningful results, meaning that the present
result should not be taken as contradictory to previous research findings (Hori et al., 2012).
Furthermore, 9/10 of the risk allele carriers in the present sample had the AG heterozygotes
whilst only 1 had the homozygous AA. Previous research has shown CACNA1C risk allele
AA carriers to have increased effects, such as increased cerebral grey matter, when compared
to AG and GG carriers (Meller et al., 2019). This may also provide an explanation as to why
the carrier group were not found to differ in perceived stress scores. Replication of the
research containing a higher number of AA carriers may find a significant increase in scores.

The self-report stress and anxiety responses followed the standard pattern expected during the
TSST. Participants began the study with low stress and anxiety levels, then as they carried
out the preparation, math and speech task reported steep increases in both areas. All
participants reported decreases in scores during the recovery period, indicating a successful
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recovery from the stressor, as found in other research such as that from Kelly et al. (2007). It
had been anticipated that high schizotypy participants would have increased VAS stress
scores during the study when compared to the low schizotypy individuals. Analysis
demonstrated increased reported stress from the high schizotypy individuals immediately
following the stressor and at the beginning of recovery. This supported the hypothesis, further
supporting research suggesting highly schizotypal individuals experience increased levels of
perceived stress. This has been attributed to a number of factors. Schizotypy has been
strongly associated with social anhedonia (Cohen et al., 2015), meaning any social situations
are likely to be experienced more negatively by those with high levels of the personality
organisation.

Interestingly, the participants with low levels of schizotypy reported higher stress scores
during the preparation period than following the stressor, whereas the high schizotypy
participants reported the opposite experience, reporting peak scores immediately after the
stressor. This could be interpreted as showing both an abnormal perceived stress response
and also as an indicator of impaired recovery. This may be explained through the
dysfunctional coping strategies often associated with schizotypy (Armando et al., 2018).
These individuals may not manage the stress of the TSST as well as those with low
schizotypy, who become stressed before the math and speech tasks and then begin to recover
immediately. The increased stress levels following the tasks may be reflective of the elevated
social anxiety levels associated with schizotypy, where these individuals has been
demonstrated to report increased stress following a stressor (von Dawans et al., 2018). The
high schizotypy individuals in the study also reported increased anxiety levels at the start of
the recovery period. This was reflective of the VAS stress responses and may provide further
support for the suggestion of an impaired coping strategy and recovery. No difference was
expected to be found in the VAS insecurity scores, and so this result was not surprising.
Research on schizotypy often looks at anxiety and stress as the main focuses (Armando et al.,
2018). No significant relationships were found between genotype and VAS stress, anxiety, or
insecurity. This finding is again likely due to the lack of homozygous risk A allele
participants in the study. Much of the research looking at this CACNA1C SNP has combined
the homozygous AA allele and heterozygous AG allele individuals due to a lack of
homozygous participants. However, it has been reported that in order to obtain reliable results
these individuals should be tested separately (Erk et al., 2014). It has been proposed that
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merging the groups may obscure results, which may respond differently when analysed
separately.
A change in EDA was identified throughout the course of the stressor. Participants showed a
response to the preparation, math and speech aspects of the TSST, confirming the expected
increased activation of the SNS in response to the acute psychosocial stressor (Villarejo et al.,
2012). Participants also showed a response at the time they filled out the VAS sheet in the
preparation period and immediately following the stressor. Whilst there was an effect of time
on the EDA levels, there was no impact of genotype or schizotypy level found. It was
expected that the high schizotypy participants and the risk allele carriers would show a higher
GSR during the study, with a larger increase from baseline to peak stress level than low
schizotypy participants and those without rs1006737. These participants were also expected
to take longer to return to a baseline EDA level. Baseline and recovery were very similar
between the schizotypy groups, but the leadup to the stressor showed the opposite pattern to
what was expected. The low schizotypy participants appeared to show a blunted EDA
response in the lead up to the Trier Social Stress Test, rather than the higher response
anticipated. This may point to a blunted stress response in these individuals, which would
reflect findings from cortisol research using schizotypy individuals which has found a
blunted response in that form of physiological stress measure (Hori et al., 2011).

Alongside other potential explanations for the non-significant and unexpected results, it is
important to note that EDA measurement does not necessarily provide insight about
emotional response, simply arousal. There is potential that the response instead indicated
increased concentration and attention (Dawson et al., 2017). This would explain why there
was an apparent response from all participants in EDA, which followed the intensity levels of
the TSST protocol. To our knowledge, research has yet to be conducted comparing
concentration and attention levels of high and low schizotypy individuals or carriers and noncarriers of rs1006737. There would not necessarily be an expected variation in this, meaning
the results of the study would not be considered unexpected. Research looking at EDA
response is incredibly limited, particularly when looking at different groups of people. The
research that has been conducted has had inconsistent findings, making it difficult to draw
conclusions from. Schizophrenia and EDA is one area that did have promising findings, with
potential to use EDA response to predict symptomatic outcome (Bernstein et al., 1988). It
may be the case that individuals in the present study did not exhibit high enough levels of
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schizotypy to have a varied response. The aforementioned research used diagnosed
schizophrenic participants, whereas the current study participants did not have any
psychiatric diagnoses. This could be a potentially interesting avenue for future research. EDA
recording methods change considerably over time, making it important to reinvestigate
previous findings using the most up to date and accurate equipment and analysis strategies
(Caruelle et al., 2019).

In summary, the present research provides promising support for the influence of schizotypy
on perceived and subjective stress. The high schizotypy individuals in the study demonstrated
increased perceived stress in the month leading up to the study and increased subjective stress
and anxiety during it. Future research using more participants may find support for the
cortisol and EDA variation between schizotypy levels. The research on CACNA1C genotype
was very much limited by sample size. Future studies would benefit from increased sample
size and potentially control for numbers of the participants with the homozygous risk A
allele. This would increase the reliability of the results, reducing the opportunity for error.
With regards to the HRV data, the efficacy and influence of movement on the Empatica E4
will be investigated in the following chapter so that recommendations for future research can
be made.

Chapter 3

Heart Rate Variability Measurement Using Wearable Devices: An Evaluation of
Movement Interference

3.1 Introduction
Heart Rate Variability (HRV) is defined as the fluctuation in the time intervals between
adjacent heartbeats, and can be used as a safe and non-invasive way to measure an
individual’s response to stress due to it being synonymous with the autonomic nervous
system (ANS) (McCraty & Shaffer, 2015). Analysis of HRV can provide understanding on
the heart’s ability to respond to a variety of stimuli, with low HRV in a non-stressful situation
conveying impaired regulatory Autonomic Nervous System function (Kim et al., 2018). As
HRV has been identified as a reliable and non-invasive tool for understanding the stress
response (Mohammadi et al., 2019), studies using it as a measurement of stress have been
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growing in popularity (Kim et al., 2018). Being a more instant measured response than other
biological stress markers, such as cortisol, HRV can be used in a wider range of studies
(Mohammadi et al., 2019).

The traditional method of collecting HRV data is using electrocardiography (ECG) with
specialised software. This provides the highest quality, reliable HRV data and is the longest
standing method of collection (Singh et al., 2018). ECGs use two or more electrodes attached
to the skin which detect electrical signals produced by the cardiac muscle each time it
contracts. The resulting data forms a pattern of electrical activity, known as the ECG wave.
The wave contains a magnitude of information to analyse, however for HRV analysis the
focus is on the three graphical deflections seen on an ECG, known as the QRS complex. In
particular, it looks at the RR interval, which is a value produced when looking at the distance
between each R peak in a series of QRS complexes.

Whilst ECG monitors provide the most reliable and consistent data for HRV, ECG data
collection often involves expensive equipment and specialised training to be effective
(Georgiou et al., 2018). Multi-lead ambulatory ECG devices are considered the gold standard
of HRV measurement, however the need for multiple attachments of electrodes and wires
means the individual being monitored must be seated or lying down in a stationary position,
leaving it awkward for participants to move (Singh et al., 2018). As a result, the demand for
wearable devices that can accurately monitor Heart Rate Variability (HRV) has grown in
recent years. Alongside this demand from the scientific populations, there has also been
considerable growth in demand from the general population. The desire for wearable devices
that can deliver HRV and other physiological data that can show fitness has led to the
development of a number of wristband technologies such as the Apple Watch and the Fitbit
(Nelson & Allen, 2019). Whilst these devices can be useful for general health tracking, they
are limited in their capacity for use in a research context due to their lack of raw data
production and limited technical quality, such as low sample rate.

Photoplethysmography (PPG) is a low-cost, highly effective alternative to ECG measurement
of HRV with growing popularity and an increased facilitation for movement. PPG sensors
can be integrated into wearable devices such as the Empatica E4 or the Apple Watch to
provide a convenient way to measure heart rate variability with fewer constraints (Lin et al.,
2014). PPG measures the volumetric change of the heart. As the cardiac muscle contracts,
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blood pressure in the left ventricle increases, forcing a pulse of blood into the arteries
throughout the body. In the PPG device, red and infrared light-emitting diodes (LEDs) shine
on a patch of skin where the arteries are close to the surface, often the wrist or fingertip. The
increased pressure in the artery will cause a measurable difference in the amount of light
reflected back, seen in the signal as peaks. HRV can then be measured by the amount of time
that occurs between each successive peak.

Whilst PPG data from wearable devices does provide a more flexible avenue for collecting
HRV data, it does come with its own limitations. The reduction in the size of the instrument
used to collect the data leaves it inherently more exposed to its environment, meaning the
quality of the signal can often be affected by noise and, in particular, motion artefacts
(Majeed et al., 2019). A small number of studies have looked directly at the comparison in
data quality between ECG and PPG data from wearable devices, as outlined in the systematic
review by (Georgiou et al., 2018). This review looked at 18 studies comparing a total of 31
ECG and PPG devices. Only 8 out of the 18 studies involved conditions with movement,
however many of these found significant impact of motion artefacts. The general findings
were that as movement increased, so did the presence of artefacts. Overall, RR agreement
between the HRV and PPG was found to range from 0.786 at the exercise peak to 1 in rest.
Following the review, (Georgiou et al., 2018) concluded that whilst wearable devices for
HRV are promising, more robust studies investigating their use in non-stationary conditions
are needed before drawing conclusions about their validity and reliability in scientific
settings.

In the research presented previously in this thesis, the wearable Empatica E4 device was used
to measure HRV over the course of a study using the Trier Social Stress Test (TSST)
(Kirschbaum et al., 1993). The decision to use the E4 was made based upon a need to use a
device which enabled the participants to move between 2 rooms whilst maintaining a
continuous data stream. The classic protocol of the TSST was used, meaning that for a
majority of the recording participants were either sat down or stood up stationary, with
minimal levels of movement. Following a review of research supporting the use of wearable
devices to measure HRV and analysis of papers using the Empatica E4 wristband (Empatica,
2020) (Georgiou et al., 2018), the researchers decided it would be appropriate to use. This
was favoured over the Polar H10 as there was already a device in the department which was
ready for use and the Empatica E4 had the ability to measure EDA data
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whilst being minimally invasive for participants to wear, being placed on the wrist. However,
whilst being minimally invasive
for participants to wear, being placed on the wrist.

This investigation on the Empatica E4 focusing on the impact of movement has not been
conducted before and there is currently limited published research validating the use of the
Empatica E4 wristband for heart rate variability measurement. The Polar H10 chest strap was
chosen as the ECG based device in the research due to the fact that it could also monitor
HRV whilst the participant carried out tasks involving movement, unlike many other ECG
devices. A protocol was designed in which participants would carry out tasks of increasing
movement, providing HRV data from both devices which could be compared for quality and
level of movement artefacts. The research aimed to test the quality of the data produced by
the Empatica E4 wristband when faced with movement in comparison to the quality of data
from the Polar H10 under the same conditions.

3.1.1 Aims and hypotheses
The aims for this study relate largely back to the previous study carried out in Chapter 2 of
the thesis. Numerous issues with movement artefacts were encountered, leading to the
present study aiming to test the Empatica E4 and Polar H10’s performance when facing
different levels of movement intensity. The aims to evaluate the independent performance of
the two devices in order to establish which device is better suited for studies where
participants will be in motion.
As most research using HRV involves pre-processing the data, the raw data from the
Empatica E4 was compared to a cleaned version of the file. The cleaned data was anticipated
to be associated with a significantly lower number of artefacts than the uncleaned. It was
expected that an increase in movement intensity was associated with a significant decrease in
data quality production from the Empatica E4 wristband, but not the Polar H10. The data
from the Polar H10 is anticipated to be more reliable overall, with fewer movement artefacts
in analysis than the Empatica E4.

3.2 Methodology

3.2.1 Participants
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A total of 12 participants were recruited for the study, with 5 males and 7 females. A sample
size of 12 was deemed appropriate following investigation of other pilot study sizes (Julious,
2005; Ages ranged from 20 to 52 (M =33.31, SD =10.57)). Participants had no history of
cardiovascular disorders and were not taking glucocorticoids at the time of the study due to
their known impact on cardiac function (Ng & Celermajer, 2004). A favourable ethical
opinion for the study was received from the Lincoln Ethics Application System on
28/04/2020 with the approval code LEAS2020-2290 (see Appendix G). Due to a cease in
face-to-face testing at the University, participants were recruited by word of mouth.

3.2.2 Design
The purpose of the study was to investigate how much Empatica E4 wristband data quality is
impacted by movement, and how the quality of the data over a number of conditions
compared to data from the ECG data from the Polar H10 chest strap. The study lasted
approximately 60 minutes.

This was a within-subjects experimental design, where the independent variables were the
type of movement carried out by the participant and device and the dependent variable was
the quality of data from the HRV devices. Measurement of the devices was carried out
simultaneously to ensure maximum consistency of recording times.

3.2.3 Empatica E4
The Empatica E4 is described a medical-grade wearable wrist-based device which can offer
real-time physiological data acquisition. It contains a PPG sensor, 3-axis Accelerometer,
EDA sensor, Infrared Thermopile and an internal real time clock. The Empatica E4 collects
HRV data using the PPG sensor, with a fixed sampling rate of 64Hz. The E4 is designed for
use in both laboratory settings and at home analysis, with a mobile application designed to
track data as it is recorded.
Empatica also provide the software application ‘E4 manager’. The data on the Empatica E4
wristband remains stored on the device until it is synched to E4 Manager. The data then
automatically uploads to Empatica Connect, a secure online cloud storage platform. All data
files from the recording are provided in a file to download form E4 connect. The HRV data
file from the E4 used by the researchers was the BVP file, due fact it is not pre-processed
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before analysis is conducted. Details about Empatica E4 and the download link for the E4
manager software can be found at https://www.empatica.com/en-gb/research/e4/.

3.2.4 Polar H10
The Polar H10 heart rate sensor is a heart rate monitor chest strap. The Polar H10 uses ECG
electrodes connected to a chest strap worn just under the breast plate. The device has a 400
hour battery life and has the memory of a single training session. It is not completely clear
what the sampling rate of the Polar H10 is as the sensor refresh rate does not appear to be
published, however based upon the SDK and published papers it would appear that it is likely
around 1024Hz. The sampling rate exported from the Elite HRV App used in the research
was closer to 1Hz. RR per second data from the Polar H10 is recorded and store on the Elite
HRV app, downloadable on all devices. This data is exported and sent to the connected email
account in a .txt format.

The Polar H10 was selected due to the fact the participant could freely move about during the
experimental design, making it a more direct comparison to the Empatica E4 than other ECG
equipment which requires the participant to be stationary. Further information and purchase
details can be found at https://www.polar.com/uken/products/accessories/polar_h10_heart_rate_sensor.

3.2.5 Kubios HRV Premium
The HRV data collected during the study was analysed using Kubios HRV Premium, version
3.4.3. This software is designed to support a range of ECG, PPG and RR interval data
formats, using QRS and pulse wave detection to create accurate HRV data files (Tarvainen et
al., 2014). The software provides automatic artefact correction designed to clean up data and
informs users of any issues with data quality. Data files can be reported in a number of
formats, including CSV, PDF, MAT and SPSS exports. The data files from Kubios HRV
Premium provide computed time-domain, frequency-domain and nonlinear HRV analysis.
Kubios HRV software can be downloaded to most computers from https://www.kubios.com.

The present study utilised the Premium licence from Kubios HRV, due to the ability to use
the automatic artefact correction algorithm and ability to analyse BVP data files. Kubios
outlines 5% artefact correction over any given sample as the cut off point for high quality

54

data, with data exceeding that level of correction at risk of being too distorted for variability
analysis (Lipponen & Tarvainen, 2019).

The required materials for the study consist of the Empatica E4 Wristband and Polar H10 as
base devices. The Polar H10 requires a device with Elite HRV downloaded in order to export
the raw data. To carry out the protocol a chair, table and timer or stopwatch are required. The
room this is conducted in should be large enough to walk around in straight lines and to lie
down, legs stretched out. Kubios HRV Premium is required for analysis of the data from this
study.

3.2.6 Procedure
Following the cease in face-to-face testing at the University, the procedure was adapted in
order to allow the participants to carry out the study in their own place of residency.
Therefore, participants were contacted by email to ask for their participation in the study, and
then contacted with a link to a Qualtrics form including the participant information sheet,
consent form and a brief demographics questionnaire (see Appendix H). Once the Qualtrics
form was completed, participants were contacted again to be informed that the lead
researcher would be available to contact through email or on Microsoft teams during the
study to address any questions or issues faced.

In accordance with Government guidelines on social distancing at the time of the study,
which took place between May 2020 and July 2020, the academic supervisor drove to the
participants’ place of residency and left the equipment required for the study outside the
house for participants to collect. The academic supervisor also collected the equipment after
the study had been completed in order to take it to the next participant.

The information sheet sent to participants first thanked participants for their participation in
the study and outlined that they would be required to carry out minimal movement tasks for
the study. Participants were reminded that the devices used in the study are not clinical
devices, and that any concerns the participant had about their cardiac health should be raised
with their GP. The information sheet also reminded participants of their right to withdraw at
any time during the study.
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An information sheet containing detailed steps on how to put on the Empatica E4 wristband
and Polar H10 chest strap was sent to participants by email, following the advice provided by
each device’s manufacturer (see Appendix I). Participants were asked as this point to try to
keep movements minimal, with arms kept by their side as much as possible. Once both
devices were put on, details on how to start the recordings were also given. Participants were
instructed to first start the recording on the Empatica E4 wristband, and then to start the Polar
H10 device recording. As they started the Polar H10 recording, participants were instructed
to press the button on the E4 to ‘tag’ the event, allowing the researcher to use the same start
time for the data analysis for both devices.

The instruction sheet then detailed the study protocol, represented in figure 3.1. The protocol
was separated into 9 x 5-minute intervals, a timing which has been validated in previous
investigations (Sinnreich et al., 1998). Each 5 minutes involved asking the participants to do
activities of varying levels of movement. The activities are outlined in figure 3.1. Generally,
the movement intensity increased among the 9 conditions. As each section could be identified
through the tagging, a continuous recording was used to ensure minimal disruption during the
research. Participants spent 5 minutes carrying out each activity, swiftly moving onto the next
task following the end of the 5 minute timer.

Key:
S: Start of study
E: End of study
R: Reset timer and tap Empatica to tag event marker
1: Lie down and stay still
2: Stand up and stand still
3: Remain stood still
4: Walk to a chair and sit down, remain sat
5: Sit still
6: Tap index finger every 2 seconds on non-dominant hand
7: Tap index finger on dominant hand every 2 seconds
8: Stand and move to a room with space to walk around
9: Walk around the room continuously with arms at side
56

Figure 3.1. Testing movement interference on the Empatica E4 study protocol.

The instruction sheet detailed how to end the recordings and how to export the Polar H10
data so that it would send to the lead researcher, allowing them to access the data remotely.
Participants were then instructed to thoroughly clean both devices to maintain safety
procedures. Following this, participants read the debrief (see Appendix J) and their
participation in the study finished. The academic supervisor returned to collect the equipment
from outside the participants’ home.

3.2.7 Data analysis
A txt. file containing the HRV data from the Polar H10 was exported by the participant and
sent to the lead researcher by email in a file from the Elite HRV app. The data provided is a
current average RR rate, updated once per second. The data on the Empatica E4 wristband
remained stored on the device until it was returned to the academic supervisor, who synched
the wristband to E4 Manager, a software provided by Empatica. The data then automatically
uploaded to Empatica Connect, an online store for the data. The lead researcher could then
access the data for analysis. The BVP file for each participant was downloaded, providing a
raw data format for the HRV.

The BVP files from the Empatica E4 were cleaned using EEGLAB v.2020 in Matlab
R2018b. Each file was visually inspected, and any apparent artefacts were highlighted and
removed, creating a new file to be processed in Kubios which was considered a more ‘clean’
version. This was not able to be done for the Polar H10 data as the sampling rate exported
from the Elite HRV app was decided to be too low and the Polar H10 exported the RR
interval rate rather than ECG or PPG data.

57

Data files from both devices were analysed using Kubios HRV Premium. Both the cleaned
and uncleaned files from the E4 were processed. The tag timings file from the Empatica E4
was opened, and the decimals were converted to real time measurements. These were
compared directly to the E4 file in Kubios to create 9 5-minute chunks, representing the 9
conditions. An initial tag was made for the start of the Polar H10 recording and so for these
files the initial tag time was subtracted from the other 9 to ensure the timings were accurate
and represented the same time periods for each condition in each device. The Kubios files
were exported and data on Root Mean Square of the Successive Differences between normal
heartbeats (RMSSD), Heart Rate (HR) and artefact percentage from each device from each
condition for every participant was compiled onto an SPSS file, where the data was
statistically analysed. The RMSSD values are a time-domain tool used to assess HRV values
by taking the successive RR values, squaring them, and then taking the square root. To test
for impact of movement intensity, the supine and walking around conditions were compared.
This was as they reflected the conditions with the lowest and highest movement intensity.
The other levels of intensity were included to understand if a certain level of intensity could
be identified as the cut-off for high quality data.

Data was tested for distribution using the Shapiro-Wilks test and assessing Skewedness and
Kurtosis. Where data was not normally distributed, non-parametric tests were used. Wilcoxon
signed-ranks tests were used to compare cleaned vs uncleaned data, artefact values at
different movement intensities and device location and RMSSD values.

3.3. Results
3.3.1. Cleaned vs Uncleaned data.
To understand if cleaning the data from the Empatica E4 would improve the quality,
Wilcoxon signed-ranks tests were carried out comparing the cleaned and uncleaned data in
respect to artefacts and HR in all conditions. The cleaned data had significantly fewer
artefacts than the uncleaned data in 5 out of 9 conditions (See Figure 3.2). In the Supine to
Stood condition, the cleaned data (Mdn = 3.79) had significantly fewer motion artefacts than
the uncleaned data (Mdn = 11.79), Z = -2.432, p = .015. The cleaned data in the Stood
condition (Mdn = 2.5) also had significantly fewer motion artefacts than the uncleaned E4
data (Mdn = 7.76), Z = -2.934, p = .003. The cleaned data (Mdn = 1.67) also had lower
artefacts in the Sit condition compared to the uncleaned data (Mdn = 8.77), Z = -2.49, p =
.013. The Stand and Move condition also had lower artefacts in the cleaned E4 data (Mdn =
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2.3) than the uncleaned data (Mdn = 9.75), Z = -2.82, p = .005. Finally, the cleaned data (Mdn
= 3.57) in the Walk Around condition had fewer artefacts than the uncleaned data (Mdn
8.32), Z= -2.845, p = .004.

Whilst the artefacts level significantly decreased in 5 conditions when the data was cleaned,
the HR in the cleaned data was significantly increased in all 9 conditions (See Figure 3.2).
When comparing the cleaned E4 HR to the H10 HR, the HR from the E4 was significantly
higher than that from the H10 in all conditions except for the Sit condition, where the
difference was not significant. Results of the Wilcoxon signed-ranks test comparing all
conditions showed that the E4 uncleaned HR (Mdn = 80) and H10 HR (Mdn = 87) in the
Supine to Stood condition, Z = -2.45, p = .014 and E4 HR (Mdn = 87) and H10 HR (Mdn =
91) in the Stand and Move condition, Z = -2.75, p = .006, were significantly different. Whilst
the reduction in artefacts in the cleaned data is promising, the fact that the heart rate was
significantly increased in all 9 conditions was concerning. As this provided a potential room
for human error, only the uncleaned E4 files were used moving forward in analysis.

Figure 3.2. Bar graph to show median heart rates for each condition for the cleaned and
uncleaned E4 data.
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3.3.2. Movement Intensity

To test whether the Empatica E4 would increase in artefacts with an increase of movement
intensity, a Wilcoxon signed-ranks test was carried out comparing the artefacts levels in the
supine condition (Mdn = 5.92) to the levels in the walking around condition (Mdn = 8.32).
Results of the test showed the mean artefacts in the two conditions did not differ, Z = -1.255,
p = .209. The artefacts from the H10 from the supine condition (Mdn = 0) and walking
around condition (Mdn = 0.10) were not anticipated to be significantly different from each
other, which was supported by the Wilcoxon signed-ranks test, Z = -.631, p = .528.

Analysis of the supine and walking around conditions artefacts from the devices indicated
that E4 had a significantly higher number of motion artefacts than the H10 in both the supine
condition, Z = -2.83, p = .005, and the walking around condition, Z = -3.06, p = .002 (See
Figure 3.3).

Figure 3.3. Bar chart to show the median artefact values for the Empatica E4 Uncleaned
data and Polar H10 data in the supine and walk around conditions.
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The mean artefact correction level from the Empatica E4 was above 5% in 7/9 conditions of
the study. The 2 conditions with a less than 5% correction level were Supine and Tapping
Dominant hand.

3.3.3 Device Location
There was anticipated to be a higher artefact level in the tapping with the non-dominant hand
condition than the dominant hand condition in the Empatica E4 only, reflecting the fact that
the E4 is worn on the non-dominant wrist. This was not anticipated from the H10 due to the
fact it is worn on the chest, and so should not be influenced by a change in the hand tapping.
A Wilcoxon signed-ranks test showed that there was not a significant difference between the
artefacts from the E4 in the tapping non dominant hand (Mdn = 8.94) and the dominant hand
(Mdn = 6.33), Z = -1.177, p > .05. As with the walking around condition, the E4 artefacts
mean in the non-dominant hand was above the Kubios threshold for high quality data. As
expected, the artefacts from H10 from the non-dominant hand (Mdn = 0) were not
significantly different to those from the dominant hand (Mdn = 0), Z = -.813, p > .05. A
Wilcoxon signed-ranks test showed that the mean difference between artefacts in both the
tapping non-dominant hand condition, Z = -3.059, p = .002, and the tapping dominant hand
condition, Z = -3.061, p = .002, were significantly different between the Empatica E4
uncleaned data and Polar H10 data, with the H10 artefacts being consistently lower (See
Figure 3.4).
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Figure 3.4. Bar chart to show the median artefact percentage in the Empatica E4 and Polar
H10 in the tapping non-dominant hand and tapping dominant hand condition.

Reflecting a poorer performance, we expected the Empatica E4 to have significantly more
motion artefacts overall during the 9 conditions than the Polar H10 during the study. This
was supported by a Wilcoxon signed-ranks test, where the Empatica E4 (Mdn = 8.61) had a
significantly higher number of artefacts overall than the Polar H10 (Mdn = .30), Z = -3.061, p
= .002 (See Figure 3.5).
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Figure 3.5. Bar graph showing median overall artefact percentages from the Empatica E4
and Polar H10.

3.3.4 Heart Rate Variability measure variance

Alongside understanding whether the artefact percentage changed, the researchers wanted to
understand if the pattern of the HRV data between the devices was different, reflecting a
variation in performance between them. To investigate this, Wilcoxon signed-ranks tests
were carried out comparing the RMSSD values from the E4 uncleaned data in each condition
to the RMSSD values from the H10 data (See Table 3.1). In every condition, the RMSSD
values from each device were significantly different.

Table of Significance for RMSSD
values between devices

Supine
Variables

Supine

to
Stood

Stood

Walk to
Sit
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Tapping
Sit

NonDominant

Tapping
Dominant

Stand

Walk

and

Around

Move

1. Device

.013*

.005**

.001*** .001*** .001***

.002**

.002**

.004**

Table 3.1. Significance from a Wilcoxon Test comparing values from E4 Uncleaned and
Polar H10 data. *p < .05, **p < .02, ***p < .05.

This suggested the devices were reporting significantly different HRV values to each other.
This supports the hypothesis that the data from the E4 and H10 with significant variance in
artefacts would have significantly different HRV values between devices, finding that all of
the RMSSD values differed between devices (See Figure 3.6).

Figure 3.6. Bar graph showing median RMSSD values for each condition in each device.

3.4 Discussion

The present study was carried out to test the quality of data produced by the Empatica E4
wristband in conditions of movement in comparison to the quality of data from the Polar
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.002**

H10. Overall, the Polar H10 was demonstrated to produce data with significantly fewer
motion artefacts and more consistently high-quality data than the Empatica E4. The analysis
supported most of the hypotheses, identifying some important issues concerning the
reliability of the Empatica E4 in the measurement of heart rate variability.

The analysis for this study was carried out on the raw BVP file from the Empatica E4. The
decision to use the BVP file rather than the IBI file, which Empatica pre-processes, came
from comparison to previous research using the Empatica E4. van Lier et al. (2020) used the
IBI file from the Empatica E4 in a study investigating its reliability and, when it came to
analysis, had to remove 45% of the data and led to complete removal of the data set for a
number of participants. Furthermore, when Schuurmans et al. (2020) used the IBI file from
the E4, it was noted that there was approximately a 40% difference in recording time between
the Empatica E4 and the ECG device used for comparison. The present study relied on
accurate timing to compare the two devices, meaning changes in the length of the data file
would interfere with analysis. As the Empatica pre-processing does not appear to guarantee
high quality data shortens the recording time without giving information as altered time
structure, it made sense to use the BVP file and use the Kubios artefact correction tool for
processing of the file. Use of the automatic correction level rather than manual selection has
been shown to be highly effective and reliable (Lipponen & Tarvainen, 2019).

HRV data is complex and, as such, often requires a level of pre-processing prior to analysis
(Huo et al., 2013). As the raw BVP file was to be used, the researchers created a cleaned data
file using EEGLAB so that analysis could be carried out on clean data free of artefacts,
increasing validation. It was expected that the cleaned version of the file would hold
significantly fewer artefacts and so require a lower level of artefact correction. This was
supported in 3 of the 9 conditions, where statistical analysis found a significantly lower
artefact correction level in the cleaned data. However, the reliability of the cleaned data itself
had to be questioned when processed in Kubios. The HR values produced by the cleaned data
were extremely high and were not reflective of a healthy HR in conditions of minimal
movement, which those in the study were deemed to be.

Analysis revealed that the HR from the cleaned data was significantly different from the HR
from the H10 data, whereas the uncleaned data was found to be similar. Ollander et al. (2016)
found that even in cases where the E4 displayed significant loss of IBI data, the mean HR
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values appeared to remain well estimated. As in 3 conditions the artefact levels were not
significantly different between the cleaned and uncleaned data and the mean HR of the
uncleaned data was more similar to that from the H10, it was concluded that the uncleaned
data was likely a more reliable comparison than the cleaned data. This therefore did not
support the hypothesis that cleaned data would be more reliable and led to only the uncleaned
data being used in further analysis. Pre-processing and cleaning data are complicated and
further investigation into why the cleaned data did not appear to be of higher quality is
needed, however unfortunately due to time constraints this could not be investigated. In
future, a more in-depth investigation into data cleaning and its effects on data quality should
be carried out.

Increased movement intensity had been anticipated to be associated with increased artefact
correction levels in the Empatica E4 data. This was tested in analysis by comparing the mean
correction level in the Supine condition to the mean level in the Walking Around condition,
for both the Empatica E4 and Polar H10. This would compare the condition of least
movement to that of most movement. The statistical tests, however, did not show any
significant differences in values from either device, but as the mean values were so varied it
was decided to compare the mean correction levels in each condition between devices. In
both cases, the E4 had significantly higher correction levels than the H10. So, whilst the
hypothesis that increased movement would be associated with increased artefact correction in
the E4 was not supported, it was demonstrated that the H10 suffered less from motion
interference no matter what the movement intensity level was.

The Kubios user guide manual identifies 5% as the cut off motion artefact correction level for
high quality data, highlighting that any data with a level above this may be of low quality
(Tarvainen et al., 2014). In 7/9 conditions, the mean artefact correction level for the Empatica
E4 was above 5%. Based upon the hypothesis, it would be expected that the 2 conditions with
fewer than 5% correction would be those of lowest movement. The Supine condition had a
mean artefact correction level of 3.85%, which would support this. However, the other
condition with below 5% was the Tapping Dominant Hand condition, with a 3.88%
correction level. Pietilä et al. (2017) investigated the Empatica E4 in a range of daily
activities, also finding that the HRV could only reliably be estimated during resting
conditions. Based upon the research presented here and that from other investigations, the
Empatica E4 does not appear to be reliable for HRV measurement. Whilst in the Pietilä et al.
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(2017) study only conditions of rest were reliable, this research found minimal influence of
movement intensity, instead finding the E4 unreliable in a range of intensities.

Although there was no relationship between movement intensity and artefact correction
found in the E4, the results of that analysis did support a different hypothesis. The Empatica
E4 data was found to have higher mean artefact levels than the Polar H10 in all conditions, as
well as overall, following the expectation that the H10 would produce more reliable data than
the E4. This can potentially be attributed to the positioning of the E4. The wrist is considered
an unconventional location to collect HRV data from (van Lier et al., 2020). This is because
the wrist experiences more motion than the torso, putting it at a significantly higher risk of
experiencing motion artefacts (McCarthy et al., 2016). Whilst PPG has been demonstrated in
many studies to be as reliable as ECG for heart rate variability measurement, the conditions
must be entirely optimal (Atlasz et al., 2006). The wrist experiencing more movement likely
means that the PPG sensors on the Empatica E4 do not maintain a consistent contact with the
skin. This would significantly impact the recording of data, as any time the movement
impacts the contact of the sensors the BVP data is not accurately collected. This may be what
leads to the increased motion artefact levels detected from the E4 data. The Empatica E4
being worn on the non-dominant wrist aims to reduce this (Empatica, 2020). The Tapping
Dominant Hand condition did have a slightly lower artefact correction level than the Tapping
Non-Dominant Hand condition, however this was not statistically significant. As this was not
significant and the Sitting Still condition had above a 5% artefact correction level, the
efficacy of the wristband being worn on the non-dominant hand appears to need further
investigation.

3.4.1 Limitations & Future Directions.
There were some limitations to this research. As the participants’ carried out the study from
home, the researcher could not be present to ensure all stages of the study were completed
correctly. This included the request for participants to keep movements solely to those
outlined in the instructions. Extra movement could have had a significant impact on the data
from the E4 in particular, due to the device being worn on the wrist where movement is
elevated compared to the chest where the Polar H10 sits. Whilst this was out of the
researchers’ control, future studies would benefit from having the researcher present to
ensure the devices are worn correctly and the steps are followed accurately. One important
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issue is the fact that the data exported from the Polar H10 from the Elite HRV app was being
exported with a sampling rate of 1Hz. This is extremely low for HRV measurement, with
current research using devices with a sampling rate of up to 1000Hz (Béres et al., 2019).
Kwon et al. (2018) carried out a study aiming to assess the acceptable sampling frequency
range for ECG HRV data, finding that a sampling rate of 250Hz generated excellent quality
data, 100Hz generated acceptable quality data and below 100Hz data tended to have high
error rates. The Polar H10 device itself is capable of recording at a much higher sampling
frequency, meaning it is likely the Elite HRV app reports a lower sampling rate. Polar
recommend the use of an SDK software on Github developed by themselves to record HRV
data when using the Polar H10, assuring that this provides a higher sampling rate. From this,
future studies are suggested to compare the Empatica E4 to the Polar H10 using the
recommended software to record HRV from the H10, which would ensure that both devices
are tested under the most optimised conditions.

3.4.2 Conclusions

The development of wearable devices to measure HRV is relatively new and, as such, has its
limitations. Optimisation of such devices would provide an exciting opportunity to expand
the research area on HRV to studies involving movement. The present research builds upon
previous research comparing the Empatica E4 to ECG devices, adding a novel approach by
using an ECG device than can be worn in an ambulatory setting. It is the recommendation
following this study that the Empatica E4 be used with extreme caution for research looking
at HRV. Whilst some of the data was deemed high quality by Kubios, much of it exceeded
the 5% artefact threshold, making its reliability questionable. The Polar H10, however,
performed consistently well throughout the different conditions. It is therefore recommended
to use the H10 in place of the E4, being that it is still a wearable device that can be used
during periods of movement.
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Chapter 4: General Discussion

4.1 Summary of findings

The following chapter will tie together the findings from this research within the context of
the field of mental health and stress research. The study outlined in Chapter 2 of this thesis
aimed to explore how the stress response varies amongst individuals and investigate potential
factors which contribute to the variation. Overall, difference in the stress response was clearly
identified, with at least part of this variance able to be attributed to the personality
organisation of schizotypy. As a result of the methodological issues around heart rate
variability measurement during the acute psychosocial stressor in the study in Chapter 2, the
study in Chapter 3 aimed to investigate the impact of movement interference on the quality of
the Empatica E4 HRV measurement alongside a chest strap based device (Polar H10).
Results from this study strongly supported the initial hypotheses surrounding the E4,
allowing confident recommendations to be made for future research. The Empatica E4 was
demonstrated to be unreliable for the collection of HRV data. The findings were also
reflective of those presented in chapter 2, wherein the protocol involved a minimum level of
movement of sitting and maximum level of movement of walking around. The findings from
this study demonstrated that both of these intensity levels were too high for the Empatica to
produce reliable data.

4.2 Impact of schizotypy on the stress response and mental health

Findings from the research highlighted the potential of schizotypy to be used as a tool for
understanding vulnerability to mental health disorders. Individuals with high levels of
schizotypy were found to report higher current perceived stress in the past month compared
to individuals with low schizotypy, which may reflect an increased perception of stress in
those individuals in the weeks leading up to the experiment. Elevated stress perception or a
lower threshold for experiencing stress could be a potential risk factor leading to the
development of schizophrenia. This supports previous research whereby individuals with
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high levels of schizotypy were shown to have an increased level of stress perception (Herzig
& Mohr, 2012). Research has suggested that high schizotypy and schizophrenic individuals
are likely to perceive stimuli as more negative than others (Cohen & Minor, 2010), which
would support the aforementioned increased stress perception as a factor. This increased
perception of stimuli as negative has been associated with increased levels of neuroticism in
high schizotypy individuals (Ettinger et al., 2005).

Increased stress, both in physiological experience and personal perception, has been linked to
schizophrenic episodes and relapses, so an increased perception of stress may leave
individuals increasingly vulnerable (Tso et al., 2012). The combination of these two factors
would explain the increased vulnerability to psychiatric disorders. The high schizotypy
individuals in this research also reported increased levels of anxiety during the acute
psychosocial stressor. Schizotypy is proposed by some to be a 3-factor model, including
positive schizotypy, negative schizotypy and cognitive disorganisation (Tiliopoulos &
Crawford, 2007). Negative schizotypy has often been characterised by social anxiety (Völter
et al., 2012). The findings from the acute psychosocial stressor further support this increase in
social anxiety. The high schizotypy individuals reported higher levels of stress throughout the
acute stressor than the low schizotypy individuals, demonstrating the elevated stress
perception and increased likelihood of experiencing negative emotions. The protocol of the
acute psychosocial stressor in this research reflected that of other research investigating
schizotypy and individual differences in the stress response (Walter et al., 2018). The
findings of increased stress and anxiety are consistent with the findings in this research area.

Research has shown the many different ways chronic and acute stress can impact mental
health, emphasising the importance of investigating both avenues (Hammen et al., 2012).
Chronic stress has been demonstrated to have significant impacts on brain structure (Lupien
et al., 2009) and cardiovascular function (Kario et al., 2003). A large body of evidence has
shown that chronic stress influences the production of cortisol. Chronic reactivation of the
stress response results in cortisol dysfunction, be it depletion, impaired secretion or
hypersensitivity (Hannibal & Bishop, 2014). Whilst the research presented did not appear to
support a relationship between schizotypy and cortisol, factors such as chronic stress
activation could explain the non-significant findings. Despite this, the characterisation of
stress in early schizophrenic patients has been identified as a useful tool for identifying those
that are high risk for psychotic episodes and relapse and cortisol may be an important tool to
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help (Betensky et al., 2008). Though the results were not significant, the high schizotypy
participants did display a lower EDA response during the TSST until the math task, when the
response between high and low schizotypy individuals became very similar. This gives a
potentially different insight to how individuals with different levels of schizotypy respond to
an acute stressor, but differs from the hypothesised EDA response, potentially pointing to an
altered or even maladaptive stress response.

Alongside differing responses to a chronic or an acute stressor, schizotypy presents
differently in males and females. Males have been demonstrated to score more highly on
eccentric and odd behaviours, whilst females have been found to score higher on magical
thinking and social anxiety subscales (Roth & Baribeau, 1997). The participants in this study
were all females. Research has previously shown females in general to experience increased
stress perception (Torres-Montiel et al., 2017), contributing to lower psychological
wellbeing. Not only have males and females been demonstrated to have different stress
perception levels, but they also have different coping strategies. In a study using college age
students, Anbumalr et al. (2017) found males to use anger and problem solving strategies and
females to use spiritual practice and social support. Females have also been demonstrated to
respond to stress with greater experience of anxiety, putting them at a greater risk for anxiety
disorders than males (Chaplin et al., 2008). Using this understanding, if the research was
replicated using male participants, the males would be anticipated to report lower VAS stress
and anxiety scores than females during the TSST.

The experience of stress has been identified as both a cause and an effect of mental health
difficulties (Luyten et al., 2006) so the knowledge that some people experience increased
perception of stress can be used to identify those at risk, allowing measures to be put in place
to decrease vulnerability and increase resilience. It is clear from this research and the research
of others that individuals with high levels of schizotypy would benefit from methods of selfhelp to manage stress.
4.3 Impact of CACNA1C on the stress response and mental health

The results from the research on rs1006737 showed minimal effects of this genetic variation
on stress response in the context of an acute psychosocial stressor. This is not to be

71

interpreted as a lack of support for an association between the A-allele of rs1006737 and
schizophrenia or schizotypal personality traits, rather the relationship was not supported in
the current context. Previous research using animals to look at the mechanisms leading to
increased stress vulnerability associated with rs1006737 have pointed to the high responsivity
of calcium channels to glucocorticoid administration (Karst et al., 2008). As previously
stated, altered cortisol release has been consistently associated with a number of psychiatric
disorders, attributed largely to its influence on stress perception and response (Heinze et al.,
2016). From this, it would be expected that any influence on the channels encoded by
CACNA1C would have an impact on stress perception and response, and therefore pose as a
vulnerability to development of psychiatric disorders.

The fact that the results were not significant in this context does not mean that the SNP does
not play a role in vulnerability. Other research investigating the impact of rs1006737, such as
that from the Zhu et al. (2019) meta-analysis has found support for CACNA1C as a
susceptibility gene in individuals with clinically diagnosed schizophrenia, providing evidence
in a clinical population as opposed to the present non-clinical population. As both acute and
chronic stress have been implicated in psychiatric disorder vulnerability, it is important to
ensure many different areas are studied. Many different functions of rs1006737 in the
aetiology of psychiatric disorders have been identified outside of the stress response, so it is
important to continue the research into the SNP and its effects on mental health vulnerability
in order to understand the exact mechanism by which it may confer vulnerability and risk to
mental health disorders (Koch et al., 2019). Klaus et al. (2018) found evidence to suggest that
potential for CACNA1C genotype to moderate the effects of early life stress on cortisol
awakening response in adulthood in males. This demonstrates the potential influence that
genetic variation in this gene may have on individuals. Furthermore, CACNA1C is not the
only gene with links to mental health vulnerability. GWAs have identified over 100 loci as
associated with risk of schizophrenia, meaning there are numerous questions surrounding
their involvement still left unanswered (Harrison, 2015). One gene gaining strong support in
the risk for schizophrenia is the protein coding FKBP5 gene (Sinclair et al., 2013). It has been
hypothesised that disinhibition of the gene expression, both through genetic and epigenetic
factors, may impair the negative feedback of the cortisol response (Daskalakis & Binder,
2015).
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Expanding upon this, research looking at SNP involvement in schizophrenia risk does not
have to look at a singular gene. For example, Lee et al. (2012) looked at 915,354 imputed
SNPs taken from the Psychiatric GWA Consortium for schizophrenia. This type of study
allows researchers to look at a multitude of risk genes and their SNPs at a single time.
Through a combination of this type of study to identify risk SNPs for schizophrenia and
studies such as the one carried out in this investigation looking at the direct effects of these
SNPs, the genetic background of schizophrenia can slowly be unravelled and understood.

4.4 Heart Rate Variability, wearable devices & recommendations

The research involving the acute psychosocial stressor in this thesis found that measurement
of HRV using E4 may not be reliable. As wearable devices are gaining such popularity in
HRV research and there are few validation studies on their efficacy in conditions involving
movement (Weiler et al., 2017), it was decided this would be worth investigating further. It
was aimed to compare two wearable devices for HRV measurement and evaluate the
influence of movement on the quality of the signal. This was due to the acute psychosocial
stressor involving some movement for the participant, with this being thought to be the
reason for the poor-quality data. 5-minute segments were selected for the validation research
to reflect the length of time in the TSST protocol. This length of recording time has been
demonstrated to be effective and suitable for HRV measurements (Castaldo et al., 2019).

The Empatica E4 wristband was compared to the Polar H10, an ECG chest strap. The ECG
chest strap allowed measurement of Heart Rate Variability (HRV) in conditions of movement
and has been demonstrated to show extremely high validity. Kubios HRV Premium was used
to analyse the data from both devices, as recommended by their manufacturers. Whilst the
H10 was found to consistently produce data deemed high quality by Kubios, the E4 did not.
Kubios recommends that any artefact correction levels at 5% or above is no longer highquality data, as too much of the signal has been replaced by the correction mechanism.

The initial hypothesis that a cleaned version of the E4 data would be more reliable than an
uncleaned version was not supported, however as discussed previously this may not mean
that cleaning the file is not worthwhile. Previous work such as that from (Majeed et al., 2019)
on cleaning PPG data should be considered in future research using PPG based devices such
as the Empatica E4 wristband. It does appear, however, that the noise in the Empatica E4 data
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were in such high volume that removal of them would leave data severely impaired no matter
what the cleaning process is. Regardless, the findings provide an avenue for future research
looking at different methods of cleaning and its effect on the data quality as well as providing
strong recommendations for future research.

The fact that there was not a correlation between movement intensity and motion artefact
levels showed the extent of the issues with the Empatica E4. In summary, the
recommendation is to use the Empatica E4 in HRV research only when necessary and with
caution, ensuring there has been thorough research on the optimal conditions for wearable
device use and data pre-processing. It is recommended that, if possible, areas of study with
high movement intensity are restructured to involve as little movement as possible. This
recommendation relates to the research conducted in the previous chapter, wherein further
use of the Empatica E4 for TSST studies are recommended to either reformat the stressor to
be carried out with the participant stationary throughout, or record HRV only in baseline and
recovery, where movement is extremely limited.

Where possible, classic ECG devices such as the BioPac (BIOPAC Systems, Inc., Goleta,
CA) should be used to achieve the most accurate, reliable HRV readings. In studies where
movement of the participants is involved, alternative devices such as the Polar H10 with the
appropriate software would be much more favourable (Natarajan et al., 2020). The data
produced by the Empatica E4 contains far too many motion artefacts, which do not appear to
be rectified with cleaning of the data. Wearable devices for HRV measurement are still an
incredibly promising avenue for HRV measurement in ambulatory settings, so should not be
dismissed as useful tools, however further research on how to minimise the influence of
artefacts is needed to use them confidently (Natarajan et al., 2020).

4.5 Limitations

There were some limitations in the research. Firstly, during the process of the data collection,
external factors led to face-to-face research at the University to cease. As a result, less than
half the initial hoped-for sample size was recruited. This can be especially limiting for
genetic variant research due to small effect these genes are expected to have (Bigos et al.,
2010).
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Another clear limitation were the issues faced with the Empatica E4 wristband. Whilst
investigated in Chapter 3, the issues meant that the HRV data anticipated from Chapter 2 was
unable to be analysed. Whilst the investigation in Chapter 3 provided insight into the quality
of the E4 data in conditions of movement when compared to the H10, it did not explain
exactly why these issues occur. More thorough testing of pre-processing methods is needed
to rule out any possibility that this could sufficiently improve the E4 data quality.
The research reported in this MRes thesis was part of a wider study interested in other factors
linked to differential reactivity to acute stressors. Due to this, the researcher for this project
looked solely at high vs low schizotypy individuals and not the subscales involved in the
profile. Anxiety and depression levels were screened for to limit potential harm from the
social stressor. Once this had been established, the participants selected were high in all
subscales, as determined by previous research (Mason et al., 1995). In this study it was not
investigated if particularly high levels in specific subscales impacted the individuals’
response to the stressor. As the different domains of schizotypy are associated with different
traits, it would be interesting to investigate in a larger study whether one of these domains
was more or less influential on the response pattern of individuals to acute psychosocial
stressor used (Kemp et al., 2020).

4.6 Future directions

The findings of this research provide an exciting avenue for future research. Further evidence
of the way in which factors such as genetic variance and personality type may influence
stress response and perception has been demonstrated, emphasising how important it is to
consider these factors when investigating the stress and mental health vulnerability. Not only
can this be used in research, but in application for every-day life. Understanding of an
increased risk for stress and mental health vulnerability could be used to help individuals
manage their lives and build resilience. Results of the research using the acute psychosocial
stressor provide evidence for the potential for schizotypy to be used to explain variance in the
stress response, providing new literature which can be used to help individuals manage their
day to day stresses. With the use of stable a HRV monitor, extension of the study with a
wider pool of participants could give an insight to physiological variances in the stress
response as a result of schizotypy and gene variants such as CACNA1C.
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The research presented may provide a mechanism for identifying those at risk for
development of a psychiatric disorder. If these individuals can be identified, then potentially
interventions could be developed to target stress management in their daily life. Through
techniques such as practicing yoga, mindfulness and other self-help strategies (Kinser et al.,
2012), the effect of chronic as well as acute stressors may be mediated.

4.7 Conclusion

Overall, it is clear that being able to identify individuals with a lowered threshold for
experiencing stress should be a useful tool for helping them to manage this stress and thus
potentially reduce the negative impact that high levels of stress can have in terms of mental
and physical health. Furthermore, the research has emphasised the need for research aiming
to understand the coping strategies of different individuals when faced with increased stress.
This is the first study to investigate CACNA1C, rs1006737 and its interaction with an acute
stress response in healthy individuals. In light of previous findings of the SNP, the results
from this study provide further support to the importance of considering genetic influences on
mental health vulnerability, particularly examining which particular scenarios the genetic
influences do and do not appear to effect. The study also added support to previous findings
demonstrating the role of schizotypy in stress response and vulnerability to psychiatric
disorders, giving potential for schizotypal traits to be used as a tool for assessing those at risk.
When looking at these findings within the context of the general population, it should be
inferred that assessing stress threshold, stress response, coping strategies and stress recovery
may be an important means to reducing vulnerability to mental health disorders.
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To stress or not to stress?
£15 or 15 SONA points study
- Does personality organisation influence your
response to stress?
- What contributes more, genes or early life
experiences?
- What influences your coping strategies and
resilience?
To find this out, we are recruiting participants for a 2.5
study consists of 2 parts:

hour long study. This

• Session 1: you fill out some online questionnaires and basic information so that we
can contact you (15 min)
Based on the scores in Session 1 we may invite you to Session 2. Should you not be invited,
you will receive 1
one of three

SONA point and may participate in a prize draw for
£15 cash prizes

• Session 2: should your scores be eligible, we will invite you to Session 2 at the
University of Lincoln to give samples of saliva, hair, DNA, and heart rate and to
participate in a social interaction task (2 hours 15 min)

Upon successful completion of Session 2 you will get £15
(or you can choose to receive 14 SONA points if you are a psychology student)
Eligibility criteria:
18-25 years old, White (White British, White Other), no history of
neurological, cardiovascular, hormonal or psychological disorders
and/or current intake of glucocorticoids.
To read the full participant information and enter Session 1 follow
this QR code.

For any other information, questions, and queries contact the
lead researcher Ksenia Trischel at ktrischel@lincoln.ac.uk
The project ‘To stress or not to stress - the role of schizotypy’ contributes to research conducted on behalf of the University of Lincoln and
has received a favourable ethical opinion by a University Research Ethics Committee (Ethics Reference 2019-0624) in accordance with the
Guidelines for research recruitment materials (available on the ethics portal page). Version 4, 07/10/19.
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