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Abstract
Schizophrenia and psychosis-spectrum disorders are devastating for the affected individual and pose
a considerable burden on society. High levels of schizotypy, a collection of traits such as unusual
perceptual experiences, cognitive disorganisation, and social anhedonia, have long been recognised
as risk factor for the development of schizophrenia, with a substantial prevalence of high schizotypy
observed in non-clinical population. Psychological and physiological stress reactivity have been
identified as potential mechanisms for moderating vulnerability for the development of
psychopathology, leading to the proposal of the diathesis or vulnerability-stress model of
schizophrenia. However, only little research exists assessing the stress response in schizotypy,
exposing a gap in our understanding of the interactions between factors of vulnerability and
resilience in schizotypy.

Therefore, this thesis aimed to comprehensively explore the relationship between schizotypy levels
in non-clinical populations and the core vulnerability-stress model factors such as genetic risk
represented by minor haplotype of FKBP5 (a gene associated with endocrine stress response),
epigenetic markers such as methylation levels of FKBP5, early life adversity, chronic stress, as well as
resilience factors, such as perceived levels of resilience and coping strategies. In a set of five studies
perception of early life stressors, recent life stressors, acute laboratory stressor (Trier Social Stress
Test), chronic stressors, and a real-life stressor (COVID-19 pandemic) as well as perceived resilience
and coping preferences were investigated in the context of schizotypy. For the first time, not only
acute salivary cortisol levels but also chronic levels of cortisol, DHEA and of other related steroids
were measured in hair of individuals preselected for high and low schizotypy, using the state-of-theart techniques such as ELISA and LC-MS/MS.

Overall, and in line with the initial hypotheses, high schizotypy levels, in partial interaction with
genetic predisposition and environmental adversity, were associated with higher stress sensitivity

and poorer stress management than low schizotypy levels. This was characterised by attenuated
physiological and increased psychological response to acute and chronic stressors, as well as
perception of higher vulnerability and lower resilience. Increased stress perception was associated
with all schizotypy subscales. All but negative schizotypy subscales were associated with acute and
chronic cortisol response. A prospective-design study over six months identified the increased use of
maladaptive coping strategies to mediate the relationship between schizotypy and levels of
depression and anxiety. Contrary to the hypothesis, no direct genetic effect of stress-associated
genotype of FKBP5 or FKBP5 methylation on schizotypy were found. However, an interaction effect
between minor FKBP5 haplotype and childhood trauma showing lower schizotypy levels was
observed, suggesting a potential protective effect of minor FKBP5 haplotype in the context of low to
moderate early adversity.

Based on these findings, an extended vulnerability-stress model of stress response in schizotypy was
proposed to incorporate possible molecular and behavioural mechanisms. Thus, the present thesis
contributes to a more comprehensive understanding of the relationships between schizotypy, stress
response, and resilience. This knowledge might facilitate future development of more individualised
and targeted interventions to improve stress management in high schizotypy and lower vulnerability
to developing psychosis in some individuals.
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Notes on thesis structure
Chapter 1 contains a literature review on theoretical models of schizophrenia and schizotypy and
their associations with the genetic and stress-related causes of mental health vulnerability and
resilience. Based on the literature review, the chapter formulates the rationale, aims, and
hypotheses for the project.
Chapter 2 provides an overview of methodology used throughout the project. General information
on background and measures of repeatability and reliability from previous publications, as well as
protocols are reported in Chapter 2. Any modifications to methods conducted specifically for the
project are described in the respective empirical chapters.
The empirical chapters (Chapters 3, 4, 5, 6, and 7) are written in the style of journal articles.
Preliminary results of studies presented in Chapters 4, 5, 6, and 7 have been presented as posters at
the ISPNE conferences 2020 and 2021 and were published as abstracts
in Psychoneuroendocrinology journal.
Chapter 8 summarises the thesis, ties the findings and conclusions to the established theories and
literature, and provides suggestions for future research in the field of stress vulnerability and
resilience in schizotypy.
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1.1 Schizophrenia
Schizophrenia is a chronically progressive psychotic disorder, which, according to the World Health
Organisation, affects over 20 million people worldwide (WHO, 2018). It is characterised by
devastating disruptions in perception, thought process, emotions, sense of self, and social
interactions. Although the development and symptoms may differ between individuals, the
symptoms usually include positive symptoms such as hallucinations (seeing or hearing something
that is not there), delusions (false beliefs), and negative symptoms such as social withdrawal
(National Institute of Health, 2018). On the physiological level, disruption of dopamine secretion,
enlarged ventricles, as well as differences in brain areas, and grey and white matter volumes are
observed (Davis et al., 1991; Sigmundsson et al., 2001; Weinberger et al., 1979).
Left untreated, symptoms often lead to an individual’s social disintegration, isolation, homelessness
and increased risk of suicide and early death, as well as substantial costs to the society for
treatment, reintegration, and sickness absence (National Institute of Health, 2018). Current
treatment strategies predominately target positive symptoms via administration of antipsychotics,
yet rarely target the negative symptoms, and do not provide a cure (Carpenter & Koenig, 2008;
Ettinger et al., 2014). While definite causes remain unknown and no single gene has been found to
be solely responsible, the current understanding stresses the role of gene by environment
interactions in the development of schizophrenia, with, most likely, multiple genetic, environmental,
lifestyle, and psychosocial factors (Pruessner et al., 2017).
Historically, schizophrenia was considered to have a genetic aetiology with a clear categorical
distinction between healthy individuals and individuals suffering from schizophrenia (Andreasen,
1997; Bleuler, 1950; Kraepelin, 1919). With increased research, a notion of a schizophrenia
continuum has emerged. Ettinger et al. (2014) suggest three different continua evident in
schizophrenia. The first is the temporal continuum, with a prodromal (pre-symptomatic) phase and a
late onset of schizophrenia symptoms, often in the early to mid-twenties (Bland et al., 1988). There
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are clear gender differences, with men experiencing the onset of schizophrenia earlier than women
(Häfner et al., 1993) and some ethnic differences, suggesting patients of white ethnic group to be
more symptomatic than patients from African-American and Latino groups (Brekke & Barrio, 1997).
The second is the severity continuum, marking interindividual differences in symptom severity. The
observation of various gradations of psychotic symptoms is reflected in research concentrating on
different populations such as individuals with genetic high risk (GHR, carriers of schizophrenia
related risk genes, mostly relatives of schizophrenia patients), with clinical high risk (CHR, individuals
experiencing psychosis-like events and seeking professional help) or ultra-high risk individuals (UHR),
as well as individuals with diagnosed schizotypal personality disorder (SPD), in-patients during first
episode of psychosis (FEP) or patients with chronic schizophrenia (see Pruessner et al., 2017 for
overview).
The third continuum could perhaps be best described as the prevalence continuum, suggesting
presence of schizotypal traits, also called schizotypy, within the general, non-clinical population. In a
2012 meta-analysis of longitudinal studies, non-clinical individuals with sub-clinical psychotic
experiences were identified to have a 3.5 times higher risk of transition from sub-clinical to clinical
population than individuals without psychotic experiences (Kaymaz et al., 2012). This third
continuum invites further research targeting pre-symptomatic general population with less clear
vulnerability for the development of schizophrenia, which will be the focus of this thesis.

18

1.2 Schizotypy
Inspired by the works of Rado (1953) and introduced by Meehl in 1962, the term “schizotypy” is a
contraction of the term “schizotypal phenotype” (Grant et al., 2018). Schizotypy traditionally
represents a personality organisation or collection of traits considered to be indicators of
vulnerability to the development of schizophrenia-spectrum disorders (Barrantes-Vidal et al., 2015;
Fonseca-Pedrero et al., 2018; Lenzenweger, 2011; Meehl, 1962, 1990, 2001).
Following the classification of clinical schizophrenia symptoms with positive, negative, and
disorganisational clusters, schizotypal traits are grouped depending on the deficits or anomalies in
the cognitive (e.g., ideas of reference, paranoid ideation), the socio-emotional (e.g., lack of close
friends, anhedonia) or the behavioural (e.g., odd language or behaviour) domains (Cohen et al.,
2015). Ideas of reference are types of self-attributional thoughts, which are conceptualised by the
Diagnostic and Statistical Manual of Mental Disorders (DSM-5, American Psychiatric Association,
2013, p.823) as a feeling that coincidental or external events have a particular and unusual meaning
directly connected to the person experiencing them (Senín-Calderón et al., 2017). Paranoid ideation,
on the other hand, is the presence of objectively ungrounded beliefs that external agents (strangers
or friends and family members) have a hostile intent towards you. This hostility may be perceived in
a form of physical or psychological threats such as deception, disloyalty, or exploitation (Darwin et
al., 2011; Freeman et al., 2005). Both ideas of reference and paranoid ideation form the positive
schizotypy dimension.
Finally, anhedonia is defined as a dysfunction in the experience of pleasant emotions. It is
traditionally considered to be a hallmark symptom of the schizophrenia spectrum, and was found to
be strongly associated with high schizotypy (A. S. Cohen et al., 2012). However, in his later works
Meehl reconceptualised anhedonia as a possible, although not essential, co-factor of any
psychopathological development due to mixed empirical evidence (Meehl, 2001). To differentiate
physical anhedonia (no enjoyment of physical stimuli) from social anhedonia (no enjoyment of social
interactions), Wang et al. (2014) compared schizophrenia patients with healthy high and low
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schizotypy individuals. They found that while schizophrenia patients and high schizotypy individuals
exhibited higher physical and social anhedonia compared to those with low schizotypy, individuals
with high schizotypy showed lower physical anhedonia compared to schizophrenia patients,
stressing the prevalence of inter-personal dysfunction in schizotypy (Wang et al., 2014). Social
anhedonia was also associated with lower levels of emotional empathy (Henry et al., 2008).
Anhedonia, lack of close friends, and social anxiety form the negative schizotypy dimension.

1.2.1 On the overlap between schizophrenia and schizotypy
In an extensive review, Ettinger et al. (2014) provided ample evidence on the overlap in genetic,
behavioural, and neurobiological domains between schizophrenia and schizotypy. They concluded
that a wide range of alterations in cognition, perception, motor control, and neurobiology in
schizotypy were qualitatively comparable to the impairments observed in schizophrenia. For
example, high schizotypy presented brain volume reductions similar to those seen in schizophrenia
patients, as well as typical psychopharmacological response to antipsychotics and amphetamine
administration (Modinos et al., 2010; Woodward et al., 2011) However, there was also evidence for
unaffected negative priming and inhibitory performance in a Stroop test in schizotypy (e.g.,
Swerdlow et al., 1995), and even higher levels of creativity, as well as some neurostructural benefits
in high schizotypy (Burch et al., 2006), suggesting some protective or compensatory resources
against life adversity available in non-clinical high schizotypy (Ettinger et al., 2014).
The 10-year long longitudinal Chapmans’ study of 534 psychometrically high-risk and control
participants found that schizotypy uniquely predicted the development of schizophrenia-spectrum
disorders (Kwapil et al., 2013). Both positive and negative schizotypy predicted schizotypal,
psychotic-like, and paranoid symptoms as well as increased maladaptation. Positive schizotypy was
associated with substance use and mood disorders, whereas negative schizotypy was associated
with schizoid symptoms and social impairment after 10 years. These results support the validity of
psychometrically assessed schizotypy as a predictive factor for the development of psychopathology,
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as well as the importance of the assessment of both positive and negative dimensions (Kwapil et al.,
2013).
In a cross-sectional study of 103 patients with schizophrenia/schizoaffective disorder and 258
healthy controls, schizotypy was assessed using the Oxford-Liverpool Inventory of Feelings and
Experiences, while schizophrenia symptoms were assessed with the Positive and Negative Syndrome
Scale in patients only (Thomas et al., 2019). Significant correlations were found between the positive
and negative schizotypy and the respective syndrome subscales, providing further evidence for the
continuum between schizotypy and schizophrenia (Thomas et al., 2019). Together, this body of
work presents a strong overlap between schizotypy and schizophrenia across multiple domains,
supporting the unique role of schizotypy research in improving our understanding of the aetiology of
schizophrenia (Kemp et al., 2018).

1.2.2 Schizotypy versus psychotic-like experiences and Schizotypal Personality Disorder
In literature, the term schizotypy is often used as a synonym for the assessment of psychotic-like
experiences in non-clinical populations. However, such interchangeable use may be misleading, as
schizotypy represents an umbrella concept in which psychotic or unusual experiences, odd thoughts,
and behaviour contribute to the positive schizotypy dimension, whereas interpersonal deficits form
the negative psychology dimension. The separation of positive from negative schizotypy emerges
from distinct neurocognitive and clinical profiles observed in groups of individuals classified into
predominantly positive and predominantly negative schizotypy (Dinn et al., 2002). Positive
schizotypy was found to be associated with temporolimbic dysfunction, impulsivity, and antisocial
behaviour, whereas negative schizotypy was associated with deficits in frontal executive function,
social anxiety and obsessive-compulsive symptoms (Dinn et al., 2002). It has been suggested that
positive and negative schizotypy represent distinct factors of the overall vulnerability for the
development of schizophrenia-spectrum disorders and may facilitate the development of more
targeted and individualised interventions (Dinn et al., 2002).
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While all the introduced schizotypy traits are consistently found at their extremes in patients with
schizophrenia, they are also relatively common among the general population, albeit in a more
subtle form not reaching a clinically significant threshold (Hanssen et al., 2005; Kwapil et al., 2013;
Kwapil et al., 2018; Linscott & Van Os, 2013; Pechey & Halligan, 2012; Van Os et al., 2000; Van Os et
al., 2009). Therefore, it is important to distinguish high schizotypy scores from a diagnosis of
Schizotypal Personality Disorder (SPD), which is a clinical diagnosis (F21) according to the
International Classification of Diseases (ICD-10) and is characterised by inflexibility and considerable
psychological strain (Ettinger et al., 2014). Hence, while individuals diagnosed with SPD will most
likely score high in schizotypy questionnaires, not all individuals high in schizotypy may meet criteria
of a personality disorder (Ettinger et al., 2014).

1.2.3 Models of schizotypy
The concept of schizotypy has been constructed in both medical and personality areas of research,
which is reflected in its varying conceptualisations (Barrantes-Vidal et al., 2015; Claridge, 1997). In
general, the medical perspective positions schizotypy as a necessary, albeit not exhaustive, risk
factor on the developmental trajectory towards schizophrenia, whereas the personality and
individual differences approach tends to view schizotypy as part of personality in both health and
psychopathology (Barrantes-Vidal et al., 2015).
Following the traditional medical approach to aetiology of disease, Paul E. Meehl (1962) proposed
the idea of a neural defect (schizotaxia) based on a single gene (schizogene) constituting a
phenotype which is highly likely to develop schizophrenia. Thus, Meehl drew a clear line (see Figure
1.1) between clinical and pre-clinical population in possession of the risk gene, which he estimated
to be around 10% of the entire population, and healthy (or not at risk) population (Meehl, 1990). At
the same time, he acknowledged the variance of severity within schizotypy and the presence of
additional polygenic and environmental potentiators (Meehl, 1962; Meehl, 1990; Meehl, 2001).
Thus, the Meehlian model is a quasi-dimensional model with taxonic elements (Grant et al., 2018).
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Figure 1.1
Graphical representation of the quasi-dimensional model of schizotypy in the entire population

Studies using taxometric analysis, i.e., statistical tests to determine structure of latent constructs,
provide endorsement for this quasi-dimensional model (e.g., Waller & Meehl, 1998). In 2008, a
review showed that 15 out of then published 19 taxometric studies supported the categorical model
(Nelson et al., 2013; Rawlings et al., 2008). The criticism of the quasi-dimensional approach arises
from taxometric studies using instruments for the assessment of schizotypy which were
predominantly designed to assess clinical states or disorders, such as schizotypal personality
disorder assessed by the Schizotypal Personality Questionnaire. In addition, taxometric studies use
either only clinical samples or large student samples, not representative of the general population,
as well as not controlling for positively skewed sample distribution (Rawlings et al., 2008).
Furthermore, advances in genetic research have largely dismissed the idea of a single “schizophrenia
gene” as a large number of genes associated with schizophrenia-spectrum have been identified
(Coelewij & Curtis, 2018).

In contrast, a personality approach to schizotypy first emerged from the school of temperament,
with Hans Eysenck proposing a dimensional concept of any psychotic disorder to be the extreme end
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of a multidimensional personality continuum (Eysenck, 1950; Eysenck, 1952). He suggested three
personality dimensions: Psychoticism, Extraversion and Neuroticism, with extreme levels of
Psychoticism (and individual variances in other dimensions) presenting as clinical symptoms. Eysenck
has further expressed the idea of Psychoticism representing liability to all psychotic disorders such as
schizophrenia and bipolar disorder, although a clear distinction between traits and pathological
states was missing (Eysenck, 1992; Eysenck et al., 1985; Grant et al., 2018). Furthermore, the
modern view of Psychoticism has been argued to be conceptually more related to psychopathy than
psychosis (Grant et al., 2018).
Following Eysenck’s school, Gordon Claridge has developed a fully dimensional model of schizotypy,
erasing solid boundaries (see Figure 1.2) between disorder and health by stating that schizotypy and
schizophrenia represent states of a continuum with the healthy state on the one side, schizophrenia
on the opposite side, with schizotypy represented in the middle by a continuum from low to high
levels (Claridge, 1995; Claridge & Broks, 1984; Claridge, 1997; Grant et al., 2018). The low schizotypy
is considered as highly compensated with increasing failures of compensation with the increasing
severity (Lenzenweger, 2006).
Figure 1.2
Graphical representation of the fully dimensional model of schizotypy in the entire population
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This fully dimensional approach is argued to be superior to the quasi-dimension approach, not the
least because of the recent shift in schizophrenia research which also tends to describe a continuity
between clinical and non-clinical psychosis populations (Linscott & Os, 2010; Nelson et al., 2013).
Yet, there is little consensus regarding the structure of schizotypy, with some models suggesting
three dimensions (Raine, 1991) and others four dimensions or more (Chmielewski & Watson, 2008).
The currently most established fully dimensional model by Claridge describes four distinct
dimensions: Unusual Experiences, Cognitive Disorganisation, Introvertive Anhedonia, and Impulsive
Nonconformity (Mason & Claridge, 2006). Unusual Experiences refer to perceptual disturbances and
magical thinking that form the positive schizotypy. Cognitive Disorganisation combines impairments
in attention, thinking, and decision-making. Introvertive Anhedonia represents motivational and
social deficits, including affective flattening and inability to receive pleasure from interpersonal
intimacy, thus forming the negative schizotypy. Finally, Impulsive Nonconformity describes the
tendency to engage in disinhibited behaviours which do not conform to social conventions (Tan et
al., 2018).
Presently, both quasi-dimensional and fully dimensional models remain utilised in research and no
consensus exists on the ultimate construct of schizotypy (Rawlings et al., 2008). Grant et al. (2018)
therefore argue that a conceptual clarity needs to be established and that the researchers should be
aware of the differences between the models and choose their methods of measurement
accordingly.

1.2.3.1 On the question of trait versus state
A fully dimensional personality approach to schizotypy requires further consideration of the age-old
question of differences between trait and state. Since the dawn of the personality research, it was
debated whether personality dimensions, such as neuroticism for example, reflected a trait (a stable
predisposition to behave in a certain way, regardless of circumstances) or state (disposition affected
by circumstances) (Ormel, 1983). Although an overview of personality research is beyond the scope
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of this work, it seems important to mention such contradiction in respect to schizotypy and its
measurement. In its broader sense, schizotypy is typically referred to as a set of temporally stable
traits (Ettinger et al., 2014).
When examined in relationship with the five-factor model of personality (McCrae & Costa Jr, 2008),
arguably the most established contemporary personality theory, some effects of measured
schizotypy could be explained by the effects of five personality dimensions (Asai et al., 2011).
Authors proposed that schizotypy therefore might represent a personality variation, similar to a
trait, better understood through reference to typical dimensions of personality, than as an unspecific
predisposition to schizophrenia (Asai et al., 2011). Significant heritability overlap was also found
between schizotypy and neuroticism (Macare et al., 2012). Furthermore, schizotypy traits were
found to be relatively stable throughout adolescence and young adulthood at ages between 17 and
23 (Venables & Raine, 2015) and are associated with core characteristics such as sex and ethnicity.
However, some studies also assessed and reported schizotypy levels in the sense of fluctuating state
psychotic-like experiences in response to acute stress, finding that the magnitude of psychotic-like
experiences would change in the course of the stress exposure (Grant & Hennig, 2020). Moreover,
associations with several developmental factors such as age or education suggest a less rigid quality
to schizotypy. In a recent study assessing stability of schizotypy and clinical high risk (CHR) symptoms
over a year, Michel et al. (2019) observed a clear distinction between the former being more stable
and trait-like and the latter being more state-like. The European Psychiatric Association (EPA)
formulated a guidance on detection of CHR states, with clear criteria: at least one attenuated
psychotic symptom (e.g., unusual thoughts, perceptual aberration, disorganised speech), at least
two self-experienced and self-reported cognitive deficit symptoms, and least one transient psychotic
symptom (e.g., delusion or hallucination) (Schmidt et al., 2015). In particular, EPA advised to
diagnose CHR only in individuals seeking help (due to impairments through symptoms) or in
individuals seeking information about their family risk and vulnerability to development of psychosis
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(Schmidt et al., 2015). High schizotypy levels, on the other hand, do not typically lead to distinctive
psychological strain, but might affect decisions and responses in daily life. It was suggested that the
CHR symptoms may occur on top of the increased schizotypy and proposed that prediction of
psychosis development might be improved by combination of schizotypy and CHR assessments
(Michel et al., 2019).
Finally, although there is an ongoing debate about validity of self-reporting in psychopathology
(Lilienfeld & Fowler, 2006), the scores of the psychometric self-report questionnaires on schizotypy
were found to highly correlate with objective observer ratings gained through clinical interviews
(Konings et al., 2006; Raine, 1991), and therefore can generally be considered valid and reliable.

1.2.4 Measurement of schizotypy
The Wisconsin Schizotypy Scales by Chapman and colleagues (WSS, Chapman et al., 1976; Chapman
et al., 1980; Eckblad et al., 1983) or WSS Short Forms (Winterstein et al., 2011) were designed based
on Meehl’s model and have subscales in Magical Thinking, Perceptual Aberration, Social Anhedonia
and Physical Anhedonia. Another widely used schizotypy questionnaire, the Schizotypy Personality
Questionnaire and its versions (SPQ, SPQ-B, SPQ-BR; Raine, 1991; Raine & Benishay, 1995; Cohen et
al., 2010) have subscales comprising Ideas of reference, Excessive social anxiety, Odd beliefs or
magical thinking, Unusual perceptual experiences, Odd or eccentric behaviour, No close friends, Odd
speech, Constricted affect, and Suspiciousness. The SPQ was initially designed as a self-report
screening instrument for diagnosis of the schizotypal personality disorder (SPD), and therefore is
argued to largely reflect Meehl’s quasi-dimensional model of schizotypy (Grant et al., 2018).
Eysenck’s Psychoticism Scale (Eysenck and Eysenck, 1975; revised Eysenck et al., 1985) is based on
Eysenck’s model of psychoticism, which in his later work had transitioned to be conceptually more
related to psychopathy. The P-Scale is therefore rarely used for the measurement of schizotypy in
the current research.
The Oxford-Liverpool Inventory of Feelings and Experiences (O-LIFE, Mason et al., 1995) is largely
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based on the model by Claridge, although its items were developed based on the Meehl’s schizoidia
scale from the Minnesota Multiphasic Personality inventory (MMPI; see Mason et al., 1995) and the
Extraversion and Lie scales from the Eysenck Personality Questionnaire (Eysenck and Eysenck, 1975),
among others (Grant et al., 2018). O-LIFE is measuring Unusual Experiences, Cognitive
Disorganisation, Introvertive Anhedonia, and Impulsive Nonconformity.
Other self-reporting measurements of schizotypy and psychotic experiences used in research include
Schizotypal Traits Scale (STA, Claridge & Broks, 1984), Community Assessment of Psychic Experiences
(CAPE, Stefanis et al., 2002), Schizotypal Ambivalence Scale (SAS, Raulin, 1986), or Referential
Thinking Scale (REF, Lenzenweger et al., 1997). For a more detailed review on the structure of
schizotypy questionnaires see Mason (2015).

1.2.5 Aetiology of schizotypy
Parallel to schizophrenia, schizotypal traits seem to be associated with genetic, environmental or
demographic (e.g., sex and age) risk factors (Linscott & Van Os, 2013) and have been suggested to
serve as predictors for the onset of all psychotic disorders (Debbané et al., 2014; Flückiger et al.,
2016; Salokangas et al., 2013; Shah et al., 2012). However, there is still little consensus on the
individual contributions of these factors and on the role of schizotypy in the development of
schizophrenia and of psychosis in general (Barrantes-Vidal et al., 2015).
Early studies of schizophrenia patients and their twins or other blood relatives have provided
evidence for the genetic influence on schizotypy (e.g., Claridge & Hewitt, 1987; Kendler & Hewitt,
1992). In a 2003 study of schizotypal personality traits in 733 female twin pairs, Linney et al. (2013)
concluded that about 30-50% of variance in schizotypy may be explained by familial heritability
(Ettinger et al., 2014; Linney et al., 2003). Similar estimates for magnitude of heritability contributing
to the variance have been provided in models of other complex multidimensional disorders such as
schizophrenia (Tsuang, 2000), anxiety disorders (Hettema et al., 2001), or personality traits such as
neuroticism or extraversion (Vinkhuyzen et al., 2012). Due to the conceptual consensus on
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schizotypy as the pre-clinical phenotypic risk of schizophrenia (Lenzenweger, 2006), search for the
“schizotypy genes” has been concentrating on schizophrenia related genes (Grant et al., 2013;
Walter et al., 2016). Current genome-wide association studies (GWAS) have identified over 145 loci
or parts of the genetic code contributing to the risk of schizophrenia-spectrum disorders (Pardiñas et
al., 2018). However, it seems that polygenic risk scores for schizophrenia and psychosis are only
marginally associated with schizotypy (Meller et al., 2019). For example, in a population of young
healthy military recruits, a higher polygenic risk score was associated with lower levels of positive
schizotypy, but not with levels of negative (interpersonal) schizotypy (Hatzimanolis et al., 2018). The
association was found during the military induction, a stressful situation, but not at a non-stressful
follow-up, suggesting that this provides evidence for an environmental rather than genetic influence
or an interaction of both (Hatzimanolis et al., 2018). A study assessing polygenic risk scores for
schizophrenia in a follow-up from children to adolescents concluded that polygenic overlaps were
evident between common genetic variants (single nucleotide polymorphisms; SNPs) associated with
schizophrenia and negative symptoms as well as anxiety disorder, but not with psychotic
experiences or depression in the general population (Jones et al., 2016). Another recent study of
polygenic risk scores found no correlations of schizophrenia polygenic risk score with either overall
SPQ or specific dimension scores (Nenadić et al., 2020). This suggests that schizotypy levels might
not be caused by genetic disposition only, but perhaps rather in interaction with environmental
influences, or alternatively by a combination with other non-specific genes. However, using linkage
methods to assess correlations in linkage signals from genome-wide scans of schizophrenia and
schizotypy in patients and their unaffected relatives, research has found that a subset of
schizophrenia susceptibility genes affected schizotypy levels in non-psychotic relatives (Fanous et al.,
2007). Further studies have utilised the candidate-gene approach (i.e., investigation of a preselected gene of interest) to associate with genotype with schizotypal phenotype. For example,
polymorphism Val158Met of catechol-0-methyltransferase (COMT) affects the availability of synaptic
dopamine in the prefrontal cortex and consequently has been widely studied as a genetic risk factor
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for psychosis (Steiner et al., 2019). Higher levels of positive schizotypy subscale suspiciousness from
the SPQ scale were observed in individuals homozygous for COMT Val/Val and Met/Met versus
Val/Met genotypes (Steiner et al., 2019). Male homozygotes of COMT Val/Val were also found to
report higher scores of negative and disorganized schizotypy dimensions than other genotypes
(Smyrnis et al., 2007).
Another gene recently associated with schizophrenia is CACNA1C and encodes the α 1C subunit (Cav
1.2) of the L-type voltage-dependent calcium channel, which is essential for neuronal survival and
plasticity (Nyegaard et al., 2010). In healthy individuals, the risk allele carriers (AG/AA) of the
CACNA1C polymorphism rs1006737 were found to be associated with increased paranoid ideation
measured by STQ (Roussos et al., 2013). In another study, the same variant showed a significant
negative association with interpersonal schizotypy in men only, whereas a non-risk allele of the gene
ZNF804A, which is suspected to play a role in DNA binding and transcription, was significantly
associated with higher SPQ-B cognitive-perceptual subscale scores in women (Meller et al., 2019). A
comprehensive systematic review of the evidence for common genetic risk for high schizotypy and
schizophrenia can be found in Walter et al. (2016). Notably, at the time of the publication of that
review, authors stated that they were not aware of any study assessing gene and environment
interactions in trait schizotypy.
In short, there is robust evidence for some common genetic variations between schizotypy and
schizophrenia. However, a large number of environmental factors have also been found to increase
the risk of developing schizophrenia (Lahti et al., 2009), including small placental weight and body
size at birth, maternal antenatal depression, perinatal brain damage (Jones et al., 1998), short
gestational age (Ichiki et al., 2000), winter birth, later birth order (Hultman et al.,
1999), undesirability of pregnancy (Myhrman et al., 1996), viral infections of central nervous system
in childhood (Rantakallio et al., 1997), urban early childhood environment (Mortensen et al.,
1999), and high or low childhood socioeconomic status (Goldberg et al., 2011; Mäkikyrö et al., 1997).
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In one of the first large-scale attempts to investigate these factors in association with schizotypy,
4976 participants completed questionnaires on positive and negative schizotypal traits at the age of
31 years as part of the Northern Finland 1966 Birth Cohort Study (Lahti et al., 2009). This study found
that small placental weight, low birth weight, and small head circumference at the age of 12 months
predicted higher levels of positive schizotypal traits in women. In addition, elevated physical
anhedonia was predicted by higher gestational age in women, whereas it was predicted by maternal
smoking during pregnancy in men. Both positive and negative schizotypal traits were associated with
later birth order and winter/autumn birth in women and with maternal undesired pregnancy in men
(Lahti et al., 2009). Most of these perinatal risk factors have also been associated with the incidence
of schizophrenia (King et al., 2010; McDonald & Murray, 2000; Tochigi et al., 2004)
Schizotypy has also been found to be differentially distributed among sex groups. A comparison of
schizotypal traits across twelve countries found that females had higher scores on the positive
schizotypal dimensions than males, whereas males scored higher than females on disorganization
dimension (Fonseca-Pedrero et al., 2018), which was in line with earlier research by Raine (1992).
However, one meta-analysis using Wisconsin Schizotypy Scales found no sex differences in positive
schizotypy (Miettunen & Jääskeläinen, 2010). A 2003 meta-analysis found a 1.42 higher incidence of
schizophrenia in males compared to females (Aleman et al., 2003), which however was observed to
reverse in later on-set (Abel et al., 2010). Similarly to schizotypy, males showed higher negative
symptoms, but less depressive symptoms than females (Abel et al., 2010). In the context of age as a
risk factor, in cross-sectional studies of non-clinical populations, younger age was associated with
more reported self-reference ideas, unusual experiences, odd beliefs, odd behaviour, odd speech
(Bora & Baysan Arabaci, 2009; Raine, 1991), and higher positive schizotypy, whereas older age was
typically associated with higher negative schizotypy scores (Fonseca-Pedrero et al., 2018; Mason &
Claridge, 2006). Ethnicity has also been shown to influence schizotypy levels with higher schizotypy
scores of delusional ideation being observed in individuals of minority groups of African-Caribbean
background compared to White British population (Sharpley & Peters, 1999). Higher schizotypy was
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also observed in minority groups like Maori New Zealanders compared to individuals of White
background (Linscott et al., 2006). A comparison between 12 countries found significant differences
of schizotypal scores depending on the country of data collection. For example, participants from
Tunisia and the UK reported the highest SPQ total scores, whereas participants from Italy showed
lower scores than participants from any other regions assessed (Fonseca-Pedrero et al., 2018).
However, it remains unclear whether the differences observed between the countries were due to
cultural or ethnical differences, or due to the minority status, as well as if there were interactions
with the socio-economic status (SES).
Indeed, a significant interaction between ethnicity and class has been observed in AfricanCaribbeans, with working-class (lower SES) participants scoring higher in delusional ideation than
participants from middle-class (higher SES) background (Sharpley & Peters, 1999). Surprisingly,
participants from middle-class background in both African-Caribbean and White ethnicities scored
higher on impulsive non-conformity (Sharpley & Peters, 1999). In the longitudinal Northern Finland
1966 Birth Cohort Study in both women and men, higher levels of negative schizotypal traits were
observed in the offspring of farmers, whereas higher positive schizotypal traits were associated with
low childhood family socioeconomic status (Lahti et al., 2009). Another publication from the
Northern Finland 1966 Birth Cohort Study showed that both positive and negative schizotypy levels
were higher in participants with lower level of education (Miettunen et al., 2010). This is similar to
schizophrenia, where lower SES is generally associated with higher risk and incidence of developing
the disorder (Gallagher et al., 2006; Link et al., 1987). However, when assessed together with
cognitive performance, SES was increasing the risk for developing schizophrenia only in those with
lower cognitive functioning compared to individuals with average and high functioning (Goldberg et
al., 2011).
In line with this, higher schizotypy scores have also been associated with poorer cognitive
performance (e.g., Sahakyan & Kwapil, 2016; Steffens et al., 2018), emotional processing
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(Giakoumaki, 2016), and processing speed impairment (Giakoumaki, 2016; Gilleen et al., 2020), as
well as structural and functional brain deficits, in particular in the frontotemporal cortex
(Giakoumaki, 2016), although the direction of causality between schizoptypy and cognitive and
emotional deficits remains unclear.
Substance use has also been shown to be a risk factor for schizotypy. When assessing positive
schizotypy in 285 undergraduate students, Larrison et al. (1999) observed that higher positive
schizotypy was associated with the use of stimulants such as caffeine and nicotine, whereas lower
positive schizotypy was associated with the use of alcohol, a depressant. The effects of caffeine and
nicotine were not additive and showed an interaction effect (Larrison et al., 1999). In line with this,
Esterberg et al. (2009) found associations between higher scores on disorganized subscale (odd
thinking and behaviour) with more frequent use of nicotine, alcohol, and cannabis. Higher cognitive–
perceptual subscale was selectively associated with cannabis use (Esterberg et al., 2009).
In addition, there is robust evidence on the causal association between cannabis use and the
development of a psychosis-spectrum disorder (e.g., Radhakrishnan et al., 2014). Similar
observations were made for an increased number of psychosis-like experiences in cannabis users
compared to never-users from non-clinical population (Williams et al., 1996) and the duration of
cannabis use and higher schizotypy (Fridberg et al., 2011). Interestingly, recent findings suggest that
when controlling for trait schizotypy, frequency of cannabis use does not predict unusual
experiences (Airey et al., 2020). Instead, rather than cannabis use increasing schizotypy, it was found
that individuals with higher trait schizotypy may have more unusual experiences when using
cannabis (Airey et al., 2020). Furthermore, the experience of higher levels of schizotypal subscales
such as cognitive disorganisation and perceptual distortions but not interpersonal deficits, seems to
precede the onset of cannabis use (Schiffman et al., 2005). Early onset of cannabis use was also
associated with higher levels of introvertive anhedonia, although this was found to be significant in
females only (Albertella et al., 2017). This research may serve as another example of why the
differentiation between state and trait schizotypy is critical when collecting and interpreting data.
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In summary, it is possible to conclude that schizotypy and schizophrenia share the majority of risk
factors, which further supports the dimensional model of schizophrenia continuum (Lahti et al.,
2009). Furthermore, Lahti et al. (2009) observed that both schizophrenia and schizotypal personality
disorder had been linked to an increased activity of the hypothalamus-pituitary-adrenal axis (see
Chapter 1.3.1) as well as alteration in dopamine metabolism, which is related to psychotic-like
symptoms (Lahti et al., 2009). Moreover, a number of discussed risk factors of schizotypy such as
small birth weight, prenatal stress, parental nicotine intake, and low status are also associated with
alterations of the stress system (Lahti et al., 2009). However, little research exists on the influence of
schizotypy on response to stress.

1.3 Stress
The maintenance of life depends on the adequate warning and defence mechanisms from threats to
the organism’s internal equilibrium, homeostasis (Russell & Lightman, 2019). Such threats, or
stressors, can be of physiological (e.g., predator, heat, infection, chemical) or of psychological (e.g.,
trauma, loss, time pressure, perceived threat) origin (Pignatelli et al., 1998; Szabo et al., 2012). The
state of homeostatic disbalance or response to stressors is the psychological and/or physiological
stress (Szabo et al., 2012). In everyday, as well as scientific, communications, the term “stress” is
often used interchangeably with “stressor”, which may lead to over-inclusivity of the construct (Epel
et al., 2018). Therefore, clear terminology and definition of stress are imperative for research (Epel
et al., 2018). Due to its ubiquity and universality, one of the “fathers” of stress research, Hans Selye,
considered stress in heath and disease to be medically, sociologically, and philosophically the most
meaningful subject for humanity he could think of (as cited in Szabo et al., 2012).
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1.3.1 Stress systems
Most processes involved in maintenance of biological homeostasis are synchronised by internal and
external cues such as the diurnal light–dark cycle and internal body clocks (Hettema et al., 2001;
Roenneberg & Merrow, 2016), which allow the body to anticipate regular changes in the
environment and ensure optimal preparation for the next 24 hours (Bass & Lazar, 2016; Russell &
Lightman, 2019). Acute stressors trigger a fight-or-flight (alternatively also freeze and fright)
response, which is partly mediated via the sympatho-adrenomedullary system (SAM) (Bracha et al.,
2004; Cannon, 1929; Gray, 1987). This system reacts within seconds to minutes after exposure to
stressor. Activation of the sympathetic nervous system stimulates the adrenal medulla to secrete
adrenaline and noradrenaline, which lead to an elevated physiological arousal, such as increased
cardiovascular response, muscle tension, respiration, perspiration, and mental activity (Folkow,
2000).
A second stress response system activated in the event of a prolonged exposure to stressor is the
hypothalamic-pituitary-adrenal axis (HPA axis) (Bozovic et al., 2013; Hannibal & Bishop, 2014;
Herman et al., 2011). HPA axis is activated through hypothalamic release of corticotropin releasing
hormone (CRH), which in turn triggers the pituitary gland to release the adrenocorticotropic
hormone (ACTH) within minutes of stress exposure. The released ACTH enters blood circulation to
reach the adrenal cortex where it stimulates the de-novo synthesis of cortisol (Herman et al., 2011).
Cortisol is therefore released around 10-20 minutes after stress exposure into the systemic
circulation to increase energy release and metabolism, while suppressing the immune and
inflammatory responses (Pignatelli et al., 1998). A negative feedback loop to the pituitary gland and
hypothalamus inhibits further release of CRH, ACTH, and consequently of cortisol, preserving
homeostasis (see Figure 1.3). Interestingly, a distinction between maintenance of processes essential
for life (homeostasis) and processes for maintaining systems such as the HPA axis stress response in
balance (allostasis) was proposed (McEwen, 2005).

35

Figure 1.3
Stress systems: sympatho-adrenomedullary (SAM) and hypothalamic-pituitary-adrenal (HPA)

Stress can be measured via questionnaires on perception of stress which is integral to experience of
stressors (e.g., Perceived Stress Scale; Cohen et al., 1983), via assessment of presence and number of
stressful or traumatic life events (e.g., Childhood Trauma Questionnaire; Bernstein et al., 1998), via
clinical behavioural observations, via physiological markers such as increased heart rate (e.g., Thayer
et al., 2012), changes in skin conductance levels (e.g., Healey & Picard, 2005) or via endocrinological
markers such as cortisol levels.
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1.3.2 Cortisol
Cortisol, also known as F, hydrocortisone, 4-pregnene-11β,17α,21-triol-3,20-dione, 11β,17α,21trihydroxypregn-4-ene-3,20-dione, Kendall’s compound F, or Reichstein’s substance M, is the
principal glucocorticoid hormone in most mammals (Katsu & Iguchi, 2016) or fish (Schreck & Lorz,
1978). On the other hand, in rats, mice, birds, reptiles, and amphibians the principal glucocorticoid is
corticosterone (Hennessy et al., 1979; Terao & Katayama, 2016). First discovered in 1930s cortisol
has immediately drawn scientific and medical attention due to its varied functions within the body
(Katsu & Iguchi, 2016).
Cortisol is produced in the zona fasciculate of the adrenal gland (Lu et al., 2006). A complex cascade
of synthesis is needed to finally biosynthesise the cortisol molecule. In humans, the CYP17A gene on
chromosome 10 was identified to be responsible for its synthesis and release (Katsu & Iguchi, 2016).
Cortisol has a circadian release pattern, with a maximal peak release in the morning (7-25 µg/dL) and
the minimal nadir release (2-14 µg/dL) around midnight (Chan & Debono, 2010; Kudielka &
Kirschbaum, 2003), see Figure 1.4. Underlying the circadian rhythm is an ultradian rhythm of ACTH
and cortisol secretion, with discrete pulses of ACTH and cortisol at an approximate frequency of 6090 minutes, which increase in amplitude and frequency during the daily peak (Follenius et al., 1987;
Russell & Lightman, 2019).
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Figure 1.4
A typical cortisol awakening response (CAR) and diurnal cortisol profile over a 24-hour period in
healthy individuals

Notes. The first shaded area represents the cortisol awakening response and the second shaded area
represents cortisol levels during sleep. From Elder, G. J., Wetherell, M. A., Barclay, N. L., & Ellis, J. G. (2014).
The cortisol awakening response–applications and implications for sleep medicine. Sleep medicine
reviews, 18(3), 215-224. Copyright 2013 by Elsevier Ltd.

These patterns of secretion can be influenced by individual factors such as genotype, age, sex
hormones, sleep deprivation, and environmental stressors (Mullington et al., 2009; Rivest et al.,
1989; Russell & Lightman, 2019). Unexpectedly high levels of stress trigger an additional release of
cortisol (Tsigos & Chrousos, 2002).
Cortisol acts by binding to specific glucocorticoid receptors, widely distributed in biological tissues.
There are two types of glucocorticoid receptors: mineralocorticoid receptors (MR) and
glucocorticoid receptors (GR). MRs are present predominantly in cardiovascular tissue, kidneys, liver,
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and corticolimbic regions (De Kloet et al., 1998). GRs, on the other hand, are distributed throughout
peripheral tissues and the brain, with a high MR:GR ratio in the hippocampus, basal ganglia, medial
amygdala, and lateral septum (Patel et al., 2000; Russell & Lightman, 2019). The MRs have a higher
glucocorticoid affinity than GRs, binding 10 times more cortisol upon its release and hence are
believed to contribute to the diurnal tonic activation in the brain (Chaumette et al., 2016; Mifsud &
Reul, 2018).
With increased levels of cortisol (e.g., due to exposure to a stressor), the GRs are gradually occupied
(Chaumette et al., 2016; Mifsud & Reul, 2018), which leads to their nuclear translocation. Upon
entering the nucleus of the cell, GR combines with a similar molecule to form a dimer and interacts
with DNA glucocorticoid response elements (GRE) to initiate gene transcription (Russell & Lightman,
2019). Once the cortisol levels decline, GR disconnects from the DNA and is released back into the
nucleoplasm to respond to further cortisol pulses. Exposure to the same level of cortisol not as
pulses but as a constant, may lead to alterations in transcriptional activity and gene expression
(Russell & Lightman, 2019; Stavreva et al., 2009). Metabolic clearance of cortisol happens via
enzymic degradation in the liver or through intracellular metabolism (Russell & Lightman, 2019). A
more detailed description of cortisol synthesis and metabolites is presented in Chapter 7.
Another regulator of cortisol potency is its availability. Cortisol is highly lipophilic, meaning that 90%
of initially produced cortisol is at first tightly bound to a protein carrier corticosteroid-binding
globulin (CBG) (Henley & Lightman, 2011), 4-5% is loosely bound to albumin, and only the remaining
5% is free, i.e., biologically active (Levine et al., 2007; Russell & Lightman, 2019). CBG levels are
regulated by factors such as liver and thyroid function, genetic variations, nutritional status,
inflammation, and stress. CBG also displays diurnal variations, which result in predictable rises of
biologically active cortisol during the daily morning peak (Frairia et al., 1988). Furthermore, levels of
CBG are increased in high-estrogen states such as pregnancy or with the use of contraceptives
(Kirschbaum & Hellhammer, 1989).
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A wide range of analytical techniques for the assessment of cortisol concentrations exist, such as
enzyme-linked immunosorbent assay (ELISA) (Albar et al., 2013; Hayes et al., 2014),
chemiluminescence immunoassay (CLIA) (Zangheri et al., 2015), radioimmunoassay (RIA) (Baid et al.,
2007), capillary electrophoresis-based immunoassay (CE-IA) (Jia et al., 2002), gas chromatography–
mass spectrometry (GC-MS) (Krone et al., 2010), high performance liquid chromatography–tandem
mass spectrometry (HPLC-MS/MS or LC-MS/MS) (Kawaguchi et al., 2014; Sniecinska-Cooper et al.,
2015) or miniature immunosensors (Vasudev et al., 2013).

1.3.3 Acute stress
Acute stress response of the HPA axis, typically characterised by increased release of cortisol, can be
elicited by an immediate perceived threat, such as a traumatic event, or strain of either physical or
psychological nature, such as vigorous exercise or social-evaluative situation. (Dickerson & Kemeny,
2004). The systemic effects of free cortisol occur within tens of minutes, facilitating glycogenesis for
more available energy to respond to stressor, inhibiting insulin production, and increasing
vasoconstriction to help delivery of blood to the muscles and the brain (Russell & Lightman, 2019).
Cortisol further temporarily suppresses the immune and reproductive systems (Chrousos et al.,
1998; Segerstrom & Miller, 2004), as well as affects the glutamatergic, GABAergic, and dopaminergic
systems (e.g., Oswald et al., 2005; Reul & Nutt, 2008). All these reactions aid alertness, cognition,
and decision making, facilitating instant physiological response to an acute stressor, which is vital
when facing a potential threat to life.
Traditionally, acute cortisol levels were measured in whole blood or plasma (e.g., Hägg et al., 1987).
With the growing understanding of the dramatic impact of stress and its associations with the
development of various physiological and mental disorders, further non-invasive (i.e., not inducing
additional physiological/psychological stress) means of cortisol assessment have been called for
(Kirschbaum & Hellhammer, 1989, 1994). Assessment of salivary cortisol has become the most
preferred measurement of acute cortisol levels, or if taken repeatedly after a stressor, for the
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measurement of stress response and recovery due to its non-invasiveness and abundance
(Hellhammer et al., 2009; Kirschbaum & Hellhammer, 1994). A further advantage of salivary
sampling is that, unlike in blood or plasma, saliva contains only free and unbound cortisol, making it
easier to monitor the true biological availability (Gatti et al., 2009). Although less frequently
practiced, acute cortisol levels can also be measured invasively in the cerebral-spinal fluid (e.g.,
Carroll et al., 1976) or non-invasively, yet still with significant complexity of collection, in tears (e.g.,
Cardinell et al., 2019) and sweat (e.g., Jia et al., 2016).
A range of experimental interventions have been designed to elicit and measure the acute stress
response. Some were employing physiological strain such as cycling during an assessment of
maximum oxygen uptake (VO2max test, O'Connor & Corrigan, 1987) or pain such as emersion of a
hand or foot in a bucket of ice water (Cold Pressor Test (the Cold Pressor Test, Hines Jr & Brown,
1936). Other tests used psychosocial evaluation and pressure as stressor (the Trier Social Stress Test,
Kirschbaum et al., 1993) or a combination of physiological and psychological stress (the Maastrich
Acute Stress Test, Shilton et al., 2017).

1.3.4 Chronic stress
A chronic stressor, such as chronic disease, sustained high workload, or untreated psychological
trauma, leads to a prolonged activation of the HPA axis. This triggers changes, such as a change in
the number and structure of GRs (Mifsud & Reul, 2018), synaptic connections (e.g., Groeneweg et
al., 2012), as well as other structural changes in the brain. These include hippocampal atrophy,
which leads to an impaired memory (Lupien et al., 1998) and decreased inhibitory control over the
HPA axis. In addition, amygdala hypertrophy can occur which leads to an increased excitatory
control over the HPA axis and decreased fear conditioning (Radley et al., 2015; Vyas et al., 2002)
including other structural changes in the prefrontal cortex and hypothalamus (e.g., Radley et al.,
2015). Furthermore, long-term stress exposure to chronic stress increases glucose levels in blood,
stimulating maturation of adipose tissue. More recently, the adipose tissue has been found to act as
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an additional active endocrine gland (rather than just a passive storage unit) which produces a wide
range of hormones and regulatory factors, including cortisol (Kyrou et al., 2006; Russell & Lightman,
2019).
The resulting imbalance of the HPA axis is manifest in changed cortisol levels in the organism and
heightened stress sensitivity (Pariante & Lightman, 2008). As a consequence, the maladaptive stress
response may lead to a wide range of symptoms in somatic diseases such as metabolic syndrome,
cardiovascular diseases, Alzheimer’s disease, cancer (e.g., Charmandari et al., 2005), and psychiatric
disorders such as depression, post-traumatic stress disorder, or psychosis (e.g., Yehuda et al., 1993),
as well as increased general susceptibility to infections (Russell & Lightman, 2019). For instance, in
the case of the common cold, an excessive proinflammatory response may occur due to the
impaired GR function and GC resistance resulting from chronic stress exposure (S. Cohen et al., 2012;
Russell & Lightman, 2019).
Chronic stress exposure can be assessed by measuring cumulative cortisol levels in urine or faeces
for a period of 24 hours to up to several days (Levine et al., 2007; Schatz & Palme, 2001), in nails for
a period of up to several weeks (Phillips et al., 2020), or for up to 6 months in hair (e.g., Dettenborn
et al., 2012), with the latter gaining increasing popularity in research. Further cortisol measurements
are the diurnal cortisol levels, with several samples taken throughout the day, and cortisol
awakening response (CAR), assessing cortisol levels during the peak secretion (Stalder et al., 2016).
All the introduced samples for the assessment of acute and chronic cortisol levels have individual
drawbacks. Assessment of acute cortisol levels in plasma or saliva is often based on the collection of
only one sample but is prone to influences by additional factors such as psychophysiological arousal,
influence of food and other substances intake and therefore requires a lot of preparation and
control for covariates (Hansen et al., 2008).
On the other hand, most chronic level assessments, such as the cumulative 24h monitoring in urine
and diurnal or morning release in saliva, require repeated sampling. Besides being costly in terms of
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collection and analysis, the repeated sampling depends on clear understanding of biological
processes for selection of the optimal number of samples and on the compliance of the participants
(Stalder et al., 2016). One-time collection of more robust samples such as nails and hair appears to
be more efficient but does not provide a particularly high resolution, as well as is affected by the
wash-out, environmental factors, and degradation over time (Staufenbiel et al., 2015; Wester et al.,
2016).

1.3.5 Self-reported stress
While biological samples provide a measure of individual’s physiological state, e.g., during stress
reaction, an insight into individual perceived stress is gained through the means of behavioural
observation or collection of self-report. When diagnosing a disorder (e.g., MDD, PTSD, etc.),
subjective perception of stress caused by the condition is often prerequisite and superior to
biological findings. One of the intuitively most obvious ways to assess individual’s inner state and
feelings is by asking them, i.e., requesting a self-report. A wide range of psychometric instruments
for the assessment of acute and chronic perceived stress exists, including the Perceived Stress Scale
(Cohen et al., 1983, see Chapter 2), the Perceived Stress Questionnaire (Levenstein et al., 1993), the
Trier Inventory of Chronic Stress (Schulz & Schlotz, 1999, see Chapter 2), or visual analogue scales
(Lesage et al., 2012, see Chapter 2).
It is generally assumed that physiological and psychological stress responses represent the same
construct. Therefore, a high covariance between perceived stress and endocrine response could be
expected, supported by a close link between HPA axis and cortico-limbic structures, which mediate
subjective psychological stress responses (Hellhammer et al., 2009; Herman et al., 2005). However,
several studies assessing psycho-endocrine covariance with a wide range of stressors have presented
rather inconsistent (Hellhammer & Schubert, 2012) or negative results (Cohen et al., 2000;
Hellhammer et al., 2009; Oswald et al., 2004). This may be due to the time lag between the
immediate psychological response and the endocrine cortisol response, but even when taking the
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lag into account the proportion of explained variance remains minor (Hellhammer & Hellhammer,
2008; Hellhammer et al., 2009). Apart from physiological systemic factors, the limited association
between cortisol levels and perceived stress may be resulting from the pitfalls of the assessment of
perceived stress through self-report measures (Fryer & Dinsmore, 2020).
For instance, stress questionnaires differ substantially in the underlying theory of stress and
therefore may measure different aspects, such as internal, external, or developmental factors and
physiological, behavioural, cognitive, or emotional symptoms, making a direct comparison between
the instruments difficult. In addition, several personality traits (e.g., neuroticism), general
affectivity, emotional intelligence, perception of control, age, and gender are known to affect selfreported stress levels (Epel et al., 2018; Hellhammer et al., 2009). Other well-known biases in selfreporting include recall bias and social desirability bias (Van de Mortel, 2008). However, depending
on the research question, exactly the expression of such biases may be of interest.
It is important to note, that methodological pitfalls and limitations in sample processing and
subsequent measurements are also present in the assessment of physiological data (Semmer et al.,
2003). Therefore neither physiological, nor subjective psychological assessment can independently
deliver a true representation of stress response and a multi-method approach should be employed
where possible (Semmer et al., 2003).

1.3.6 Early life stress
The negative impact of pre- and perinatal adversity on normal development as association with the
development with mood and anxiety disorders has long been established (Riecher-Rössler & Steiner,
2005). For example, high maternal stress and cortisol levels during pregnancy have been associated
with poorer foetal growth, a factor associated with a later development of psychopathology such as
schizophrenia (Ellman et al., 2019).
Similar observations have provided evidence for critical developmental periods, such as gestation,
perinatal period, early childhood, and adolescence during which individuals display a particularly
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high sensitivity of HPA to environmental influences (Gomes et al., 2019; Hellhammer & Hellhammer,
2008). Exposure to physical, psychological or sexual abuse, neglect, bullying, trauma such as death of
a close person or witnessing a crime, or exposure to chronic stress during these developmental
windows, have been associated with an increased risk for the development of various pathology
from diabetes and cardiovascular diseases to a wide range of psychopathology such as depression,
PTSD, anxiety disorders, schizophrenia, and psychosis (Berens et al., 2017; Gomes et al., 2019;
Lardinois et al., 2011; Van Winkel et al., 2013).
Childhood trauma is usually assessed through retrospective self-report with questionnaires such as
the Childhood Trauma Questionnaire (Bernstein et al., 1998, see Chapter 2), the Childhood
Traumatic Events Scale (Pennebaker & Susman, 1988, see Chapter 2), structural interviews such as
Childhood Trauma Interview (Fink et al., 1995), or clinical records (for an overview of instruments
see Roy & Perry, 2004). In 2015, a systematic literature review investigated associations between
childhood trauma and schizotypy (Velikonja et al., 2015). All relevant studies had found that
individuals who reported childhood adversity scored higher on positive, negative, and disorganised
schizotypy scales, compared to those who reported no early life adversity (Velikonja et al., 2015).

1.3.7 Recent life stress
Although the impact of early life stress has been established as a robust risk factor for the
development of psychopathologies and schizophrenia (see Chapter 1.3.6), the impact of stressful life
events during later adulthood are less clear. Adult stress events, i.e., stressful events occurring after
adolescence, may include relationship problems, financial burden, job worries, or personal injuries
(Holmes & Rahe, 1967; Martland et al., 2020). A systematic review and meta-analysis on the
association of adult life stress and psychosis has found only a few studies that have considered adult
life events (Beards et al., 2013). These studies provided some evidence that exposure to adult life
stressful events was indeed associated with increased risk for the development of psychotic disorder
or subclinical psychotic-like experiences (Beards et al., 2013). Furthermore, a recent systematic
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review of 23 studies concluded that adult stressful life events were associated not only with a first
onset of psychosis, but also with psychotic relapse (Martland et al., 2020).
Several theories exist which differentiate the definition of stress depending on the focus of research
(Rice, 2012). The earliest response-based approach regarded stress as non-specific response to
adapt to a threat (Selye, 1956). The stimulus-based approach considered stress as life events which
require adaptation (Holmes & Rahe, 1967). The more recent transaction based approach considers
stress to be a complex response including cognitive appraisal, emotional response, as well as coping
efforts in the face of a situation which exceeds the individual’s resources (Lazarus, 2000; Lazarus &
Folkman, 1984).

1.4 Resilience and coping
Traditionally, psychobiological stress research had been focusing on associations of dysfunctional
stress response with pathology. However, observations of a variance within responses, with some
behaviour leading to not only survival but adaptation and even growth after stress, have put a
spotlight on individual resilience in the second half of the twentieth century (Luthar, 2006; Tusaie &
Dyer, 2004). The term resilience originates from the Latin ‘resilire’ (to leap back) and can be applied
to describe the ability of an object or an organism to withstand pressure (Windle et al., 2011).
An extensive systematic literature review of 270 research articles was conducted to synthesise an
operational definition for psychometric measurement (Windle et al., 2011). Resilience was thereby
defined as the capability to manage, negotiate, and adapt to stressors or trauma. Individual
resources, assets, and lifestyle, as well as environmental circumstances mediate or moderate the
capacity to adapt and bounce back in the face of adversity (Windle et al., 2011). The experience of
resilience varies across different situations and the life course (Windle et al., 2011), and as such
there is a differentiation between trait and state approaches to resilience (Fletcher & Sarkar, 2013).
In an attempt to reconcile both, resilience can be conceptualised as an interactive contribution of
psychological characteristics to the process of stress response (Fletcher & Sarkar, 2013).
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Although the terms stress vulnerability and resilience are conceptually closely associated and are
often used to define opposites of a spectrum, there are clear differences. While the former is
concentrating on the risk factors for the development of an illness, the latter is focusing not simply
on the absence of illness, but on positive and beneficial outcomes, such as gain in knowledge, skills,
and recognition of opportunities (Bhamra et al., 2011). In addition, identification of vulnerability and
protective factors such as adverse or supportive environments has led to consideration of the
reaction to adversity or stressor as more complex and dynamic entity (Luthar, 2006; Windle et al.,
2011).
The broad definition of resilience and the plethora of contributing factors has led to a creation of
various resilience measures. In a review of psychometric validity of nineteen resilience measures
(Windle et al., 2011), three had received the best ratings: the Connor Davidson Resilience Scale (CDRISC, Connor & Davidson, 2003, see Chapter 2), the Resilience Scale for Adults (RSA, Hjemdal et al.,
2001), and the Brief Resilience Scale (BRS, Smith et al., 2008). However, for all these instruments the
conceptual and theoretical adequacy of a number of the scales was questionable (Windle et al.,
2011). An earlier review reached similar conclusions (Ahern et al., 2006). Other instruments for
measuring resilience include the Baruth Protective Factors Inventory (Baruth & Carroll), the Brief
Resilient Coping Scale (Sinclair & Wallston, 2004), the Resiliency Attitudes and Skills Profile (Hurtes &
Allen, 2001), or the Child and Youth Resilience Scale (Ungar & Liebenberg, 2011). A further
differentiation of resilience and associated factors within psychological research was proposed
based on the industrial and technical approach to resilience with the dimensions covering readiness
and preparedness, response and adaption, as well as recovery or adjustment (Bhamra et al., 2011;
Ponomarov & Holcomb, 2009). The factors contributing to preparedness or general vulnerability may
be cognitive alertness and physical fitness. Factors defining response may be the individual
perception of stressor and environmental circumstances. Adjustment and recovery, or adaptive
capacity, may be facilitated by the choice of a coping strategy to deal with consequences (Bhamra et
al., 2011; Gallopín, 2006).
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While resilience is representing both the disposition to and presentation of the ability to face
adversity, coping is typically referring to the actual process of dealing with stress or trauma.
Researchers have taken two approaches to coping. In the first approach, and similar to resilience,
coping has been observed to vary over time and across situations, so presenting as a process or state
of cognitive and behavioural efforts to resist adversity (Keil, 2004; Penley et al., 2002). For example,
Folkman and Lazarus (1985) examined changes in coping during three stages of a college exam. The
maximum of self-reported active, problem-focused coping (e.g., planning) was observed before the
exam and at lower levels after the exam. Higher levels of avoidant coping such as distancing (e.g.,
refusing to think about the exam) was reported during the phase of waiting for the results, which
then dropped after receiving scores to the levels observed during the preparation stage (Folkman &
Lazarus, 1985). The state approach typically assesses coping strategies through self-report, such as
the Ways of Coping Questionnaire (Folkman et al., 1988) or the Coping Strategy Indicator (Amirkhan,
1990).
The coping strategies were suggested to fall into three categories (Penley et al., 2002). The problemfocused coping strategies are active efforts to alleviate stressful circumstances, such as creating and
implementing a plan (problem-solving) or hostile actions to enforce a change (confronting coping).
Emotion-focused coping strategies are an effort to regulate emotional consequences of stress and
include distancing, wishful thinking, focusing on the positive, self-blame, tension reduction, and selfisolation (Noorbakhsh et al., 2010; Penley et al., 2002). The final category of social coping strategies
use interactions with others and can be either problem-focused (e.g., seeking information and
assistance) or emotion-focused (e.g., seeking sympathy) (Lazarus & Folkman, 1984). Although
conceptually different, both problem-focused and emotion-focused forms of coping were found to
reduce stress and are often applied simultaneously (Penley et al., 2002).
The other approach defines coping as a trait consisting of habitual thoughts and actions to solve
problems (Heth & Somer, 2002). Following this approach, individuals can be classified according to
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their preferences in coping strategies, as measured through clinical interviews or self-report
(Goldstein, 1973; Penley et al., 2002). Typical instruments for assessing coping styles are the Coping
Styles Questionnaire (Roger et al., 1993), the Multidimensional Coping Inventory (Endler & Parker,
1988), or the Coping Operations Preference Enquiry (Carver, 1997; Carver et al., 1989).
Coping styles can be classified by the method of coping, such as active coping, seeking to approach
and manipulate external and internal factors to reduce stress, and avoidant coping, seeking to
withdraw from the source of stress (Billings & Moos, 1984). Another classification can be based on
the focus of coping, such as problem-focused coping, i.e., concentrating on the modification and
elimination of stress by own behaviour. On the other hand, emotion-focused coping concentrates on
maintaining the emotional equilibrium and reduction of emotional discomfort (Billings & Moos,
1984). Although popular within research (Roth & Cohen, 1986), the dichotomous classification of
coping styles has been criticized for its simplicity (Skinner et al., 2003). Newer classifications of
coping styles differentiate four coping styles: rational, detached, emotional, and avoidant (Roger et
al., 1993). Rational coping includes seeking information to change the situation, detached coping
includes emotional regulation, e.g., not taking things personally, emotional coping includes feeling of
self-worthlessness and self-unimportance, and avoidant coping includes thoughts that the situation
will work out for the best on its own. Rational and detached coping is generally regarded as adaptive
styles and emotional and avoidant styles as maladaptive style (Roger et al., 1993).
A series of meta-analyses investigated associations between coping and health-related outcomes in
non-clinical populations (Penley et al., 2002). The problem-focused coping was positively associated
with overall health. On the other hand, distancing, confrontive coping, seeking social support, selfcontrol, self-blame, avoidance, and wishful thinking were negatively correlated with overall health
outcomes, whereas positive reappraisal and planful problem solving had no effect. The type of
health outcome (physical or psychological) and situational characteristics (stressor type,
controllability, and duration) were found to moderate the associations (Penley et al., 2002).
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Unsurprisingly, most of the health outcomes (e.g., weight gain or loss, life satisfaction) which were
found to be influenced by coping were associated with stress-related disorders, such as depression
and PTSD, confirming the direct association between stress and coping (Penley et al., 2002).

1.4.1 Coping and resilience in schizotypy
The prevalence of high schizotypes in general non-clinical population is intriguing, suggesting a
presence of either specific compensatory factors or protective and beneficial properties of
schizotypy itself. Indeed, it has been observed that individuals scoring highly on schizotypy measures
may report high subjective well-being, consisting of feeling of control over own life and ability to
balance and cope with positive and negative life events (Goulding, 2004). Modinos and colleagues
showed that healthy individuals with higher scores of schizotypy had increased volumes of posterior
cingulate and precuneus, as well as overall larger whole-brain volumes (Modinos et al., 2010), which
is associated with a healthier brain state, showing possible protective or compensatory mechanisms
at place in non-clinical individuals with high schizotypy (Ettinger et al., 2014).
Among such compensatory mechanisms may be the effective coping. Armando et al. (2018) have
shown that coping strategies can mediate the adverse effect of stressful life events on schizotypal
traits and even psychotic symptoms. High schizotypy was associated with greater use of maladaptive
avoidant coping compared to control group and even to schizophrenia patients (MacAulay & Cohen,
2013). However, both coping behaviour and resilience were found to be differently associated with
schizotypy and stress sensitivity in a sample of over 230 undergraduates. Positive schizotypy was
most strongly associated with higher stress sensitivity, whereas negative schizotypy was most
strongly associated with lower resilience (Acar & Sen, 2013; Ruzibiza et al., 2018).
Similarly to schizophrenia and psychosis (Fink et al., 2014), a link between schizotypy and creativity
has been suggested, marked by a greater openness to unusual experience and therefore wider
perspective on artistic expression (Baas et al., 2016; Goulding, 2005) in a range of creative activities
such as painting, drawing, writing, playing music, gardening, and web design (Acar & Sen, 2013;
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Batey & Furnham, 2006, 2008; Nelson & Rawlings, 2010). Moreover, high positive schizotypy levels
were associated with neural activations characteristic for creativity task in bilateral inferior temporal
gyri, left insula, left parietal lobule, right angular gyrus, and regions of prefrontal cortex (Park et al.,
2015). The association between creativity and schizotypy was found not to be uniform, with only
positive schizotypy symptoms increasing creativity (Acar & Sen, 2013). In line with this finding, Grant
and Hennig (2020) have stressed the potential for the existence of “benign” or “happy” schizotypy,
i.e., individuals scoring high on positive but not on negative or cognitively disorganised subscales,
evaluating their unusual experiences as rewarding (Jackson, 1997).
Another, more general protective mechanism could be the social functioning. In a recent study,
positive associations between more normative (closer to response in healthy controls) cortisol stress
response and more beneficial social functioning was found in schizophrenia (Tas et al., 2018).
However, no associations were found with the levels of social support and basal oxytocin levels in
patients. Similar connections could be anticipated in high schizotypy.
Overall, the evidence suggests a clear link between stress perception and the levels of coping and
resilience. Several theoretical frameworks exist which suggest both to contribute to the
development of schizophrenia.

1.5. Models of stress vulnerability and resilience in
schizophrenia/psychosis
In 1957, Conrad Waddington proposed the idea of an epigenetic landscape as a powerful metaphor
of the effect the genetic predisposition and environmental factors have on the development of a
cell. In short, cells represented by balls roll downhill through a landscape, representing development
through life, with bifurcating valleys, representing various possible cell fates or developmental
trajectories. The ridges between the valleys maintain the ball’s trajectory or the cell fate once it has
been chosen through an environmental factor (Ferrell Jr, 2012). Although this metaphor was first
applied to the development of a cell, it appears that similar processes and factors are affecting the
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entire organism in the development of psychopathology. One of the most prominent environmental
factors is stress. Several theories or hypotheses have been proposed to incorporate stress into a
model of schizophrenia or psychosis (Van Winkel et al., 2008).
The diathesis-stress model is a common framework for a range of pathologies such as chronic pain,
post-traumatic stress disorder, cardiovascular diseases, or cancer (Dworkin & Banks, 1999;
Grossarth-Maticek et al., 1994; Hankin & Abela, 2005; McKeever & Huff, 2003). Following works of
Zubin and Spring (1977), Walker and Diforio (1997) have described a diathesis stress model of
schizophrenia, which was updated in 2010 and further extended in 2017 by Pruessner et al. (2017).
The neural diathesis-stress model suggests that certain vulnerability (or diathesis) factors such as
genetic predisposition, early life adversity, chronic or repeated stress and resilience factors
contribute to the development of schizophrenia (Pruessner et al., 2017). This development is clearly
marked by HPA axis dysregulation, evident in altered levels of basal, stress-induced, and awakening
cortisol levels (Girshkin et al., 2014; Walker et al., 2008). In contrast, blunted cortisol response in
schizophrenia patients was largely consistently reported for stress response to psychosocial stressor
(Zorn et al., 2017). A range of other processes and effects, such as neurotransmitter activity,
epigenetic effects, neuroinflammatory processes, altered GRs, cognitive deficits and brain
degenerative processes, constitute further neurodevelopmental alterations and seem to have a
bidirectional relationship with the altered HPA axis function (Pruessner et al., 2017). The severity of
the psychosis progression corresponds with the severity of the symptoms and ranges from a phase
presenting with antecedents of psychosis, the prodrome or clinically high-risk phase, next the phase
of first episode psychosis and, finally, progression to a chronical illness (see Figure 1.5).
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Figure 1.5
The revised and extended neural diathesis-stress model of schizophrenia

Notes. From Pruessner, M., Cullen, A. E., Aas, M., & Walker, E. F. (2017). Neuroscience and biobehavioral
reviews the neural diathesis-stress model of schizophrenia revisited: an update on recent findings considering
illness stage and neurobiological and methodological complexities. Neurosci Biobehav Rev, 73, 191-218.
Copyright 2016 by Elsevier Ltd.

Interestingly, the extended model does not mention high schizotypy within the antecedents of
psychosis. Instead, it is referring to individuals with subclinical psychotic symptoms, genetic high risk,
clinical high risk, ultra-high risk, and schizotypal personality disorder in the early or prodromal stages
of the continuum. The consensus on schizotypy, however, suggests that it is a collection of not only
genetic predispositions to schizophrenia but also of a specific psychological organisation, which
constructs a vulnerable phenotype represented on the early stages of the psychosis progression, yet
not inevitably leading to its full development. This wider construct might be instrumental in
explaining the likelihood of a transition from a healthy to a pathological state on the psychotic
continuum within the diathesis-stress model.
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While the diathesis-stress model does not incorporate the developmental windows when disruption
in the developmental trajectory occurs, the two-hit hypothesis is seeking to account for the complex
interplay between genetics, developmental biology and a late onset of schizophrenia (Maynard et
al., 2001). It suggests the “first hit” to happen through disruptions of the central nervous system by
genetic and environmental factors during the early development. These early disruptions may affect
cell-to-cell signalling, morphogenesis, as well as differentiation in the brain and periphery and thus
may result in an increased chronic vulnerability to a “second hit”, which then ultimately leads to the
onset of schizophrenia. The “second hit” may involve the same pathways as in the first hit, but occur
in an adolescent or adult brain (Maynard et al., 2001). In extension to this, the three-hit hypothesis
suggests that first genetic susceptibility, then early life adversity, and finally adolescent and adult
psychosocial stressors constitute the three hits which result in schizophrenia symptoms (Daskalakis,
2011). However, similar to the diathesis-stress model, neither of the “hit” models includes
personality aspects, such as schizotypy, as a risk factor.
Selten and Cantor-Graae (2005) proposed social defeat as an overarching risk factor for the
development of schizophrenia in association with stress. They defined social defeat as the negative
experience of being an outsider, i.e., being excluded from the majority group, which was suggested
to be the common denominator of some of the most potent frisk factors for the development of
schizophrenia: childhood trauma, low intelligence, urban upbringing, migration, and substance
abuse (Selten et al., 2013). An important aspect of this hypothesis is that social defeat has a
subjective level, meaning that the defeat has to be perceived by the individual to pose as a risk
factor for psychopathology (Selten et al., 2013; Van Winkel et al., 2008). Such subjective experience
centred approach suggests an involvement of perception, which may be influenced by personality
traits, such as schizotypy.
Further conceptualisation of cumulative stress exposure as a major risk factor for the development
of schizophrenia appears in the behavioural sensitisation to stress hypothesis. Sensitisation refers to
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the process when repeated exposure to a stimulus increases the behavioural and biological response
to a later exposure to a similar stimulus, even if the stimulus is not as severe (Van Winkel et al.,
2008). Thus, intense experiences of childhood adversity may facilitate increased emotional and
psychotic reactions to daily life stress. The cumulative impact of daily stressors may then ultimately
lead to the development of severe impairment (Van Winkel et al., 2013).
Van Winkel et al. (2008) suggested that a sensitisation may transfer the initially subclinical or
schizotypic levels of psychosis expression to a clinical state of need for care. Thus, this hypothesis
seems to include the non-clinical high schizotypy, although there is no mention of factors reflecting
personality organisation. There is also no clarification on the origin of the subclinical schizotypic
levels and whether the proposed vulnerability to psychopathology applies to a spectrum within the
entire population or just a narrow subgroup.
Cumulative stress exposure also plays a role in the psychosis proneness-persistence-impairment
model (Van Os et al., 2009). It suggests that psychosis proneness, evident through expression of
subclinical symptoms of psychosis, may become abnormally persistent during individual
development, which will finally lead to a clinically relevant impairment. This development depends
on the level of exposure to additional environmental risks.
The psychosis proneness-persistence-impairment model clearly advocates the existence of a
continuum, which includes schizotypy (Van Os et al., 2009). However, it also stresses the distinction
between subclinical psychotic experiences (with a prevalence of around 8%) and subclinical psychotic
symptoms (with a prevalence of around 4%). The latter are associated with a subjective distress and
help-seeking behaviour, yet often do not result in a diagnosis of a clinical psychotic disorder,
whereas the former are not associated with subjective distress. However, the existence of such
benign psychotic-like experiences is not explained in the psychosis proneness-persistenceimpairment model.
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Like most stress-related models, the differential susceptibility model suggests that some individuals
are more susceptible to others to develop a pathology due to genetic and environmental risk factors.
In contrast to the currently dominant perspective of the diathesis-stress model, the differential
susceptibility model suggests that more susceptible individuals are more sensitive to both, negative
or risk-promoting as well as positive, development-promoting conditions (Ellis et al., 2011). Although
such models have been proposed for anxiety (Chen et al., 2015; Pérez-Pérez et al., 2018), there is
little evidence for differential susceptibility in psychosis and schizophrenia. However, this gap might
be bridged by further investigation of the long-established connection between high schizotypy and
beneficial outcomes such as creativity (see Chapter 1.5).
The presented selection of stress-related models shows that stress exposure and coping resources
have been largely acknowledged as some of the major risk factors for the development of
schizophrenia and psychosis (Cherian et al., 2019). However, associations of stress with schizotypy as
a personality trait remain largely unexplored. Questions also remain on which genetic variants and
which environmental impacts interact to form a maladaptive and therefore risky developmental
trajectory, the exact mechanisms of this interaction, and which role schizotypy might play in that
equation. Therefore, recent research has been increasingly investigating genetic and epigenetic
mechanisms, using the information provided by the genetic code. In the following, some of the basic
concepts within genetic research relevant for this project are briefly introduced.
Deoxyribonucleic acid (DNA) consists of a double string of nucleotide sequences, which form genes.
The DNA folds into structures called the chromosomes, the collection of which within a cell is called
the genome. An individual’s unique set of genetic information is called the genotype, whereas the
expression of the genes which form the appearance of the organisms and their behaviour is called
the phenotype. The DNA sequence has several functional and non-functional regions. The introns
or intragenetic regions are non-coding regions of DNA, i.e., they do not carry information needed
to create proteins. The function of introns is still being debated, but during the creation of the
messenger ribonucleic acid (mRNA), these regions are removed by splicing. The remaining regions
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needed for encoding a protein in the future are called expressed regions or exons. Promotor regions
regulate and/or initiate the expression of a gene (Burge & Karlin, 1998). Humans share a large
proportion of the same DNA sequence, however variations occur. A substitution of a
single nucleotide at a specific position in the genome that is present in a sufficiently large fraction of
the population (e.g., 1% or more) is called single nucleotide polymorphism or SNP (Brookes, 1999). A
collection of SNPs that tend to be inherited together and can refer to a combination of alleles or to a
set of SNPs found on the same chromosome are called the haplotype. The Hardy-Weinberg
equilibrium or HWE is a theorem/model which states that allele and genotype frequencies in a
population will remain constant from generation to generation in the absence of other evolutionary
influences. Deviation from equilibrium is typically regarded as indication of unsuccessful/unreliable
genotyping (Attia et al., 2010). Furthermore, previous research has established the presence of
linkage disequilibrium, or non-random association of alleles of different loci (Slatkin, 2008). This
helps to inform the haplotype tagging set or identification of a collection of SNPs in a haplotype
set of interest necessary and sufficient to derive all the SNPs in the set (Wall & Pritchard, 2003).

1.6. Genes associated with HPA axis and psychotic-spectrum
disorders – spotlight on FKBP5
One of the most prevalent hypotheses for the development of psychotic disorders is the
hyperdopaminergic activity in the mesolimbic area (Meltzer & Stahl, 1976). More recently, it was
suggested that a dysbalanced HPA axis may interfere with the dopaminergic pathway through an
impairment of GRs (Van Winkel et al., 2008; Walker & Diforio, 1997). However, increased expression
(i.e., higher levels of related mRNA) of NR3C1, encoding the GR and thus directly involved in the HPA
axis regulation, has also recently been found to increase psychotic risk independently of cortisol
levels and other relevant factors such as sex, age, cannabis use, and antipsychotic intake indicating
an independent role for psychosis susceptibility involving the HPA axis (Iftimovici et al., 2020). In
order to investigate potential genes associated with the HPA axis imbalance, gene-wide analysis of
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DNA from 2327 participants with Northern European ancestry was conducted using all available
genetic variations in 30 genes relevant to HPA-axis functioning on various stress-related phenotypes
(Gerritsen et al., 2017). In contrast to widely known genome-wide association studies (GWAS), which
assess variations within the entire genome based on specific SNPs, the gene-wide analyses search
for patterns of association from multiple locations within genes (Escott-Price et al., 2014; Moskvina
et al., 2009; Neale & Sham, 2004). Gene-wide effects were found for CRH, the gene encoding the
corticotropin releasing hormone, on increase in amygdala volume. AVPR1A, the gene encoding the
vasopressin receptor, as well as CYP11A1 and CY17A1, the genes associated with biosynthesis of GC,
were found associated with decreased hippocampal volume and increased cortisol response to
dexamethasone test.
Other genes identified as relevant for cortisol response to dexamethasone or cortisol awakening
response were the leptin gene LEP, the aldo-keto reductase family 1 gene AKR1D1, as well as
SERPINA6, one of the genes encoding corticosteroid-binding globulin (Gerritsen et al., 2017). In
participants with childhood maltreatment experience, stronger association of NR3C2, the gene
coding for the MR, with hippocampal and amygdala volume, MDD status, and cortisol response to
dexamethasone test was found in comparison to participants without childhood adversity. Genomewide analysis has also identified another stress-related gene, FKBP5, which is involved in the
negative feedback loop of the HPA axis. Since it has been long acknowledged that normalisation of
HPA activity is a prerequisite for sustaining a physiological and mental balance (Holsboer-Trachsler
et al., 1991; Zobel et al., 2010), FKBP5 has become one of the most prominent and well-studied
stress-related genes (Hawn et al., 2019).

1.6.1 FKBP5 gene
FKBP prolyl isomerase 5 or FK506 binding protein gene FKBP5, encoding the FKBP51 protein (see
1.6.3), is situated on Chromosome 6 (6p21.31, 35,573,585 bp - 35,728,583 bp) (NCBI, 2020). The
activation of FKBP5 mRNA by glucocorticoids is moderated by common genetic variants, or single
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nucleotide polymorphisms (SNPs), found within the FKBP5 gene locus. Previous studies have
suggested rs1360780 to be the main functional single nucleotide polymorphism (Klengel et al.,
2013). This SNP disrupts an intronic TATA-box binding protein site close to a GRE in intron 2,
associated with three-dimensional structural changes of the DNA. In individuals with high induction
allele A/T, the intronic GRE next to the SNP contacts the transcription start site, increasing the
chance of FKBP5 gene being transcribed and FKBP51 protein being expressed (Figure 6 b, c), whereas
this is not the case in individuals carrying the low induction allele C/G (Figure 6 a, c) (Klengel et al.,
2013; Matosin et al., 2018). Overall, the effects of risk-allele result in GC resistance, which is evident
through higher FKBP51 and cortisol levels in response to stressor and prolonged recovery period
(Figure 6 c) (Zannas & Binder, 2014).

Figure 1.6
Allele-specific (rs1360780) differences in DNA 3D conformation & resulting effects on feedback of the HPA axis

Notes. From Zannas, A. S., & Binder, E. B. (2014). Gene–environment interactions at the FKBP5 locus: Sensitive
periods, mechanisms and pleiotropism. Genes, Brain and Behavior, 13(1), 25-37. Copyright by 2013 by John
Wiley and Sons.
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The minor T allele of FKBP5 SNP rs1360780, has been associated with increased FKBP51 protein
levels, reduced basal cortisol levels and impaired negative feedback following dexamethasone (DEX)
test and psychosocial stress (Binder et al., 2004; Ising et al., 2008; Klengel et al., 2013). Although
rs1360780 is now widely recognised as the main functional SNP of FKBP5 (Klengel et al., 2013), other
minor alleles of SNPs such as rs9470080 T-allele, rs7748266 T-allele, rs9394309 G-allele, rs9296158
A-allele and rs3800373 G-allele have also been associated with reduced basal cortisol levels and
impaired negative HPA feedback to DEX and psychosocial stress (White et al., 2012). FKBP5
polymorphisms are further associated with antidepressant resistance and show interactions for this
with other HPA axis related genes such as CACNA1C (Fabbri et al., 2018). FKBP5 variants have been
associated with multiple psychopathologies, such as PTSD, depression, schizophrenia, and psychosis
(see Figure 7, Gao et al., 2016; Sinclair et al., 2013; Stramecki et al., 2020).
Figure 1.7
Schematic overview and associations of FKBP5 single nucleotide polymorphisms with
psychopathology

Notes. Introns are represented by rectangles. From Criado-Marrero, M., Rein, T., Binder, E. B., Porter, J. T.,
Koren III, J., & Blair, L. J. (2018). Hsp90 and FKBP51: complex regulators of psychiatric diseases. Philosophical
Transactions of the Royal Society B: Biological Sciences, 373(1738), 20160532. Royal Society, 2018.
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Only a few studies have reported main effects of FKBP5 variants (Matosin et al., 2018), and absence
of associations were also reported (Gawlik et al., 2006). However, a more robust evidence for FKBP5
genotype by childhood adversity interactions exists, with minor FKBP5 haplotype posing an
increased risk for the development of psychopathology (e.g., PTSD, depression, psychosis-spectrum
disorders) in the presence of childhood adversity (Matosin et al., 2018), leading to investigations of
the underlying epigenetic mechanisms.

1.6.2 FKBP5 epigenetics
Analyses of individual gene variations can reveal the hereditary processes and incidence of risk
factors associated with a particular adversity in a population. However, merely knowing the
genotype does not allow conclusions on whether these genes become activated and thus functional
and whether and how certain environments or events contribute to their expression (Biémont,
2010). With the rise of the field of epigenetics in the 20th century, there has been an increasing
understanding that environmental factors play a role in gene expression and the development of
most complex conditions including cardiovascular diseases, diabetes, cancer, and psychoticspectrum disorders (Chaumette et al., 2016; Handel et al., 2010; Hoffmann et al., 2017; Zannas et al.,
2016).
An epigenetic trait results from changes in the chromosome structure or its expression which are not
caused by alterations in the DNA’s nucleotide sequence (Berger et al., 2009). Thus, several
phenotypic expressions are possible from the same genome. The mediating role of environmental
factor childhood maltreatment in epigenetic changes has been widely researched and supported by
robust evidence (Guintivano & Kaminsky, 2016; Lutz et al., 2015; Tyrka et al., 2015). Several
mechanisms, such as histone modification, activity of non-coding RNA, DNA demethylation or
methylation, affect the DNA disposition for the gene transcription process and thus contribute
towards one of the biological mechanisms by which gene and environment interactions contribute
to vulnerability for the development of disorders (Berger et al., 2009).
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DNA methylation is thought to be the most stable form of epigenetic alteration (Reik, 2007). It
involves the addition of a methyl group at sites within the DNA sequence where a cytosine
nucleotide occurs next to a guanine nucleotide, the so called CpG dinucleotides or CpG islands (Tyrka
et al., 2015). Among other mechanisms, methylation can block the binding of transcription factors to
interfere with gene expression (Klengel et al., 2013; Tyrka et al., 2015). Consequently, genes with
low levels of promoter methylation are highly expressed and vice versa (Braun et al., 2019; Tyrka et
al., 2015; Wagner et al., 2014). Apart from early adversity, changes in methylation levels have been
also associated with age (Lund et al., 2019) and substance use (Cecil et al., 2016).
In the case of FKBP5, it has been hypothesised that early life stress can result in excessive release of
cortisol and as such could lead to epigenetic changes in the GREs of FKBP5. This in turn would
disrupt the ultra-short feedback loop balancing FKBP51 and GR activity, further dysregulation of the
HPA axis and increased risk for psychopathology (Klengel et al., 2013). Associations between low
methylation of FKBP5 and childhood adversity were found in MDD patients carrying the rs1360780
high-risk allele T (Klinger-König et al., 2019; Tozzi et al., 2018). In addition, lower average
methylation levels of FKBP5 intron were associated with reduced grey matter volume and higher
task-related higher activation of inferior frontal orbital gyrus (Tozzi et al., 2018), as well as mediated
association between childhood adversity and inhibition-related prefrontal activity (Harms et al.,
2017).
Interestingly, severe stress exposure was found to even have an intergenerational effect on FKBP5
methylation. In Holocaust survivors, methylation levels were 10% higher in comparison to controls
(Yehuda et al., 2016). However, in the Holocaust survivors’ offspring, methylation levels were lower,
although the methylation levels of both generations were significantly correlated. In addition, in
Holocaust offspring, childhood physical and sexual abuse was positively associated with methylation
levels at another site in major rs1360780 allele carriers, and negatively associated in minor allele
carriers. Hence, authors suggested the possibility of site specificity to environmental influences.
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Furthermore, average FKBP5 methylation was associated with awakening cortisol levels, supporting
functional relevance of methylation (Yehuda et al., 2016).
Associations between epigenetics of stress and schizophrenia-spectrum disorders have been long
hypothesised (Diwadkar et al., 2014). Alterations in methylation levels were found in association
with schizophrenia and bipolar disorder in various genes associated with the wider stress response,
encoding reelin, dopamine, brain-derived neurotrophic factor, glutamate, and serotonin
(Teroganova et al., 2016). The first study analysing specifically FKBP5 DNA methylation in 24
schizophrenia spectrum patients and 24 age and gender matched controls, revealed significant
demethylation in patients at three CpG sites in intron 7 (Mihaljevic, Franic, et al., 2017).
Overall, demethylation of FKBP5 in interaction with minor allele was found to be associated with
structural and functional impairments, facilitated by the overexpression of the FKBP51 protein.

1.6.3 FBP51 protein
FKBP51 is expressed in many tissues such as fat, ovaries, lymph nodes, spleen, oesophagus, etc.
(NCBI, 2020). Overexpression of FKBP51 protein and the resulting decrease in glucocorticoid
receptor activity have been reported to disturb the negative feedback loop of the HPA axis (Fries et
al., 2017; Galigniana et al., 2012). GRs are transcriptional factors, which reside in the cell’s cytosol
attached to a heterocomplex of chaperones or a variety of proteins which participate in folding of
mammalian proteins (see Figure 1.8, Leistner & Menke, 2018). These include heat shock protein 90
(hsp90), the heat shock protein 70 (hsp70), the Hsp90-binding protein p23, cyclosporine A-binding
protein (CyP40), Hsp70/Hsp90 organising protein (Hop), and the immunophilin FK506-binding
proteins 52 (FKBP52) or 51 (FKBP51) (Davies et al., 2002; Leistner & Menke, 2018).
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Figure 1.8
The hypothalamic-pituitary-adrenal (HPA) axis and glucocorticoid receptors

Notes. A detailed depiction of processes involved in cortisol release through the HPA axis (on the left) and the
role of glucocorticoid receptor chaperone complex consisting of FKBP51/FKBP552, Hsp90, p30 (on the right) in
nucleus translocation and genetic expression of glucocorticoid receptor.
From Leistner, C., & Menke, A. (2018). How to measure glucocorticoid receptor’s sensitivity in patients with
stress-related psychiatric disorders. Psychoneuroendocrinology, 91, 235-260. Copyright 2018 by Elsevier.

In the absence of cortisol, FKBP51 is bound to hsp90, decreasing the GRs affinity to GCs. When
cortisol diffuses through the cell membrane into the cytoplasm, it binds to GR, which leads to an
exchange of the co-chaperone FKBP51 (encoded by the FKBP5 gene) for FKBP52 (encoded by the
FKBP4 gene). The resulting activated form of GR-complex recruits dynein through FKBP52 and is
translocated from cytosol to the nucleus (Davies et al., 2002). There it binds to the glucocorticoid
response elements and either increases transcription of anti-inflammatory proteins as a dimer
(transactivation) or represses transcription of pro-inflammatory proteins as a monomer
(transrepression) (Davies et al., 2002; Fries et al., 2017; Leistner & Menke, 2018).
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This increases the transcription of FKBP51 protein itself, thereby creating an ultra-short feedback
loop which calibrates both GR activity and FKBP51 expression to regulate cellular and physiological
stress response, by influencing the negative feedback loop of the HPA axis (Fries et al., 2017; Leistner
& Menke, 2018). Interpretation of expressed FKBP51 protein levels may therefore be difficult, as
high levels may be both indicative of either increased GR activity (GRs targeting FKBP51) or
decreased GR activity (FKBP51 targeting GR)(Fries et al., 2017). In contrast, FKBP52 does not appear
to be regulated by the level of glucocorticoids (Fries et al., 2017). Furthermore, FKBP51 modulates
not only glucocorticoid, but also androgen, estrogen and mineralglucocorticoid activity (Stechschulte
& Sanchez, 2011) and has been reported to moderate medication effectiveness (Gassen et al., 2016),
and to be involved in the apoptosis in malignant melanoma (Romano et al., 2010). To add to the
complexity, other steroids besides the GCs called tetracopeptide repeated proteins (TRP) are able to
bind to the hsp90 and compete with FKBP51 and FKBP52 for position within the heterocomplex
(Fries et al., 2017). Therefore, the transcription function of FKBP51 depends not only on the
concentration of GCs and GRs, but also on the levels of associated and/or competing proteins, and
further conditions such as phosphorylation of GRs or presence of enzymes responsible for GC
metabolism (Basta-Kaim et al., 2011; Davies et al., 2002).
Animal models using FKBP51 knock-out mice have associated the loss of FKBP51 with lower
vulnerability to chronic stress, more active stress coping behaviour after an acute stressor
(Hartmann et al., 2012; Rein, 2020), and decreased stress-induced anxiety behaviour (Attwood et al.,
2011). In line with these findings, high levels of FKBP51 were linked to GR resistance and reduced
coping behaviour in humans and other primates (Criado-Marrero et al., 2018; Menke et al., 2013;
Scammell et al., 2001). However, when rats were prenatally treated with lipopolysaccharide, which
induces sepsis to establish a schizophrenia model, disturbed corticosterone secretion, decrease in
GR concentration in hippocampus, and reduced expression of FKBP51 in the frontal cortex were
observed, suggesting potential variations in FKBP51 effects throughout the brain (Basta-Kaim et al.,
2011). All of these biological changes, as well as schizophrenia-like behaviour in rats were reversed
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by chronic treatment with antipsychotics, supporting the notion of GC involvement in psychoticspectrum disorders (Basta-Kaim et al., 2011).
More recently, FKBP51 was suggested to play an important regulatory role for integrating released
stress hormones as well as in serotonergic regulation of stress responses (Lesiak et al., 2020).
FKBP51 overexpression has also been associated with metabolic function, obesity, diabetes, and pain
(Hähle et al., 2019; Raabe & Spengler, 2013; Storer et al., 2011; Zannas et al., 2016). Increased
FKBP51 presence and decreased methylation of FKBP5 gene were observed in higher age in mice
(Sabbagh et al., 2014) and humans (Criado-Marrero et al., 2018; Zheng et al., 2016), as well as were
associated with inflammation and cardiovascular risk (Zannas et al., 2019), and with Alzheimer’s
disease (Blair et al., 2019; Blair et al., 2013) suggesting FKBP51 contribution to the general
pathogenesis.
A recent study has observed increased FKBP5 mRNA levels, decreased FKBP4 mRNA levels, reduced
levels of PTGES3 mRNA (precursor of p23 protein), but no differences in morning cortisol levels in
schizophrenia and schizo-affective disorder patients compared to healthy controls (Lee et al., 2019).
In patients with schizoaffective disorder, but not in schizophrenia patients or healthy controls,
peripheral FKBP5 mRNA levels positively predicted depression, anxiety and stress scores (Lee et al.,
2019). Therefore, it seems that high levels of FKBP5 mRNA and FKBP51 protein may contribute to
changes within the HPA axis, paving the way for the development of psychopathology.

1.6.4 FKBP5 and psychosis-spectrum
Common pathways of psychosis and post-traumatic stress disorder (PTSD) have been proposed,
linking symptoms of PTSD such as delusion and intrusive memory to psychotic experiences. It has
been suggested that psychotic episode may either cause PTSD, trauma may cause psychosis or both
psychosis and PTSD could be a part of a response spectrum to a traumatic event (Morrison et al.,
2003). Among the suggested mechanisms of higher vulnerability to the development of PTSD (and
possibly psychosis) is the high sensitivity of various cells for regulation by GCs after trauma, evident
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through dysregulation of cortisol response and FKBP5 expression, higher GC sensitivity of T-cells, and
higher number of peripheral GR in blood cells (van Zuiden et al., 2013).
In a 2018 systematic review and meta-analysis of 14 studies with a pooled total of 15109
participants, Wang and colleagues have concluded that individuals who carry T-allele of rs1360780,
C-allele of rs3800373 or T-allele of rs9470080 and were exposed to early-life adversity had higher
risks for PTSD (Wang et al., 2018). The same “risk” alleles of SNPs rs3800373, rs1360780, rs9470080
and rs9296158, have been previously linked to the development of intrusive memories (Cheung &
Bryant, 2015). There are also clear associations of FKBP5 rs1360780 with anxiety, which may be
related to paranoid thoughts in psychotic-spectrum (Minelli et al., 2013).
The following section presents an attempt at a comprehensive systematic summary on the evidence
for the association between FKBP5 gene variants and psychotic spectrum in humans.

1.6.4.1 FKBP5 in established psychiatric diagnoses
In psychotic disorder patients, rs9296158 was found to moderate the effect of childhood trauma on
psychotic symptoms, whereas in their unaffected, yet at genetic-risk, siblings interaction with
trauma was found for rs4713916 and rs992105, and no association was found in healthy controls
(Collip et al., 2013). In schizophrenia, a main genetic effect of minor rs9296158 A allele and
rs3800373 T allele, as well as of AGTC haplotype combination of rs9296158, rs3800373, rs9470080
and rs737054 was found, particularly when considering childhood trauma as a confounding factor
(Mihaljevic, Zeljic, et al., 2017). The same study has also reported strong relationship between
neuroticism and psychotic experiences both in schizophrenia patients and in their first-degree
relatives, with higher levels of neuroticism associated with risk variants of FKBP5 SNPs.
Green et al. (2015) have investigated the IQ and other cognitive domains in schizophrenia patients
and healthy controls with or without childhood maltreatment. They have found significant main
effects of rs1360780 and childhood maltreatment, as well as an interaction of genotype and
childhood trauma showing worse attention in the context of maltreatment in homozygotes, both in
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schizophrenia and healthy participants. In schizophrenia, homozygote carriers of T allele of
rs1360780 showed worse global neuropsychological function, regardless of any childhood trauma
experience. One major limitation of this study was the high percentage of medicated schizophrenia
participants (99%) taking antipsychotics, mood stabilisers and anti-depressants, which might have
independently, or in interaction with genotype, affected the cognition. Only nominal associations
with cognitive functioning in schizophrenia have been reported for FKBP5 rs1334894, with no
associations in siblings or healthy control group (Simons et al., 2013). Interestingly, no childhood
trauma was assessed in that study, potentially missing a gene by environment interaction effect.
Indeed, significant negative effect of genotype and childhood adversity, as well as their interaction,
on executive function was reported for rs9470080 T-allele carriers in schizophrenia, but not for
healthy participants (Raudino et al., 2014).
In bipolar disorder (BD) I and II, rs4713902, rs7757037, rs9296158, rs3800373 and rs9380535
showed association with BD, as well as with the number of depressive episodes (Willour et al., 2009).
Weak associations between FKBP5 minor or “risk” haplotype with suicide history in BD, but not with
psychotic features or melancholic depression were suggested (Leszczyńska-Rodziewicz et al., 2014).
A GWAS study by Breen et al. (2016) has investigated the associations of 481 variants on coding and
regulatory regions in or near FKBP5 with suicidal behaviour in BD patients with and without previous
suicide attempt. Of all considered FKBP5 SNPs, only rs141713011 was significantly associated with
suicide attempt in BD. However, it is not possible to clearly establish whether this SNP was
associated with suicidal behaviour only, due to the lack of a control group with previous suicide
attempters without a BD diagnosis. Introducing such group would also give more information on
possible SNPs associated with BD only, albeit this was not the primary goal of this study. More
recently, homozygous carriers of minor FKBP5 alleles of rs3777747 and rs2766533 were associated
with up to 2.9 higher risk of suicidal behaviour in BD than in other genotypes (Segura et al., 2019). In
borderline personality disorder (BPD), which includes psychotic symptoms, FKBP5 alleles T of
rs3798347 T and A of rs10947563 were found to be more frequent in patients with a history of
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emotional neglect and physical abuse than in patients without, however no information was
collected on childhood trauma in the healthy control group to inspect whether these SNP
associations were specific for BPD only (Martín-Blanco et al., 2016).
In summary, previous research presents supporting evidence for the association of FKBP5 variants,
especially in interaction with childhood trauma, with established clinical diagnosis of psychosisspectrum, associated suicidal behaviour and cognitive impairment. However, several studies did not
find any main or interaction genetic effects of FKBP5 SNPs rs380373, rs7413916 and rs1360780 on
psychosis outcome in psychotic major depression (Schatzberg et al., 2014) or on cognition in
schizophrenia, bipolar disorder (Memic et al., 2018), and in affective psychosis (Gawlik et al., 2006)
when compared to healthy controls. Interestingly, in the latter study, the minor allele haplotype of
rs380373 and rs1360780 was associated with longer duration of the disorder.

1.6.4.2 FKBP5 and first episode psychosis
Ajnakina et al. (2014) have investigated the relationship between FKBP5 rs1360780 and the
incidence of the first-episode psychosis, showing main genetic effect of the high-induction allele
when adjusting for cannabis use and adverse parental care and an interaction between SNPs and
parental care. An interaction effect of childhood abuse and rs1360780 on cortisol awakening
response (CAR) was found in the first episode psychosis, but not in healthy controls (Mondelli et al.,
2016). The “risk” FKBP5 haplotype comprised of SNPs rs380373, rs9296158, rs1360780, and
rs4470080 was found to have interaction effects with early childhood adversity, but not with current
stress, on momentary psychotic experiences in first-episode psychosis. Independently of genetic
variants, both early life and current stress was associated with psychotic experiences in both firstepisode and healthy individuals (Cristóbal‐Narváez et al., 2017).
Another recent study observed interaction of both positive and negative daily-life experiences with
FKBP5 haplotype consisting of SNPs rs3800373, rs9296158, rs1360780, and rs9470080 on psychosis
risk (Cristóbal-Narváez et al., 2020). Assessment of psychotic experiences during a one-week period
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by 233 nonclinical and 86 early-stage psychosis participants revealed that the protective major
FKBP5 haplotype moderated the association between positive daily experiences and diminished
psychotic experiences, as well as negative affect. Authors suggested these results may support the
sensitivity or differential susceptibility model of gene-environment interaction and stressed the need
of further investigation on coping mechanisms (Cristóbal-Narváez et al., 2020).

1.6.4.3 FKBP5 and psychotic-like experiences
Investigation of a general population sample of 401 twins assessed for psychotic-like experiences
with CAPE and childhood trauma with CTQ, revealed a main effect of trauma and a significant
interaction of childhood trauma with rs9296158, rs1043805 and rs1360780 (as well as a suggestive
interaction with rs4713916) on psychotic-like experiences (Collip et al., 2013). This study had also
collected buccal swabs 10 times on 5 consecutive days, showing a gene by childhood trauma effect
on mean cortisol levels for rs9296158, rs4713916 and as well as a trend for rs1360780, with
participants homozygous for the FKBP5 “risk” alleles and higher levels of childhood trauma showing
lower mean cortisol levels than other genotypes.
A main genetic effect of rs1360780 on negative psychotic experience (Alemany et al., 2014) and a
gene by childhood trauma interaction (Alemany et al., 2014; Alemany et al., 2016) were found, with
homozygote TT carriers reporting higher positive psychotic experiences in the presence of childhood
abuse than homozygote AA carriers.
An interaction between bullying and FKBP5 haplotype (rs3800373, rs9296158, rs1360780) was
associated with positive, but not negative psychotic-like experiences, paranoia and negative affect
assessed through experience sampling methodology of non-clinical young adults. The interaction has
also moderated the evaluation/perception of social stress, with associations increasing in “risk”
haplotype carriers compared to non-carriers (Cristóbal-Narváez, Sheinbaum, Rosa, et al., 2016).
Psychoticism, a closely related concept to positive schizotypy, was predicted by neuroticism and
childhood trauma as well as by the interaction of childhood trauma and rs9296158, rs3800373, and
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rs9470080 in a healthy population (Mihaljevic et al., 2015). A trend-level main effect of rs1360780
and significant interaction between childhood trauma and genotype on CAPE score was reported in
twins and triplets recruited from the general population (van Winkel et al., 2010). The effect
increased in dose-response pattern, depending on T allele presence. Additionally, there was a FKBP5
by childhood trauma interaction on mean cortisol levels, with TT genotypes displaying lower mean
cortisol levels after trauma exposure, although there were no further details presented on the
measurement of the mean cortisol levels (van Winkel et al., 2010). One study has reported no
association of FKBP5 haplotype and schizotypy, regardless of childhood trauma experiences.
However, an interaction effect of rs3800373, rs9296158 and rs1360780 was shown on anxiety, a
construct closely related to negative schizotypy, with CAT haplotype carriers showing lower anxiety
scores that other haplotype carriers. The childhood trauma itself had a main positive effect on
schizotypy, psychotic-like experiences and anxiety symptoms (de Castro-Catala et al., 2017).
Overall, the review on FKBP5 involvement in psychotic-spectrum incidence and symptoms in humans
returned mixed results. There was only scarce evidence for a main FKBP5 genetic effect, but strong
evidence for a gene-environment interaction effect with childhood adversity across the continuum
of psychosis, suggesting shared stress-sensitivity mechanisms. The collated research evidence
proposes FKBP5 to be more clearly involved in the sub- and peri-clinical psychotic stages, although
this might be a result of underreporting of negative outcomes in the grey literature and lack of
rigorous peer review process. Considering all the evidence, a recent narrative review of the evidence
of association between FKBP5 and pathophysiology of schizophrenia suggested possible use of novel
therapeutic agents to influence HPA axis activity related to the FKBP51 especially in individuals
exposed to childhood adversity (Stramecki et al., 2020).
In addition to findings supporting genetic association with FKBP5 and the discrete diagnostic entities
of mental health disorders it is also of interest to look at these associations from the perspective of
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the dimensional framework of schizotypy and to see how these may relate to the positive, negative,
disorganised, and impulsive dimensions.
In terms of links with cognitive disorganisation, FKBP5 rs9296158 A allele has been shown to interact
with early-life adversity to affect working memory with worse performance on Stroop word task and
cardiac stress reactivity with lower heart rate response to stress (Lovallo et al., 2016). The T-allele of
rs1360780 was associated with poorer attention/concentration (Fujii, Ota, Hori, Hattori, Teraishi,
Matsuo, et al., 2014). Homozygote FKBP5 rs1360780 T allele carriers from the general population
who have experienced childhood abuse showed widespread structural brain volume reductions in
the subcortical and cortical emotion‐processing brain areas (Fujii, Ota, Hori, Hattori, Teraishi,
Sasayama, et al., 2014; Grabe et al., 2016; Tozzi et al., 2016). Disturbances in brain processing with
risk alleles of the FKBP5 polymorphism rs3800373, rs9296158, rs1360780 and rs9470080 were
associated with altered resting-state activity in a frontotemporal-parietal network, representing one
possible mechanism of vulnerability to dysfunctional stress reactions (Bryant et al., 2016). Increased
amygdala volume and activity, as well as increased coupling with left hippocampal area and
orbitofrontal cortex (OFC) were shown in homozygote T-allele carriers of rs1360780 who have
experienced childhood trauma, with reduced effects in heterozygote carriers, compared to noncarriers. The amygdala-OFC connectivity in heterozygote T carriers was further associated with high
depression scores (Holz et al., 2015), suggesting disturbed emotional processing associated with this
FKBP5 polymorphism. The increased amygdala reactivity associated with FKBP5 polymorphisms in
interaction with childhood maltreatment has been observed as early as adolescence (White et al.,
2012), suggesting rapid structural changes in the presence of gene by environment interaction risks,
paving the way to further disruption in adulthood.
In terms of links with negative dimension and specifically anhedonia, the interaction of FKBP5
variants with childhood adversity on affectivity has been long established (Appel et al., 2011; Binder,
2009; Matosin et al., 2018). A 2011 prospective longitudinal study was able to show a higher
incidence of major depression in previously unaffected homozygotes of minor allele after 10 years
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(Zimmermann et al., 2011). Recent reviews and meta-analyses confirmed a higher risk for the
development of depression in the presence of childhood adversity in carriers of T-allele of
rs1360780, C allele of rs3800373 or T allele of rs9470080 (Hernandez-Diaz et al., 2019; Wang et al.,
2018) and of rs4713916 (Appel et al., 2011). In a healthy population sample, FKBP5 T allele of
rs1360780 was associated with dysfunctional attitudes especially those about achievement and selfcontrol (Suzuki et al., 2014). While this suggests poor emotion regulation, which confers further
vulnerability to affective disorders, facial emotion recognition, which is critical for social interactions,
has also been recently suggested to be affected by FKBP5 polymorphisms, among other HPA-related
genes (Hartling et al., 2019).
When considering links with impulsive nonconformity dimension, associations between FKBP5
polymorphisms rs3800373, rs9296158, rs1360780, and rs9470080 and childhood adversity were
found in substance dependence and overt aggressive behaviour in male prisoners (Bevilacqua et al.,
2012) and in levels of aggressive behaviour in modelling analyses in population on parole or
probation (Suchting et al., 2018). This association was not evident in adults only; in children with
extreme, pervasive, and persistent aggression the rs9470080 polymorphism was associated with
physiological anxiety, while rs4713916 polymorphism interacted with maltreatment to influence
externalizing traits (Bryushkova et al., 2016).
In summary, previous research provides compelling empirical evidence for the association between
FKBP5 polymorphisms, such as rs3800373, rs9296158, rs1360780, and rs9470080, with psychoticspectrum disorder and schizotypal traits specifically. The few existing investigations of stress
perception and physiological stress-reactivity (CAR, mean cortisol levels over a few days), point
towards lower cortisol levels in high schizotypy with risk FKBP5 haplotype, however no investigations
of either acute or chronic cortisol response in schizotypy associated with FKBP5 genetic variants
were conducted. There was also no direct investigation on stress resilience, which has been recently
described as a moderation factor in the interaction between FKBP5 polymorphisms and childhood
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trauma on depressive symptoms (Kang et al., 2020) and might be expected to moderate the
epigenetic effects in schizotypy.

1.7 Rationale for this PhD project
The field of study of schizotypy and schizotypal traits is in current expansion and several questions
remain unresolved (Fonseca-Pedrero et al., 2018). Despite the presented cumulative evidence for
the genetic and environmental influences on sub-clinical psychotic-like experiences, the broader
concept of schizotypy is not incorporated in any of the current stress-vulnerability models of
schizophrenia and psychosis (see Chapter 1.5). Neither is the personality construct of schizotypy
routinely considered as a potentially impactful factor in stress research, although compelling yet
scattered evidence exists on schizotypy’s associations with stress response and vulnerability.
Considering that high schizotypy levels are widely present in non-clinical population, understanding
of associations of schizotypy with stress vulnerability and resilience would be of interest for
preventive and therapeutic interventions in psychopathology or general stress-management.
Therefore, the aim of this thesis was to investigate the associations of schizotypy with stress
vulnerability further and more systematically. This was achieved by a careful design of studies aiming
to incorporate assessment of the core stress model factors such as genetic risk (specific risk allele),
environmental risk (early life adversity), chronic stress (current life stress and stress over extended
period) and resilience factors (perceived levels of resilience and coping strategies).
For the purpose of this thesis, the fully dimensional personality approach to schizotypy was applied
in order to understand the role of this specific organisation of traits in more general, non-clinical
populations. Evident from the presented literature review, a lot of studies have used CAPE
questionnaire for the assessment of psychotic experiences. CAPE has been repeatedly confirmed to
be a reliable tool for identifying psychotic experiences in general population and has a high
resolution of psychotic experiences, allowing to inspect which types of psychotic experience are
particularly relevant (Konings et al., 2006). However, this instrument does not capture the entire
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broad concept of trait schizotypy, as introduced in Chapter 1.2, which includes positive schizotypy
(active psychotic experiences), negative schizotypy (social withdrawal, anhedonia), which are
measured by CAPE, and cognitive deficits and antisocial behaviour, which are not measured by CAPE.
The discrepancy between the studies finding effects only on positive schizotypy states and of others
on constructs related to only negative schizotypy is intriguing and invites for further research with
possibly other measurement instruments for schizotypy based on the Claridge’s fully dimensional
model, such as sO-LIFE, or alternative instruments assessing both positive and negative schizotypy
such as SPQ. Therefore, mainly sO-LIFE was employed to measure schizotypy in this thesis, due to its
conceptual dimensionality, existence of reported norm values for wider non-clinical population, and
the inclusion additional factor of the Impulsive Nonconformity. To disentangle the effect of
schizotypy as personality trait from schizotypy as a collection of clinical psychotic symptoms, as well
as to avoid confounding effects of severe psychopathology and associated medication intake, a
healthy adult population was targeted. Therefore, the final participant population consisted mainly
of university students, but also included a community-based sample.
The proposed role of FKBP5 (see Chapter 1.4.2) as a molecular hub for facilitating stress vulnerability
(Menke, 2019) makes it a promising candidate gene for further investigation in schizotypy. The most
prominent FKBP5 SNPs showing association with schizophrenia and psychosis were the functional
SNPs rs1360780 and SNPs in high linkage disequilibrium such as rs9296158 and rs3800373 (CriadoMarrero et al., 2018). Therefore, this haplotype was used to explore further associations of FKBP5
with schizotypy in the context of stress response.
Further factors relevant in stress models are childhood adversity and recent stress. Previous
literature had mainly employed the 25-item version of CTQ for the assessment of childhood trauma
(see Chapter 1.3.6). However, the short 25 item version of CTQ does not assess the potential validity
of self-report on childhood trauma, which is assessed with the additional 3-item scale of
Minimisation/Denial (MacDonald et al., 2015). Therefore, a full 28-item CTQ was applied in this
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project. To assess the recent life stress in the largely student population selected, instrument
measuring university life were used (see Chapter 2).
To thoroughly explore stress vulnerability in schizotypy, a set of studies was designed to investigate
a wide range of stressors: early life stress, recent life stress, acute laboratory stressor, chronic
stressors, and a real-life stressor. The stress response was captured both using self-report on
perceived stress, as well as via endocrinological assessments. In addition, associations with a stressrelated gene and epigenetics, which influence stress response and perception, as well as
associations with perceived resilience and coping preferences were investigated.
It was hypothesised that high schizotypy levels, in interaction with genetic predisposition and
environmental adversity, would be associated with poorer stress management than low schizotypy,
characterised by deficits in physiological and psychological response to acute and chronic stressors.
To test this overriding hypothesis, the following questions were formulated to direct the design of
individual studies:
Study 1) Are there genetic and early life stress associations with stress perception in schizotypy?
Study 2) Are there epigenetic (methylation) and early life stress associations with stress perception
in schizotypy?
Study 3) Do cortisol response and perception of stress during an acute laboratory stressor differ in
individuals with high and low schizotypy? Are there interactions with FKBP5 genotype and childhood
adversity?
Study 4) Do chronic cortisol response and stress perception over a prolonged period differ in
individuals with high and low schizotypy? Are there interactions with FKBP5 genotype and childhood
adversity?
Study 5) Are there associations between schizotypy and stress perception during a real-life stressor?
Do coping preferences moderate this association? What are the associations between schizotypy,
resilience, and coping?
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2.1 Notes on personal contributions
This PhD project would not have been possible without the interdisciplinary collaborations both
within and beyond the University of Lincoln.
Study 1 - Associations between FKBP5 genotype, childhood trauma, and stress perception in
schizotypy
Dr Marcus Harrington, previously PhD student under supervision of Dr Kyla Pennington and Dr
Simon Durrant (School of Psychology, University of Lincoln), recruited a pool of university students
(n=100) of which a number were re-recruited into this study and for whom existing DNA extracted
from salivary samples was available for further analysis as per the original consent (Ethics reference
number: SOPREC PSY16171). See Harrington et al. (2019) for more information on the original
cohort.
I formulated research hypotheses under supervision of Dr Kyla Pennington, selected the gene of
interest for my overall PhD topic based on literature searches. I then submitted the relevant ethics
application (ethics reference 2019-Mar-0473), conducted re-recruitment of participants, facilitated
participant communications, set up the questionnaire battery using Qualtrics, conducted data
collection, genotyping together with Dr Camila M. Loureiro under supervision of Dr Caroline Dalton
at the Sheffield Hallam University, as well as data analysis and interpretation.
Study 2 - Relationship between schizotypy, FKBP5 epigenetic status, and stress
Dr Kristel Klaus, previously PhD student under supervision of Dr Kyla Pennington, had recruited a
community-based, adult male cohort, extracted DNA from saliva samples and collected data on
perceived stress, anxiety, depression and latterly schizotypy, although this data had not been
analysed (ethics reference SOPREC131218KP).
I subsequently formulated the hypotheses, selected the gene and SNPs of interest, and identified
literature for the selection of methylation sites, for which the primers were then selected by Dr
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Helene Fachim (ethics reference 2019-Apr-0604). I conducted genotyping with and under
supervision of Dr Camila M. Loureiro and Dr Caroline Dalton at the Sheffield Hallam University, and
bisulphite conversion of part of the samples with and under supervision of Dr Helene Fachim at the
Salford Royal NHS Foundation Trust. Due to the COVID-19 pandemic, the rest of the samples had to
be bisulphate converted and analysed for methylation levels by Dr Helene Fachim only. I
subsequently conducted data analysis and interpretation.
Study 3 - Physiological and psychological response to acute stress in schizotypy and influence of
FKBP5 genotype
and
Study 4 - Relationship between schizotypy, perceived chronic stress, hair steroid levels, and FKBP5
I formulated the research questions, designed the study protocol, identified necessary tools,
facilitated ethical approval (ethics reference 2019-0624), and negotiated the use of key
questionnaires with the authors. I established the infrastructure for the TSST (equipment and room
bookings) and trained student research assistants (Charlotte Lincoln, Marcus Logan, Jacob
Moorcraft, Olivia Robinson) to act as panel members. To do that, I have liaised with the Chair of
Biopsychology at the Technical University Dresden to receive the state-of-the art protocol and
instructions for conducting the TSST (with consultation from Biopsychology lab in Dresden by Dr
Magdalena Wekenborg and Professor Clemens Kirschbaum).
I then conducted the set-up of the online survey, recruitment, conducted the experimental session,
collection of DNA, saliva and hair samples, participant management, research assistant management
and supervision, sample management and pre-processing. I was also involved in supporting an MRes
student project which was partly integrated into Study 3. The MRes student, Molly Youngs, helped
with the experimental logistics, data entry, and took part in the experiment as trained panel
member on numerous occasions.
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I conducted the salivary cortisol analysis via ELISA together with Dr Kyla Pennington. I conducted
DNA extraction together with Dr Kyla Pennington and Dr Caroline Dalton at the Sheffield Hallam
University. DNA extraction and genotyping of three single nucleotide polymorphisms were
conducted by Dr Caroline Dalton only, due to the COVID-19 pandemic limiting travel.
I was involved in the chemistry laboratory work establishing an in-house LC-MS/MS assay for the
analysis of hair samples for the first time at the University of Lincoln, based on the method published
previously by Sze et al. (2018) with technical support from Dr Sarir Samrad and later by Dr Alesh
Thakker under supervision of Dr Andrew Gill. My contribution included independently running pilot
and feasibility studies approved by the University of Lincoln Ethics Committee (e.g., ethics reference
2019-Jun-0625), preparing samples for the method development, identifying additional steroid of
interest and ordering missing steroids. I have also initiated and completed a laboratory internship at
the Biochemical laboratory at the Chair of Biopsychology at the Technical University Dresden, which
has further contributed to the in-house protocol modifications at Lincoln.
For the main study and the analysis of hair samples I ran all steps of sample and assay processing,
data analysis and interpretation. Dr Alpesh Thakker and Dr Andrew Gill facilitated the sample
analysis via LC-MS/MS and data pre-processing. In addition, I have arranged for a comparative
analysis of the hair samples at the Biochemical laboratory at the Chair of Biopsychology at the
Technical University Dresden.
Study 5 - Impact of schizotypy and coping strategy on mental well-being during COVID-19
lockdown in a UK student cohort
I formulated research questions, designed the longitudinal study, selected measurement tools,
facilitated ethical approval (ethics reference 2020-0624), created online questionnaire surveys,
conducted the re-recruitment of participants, data analysis and interpretation.
Several changes to the project and sample analysis had to be made due to the COVID-19 pandemic,
starting in early 2020. The changes included immediate cessation of face-to-face experiments,
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reduction of planned and partial outsourcing of remaining laboratory analyses, as well as complete
transition to online study format.
In the following chapter, methods and tools used in the project will be introduced. Background,
previous versions, and relevant findings from previous literature, such as validity measurements, will
be presented here. Validated methods, devices for sample collection, and protocols of sample
analysis used in the project are introduced. Modifications or details specific to individual studies
within the present project will be presented and discussed in the respective empirical chapters.

2.2 Self-report measures
To assess levels of schizotypy, perceived stress, early life stress, resilience, depression, and anxiety,
the following validated, self-report instruments were used across several studies within the present
project.

2.2.1 Measurement of schizotypy
2.2.1.1 sO-LIFE
The Oxford-Liverpool Inventory of Feelings and Experiences (O-LIFE, Mason et al., 1995) is a 104item questionnaire with a Yes/No answer format, measuring levels of schizotypy. It is largely based
on the fully-dimensional schizotypy model by Claridge (1997), although some of its items were
developed based on the Meehl’s schizoidia scale from the Minnesota Multiphasic Personality
inventory (MMPI, Golden & Meehl, 1979) and the Extraversion and Lie scales from the Eysenck
Personality Questionnaire (EPQ, Eysenck, 1975) among others (Grant et al., 2018).
A shorter, 43-item version was introduced in 2005 (sO-LIFE, Mason et al., 2005). Similarly to the
original version, it assesses four empirically-derived subscales that follow the symptoms of
schizophrenia (Fonseca-Pedrero et al., 2015). The Unusual Experiences subscale assesses traits that
are traditionally associated with the psychotic-like experiences and constitutes the so-called positive
schizotypy, describing perceptual aberration, hallucinations, or magical thinking (12 items, e.g., “Are
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your thoughts sometimes so strong that you can almost hear them?”). The Introvertive Anhedonia
subscale describes the weakened forms of negative symptomatic of psychosis, or negative
schizotypy, characterised by a lack of enjoyment of physical and social pleasures and avoidance of
intimacy (10 items, e.g., “Do you prefer watching television to going out with people?”). The
Cognitive Disorganization subscale assesses potential deficits in attention, concentration, and
decision making, as well as social anxiety, all of which are typically symptomatic of psychopathology
and thought disorder aspects of schizophrenia (11 items, e.g., “Are you easily confused if too much
happens at the same time?”). Finally, the Impulsive Nonconformity subscale consists of items
assessing eccentric, impulsive or anti-social forms of behaviour, indicative of lack of self-control (10
items, e.g., “Do you at times have an urge to do something harmful or shocking?”) (Mason et al.,
2005). It takes approximately 5-10 minutes to complete this questionnaire. For the scoring, the
answer ‘no’ is coded as 0 and ‘yes’ as 1, except for the items 5, 19, 24, 28, 30, 31, 34, 42 for which
the coding is reversed, resulting in a maximum of 56 for the global schizotypy score and a maximum
of 12, 10, 11, and 10 for Unusual Experiences, Introvertive Anhedonia, Cognitive Disorganisation,
and Impulsive Nonconformity subscales, respectively.
Several studies have inspected the dimensions of sO-LIFE and found that three- to four-dimensional
models of schizotypy yielded the best fit (e.g., Sierro et al., 2015). The three-dimensional model
(Unusual Experiences, Introvertive Anhedonia, and Cognitive Disorganisation) usually omits the
Impulsive Nonconformity subscale, due to its lower internal consistence, and inclusion of this
subscale should be justified by the research question (Fonseca-Pedrero et al., 2015; Grant et al.,
2013; Large & Nielssen, 2011; Lin et al., 2013). A recent study has confirmed that Impulsive
Nonconformity constitutes a distinctly separate dimension to positive, negative and disorganized
schizotypy (Polner et al., 2019). Furthermore, Impulsive Nonconformity offers additional explanation
to the risk-taking behaviour, which poses additional risk factors for developing psychopathology
(Denovan et al., 2020). On the other hand, Impulsive Nonconformity is also associated with
beneficial effects of schizotypy on creativity (Park et al., 2015) and problem-solving. For instance,
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while neither the main five personality traits, nor the three classical dimensions of schizotypy were
associated with the ability to solve insight problems, high Impulsive Nonconformity was found to
predict better insight problem performance (Stanciu & Papasteri, 2018) and divergent thinking (AbuAkel et al., 2020). Impulsive Nonconformity scale was therefore included in the current thesis, to
understand its involvement in stress vulnerability and resilience.
Several studies have tested the psychometric properties of sO-LIFE (e.g., Lin et al., 2013; Mason et
al., 2005) and found Cronbach's alpha for internal consistency to exceed 0.6 for all individual
subscales (Mason et al., 2005). The validity of sO-LIFE has also been confirmed for other languages
and cultural populations such as German (Grant et al., 2013), French (Sierro et al., 2015) and
Romanian (Stanciu & Papasteri, 2017).
The sO-LIFE (Mason et al., 2005) was used in Studies 1, 3 and 4 of this project.

2.2.1.2 SPQ-BR
The Schizotypal Personality Questionnaire (SPQ, Raine, 1991) is a 74-item self-report scale designed
primarily for the assessment of schizotypal personality disorder based on the Diagnostic and
Statistical Manual of Mental Disorders (DSM-III-R; American Psychiatric Association, 1980) criteria. It
is also used to assess schizotypy levels in the sense of a quasi-dimensional construct. In 1995, the
scale was shortened to 22 items (Raine & Benishay, 1995), yet subsequently revised and expanded
15 years later, due to poor internal consistency.
The resulting Schizotypal Personality Questionnaire—Brief Revised (SPQ-BR, Cohen et al., 2010)
contains 32 items assessing seven trait subscales: Odd Beliefs or Magical Thinking (4 items, e.g., “Do
you believe in telepathy (mind-reading)?”), Unusual Perceptual Experiences (4 items, e.g., “Are your
thoughts sometimes so strong that you can almost hear them?”), Excessive Social Anxiety (4 items,
e.g., “I get anxious when meeting people for the first time.”), Odd or Eccentric Behaviour (4 items,
e.g., “People sometimes comment on my unusual mannerisms and habits.”), Odd Speech (4 items,
e.g., “I sometimes forget what I am trying to say.”), No Close Friends and Constricted Affect (6 items,
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e.g.,. “I rarely laugh and smile.”), and Ideas of Reference and Suspiciousness (6 items, e.g., “Do you
sometimes feel that other people are watching you?”). These seven lower-order subscales can be
combined into three or four correlated higher-order factors (e.g., Fonseca-Pedrero et al., 2017). The
first of the three higher-order factors is the Cognitive Perceptual subscale, which includes Magical
Thinking, Unusual Perceptual Experiences, Ideas of Reference and represents positive schizotypy.
The second subscale is Interpersonal, which includes Social Anxiety and Constricted Affect and
represents negative schizotypy. The third subscale is Cognitive Disorganised, which includes
Eccentric Behaviour and Odd Speech and reflects the potential cognitive deficits as part of high
schizotypy.
The SPQ-BR is scored on a five-point Likert-based response format (0 = strongly disagree to 4 =
strongly agree), with maximum scores of 128 for the total global schizotypy, 56 for Cognitive
perceptual subscale, 40 for Interpersonal subscale and 32 for the Cognitive Disorganised subscale.
Approximately 10 minutes is required to complete this questionnaire. The psychometric properties
of the SPQ-BR scores have been analysed suggesting high internal consistency for the total score
(Cronbach’s alpha= .90) and all the subscales (Cronbach’s alphas =.79, .86, .83) (Cohen et al., 2010).
The internal consistency was verified in various cultural populations such as Spanish and American
(Davidson et al., 2016; Fonseca-Pedrero et al., 2017) or Hungarian non-clinical young adult
population (Kállai et al., 2018).
The SPQ-BR was used in Study 2 of this project.
Both measures of schizotypy follow similar conceptual structure (see Table 2.1), hence results from
data assessed by SPQ-BR and sO-LIFE will be qualitatively compared and discussed.
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Table 2.1
Overview of schizotypy measures SPQ and sO-LIFE and their subscales, maximum scores and
Cronbach’s alpha
Schizotypy
Global
Positive

Negative

Disorganised

SPQ-BR

Cognitive Perceptual
subscale
- Odd Beliefs/Magical
thinking
- Ideas of reference
and suspiciousness
- Unusual perceptual
experiences
Interpersonal
subscale
- Excessive social
anxiety
- Odd or Eccentric
behaviour
Cognitive
disorganised
subscale
- Odd Speech
- No close friends
constricted affect

Maximum
score (α)
128 (.90)
56 (.76)

sO-LIFE

Unusual experiences
subscale

Maximum
score (α)
56
12 (.80)

40 (.86)

Introvertive
anhedonia subscale

10 (.77)

52 (.83)

Cognitive
Disorganisation
subscale

10 (.62)

Asocial

Impulsive
10 (.63)
nonconformity
subscale
Notes. α=Cronbach’s alpha, values for SPQ-BR from (Cohen et al., 2010), for sO-LIFE from (Mason et
al., 2005).
The positive and negative schizotypy subscales from both measurements have been shown to
possess comparable good internal consistency (Tavakol & Dennick, 2011). Although not ideal, the
low internal consistency of sO-LIFE subscales Cognitive Disorganisation and Impulsive Nonconformity
was argued by the authors to be acceptable given measurement errors in psychosocial science
(Mason et al., 2005). In addition, the subscales of the sO-LIFE correlated at more than .90 with the
corresponding scales from the original O-LIFE, which have shown good internal consistency (Mason
et al., 1995; Mason et al., 2005).
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2.2.2 Measurement of perceived stress
2.2.2.1 VAS
The individual psychological stress response has long been assessed by using visual analogue scales
(VAS, Bond & Lader, 1974; Hellhammer & Schubert, 2012). A VAS is usually a 100 mm dipole scale
such as “not stressed – stressed" which requires the participant to indicate the perceived intensity of
the state in question by intuitively placing a cross along the horizontal line between the poles. It
takes typically less than a minute to complete VAS. The scores are produced by measuring the
distance from the end of the line to the cross, which is then transferred into numerical scores, for
example, score of 30 for 30 millimetres.
The VAS was proven to discriminate the levels of stress between two groups at least as efficiently as
questionnaires such as PSS-14 (see 2.2.2.2) and correlations with related constructs such as anxiety
and depression support its validity (Lesage et al., 2012).
VAS was used in Study 3 of this project.

2.2.2.2 PSS-14
The Perceived Stress Scale (PSS-14, Cohen et al., 1983) measures levels of how unpredictable and
uncontrollable individuals found events in their life over the period of the last month. The 14 items
are scored from 0 “Never” to 4 “Very often” (e.g., “In the last month, how often have you felt that
you were unable to control the important things in your life?”), with reverse scoring for seven items
and a maximum score of 56. It takes 5-10 minutes to complete PSS-14. The PSS-14 demonstrated
adequate reliability, e.g., in a European Spanish sample with a good internal consistency (α) of .81,
and test-retest (r) of .73 (Remor, 2006) and other languages (Cohen, 1988; Cohen et al., 1983;
Mimura & Griffiths, 2004).
The original version was subsequently shortened to 10 items (PSS-10, Cohen, 1988) or 4 items (PSS4, Warttig et al., 2013). In general, the psychometric properties of the 10-item PSS were found to be
superior to those of the 14-item PSS (Remor, 2006), whereas those of the 4-item scale were found to
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be the worst (Lee, 2012).
PSS-14 was used in Studies 1, 2, 3 and 4 of this project to ensure comparability between studies.

2.2.2.3 TICS-LE
The Trier Inventory for the assessment of Chronic Stress (TICS, Schulz & Schlotz, 1999) measures
levels of perceived pressures and stress overload over the last three months. The original German
version (Trier Inventar zur Erfassung von chronischem Stress) has 39 items, forming six subscales:
work overload, worries, social stress, lack of social recognition, work discontent, and intrusive
memories (Petrowski et al., 2019). A longer version with 57 items was published in 2004 in German
(Schulz et al., 2004) but is not yet officially published in English (TICS-LE), with only a few studies
employing the tool (e.g., Joseph, 2014). I arranged to receive the English version TICS-LE v 1.0
alongside the manual for my research project from Hogrefe Publishing Group and the
questionnaire’s author Wolff Schlotz in exchange for provision of my collected and anonymised raw
data for further tool evaluation.
TICS-LE assesses nine subscales: work overload (e.g., “I have to postpone much needed rest.”), social
overload (e.g., “I have work to do that involves carrying a lot of responsibility for other people.”),
pressure to perform (e.g., ” Situations when I must take pains to have a good relationship with
others.”), work discontent (e.g., “I must perform tasks that seem nonsensical to me.”), excessive
demands at work (e.g., “I make too many mistakes because what I have to do demands too much of
me.”), lack of social recognition (e.g., “I receive too little appreciation for my accomplishments.”),
social tension (e.g., “I have differences of opinion with others that lead to tension.”), social isolation
(e.g., “Times when I am lonely.”), chronic worrying (e.g., “I worry that something unpleasant will
happen.”). Since the tool’s authors argue against a total score, a specific chronic stress screening
scale was introduced to combine twelve items from all nine subscales and allow for an assessment of
chronic strain (Schulz et al., 2004).
The questionnaire takes 10-15 minutes to assess all items on a five-point rating scale with the
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scoring of 0 for “never”, 1 for “rarely”, 2 for “sometimes”, 3 for “often”, and 4 for “very often”. The
internal consistencies for the subscales range between .84 and .91 and the reliabilities range
between .78 and .89 for the German version, which is considered satisfactory (Joseph, 2014; Schulz
et al., 2004). The English version was recently confirmed to have similar properties (α = .84–.92;
split-half reliabilities r = .82–.91) (Petrowski et al., 2018).
TICS-LE was used in Study 3 of this project.

2.2.2.4 USS
The University Stress Scale (USS, Stallman & Hurst, 2016) measures levels of recently experienced
life events over the last month. It was specifically developed to assess the severity of stress
experienced by university students. The item categories were selected through topics identified in
student focus groups, a review of self‐help topics provided on Australian counselling service
websites, and clinical experience. The resulting broad categories enable the measure to capture
anything that a student might have perceived as stressful, rather than being limited to specific
problems identified by the authors. The “other” category provides the opportunity to include
additional stressors not covered in the measure (Stallman & Hurst, 2016).
The 21‐items assess how often particular events or problems have caused stress over the last month
(e.g., “Academic/coursework demands”) and are scored as 0 for “Not at all”, 1 for “Sometimes”, 2
for “Frequently”, and 3 for “Constantly”. It takes 5-10 minutes to complete USS. Two scores can be
created: the problem score as the number of problems endorsed, with the maximum of 22, and the
extent score, which is the sum of all items with a maximum of 66. A cut-off of 13 on the USS extent
score was found to indicate likely experience of depression and anxiety symptoms as a result of
excessive stress, by comparing USS scores to a clinically established cut-off from an alternative
measure (Stallman & Hurst, 2016). Further subscales or factors can be assessed: academic, equity,
parenting, relationships, practical, and health well-being. The Cronbach’s alpha for the extent total
score was found to be .83 and ranging between .60 and 73. for the individual factors. The test-retest
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reliability for the measure was proven to be good at .82 (Stallman & Hurst, 2016).
USS was used in Studies 1, 3, and 4 of this project.

2.2.3 Measurement of early life stress
2.2.3.1 CTQ
The Childhood Trauma Questionnaire (Bernstein et al., 1994) was developed as a screening tool for
histories of childhood adversity such as neglect and abuse. It originally consisted of 70 items, but a
shorter, less time-consuming version with 28 items was developed called CTQ-SF (Bernstein et al.,
2003), which is now more commonly referred to as CTQ.
The 28-item self-report includes 25 items which measure five types of maltreatment – emotional
(e.g., “People in my family called me things like “stupid”, “lazy” or “ugly”.”), physical (e.g., “I got hit
so hard by someone from my family that I had to see a doctor or go to hospital”), sexual abuse (e.g.,
“Someone molested me”), emotional (e.g., “I believe I was emotionally abused”) and physical
neglect (e.g., “I did not have enough to eat”). An additional three-item scale on minimisation/denial
(MD) was designed to detect individuals who may be underreporting traumatic events (e.g., “There
was nothing I wanted to change about my family”).
Approximately 5 minutes is required to complete the test. A 5-point Likert scale is used for the
responses which range from Never True=1 to Very Often True=5 which is reversed for seven items
on the emotional and physical neglect scales. Interpretative guidelines suggest cut-offs which allow
for identification of three levels of severity of abuse or neglect: low, moderate, severe. The
minimisation/denial scale is scored as 1 for the response “Very often true” and 0 for all the other
responses. The maximum CTQ total score is 125, 25 for each of the five subscales, and 3 for the MD
scale.
The manual defines cut-offs for each subscale to characterise none, minimal, moderate, severe, and
extreme childhood trauma experience (Table 2.2).
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Table 2.2
Suggested cut-offs for Childhood Trauma Questionnaire, short form subscales
CTQ-SF subscales

None to
Low to
Moderate
minimal
moderate
to severe
Emotional Abuse
5-8
9-12
13-15
Physical Abuse
5-7
8-9
10-12
Sexual Abuse
5
6-7
8-12
Emotional Neglect
5-9
10-14
15-17
Physical Neglect
5-7
8-9
10-12
Minimisation/Denial 0
Total
Note. α Cronbach’s alpha; values from Scher et al. (2001).

Severe to
extreme
16+
13+
13+
18+
13+

Maximum
score (α)
25 (.83)
25 (.69)
25 (.94)
25 (.85)
25 (.58)
3
125 (.91)

Cronbach’s alpha has been reported to be .91 for the total measure, .58 for Physical Neglect, .69 for
Physical Abuse, .83 for Emotional Abuse, .85 for Emotional Neglect, and .94 for Sexual Abuse,
demonstrating mostly good internal consistency and suggesting the questionnaire to be appropriate
for the use in a community sample (Paivio & Cramer, 2004; Scher et al., 2001). The original authors
have also reported internal consistency of .79-.94 for the subscales and .95 for the total score
(Bernstein et al., 1994).
The 28-tem CTQ with MD subscale was used in Studies 1 and 3 of this project.

2.2.3.2 CTES
The Childhood Traumatic Events Scale (CTES, Pennebaker & Susman, 1988) is sometimes referred to
as Childhood Trauma Questionnaire in the literature, which may lead to it being confused with the
CTQ by Bernstein et al. (1994). CTES assesses individual retrospectives about the occurrence of six
categories of trauma: death of a close friend or relative, parental separation or divorce, traumatic
sexual experience, physical violence, major illnesses or injuries, or other traumatic experiences prior
to the age of 17. In addition, the scale requests a rate of the severity of the traumatic event and the
extent that the person remembers confiding in others about it. It takes 5-10 minutes to complete
CTES. All the responses are rated on a scale from 1 to 7, where 7 is extremely traumatic for the
trauma items or substantial beliefs that they confided in others at the time of the event for the
confiding items. Only ratings of the event as 6 or 7 classify the experience as a traumatic event. The
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CTES was shown to display acceptable reliability and validity in assessing childhood traumatic
experiences in a range of clinical and non-clinical populations (Butler et al., 2017; Pennebaker &
Susman, 1988; Schaefer et al., 2018).
CTES was used in Study 2 of this project.

2.2.4 Measurement of resilience
2.2.4.1 CD-RISC
The Connor-Davidson Resilience Scale (CD-RISC, Connor & Davidson, 2003) is a 25-item self-report
that assesses the ability to manage stress and adversity over the last month on a five-point Likert
scale, ranging from 0 (not true at all) to 4 (true nearly all of the time). Sample items for the measure
include “I am able to adapt when changes occur” and “When there are no clear solutions to my
problems, sometimes fate or God can help.” Items scores are summed to create a total score
(maximum of 100), with higher scores indicating more resilience. Five sub-factors have been
identified: personal competence/high standards/tenacity (1), trust in own instincts/tolerance of
negative affect/strengthening effects of stress (2), positive acceptance of change/secure
relationships (3), control (4), and spiritual influences (5) (Connor & Davidson, 2003). It takes 5-10
minutes to complete CD-RISC.
The CD-RISC displays adequate internal consistency (Cronbach’s alpha .89), test-retest reliability
(intraclass correlation coefficient of 0.87), and both convergent and divergent validity (Connor &
Davidson, 2003; Schaefer et al., 2018). CD-RISC was used in Studies 1, 3, and 4 of this project.

2.2.4.2 COPE brief
The Coping Orientations to Problems Experienced (COPE, Carver et al., 1989) assesses a broad range
of cognitive and behavioural coping strategies that individuals typically use in stressful situations.
The 60-item COPE scale consists of three main groupings with five scales per group and four items
per scale: (1) problem-focused coping: active coping, restraint coping, planning, seeking social
support for instrumental reasons, and suppression of competing activities; (2) emotion-focused
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coping: positive reinterpretation and growth, acceptance, and seeking social support for emotional
reasons, religion, humour; and (3) dysfunctional coping: focus behavioural disengagement, mental
disengagement on and venting of emotions, denial, and alcohol or drug use (Coolidge et al., 2000).
The 28-item Brief COPE (Carver, 1997) measures 14 two-item subscales. Instead of appointing a rigid
structure of the coping strategies, Carver (1997) recommends researchers to use the Brief COPE as
flexibly as needed, e.g., by selecting only a subset of the subscales. A popular approach is to divide
the subscales into two main coping strategies Avoidant Coping and Approach Coping (Benatov et al.,
2020; Giordano et al., 2020; MacAulay & Cohen, 2013; Roth & Cohen, 1986). Avoidant Coping is
characterised by the subscales of denial, substance use, venting, behavioural disengagement, selfdistraction and self-blame and was suggested to be associated or mediate poorer physical health
outcomes among those with conditions such as eating disorder or PTSD (Earnshaw et al., 2018;
Krause et al., 2008; MacAulay & Cohen, 2013; Young & Limbers, 2017). Approach Coping is
characterised by the subscales of active coping, positive reframing, planning, acceptance, seeking
emotional support, and seeking informational support. Approach Coping is associated with more
helpful responses to adversity, including adaptive practical adjustment, better physical health
outcomes and more stable emotional responding (e.g., Eisenberg et al., 2012).
For each of the 28 items (e.g., “I’ve been turning to work or other activities to take my mind off
things.”), respondents indicate the extent to which they used the strategy over the last months
when dealing with stressful situations on a 4-point Likert scale ranging from 1 (not at all) to 4 (a lot).
It takes 5-10 minutes to complete brief COPE.
Despite the minor subscales consisting of only 2 items each, their reliabilities meet or exceed .50,
which is minimally acceptable, as well as show acceptable test re-test values (Carver, 1997; Yusoff et
al., 2010)(Carver, 1997; Yusoff, Low & Yip, 2010).
Brief COPE was used in Studies 1, 3, and 4 of this project.
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2.2.5 Measurement of anxiety and depression
2.2.5.1 HADS
The Hospital Anxiety and Depression Scale (Zigmond & Snaith, 1983) was created as a screening tool
of anxiety and depression state within a clinical environment. It was based on a list of items
completed by hospital patients. The 14 items assessing experiences over the preceding two weeks
have four response options scored from 0 to 3. The total scores are divided into two subscales of 7
items each: Anxiety scale (A-scale, e.g., “I have sudden feelings of panic”) and Depression scale (Dscale, e.g., “I have lost interest in my appearance”). The screening takes only a few minutes to
complete and allows an interpretation of the severity of anxiety and depression states reported. For
each subscale, a total score of 0-7 is suggested to be a healthy mental state, while scores above
indicate a concerning mental state with 8-10 being mild, 11-14 moderate and 15-21 severe
expressions of anxiety and depression (Zigmond & Snaith, 1983).
The internal consistency was repeatedly found to be highly satisfactory, e.g., .93 for the A-scale and
.90 for the D-scale (Moorey et al., 1991). The retest data from a healthy sample showed correlations
of .89 for A-scale and .90 for D-scale (authors’ unpublished study, as referenced in HADS manual,
Zigmond & Snaith, 1983, p.6).
HADS was used in Studies 1, 2, 3, and 4 of this project.

2.3 Acute stress exposure – the Trier Social Stress Test
To assess acute stress response, the Trier Social Stress Test was employed. The Trier Social Stress
Test (TSST, Kirschbaum et al., 1993) is a standardised laboratory stress test designed to induce
psychological stress (Kudielka et al., 2004) and has been used in a wide range of populations, both
clinical and non-clinical (Kudielka et al., 2007). Variations of the classical TSST exist for the use of the
social stressor for children (TICS-C, Buske-Kirschbaum et al., 1997), groups (TSST-G, Von Dawans et
al., 2011), in a virtual environment (TSST-VR, Wallergård et al., 2011), or most recently completely
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online (Gunnar et al., 2021). Protocols for a control condition of the TSST exist as well, such as the
friendly TSST (f-TSST, Wiemers et al., 2013)or placebo-TSST (Het et al., 2009). The following sections
introduce the principle of the classical TSST, frequent confounding variables, and typical related
sample collection, which informed the design of Study 3 within this project. The details of all
modifications made specifically for this project can be found in Chapter 5 (Study 3).

2.3.1 The principle of the TSST
The classical TSST consists of three phases: anticipatory, test, and recovery. During the anticipatory
phase, the participant is informed about the upcoming task of going through a mock job interview
for a job of their dreams in front of a panel. The participant is then introduced to the test room and
the panel. The participant is informed that their performance will be recorded via a microphone and
a camera and then invited to prepare for their speech for a few minutes. During the following test
phase, the participants is requested to introduce themselves and convince the panel of their
suitability for the job. Subsequently, the participant is requested to perform a mental arithmetic
task. After the test phase, the participant returns to the initial room to rest during the recovery
phase.
The panel members are typically dressed in white laboratory coats, are equipped with stopwatches
and writing material, and are sitting behind a table. A microphone is placed about two meters in
front of the table and a camera on a stand is placed next to the panel facing the microphone.
The participant is instructed to stand in front of the panel and to speak into the microphone,
while facing a video camera next to the panel. The camera is then switched on by the passive panel
member. The participant is asked by the active panel member to deliver a 5-minute speech and, if
they stop speaking, encouraged (in a neutral manner) to proceed. The panel does not provide any
positive or negative visual cues (e.g., nodding, smiling, frowning, etc.) or engages in
conversation. During the mental arithmetic task, the active panel member stops the participants
after each mistake and requests them to start from the beginning.
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The following crucial elements of TSST are included to facilitate the stress response: a surprise effect
when the exact details of the task are being told only immediately prior to the test phase. Secondly,
building up of the excitement during preparation in the anticipatory phase. Thirdly, social evaluation
from an unfamiliar and professional panel in white coats. Fourthly, uncertainty through the lack of
body language cues from the panel, specifically trained to remain neutral. And lastly, selfconsciousness through the additional use of audio and video equipment (Labuschagne et al., 2019).

2.3.2 Cortisol response during the TSST
Saliva samples for the analysis of acute cortisol are usually collected during the preparatory phase,
directly before the anticipatory phase, directly before the test phase, directly after the test phase,
and several times during the recovery phase (Allen et al., 2017). A recent meta-analysis suggests at
least six salivary samples should be collected to depict the acute cortisol release profile (Linares et
al., 2020). Salivary cortisol has been argued to be the most convenient measurement for the acute
laboratory stress tests, firstly, because of the non-invasiveness, convenience in handling and
subsequent analysis and secondly, because the measurements are considered to reflect the
available, unbound, and active cortisol levels in contrast to plasma cortisol levels, which reflect
concentrations of both free and protein-bound (inactive) cortisol (see Chapter 1.3.3).
A cortisol response curve usually sees a peak in cortisol levels at 10-15 minutes after the end of the
TSST, since the hormonal release is delayed by 15-20 minutes in relation to the stressing event
(Figure 2.1).
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Figure 2.1
Example of cortisol response profile to the Trier Social Stress Test

Notes. From Gaab, J., Rohleder, N., Nater, U. M., & Ehlert, U. (2005). Psychological determinants of the cortisol
stress response: the role of anticipatory cognitive appraisal. Psychoneuroendocrinology, 30(6), 599-610. 2005
Elsevier Ltd.

The levels of cortisol response and the trajectories of recovery have been shown to vary between
different psychopathologies. While some major depression patients show an increased cortisol
response (Chopra et al., 2009), patients suffering from post-traumatic stress disorder or those at
ultra-high risk of developing psychosis show a blunted cortisol response when compared to healthy
controls (Petrowski et al., 2013; Pruessner, Béchard-Evans, et al., 2013).

2.3.3 Perceived stress response during the TSST
While measurements of cortisol release are typically considered a robust indicator of stress levels,
some researchers have been arguing that cortisol response only does not equal stress response (e.g.,
MacDougall-Shackleton et al., 2019). Therefore, subjective stress perception during TSST is often
assessed, yet with research presenting mixed results and only weak association between the
psychological and physiological stress response (Campbell & Ehlert, 2012). Hellhammer and Schubert
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(2012) found that psychological stress measures during the stressor itself correlated more with the
physiological stress response than prior to or after the stress exposure. Consequentially,
Hellhammer and Schubert (2012) suggested that the subjective stress measurements were most
important during the stressor and less so in the anticipatory or recovery phases. However, later
research revealed that factors such as menstrual cycle phase could modulate the associations
(Duchesne & Pruessner, 2013) and pharmacological HPA axis suppression did not change subjective
stress perception, contributing to the dissociation between physiological and psychological stress
response (Ali et al., 2017).

2.3.4 Control variables for the TSST
In the almost three decades of research using TSST, several confounding factors have been identified
to contribute to variations in cortisol response in healthy populations, such as day and time of
testing, smoking, coffee and alcohol consumption, food intake, obesity, oral contraceptive use, and
menstrual cycle (Kudielka & Wüst, 2010; Linares et al., 2020). The cortisol response to stress in the
morning may coincide with the cortisol awakening response, leading to ceiling effects, so choosing
an afternoon window for the assessment is considered more appropriate (Kudielka & Wüst, 2010).
Men were found usually to exhibit higher cortisol responses than women (Liu et al., 2017). Women
in the luteal menstrual phase (high levels of estradiol and progesterone) were reported to
demonstrate either significantly lower levels of cortisol following the TSST and better cognitive
performance (e.g., Maki et al., 2015), higher levels of cortisol (Kirschbaum et al., 1999) or no
difference in cortisol response (Duchesne & Pruessner, 2013) when compared to those in the
follicular phase (low levels of estradiol and progesterone). The influence of oral contraceptive intake
is still being debated but is generally advised to be controlled for if possible (Kirschbaum et al.,
1999).
Current smokers show increased salivary cortisol awakening response in the morning compared to
ex- or non-smokers (Badrick et al., 2007; Cohen et al., 2019), but lower cortisol response to TSST
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(Herbison et al., 2016), while results for chronic alcohol consumption are mixed (Kudielka et al.,
2009). Consumption of nicotine, alcohol, or other substances directly prior to the TSST may also
affect the cortisol response (Kudielka et al., 2009) and is therefore mitigated by instructions for
abstinence on the day of the experiment. Consuming dietary energy supplements prior to the test
were also found to effect cortisol response to the TSST, with glucose-treated individuals showing
larger levels of cortisol than fat- or protein-treated individuals (Gonzalez-Bono et al., 2002) and
fasting individuals showing blunted or no cortisol response to the stressor (Kirschbaum et al., 1997).
Associations with BMI are mixed, with obese individuals demonstrating either blunted (Herhaus &
Petrowski, 2018) or increased (Benson et al., 2009) cortisol response compared to normal-weight
controls. Further relevant factors are pregnancy, breast-feeding, lactation, medication intake, and
chronical stress (Kudielka et al., 2009; Kudielka & Wüst, 2010; Linares et al., 2020).
Miller et al. (2013) suggest a minimum of 1.5 nmol/l increase in cortisol levels from baseline to peak
to qualify as a significant stress response. Up to 30% of TSST participants show no increase in cortisol
levels and are classified as non-responders (Kudielka et al., 2007). Higher incidence of nonresponsiveness has been observed in patients with panic disorder (Petrowski et al., 2013),
premenstrual syndrome (Huang et al., 2015), childhood trauma (Seitz et al., 2019) and other adverse
health outcomes (Fries et al., 2005) suggesting that this pattern of non-response may indicate
increased risk for pathology (Herbison et al., 2016). Further classification of cortisol responses exists,
which distinguishes between ‘anticipatory-responders’ with the highest cortisol response to the
anticipatory phase, and ‘reactive-responders’ with the peak cortisol response to the stressful event
itself (Engert et al., 2013). To control as many confounding variables as possible, it is recommended
to conduct the TSST at the same time of day for all participants, to avoid food and drink intake and
vigorous exercise prior to the experiment, collect information on oral contraceptive and medication
use, use consistent collection material and assay for analysis and/or statistically account for
variations (Hansen et al., 2008).
TSST was utilised as the laboratory acute stressor in Study 3.
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2.4 Methodology of sample collection and analysis
Successful analysis of biological samples depends on the correct sample preparation that aims to
reduce the complexity of the sample matrix, to remove harmful or irrelevant sample components,
and in some cases to change the sample solvent and pre-concentrate the analyte (Kushnir et al.,
2010). The most common and reasonably simple technique to separate analytes from a liquid matrix
is the liquid-liquid extraction (Kushnir et al., 2010). Hence, cortisol concentrations are typically
assessed in liquid samples such as blood, urine, or saliva with immunoassays (IA) such as the
enzyme-linked immunosorbent assay (ELISA, e.g., Shimada et al., 1995, see Chapter 2.4.1.2), IA with
chemiluminescence detection (CLIA, e.g., Kirschbaum et al., 2009), other IAs (Miller, Plessow, Rauh,
et al., 2013) or with liquid chromatography tandem mass spectrometry (LC-MS/MS, e.g., Antonelli et
al., 2015, see Chapter 2.4.2.2).

2.4.1 Saliva
2.4.1.1 Saliva sample collection
Saliva samples for cortisol analysis can be collected non-invasively via passive drooling or with a
specific device, such as Salivette® (Sarstedt, Nümbrecht, Germany), which was used in Study 3.
Salivette® consists of a plastic centrifuge tube with an insert containing a synthetic swab, (see Figure
2.2). Participants are required to chew on the swab for a minute to saturate it with saliva, then
place it into the plastic tube. Saliva can then be extracted via centrifugation for the analysis.
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Figure 2.2
Salivette® diagram

Notes. A: cap, B: synthetic swab, C: insert, D: centrifuge tube; From Hancock, D. (2018, December 7). St.
Michael’s department of laboratory medicine division of pathology. Cortisol Collection Instructions.
http://www.stmichaelshospital.com/programs/labs/tests/images/Salivary-Cortisol-Collection-Instructions.pdf

Salivary cortisol levels are commonly measured by using an expanded range high sensitivity salivary
cortisol enzyme immunoassay kit, or ELISA, a competitive immunoassay designed and validated
specifically for quantitative analysis of cortisol in saliva (Dorn et al., 2007; Shimada et al., 1995).

2.4.1.2 Salivary cortisol analysis – the principle of ELISA
The principle of the immunoassay is based on the selective binding between an antibody and its
antigen (analyte). In the case of cortisol, the cortisol in standards with known concentration and
samples with unknown concentration are competing with cortisol "tagged” by horseradish
peroxidase for the antibody binding sites on a microtitre plate. The lower the concentration of
cortisol in the sample or standard, the more cortisol tagged with horseradish peroxidase can bind to
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the sites on the pate and be detected and vice versa. After incubation, unbound components are
washed away. Bound cortisol enzyme conjugate is measured by the reaction of the horseradish
peroxidase enzyme to the substrate tetramethylbenzidine (TMB), which produces a blue colour. To
stop this reaction, acidic solution is added, which creates a yellow colour. The optical density/light
absorbance of the yellow is then read on a standard plate reader at 450 nm. The concentration level
of cortisol enzyme conjugate detected is inversely proportional to the concentration level of cortisol
present in the sample (Chard, 1990; Salimetrics, 2019).
The ELISA for cortisol was the method of choice to analyse salivary samples in Study 3 (acute stress).

2.4.2 Hair
2.4.2.1 State-of-the-art hair steroid analysis methods
With the recent discovery of incorporation of cortisol in hair, analysis of cumulative cortisol
representing chronic stress levels and of other steroid levels has become available (Cirimele et al.,
2000). Hair is a more complex matrix and the sample pre-processing requires a more labour
intensive solid-liquid extraction prior to steroid analysis. The five most established laboratories
world-wide use the same steps of washing, weighing, pulverisation, extraction, evaporation, and
reconstitution with variations in, for instance, initial volume, extraction, and reconstitution solvents
used (Russell et al., 2015). In a recent review, Greff et al. (2019) present a comprehensive
description and evaluation of the current state-of-the-art hair steroids assessment techniques, and
compares the two most frequently used ones: ELISA and LC-MS/MS (Russell et al., 2015). While
ELISA is a more established technique for cortisol analysis with relatively affordable kits readily
available, it has been argued to be prone to cross-reactivity with other metabolites and can only test
one analyte at a time (Albar et al., 2013). LC-MS/MS, on the other hand, can be more sensitive and
enables total quantification of molecules as well as analysis of several steroids simultaneously.
However it is more expensive and requires more elaborate sample preparation protocols (Greff et
al., 2019). Nevertheless, LC-MS/MS has been utilised increasingly in endocrinology research (Vogeser
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& Parhofer, 2007) and has recently become the methods of choice for analysis of hair cortisol
(Ashraf et al., 2020; Russell et al., 2015).

2.4.2.2 Hair steroid analysis – the principle of LC-MS/MS
LC-MS/MS combines two analytical methods: high pressure liquid chromatography and mass
spectrometry. The principle of high-pressure liquid chromatography (HPLC) is based on the sample
being pumped via pressured solution, the mobile phase, through a column containing elements
which cause the sample molecules to adsorb to the column. The analyte molecules are eluted in an
order that depends on the molecular properties, by altering the composition of the mobile phase.
This retention time (the time taken for an analyte to elute from the column) allows for separation
and identification of various compounds from the sample (see Figure 2.3).
Figure 2.3
Diagram of basic chromatographic process within high-pressure liquid chromatography unit

Notes. From Jiang (2012). Mechanisms of chloroperoxidase-catalyzed enantioselective reactions as probed by
site-directed mutagenesis and isotopic labelling.

In the combined LC-MS system, components separated by HPLC are further analysed using a mass
spectrometer. Mass spectrometry allows the identification, characterization, and quantification of
chemical compounds based on their molecular masses and fragmentation patterns. Tandem massspectrometry utilises two combined quadrupole mass filters. First, the analyte molecules are ionised
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and volatilised in the ion source, to produce gas phase ions. The resulting ions are then transferred
into the first quadrupole mass filter where the mass-to-charge ratio (m/z) of the ionized target
analyte is selected and the matching ions are transferred into collision cell, while all the other ions
are filtered out. In the collision cell a collision gas – usually argon or nitrogen – is present. The
selected “parent” ions collide with these gas molecules and fragment into characteristic product
“daughter” ions. These fragment ions are guided to the second quadrupole, where the
radiofrequency settings are adjusted so that only one selected fragment “daughter” ion will pass and
reach the ion detector (see Figure 2.4). The selection of masses of the first and the second
quadrupoles can be adjusted within fractions of a second, allowing for several different mass
transitions to be monitored in parallel resulting in multi-analyte quantification (Vogeser & Parhofer,
2007).
Figure 2.4
Basic principle of tandem mass-spectrometry

Notes. From Vogeser, M., & Parhofer, K. G. (2007). Liquid chromatography tandem-mass spectrometry (LCMS/MS)-technique and applications in

endocrinology. Experimental and clinical endocrinology &

diabetes, 115(09), 559-570.
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Thus, data collected during the entire LC–MS/MS analysis (see Figure 2.5) contain three dimensions:
retention time from the LC analytical column and m/z of the precursor ion as well as m/z of the
product ions from the MS/MS, allowing a high degree of analytical specificity, characterised by
linearity over several orders of magnitude (Vogeser & Parhofer, 2007).
Figure 2.5
Basic principle of liquid chromatography tandem mass-spectrometry

Notes. From Östman, M. (2018). Antimicrobials in sewage treatment plants: occurrence, fate and
resistance (Doctoral dissertation, Umeå universitet).

The LC-MS/MS was the system of choice to analyse hair samples in Study 4, which were analysed at
the University of Lincoln and comparatively at the Dresden Biopsychology laboratory.
The following protocol was used to analyse steroids in hair via LC-MS/MS at the University of Lincoln.

2.4.2.3 Lincoln protocol for hair steroid analysis
Collected hair samples were cut to 3 cm long sequences most proximal to the scalp, washed twice
with 1.5 ml of isopropanol, and left to dry overnight. For the analysis 20 mg ± 0.5 were weighted out
and minced with surgical scissors. Steroids from the minced hair were extracted by adding 2 ml of IS
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stock solution and shaking on the shaking table at 23 °C and 100 RFC for 18 hours. 1.6 ml of
extracted solution was then transferred into a new vial, while further 200 μl of each sample were
pooled together for quality control samples (QC). All samples were then evaporated under nitrogen.
Standard stock solutions of steroids of interest (see Table 2.3) were prepared from powder
(Steraloids Inc., Newport, Rhode Island, USA) in methanol at concentration 10 μg/ml, and aliquots
were stored at -80 °C. A stock solution of internal standard (Cortisol-D4, IS) was prepared by diluting
in methanol up to a concentration of 100 ng/ml and stored in the fridge.

Table 2.3
List of steroids used in the analysis of hair steroids via LC-MS/MS
Name

Chemical name

Allopregnanolone

MW g/mol Precursor Product Collision RF
RT
energy Lens
318.49
432.29 373.22 28.86
175 4.60

5alpha-PREGNAN3alpha, OL-20-ONE
Allodihydrocorticoster 5alpha-PREGNAN348.48
one
11beta,21-DIOL-3, 20DIONE
Tetrahydrocortisone 5beta-PREGNAN364.48
3alpha,17,21-TRIOL-1120-DIONE

177

2.96

Qual 390 31
Quan
460

298

Not
detec
table

480.27

421.15

30.33

220

2.82

Deoxycorticosterone 4-PREGNEN-21-OL-3, 330.46
20-DIONE
Tetrahydrocortisol
5alpha-PREGNAN366.49
3alpha, 11beta, 17, 21TETROL-20-ONE
Dehydroepiandroster 5-ANDROSTEN-3beta- 288.42
one
OL-17-ONE
Cortisol
4-PREGNEN-11beta, 17, 362.46
21-TRIOL-3, 20- DIONE

444.28

385.11

28.91

144

3.33

480

421

26

298

2.73

402.5

343.5

27

151

3.08

476.29

417.1

30.33

216

2.81

Progesterone

4-PREGNEN-3,20314.46
DIONE
5-PREGNEN-3beta-OL- 316.48
20-ONE
4-PREGNEN-17,21-DIOL-360.44
3,11, 20-TRIONE

428.25

369.17

28.15

180

4.63

430.58

371.16

26.99

174

3.73

474.23

415.17

31.13

205

2.78

ANDROST-4-EN17β-OL-3-ONE

402.29

343.5

26.53

175

3.2

Cortisol–D4 (IS)

Pregnenolone
Cortisone

Testosterone

462.24

403.15

478.29

4-PREGNEN-11beta-17, 366.49
21-TRIOL-3, 20-DIONE9,11,12,12-04

288.42

27.65

Notes. MW= molecular weight; RF= radio frequency; RT= reaction time; IS= internal standard.
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For the preparation of the calibration curve, 10 μl of each steroid aliquot were pooled and diluted
with methanol up to a concentration of 250 ng/ml. From this mix a serial dilution was performed by
dilution with methanol, creating seven standards with concentrations of 250, 25, 10, 4, 1.6, 0.64,
0.256, and 0.102 ng/ml. For the extraction, 2 ml of stock IS solution were added to 200 μl of each
standard. A blank standard was created by adding 2 ml stock IS to methanol only. The standards
were left for 18 h on a shaking table at 23 °C and 100 RFC and subsequently evaporated under
nitrogen. Both standards and samples were then derivatised. Derivatisation is a process of
adding chemicals to alter the ionisation properties of the analyte molecules, which is used to
increase the sensitivity and specificity of LC/MS methods (Halket et al., 2005; Kushnir et al.,
2010). For this step, fresh Girard’s T reagent solution with a concentration of 1mg/ml was
prepared in methanol with 0.2% formic acid. 400 μl of Girard’s T solution were added to each dry
sample/standard, vortexed and incubated in a heat chamber at 37 °C for 30 minutes according to
the protocol modified from Sze et al. (2018). Subsequently, 25 μl of 5% NH4OH in methanol were
added to stop the reaction before evaporation to dryness on centrifugal evaporator
(Scanvac Coolsave). Finally, the samples/standards were reconstituted in 100 μl of 50:50% mobile
phase (A: water, ammonium formate, formic acid and B: acetonitrile, methanol, and formic
acid) before 10 μl were injected for the LC-MS/MS analysis.
The LC-MS/MS system consisted of a Dionex Ultimate 3000 UHPLC system coupled to Thermo
Scientific TSQ endura mass spectrometer fitted with a ESI source. The instrument was operated in
positive electrospray ionization mode using Xcalibur software (Thermo). Chromatography was
performed on a 4.6mm × 100 mm ACE silica column packed with C18-AR 3 μm particles. Injections
were 10 μl using full loop mode. The initial solvent composition was 90% A (0.1% formic acid in
water with 10mM Ammonium formate) and 10% B (0.1% formic acid in 3:1 Acetonitrile: methanol
with 10 mM ammonium formate). The mobile phase gradient was: 10–55% B from 0.25 to 1 min,
55–95% B from 1 to 7.5 min, 95–10% B from 7.5 to 8 min, and a hold at 10% B from 8 to 12 min. The
flow rate was 1ml/min and the column was heated to 45 °C. The RF voltage and collision energy
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were optimized for each compound using the onboard compound optimisation system in the TQ-S;
The capillary voltage was 3.2 kV, ion transfer line tube temperature was 380 °C, sheath gas flow 60,
Auxiliary gas flow 20, and the collision gas was argon and pressure at 1.5V. Dwell times for all
compounds was 100 ms. The sequence also included blanks, quality controls, and process control.

2.4.3 DNA
2.4.3.1 DNA sample collection
DNA material for the Studies 1 and 2 was collected from salivary samples using Oragene® collection
kit (OG-500; DNA Genotek Inc., Kanata, Canada) during previous projects (Harrington et al., 2019;
Klaus et al., 2018).
Genetic material for the Studies 3 and 4 were collected using buccal swabs EasiCollect™, an all-inone device for the collection and storage of cheek cells (Figure 2.6).
Figure 2.6
Diagram of the EasiCollect™ device by Sigma-Aldrich

Notes.

From

Merck

KgaA

(Darmstadt,

Germany,

2021).

Instructions

for

EasiCollect™.

https://www.sigmaaldrich.com/technical-documents/articles/biology/instructions-for-easicollect.html.
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Cells are captured on the foam applicator by the individual swabbing the inside of both cheeks, the
areas around the gumline and under the tongue and then the sample is transferred to an Indicating
FTA® Card (Whatman™) provided within the device. FTA® cards are treated with a chemical mix that
breaks open cells, releases DNA, and protects it from biological or environmental damage.
Furthermore, the FTA® cards contain a dye that turns white when colourless liquids are applied to
the card. This provides an easy method for sample location.

2.4.3.2 DNA extraction
For the Studies 1 and 2, DNA was extracted during previous projects from salivary samples using the
using Oragene® prepIT L2P (DNA Genotek Inc.; http://www.dnagenotek.com) following the
manufacturer’s instructions (Harrington et al., 2019; Klaus et al., 2018).
For the Studies 3 and 4, DNA was extracted from the FTA® cards using the Qiagen QIAamp DNA Mini
Kit (Lot No 1540313920), following the standard protocol
(https://www.qiagen.com/gb/shop/pcr/qiaamp-dna-mini-kit/#resources). First FTA® card holding
the sample was cut out and covered with 200 μl buffer solution (AL). Then 20 μl proteinase solution
was added, vortexed and incubated on a heat block at 56 °C for 10 minutes. The sample was pulse
centrifuged for 15 seconds and 200 μl of 100% ethanol was added and vortexed before spinning in
the centrifuge at 8000 rpm (6000 g) for 1 minute. All liquid was then added to QIAamp Mini spin
column, containing a silica membrane which is supposed to retain the DNA, and centrifuged for a
minute. 500 μl of buffer AW1 was added to the column, before spinning in the centrifuge at 8000
rpm for 1 minute, this process was repeated with buffer AW2 and the filtrates discarded. The
column was transferred to another tube, 50 μl of buffer AE was added. The solution was
subsequently centrifuged for 1 minute at 8000 g and the filtrate contained the extracted DNA.

2.4.3.3 DNA genotype analysis
The genotyping of the FKBP5 haplotype containing the three most researched SNPs rs3800373,
rs9296158, rs1360780 (see Chapter 1) was conducted for Studies 1, 2 and 3.
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Genotyping reactions were done in MicroAmp™ Fast Optical 96-Well Reaction Plates with Barcode
0.1 mL (REF: 4346906), each containing: 5μl of TaqMan™ GTpress™ Master Mix 2X (Applied
Biosystems), 0.25μL TaqMan™ genotyping assay mix (20X), 2 μl DNA and 2.5μL of DNAse-free water.
A control without DNA was tested to exclude the possibility of cross-contamination with DNA from
another source in some of the reagents.
The reactions were conducted according to the following thermocycling programme
(StepOnePlus™), stage 1: pre-PCR reading at 60°C for 1 minute; stage 2: holding of DNA polymerase
activation at 95 °C for 20 seconds; stage 3: 40 cycles of denaturation at 95°C for 3 seconds and
annealing at 60°C for 20 seconds; stage 4: 10 cycles of post-PCR reading of denature at 95°C for 3
seconds and annealing at 60°C for 20 seconds. The allelic discrimination analysis was performed in
the TaqMan™ Genotype programme (Software Real Time PCR Systems Version 2.0 - Applied
Biosystems®, 2007), with the specific algorithm compatible with the results generated by the
equipment for the three polymorphisms. This was done by incubating DNA at high temperature and
low pH in the provided solution.

2.4.2.4 DNA methylation analysis
Analysis of methylation levels was conducted for Study 2.
Genomic DNA was bisulphite-modified by incubating DNA at high temperature and low pH with the
provided solution to convert unmethylated cytosine residues to uracil using the EpiTec® Fast DNA
Bisulphite Kit (Qiagen) with a calculated mean conversion of 99 %, as declared by the manufacturer.
A pyrosequencing method was developed to analyse 3 CpG sites of FKBP5 gene and the sequence
was amplified by polymerase chain reaction (PCR) using primers, including a biotinylated reverse
primer (for more details see Chapter 4 and Table 4.1). The PROMO-ALGGEN tool
(http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3) was used to identify
transcription factors binding sites nearby the CpG island.
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PCR reactions were carried out with 20 ng bisulphite-converted DNA using the PyroMark® PCR kit in
a final volume of 25 µl containing 12.5 µl 1x PyroMark® PCR Master Mix, 2.5 µl 1x CoralLoad
Concentrate, 1 µl of each primer in a final concentration of 0.05 µM, 8 µl RNase-free water.
Amplification conditions were done as follows: 95 °C for 15 min, 45 cycles of 94 °C for 30 s, 56 °C for
30 s and 72 °C for 30 s, finally, 72 °C for 10 min. Methylation status in the sequence of FKBP5 was
determined with a PyroMark® Q48 pyrosequencer (Qiagen UK) using 10 µl PCR product and a
sequencing primer. Pyrosequence setup and data reading were conducted by PyroMark® Q48 2.4.2
software. Samples were submitted to PCR and pyrosequencing in duplicate; any inconsistencies
between samples were resolved following further repetition.
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3.1 Background
The heritability of schizotypy and schizotypal characteristics are estimated to be around 50 per cent
(Linney et al., 2003; Torgersen et al., 2000), with the environment responsible for the rest of the
variation (Velikonja et al., 2015). There is, however, no consensus on the exact aetiological
mechanisms. One of the most potent environmental factors observed in psychopathology is early
life adversity which is associated with increased risk for psychosis-spectrum disorders (Varese et al.,
2012), ranging from clinically diagnosed, subclinical to non-clinical states and traits such as
schizotypy (Ajnakina et al., 2014; Barrantes-Vidal et al., 2015; Matheson et al., 2013; Van Winkel et
al., 2013).
In a study on the impact of different types of early adversity on state schizotypy levels and stress
perception, non-clinical young adults reported childhood adversity both via questionnaire and
interview, and then were randomly prompted to report their feelings including psychotic symptoms,
anxiety, and stress eight times a day for a week (Cristóbal-Narváez, Sheinbaum, Ballespí, et al.,
2016). Self-reported and interview-based abuse and neglect were associated with positive
schizotypy, while only self-reported neglect was associated with negative schizotypy. Bullying was
associated with positive schizotypy only. Losses and general traumatic events were not associated
with any of the state schizotypy dimensions. All types of early adversities were associated with stress
perception in daily life. Interpersonal adversities such as abuse, neglect, bullying, and losses were
found to moderate psychotic-like and/or paranoid reactivity to situational and social stressors. On
the other hand, general traumatic events moderated psychotic-like reactivity to situational stress
(Cristóbal-Narváez, Sheinbaum, Ballespí, et al., 2016).
Similarly, when considering the schizotypy traits, a 2014 systematic review of 25 studies reported
that individuals with experiences of any types of childhood trauma and other early life stressful
events (e.g., bullying) were more likely to report positive, negative, and disorganised schizotypy
traits then those with no such experiences (Velikonja et al., 2015), with the strongest associations for
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the positive dimension. However, since a considerable proportion of studies reported no
associations or displayed pronounced methodological limitations (e.g., inconsistent measures of
trauma and schizotypy), authors concluded that more research on associations between childhood
adversity and trait schizotypy, as well as the underlying psychobiological mechanisms, was needed
(Velikonja et al., 2015).
To assess early life adversity, previous research had mainly employed the 25-item version of the
Childhood Trauma Questionnaire (CTQ, see Chapter 2.2.3.1). However, this short version does not
assess the validity of self-report by omitting the additional 3-item scale of
Minimisation/Denial (MacDonald et al., 2015), which is associated with under-reporting of childhood
trauma as well as with social desirability and self-deception measurements (Church et al., 2017;
Gerdner & Allgulander, 2009). Patients with severe mental disorders such as schizophrenia, bipolar
disorder or psychosis were found to have lower levels of minimisation/denial but higher reported
childhood trauma than healthy controls (Church et al., 2017). A similar pattern might be expected in
individuals with high compared to low schizotypy, yet research on minimization/denial in schizotypy
is currently missing.
The influence of childhood adversity is further suggested to be facilitated through its destabilising
effect on the HPA axis (see Chapter 1.3.6). One of the proteins involved in sensitisation of hormonal
stress response, via an impairment of negative feedback loop within the HPA axis, is the FK506
binding protein 5 (FKBP51, see Chapter 1.6.3), a 51-kDa protein encoded by the FKBP5 gene (see
Chapter 1.6.1) (Zannas & Binder, 2014). Cortical dysregulation in expression of FKBP5 gene has been
associated with psychotic disorders such as schizophrenia and bipolar disorder (Sinclair et al., 2013),
but there is only limited research in schizotypy (see Chapter 1.6.5).
A functional haplotype comprised of 18 single nucleotide polymorphisms (SNP) of the FKBP5 gene
has been associated with increased expression of FKBP5 in response to glucocorticoid receptor (GR)
activation and variation in GR sensitivity (Binder, 2009; Cristóbal-Narváez, Sheinbaum, Rosa, et al.,
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2016; Zannas & Binder, 2014). The haplotype tagging SNPs rs3800373, rs9296158, and rs1360780,
with risk alleles suggested to be the minor C, A, and T alleles respectively, have been among the
most frequently studied FKBP5 polymorphisms to date (Criado-Marrero et al., 2018; Zannas et al.,
2016). Of these, the rs1360780 polymorphism appears to be the most likely one to facilitate
functionality of the haplotype (Cristóbal-Narváez, Sheinbaum, Rosa, et al., 2016; Zannas & Binder,
2014).
Previous research provides strong evidence of interactions between FKBP5 genotypes and early-life
stress in stress-associated disorders such as major depression, anxiety, and PTSD (Criado-Marrero et
al., 2018; de Castro-Catala et al., 2017; Lahti et al., 2016; Wang et al., 2018; Watkins et al., 2016).
Interaction between minor FKBP5 alleles and childhood adversity has been frequently associated
with psychosis (Ajnakina et al., 2014; Alemany et al., 2016; Collip et al., 2013), schizophrenia
(Mihaljevic, Zeljic, et al., 2017) and schizotypy. FKBP5 genotype was also suggested to moderate
psychotic-like experiences to daily life stress (Cristóbal-Narváez, Sheinbaum, Rosa, et al., 2016) or to
negatively affect cognition in healthy population (Green et al., 2015). However, several studies
reported no effects (de Castro-Catala et al., 2017; Gawlik et al., 2006; Memic et al., 2018).
Considering the inconclusive findings, further investigation on the FKBP5 genotype and childhood
adversity effect on schizotypy levels is needed.
Beyond measurement of psychotic symptoms which could be indicative of underlying
pathophysiology, the assessment of subjectively perceived stress and resilience may help gain an
understanding of individual’s suffering and potential relationship between subjective perception and
objective symptoms (Ritsner, Gibel, & Ratner, 2006). Higher stress sensitivity has been long observed
in schizophrenia (Collip et al., 2008), psychotic experiences (DeVylder et al., 2016), and more
recently in schizotypy (see Chapter 1.3.5). For example, the gene by environment interaction effect
of minor FKBP5 haplotype and childhood bullying was found to increase the association between
social stress appraisal and psychotic-like experiences in both, early-psychosis and healthy
participants (Cristóbal-Narváez, Sheinbaum, Rosa, et al., 2016).
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While stress sensitivity has been found to be associated with predominantly positive schizotypy,
higher negative schizotypy was predicted by lower resilience and poorer coping behaviour (Ruzibiza
et al., 2018), thus indicating that resilience is likely a separate construct to low stress sensitivity.
Others have found resilience to moderate the interaction effect of FKBP5 genotype and childhood
abuse on depressive symptoms (Kang et al., 2020) but no research on such association has been
performed in schizotypy.
In addition to early life stress, recent stress experiences have been suggested to be associated with,
to influence or to even trigger the presence of acute psychotic symptoms (Mayo et al., 2017; MyinGermeys et al., 2005). One of the few studies assessing distal (early life trauma) and proximal (recent
or daily life) stressors found that both were associated with psychotic experiences and that
association was stronger in the early psychosis than in the non-clinical group (Cristóbal‐Narváez et
al., 2017). Although in this study FKBP5 was found to interact with distal stress only, another stressrelated gene was found to interact with proximal stress, increasing momentary levels of psychotic
experience in the early-psychosis group (Cristóbal‐Narváez et al., 2017). In a recent prospective
study over six months, higher levels of dispositional schizotypy in young non-clinical adults were
associated with higher stress sensitivity following current major life events (Grattan & Linscott,
2019). Higher cognitive-perceptual and interpersonal schizotypy predicted higher baseline stress
sensitivity. Higher cognitive-perceptual dimension also predicted larger increases in psychological
stress sensitivity following life events whereas higher levels of disorganisational schizotypy reduced
growth in stress sensitivity over time (Grattan & Linscott, 2019).

3.1.1 Aims and hypotheses
In the context of previous research, the aim of this study was to further investigate relations
between HPA axis associated genetic polymorphisms of FKBP5 gene, early and recent life stress and
mental health vulnerability, indicated by high levels of schizotypy, high perceived stress and low
resilience. It was hypothesised that minor alleles of FKBP5, in interaction with high childhood
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adversity, would be associated with higher schizotypy, higher perceived stress and lower perceived
resilience. Lower minimisation/denial was hypothesised in high schizotypy. Reported occurrence of
recent stress was not expected to be associated with genotype and childhood trauma. However,
higher perceived impact of the recent stress was hypothesised in high schizotypy.

3.2 Methods
3.2.1 Participants
Forty-four young female adults with pre-existing donated DNA samples were re-recruited from a
participant pool of 100 female university students invited by the School of Psychology for previous
work (e.g., Harrington et al., 2019), where participants were included if they had no history of sleep,
neurological, endocrine or psychiatric disorders, as assessed through self-report, and were free of
long-term medication (except for the contraceptive pill). For the current study, all interested
previous participants were included, but information was collected on any newly diagnosed
disorders and current medication.

3.2.2 Study procedures
The participants were first approached and informed of the study via a Participant Information Sheet
by email. If the email address was not available or there was no response to this first contact,
potential participants were contacted via telephone, where possible. Participant consent was
obtained electronically via the online platform Qualtrics (Qualtrics, Provo, UT). Once consented,
participants filled out five questionnaires via the same platform, which they were able to complete
at their own pace. Participants received no payment but were able to enter a prize draw for online
store vouchers upon study completion. The study was approved by the University of Lincoln Ethics
Committee (reference number 2019-Mar-0473).
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3.2.3 Measures
Schizotypy was measured using the 43-item (yes/no) Oxford-Liverpool Inventory of Feelings and
Experiences, short version (sO-LIFE, see Chapter 2.2.1.1; Mason et al., 2005). The internal
consistency of sO-LIFE in this study was excellent for the overall score (α=.86) and good for Unusual
Experiences (α=.76), Cognitive Disorganization (α=.82), Introvertive Anhedonia (α=.70), and
Impulsive Nonconformity (α=.72) (Streiner, 2003).
Resilience was measured with the 25-item Connor-Davidson Resilience Scale (CD-RISC, see Chapter
2.2.4.1; Connor & Davidson, 2003). The internal consistency was adequate (α=.93, Streiner, 2003).
Perceived stress during the past month was measured using the 14-item Perceived Stress Scale (PSS14, see Chapter 2.2.2.2; Cohen et al., 1983). The internal consistency of PSS-14 in this study was
excellent (α=.90, Streiner, 2003). Recent life stress was measured via the 21-item University Stress
Scale (USS, see Chapter 2.2.2.4; Stallman & Hurst, 2016). Two scores were computed from the USS:
the problem score, which represents the number of stressors endorsed and extent score, which
represents the overall score of perceived impact of the stressors. A USS extent score of 13 or above
was previously suggested to indicate a high likelihood of depression and anxiety due to experienced
stress (Stallman & Hurst, 2016). The internal consistency of USS extent score in the current study
was acceptable (α=.65, Streiner, 2003).
Early life stress was assessed with the 28-item Childhood Trauma Questionnaire, short form (CTQ,
see Chapter 2.2.3.1; Bernstein et al., 2003). The internal consistency of CTQ in this study was very
good for the overall score (α=.80) and for the individual subscales sexual abuse (α=.88), and
emotional neglect (α=.83), but less so for emotional abuse (α=.56), physical abuse (α=.52), and
physical neglect (α=.45) (Streiner, 2003). To assess recall and reporting biases, the CTQ also includes
a 3-item Minimization/Denial (MD) subscale with responses of “very often true” to any one of the
three MD items suggesting underreporting of childhood trauma (Bernstein et al., 1998; MacDonald
et al., 2016). Although CTQ is one of the most used tools for assessing childhood trauma, the MD
scale is typically omitted or not reported on, despite minimisation/denial being common in 10-40 %
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of responders (MacDonald et al., 2015; MacDonald et al., 2016). However, not controlling for
possible underreporting may lead to compromised results such as false negative findings (Church et
al., 2017). This scale was included in the current study (α=.83) to control for the report bias and to
assess potential associations with schizotypy.

3.2.4 DNA genotyping
Salivary samples were collected, and DNA extracted using DNA Genotek kits according to the
manufacturer’s instructions as described previously (Harrington et al., 2019). The genotyping of the
FKBP5 haplotype containing SNPs rs3800373, rs9296158, rs1360780 was conducted within the
facilities of the Biomedical Centre at the Sheffield Hallam University (see Chapter 2.4.3.3).

3.2.5 Statistical analyses
Statistical analyses were conducted using SPSS (Version 25.0., IBM, Armonk, NY). All statistical tests
were two-tailed with alpha set at p < 0.05. Normal distribution was confirmed with KolmogorovSmirnov test for scores of global schizotypy (sO-LIFE; p=.200), perceived stress (PSS-14; p=.200),
recent life stress (USS extent score; p=.058, USS problem score; p=.129), and resilience (CD-RISC
p=.200). Normality was also confirmed for the total childhood trauma score (CTQ total; p=.065) and
schizotypy subscales Unusual Experiences (p=.152) and Impulsive Nonconformity (p=.058), but not
for Cognitive Disorganisation (p=.030), Introvertive Anhedonia (p<.001), and for Minimisation/Denial
(MD; p<.001). Person’s r for normally distributed variables and Spearman’s rho for not normally
distributed variables were calculated for correlational analyses. Parametric t-test and nonparametric Mann-Whitney U-tests were conducted for group comparisons.
To investigate the interactions between FKBP5 haplotype and childhood trauma (CT) on mental
health vulnerability, individual ANOVAs were conducted with haplotype (minor allele carriers vs noncarriers) and CT experience (CT reported versus not reported) as factors and global schizotypy,
perceived stress and resilience as dependent variables. Similar ANOVAs were conducted to
investigate the interactions between FKBP5 haplotype and recent stress on mental health
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vulnerability, with the factor recent stress (problem score above median vs below median).
Secondary analyses were conducted for the schizotypy subscales, minimisation/denial scale and the
reported psychopathology.

3.3. Results
From the total pool of 100 participants, 44 young females (mean age= 22.02, SD=.91) were recruited
and completed the online survey.

3.3.1 Genotyping
Information on SNP variants was obtained for all 44 participants, except for the rs3800373 allele in
one participant, for which the PCR reading did not yield a clear result after two repeats. Since HardyWeinberg equilibrium was not confirmed for rs9296158 (p=0.014, Table 3.1), minor allele haplotype
was created from rs3800373 C-allele (HWE p=0.47) and rs1360780 T-allele (HWE p=0.09). The overall
sample was then divided into carriers (with one or more minor alleles, n=23) and non-carriers (no
minor alleles, n=21).
Table 3.1
Distribution of FKBP5 variants in the overall sample
SNP

Chromosomal position

Function

HWE

Call rate

Genotypes

rs3800373

35574699*

3’ UTR

0.47

0.98

CC=4

CT=15

TT=24

rs9296158

35599305*

Intron

0.014

1.00

AA=8

AG=12

GG=24

rs1360780

35639794*

Intron

0.09

1.00

TT=8

CT=15

CC=21

Notes. HWE, p-values of the Hardy-Weinberg equilibrium test; Chromosomal positions are given
according to the May 7, 2014 GRCh38 human reference sequence database (NCBI Build 38.1/141) of
the International Human Genome Sequencing Consortium.

3.3.2 Sample characteristics
Carriers of the FKBP5 minor CT haplotype did not differ from non-carriers in terms of age, education
(all participants were university students), levels of recent experienced stress (USS extent score) and
number of recent experienced stressors (USS problem score), see Table 3.2. Non-carriers reported
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higher total CTQ scores (t=2.13, p=.039) and emotional abuse (t=2.01, p=.050) than carriers,
although both groups reported on average none to low levels of childhood trauma (for full details on
CTQ cut-offs see Chapter 2.2.3.1, Table 2.2). Table 3.2 demonstrates cut-offs for moderate traumatic
experience for each of the subscales.
The minimisation/denial (MD) was highly and equally present in both groups (χ²=.28, p=.60), with
83% MD presence in carriers and 76% in non-carriers. Ten participants (23 % of the overall sample)
reported history of psychopathology and the number did not significantly differ between carriers
and non-carriers (χ²=.78, p=.38). The reported psychopathologies and related medication intake
were anxiety disorder, depression, psychosis, borderline personality disorder, eating disorder, and
SSRI intake (Table 3.2).
Table 3.2
Sample characteristics in the overall sample (N=44) divided by minor haplotype carriers and non-carriers

Characteristics
Age
Stress
USS Extent score
USS Problem score
USS above cut-off [%]
Childhood trauma (CTQ)
Emotional abuse
Physical abuse
Sexual abuse
Emotional neglect
Physical neglect
Minimisation/denial
Total score
Childhood trauma reported
Minimisation/denial present
Reported psychopathology
and related medication intake
Anxiety/GAD
Anxiety, Depression
Anxiety, Depression, Psychosis,
BPD
Eating disorder
Only SSRI intake reported
Total number reported

Carriers (n=23)
Mean (SD)
22.07 (.93)
Mean (SD)
17.39 (5.41)
10.48 (2.63)
N [%]
19 [82.6]
Mean (SD)
7.26 (2.34)
5.57 (1.20)
5.30 (0.93)
7.78 (2.95)
5.83 (1.40)
1.30 (0.88)
31.74 (5.97)
N [%]
2 [8.7]
19 [82.6]
N
2

1
1
4

Non-carriers (n=21)
Mean (SD)
21.98 (.91)
Mean (SD)
16.90 (6.80)
10.14 (2.85)
N [%]
17 [81.0]
Mean (SD)
8.90 (3.05)
5.67 (1.74)
5.62 (2.40)
9.62 (3.63)
6.38 (1.60)
1.29 (0.90)
36.19 (7.83)
N [%]
7 [33.3]
16 [76.2]

Cut-off
≥13

Cut-off
13
10
8
15
10

t
-.33
t
-.26
-.41
χ²
.02
t
2.01
.23
.58
1.85
1.23
-.07
2.13
χ²
4.10
.28

p
.745
p
.793
.687
p
.596
p
.050
.822
.562
.072
.230
.945
.039
p
.043
.598

N
3
2
1

χ²

p

6

.78

.377

Notes: Carriers – carriers of one or more minor alleles in the 2 SNP haplotype (either C in rs3899373 or T in
rs1360780); GAD – General Anxiety Disorder, BPD – Borderline Personality Disorder, SSRI – Selective Serotonin
Reuptake Inhibitors.
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3.3.3 Effects of genotype and early life stress on schizotypy, perceive stress and resilience
Individual ANOVAs with global schizotypy, perceived stress and overall resilience as dependent
variables and FKBP5 haplotype (minor allele carriers, n=23 vs non carriers, n=21) and number of
childhood trauma events reported (none, n=35 vs one or more, n=9) showed neither main, nor
interaction effects (see Table 3.3 and Figure 3.1).
Table 3.3
Results from individual analyses of variance between FKBP5 minor allele carriers vs non-carriers with
none or reported childhood trauma

Genotype effect

Global schizotypy
F=.32, p=.577, ηp2=.008

Perceived stress
F=.02, p=.882, ηp2=.001

Resilience
F=.24, p=.628, ηp2=.006

Childhood trauma effect

F=.21, p=.647, ηp2=.005

F=.89, p=.350, ηp2=.022

F=.41, p=.526, ηp2=.010

G x CT Interaction effect

F=.01, p=.907, ηp2=.000

F=.00, p=1, ηp2=.000

F=.33, p=.567, ηp2=.008
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Figure 3.1
Associations of early life stress with global schizotypy (A), perceived stress (B), and resilience (C)
A)

B)

C)

Notes. Early life stress none to low vs. moderate to severe, minor FKBP5 allele carriers presented in black and
non-carriers in white, global schizotypy (range 0-43), perceived stress (range 0-56), and resilience (range 0100); Error bars: +/- 1 SE.
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3.3.4 Associations between Minimisation/Denial scale, schizotypy, perceived stress and
resilience
Minimisation/denial was found to be highly represented within the sample, with 79.5% of all
participants having a score above 0, yet the levels did not differ between the genotypes (see Table
2). Parametric t-tests and non-parametric Mann-Whitney U-tests revealed that individuals
presenting with some minimisation/denial (n=35) had higher levels of global schizotypy (t=5.04,
p<001), perceived stress (t=2.39, p=.021), and lower levels of resilience (t=-3.66, p=.001) than
individuals with no minimisation/denial presence (n=9), see Figure 2. There was no difference in the
number of recent stressors (t=1.09, p=.283), intensity of recent stress (t=1.53, p=.133) or CT total
score (t=1.52, p=.137).
The difference in schizotypy was particularly driven by the subscales Unusual Experiences (t=3.03,
p=.004), Cognitive Disorganisation (W=919, p<001) and Introvertive Anhedonia (W=896.5, p=.001),
but not by Impulsive Nonconformity (t=1.87, p=.069).
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Figure 3.2
Associations of minimisation/denial with global schizotypy (A), perceived stress (B), and resilience (C)
A)

B)

C)

Notes. *p<.05, **p<.001, global schizotypy (range 0-43), perceived stress (range 0-56), and resilience (range 0100), error bars 95% CI.
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3.3.5 Effects of genotype and recent life stress on schizotypy, perceived stress and resilience
Individual ANOVAs with global schizotypy, perceived stress and overall resilience as dependent
variables and FKBP5 haplotype (minor allele carriers, n=23 vs non carriers, n=21) and number of
recent stressors (below median of 10, n=18 vs above median, n=26) showed no main effect of recent
life stressors on global schizotypy, perceived stress, and resilience. There were no significant
genotype or interaction effects (all p>.05) (Table 3.4 and Figure 3.3).
Table 3.4
Associations between global schizotypy, stress and resilience in the overall sample (N=44)

Genotype effect

Global schizotypy
F=.64, p=.429, ηp2=.016

Perceived stress
F=.06, p=.810, ηp2=.001

Resilience
F=.00, p=.956, ηp2=.000

Recent stressor effect

F=1.92, p=.174, ηp2=.046

F=.704, p=.406, ηp2=.017

F=.52, p=.477, ηp2=.013

GxCT Interaction effect

F=.33, p=.569, ηp2=.008

F=1.23, p=.274, ηp2=.030

F=.03, p=.860, ηp2=.001
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Figure 3.3
Associations of number of recent stressors with global schizotypy (A), perceived stress (B), and
resilience (C)
A)

B)

C)

Notes. Number of recent stressors below vs. above median of 10, minor FKBP5 allele carriers presented in
black and non-carriers in white, global schizotypy (range 0-43), perceived stress (range 0-56), and resilience
(range 0-100); Error bars: +/- 1 SE.
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3.3.6 Schizotypy, stress, and resilience
The overall mean of perceived stress was 29.43 (9.69), on the possible scale of 0-56. The overall
mean of recent life stress was 17.16 (6.05) on the possible scale of 0-66. The overall mean of
resilience was 64.27 (2.34) on the possible scale of 0-100. The global schizotypy mean was 17.61
(1.20) on a possible scale of 43. For overall means of subscales see Table 3.5.
Global schizotypy had a moderate positive correlation with perceived stress, moderate negative
correlation with resilience, and moderate to weak positive correlation with the intensity of recent
stress but not with the number of reported stressors, i.e., higher scores of global schizotypy were
related to higher perceived and recent stress and lower resilience (see Table 3.5). Further inspection
of schizotypy subscales revealed that the association with perceived stress was driven by subscales
Unusual Experiences, Cognitive Disorganisation, and Impulsive Nonconformity (see Table 3.5).
Higher perceived intensity of recent stress was associated mostly with higher Introvertive
Anhedonia, and marginally with Unusual Experiences and Cognitive Disorganisation. Lower levels of
resilience were associated with higher scores on all schizotypy subscales (see Table 3.5).
Perceived stress was associated with higher perceived intensity of recent stress and lower resilience,
but not with the number of recent stressors (see Table 3.5).
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Table 3.5
Correlations between global schizotypy, stress and resilience in the overall sample (N=44)
M
(SD)
Schizotypy
(Global sO-LIFE)

17.61
(1.20)

Schizotypy
(Global sO-LIFE)

Unusual
Experiences

4.18
(.42)

.81
<.001

Unusual
Experiences

Cognitive
Disorganisation

6.68
(.47)

.82
<.001

.59
<.001

Cognitive
Disorganisation

Introvertive
Anhedonia

2.39
(.30)

.67
<.001

.36
.015

.46
.002

Introvertive
Anhedonia

Impulsive
Nonconformity

4.36
(.35)

.74
<.001

.48
.001

.41
.006

.41
.006

Impulsive
Nonconformity

Perceived
stress (PSS-14)

29.43
(9.69)

.63
<.001

.54
<.001

.66
<.001

.24
.120

.34
.025

Perceived Stress
(PSS-14)

Recent stress
(USS extent)

17.16
(6.05)

.36
.017

.29
.055

.29
.054

.38
.010

.23
.132

.55
.001

Recent Stress
(USS)

Recent
stressors (USS
problem)

10.32
(2.71)

.20
.190

.26
.091

.11
.474

.28
.064

.029
.851

.27
.073

.85
<.00
1

Recent
stressors (USS
problem)

Resilience
(CD-RISC)

64.27
(2.34)

-.63
<.001

-.38
.010

-.60
.001

-.45
.002

-.39
.008

-.59
.001

-.33
.030

-.08
.612

Notes. Significant correlations in bold.

3.3.7 Associations between psychopathology and schizotypy, perceived stress and resilience
Secondary analyses were conducted for reported psychopathology due to an unexpected high
prevalence in the sample. Independent sample t-tests comparing individuals with (n=10) and
without (n=34) reported psychopathology, revealed that individuals with reported psychopathology
displayed higher scores of global schizotypy (t=2.66, p=.011), perceived stress (t=2.24, p=.03), and
lower scores of resilience (t=-2.67, p=.011) than individuals without reported psychopathology.
There was no difference in reported recent stress intensity scores (t= 1.04, p=.31) or CTQ total scores
(t=.081, p=.936). Further analyses revealed that the differences in schizotypy were driven by Unusual
Experiences (t=2.49, p=.017), Impulsive Nonconformity (t=2.52, p=.016) and marginally by Cognitive
Disorganisation (t=1.9, p=.063), but not by Introvertive Anhedonia (t=.92, p=.36) subscales.
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3.4 Discussion
The aim of this study was to investigate stress sensitivity in schizotypy through assessing schizotypy’s
relationship with stress response related FKBP5 gene, early and recent life stress, stress perception,
as well as perceived resilience. Overall, high positive and impulsive asocial schizotypy was confirmed
to be associated with higher stress sensitivity, characterised by higher perceived stress, higher
perceived impact of recent stress, and lower resilience. As hypothesised, reported occurrence of
recent stress was not associated with genotype and childhood trauma. However, contrary to the
initial hypothesis, neither minor alleles of FKBP5 nor high childhood adversity or the interaction of
both were associated with higher schizotypy, higher perceived stress, or lower perceived resilience.
In contrast to previous assumptions, higher minimisation/denial was associated with high
schizotypy.
The current study was able to replicate the association between high schizotypy levels and stress
vulnerability. Further subscale analysis revealed the particular role of Unusual Experiences, or
positive schizotypy, and Impulsive Nonconformity, or asocial schizotypy, in predicting stress
sensitivity. While positive schizotypy was previously phenotypically and genetically associated with
more widely researched concepts related to stress disorders such as neuroticism, impulsive
schizotypy was found to be largely independent from neuroticism (Macare et al., 2012), thus
emphasising the unique contribution of schizotypy as stress vulnerability concept. Since the asocial
schizotypy dimension was also recently found to support the fully dimensional model of schizotypy
rather than the quasi-dimensional model (see Chapter 1, Polner et al., 2019), further investigations
of schizotypy as stress vulnerability factor in non-clinical samples are compelling.
Individuals with reported psychopathology in the current sample showed higher schizotypy,
perceived stress and lower resilience levels, but did not differ in reported objective stress from
individuals without reported psychopathology, which is in line with previous research (e.g., Kwapil et
al., 2013). This confirms that higher scores of schizotypy may serve as a reliable indicator of higher
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vulnerability to stress, which is associated with the development of a wide range of
psychopathologies (see Chapter 1.3). However, due to the cross-sectional design of this study, it
remains unclear whether the high schizotypy in the present sample was a cause, a result, or both in
respect to vulnerability to stress and psychopathology.
Contrary to the initial hypothesis, no main or interaction effect of FKBP5 minor haplotype and
childhood trauma on global schizotypy were found. This may in part be due to a low variance of
reported childhood trauma in the present sample with none or mild traumatic experiences reported
on average. Furthermore, although rarely reported in research, high incidence of
minimisation/denial, especially in the presence of very low levels of childhood trauma, was
suggested to reflect lack of validity in childhood trauma self-reports (Church et al., 2017; MacDonald
et al., 2015; MacDonald et al., 2016). In the current sample both, high minimisation/denial and low
childhood trauma levels were present. There was also no difference in childhood trauma scores
between individual with present versus not present minimisation/denial, suggesting that the data on
childhood trauma may have been compromised, and most likely underreported.
However, and independently of childhood trauma, strong evidence was found for individuals
presenting with minimisation/denial to show higher schizotypy (global and on all subscales),
perceived stress and lower resilience. Church et al. (2017) have found higher presence of MD in
healthy participants compared to patients with schizophrenia spectrum, bipolar spectrum diagnosis,
or major depression disorder with psychotic features. The patients had also reported higher levels of
childhood trauma. Church et al. (2017) suggested that minimisation/denial may represent a selfserving bias, attenuated in psychiatric group. However, in the current sample participants with
psychopathology did not differ in reported childhood trauma and minimisation/denial from
participants without reported psychopathology. Furthermore, the current sample did not report
higher childhood trauma levels alongside of lower minimisation/denial or presented with higher
minimisation/denial scores alongside of lower childhood trauma levels. Therefore,
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minimisation/denial within this sample might have served a different purpose than the self-serving
bias. Perhaps, minimisation/denial scores indicated another coping strategy in the face of high
vulnerability. Minimisation and denial are considered to be part of avoidant coping, which has been
previously associated with higher mental vulnerability characterised by higher stress sensitivity and
schizotypy (see Chapter 1.4.1). However, the association between minimisation/denial scores and
coping preferences could not be investigated since no coping strategies were assessed.
The average reported impact of recent stress in the current sample was above the previously
suggested cut-off of 13 for increased vulnerability (Stallman & Hurst, 2016). Individuals reporting
high perceived intensity of recent stress reported higher dispositional schizotypy and perceived
stress levels, as well as lower levels of perceived resilience than individuals with low recent stress.
There was no association with the FKBP5 genotype. This is in line with Cristóbal‐Narváez et al.
(2017), who showed the proximal stress to increase state psychotic experiences, but the FKBP5 risk
haplotype to be associated with rather distal (e.g., childhood trauma) than proximal stress.

3.5 Limitations
The clear limitations of this study arise from the small sample comprising only female participants.
The pool of potential participants was limited by the number of DNA samples already available from
a previous study (Harrington et al., 2019). This sample was also characterised by a low variance of
childhood trauma reported. On average, unexpectedly high levels of perceived and recent stress
were reported. Since the data collection was done during examination times for most of our
participants, high recent and perceived stress levels may not be surprising, yet it may also be
possible that a self-selection of people for whom stress was particularly relevant decided to
participate in the study. Future research should look at larger and more varied samples, recruited
from a greater variety of backgrounds/current circumstances. Introduction of preselection of
participants based on high versus low schizotypy scores could also increase the effects seen in the
present sample or help the trends reach significance.
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Finally, the perceived stress was assessed at the same time as schizotypy. Given the high correlation
between perceived stress and schizotypy, the reporting of each might have been influenced by the
reporting of the other. Therefore, in future research setting, it may be advisable to reduce the
proximity of schizotypy and recent stress and/or resilience assessment.

3.6 Conclusion
In conclusion, this study has confirmed schizotypy scores to be a reliable marker of mental health
and stress vulnerability, represented by increased perceived stress and decreased perceived
resilience. Future investigations should also explore the intriguing association of schizotypy with
minimisation/denial and assess the role of coping in schizotypy. The lack of association of global
schizotypy with FKBP5 haplotype in our sample may be a result of absent epigenetic change, due to
low levels of reported experienced childhood trauma, although no data on methylation levels and/or
expression levels of FKBP51 have been collected to confirm. Future research should look not only at
the haplotype, but also at the epigenetic and phenotypic changes, such as methylation or protein
expression levels and physiological stress response, such as cortisol levels. Finally, a longitudinal
investigation of association between dispositional schizotypy and stress vulnerability and/or
psychopathology would be of interest to assess the directionality.
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4.1 Background
In recent decades, epigenetic processes regulating gene expression have received increasing
attention, since they facilitate the interjunction between genetic and environmental influences (see
Chapter 1.6.2; Felsenfeld, 2014). One of such processes is DNA methylation, which modulates
transcription of a gene via the addition of a methyl group to DNA base pairs, predominantly in the
context of cytosine–guanine dinucleotides, or CpG isles (Cecil et al., 2016; Jaenisch & Bird, 2003).
Methylation is believed to be one of the most stable epigenetic processes (Reik, 2007) with genes
that are highly expressed having typically low levels of methylation in their promoter regions (Sasaki
et al., 2013; Zhang et al., 2013).
Methylation of the FKBP5 gene decreases mRNA transcription and therefore FKBP51 protein
expression. This has been demonstrated in healthy carriers of the minor allele rs1360780 following
psychosocial stress (Höhne et al., 2015). Thus, the negative feedback loop of the HPA remains intact
and allows for speedy endocrine recovery after stress response (see Chapter 1.3 and 1.6). However,
prolonged or chronic glucocorticoid exposure disrupts this protective feature by inducing
demethylation (Klengel et al., 2013), potentially constituting another factor of vulnerability to stress
(Muehlhan et al., 2020; Yehuda et al., 2016). In a series of investigations, Klengel et al. (2013)
inspected all regions within the FKBP5 gene relevant for GR-binding, including promoter regions and
introns 2, 5 and 7. Only the CpG sites at intron 7 (CpG sites 3-5) were found to be differentially
methylated in FKBP5 rs1360780 minor allele carriers with a history of childhood adversity in
comparison to non-carriers. Such functionality of intron 7 was suggested to arise from its location
within, or in proximity to, functional glucocorticoid response elements (GREs) which are
demethylated by glucocorticoid exposure, especially during developmentally sensitive periods
(Klengel et al., 2013; Yehuda et al., 2016).
Following the pioneering work by Klengel et al. (2013), more studies have confirmed the effect of
not only FKBP5 risk genotype (see Study 1), but also of FKBP5 demethylation in many stress-related
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disorders such as PTSD, depression, as well as aggression and suicide attempts (e.g., Höhne et al.,
2015; Zannas et al., 2016). Furthermore, a negative correlation between FKBP5 methylation and
serum cortisol levels after stress exposure has been demonstrated, suggesting that measurement of
FKBP5 methylation levels may be a useful biomarker of HPA axis dysregulation (Lee et al., 2011;
Winkler et al., 2017). Tyrka et al. (2015) further investigated the CpG1 and CpG2 sites in intron 7
(Klengel et al., 2013) and found that maltreated children had significantly lower levels of methylation
at both CpG sites, while lifetime contextual stress exposure showed a trend for lower levels of
methylation at CpG1. Similarly, exposure to chronically high cortisol levels in Cushing syndrome was
associated with lower DNA methylation level of FKBP5 introns (Resmini et al., 2016). In contrast to
that, recent life stress over the last month had no associations with methylation levels (Tyrka et al.,
2015). Taken together, these findings suggest that methylation levels represent changes most likely
arising from prolonged glucocorticoid or stress exposure during sensitive developmental windows
(Yehuda et al., 2016).
Other studies, however, have questioned the association between FKBP5 methylation, genotype,
early life maltreatment, and mental health, reporting either inconsistent results with small effect
sizes (Klinger-König et al., 2019) or no significant associations with individual variations in FKBP5 SNP
rs3800373 (Memic et al., 2018). Higher FKBP5 methylation levels have been associated not only with
lower stress sensitivity, but also with increased resilience and post traumatic growth (Miller et al.,
2020; Sabbagh et al., 2014). In terms of genotype effect, resilience has been also found to moderate
the FKBP5 genotype by child physical abuse effect on depression (Kang et al., 2020). In addition,
previous research has reported potential sex differences in the genotype effects, with female
individuals carrying minor haplotype of 7 FKBP5 SNPs (rs3800373, rs9296158, rs7748266, rs1360780,
rs9394309, rs9470080 and rs4713916) showing higher levels of anxiety in the presence of violence
than males (Isaksson et al., 2016).
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While the majority of research has concentrated on FKBP5 epigenetic effects in the classical affective
and stress-related disorders, only few studies have investigated these associations in psychosis. In a
sample of 24 psychosis spectrum patients and 24 age and gender matched controls decreased FKBP5
methylation at 3 CpG sites (CpG1, CpG2, and CpG3 from (Klengel et al., 2013) and overall average
methylation of sites across intron 7 was observed in the psychosis spectrum patients (Mihaljevic,
Franic, et al., 2017). All participants were further genotyped for rs1360780 and divided into 2 groups
(minor allele carriers and non-carriers). Strong negative associations between trauma and
methylation at CpG3 and average methylation levels were observed in minor allele carrying controls
only. In another study by the same group, decreased FKBP5 DNA methylation at CpG3 in intron 7
was observed in psychosis spectrum patients compared to healthy siblings and at CpG1, CpG3 and
average methylation in patients compared to healthy controls. No differences in methylation levels
were found when comparing healthy siblings and controls (Mihaljevic, Zeljic, et al., 2017).
Another research group showed a three-way interaction effect of genotype, early life experience of
violence and diagnosis of schizophrenia on FKBP5 methylation (Chiappelli et al., 2018). More
specifically, schizophrenia patient carriers of rs1360780 minor allele with reported experience of
violence showed decreased levels of methylation within intron 2 compared to minor allele carrier
patients without early adversity, patients without minor allele regardless of reported experience of
violence, and healthy controls minor allele carriers reporting adversity (Chiappelli et al., 2018). More
recently, Misiak et al. (2020) reported lower levels of FKBP5 methylation at one out of four tested
CpG sites in first-episode psychosis patients compared to acute-relapse schizophrenia patients or
controls. Participants reporting parental antipathy and sexual abuse in childhood had significantly
lower levels of FKBP5 methylation levels than individuals without reported sexual abuse and
parental antipathy. Interestingly, lower levels of FKBP5 methylation were associated with better
cognitive performance and higher functional capacity in patients with psychosis, whereas in controls
lower methylation of FKBP5 was related to worse performance of immediate memory and language
skills (Misiak et al., 2020).
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Overall, the majority of previous research has suggested lower levels of FKBP5 methylation at intron
7 in affective and psychotic disorders in the context of minor alleles and experienced childhood
adversity. The recent findings on lower methylation in first-episode psychosis raise the question on
whether lower FKBP5 methylation levels may already be present in pre-symptomatic states (Misiak
et al., 2020). Given the etiological similarities between schizophrenia and schizotypy (Matosin et al.,
2018), similar epigenetic differences in FKBP5 methylation between high and low schizotypes in
interaction with early life stress can be expected. However, no investigation of FKBP5 methylation in
schizotypy has been conducted to date. Exploring epigenetic changes in schizotypy might provide
new insight into the mechanisms of association between schizotypy and FKBP5 genotype and early
adversity.
In the study reported in Chapter 3 the effects of FKBP5 genotype on schizotypy levels and stress
perception were investigated in a female student population. The current study represents a
continuation of that research question, by assessing a community sample specifically recruited to
represent higher variation in age, levels of education, and background than a student sample. In
addition, considering a male sample this time might also increase our understanding of potential
sex-dependent variations. Most importantly, the current study is an extension of previous research
through introduction of the epigenetic factor of methylation levels.

4.1.1 Aims and hypotheses
This study is the first to explore associations between schizotypy and FKBP5 genetic and epigenetic
effects in the context of early life trauma. Given the strong evidence for methylation effects at intron
7, the main aim was to further investigate the relationship between schizotypy and FKBP5 through
investigating methylation of CpG sites in intron 7. Lower methylation levels of FKBP5 gene were
expected in carriers of FKBP5 minor allele, especially in individuals with high schizotypy levels and
reported childhood trauma experience. Furthermore, individuals carrying the FKBP5 minor alleles
were expected to show higher schizotypy, which would be more pronounced in individuals with
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reported childhood trauma.
Secondly, following results from Study 1 (Chapter 3) associations between schizotypy and mental
health vulnerability indicated by high levels of perceived stress, anxiety and depression were
investigated in a healthy adult male community sample. It was hypothesised that higher levels of
schizotypy would be associated with higher levels of mental health vulnerability.

4.2 Methods
4.2.1 Participants
Community-based sample of 128 healthy male adults were recruited in greater Lincoln (UK) area as
part of a wider programme of research (Klaus et al., 2018). Individuals were accepted for the study if
they reported no current diagnosis of psychiatric disorder, no drug or alcohol addiction problems,
and no current use of steroid-based medication.
The initial project “An investigation into the effect of susceptibility gene variants on executive
function and the influence of other risk factors for psychosis”, for which the participants were
recruited and data/samples collected, had passed ethical review by the School of Psychology
Research Ethics Committee (SOPREC) and was assigned the approval number PSY1415139.
Subsequent data analysis and additional genotyping, as well as methylation level analyses for this
thesis were approved as an amendment to the original ethics application by the Human Ethics
Committee at the University of Lincoln (reference number 2019-Apr-0604).

4.2.2 Measures
Perceived stress over the last month was assessed with the Perceived Stress Scale (PSS-14, see
Chapter 2.2.2.2; Cohen et al., 1994). Depression and anxiety symptoms over the last two weeks were
assessed with the Hospital Anxiety and Depression Scale (HADS, see Chapter 2.2.5.1; Zigmond &
Snaith, 1983). Childhood adversity and its intensity was assessed with the Childhood Traumatic
Events Scale (CTES, see Chapter 2.2.3.2; Pennebaker & Susman, 1988). Experience of childhood

138

trauma was established if any questions from CTES, assessed on the scale from 1 to 7, were rated 6
or 7, with the score 7 classified as extremely traumatic. Levels of schizotypy were measured with the
Schizotypal Personality Questionnaire brief revised (SPQ-BR, see Chapter 2.2.1.2; Cohen et al., 2010).
In the current study, excellent internal consistency was found for the total SPQ-BR score (α=.88).
Good internal consistency was found for the three major SPQ-BR subscales Cognitive perceptual
subscale (α=.80), Interpersonal subscale (α=.76), and Disorganised subscale (α=.82), which are
formed through combining seven lower-order subscales. Cognitive perceptual subscale consists of
Magical Thinking (α=.81), Unusual Perceptions (α=.60), and Ideas of Reference/Suspiciousness
(α=.70). Interpersonal subscale consists of Social Anxiety (α=.84) and Constricted Affect/No Close
Friends (α=.76). Disorganised subscale consists of Odd Speech (α=.75) and Eccentric Behaviour
(α=.86) (e.g., Fonseca-Pedrero et al., 2017).

4.2.3 DNA sample collection and analysis
Salivary samples were collected and DNA extracted using DNA Genotek kits as described in previous
research (Klaus et al., 2018). 128 DNA samples with the available corresponding SPQ-BR data were
analysed for three FKBP5 SNP variants (rs3800373, rs9296158, rs1360780, see Figure 4.1) using
TaqMan™ SNP genotyping assay (see Chapter 2.4.3.3).
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Figure 4.1
Schematic representation of the human FKBP5 gene and the CpG sites assessed for methylation level

Notes. The top panel represents the FKBp5 locus in 5’-3’ orientation, with black bars indicating 11 exons. The
bottom panel depicts the region analysed for methylation levels, with the relevant CpG sites in bold.
Underlined is the functional glucocorticoid response element (GRE). From Alexander, N., Kirschbaum, C.,
Stalder, T., Muehlhan, M., & Vogel, S. (2020). No association between FKBP5 gene methylation and acute and
long-term cortisol output. Translational Psychiatry, 10(1), 1-10. Copyright 2020 by the American Psychological
Association.

Methylation levels were measured at 3 CpG sites in the intron 7, bin 2 region (see Figure 4.1), as
described by Klengel et al. (2013). The bisulphate sequencing was conducted with EpiTect® Fast DNA
Bisulphate Kit and pyrosequencing with PyroMark® PCR Kit (see Chapter 2.4.3.4) using FKBP5specific primers (see Table 4.1).
Table 4.1
List of Forward (F) and biotinylated Reverse (R) primers used in PCR reactions, and Sequencing (Seq)
primers for pyrosequencing

FKBP5

Primer sequences
F: 5' TTTTGGGTTGAGGATAGAAAGG 3'
R: [BIO]5' ATCCAAAACAACTAACAAATTCTCT 3'
Seq: 5'GGTTGAGGATAGAAAGGTTTA 3'
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Hardy–Weinberg equilibrium was confirmed for all three FKBP5 SNPs (Table 4.2). Information on
SNP variants was obtained for all 128 participants, except for the rs3800373 allele in one participant,
for which the PCR reading did not yield a clear result after two repeats.
Table 4.2
Distribution of FKBP5 variants in the overall sample
SNP

Chromosomal position

Function

HWE

Call rate

Genotypes

rs3800373

35574699*

3’ UTR

0.62

0.99

CC=7

CT=50

TT=70

rs9296158

35599305*

Intron

0.56

1.00

AA=8

AG=53

GG=67

rs1360780

35639794*

Intron

0.71

1.00

TT=9

CT=53

CC=66

Notes. HWE, p-values of the Hardy-Weinberg equilibrium test; Chromosomal positions are given
according to the May 7, 20014 GRCh38 human reference sequence database (NCBI Build 38.1/141)
of the International Human Genome Sequencing Consortium.
Since the distribution of minor and major alleles of SNPs in questions were not shown to differ
between the different ethnicities present in the sample (http://www.snpedia.com), data from all
participants were included into the genetic analyses. In addition, linkage disequilibrium between 3
SNPs (Figure 4.2) was calculated with the LDlink online tool for all ethnicities (Machiela & Chanock,
2015).

Figure 4.2
Linkage disequilibrium plot of rs3800373, rs9296158, and rs1360780, in all populations (ALL)

Note. The linkage disequilibrium is depicted as r2.

141

Minor haplotype was created from C-allele of rs3800373, A-allele of rs9296158, T-allele of
rs1360780 of the FKBP5 gene and individuals presenting one or more of these minor alleles were
considered as carriers (n=62), whereas individuals without minor alleles were considered as noncarriers (n=66).

4.2.4 Statistical analyses
Statistical analyses were conducted using SPSS (Version 25.0., IBM, Armonk, NY). All statistical tests
were two-tailed with alpha set at p < 0.05. Normal distribution was confirmed by KolmogorovSmirnov tests for perceived stress, total schizotypy score and major subscales cognitive perceptual,
interpersonal, and disorganised subscales (all p>.05) and minor subscales ideas of reference (p=.096)
and eccentric behaviour (p=.177), but not for other minor schizotypy subscales (all <.05), childhood
trauma, anxiety, depression, age, and years of education (all p<.001).
Parametric or non-parametric correlational analyses were conducted for schizotypy, perceived
stress, anxiety, depression. Perceived stress and schizotypy levels were further analysed using
individual two-way mixed ANCOVAs, with FKBP5 haplotype (dominant allele carriers vs non-carriers)
and childhood trauma category (CT/No CT) as fixed factors and age and years of education as
covariates of non-interest. Potential confounders of CT, FKBP5 genotype and schizotypy were
identified by t-test, Chi-Square (χ²) test or correlational analyses. Variables such as age and years of
education, which were not the primary factors of interest yet were associated with the dependent
variables, were included as confounders in the subsequent analyses.

4.3 Results
4.3.1 Participant characteristics
The sample comprised of 128 male participants with an age range of 21-65 years. The duration of
education ranged between 10 to 18 years, with the majority holding a degree or a diploma, and
being of White British ethnic background (see Table 4.3). The FKBP5 minor allele
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carriers had significantly fewer years of education than non-carriers but did not differ in terms of
age or percentage of reported childhood trauma (see Table 4.3).
Table 4.3
Sample characteristics
All
(n=128)
Mean (SD)
37.19 (10.95)
14.07 (2.54)
14.8%
28.9%
20.3%
11.7%
18.8%
5.5%

Carriers
(n=62)
Mean (SD)
36.10 (9.87)
13.61 (2.61)
12.9%
24.2%
17.7%
9.7%
30.6%
4.8%

Age
Years of education
Postgraduate degree
Degree
Diploma
A-Levels
GCSE
Not taken GSCE
Ethnicity
93%
93%
White British
4.7%
4.8%
White Other
1.6%
1.6%
Asian/Asian British
0.8%
0%
Other
38%
39%
Childhood trauma
Note. GSCE - General Certificate of Secondary Education.

Non-carriers
(n=66)
Mean (SD)
38.22 (11.86)
14.50 (2.42)
16.7%
33.3%
22.7%
13.6%
7.6%
6.1%

Difference

t(126)=1.09; p=.276
t(126)=2.00; p=.048

χ²(3)=.95, p=.813
92%
4.5%
1.5%
1.5%
41%

χ²(1)=.68, p=.411

4.3.2 Schizotypy and mental health vulnerability
The scores for both mean schizotypy and perceived stress in the present sample were found to be
moderate, with mean levels within lower 30% of possible total scores. Similarly, the mean anxiety
and depression levels were below the clinical cut-off between non-case and borderline case (see
Table 4.4).
Table 4.4
Distribution of global schizotypy, perceived stress, anxiety, and depression in the overall sample
Mean (SD)
Min
Max
Range
Clinical cut-off
Global schizotypy
48.88 (16.49)
11
99
0-128
Perceived stress
20.5 (7.38)
5
40
0-56
Anxiety
6.02 (3.36)
0
20
0-21
7
Depression
3.16 (2.56)
0
12
0-21
7
Notes. SD - standard deviation; min - minimum score; max=maximum score; clinical cut-off - cut-off
between non-case and borderline case.
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Higher levels of total schizotypy were associated with higher perceived stress, as well as with higher
anxiety and depression levels (see Table 4.5). All major and minor schizotypy subscales were
associated with anxiety and depression, except for eccentric behaviour which was not associated
with depression. All major schizotypy subscales were associated with perceived stress and of all
minor subscales only social anxiety, constricted affect, and eccentric behaviour were not individually
associated with perceived stress.
Table 4.5
Correlations (r or rho) between schizotypy and subscales, anxiety, depression, perceived stress, age,
and years of education

Schizotypy sum (SPQ-BR)
Cognitive perceptual
subscale
Ideas of reference
Magical thinking
Unusual
perceptions
Interpersonal subscale
Social anxiety
Constricted affect
Disorganised subscale
Eccentric behaviour
Odd speech

Anxiety
(HADS)
.56**
.54**

Depression
(HADS)
.51**
.41**

Perceived
stress (PSS-14)
.37**
.37**

Age
-.18**
-.001

Years of
education
-.15
-.24**

.54**
.26**
.41**

.40**
.19*
.29**

.42**
.25**
.24**

-.22*
.13
.07

-.07
-.35**
-.18*

.41**
.36**
.31**
.29**
.24*
.29**

.48**
.36**
.43**
.23**
.13
.28**

.21*
.16
.16
.21*
.08
.25**

-.19*
-.22*
-.10
-.22*
-.23**
-.09

-.08
.03
-.12
.05
.29
-.06

Note. *p<.05, **p<.01
Lower levels of total schizotypy, scores of major subscales interpersonal and disorganised, and of
minor subscales ideas of reference, social anxiety, and eccentric behaviour were associated with
older age (see Table 4.5). High number of years of education was associated with lower levels of
cognitive perceptual scale, more specifically with magical thinking and unusual perceptions, but not
with any other schizotypy major or minor subscales (all p>.05). Therefore, age was included as
confounder in all subsequent analyses with schizotypy, whereas years of education was additionally
included as confounder in analyses with cognitive perceptual scale. Perceived stress levels correlated
with age (r=-.27. p=.003), but not with years of education (r=.03, p=.733), so only age was included
as confounder in the analyses with perceived stress only.
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4.3.3 Effects of genotype and childhood trauma
4.3.2.1 Global schizotypy
There was a marginal effect of genotype on global schizotypy (F(1,122)= 3.64, p=.059, ηp2=.029), with
minor allele carriers, n=66, showing lower schizotypy scores (M= 46.76, SD=15.74) than non-carriers,
n=62, (M= 52.25, SD=16.35). There was a significant main effect of childhood trauma (CT), suggesting
healthy males with reported CT show higher levels of global schizotypy (M=53.17, SD=15.42) than
individuals with no reported CT (M=45.82, SD=15.30) (F(1, 122)=6.86, p=.010, ηp2=.053).
A significant interaction effect of genotype and CT experience (F(1, 122)=5.64, p=.019, partial η2
=.044) revealed that non-carriers of minor FKBP5 alleles who had experienced early life stress had
higher levels of global schizotypy (M=57.11, SD=15.66) than carriers with CT (M=48.57, SD=16.78).
Carriers with one or more minor alleles without reported CT (M=47.34, SD=16.78) did not differ from
carriers with CT or non-carriers without CT experience (M=44.95, SD=16.37) (see Figure 4.3).
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Figure 4.3
Interaction effect FKBP5 haplotype and reported childhood trauma on global schizotypy levels

Note. FKBP5 haplotype groups were defined as no (n=66) or one or more minor alleles (n=62). Childhood
trauma groups were defined as reported CT (n=48) or not reported CT (n=80). Global schizotypy levels scores
ranged 0-128; Error bars represent ±1 SE; Covariates appearing in the model are evaluated at the following
values: Age=37.19, Years of education =14.07.

Due to the significant results for the global schizotypy, individual ANCOVAs were computed for each
of the three main subscales to identify the schizotypy component responsible for the associations
with genotype and childhood trauma.

4.3.2.2 Cognitive perceptual, interpersonal, and disorganised subscales
There was a significant main effect of genotype on cognitive perceptual scale scores, with minor
allele carriers showing lower scores (M=16.19, SD=8.62) than non-carriers (M=17.48, SD=8.41) (see
Table 4.6).
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There was also a main effect of childhood trauma (CT), with individuals who reported CT showing
higher scores on cognitive perceptual subscale (M=18.53, SD=8.03) than individuals without CT
(M=15.58, SD=7.97). A significant interaction effect of genotype and childhood trauma exposure
revealed that non-carriers of minor alleles with reported CT experience showed higher scores on
cognitive perceptual scale (M=21.33, SD=7.75) than carriers with CT experience (M=15.71, SD=8.44).
Carriers with no reported CT showed higher scores (M= 16.44, SD=8.81) than non-carriers without
reported CT (M=14.82, SD=7.88), see Table 4.6.
There was a significant main effect of genotype on interpersonal scale scores, with minor allele
carriers showing lower scores (M=14.81, SD=7.07) on interpersonal scale than non-carriers
(M=17.48, SD=6.81). There was also a main effect of childhood trauma, with individuals with
reported childhood trauma showing higher scores (M=17.42, SD=6.67) on interpersonal scale than
individuals without CT (M=14.87, SD=6.62). There was no significant interaction effect of genotype
and childhood trauma exposure on interpersonal scale scores (see Table 4.6).
There was no main effect of genotype or childhood trauma, as well as no interaction effect on
disorganised scale scores (see Table 4.6).
Table 4.6
Results from individual analyses of variance of schizotypy subscales scores between FKBP5 minor
allele carriers vs non-carriers with none or reported childhood trauma
Cognitive perceptual

Interpersonal

Disorganised

Genotype effect

F=4.43, p=.037, ηp2=.03

F=4.62, p=.034, ηp2=.04

F=.11, p=.739, ηp2=.001

Childhood trauma effect

F=4.03, p=.047, ηp2=.03

F=4.39, p=.038, ηp2=.04

F=3.14, p=.079, ηp2=.03

G x CT Interaction effect

F=7.32, p=.008, ηp2=.06

F=1.98, p=.162, ηp2=.02

F=.83, p=.364, ηp2=.01

Notes. Covariates appearing in the model are evaluated at the following values: Age = 37.1910, Years
of education = 14.07.
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4.3.2.3 Perceived stress, anxiety, depression
There was no main genotype effect on perceived stress levels (F(1, 122) =.10, p=.756, ηp2=.001).
There was a marginal childhood trauma effect (F(1, 122) =3.78, p=.054, ηp2=.03), suggesting
individuals with CT experience showing higher perceived stress levels (M=21.99, SD=7.07) than
individuals with no CT (M=19.48, SD=7.01). A significant interaction effect (F(1, 122) =4.58, p=.034,
ηp2=.03) revealed that FKBP5 non-carriers who had experienced CT (M=22.41, SD=7.97) reported
higher levels of perceived stress than non-carriers without CT (M=18.05, SD=6.63) and minor allele
carriers who had experienced CT (Mean=21.10, SD=8.17). Furthermore, there was no difference in
scores between FKBP5 minor allele carriers with or without reported CT experience (Mean=21.27,
SD=8.17). No main or interaction effects of genotype and childhood trauma were seen for
depression or anxiety scores (all p>.05).

4.3.4 Effects of genotype, childhood trauma and schizotypy on methylation levels
4.3.4.1 Associations of methylation levels with schizotypy, depression, and anxiety
Kolmogorov-Smirnov test confirmed normal distribution of methylations levels at CpG1 (p=.054),
CpG2 (p>.05), CpG3 (p>.05), and mean methylation levels (p=.194). Non-parametric correlation
analyses revealed that age was not associated with methylation levels at individual CpG sites or
mean methylation levels (all p>.05). Parametric correlations of methylation levels with total
schizotypy and major subscales and non-parametric correlations with anxiety and depression
revealed no significant associations (all p>.05) (see Table 4.7).
Table 4.7
Correlations (r or rho) between total schizotypy, its major subscales, anxiety, depression, and methylation levels
at CpG sites 1-3 and mean methylation

Schizotypy total (SPQ-BR)
Cognitive perceptual subscale
Interpersonal subscale
Disorganised subscale
Anxiety (HADS)
Depression (HADS)

CpG 1
-.019
-.047
-.004
.013
-.048
.114

CpG2
.001
.028
-.045
.011
-.014
.132

CpG3
.000
.041
.006
-.068
-.067
-.008

Mean Methylation
-.006
.012
-.016
-.021
-.054
.091
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4.3.3.2 Associations of methylation levels with genotype and childhood trauma
Mean methylation levels were entered in a 2x2 between-subjects ANOVA, with the factors genotype
(minor allele carrier vs non-carrier) and childhood trauma (CT reported vs no CT reported).
There was no effect of genotype (F(3, 120)=.17, p=.680, ηp2=.001), childhood trauma (F(3, 120)=.94,
p=.333, ηp2=.008) or interaction effect (F(3, 120)=.05, p=.816, ηp2=.000).
Similarly, no effects were found when the three individual CpG sites were analysed separately
(Figure 4.4).
Figure 4.4
Mean percentage methylation at three CpG sites and average mean methylation in association with
FKBP5 haplotype and experience of childhood trauma
A)

B)

Notes. A) Mean percentage methylation at three CpG sites within FKBP5 risk allele carriers (n=59) and noncarriers (n=65). B) Mean percentage methylation at three CpG sites within FKBP5 gene in individuals with
(n=45) and without (n=79) reported childhood trauma experience.
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4.4 Discussion
The main aim of this study was to investigate the relationship between schizotypy levels and
epigenetic markers of vulnerability to stress - methylation levels of CpG sites in intron 7 of the FKBP5
gene in the context of minor haplotype and childhood trauma experiences. Contrary to the
hypotheses, no differences in methylation levels were seen between carriers of FKBP5 minor allele
and non-carriers, or individuals reporting CT or not. Methylation levels were also not associated with
the levels of schizotypy, anxiety or depression. In line with hypotheses, reported experience of CT
was associated with higher schizotypy.
However contrary to the hypotheses, a potentially protective effect of minor FKBP5 haplotype was
found, with the minor FKBP5 allele carriers with reported CT having lower levels of schizotypy than
non-carriers with CT. This association was driven by the Cognitive perceptual and Interpersonal but
not by the Disorganised subscales. A similar interaction effect was seen for perceived stress. There
was no such effect on levels of anxiety or depression. Finally, in line with the hypotheses, higher
levels of schizotypy were associated with higher levels of mental health vulnerability, characterised
by higher perceived stress, as well as anxiety and depression levels.
The lack of genotype dependent demethylation of FKBP5 in higher schizotypy in the presence of low
to mild childhood adversity in the current sample is in line with similar findings in genetically at-risk
healthy siblings of schizophrenia patients and controls (Mihaljevic, Franic, et al., 2017) and in healthy
community-based samples (Alexander et al., 2020). Likewise, The Detroit Neighborhood Health
Study found no mediation effect of FKBP5 methylation levels on the association between childhood
maltreatment and severity of depression symptoms in a community-based sample (Bustamante et
al., 2018). More recently, Mihaljevic et al. (2021) reported no effect of both minor rs1360780 allele
and CT on FKBP5 methylation level in unaffected siblings of patients with psychotic disorders, yet
found decreased methylation levels in patients and healthy controls.
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These findings from phenotypically healthy populations raise two questions. Firstly, whether the
current theory of early life adversity inducing methylation changes would benefit from a more
nuanced approach of assessing not only the presence of childhood trauma, but also the intensity of
childhood trauma along with assessment of resilience levels, coping strategies, and exposure to
protective environment. Such approach might help to develop more individualised, systemic,
preventive, or supportive treatments, which would consider individual differences in personality
(such as schizotypy levels) as well as individual access to protective environment.
The second question arises from observation of methylation effects traditionally made in clinical
populations compared to healthy controls and not in healthy populations only. This poses a causality
issue of whether methylation levels (influenced or not by the childhood adversity) lead to the
development of psychopathology or rather the psychopathology induces changes in methylation
levels. The current consensus is the idea of sensitive windows, with methylation levels changing in
response to the environment only during specific and formative periods such as childhood (Zannas &
Binder, 2014) and the overall methylation levels changing with increasing age (e.g., Gopalan et al.,
2017), therefore preceding transition to psychopathology. Furthermore, a recent genome-wide
study looking at various genes and methylation effects of childhood adversity reported little
evidence for stability of epigenetic changes (Marzi et al., 2018). This suggests that although
methylation levels do not remain consistent over lifetime, changes in the biological processes
inflicted by them during sensitive periods may persist (Alexander et al., 2020). Such biological
processes may include physiological and psychological stress response and may be moderated by
the related acquired coping mechanisms.
Indeed, on the behavioural level, Shapero et al. (2015) suggested that moderate early life stress
could lead to the development of coping strategies early on, which would be beneficial in later life,
whereas such adjustment by learning of coping strategies is not necessary in the absence of
moderate stress. Such trajectory would explain why the current sample had no psychiatric problems
and was highly functional despite presence of childhood adversity.
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In a previous study of schizophrenia patients with early life experience of violence, minor allele of
rs1360780 was associated with higher positive symptoms (Chiappelli et al., 2018). However, in the
present study of a healthy community sample, minor alleles of FKBP5 SNPs showed a potentially
protective effect with lower positive (Cognitive perceptual scale) and negative (Interpersonal)
schizotypy, as well as lower perceived stress levels in individuals with CT compared to non-carriers of
minor alleles with CT experience. It is possible to speculate about a potential inverted-U or
curvilinear relationship between FKBP5 genotype, schizotypy/stress perception, and CT. Since minor
FKBP5 alleles reduce HPA sensitivity to released cortisol (Binder, 2009), this may have a protective
effect in the face of moderate adversity leading to an altered threshold for stress, yet still be
disadvantageous in the face of more severe stressors or higher vulnerability. Indeed, moderate early
life stress was found to buffer against depressive response to proximal stress in adolescence
(Shapero et al., 2015) and benefit on psychological well-being and mental health among adults
(Seery et al., 2010; Seery et al., 2013). The lower scores on interpersonal subscale in minor allele
carriers with CT in the current sample might be indicative of a coping strategy involving seeking of
social support. However, since no measurement of coping or resilience was conducted, this
interpretation remains purely speculative.
The minor S allele of the serotonin transporter promoter region (5-HTTLPR) was found to be
disadvantageous in the face of adversity, yet potentially beneficial in protective environment (Van
IJzendoorn et al., 2012). In CACNA1C, another candidate gene connected with stress reactivity,
minor alleles of two SNPs were found to be protective in the face of substantial childhood adversity
(Dedic et al., 2018). Similarly, minor alleles of FKBP5 gene might represent sensitivity to the
environment rather than risk per se. This concept of differential susceptibility is considered to
oppose the diathesis-stress theory and research has presented supporting evidence of differential
susceptibility for the FKBP5 gene in children (VanZomeren-Dohm et al., 2015), adolescents (Van
IJzendoorn et al., 2012) and adults (Pérez-Pérez et al., 2018). These findings might also explain why
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minor alleles, although traditionally viewed as only risk alleles, are persisting in the gene pool since
they can be beneficial in specific environments.
Interestingly, there appear to be gender differences of the protective effect, with males potentially
benefiting from the minor allele and developing fewer depressive symptoms in the face of adversity
(VanZomeren-Dohm et al., 2015). The current sample consisted of males only and in the female
sample from Study 1 (Chapter 3) no such protective effect was uncovered. However, the two
samples cannot be directly compared since one was drawn from a student population (Study 1) and
another from a community-based population with a much higher variety of age, education, and
background. Moreover, different instruments were used to measure schizotypy and childhood
trauma. Future research should recruit from a more diverse population to further explore the
possibility of a gender dependent effect.
In line with previous research, individuals with higher schizotypy scores reported more traumatic
childhood experiences (Afifi et al., 2011; Lobbestael et al., 2010; Rössler et al., 2007; Velikonja et al.,
2015). Notably, the overall sample presented on average none to low scores of childhood trauma.
However, such low variation in traumatic childhood experiences is rather unsurprising in a
communal adult sample recruited based on the exclusion criteria of history of disorders and
substance abuse. In contrast to previous research in mood disorders (Binder et al., 2008; Klengel et
al., 2013), present results show no genotype and childhood trauma associations for depression and
anxiety. This finding suggests that, at least in the current healthy male population, measurement of
schizotypy may provide more information than the traditional measurement of the affective state.
Furthermore, higher schizotypy scores in the current study were associated with higher scores of
depression, anxiety, and perceived stress confirming schizotypy scores as a reliable marker of mental
health vulnerability. Previous research suggested symptoms of anxiety and depression to be more
associated with positive than with negative dimensions of schizotypy (Lewandowski et al., 2006).
Present results confirmed moderate association of ideas of reference, a dimension of positive
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schizotypy, with anxiety scores. Weak associations with other subscales were confirmed for anxiety
and depression scores. However, due to the low levels of schizotypy, as well as depression and
anxiety with values below clinical cut-off, stronger associations might have remained masked.
Associations of higher schizotypy levels with fewer years of education found in this sample are also
in line with previous research (e.g., Miettunen et al., 2010), where years of education frequently
figure as a covariate (e.g., Ettinger et al., 2006; Nilsson et al., 2020). However, some studies report
no associations between schizotypy and education status (e.g., Henry et al., 2008), which should be
further investigated in future research.
In line with previous research in normal healthy populations, global schizotypy levels in the present
study were found to decrease with increasing age (Fonseca-Pedrero et al., 2018). More specifically,
this association was evident for not only positive schizotypy subscales such as ideas of reference and
eccentric behaviour (Bora & Baysan Arabaci, 2009; Mason & Claridge, 2006), but also for the
negative schizotypy subscale such as social anxiety. Perhaps exposure to more social situations and
development of coping strategies over the lifetime might contribute to such positive change (Bora &
Baysan Arabaci, 2009). Yet, interpreting developmental associations through results of crosssectional design studies should be done with caution, since a cohort effect cannot be excluded. It
may be possible that the observed difference in schizotypy levels between the age groups resulted
from differences in upbringing, exposure to media, or cultural changes over time. In addition,
recruitment from a healthy population might also filter out individuals with a different
developmental trajectory, such as individuals with higher schizotypy at a younger age developing a
schizophrenia-spectrum disorder only later in life (e.g., Kwapil et al., 2013). Further longitudinal
research is needed to understand the association between schizotypy and age in both clinical and
non-clinical populations.
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4.5 Limitations
Several limitations should be noted. Guided by the previous research, only a few SNPs and CpG sites
were investigated, which may have prevented from finding more relevant associations with
methylation levels. For example, in our recent study assessing participants from the same participant
pool, association between higher CACNA1C methylation at one of the eleven assessed CpGs and
higher stress perception were observed (Pennington et al., 2020). Assessment of methylation levels
at other FKBP5 CpG sites, for example at intron 2, or of the whole gene methylation levels could be
the next avenue to pursue. Furthermore, the current sample consisted of male participants,
preventing from direct assessment of gender-specific effects. A more diverse sample would provide
opportunity for a more detailed insight.

4.6 Conclusion
In conclusion, the current study was among the first to assess FKBP5 methylation levels in schizotypy
in a healthy male community sample and found no association with genotype, childhood adversity,
and methylation levels. However, a protective effect of FKBP5 minor allele haplotype in the context
of low to mild childhood trauma was observed. This finding was proposed to support the differential
susceptibility theory rather than the diathesis-stress model. Future, preferably longitudinal, work
should therefore further investigate the potential protective mechanism of FKBP5 alleles in high and
low schizotypy in the context of differential susceptibility model. Such mechanisms could involve the
use of coping strategies, or exposure to protective environment. Further investigations could also
include assessments of psychophysiological stress responses and resilience to acute or chronic stress
(Alexander et al., 2020).
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5.1 Background
An adequate and prompt response to an acute stressful situation is vital for survival. Disruption in
stress response is associated with psychiatric disorders both resulting from and causing inability to
effectively cope, such as depression, anxiety disorder or psychotic-spectrum disorders (Zorn et al.,
2017) (see Chapter 1.3). Different approaches to measure response to stress exist. Some employ
behavioural observations by trained researchers and clinicians (Troisi, 2002) or self-report provided
by participants (Derogatis & Coons, 1993). A complimentary approach considers physiological stress
response by measuring two stress systems: SAM pathway, with markers such as heart rate, skin
conductance, or adrenaline levels; and HPA axis with markers such as cortisol, cortisone, or
dehydroepiandrosterone levels (see Chapter 1.3.1 on SAM and HPA). Cortisol levels can be
measured as natural cortisol release upon awakening (CAR, e.g., Fries et al., 2009), as diurnal
release (e.g., Dmitrieva et al., 2013), release over several months (e.g., Lucia Dettenborn et al.,
2012; Kirschbaum et al., 2009), or as a release in response to acute stress tests, such as exercise
(Mastorakos et al., 2005) or a cold pressor test (Lovallo, 1975).
Dysregulation of cortisol response to acute stress is associated with psychopathology such as PTSD,
depression, or psychosis (Zorn et al., 2017). High schizotypy, as a potential risk factor of psychosis, is
likely to be also characterised by dysregulated cortisol response to acute stress, yet only a few
studies have investigated this association so far. Hori et al. (2011) observed blunted cortisol
response in individuals with high schizotypy, as measured by the SPQ, to the combined
dexamethasone/corticotropin-releasing hormone test in comparison to low schizotypy. More
recently, Gilleen (2018) reported elevated acute stress cortisol and paranoia in high schizotypy
(n=17) when compared to low schizotypy (n=17) in response to the stress-inducing paradigm the
Montreal Imaging Stress Task (MIST, Dedovic et al., 2005). However, the exact instrument
for schizotypy measurement was not reported.
A previous meta-analysis found a stressor task involving a social-evaluative threat to be three times
more effective in increasing cortisol response than tests without (Dickerson & Kemeny, 2004).
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Subsequently, it has been suggested that social-evaluative stressors and difficulty of coping with
them may lead to cortisol response overactivity, which can trigger or increase psychotic symptoms in
vulnerable individuals (Van Winkel et al., 2008). The current gold standard laboratory psychosocial
stress test is the Trier Social Stress Test (Allen et al., 2017; Labuschagne et al., 2019) (see Chapter
2.3).

The Trier Social Stress Test (TSST, Kirschbaum et al., 1993) is a standardised laboratory stress
test designed to induce psychological and physiological stress, reflected in a change in perceived
emotions such as anxiety or insecurity and in physiological measures such as cortisol levels or heart
rate (see Chapter 2.3; Kudielka et al., 2004). Early studies and meta-analysis in chronic schizophrenia
and psychosis have suggested blunted cortisol response to psychosocial stressors (e.g., Brenner et
al., 2009; Jansen et al., 1998) with an otherwise hyperactivation of the diurnal cortisol release
(Ciufolini et al., 2014; Shah & Malla, 2015). However, a more recent systematic review on subjective
stress and cortisol response to psychosocial stress in schizophrenia spectrum disorder observed that
overall, similar subjective responses to stress in chronic patients and controls as well as no
difference in cortisol response to social stress were reported (Lange et al., 2017). Authors suggested
publication bias as an explanation for the discrepancy between early and late studies in chronic
schizophrenia-spectrum disorders. On the other hand, first-onset psychosis medication-naïve
patients or those at ultra-high risk of developing psychosis consistently displayed higher subjective
responses to stress and significantly lower stress-induced cortisol levels (Lange et al., 2017;
Pruessner, Béchard-Evans, et al., 2013; Van Venrooij et al., 2012).

More recently, significantly lower cortisol concentrations throughout the stressor but no differences
in cortisol response to the TSST were found in first-episode psychosis patients compared to controls
(Seitz et al., 2019). In addition, lower protective factors such as self-esteem, social support, or use of
active coping were observed in patients, whereas attenuated cortisol levels were associated with
more physical neglect in the childhood, higher levels of perceived stress and fewer protective factors
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irrespective of group affiliation (Seitz et al., 2019). Furthermore, mixed findings on elevated heart
rate after the stress exposure were reported in first-episode psychosis patients suggesting either
elevated (Seitz et al., 2019) or similar heart rate compared to controls (Lange et al., 2017). High
schizotypy was also found to have higher heart rate during discussion with strangers than mild to
moderate schizotypy, yet no such difference was observed during a public speech (Premkumar,
Alahakoon, et al., 2020).
In contrast to the review by Lange et al. (2017), a more recent and extended review on acute
response to social stressors in psychosis-spectrum disorders concluded that overall there was robust
evidence for blunted cortisol response to psychosocial stressors in high risk individuals and chronic
psychotic patients compared to controls (Dauvermann & Donohoe, 2019). However, both reviews
acknowledged the presence of methodological heterogeneity and recognised the need of further
research in high risk and chronic states (Dauvermann & Donohoe, 2019; Lange et al., 2017).

Investigation of high schizotypy levels in non-clinical population poses an opportunity to inspect the
high-risk state to understand its impact on general stress vulnerability. Such approach allows
researchers to bypass the covariate of novel stressor induced by the first episode experience itself as
well as a potential medication effect. To investigate trait schizotypy, Walter et al. (2018) exposed 58
participants to the TSST, with cortisol data being available for 39 of these. High expression of
schizotypal traits was defined by calculation of a median split and measured with SPQ
assessing positive, negative, and interpersonal dimensions. The high schizotypy group
showed blunted and delayed cortisol response to the TSST, compared to participants with low
schizotypal traits, with both groups showing an increase in subjective stress (measured with Visual
Analogue Scale, VAS) (Walter et al., 2018). However, the finding was based on direct comparison of
differences in cortisol release between individual timepoints. No difference between groups was
found for the overall cortisol release.
Grant and Hennig (2018) have replicated this study with 86 participants and extended
the schizotypy assessment by using the Oxford-Liverpool Inventory of Feelings and Experiences (O159

LIFE, Mason et al., 1995), which also measures cognitive slippage. Although Grant and Hennig (2018)
could confirm the findings of a blunted cortisol response in high schizotypes, they argued that the
cortisol results were largely driven by the O-LIFE dimensions more closely related to neuroticism
(positive dimensions), whereas stress perception was more associated with O-LIFE’s cognitive
slippage dimension. Hence, the assessment and control of cognitive slippage and neuroticism were
suggested as crucial in research on schizotypy traits and stress response in non-clinical samples,
whereby Grant and Hennig (2018) recommended further use of O-LIFE. Overall, the limited findings
in cortisol reactivity to acute psychosocial stressor in schizotypy point towards a dysregulated
response of the HPA axis.
The mechanisms underlying the HPA axis regulation during the acute stress response have been long
associated with a number of risk genotypes and their interaction with childhood trauma (e.g.,
Alexander et al., 2010). Along with a number of other stress-related genes (Armbruster et al., 2012;
Mahon et al., 2013), previous work suggests FKBP5 to facilitate the genotype-dependent cortisol
response to the acute social stress (Buchmann et al., 2014; Mahon et al., 2013). More specifically,
the minor allele of the functional FKBP5 SNP rs136780 and of other SNPs within this gene have been
associated with non-suppression of the HPA axis and thus prolonged cortisol release after a
psychosocial stressor in various psychopathologies (Matosin et al., 2018), as well as suggested as
moderators of early life adversity effect on psychosis-proneness (Alemany et al., 2016; Collip et al.,
2013). Although high schizotypy has been previously associated with the minor FKBP5 alleles in the
context of experienced childhood adversity (e.g., Cristóbal-Narváez, Sheinbaum, Rosa, et al., 2016;
see Chapter 1.3.6; de Castro-Catala et al., 2017), there has been no investigation on the acute stress
response to the TSST high and low schizotypy when associated with the FKBP5 genotype in
interaction with childhood trauma.
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5.1.1 Aims and hypotheses
To extend the current literature on acute stress responsiveness in schizotypy and taking previous
recommendations into consideration, the aims of this study were to investigate stress perception
and cortisol release patterns in response to the TSST in pre-screened individuals with high and
low schizotypy measured using the short version of O-LIFE. Additionally, associations of these
measurements with the FKBP5 genotype and childhood trauma were investigated. Individuals with
high schizotypy levels were hypothesised to show higher levels of anxiety, depression, perceived
stress, and lower perceived resilience than individuals with lower levels of schizotypy. Higher
baseline cortisol levels as well as blunted and delayed cortisol response were expected in
high schizotypy compared to low schizotypy. Cortisol response of FKBP5 minor allele carriers was
expected to differ from non-carriers.

5.2 Methods
5.2.1 Participants
University students aged 18-25 years with no history of neurologic, cardiovascular, endocrine, or
psychiatric disorders were recruited via posters and social media platforms. The study consisted of
two sessions, Session 1 or pre-screening and Session 2 which included the laboratory stress test.
Participants received £15 or 14 SONA points for their participation in both sessions. The study was
approved by the University of Lincoln ethics committee (ethics reference 2019-624).

5.2.2 Pre-screening (Session 1)
The selection process, or Session 1, included pre-screening of participants’ anxiety, depression and
schizotypy levels and coping strategies via a secure online platform (Qualtrics, Provo, UT).
Anxiety and depression levels were measured with the Hospital Anxiety and Depression Scale (HADS,
see Chapter 2.2.5.1; Zigmond & Snaith, 1983). Schizotypy levels were measured with the short
version of the Oxford-Liverpool Inventory of Feelings and Experiences (sO-LIFE, see Chapter 2.2.1.1;
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Mason et al., 2005). Coping strategies were assessed with the brief Coping Orientation to Problems
Experienced (brief COPE, see Chapter 2.2.4.2; Carver, 1997).
The pre-screening of data from Session 1 was not performed by the leading researcher, to ensure
double blinding for conducting the subsequent stressor test. First, depression and anxiety scores
(HADS) were checked, and if they exceeded the severe clinical cut-off of 15, the participants were
not invited to Session 2. This was done to protect highly vulnerable individuals from further stress
exposure. Next, high and low schizotypy groups were selected based on the mean normative data
published for English-speaking male and female participants (18-30 years) (Sierro et al., 2015).
Combined mean 25th and 75th percentiles for both genders were calculated for global schizotypy and
individual subscales (see Table 5.1) using norms by Sierro et al. (2015). For the high schizotypy
group, individuals with the global schizotypy scores above the 75th percentile and neither of subscale
scores below the 25th percentile were selected. For the low schizotypy group, individuals with global
schizotypy scores not higher than the 25th percentile and neither of subscales scores above the 75th
percentile were selected.
Table 5.1
Selection criteria for high and low schizotypy group
HADS

sO-LIFE

High group

Anxiety
<15

Depression
<15

Global
≥19

UnEx
>2

CogDis
>3

InAn
>1

ImNon
>2

Low group

<15

<15

≤10

<5

<7

<3

<5

Notes. UnEx – Unusual Experiences, CogDis – Cognitive Disorganisations, InAn – Introvertive
Anhedonia, ImNon – Impulsive Nonconformity.

Literature suggests a sample size of at least 20-30 participants in each group for a meaningful
analysis using Chi-square test, t-test, and ANOVA with an expected medium effect (VanVoorhis &
Morgan, 2007). Previous research stresses sex difference in the development of
psychosis/schizophrenia (e.g., Aleman et al., 2003) as well as in acute stress response (Kudielka &
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Kirschbaum, 2005), therefore sex was considered an important co-factor. To allow meaningful
observations, the initial Intended sample size was n=80 (1:1 female/male ratio) with 50% of
individuals with high and 50% with low schizotypy levels in each gender group. However, this was
not met due to testing being terminated as a result of the COVID-19 pandemic. Due to advice from
recent methodological research, no post-hoc power calculation for the final sample was conducted
(Zhang et al., 2019).
Once selected, participants were contacted by the lead researcher via email and invited to Session 2.

5.2.3 Trier Social Stress Test (Session 2)
5.2.3.1 Preparations
All panel members were psychology students trained by the lead researcher to conduct the Trier
Social Stress Test and received regular supervision. The panel always consisted of one female and
one male. Depending on the gender of the participant, the panel member of the opposite sex would
play the active panel member part (Allen et al., 2014; Linares et al., 2020). Room A, where
participants spent the preparatory and recovery phases, had soft lighting and comfortable seating.
For the anticipatory phase and test phase, two brightly lit, spacious Rooms B were used, depending
on the availability. Both rooms B were arranged to have an identical set-up and all distractions (e.g.,
windows, posters) were either not present or covered up.

5.2.3.2 Procedure
Selected participants from Session 1 were invited to come to the laboratory at the University of
Lincoln for a 2-hour long testing session. They were instructed to abstain from alcohol or cannabis
intake 24 h prior to Session 2. Furthermore, they were instructed to record their time of awakening,
duration of sleep, and to refrain from physical exercise on the day of participation. They were
instructed not to eat, drink (coffee or tea), or smoke for at least 1 hour prior to the experiment and
abstain from drinking water for 30 minutes prior to meeting for the experiment. All experiments
were conducted in the afternoon between 2 and 5 pm, starting at the same time for each participant
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(with a few exceptions, where the entire experiment was shifted for no longer than 30 minutes), to
ensure comparability in diurnal cortisol release (Engert et al., 2013; Fries et al., 2009).
Upon signing the consent form, Session 2 was initiated (see Figure 5.1). Participant entered an at
least 40 min long physical rest phase from arrival in Room A to experimental stress induction, during
which they were asked to complete questionnaires on demographics, sleeping, smoking, and
drinking patterns as well as current contraceptive intake and menstrual cycle phase in females.
Questionnaires on childhood trauma (CTQ, see Chapter 2.2.3.1; Bernstein et al., 2003), stress during
the last month (PSS-14, see Chapter 2.2.2.2; Cohen et al., 1983), the number (problem score) and
intensity (extent score) of stressful events experienced in the last month (USS, see Chapter 2.2.2.4;
Stallman & Hurst, 2016), and perceived levels of resilience (CD-RISC, see Chapter 2.2.4.1; Connor &
Davidson, 2003) were administered. DNA for the analysis of FKBP5 SNP haplotype was collected
using an EasiCollect© (see Chapter 2.4.3.2). The DNA samples were extracted and genotyped for 3
FKBP5 SNPs with TaqMan™ following established protocols (see Chapter 2.4.3.3). In addition, a
questionnaire on chronic stress was administered and hair sample collected for Study 4 (see Chapter
6) as well as a device measuring heart rate and skin conductance levels was applied as part of
another project.
Next, the standardised laboratory stress test, the Trier Social Stress Test (TSST, Kirschbaum, Pirke,
& Hellhammer, 1993) was conducted to induce psychological stress reaction and a reliable rise in
cortisol levels (Dickerson & Kemeny, 2004) (see Chapter 2.3). In the present study, the anticipatory
phase began in Room A when participant was informed of an upcoming interview then guided to
Room B and introduced to the mixed-sex panel and finished with a 3-minute-long preparation time.
The following test phase consisted of a 5-minute speech and a 5 minute-long mental arithmetic
task (counting backwards by subtracting 17 from 2043) (Kudielka et al., 2007).
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Figure 5.1
Design and set-up of the study on acute stress reactivity to the Trier Social Stress Test in high and low schizotypy

Notes. T1-T5=saliva sampling; each full dark circle represents 5 minutes; time relative to the beginning of the stress exposure (test phase) shown in bold.

Questionnaire area (Room A)

Anticipatory phase (Room B)

Test phase (Room B)

Recovery phase area (Room A)
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In the final recovery phase, the participant was guided by the study leader to Room A and sat quietly
for another 60 minutes, while reading neutral magazines if they liked to.
After the recovery phase, participant was debriefed that no audio or video recordings were taken
and the panel had to remain neutral for a reliable stress induction (Kudielka et al., 2007).

5.2.3.3 Salivary cortisol sampling and analysis
Saliva samples were collected with Salivette® (Sarstedt, Nümbrecht, Germany; see Chapter 2.4.1.1)
directly before the anticipatory phase (baseline, T1), directly before the test phase (T2), directly after
the test phase (T3), and 15 (T4) and 60 (T5) minutes after the end of the test phase (see Figure 5.1).
Once collected, saliva samples were stored at −20 °C before a single freeze thaw cycle. Freeze
thawing helps to break up the mucins present in saliva and therefore increases yield and sample
recovery from the centrifugation (Sarstedt, 2020). After the centrifuge (Thermo Scientific Heraeus
Megafuge 8R) was pre-cooled to 4 °C, samples were centrifuged (1000 g for 3 min) and then stored
in 1.5 ml aliquots at −80 °C. Quantification of cortisol was determined by
an expanded range high sensitivity salivary cortisol enzyme immunoassay kit (Salimetrics, UK;
https://salimetrics.com/assay-kit/salivary-cortisol-elisa-kit/, see Chapter 2.4.1.2) conducted
according to manufacturer's instructions and via use of plate reader (Thermo Scientific Multiscan FC)
at 450 nm.
Duplicates were run for each of the seven standards on each plate and the high and low controls.
Unknown samples were 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 < 5% and < 10% respectively
across all samples. Cortisol levels from one participant were first undetectable due to falling outside
of the upper limit of the standard curve, so their samples were re-run diluted by a factor of 20.
Cortisol was detectable then (range: 0.24-0.59 µg/dL), but once transformed back (multiplied by a
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factor of 20), the levels constituted an extreme outlier, so this participant was excluded from all
cortisol analyses.
To assess the percentage of non-responders, individual cortisol response peaks were calculated as
T3-T1 or T4-T1, depending on the individual highest value. Non-responders were defined as
individuals with a cortisol response below 1.5 nmol/l from baseline (T1) (Miller, Plessow,
Kirschbaum, et al., 2013).
Three different types of area under the curve for the cortisol release were calculated using logtransformed cortisol measurements. Area under the curve with respect to ground (AUCg) was
calculated using the following formula (Pruessner et al., 2003), with m standing for individual cortisol
level measurements and t for individual time between measurements:
AUCg = (m2+m1)·t1/2 + (m3+m2)·t2/2 + (m4+m3)·t3/2 + (m5+m4)·t4/2
Area under the curve with respect to increase (AUCi) was calculated using the following formula
(Pruessner et al., 2003):
AUCi = AUCg – ((m1*t1)+ (m1*t2)+ (m1*t3)+ (m1*t4))
Area under the curve with respect to range (AUCr) was calculated using the following formula
(Herbison et al., 2016), with mmin standing for the individual minimum value in cortisol
measurements:
AUCr = AUCg – ((mmin*t1)+ (mmin*t2)+ (mmin*t3)+ (mmin*t4))

5.2.3.4 Control variables
Variables known to affect cortisol release were assessed to control for: gender, body-mass index
(BMI), oral contraceptive intake, menstrual phase, smoking/alcohol/cannabis use status, caffeine,
alcohol, nicotine, and cannabis use 24 h prior to the study intake, waking time and sleep duration in
the previous night (see Chapter 2.3.4, Linares et al., 2020). Two control questions on whether the
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participant was familiar with the panel members (“I know someone from the panel” from 1 “not at
all” to 4 “very well”) and their perception of panel’s professionality (“I perceived the panel to be
professional and well trained in psychological assessment” from 1 “strongly agree” to 4 “strongly
disagree”) were administered.

5.2.3.5 Perceived emotions in context of acute stress
A visual analogue scale (VAS, see Chapter 2.2.2.1) was completed with each saliva sampling to assess
differences in subjective stress, anxiety, and insecurity perception (Aitken, 1969; Bond & Lader,
1974; Hellhammer & Schubert, 2012; Söder et al., 2018). The VAS used for this study was a 100 mm
dipole scale with three dipoles: not stressed/highly stressed, not anxious/highly anxious, not
insecure/highly insecure.

5.2.4 Statistical analyses
Statistical analyses were conducted using SPSS (Version 25.0., IBM, Armonk, NY). All statistical tests
were two-tailed with alpha set at p < 0.05. Normality of distribution was tested with KolmogorovSmirnov tests, confirming normal distribution for resilience (p>.200), number of recent problems
(p>.200), anxiety (p=.111), depression (p=.200), approach coping (p>.200), and avoidant coping
(p>.200) scores, but not for childhood trauma (p=.005), global schizotypy (p=.004), schizotypy
subscales Unusual Experiences (p=.010), Introvertive Anhedonia (p=.002), Cognitive Disorganisation
(p=.004), and Impulsive Nonconformity (p=.013), perceived stress (p=.017), and recent stress extent
score (p=.020). Parametric t-tests were conducted for normally distributed data and Wilcoxon test
for non-normally distributed data. Cortisol data were not normally distributed (all KolmogorovSmirnov tests p<.01), so they were log-transformed prior to analyses (with only cortisol data for T5
failing the Kolmogorov-Smirnov test) and calculation of AUCs. All AUC scores were normally
distributed (all p>.05). Participants were also categorised in responders and non-responders based
on presence or absence of a baseline-to-peak increase of 1.5 nmol/l (Miller, Plessow, Kirschbaum, et
al., 2013).
168

Mixed model ANOVAs were conducted to assess the effect of high and low schizotypy (between
factor) on cortisol release and perceived emotions over time (within factor). Spearman’s correlations
were computed for the AUC scores with global schizotypy and schizotypy subscales scores. To assess
contributions of individual schizotypy subscales to the differences in perceived emotions, sum scores
of perceived emotions over the entire experiment were computed and non-parametric correlations
run with schizotypy subscale scores. Significance was accepted at p<.05. Independent samples ttests and Chi-square tests were calculated to assess difference in characteristics and psychometrics
between high and low schizotypy, performance during the TSST, and difference in cortisol release
between FKBP5 minor allele carriers and non-carrier. Univariate ANOVAs were conducted to assess
the effects of schizotypy and FKBP5 genotype on cortisol release in the context of acute stressor.

5.3 Results
5.3.1 Participant characteristics
Out of 160 completed forms for pre-screening in Session 1, 144 (or 137 without duplicates) were
completed between October and mid-March 2020. Of those, 63 individuals were eligible and invited.
Three declined, 21 gave no response, and 39 accepted. One appointment was cancelled by the
participant, one appointment was cancelled due to disclosure of General Anxiety Disorder on the
day of the experiment, three appointments were cancelled due to the introduction of the National
Lockdown in the UK in mid-March 2020. Due to the pre-screening to filter out high depression and
anxiety levels for Session 2, final participants had lower anxiety and marginally lower depression
levels than the non-selected or not participated participant pool (see Table 5.2). There was no
difference in global schizotypy and coping levels between participated (Session 2) and not
participated (Session 1 only) groups.
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Table 5.2
Pre-screening characteristics of individuals participated in Sessions 1 and 2

Global O-LIFE
HADS depression
HADS anxiety
Avoidant coping
Approach coping

Session 1 only (n=103)
M(SD)
17.36 (6.54)
5.46 (3.66)
9.91 (4.08)
24.06 (5.65)
28.65 (6.76)

Session 2 (n=34)
M(SD)
16.50 (9.65)
4.12 (3.05)
8.15 (3.84)
24.21 (5.74)
30.03 (8.04)

Difference
p
0.63
0.06
0.03
0.90
0.33

Notes. M=mean, SD=standard deviation, significant p values in bold.
Out of 34 participants of Session 2, 1 participant declined to participate in the TSST, so their data
was used for baseline cortisol comparison and for psychometric analyses only. One participant had
unusually high cortisol levels, exceeding the concentration range detectable by the assay (see
section 5.2.3), so was excluded from all cortisol analyses.
Higher levels of global and subscale schizotypy, as well as of anxiety and depression were found for
the high schizotypy group compared to low schizotypy group (see Table 5.3). The groups did not
differ in age, gender and nicotine, alcohol, or cannabis use.
Table 5.3
Characteristics of the sample divided into high and low schizotypy groups showing the data for each
of the subscales in the sO-LIFE along with measures of substance use and mood
High (n=20)
Low (n=14)
Difference p
Age
19.35 (.93)
19.36 (.93)
.959
Gender (female)
17 (85%)
13 (93 %)
.627*
Global schizotypy
24.00 (3.95)
6.00 (3.04)
<.001
Unusual experiences
5.85 (2.50)
.57 (.76)
<.001
Introvertive anhedonia
3.60 (2.04)
1.29 (1.07)
<.001
Cognitive disorganisation
9.35 (1.27)
2.57 (1.79)
<.001
Impulsive nonconformity
5.20 (1.24)
1.57 (1.34)
<.001
Nicotine user
4 (20%)
2 (14%)
1.00*
Alcohol user
17 (85%)
14 (100%)
.251*
Cannabis user
7 (35%)
2 (14%)
.250*
HADS anxiety
10.30 (2.58)
4.93 (2.76)
<.001
HADS depression
5.70 (2.58)
1.50 (1.56)
<.001
Notes. p values from t-tests for independent groups, Wilcoxon test, or Chi-square tests where
appropriate; *Chi-square test results presented only for 2x2 table (due to count below the
expected).
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Information on SNP variants was obtained for all 34 participants, except for the rs3800373 allele
in one participant, for which the PCR reading did not yield a clear result after two repeats. Since
Hardy-Weinberg equilibrium was confirmed for all SNPs (see Table 5.4), minor allele haplotype was
created from rs3800373 C-allele, rs9296158 A-allele and rs1360780 T-allele. The overall sample was
divided in carriers (with one or more minor alleles) and non-carriers (no minor alleles) for the
analyses involving genotype.
Table 5.4
Distribution of FKBP5 variants in the overall sample
SNP

Chromosomal position

Function

HWE

rs3800373
35574699*
3’ UTR
0.59
rs9296158
35599305*
Intron
0.77
rs1360780
35639794*
Intron
0.91
Notes. HWE, p-values of the Hardy-Weinberg equilibrium test;

Genotypes
CC=3 CT=12
TT=19
AA=3 AG=13 GG=18
TT=2 CT=13 CC=19
Chromosomal positions are given

according to the May 7, 2014 GRCh38 human reference sequence database (NCBI Build 38.1/141) of
the International Human Genome Sequencing Consortium.

5.3.2 Schizotypy, stress, resilience, and coping
Individuals with high schizotypy scores reported higher levels of perceived stress, recent stress,
and avoidant coping, as well as lower levels of resilience and approach coping (see Table 5.5).
Furthermore, high schizotypy group reported higher levels and numbers of childhood trauma
experienced, as well as higher number of recent problems experienced. However, high schizotypy
showed lower minimisation/denial scores, as well as lower percentage of minimisation/denial
occurrence (15%) than low schizotypy group (57%) (see Table 5.3). Controlling for reported
childhood trauma levels did not significantly change the results for perceived stress, resilience, or
coping.
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Table 5.5
Psychometric measures of stress, resilience and coping in high and low schizotypy groups

Approach coping
Avoidant coping
Resilience (CD-RISC)
Recent problem score (USS)

High (n=20)
27.85 (8.14)
26.70 (5.44)
49.45 (9.05)
12.80 (2.09)

Low (n=14)
33.29 (7.09)
20.57 (4.13)
72.57 (10.12)
8.14 (1.99)

Perceived stress (PSS-14)
Recent stress extent (USS)
Childhood trauma (CTQ)

35.05 (6.34)
22.80 (4.42)
40.80 (10.50)

20.64 (7.94)
11.79 (5.39)
30.93 (6.84)

Childhood trauma reported
Minimisation/denial scores

16
.15 (.37)

5
.86 (.86)

t (df)
-2.02 (32)
3.55 (32)
-6.99 (32)
6.51 (32)
W (df)
129 (28.5)
127 (28.5)
173 (28.5)
χ2 (df)
6.84 (1)
-2.89 (16.3)

p
.052
.001
<.001
<.001
p
<.001
<.001
.011
p
.014
.011

5.3.3 Cortisol response to acute stressor
5.3.3.1 Pre-calculations of cortisol data and confounding variable analyses
Fifty percent of high schizotypy group were non-responders (n=9), while only twenty-nine percent of
low schizotypy group were non-responders (n=4). Chi-square tests were not possible, due to low
count in low schizotypy non-responder group. When assessing the contribution of known
confounding variables on cortisol levels, independent t-tests showed no significant difference (all
p>.05) for gender (female vs male), smoker status (former or current smoker vs non-smoker), typical
caffeine intake (intake vs no intake), typical alcohol intake (intake vs no intake), typical cannabis
intake (former or current user vs non-user), oral contraceptive status (user vs non-user), menstrual
phase (luteal vs all other phases). No correlations of cortisol levels with age, BMI, alcohol units and
coffee cups consumed in 24h prior to experiment were found (all p>.05). Sleep duration in 24h prior
to experiment was not significantly associated with cortisol levels at T2-T5, but was correlated with
cortisol levels at T1 (r(33)=-.35, p=.047), with individuals having less sleep exhibiting higher baseline
cortisol levels. However, using sleep duration as covariate did not change results of ANOVAs.

172

The rating of panel’s professionality correlated with the cortisol response, so that the lower
perceived professionality was associated with lower cortisol release at T2 (rs =-.42, p=.017) and T3 (rs
=-.37, p=.038). However, levels of professionality rating did not differ between schizotypy groups
(W=270, p=.255) and controlling for the professionality rating did not change the results of the
mixed model ANOVAs.
5.3.3.2 Cortisol stress response to TSST
A mixed model ANOVA confirmed a general effect of time on cortisol response to social stressor
(F(2.8, 83)=9.60, p<.001, η2=.242), with the highest cortisol levels measured at 15 minutes after the
end of the test phase (T4), see Figure 5.2. Post-hoc pairwise comparisons with Bonferroni correction
confirmed that cortisol levels at T4 were significantly higher than at baseline (T1, p=.042), directly
prior to the stress exposure (T2, p=.005), and after the recovery phase (T5, p<.001). There was no
main effect of schizotypy (F(1,30)=.142, p=.709, η2=.005) and no interaction effect between time and
schizotypy (F(4,120)=.76, p=.551, η2=.025).
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Figure 5.2
Salivary cortisol levels prior, during and after exposure to TSST in high (n=18) and low schizotypy
(n=14)

Notes. 1-T1: -10 min to begin of stress exposure, 2-T2: 0 min to begin of stress exposure, 3-T3: 10 min after
stress exposure, 4-T4: 25 min after stress exposure, 5-T5: 60 min after stress exposure; error bars represent ±1
SE.

However, in the overall sample, higher global schizotypy was associated with smaller AUCi (rs(32) =.39, p=.026), but not with AUCg (rs (32) =-.11, p=.545) or AUCr (rs (32) =-.26, p=.157). This association
was particularly evident in subscales Unusual Experiences (rs(32) =-.39, p=.027) and Impulsive
Nonconformity (rs (32) =-.38, p=.034), but not in Introvertive Anhedonia (rs(32) =-.17, p=.367) or
Cognitive Disorganisation (rs(32) =-.22, p=.237) (see Figure 5.3).
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Figure 5.3
Scatterplots of associations between cortisol release in response to TSST (AUCi) and global schizotypy (A),
Unusual Experiences subscale (B), and Impulsive Nonconformity subscale (C) in the overall sample (n=32)
A)

B)

C)

Notes. AUCi – area under the curve in respect to increase
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When correlational analysis was separated by group to consider the nature of the participant
selection, the correlation between global schizotypy scores and cortisol release in response to the
stressor was evident in high schizotypy group (rs (18) =-.52, p=.027) but not in low schizotypy group
(rs (14) =-.06, p=.838).
Higher AUCi was also marginally associated with lower avoidant coping (r (32) =-.34, p=.055) and
higher AUCr was marginally associated with higher approach coping (r (32) =.33, p=.068).
Childhood trauma score was not associated with baseline cortisol (rs (32) =.01, p=.939), cortisol
response at individual time points or AUCs (all p>.05).

5.3.4 Perceived emotions in the context of acute stressor
5.3.4.1 Perceived stress during TSST
A mixed model ANOVA revealed a main effect of time on perceived stress scores
(F(2.69,83.34)=90.19, p<.001, η2=.744), see Figure 5.4. Post-hoc pairwise comparisons with
Bonferroni correction confirmed that stress levels for the overall sample were highest directly prior
to the test phase at T2 (M=66.19, SD=3.51), similar to directly after the test phase (T3, M=64.71,
SD=3.84, p=1.00) and significantly higher than at baseline (T1, p<.001), 15 minutes after test phase
(T4, p<.001), and at the end of the recovery phase (T5, p<.001). There was no main effect of
schizotypy (F(1,31)=1.78, p=.192, η2=.054) and no interaction effect (F(4,124)=1.89, p=.117, η2=.057).
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Figure 5.4
Perceived levels of stress measured via Visual Analogue Scale in response to acute stressor (TSST) in
high (n=19) and low (n=14) schizotypy

Notes. 1-T1: -10 min to begin of stress exposure, 2-T2: 0 min to begin of stress exposure, 3-T3: 10 min after
stress exposure, 4-T4: 25 min after stress exposure, 5-T5: 60 min after stress; error bars represent ±1 SE.

Upon visual inspection of the graph for stress scores over time, the high schizotypy group seemed to
show peak stress levels at T3, while low group showed peak stress levels at T2. The groups appeared
to differ at T3 and T4. Since the perceived stress data at T2 and T3 were normally and at T4 not
normally distributed, independent samples t-test and non-parametric Mann-Whitney U test were
performed to compare high and low schizotypy groups. Perceived stress did not differ between
groups at T2 (t(31)=-.82, p=.418) and T3 (t(31)=1.69, p=.101). Perceived stress at T4 was higher
(W(33)=179, p=.032, η2=.14) in high schizotypy (n=19, Mdn=20), than in low schizotypy group (n=14,
Mdn=9).
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5.3.4.2 Perceived anxiety during TSST
A mixed model ANOVA revealed a general effect of time on perceived anxiety scores (F(3.31,
102.55)=98.24, p<.001, η2=.760), see Figure 5.5. Post-hoc pairwise comparisons with Bonferroni
correction confirmed that anxiety levels for the overall sample were highest directly prior to the test
phase at T2 (M=70.43, SD=3.53), similar to directly after the test phase (T3, M=68.65, SD=3.94,
p=1.00) and significantly higher than at baseline (T1, p<.001), 15 minutes after test phase (T4,
p<.001), and after the recovery phase (T5, p<.001). There was no effect of schizotypy (F(1,31)=.005,
p=.947 , η2=.000) and a marginal interaction effect (F(4,124)=2.43, p=.051 , η2=.073).
Figure 5.5
Perceived levels of anxiety measured via Visual Analogue Scale in response to acute stressor (TSST) in
high (n=19) and low (n=14) schizotypy

Notes. 1-T1: -10 min to begin of stress exposure, 2-T2: 0 min to begin of stress exposure, 3-T3: 10 min after
stress exposure, 4-T4: 25 min after stress exposure, 5-T5: 60 min after stress exposure; error bars represent ±1
SE.
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Upon visual inspection of the graph for anxiety scores over time, the high schizotypy group seemed
to show peak anxiety levels at T3, while low group showed peak anxiety levels at T2. The groups
appeared to differ at T2 and T4. Since the perceived stress data at T2 were normally and at T4 not
normally distributed, independent samples t-test and non-parametric Mann-Whitney U test were
performed to compare high and low schizotypy groups. Perceived anxiety was marginally lower
(t(31)=-1.94, p=.062) at T2 and marginally higher at T4 (W=191.5, p=.091) in high schizotypy than in
low schizotypy.

5.3.4.3 Perceived insecurity during TSST
A mixed model ANOVA revealed a general effect of time on perceived insecurity scores (F(3.15,
97.71)=75.48, p<.001, η2=.709), see Figure 5.6. Post-hoc pairwise comparisons with Bonferroni
correction confirmed that insecurity levels for the overall sample were highest directly after the test
phase at T3 (M=71.38, SD=4.00), similar to directly prior to the test phase (T2, M=60.79, SD=4.70,
p=.099) and significantly higher than at baseline (T1, p<.001), 15 minutes after test phase (T4,
p<.001), and after the recovery phase (T5, p<.001). There was a marginal effect of schizotypy
(F(1)=4.07, p=.052 , η2=.116), with higher schizotypy presenting higher insecurity scores, and no
interaction effect (F(4,124)=1.16, p=.332 , η2=.036).
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Figure 5.6
Perceived levels of insecurity measured via Visual Analogue Scale in response to acute stressor (TSST)
in high (n=19) and low (n=14) schizotypy

Notes. 1-T1: -10 min to begin of stress exposure, 2-T2: 0 min to begin of stress exposure, 3-T3: 10 min after
stress exposure, 4-T4: 25 min after stress exposure, 5-T5: 60 min after stress exposure; error bars represent ±1
SE.

Upon visual inspection of the graph for insecurity scores over time, the groups appeared to differ at
T1, T3 and T4. Since the perceived insecurity data at T3 were normally and at T1 and T4 not normally
distributed, independent samples t-test and non-parametric Mann-Whitney U tests were performed
to compare high and low schizotypy groups. Perceived insecurity was marginally higher in high vs
low schizotypy at T1 (W=193, p=.071), but not at T3 (t(31)=1.63, p=.113), and significantly higher at
T4 (W=163.5, p=.005) in high schizotypy (N=19, Mdn=31) than in low schizotypy (N=14, Mdn=11).
Furthermore, perceived emotions scores did not correlate with individual cortisol responses at T1-T5
or with area under the curve values (all rs >.05). Higher Introvertive Anhedonia was associated with
higher perceived stress (rs =.41, p=.019) and higher insecurity (rs =.35, p=.047) during the TSST.
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5.3.5 Performance during acute stress
There was no difference between high and low schizotypy groups in the number of mistakes made
(t(31)=-1.80, p=.082) or in the furthest position reached (t(31)=.94, p=.354) during the mental
arithmetic test in the test phase.

5.3.6 FKBP5 and childhood trauma
A mixed model ANOVA with factors time and FKBP5 haplotype (carriers vs non-carriers) revealed a
main effect of time (F(2.76, 82.91)=9.44, p<.001, η2=.239), but no main effect of genotype (F(1,
30)=.28, p=.601, η2=.009) or interaction effect (F(4, 120)=.18, p=.948, η2=.006) (see Figure 5.7).
Figure 5.7
Salivary cortisol levels prior, during and after exposure to TSST in FKBP5 minor allele carriers (n=14)
and non-carriers (n=18)

Notes. 1-T1: -10 min to begin of stress exposure, 2-T2: 0 min to begin of stress exposure, 3-T3: 10 min after
stress exposure, 4-T4: 25 min after stress exposure, 5-T5: 60 min after stress exposure; error bars represent ±1
SE.
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There was also no difference between carriers and non-carriers in cortisol levels at baseline (T1:
t(31)=-.70, p=.490), at any other individual timepoint (all p>.05) or in perceived stress over the last
month (p=.343). There was a trend difference in recent stress intensity (W(32)=306.5, p=.062), with
carriers reporting higher recent stress intensity than non-carriers.
No difference in number of FKBP5 minor haplotype carriers was found between high (n=9) and low
(n=6) schizotypy groups (χ2 =.066, p=.797). No differences between FKBP5 minor allele carriers
(n=14, M=17.38, SD=10.48) and non-carriers (n=18, M=15.90, SD=9.13) were found in the levels of
global schizotypy (t(31)=-.32, p=.750). Individual univariate ANOVAs with factors FKBP5 genotype
(carriers vs non-carriers) and schizotypy group (high vs low) revealed no main or interaction effects
(see Table 5.6).
Table 5.6
Results from individual analyses of variance between FKBP5 minor allele carriers vs non-carriers with
high vs low schizotypy levels
AUCg

AUCi

AUCr

Genotype effect
Schizotypy effect

F=.26, p=.617, ηp2=.009
F=.44, p=.513, ηp2=.015

F=.27, p=.609, ηp2=.009
F=1.76, p=.195, ηp2=.059

F=.14, p=.716, ηp2=.005
F=1.17, p=.288, ηp2=.040

G x CT Interaction effect

F=.25, p=.618, ηp2=.009

F=.210, p=.650, ηp2=.007

F=1.18, p=.287, ηp2=.040

Notes. AUCg – area under the curve in reference to the ground, AUCi – area under the curve in
reference to the increase, AUCr – area under the curve in reference to the minimum value.

Finally, carriers did not differ from non-carriers in reported childhood trauma scores (p=.845) or
number of reported childhood trauma experiences (χ2(1)=.007, p=1.00).

5.4 Discussion
The current study investigated differences in the stress perception and cortisol release patterns in
pre-screened healthy individuals with high and low schizotypy before, during and after a social
stressor test. Additionally, associations with the FKBP5 genotype were investigated.
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The overall sample had a pronounced increase in cortisol levels following the TSST. This means the
stress exposure worked successfully and had the expected biological effect. There were no
significant differences in cortisol response between high and low schizotypy. However, when
considering high and low schizotypy group individually, higher global schizotypy scores were
associated with lower cortisol response to the stressor (AUCi), yet not with the overall cortisol
release (AUCg) in high schizotypy group. This is consistent with previous literature (Grant & Hennig,
2018; Walter et al., 2018) and suggesting that low schizotypy levels may have no distinct influence
on endocrine acute stress response. The association of higher schizotypy levels with lower cortisol
release was particularly evident for the positive schizotypy subscale Unusual Experiences and
Impulsive Nonconformity subscale, but not for the negative schizotypy scale Introvertive Anhedonia
or Cognitive Disorganisation subscale. This is in line with the results by Grant and Hennig (2018) and
Walter et al. (2018), suggesting changes in cortisol were associated with positive schizotypy
dimension but not with the negative or disorganised dimensions. The contribution of the Impulsive
Nonconformity dimension to lower cortisol response is also in line with early literature where trait
impulsivity and antisocial behaviour have been associated with cortisol hypo-responsiveness (Moss
et al., 1995; Vanyukov et al., 1993). Notably, the lower cortisol levels were not associated with
differences in perceived state anxiety during the stressor, thus being similar to findings in
impulsivity, which were interpreted to possibly reflect a general overtaxed physiological arousal
after experiencing repeated or chronic stressful situations (Moss et al., 1995).
Higher chronic stress was recently found to attenuate acute cortisol response to psychosocial
stressor in elevated risk of psychosis (Söder et al., 2020). Indeed, in the current study, individuals
with higher schizotypy levels reported higher levels of childhood trauma and higher number and
intensity of recent problems experienced, which is also consistent with previous reports in patients
with schizophrenia and psychosis (Álvarez et al., 2011; Carol et al., 2021; Larsson et al., 2013).
Furthermore, high schizotypy group showed a lower percentage of minimisation/denial, which is in
line with findings in severe mental disorders including schizophrenia, psychosis and major
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depression with psychotic symptoms (Church et al., 2017), pointing towards a potential lack of selfserving bias and hence lower coping ability. To support this assumption, current findings revealed a
trend towards higher stress perception in high schizotypy and therefore less successful coping
immediately after the stress exposure, which may have become significant with a larger sample
number. Indeed, individuals with high schizotypy levels reported higher levels of anxiety, depression,
perceived stress, higher levels of avoidant coping use and lower perceived resilience as well as use of
approach coping than individuals with lower levels of schizotypy, which is in line with previous
research (e.g., Kwapil et al., 2013).
On the other hand, no differences between high and low schizotypy group in baseline cortisol and
the overall measured cortisol response were found. This is in line with the previous findings by
Walter et al. (2018) and Söder et al. (2020), reporting no difference in the overall cortisol levels
between high and low schizotypy in repeated-measures ANOVA. Similarly, no difference in daily
cortisol release, yet blunted cortisol response to daily-life stressors, assessed via experience
sampling approach, was previously found between psychosis patients as well as their first-degree
relatives and healthy controls (Vaessen et al., 2018). Moreover, such lower cortisol reactivity to
psychosocial stressors was also previously observed in individuals at ultra-risk for psychosis, firstepisode psychosis and chronic schizophrenia (Dauvermann & Donohoe, 2019; Zorn et al., 2017). The
striking pattern of typically tonic HPA hyperactivation and phasic HPA blunting of cortisol response
to acute stressors observed within psychosis spectrum was previously highlighted in a model
proposed by Shah and Malla (2015), suggesting that incorporation of both measurements may serve
as a more reliable marker of vulnerability to psychosis and of individual stages along the spectrum.
In contrast to findings by Walter et al. (2018), the current study found no evidence of delayed
cortisol response in high schizotypy or significant differences between groups at individual
timepoints of measurement. However, a prolonged emotional response associated with high
schizotypy was observed with a robust pattern of higher stress, anxiety and insecurity 15 minutes
after the stress exposure compared to low schizotypy group. Since high schizotypy was also
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associated with higher levels of avoidant and lower levels of approach coping, it may be possible
that the use of dysfunctional coping strategy prevented an efficient stress recovery. In support of
this assumption, avoidant coping was marginally associated with lower AUCi, while higher AUCr was
marginally associated with higher approach coping. Similar pattern was observed by Villada et al.
(2016) when a cluster analysis revealed two different groups of stress response in healthy
individuals: cluster 1 displaying lower psychological response along with higher cortisol response and
cluster 2 with high affective reactivity along with lower cortisol response. Additionally, cluster 1
showed lower scores on trait anxiety and higher scores on active coping, whereas cluster 2 reported
higher levels of anxiety and of mental disengagement (Villada et al., 2016).
In contrast to Grant and Hennig (2018), perceived stress and insecurity were associated with
negative, rather than with disorganisational schizotypy dimension. Since the negative schizotypy
dimension includes lack of enjoyment of social interaction (Mason et al., 1995), the interaction with
the panel, which is the core of the TSST, might have adversely affected participants’ emotions.
Furthermore, perceived emotions scores did not correlate with individual cortisol responses or with
the area under the curve values. Such incongruency has been observed previously in the context of
psychosis vulnerability (Söder et al., 2018), and other clinical and non-clinical settings (Cohen et al.,
2000; Hellhammer & Schubert, 2012). More recently, deficits in emotion regulation and awareness
were also reported in high schizotypy (Li et al., 2019), which may have also played a role in the
current study.
In a healthy population, only 15-30% are expected not to respond to the TSST exposure with an
increase in cortisol levels (Kudielka et al., 2007), which is comparable to the percentage observed
within the current low schizotypy group. Interestingly, high schizotypy group had a more than
double the number and a higher percentage of non-responders compared to low schizotypy group.
High non-responsiveness in the presence of inconspicuous baseline cortisol levels to the TSST had
been previously observed in psychopathology such as panic disorder (Petrowski et al., 2010), but
also more generally in individuals with childhood trauma (Carpenter et al., 2011; Seitz et al., 2019). In
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the present study, high schizotypy group had indeed reported a higher level of childhood trauma.
However, controlling for childhood trauma score did not affect any of the analyses, therefore nonresponsiveness was more likely associated with other factors, such as schizotypy level. In general,
research finding blunted response to acute stressors rarely report non-responder percentage (e.g.,
Brenner et al., 2009; Carpenter et al., 2011), and it would be interesting to explore the significance
of non-responsiveness in the context of psychosis and schizotypy.
Further of note, the rating of perceived panel’s professionality correlated with the cortisol response,
so that the lower perceived professionality was associated with lower cortisol release immediately
after the anticipatory phase and immediately after the test phase. This association did not influence
the effect of schizotypy, as there was no group difference. However, this finding highlights the
importance of the set-up and suggests routinely controlling for perceived professionality.
Finally, no significant main genotype or genotype by schizotypy interaction effects were observed on
the cortisol response. However, minor allele carrier group also displayed a trend towards higher
perceived stress intensity during the last month, which is in line with previous literature suggesting
higher stress sensitivity in minor allele carriers (Grattan & Linscott, 2019; Ising et al., 2008), possibly
due to a generally higher attention to threat and changes in hippocampal structure and activity (Fani
et al., 2013). Minor FKBP5 haplotype carriers have also displayed consistently higher means of
cortisol levels at baseline, during the stressors, and in the recovery phase, which is in line with
previous research (e.g., Matosin et al., 2018).
Taken together, the current study delivered evidence for a prolonged emotional response and
attenuated cortisol responsiveness to acute stressor in healthy individuals with high schizotypy
levels compared to those with low schizotypy levels. Furthermore, high schizotypy levels were found
to be associated with higher overall mental and stress vulnerability as well as higher use of
dysfunctional coping strategies. No associations of schizotypy with FKBP5 genotype were found, yet
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independently of schizotypy, minor FKBP5 haplotype was trend associated with increased stress
perception during the TSST.

5.5 Limitations
Several limitations should be noted. The observed lack of expected or only marginal difference
between high and low schizotypy groups or FKBP5 minor allele carriers and non-carriers in levels of
perceived stress, anxiety, and insecurity during the experiment and cortisol levels at baseline may
have resulted from a small sample size due to interruption in data collection. However, the key
strengths of the study were following a rigorously standardised protocol and controlling for the most
consistent confounders from the previous literature. Using the newly introduced online TSST
(Kirschbaum, 2021) in the future study designs might allow for recruitment and retention of a larger
sample.
Secondly, since cortisol non-responsiveness was previously observed in fasting (Kirschbaum et al.,
1997) and given that the instructions in the current study were not to eat for at least one hour prior
to experiment, it may not be excluded that fasting may have contributed to lower cortisol levels,
should some participants have abstained from food intake for longer than suggested by the
instruction. Introduction of a standardised snack/drink for everyone could control for fasting as a
possible confound (Engert et al., 2013; Kirschbaum et al., 1997). As proposed by a recent metaanalysis on the methodology of the TSST, a range of possible confounders not collected in the
current study could have been also assessed, such as working regular night-shifts, use of any other
substances other than caffeine, alcohol and cannabis, flossing or brushing teeth prior to the
experiment (Linares et al., 2020). As proposed by the same meta-analysis, two measures of
anxiety/stress in the context of the TSST could have been used to better understand the change in
perceived emotions. Furthermore, more or at least six salivary samples could have been collected to
accommodate typical intervals of 15 minutes, as recommended by recent review, based on the
typical length of the TSST and recovery time (Linares et al., 2020). However, caution in assessing a
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large number of confounders and measurements is warranted, in order not to overwhelm the
participants. To avoid this, careful consideration of findings in previous literature specific to the
population of interest can help. For instance, the current study design adapted a previously
replicated experimental design investigating schizotypy (Walter et al., 2018), which did not find
significant differences in cortisol response at 30 min post stress induction. The current study had
therefore omitted this measurement, reducing the number of saliva samples collected and the
overall burden on the participant. Finally, an introduction of a control intervention such as friendly
TSST (Wiemers et al., 2013) or placebo-TSST (Het et al., 2009) could be an avenue to take for future
research to further investigate the impact of social stress versus social interaction on cortisol levels
and emotion perception in schizotypy.

5.6 Conclusion
The current study is the first to investigate the acute stress response in high and low schizotypy, preselected based on published norms for the population of interest, and its association with FKBP5
haplotype. Given the model of tonic hyperactivation and phasic hypoactivation of HPA in the
psychotic spectrum (Shah & Malla, 2015), current findings of attenuated cortisol response in the
presence of higher stress vulnerability may aid to integrate high schizotypy levels within healthy
individuals on the trajectory of vulnerability to psychosis. Further research on tonic cortisol response
is needed and could be facilitated through investigations of CAR or cumulative cortisol levels within
the same sample. In addition, since levels of chronic stress have been reported to influence the
acute stress response in individuals at elevated risk for psychosis (Söder et al., 2020), investigations
of the effect of chronic stress might shed further light on the acute cortisol response in schizotypy.
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6.1 Background
High levels of reported chronic stress have long been observed in individuals suffering from
schizophrenia, psychosis and in those at ultra-high, familial, or symptomatic risk of developing
psychosis-spectrum disorders (Aiello et al., 2012; Pruessner et al., 2011). In a study of inpatient and
outpatient bipolar disorder and schizophrenia patients compared to healthy individuals, higher
perceived chronic stress levels were observed in patients than in controls (Streit et al., 2016). In nonclinical populations, self-reported chronic stress was observed to be elevated in the familial and
symptomatic psychosis risk groups compared to healthy controls, thus constituting an early
vulnerability factor for psychosis (Söder et al., 2020). However, little is known about the
psychological and physiological mechanisms of chronic stress response in non-clinical individuals
with high levels of schizotypy. Understanding of these mechanisms would be instrumental for
supporting successful stress management in vulnerable individuals.
Chronic stress is typically associated with dysregulation of the HPA axis, which might lead to either
long-term hypo- or hypercortisolism (Miller et al., 2007) and had been recently reported to also
affect the acute cortisol response (Söder et al., 2020). Chronic levels of cortisol can be measured in
cumulative repeated sampling of saliva (e.g., Gustafsson et al., 2010), urine (e.g., Kraan et al.,
1998), blood (e.g., Van Cauter et al., 1996) or sweat (e.g., Jia et al., 2016). However, the circadian
cortisol pulsatility, intermittent sample collection and even brief external influences (e.g., food
intake) make data highly variable between and within individuals and thus often difficult to interpret
(Greff et al., 2019; Stalder et al., 2017). In order to overcome these disadvantages, other tissues
which incorporate cumulative cortisol over a long period of time such as nails (Phillips et al., 2020)
and hair (Liu & Doan, 2019; Stalder et al., 2017) have been recently utilised. Although hair sampling
has long been used in forensic science and drug testing (Baumgartner et al., 1989; Cooper et al.,
2012; Kintz, 2004), it is only since the first evidence of glucocorticoids in human hair (Cirimele et al.,

190

2000) that hair cortisol concentration (HCC) has emerged as a promising biomarker for chronic stress
(Raul et al., 2004; Russell et al., 2012; Stalder et al., 2017; Wright et al., 2015).
Hair is a filament, primarily made of dead, keratinised cells, which grow out of hair follicle residing in
the epidermis (Betts et al., 2013). Depending on their location, hair follicles exhibit a variety of sizes
and shapes, yet possess the same basic structure (see Figure 6.1). Each hair strand consists of a shaft
exposed at the skin’s surface and a root, which resides deep within the epidermis at the base of the
follicle. The hair shaft is produced by rapidly proliferating matrix cells from the hair bulb, which is
surrounded by the hair papilla (Paus & Cotsarelis, 1999). The dermal papilla at the base of the follicle
is thought to control the number of matrix cells and thus the size of the hair shaft. Interspersed
among the matrix cells lay melanocytes, which produce the hair pigment. With increased
differentiation, the matrix cells move upward, where they are compressed into their final shape by
the rigid inner-root sheath (Paus & Cotsarelis, 1999). The central core of the hair strand (medulla) is
coated with a layer of compressed, keratinised cells (cortex) and an outer layer of very hard cells
(cuticle) (Betts et al., 2013). The bulge, the region of the insertion of the arrector pili muscle and
papilla, is rich in nerve endings and nourished by follicular capillaries (Paus & Cotsarelis, 1999).
Subaceous glands connected to the hair follicle complex ensure adequate coating and
thermoregulatory response (Everts, 2012).
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Figure 6.1
Structure of a human hair follicle

Notes. From Betts, J. G., Young, K. A., Wise, J. A., Johnson, E., Poe, B., Kruse, D. H., ... & DeSaix, P. (2013). The
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Incorporation of cortisol into hair is suggested to result from diffusion of free blood cortisol in
follicular capillaries around the hair shaft into the medulla of the growing hair (Greff et al., 2019;
Russell et al., 2012). The lipophilic structure of cortisol allows deposition into various hair layers
proportionally to the circulating unbound cortisol in blood (Greff et al., 2019). It has been suggested
that some cortisol may also reach hair via sweat or sebaceous glandular secretions or external
glucocorticoid treatments (e.g., glucocorticoid creams) (Greff et al., 2019; Kapoor et al., 2018;
Russell et al., 2012). These external influences may be mitigated by washing hair samples during the
pre-processing (Russell et al., 2012). Furthermore, hair cortisol concentrations were proposed to be
affected by dermal interconversion of cortisol into cortisone (Terao & Katayama, 2016) or even by
hair follicle’s internal cortisol production (Ito et al., 2005). However, the significance of these
contributions remains unclear (Greff et al., 2019; Russell et al., 2012).
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A recent radiolabelling study in rhesus monkeys found radiolabelled cortisol and cortisone in hair
samples 14 days after the intravenous injection (Kapoor et al., 2018), confirming the ability of hair to
store glucocorticoids over a prolonged period of time. In general, it is typically assumed that hair
grows 1 cm per month in three phases: growth (anagen), cessation (catagen) and rest (telogen)
(Greff et al., 2019; Ito et al., 2005). Thus, it is assumed that concentration of cortisol in one
centimetre most proximal to the root reflects cumulative cortisol release over the most recent
month, with segments more distal to the root representing previous months (Gow et al., 2010).
However, the growth rate has been found to have a wide individual and ethnic variation. For
instance, the hair growth of individuals of African descent was found to be slower and that of
individuals of Asian descent faster than the growth rate in individuals of Caucasian descent
(Loussouarn et al., 2016). In addition, the average hair growth rate and percentage of hair in telogen
phase was found to differ among body and head (i.e., temporal, occipital, vertex) regions (Yamanashi
et al., 2013), making a standardised sampling protocol comparable over different laboratories
paramount (Greff et al., 2019; Russell et al., 2015).
Several factors have been shown to influence hair cortisol concentration such as sex, age, hair
treatment and hair washing routines, with the latter two showing only weak influences (Stalder et
al., 2017; Staufenbiel et al., 2015). Men, young children, older adults, and individuals with diabetes
mellitus were found to show higher hair cortisol concentrations in comparison to women, older
children and younger adults or healthy controls, respectively (L Dettenborn et al., 2012; Staufenbiel
et al., 2015). The use of oral contraceptives and natural dark hair colour were found to either have
weak (Staufenbiel et al., 2015) or no influence (L Dettenborn et al., 2012; Wosu et al., 2013),
whereas smoking status was not confirmed to influence HCC (L Dettenborn et al., 2012; Wosu et al.,
2013). Furthermore, the effects of environmental influences, such as UV-light exposure, washing
and chemical treatments may reduce the concentration of incorporated glucocorticoids over time,
making measurements of samples longer than 6 cm, and thus assessing the biomarker of chronic
stress over more than 6 months, unreliable (Kirschbaum et al., 2009; Russell et al., 2012).
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Nevertheless, assessment of HCC is highly attractive due to its non-invasiveness, low-cost sampling
and possible storage for many years at ambient temperature (Greff et al., 2019; Kirschbaum et al.,
2009).
A recent comprehensive systematic review of literature on HCC across various mental disorders
identified 22 relevant publications (Malisiova et al., 2020). Authors concluded that results on HCC in
depression, bipolar and anxiety disorders were inconsistent, with studies finding both higher and
lower HCC levels compared to healthy controls, yet with an overall tendency towards higher HCC
levels in depression and lower in general anxiety disorder. In addition, Malisiova et al. (2020) argued
that rather than the type of the disorder, the history of childhood maltreatment and more severe
psychopathology affected cortisol levels. On the other hand, patients with post-traumatic stress
disorder showed consistently lower HCC than trauma-exposed controls without PTSD (Malisiova et
al., 2020; Steudte et al., 2013).
A study comparing individuals at risk for psychosis, first episode psychosis patients, chronic
schizophrenia patients and healthy controls, found no difference in HCC levels, but observed that
patients reporting more adverse childhood events, with early childhood abuse (prior to the age of
11) predicted lower HCC (Hirt et al., 2019). Another study in remitted major depression with
psychotic symptoms found no difference between patients and controls and no associations of HCC
with the history of psychotic symptoms (Bingham et al., 2021). A study in bipolar disorder and
schizophrenia revealed higher HCC In bipolar disorder but no difference in HCC between
schizophrenia patients and healthy controls (Streit et al., 2016). However, the HCC was found to be
higher in drug-naïve first-episode psychosis patients compared to sex and age matched controls
(Andrade et al., 2016). More recently, HCC over the last three months was found to be attenuated in
109 schizophrenia patients compared to 89 healthy controls (18-60 years) (Yang et al., 2020).
Schizophrenia patients also reported more stressful life events and less received social support. An
interaction between social support and stressful life events predicted attenuated HCC. In
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schizophrenia patients, higher HCC were associated with higher social support and lower severity of
delusions. A further factor analysis confirmed that schizophrenia patients with reported childhood
trauma and stressful life events were characterised by attenuated HCC (Yang et al., 2020). The
inconsistent results of HCC analyses in psychotic-spectrum disorders indicate the need for further
research in psychosis-spectrum.
Less is known about HCC in schizotypy. A recent study assessing acute and chronic stress response in
people at elevated risk of psychosis (familiar and symptomatic risk) found no difference in HCC
between individuals at-risk and low-risk controls (Söder et al., 2020). However, the differentiation
between symptomatic at risk and low risk controls was completed using the score on the positive
psychotic symptoms scale of the Community Assessment of Psychic Experiences (CAPE; Stefanis et
al., 2002), with individuals with subclinical psychotic-like experiences required to score ≥9.0, and
thus higher than 50% of a large community sample from another study. The low-risk controls were
required to score <9.0 on CAPE positive symptoms scale. The limitations of such an approach are
twofold. First, the split by a single score that is not clinically relevant may not sufficiently
differentiate between high and low symptomatic risk. Secondly, since only the positive symptoms
scale of CAPE was used for group selection, the negative dimension of schizotypy or vulnerability to
psychosis was neglected. High positive schizotypy levels in the presence of low negative schizotypy
has previously been identified as a potentially protective, with individuals reporting low levels of
perceived stress (Grant & Hennig, 2020). Therefore, adverse effects on HCC might be expected in
high positive and negative schizotypy only, which should be considered when defining the high and
low risk group.
In general, associations between HCC and self-reported stress have been described as inconclusive
(Malisiova et al., 2020). An analysis of a pooled database from diverse community samples on stresslinked mental health measures, such as depression, anxiety, alcohol and drug use, disability, and
experiences with aggression, revealed a curvilinear relationship with HCC. Thus, although increase in
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perceived stress was associated with increase in HCC, the levels of HCC decreased at the highest
level of reported stress (Wells et al., 2014). No associations were found between hair cortisol and
perceived stress, anxiety, and depression in young mothers (Braig et al., 2016).
More recently, other steroids beyond cortisol, such as cortisone (Stalder et al., 2017) and
dehydroepiandrosterone (DHEA) have received increasing attention, see Figure 6.2 for biosynthesis
pathway of these and related steroids.
Figure 6.2
Biosynthesis pathways of steroid hormones

Notes. From Kushnir, M. M., Rockwood, A. L., & Bergquist, J. (2010). Liquid chromatography–tandem mass
spectrometry applications in endocrinology. Mass spectrometry reviews, 29(3), 480-502. Wiley Periodicals,
Inc., 2009.

DHEA, in particular, was identified to have antiglucocorticoid effects and thus considered to be a
protective counterpart to cortisol (Markopoulou et al., 2009), as well as being proposed as possible
treatment for schizophrenia symptoms (Alias, 2000). The cortisol/ DHEA ratio has been therefore
suggested to constitute a further biomarker of vulnerability and developmental psychopathology
(Kamin & Kertes, 2017).
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In schizophrenia, elevated plasma DHEA levels have been reported in comparison with bipolar
disorder and controls, although no difference in the plasma cortisol/DHEA ratio has been observed
(Gallagher et al., 2007). Other studies have generally reported increased levels of DHEA in
schizophrenia compared to controls (Di Michele et al., 2005; Strous et al., 2004), although decreased
DHEA was also reported (Tourney & Hatfield, 1972). In a prospective study over two months, serum
levels of steroids were repeatedly measured with schizophrenia patients showing increased
concentrations of DHEA and androstenedione and similar concentrations of progesterone and
testosterone compared to healthy controls (Ritsner, Gibel, Ram, et al., 2006). Authors concluded
that DHEA may serve as a marker for impaired hormonal responses to stress (Ritsner, Gibel, Ram, et
al., 2006). The same group also observed attenuated levels of pregnanolone in the blood of
schizophrenia patients (Ritsner et al., 2007; Ritsner, 2010). The most recent and largest study to date
showed higher serum DHEA levels and decreased cortisol/DHEA ratios in schizophrenia patients
compared to healthy controls with cortisol/DHEA ratios inversely related to the hippocampal and
prefrontal brain volume (Ji et al., 2020). Given the importance of early detection of schizophrenia,
inspection of hair steroid concentration in prodromal or highly vulnerable states would be of
interest. However, no studies of DHEA, cortisol/DHEA ratio or other steroids (e.g., testosterone,
progesterone or pregnanolone) in hair regarding schizotypy have been published to date.
Genetic variants associated with psychiatric disorders may target processes key to steroid
production and regulation (see Chapter 1.6, Pruessner et al., 2017). FKBP5 is a prominent candidate
for affecting long-term cortisol exposure due to its effect on the negative feedback loop of the HPA
axis (Binder, 2009) and thus potentially affecting cortisol concentrations in the hair. Indeed, higher
severity of reported maltreatment in mothers was associated with higher maternal hair cortisol and
cortisone levels in T allele carriers of FKBP5 rs136078, lower hair cortisol and DHEA levels of
newborns with the T allele, and increased hair cortisol and DHEA in newborns homozygous for the C
allele (Koenig et al., 2018). Childhood maltreatment, on the other hand, has been reported as an
interaction factor for altered hair cortisol and DHEA levels with (Koenig et al., 2018) or without
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(Schreier et al., 2016; Schury et al., 2017) assessment of the genetic effect, which is in line with
previous research on interaction effects of FKBP5 genotype and childhood adversity on psychological
and physiological stress vulnerability (see Chapter 1). In a recent meta-analysis, childhood adversity
was found to dampen or to increase hair cortisol levels depending on sample and adversity
characteristics (Khoury et al., 2019). To date, no publications exist on the FKBP5 genotype and
childhood adversity effects on HCC in schizophrenia or schizotypy.

6.1.1 Aims and hypotheses
Given the inconsistent and insufficient knowledge on chronic psychological and physiological stress
vulnerability in schizotypy, the primary aim of this study was to investigate the relationship between
schizotypy and chronic stress response, characterised by chronic perceived stress levels and stressassociated hair steroid levels. It was hypothesised that high schizoptypy would be associated with
higher reported chronic stress. Due to inconclusive previous literature, no directionality was
hypothesised for the HCC levels. Based on the findings in schizophrenia, higher DHEA levels, lower
cortisol/DHEA ratios, lower pregnanolone and no difference in progesterone and testosterone
(Schulz et al., 2004) were expected in high schizotypy compared to low schizoptypy.
Secondary aim was to explore associations of chronic stress response with preferential coping styles
and acute salivary cortisol stress response to psychosocial stressor. Higher chronic stress was
hypothesised to be associated with higher maladaptive coping, higher HCC, higher salivary baseline
cortisol, and attenuated acute cortisol stress response.
Tertiary aim was to investigate the effects of FKBP5 genotype and childhood adversity on chronic
stress response in the context of schizotypy. It was hypothesised that minor allele carriers of FKBP5
would show higher HCC, due to impaired negative feedback loop of the HPA axis. Childhood trauma
was expected to be associated with lower HCC.
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Finally, a complementary aim was to validate an in-house LC-MS/MS based assay for hair steroid
analyses, which was established for this study at the University of Lincoln, by comparing results with
those obtained at a commercially operating laboratory at the University of Technology in Dresden.

6.2 Methods
6.2.1 Pre-screening
Selection and pre-screening of the 34 participants included in this chapter are described in Chapter
5. Apart from measures of schizotypy, depression, anxiety, and preferred coping strategies, prescreening also involved a question on whether the hair at the back of their head was ≥ 3.5 cm long. If
the hair was < 3.5cm, but the participant was otherwise eligible, their inclusion was delayed to a
later timepoint to allow the hair grow out sufficiently (typically for a month). The characteristics of
the sample from the pre-screening and of questionnaires, as well as the results on acute cortisol
response have been reported in the previous chapter (see Chapter 5).

6.2.2 Self-reported chronic stress measurement
The English version of the Trier Inventory for the Assessment of Chronic Stress (TICS-LE, Schulz et al.,
2004) was used to measure chronic stress over the preceding 3 months. TICS-LE assesses nine
subscales: work overload, social overload, pressure to perform, work discontent, excessive demands
at work, lack of social recognition, social tension, social isolation, chronic worrying. Since the tool’s
authors argue against a total score, a specific chronic stress screening scale was introduced to
combine twelve items from all nine subscales and allow for an assessment of chronic strain (Schulz
et al., 2004).
The questionnaire takes 10-15 minutes to assess all items on a five-point rating scale with the
scoring of 0 for “never”, 1 for “rarely”, 2 for “sometimes”, 3 for “often”, and 4 for “very often”.
Subscales have been reported to have good internal consistency (α = .84–.92) and reliability (r = .82–
.91) (Petrowski et al., 2018), for more details see Chapter 2.
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The Childhood Trauma Questionnaire (CTQ, Bernstein et al., 1998) was used to assess early life
adversity, while the Connor-Davidson Resilience (CD-RISC, Connor & Davidson, 2003) was
administered to assess the perceived resilience over the last month. These measures are described
more fully in Chapter 2.

6.2.3 Hair sampling, processing, and analysis
Participants were instructed to wash their hair within 24 h prior to the study and not to use any
harsh shampoos (e.g., anti-dandruff shampoo) or styling products (e.g., hair gel or spray). Hair
sample collection was completed within the first 15 minutes of arrival to the laboratory. First, upper
hair layer on the posterior vertex was lifted to access the lower hair level, which would have been
less exposed to the environmental influences (e.g., UV light, hair spray). Next, a strand of roughly
100 hairs was fixated with a string loop close to the root. Finally, the hair was cut as close to the root
as possible with disinfected cosmetic scissors. Two samples were collected from each participant
and stored in an aluminium foil envelope in a dark and dry place first at room temperature (Russell
et al., 2015), and then at -80 °C. Samples underwent one freeze thaw prior to pre-processing and
analysis.
Hair samples were segmented to 3 cm from the root and washed twice with 1.5 ml isopropanol.
Upon overnight drying, they were stored in plastic tubes in the dark at ambient temperature.
One aliquot of each sample was processed at the University of Lincoln and steroids were measured
by use of LC-MS/MS (see Chapter 2.4.2.1 on the principle of LC-MS/MS). The battery of analysed
steroids included allopregnanolone, allodihydrocorticosterone, tetrahydrocortisone,
tetrahydrocortosol, deoxocorticosterone, cortisol, progesterone, pregnenolone, cortisone,
testosterone, and dehydropepiandrosterone (DHEA), (see Chapter 2.4.2.3 for full details on the
protocol used). The selection of steroids was based on literature research and the analytical battery
for steroid analysis in brain tissue previously developed by members of this research group (Sze et
al., 2018).

200

Another portion of hair samples was sent for comparative analysis to an internationally established
laboratory , the Dresden LabService GmbH (Technische Universität Dresden, Germany), which
carried out the hair cortisol analysis also using LC-MS/MS, following an alternative, previously
published protocol (Gao et al., 2013). The battery of assessed steroids consisted of cortisol, DHEA,
cortisone, testosterone, and progesterone.
The major difference between two protocols were the initial hair volume used (Lincoln: 20 mg,
Dresden: 7.5 mg) and the additional chemical derivatization step in the Lincoln protocol, which
necessitated alterations to the chromatographic and mass spectrometric conditions. A comparative
analysis between the resulting datasets was conducted to determine the more robust dataset to
analyse hair steroids for the primary, secondary, and tertiary aims.

6.2.4 Statistical analyses
All steroid data were not normally distributed and were log-transformed prior to the analyses.
Outliers in steroid data were identified using box plots as being above or below 1.5 x interquartile
range and excluded. Normality was checked with Kolmogorov-Smirnov tests and confirmed for
chronic stress scale (TICS CSSS, p>.200), all chronic stress subscales (TICS subscales, all p>.05),
approach and avoidant coping scores (p>.200), log-transformed hair cortisol (p>.200) and DHEA
levels (p=.093) from Dresden laboratory, log-transformed levels of cortisone, testosterone,
pregnanolone, and progesterone from both laboratories (all p>.05), as well as for log-transformed
hair cortisol (p=.063) from Lincoln laboratory. Normality was not confirmed for DHEA levels (p=.038)
from Lincoln laboratory, childhood trauma score (p=.005), as well as global schizotypy and its
subscales (all p<.05). Correlation analyses and one-sample t-tests of differences between the two
steroid datasets were conducted to determine the level of agreement and to select the more robust
dataset for analyses. Independent t-tests were conducted between the high and low schizotypy
groups to assess differences in perceived chronic stress (and its subscales) as well as in hair steroid
concentrations. To explore overall associations of chronic stress with the schizotypy subscales,
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Spearman’s correlations were used. Pearson’s correlations were employed to check overall
associations between hair steroid concentrations and levels of chronic perceived stress. Associations
between chronic perceived stress levels and coping, as well as with hair steroid concentrations were
measured using Pearson’s correlations. Pearson’s correlational analysis was also used to test
association between perceived chronic stress, hair cortisol concentrations, baseline cortisol levels,
and the acute cortisol stress response to a social stressor (see Chapter 5). The acute cortisol stress
response was represented by area under the curve with regard to the ground (AUCg), increase
(AUCi), and range (AUCr), for more details see Chapter 5. Finally, independent t-tests were
conducted between FKBP5 minor allele carrier and non-carrier groups (see Chapter 5 for more
details) to assess differences in perceived chronic stress and HCC. Associations between hair steroid
concentrations and childhood trauma were measured with Spearman’s correlation analyses.

6.3 Results
6.3.1 Associations between schizotypy and chronic stress response
Individuals with high schizotypy reported higher overall perceived chronic stress levels (chronic
stress strain) over the preceding three months than individuals with low schizotypy (d=1.90).
Individuals with high schizotypy reported higher levels on all chronic stress subscales (see Table 6.1)
Table 6.1
Comparison of levels of chronic stress and its subscales as measured by TICS-LE between high and
low schizotypy

Chronic stress strain
Work overload
Social overload
Pressure to perform
Work discontent
Excessive demands at work
Lack of social recognition
Social tension
Social isolation
Chronic worrying

High schizotypy (n=20)
31.50 (6.48)
20.30 (4.75)
12.70 (4.39)
20.90 (3.37)
15.55 (4.49)
14.70 (3.45)
6.85 (2.64)
9.70 (4.03)
15.30 (3.08)
10.55 (2.14)

Low schizotypy (n=14)
18.14 (7.77)
13.21 (5.00)
8.93 (4.20)
14.93 (5.09)
9.50 (3.90)
7.79 (3.70)
4.14 (1.99)
4.86 (3.55)
8.86 (3.46)
6.14 (3.30)

Difference t(32), p
5.45, <.001
4.19, <.001
2.51, .017
4.12, <.001
4.08, <.001
5.58, <.001
3.24, .003
3.62, .001
5.71, <.001
4.73, <.001
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When considering individual schizotypy subscales, chronic stress levels correlated with Unusual
Experiences (rs (34)=.70, p<.001), Cognitive Disorganisation (rs (34)=.64, p<.001), Impulsive
Nonconformity (rs (34)=.64, p<.001) and Introvertive Anhedonia (rs (34)=.37, p=.030).

6.3.1.1 Comparison of results on hair steroid concentrations from Lincoln and Dresden laboratories

Five out of eleven expected steroids could be reliably detected at Lincoln laboratory and all five
expected steroids were detected at Dresden laboratory. The percentage of undetected or missing
values (due to values below the detected values from the standard with the lowest concentration)
varied between different steroids (see Table 6.2). HCC, DHEA and cortisone had the highest
detection rates, whereas detection rates for testosterone, pregnanolone, and progesterone were
lower. In the data obtained with Lincoln and Dresden protocols, two identical outliers in cortisol, one
identical outlier in cortisone, and one identical outlier in testosterone levels were identified via box
plots. However, data from both protocols also contained further unique outliers (see Table 6.2)
Table 6.2
Characteristics of hair steroid data obtained from Lincoln and Dresden laboratories

Lincoln

HCC
(n, outliers, %)
33 3 88.2

DHEA
(n, outliers, %)
34 1 97

Cortisone
(n, outliers, %)
33 1 94.1

Testosterone
(n, outliers, %)
33 6 79.4

Dresden

34

34

34

27

2 94.1

1 97

3 91.2

2 73.5

Pregnanolone
(n, outliers, %)
26 0 76.5
-

Progesterone
(n, outliers, %)
27

0 79.4

Notes. n - number of detected values, outliers – number of outliers based on box plots of logtransformed values, % - percentage of reliable data from overall sample of 34.

Log-transformed hair cortisol, DHEA, cortisone, but not testosterone values from the Lincoln and
Dresden laboratories were highly correlated (see Table 6.3), suggesting agreement in relative
quantification of cortisol, DHEA, and cortisone. However, one-sample t-tests of differences were
significant for all steroids, suggesting low agreement between absolute quantifications resulting
from two protocols.
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Table 6.3
Comparison of hair steroid (in pg/mg) results from Lincoln and Dresden laboratories

Cortisol
DHEA
Cortisone
Testosterone
Progesterone
Pregnanolone

Lincoln M (SD), n
26.96 (24.15), 30
36.20 (39.25), 33
28.21 (9.08), 32
8.84 (7.39), 27
12.10 (6.81), 26

Dresden M (SD), n
4.90 (3.19), 32
11.62 (5.02), 33
11.31 (3.38), 31
.37 (.32), 25
.83 (.32), 27
-

Correlation, p
r=.69, <.001
rs =.44, .010
r=.69, <.001
r=-.22, .342
NA
NA

t (df), p¹
16.43 (31), <.001
4.62 (32), <.001
21.22 (29), <.001
11.46 (20), <.001
NA
NA

Notes. ¹ - One-sample t-test of differences.

Since there were more outliers and missing values in the hair cortisol data from Lincoln laboratory,
primary analysis on hair cortisol and DHEA was conducted using data from the Dresden laboratory.
One outlier in hair cortisol levels from the Dresden dataset, who also had unusually high levels of
salivary cortisol in the previous investigation (see Chapter 5), was excluded from all cortisol analyses.
A second outlier in cortisol measurements as well as another outlier in DHEA measurements were
further excluded from steroid analyses. For consistency, Dresden dataset was also used for the
analysis of cortisone, testosterone, and progesterone. Lincoln dataset was used for analysis of
pregnanolone, since pregnanolone was not included within Dresden test battery.
6.3.1.2 Association between schizotypy, chronic stress, and hair steroids
Higher levels of reported chronic stress were associated with lower HCC levels (r(32)=-.48, p=.005).
There was no significant difference between high (n=18) and low schizotypy (n=14) in HCC levels
(t(30)=-1.79, p=.084), but a trend to lower HCC levels in high schizotypy group (M=4.25, SD=2.98)
than in low schizotypy (M=5.73, SD=3.37). When considering schizotypy subscales, higher schizotypy
was associated with lower HCC, which was particularly evident in subscales Unusual Experiences (rs
(32)=-.47, p=.007), Cognitive Disorganisation (rs (32)=-.38, p=.030), and Impulsive Nonconformity (rs
(32)=-.39, p=.028) but not in Introvertive Anhedonia (rs (32)=-.31, p=.085).
Higher chronic stress levels were also associated with lower hair cortisone concentration (r(31)=-.37,
p=.043), but not with testosterone, progesterone, pregnanolone, or DHEA levels, nor with
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cortisol/DHEA ratio (all p>.05). Independent t-tests revealed no significant differences in the levels of
cortisone, testosterone, progesterone, and pregnanolone, DHEA or cortisol/DHEA ratio between
high and low schizotypy (all p>.05), although generally lower values of DHEA, cortisone and
pregnanolone concentrations as well as cortisol/DHEA ratio in hair were observed in high compared
to low schizotypy group (see Figure 6.3).
Figure 6.3
Concentration of hair steroids (in pg/mg) in high and low schizotypy

Concentration in hair (pg/mg)

20

15

10

5

0

HCC

DHEA

Cortisone

High schizotypy

Testosterone Progesterone Pregnanolone
Low schizotypy

Notes. Sample numbers vary due to different outliers within individual steroid data; Dresden protocol used for
concentration analysis of all steroids, except for pregnanolone for which Lincoln protocol was used; error bars
represent ±1 SD.
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6.3.2 Association between chronic stress response, coping, and acute stress response
Higher chronic stress was associated with higher avoidant coping (r(34)=.73, p<.001), but not with
approach coping levels (r(34)=-.12, p=.494). Higher avoidant coping levels were associated with
lower HCC (r(32)=-.38, p=.030). Approach coping scores were not associated with the HCC (r(32)=.27,
p=.138). DHEA and cortisol/DHEA ratio were not associated with any coping type (all p>.05).
Higher perceived chronic stress over the last three months was associated with attenuated acute
cortisol response to psychosocial stressor (TSST), represented by the area under the curve with
regard to increase (AUCi), but not with area under the curve with regard to the ground (AUCg) or
range (AUCr), see Table 6.4. HCC was not associated with any AUCs or with the baseline cortisol
levels (see Table 6.4).
Table 6.4
Pearson’s correlation analysis between perceived chronic stress, hair cortisol concentration and acute
cortisol response to psychosocial stressor

Baseline cortisol
AUCg
AUCi
AUCr

Perceived chronic stress
r(33)=.25, p=.160
r(32)=.05, p=.775
r(32)=-.37, p=.035
r(32)=-.11, p=.567

Hair cortisol concentration
r(32)=-.08, p=.655
r(31)=.06, p=.756
r(31)=.25, p=.175
r(31)=.15, p=.414

Notes. AUCg – area under the curve with regard to the ground; AUCi – area under the curve with
regard to the increase; AUCr – area under the curve with regard to the range; significant results in
bold.

6.3.3 Association between chronic stress, hair steroids, childhood adversity, and FKBP5
Higher childhood trauma was associated with higher reported chronic stress (rs (34)=.62, p<.001),
lower approach coping (rs (34)=-.35, p=.043), higher avoidant coping (rs (34)=.46, p=.006), and lower
HCC (rs (32)=-.43, p=.015), but not with the DHEA levels (rs (33)=-.14, p=.447) or cortisol/DHEA ratio
(rs (31)=-.26, p=.164).
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No difference between FKBP5 carriers (n=16) and non-carriers (n=18) was found in the reported
levels of chronic stress (t(32)=-.89, p=.380).
There was also no difference between FKBP5 carriers (n=15, M=4.22, SD=1.75) and non-carriers
(n=17, M=5.51, SD=4.03) in the hair cortisol levels (t(22.44)=1.20, p=.243).

6.4 Discussion
The current study compared chronic stress perception and concentrations of hair steroids between
individuals pre-screened for high or low levels of schizotypy. As hypothesised, those in the high
schizotypy group reported higher levels of chronic stress within all subscales compared to the low
schizotypy group. No significant differences were found in hair cortisol and DHEA levels, nor in the
cortisol/DHEA ratios, cortisone, testosterone, progesterone or pregnanolone between the high and
low schizotypy groups. However, when considering schizotypy subscales, higher schizotypy was
associated with lower hair cortisol concentrations. This association was particularly evident in the
schizotypy subscales Unusual Experiences, Cognitive Disorganisation, and Impulsive Nonconformity.
Secondary analyses revealed that lower HCC was associated with higher avoidant coping, but not
with approach coping. Higher perceived chronic stress was associated with attenuated acute cortisol
response to psychosocial stressor. Higher childhood trauma scores were associated with higher
schizotypy levels, higher avoidant coping, and lower HCC levels. There were no differences in
perceived chronic stress and HCC between FKBP5 minor allele carriers and non-carriers.

The present findings of higher perceived chronic stress in high schizotypy compared to low
schizotypy are in line with recent findings, where individuals at clinical and familiar risk of psychosis
showed higher perceived chronic stress over the preceding three months than a low risk group
(Söder et al., 2020). A possible explanation could be a heightened emotional reactivity and
perception of poorer controllability of everyday stressors, which had been previously observed in
individuals at ultra-high risk of psychosis (Palmier-Claus et al., 2012; Pruessner et al., 2011) and
schizophrenia (Horan et al., 2005). Interestingly, Pruessner et al. (2011) observed perceived stress to
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be higher in ultra-high risk individuals than in arguably more severely affected first-episode
psychosis patients. They suggested that while first-episode psychosis patients have been already
receiving help as well as diagnostic outcomes, the high risk individuals were not seeking and
receiving help and hence had a higher level of uncertainty about their symptoms or experiences
(Pruessner et al., 2011). A similar conclusion might be drawn in the present study of individuals with
higher schizotypy levels, whose uncertainty, poorer emotional reactivity to, and perception of
uncontrollability of everyday stressors might have accumulated over time to reflect in higher chronic
stress levels. Indeed, the current higher schizotypy group reported lower levels of perceived
resilience (see Chapter 5), thus possibly perceiving life events as less controllable and hence more
stressful. This assumption seems to be further supported by the findings that all chronic stress
domains were reported as being higher in higher schizotypy than in low schizotypy, suggesting low
specificity of stressors affecting perception. Moreover, current findings showed that both higher
schizotypy and higher chronic stress were associated with higher avoidant coping, but not with
approach coping. This is in line with previous findings in schizophrenia and first-episode psychosis,
suggesting lower perceived self-efficacy, which might promote the use of avoidant coping instead of
approach coping (Horan et al., 2005; Riera‐López de Aguileta et al., 2020). By not actively dealing
with stressful situations, individuals might experience a self-fulfilling prophecy of their poor selfefficacy, which might lead to a vicious circle and chronic stress (Kleiman et al., 2017).
The present study was the first to investigate a battery of hair steroids in schizotypy. In contrast to
the initial hypothesis, there were no significant differences between high and low schizotypy group
in the levels of HCC, which is in line with previous reports in risk for psychosis (Söder et al., 2020),
schizophrenia, and first-episode psychosis (Hirt et al., 2019). However, when looking at the
associations with the schizotypy subscales, lower HCC was associated with the positive, disorganised,
and impulsive, but not with the negative schizotypy subscales. Since higher chronic stress is typically
associated with higher HCC (Stalder et al., 2017), lower HCC in high schizotypy in the context of
higher perceived chronic stress may indicate a pattern specific to psychosis-spectrum. This is in line
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with recent observations in schizophrenia patients showing attenuated HCC levels in the context of
higher perceived stress (Yang et al., 2020). The lower concentration of accumulated hair cortisol in
high schizotypy might result from generally lower adaptive cortisol release. Previous studies
reported blunted cortisol awakening response in individuals at ultra-high risk of developing
psychosis (Day et al., 2014) or first-episode psychosis patients (Ciufolini et al., 2019; Pruessner,
Vracotas, et al., 2013) as well as lower daily cortisol release in schizophrenia patients (Hempel et al.,
2010) compared to healthy controls. However, there were also reports of higher cortisol awakening
response and basal cortisol in psychotic-spectrum (Shah & Malla, 2015). In the present study, there
were no significant associations of HCC with acute cortisol response or baseline salivary cortisol
levels. However, perceived chronic stress, which was increased in high schizotypy, was found to
attenuate acute salivary cortisol, thus impairing adaptive stress response. Future research should
further investigate chronic response in schizotypy by using alternative measures of cumulative
cortisol release such as diurnal cortisol release or measures of long-term alteration in HPA axis such
as cortisol awakening response.
In contrast to the initial hypothesis, no significant difference between high and low schizotypy were
found in DHEA concentration levels or cortisol/DHEA ratio. However, lower values of DHEA as well as
cortisol/DHEA ratios were observed in high schizotypy compared to low schizotypy group. This is in
line with a recent findings of lower blood cortisol/DHEA ratios in schizophrenia patients compared to
healthy controls (Ji et al., 2020). Several previous studies with smaller sample sizes reported similar
(Gallagher et al., 2007; Garner et al., 2011) or even increased (Ritsner et al., 2004) cortisol/DHEA
ratios in schizophrenia patients compared to healthy controls. However, all these studies measured
point-assessments of cortisol and DHEA in plasma, whereas the present study is the first to analyse
cumulative cortisol/DHEA ratios in hair in schizotypy. In line with previous research in schizophrenia
no associations were found between schizotypy levels and testosterone or progesterone (Ritsner,
Gibel, Ram, et al., 2006), while lower values of concentrations of cortisone and pregnanolone
(Ritsner et al., 2007) were observed in high compared to low schizotypy. Although not significant,
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these trends seem to follow the patterns reported for schizophrenia and can be expected to be less
pronounced in the non-clinical population. Further research is needed to confirm and extend the
current findings.
Secondary analyses revealed an association between higher childhood trauma reported and lower
HCC. This is in line with findings in individuals at risk for psychosis, first-episode psychosis, chronic
schizophrenia patients, and healthy controls (Hirt et al., 2019). Patients reported higher levels of
childhood adversity but did not differ in HCC from healthy controls. However, in the overall sample
early abuse experiences were observed to predict lower HCC. Similarly, early-life neglect was
previously observed to be associated with attenuated HCC in the context of PTSD (Schalinski et al.,
2019). The attenuation theory proposed by Susman (2006), suggested that childhood maltreatment
may initially lead to HPA axis hyperfunction which later develops into attenuated HPA axis
functioning in order to adapt to a prolonged cortisol exposure (Susman, 2006). Future research
should factor in childhood adversity when analysing HCC in schizotypy.
Given the molecular effect of minor FKBP5 variants to disrupt negative feedback loop of the HPA axis
and thus to increase free circulating cortisol (Binder, 2009), an increased concentration of HCC was
expected. However, no differences between FKBP5 minor allele carriers and non-carriers were
observed in levels of reported chronic stress and HCC in the overall sample. This might be due to the
relatively small size of the present sample. A recent study with a larger sample of 200 healthy
participants investigated associations between childhood trauma, FKBP5 genotype and FKBP5
methylation and explored whether FKBP5 methylation affected acute cortisol response and chronic
cortisol levels in hair (Alexander et al., 2020). They found no evidence of genotype effect on
methylation and no effect of methylation on acute or chronic cortisol levels. Alexander et al. (2020)
suggested the absence of psychiatric disorders within their sample to be responsible for the lack of
expected associations. Similarly, the present sample consisted of healthy individuals only.
Furthermore, there might have been protective mechanisms or factors present, which were not
assessed in the current study, such as social support, which was previously found to lower the HCC
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thus potentially compensating for increased cortisol release due to disrupted negative feedback loop
in minor FKBP5 carriers (Iob et al., 2018).
Finally, higher perceived chronic stress over the last three months was associated with lower cortisol
response to an acute stressor (TSST, see Chapter 5, Kirschbaum et al., 1993), but not with the overall
cortisol release prior, during, and after the stress exposure. On the other hand, HCC was not
associated with the acute cortisol response. This is in line with the recent findings within familial
and symptomatic psychosis risk groups, where self-reported chronic stress, but not the HCC,
predicted acute stress reactions (Söder et al., 2020), thus constituting a potential factor of increased
stress vulnerability and diminished resilience and coping capacity in schizotypy. Future research
should further investigate the impact of chronic stress on acute stress vulnerability in schizotypy and
whether interventions to reduce chronic stress (such as mindfulness, e.g., Schultchen et al., 2019)
could lead to more adequate acute stress response in high schizotypy.

The comparison between data derived at Lincoln and Dresden laboratories revealed some
association within the measurements of cortisol, DHEA, and cortisone, but also differences in the
magnitude of the measured concentrations. This may be due to the additional step of derivatization,
which was added to increase the steroid yield from the extracted sample (e.g., Yang et al., 2007).
Indeed, values from the data set obtained within the Lincoln laboratories were consistently higher
than those obtained at the Dresden laboratory. The detected ranges of steroids were similar to
those reported in previous literature (e.g., Raul et al., 2004; Shen et al., 2009). Interestingly, the
concentration of hair cortisone was higher than that of hair cortisol, which has been previously
observed and suggested to reflect the higher concentration of enzymes which convert cortisol to
cortisone in the hair bulb (Raul et al., 2004). The detection of other steroids of interest were less
successful and further protocol and assay developments are required to establish a reliable
extended battery for steroid analysis in hair at the University of Lincoln.
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6.5 Limitations
Several limitations of the current study should be noted. The limited sample size may have
contributed to results that were not statistically significant or showed only trends. More research in
larger samples is needed to confirm the associations found between schizotypy levels and hair
steroid levels. Hair samples were stored for an extended period of time in the freezer due to
uncertainties during the lockdown associated with the COVID-19 pandemic. Freezing has been
previously suggested to break down the hair structure (personal communication from conference).
When comparing the levels of cortisol and DHEA in the freezer-kept samples with a sample which
had been collected at the similar time but was stored at ambient temperature only, the values did
not differ dramatically, which is in line with previous publications storing hair samples in a freezer
(Duffy et al., 2018; Meyer et al., 2014; Zhang et al., 2018). However, the detection of other steroids
such as testosterone, progesterone and cortisone were less successful. Future research should
adhere to the common recommendations to keep hair samples at ambient temperature and strive
to process samples as close to the time of collection as possible (Russell et al., 2015).

6.6 Conclusion
The present study confirms the adverse effect of chronic stress in the context of high schizotypy.
This was evident through association between higher schizotypy and higher perceived chronic stress,
higher use of avoidant coping as well as the impact of chronic stress on acute cortisol response. This
was also the first study to explore concentrations of hair steroids in schizotypy and finding lower
HCC and cortisol/DHEA ratio to be associated with increased positive, but not negative schizotypy.
Future research should further investigate the clinical significance and possible mechanisms of
chronic stress response in schizotypy by researching on stress-related genes and hormones in larger
samples. Future research might also investigate the impact of self-efficacy, perceived controllability,
and general optimism, as well as coping preferences and supportive environments in schizotypy in
the context of daily-life and chronic stressors.
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7.1 Background
In March 2020, the World Health Organisation declared the COVID-19 pandemic, following a rapid
spread of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in late 2019. The
pandemic has posed a threat to well-being and livelihood of all nations across the world. A recent
review and meta-analysis of studies investigating the impact on mental health suggests a high
prevalence of stress, anxiety, and depression during the first few months of the pandemic, which
was characterised by high infection rates, national lockdowns, travel restrictions, shortages in health
care, and social, political, and economic instabilities (Salari et al., 2020). However, the majority of
research to date has been of cross-sectional design, providing limited insight into changes from the
pre-pandemic states.
Since anticipation of a real-life stressor to design a targeted longitudinal study is difficult, studies
interested in the pre-post pandemic change have aimed to follow up sample data from research
prior to the lockdown. For instance, Benz et al. (2020) assessed changes in perceived stress and
psychopathological symptoms (anxiety, depression, and somatisation) over the past week by
measuring 102 participants (81% females, 18-62 years) twice, once in the period from OctoberDecember 2019, prior to the global pandemic, and for the second time in April-June 2020, when the
first national lockdown and later pandemic-related restrictions were introduced in Germany.
Findings indicated that perceived stress and depression significantly increased, while levels of
anxiety decreased, with no significant change in somatisation. Authors suggested that, although
stress-inducing and challenging, the lockdown restrictions may have reduced exposure to anxiety
evoking factors such as large gatherings and work environment (Benz et al., 2020).
Exposure to early life stress and lower dispositional mindfulness during the COVID-19 pandemic
were found to be generally associated with higher stress and affective psychopathology levels yet
not to contribute to change scores from prior to post lockdown (Benz et al., 2020). While anxietyrelated eating increased from pre- to post-lockdown, other stress-related or emotional eating did
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not and was neither associated with increased depression levels (Benz et al., 2020). On the other
hand, some have reported that good stress recovery and approach coping, such as positive
appraisal, were associated with higher perceived resilience (Shalhub et al., 2020; Veer et al., 2021).
and low psychological flexibility and avoidant coping were associated with lower well-being during
the COVID-19 lockdown (Dawson & Golijani-Moghaddam, 2020; Shalhub et al., 2020).
The effect of personality on affective psychopathology during COVID-19 pandemic has also been
investigated, with lower levels of the personality traits openness, conscientiousness, extraversion,
and agreeableness and higher levels of neuroticism associated with higher depression and anxiety
levels during the pandemic (Nikčević et al., 2021). These personality traits or the Big Five, being the
most influential personality model, have been the primary focus of individual differences in stress
vulnerability research during the recent pandemic (e.g., Agbaria & Mokh, 2021; Anglim & Horwood,
2020; Sahni et al., 2020; Wijngaards et al., 2020). A less researched potential vulnerability factor is
schizotypy, a collection of personality traits which provide a framework for investigating the
aetiology of schizophrenia-spectrum disorders (Barrantes-Vidal et al., 2015). The traits resemble
lower expressions of schizophrenia symptoms and are widely represented across the general
population, constituting higher vulnerability to the development of psychotic-spectrum disorders.
Investigating schizotypy in non-clinical populations allows to bypass several confounds associated
with clinical disorders, such as medication side effects (Lenzenweger, 2006).
In a recent review, adult stressful life events have been associated with both psychotic relapse and
first-episode occurrence (Martland et al., 2020). Although no studies have been published on the
impact of COVID-19 on established schizophrenia or psychosis to date, a large number of articles and
scientific comments argue that such research is urgent and necessary (Cowan, 2020; Fonseca et al.,
2020; Kozloff et al., 2020). Furthermore, case studies have reported psychosis induced by the
immune reaction to the virus (e.g., Ferrando et al., 2020; Palomar-Ciria et al., 2020). The restrictions
in face-to-face research and shifted priorities towards crisis management have been detrimental to
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clinical research in schizophrenia (Cowan, 2020). Therefore, investigating schizotypy as a
vulnerability factor in non-clinical population is one feasible first step. While schizotypy levels have
been primarily investigated in connection to conspiracy theories beliefs during the COVID-19
pandemic (Ferreira et al., 2020; Larsen et al., 2020), little research has investigated the association
between schizotypy, stress response, and affective symptoms in the context of the COVID-19
pandemic.
When comparing the impact of the COVID-19 pandemic on mental health in the general population
of the UK and Germany within the first month of the respective national lockdowns, Knolle et al.
(2020) reported significantly higher overall clinical scores on the mental health symptom checklist in
a UK sample when compared to a German sample. Despite certain differences in lockdown
restrictions, the two countries as well as genders did not differ in reported current schizotypy levels
(SPQ total score). When prompted to recall their schizotypy state prior to the pandemic and
compare to the current state, about 15% within the UK sample reported retrospectively no change,
5% reported an increase, 1% a decrease from before the pandemic and 4 % reported a first-time
occurrence of schizotypal experiences (Knolle et al., 2020). There was no further information on the
remaining percentage. In addition, the study found a protective association of older age, better
education, reading print media, more sleep and time spent outside, hopefulness for the future,
working from home/being on unpaid leave, as well as alcohol consumption with the level of current
schizotypal experiences (Knolle et al., 2020). On the other hand, increased tobacco and marihuana
consumption, use of social media and video games, concern about life stability, no change in work
situation, and higher financial impact were associated with higher current schizotypy levels. Overall,
these findings point toward potential differences due to certain lifestyles or coping strategies.
However, the availability of the coping strategies and lifestyle choices during the pandemic might
have been primarily determined by the pre-existing differences in socio-economic status, rather than
associated with psychotic experiences (see Chapter 1.2.5). The findings by Knolle et al. (2020),
although providing an insight into current psychotic experiences, do not assess the impact of
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dispositional schizotypy as a vulnerability factor for increased stress and mental health vulnerability
and the impact of preferential coping strategies during the pandemic.
When assessing the relationship between dispositional schizotypy and depression/anxiety, a number
of studies have utilised more complex models with the relationship being mediated by additional
factors such as cognitive bias, e.g., attention to threat or external attribution (Prochwicz &
Kłosowska, 2018a), social stress (Premkumar et al., 2021) or momentary criticism (Premkumar et al.,
2019). Furthermore, depression and anxiety have been reported to mediate the relationship
between psychotic personality traits and psychotic-like experiences (Prochwicz & Gawęda, 2016).
However, some of the conducted mediation/moderation analyses had several methodological
limitations, so that the inference of a causal relationship was questionable. For example, in a related
study, Prochwicz and Kłosowska (2018b) have assessed the effect of trait anxiety on the lifetime
psychotic experiences and whether this relationship was moderated by cognitive bias. They had also
assessed depression levels over last week and investigated their effect on the lifetime positive and
negative schizotypy levels, when moderated by cognitive biases (Prochwicz & Kłosowska, 2018b).
Similarly, Premkumar et al. (2019) assessed the impact of the perceived relevance of momentary
criticism on lifetime positive schizotypy when mediated by depression levels over the last week and
expressed emotion over the last three months. Apart from causality, little is known about the
possible behavioural mechanisms of the relationship between schizotypy and affective states.

7.1.1 Aims and hypotheses
To understand behavioural mechanisms and the causality within the relationship between
schizotypy and affective states, the current cohort study sought to investigate the effect of
schizotypy disposition on changes in anxiety and depression levels, as well as in use of coping
strategies from prior to throughout the first six months of the COVID-19 pandemic. During this
period, university students have emerged among the most socially affected groups. They have
experienced major disruptions while having to maintain their studies and accommodations in the
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face of isolation from family and friends, relocation, loss of part-time jobs which used to sustain their
livelihood, and/or experiencing fears for future during the formative phase of their lives (Aristovnik
et al., 2020). At the same time, at least in the UK, this group was not among those prioritised for
support (e.g., financial aid or reliefs) or protection (e.g., vaccination). Although late
adolescence/early adulthood are recognised as a sensitive window for the development of
psychopathology such as schizophrenia (Gogtay et al., 2011), no research has concentrated on the
effects of schizotypy traits in university students during the particularly precarious situation of the
COVID-19 pandemic. Given the associations found between schizotypy and affective
psychopathology, healthy university students with high schizotypy levels were expected to show
higher levels of anxiety, depression, perceived stress, and lower perceived resilience than individuals
with lower levels of schizotypy in the presence of life stress such as the COVID-19 pandemic. Coping
style preference was expected to mediate these associations.

7.2 Methods
7.2.1 Participants
The sample for this longitudinal design study was recruited from a pool of potential participants prescreened from October 2019 to early March 2020 for another study (Study 3, see Chapters 5 and 6).
A priori tests of sample size needed for repeated measures analyses in anxiety, depression and
perceived stress were conducted with G*Power 3 (Faul et al., 2007), revealing that for a medium
effect (f=0.25) to be detected (α=.05, β=.80), an overall sample of n=28 for 3 time points and n=24
for 4 time points would be sufficient.
From the initial pool of 150 potential participants, 61 (41%) were recruited for the current study. All
participants were students at the University of Lincoln and had no reported history of psychiatric,
neurological, cardiac, or endocrine disorders at the time of initial recruitment, when data on
dispositional schizotypy, dispositional coping styles, as well as depression and anxiety levels over the
last past week were collected.
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Participants received either 4 SONA points or a £5 voucher for an online store as the inconvenience
allowance upon completion of the study. The study was approved by the University of Lincoln Ethics
Committee (reference number 2020-0624).

7.2.2 Procedure
On the 11th of March 2020, the World Health Organisation had declared the COVID-19 outbreak a
global pandemic. Within a week, the University of Lincoln had transitioned to online teaching (see
Figure 7.1). This was followed by a series of restrictions and stressful life changes for most of the
population, such as the UK wide lockdown from the 23rd of March 2020. Approximately one month
into the National Lockdown, participants from the initial pre-screening (Time 0, see Figure 7.1) were
re-recruited via email invitations to complete online questionnaires on their recent stress, perceived
stress, and resilience levels, as well as coping strategies over the last past month (Time 1, see Figure
7.1). In addition, depression and anxiety levels over the last week were measured. The same
questionnaire battery was completed at three months (Time 2, see Figure 7.1) and six months (Time
3, see Figure 7.1) after the introduction of the first National Lockdown. At the time of the
assessment for Time 2 (June/July 2020), relaxation of the restrictions was introduced, such as
opening of pubs and non-essential shops, gathering of several people indoors and outdoors, and
reopening of the schools. However, by Time 3 (September 2020) masks were introduced in the
shops and public transport, curfews in pubs and restaurants were implemented and first warnings of
the second wave were issued (see Figure 7.1) (Press Association 2021).
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Figure 7.1
Design of the longitudinal assessment of mental well-being of the UK students in the context of relevant events throughout the first 6 months of the COVID-19 pandemic

Notes. Time 0 (n=61), Time 1 (n=61), Time 2 (n=47), Time 3 (n=51).
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7.2.3 Measures
Schizotypy was measured at Time 0 with the 48 item (yes/no) short version of Oxford-Liverpool
Inventory of Feelings and Experiences (sO-LIFE, see Chapter 2.2.1.1; Mason et al., 2005). Scores for
schizotypy dimensions positive, negative, disorganised, and asocial were calculated from the sO-LIFE
subscales Unusual Experiences (example item “Do you feel that your accidents are caused by mysterious
forces?”), Introvertive Anhedonia (example item “Have you often felt uncomfortable when your friends
touch you?“), Cognitive Disorganization (example item “Do you often have difficulties in controlling your
thoughts?”), and Impulsive Nonconformity (example item “Do you often overindulge in alcohol or
food?”), respectively.
Anxiety and depression levels over the last week were measured with the Hospital Anxiety and
Depression Scale (HADS, see Chapter 2.2.5.1; Zigmond & Snaith, 1983). Each subscale (anxiety and
depression) has 7 items, with a maximum score of 21. While scores of 8-10 are considered a borderline
clinical case, scores of 11 and above are considered to have clinical significance.
Recent stress over the last month and the level of its impact was assessed by the University Stress Scale
(USS, see Chapter 2.2.2.4; Stallman & Hurst, 2016). USS assesses stress factor groups which were
identified as particularly relevant for a university student population, such as academic (e.g.,
coursework, procrastination), practical (e.g., finances, housing), relationship (e.g., romantic, friendship),
health (mental, physical), parenting (e.g., childcare), or equity (e.g., discrimination, sexual orientation).
The scale has also a factor “other” for any additional relevant stressor (Stallman & Hurst, 2016). Two
scores can be calculated: the problem score is the number of problems endorsed; the extent score is the
sum of all the subscales. Authors suggested the overall extent score of 13 and above to indicate a high
likelihood of experiencing depression and anxiety symptoms as a result of excessive stress (Stallman &
Hurst, 2016).
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Levels of perceived stress over the last month were assessed with the 14-item Perceived Stress Scale
(PSS-14, see Chapter 2.2.2.2; Cohen et al., 1983). Levels of perceived resilience over the last month were
assessed with the Connor-Davidson Resilience Scale (CD-RISC, see Chapter 2.2.4.1; Connor & Davidson,
2003).
General dispositions for coping strategies were assessed at Time 0 with the 28-item brief Coping
Orientations to Problems Experienced (brief COPE, see Chapter 2.2.4.2; Carver, 1997). The same scale
was used to assess preferred coping strategies over the last month at all the other time points. The brief
COPE scores were used to calculate scores for the two coping styles: approach coping (characterised by
active coping, positive reframing, planning, acceptance, seeking emotional support, and seeking
informational support) and avoidant coping (denial, substance use, venting, behavioural disengagement,
self-distraction and self-blame) (Eisenberg et al., 2012). The maximum score for approach and avoidant
coping scales is 48. To assess coping style preferences, scores of avoidant coping scale were subtracted
from the scores of approach coping scale. Positive values indicated preferential approach coping style,
and negative preferential avoidant coping style.
An additional number of questions was introduced to assess how much the COVID-19 symptoms (such
as fever, persistent new cough, if applicable) and the consequences of the pandemic had an impact on
personal well-being as well on their personal environment on a Likert-scale from 0 (not at all) to 10 (a
great deal). In addition, questions assessed the number of people in the household and previous and
current substance use (nicotine, alcohol, cannabis).

7.2.4 Statistical analyses
Statistical analyses were conducted using SPSS (Version 25.0., IBM, Armonk, NY). All statistical tests
were two-tailed with alpha set at p < 0.05. Median split was performed on global schizotypy score to
divide participants into the high and low schizotypy group for further analyses (see Table 7.1). Normal
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distribution was confirmed by Kolmogorov-Smirnov tests for global schizotypy (p>.05) and Cognitive
Disorganisation scale (p=.057), but not for Unusual Experiences (p<.001), Introvertive Anhedonia
(p=.001), Impulsive Nonconformity (p=.001). Parametric and non-parametric tests were performed for
comparisons between high and low schizotypy groups.
Repeated measures ANOVAs were conducted to analyse changes over time in stress, resilience,
depression, anxiety, and coping in high and low schizotypy. Parallel mediation analyses were performed
with the PROCESS plug in, Model 4 (Hayes, 2017) to test the effect of schizotypy (and its subscales) on
anxiety and depression scores and the role of coping style as a mediator, at each individual time point. A
priori tests of sample size needed for mediation analyses (multiple linear regression) were conducted
with G*Power (Faul et al., 2007) and found a sample of 42 to be sufficient to detect a medium effect size
of f²=0.25 (α=.05, β=.80).

7.3 Results
7.3.1 Sample characteristics
Sixty-one participants completed questionnaires at Time 0 and Time 1. Of those, 47 (77%) completed
questionnaires at Time 2 and 51 (84%) at Time 3 (85% female; mean age=20.72, SD=1.5; age range 19-26
years). Overall, complete repeated measures data over 6 months was available from 42 (69%)
participants.
High and low schizotypy groups did not differ in age, as well as descriptively in nicotine, alcohol, and
cannabis use. However, high schizotypy group had a higher percentage of females at Times 2 and 3 and
for the overall follow-up group. The number of single households during the first 6 months of the
pandemic and of COVID-19 symptoms experienced was low in both schizotypy groups (see Table 7.1).
The mean subscale scores of the high schizotypy group were higher than the norm means suggested by
Mason et al. (2005), while most of the mean subscale scores in low schizotypy group were lower than
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the norm means, except for the Cognitive Disorganisation subscale. All the subscale scores were
significantly higher in the high schizotypy group than in the low schizotypy scores (see Table 7.1).
Table 7.1
Sample characteristics over Times 1, 2 and 3 and for the overall sample available at all time points
Time All

Time 1
Low
High
(n=33) (n=28)

Time 2
p

Low High
(n=23) (n=24)

Time 3

Low
(n=21)

High
(n=21)

p

p

Low High
(n=27) (n=24)

p

Age

21.62
(1.70)

21.00
(1.14)

.179

20.94
(1.72)

20.35 .128 21.30
(1.14)
(1.65)

20.61 .106 21.35
(1.18)
(1.60)

Gender (female)

16
(79%)

21
(92%)

.003

26
(79%)

26
.173
17
(92%)
(74%)

23
.016
21
24
.021
(96%)
(78%) (100%)

Global schizotypy

12.24
(3.27)

23.10
(4.70)

<.001 11.73
(3.88)

22.79 <.001 12.35
(4.38)
(3.17)

22.88 <.001 11.52
(4.44)
(3.92)

22.75 <.001
(4.58)

Unusual
Experiences

2.19
(1.30)

5.29
(2.45)

<.001

1.94
(1.41)

5.36 <.001 2.26
(2.47)
(1.25)

5.46 <.001 1.93
(2.45)
(1.41)

5.13 <.001
(2.49)

Introvertive
Anhedonia

1.86
(1.90)

3.90
(2.10)

.002

1.97
(1.41)

4.04 <.001 1.78
(2.30)
(1.86)

4.04 .001 2.00
(2.37)
(1.78)

3.96 .001
(2.10)

Cognitive
Disorganisation

5.81
(2.29)

9.00
(1.79)

<.001

5.45
(2.31)

8.75 <.001 5.74
(1.90)
(2.22)

8.75 <.001 5.41
(1.96)
(2.34)

8.88 <.001
(1.72)

Impulsive
Nonconformity

2.38
(1.20)

4.90
(1.92)

<.001

2.36
(1.34)

4.64 <.001 2.57
(1.99)
(1.31)

4.63 <.001 2.18
(2.00)
(1.27)

4.79 <.001
(1.91)

Nicotine user

4
(19%)

6
(29%)

4
(12%)

6
(21%)

5
(22%)

7
(29%)

4
(14%)

6
(25%)

Alcohol user

18
(86%)

18
(86%)

29
(88%)

22
(79%)

20
(87%)

19
(79%)

24
(89%)

20
(83%)

Cannabis user

4
(19%)

5
(24%)

6
(18%)

5
(18%)

6
(26%)

6
(25%)

5
(18%)

5
(21%)

Single household

4

0

2

0

1

1

COVID-19 symptoms

3

2

0

2

1

0

20.88 .257
(1.13)

Notes. T1-3=time points; p values from t-tests for independent groups or Chi-square tests where
appropriate; COVID-19 symptoms defined as persistent new cough and/or fever.
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7.3.2 Experienced and perceived stress in high and low schizotypy
Individuals with high schizotypy (n=21) reported higher number of problems experienced over the last
month (USS problem score) than individuals with low schizotypy (n=21) levels (F(1,40)=16.91, p<.001,
ηp2=.293), irrespective of time point (F(2,82)=1.86, p=.163, ηp2=.043), and with no interaction effect
(F(2,82)=.15, p=.861, ηp2=.004).
High schizotypy group reported higher impact of recent stress than low schizotypy group (F(1,40)=23.56,
p<.001, ηp2=.371), irrespective of time point (F(2,80)=2.11, p=.128, ηp2=.050) with no interaction effect
(F(2,80)=.04, p=.961, ηp2=.001), see Figure 7.2, a. Those in the high schizotypy group reported recent
stress levels above the suggested cut-off of 13 at all time points. Similarly, high schizotypy reported
higher perceived stress levels over the last months than low schizotypy group (F(1,40)=6.32, p=.016,
ηp2=.136), with no time (F(2,80)=2.55, p=.094, ηp2=.060) or interaction effects (F(2,80)=.65, p=.526,
ηp2=.016), see Figure 7.2, b.
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Figure 7.2
Recent (A) and perceived (B) stress in high and low schizotypy across 6 months since the first COVID-19
related lockdown
A)

B)

Note. Time 1 (n=61), one month after lockdown, Time 2 (n=47), three months after lockdown, Time 3 (n=51), six
months after lockdown; * p<.05, ** p<.01, *** p<.001; cut-off for the USS scale of 13 presented as red dashed line;
error bars represent ±1 SE.

The stress factors that have been endorsed most frequently and reported to have had the most impact
at Time 1 were academic/course work, procrastination, study/life balance, finances/money problems,
and mental health. Same was reported for Time 2, when housing has been added as an impactful
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stressor. At the Time 3, when the summer had finished and the winter semester had not started yet,
academic factor (except for procrastination) was replaced by work (see Table 7.2).
Table 7.2
Relevant stressors and their impact reported by the UK students during the first six months after the
National lockdown
Causes of
stress
Academic

Time 1
Time 2
Time 3
(mean)
(mean)
(mean)
Academic/course work
2.15
1.31
0.88
Procrastination
2.03
1.53
1.33
Study/life balance
1.7
1.07
0.92
University/college environment
0.8
0.62
0.63
Practical
Finances and money problems
1.16
1.62
1.76
Housing/accommodation
1.02
1.07
1.06
Transport
0.15
0.4
0.61
Health
Mental health problems
1.21
1.22
1.22
Physical health problems
0.7
0.93
0.84
Parenting
Parenting issues
0.36
0.29
0.31
Childcare
0.05
0.02
0.02
Relationship
Family relationships
0.9
0.84
0.84
Friendships
0.85
1.04
0.94
Romantic relationships
0.98
1.02
0.94
Relationship breakdowns
0.38
0.44
0.45
Work
0.72
1.02
1.2
Parental expectations
0.93
0.96
0.63
Equity
Discrimination
0.11
0.29
0.24
Sexual orientation issues
0.26
0.24
0.18
Language/Cultural issues
0.05
0.18
0.12
Other demands
0.38
0.42
0.49
Notes. Scores: 0 – never, 1 – Sometimes, 2 – Frequently, 3 – Constantly; Five highest values in bold.

The additional questions on the impact of the consequences of the pandemic on personal well-being
revealed no change over time (F(2,82)=1.04, p=.358, ηp2=.025) and no difference between well-being in
high (M=6.06, SD=.36 ) and low (M=5.20, SD=.35) schizotypy (F(1,41)=3.04, p=.089, ηp2=.069) with no
interaction effect (F(2,82)=.058, p=.940 ηp2=.001).
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7.3.3 Perceived resilience and coping styles in high and low schizotypy
High and low schizotypy groups used approach coping strategies to a similar extent (F(1,40)=.12, p=.727,
ηp2=.003), irrespective of time (F(3,120)=1.27, p=.287, ηp2=.031), with no interaction effect (F(3,120)=.67,
p=.574, ηp2=.016), see Figure 7.3, a.
Individuals with high schizotypy used avoidant coping strategies more than individuals with low
schizotypy (F(1,40)=11.82, p=.001, ηp2=.228), with no main effect of time (F(3,120)=.32, p=.808,
ηp2=.008). However, a significant interaction effect was found whereby the effect of time was
dependent on the level of schizotypy (F(3,120)=2.78, p=.044, ηp2=.065), see Figure 7.3, b. High
schizotypy group had higher levels of avoidant coping than low schizotypy group at Times 0, 1, and 3,
but not at Time 2.
There was no difference in levels of perceived resilience between high and low schizotypy groups
(F(1,40)=2.23, p=.143, ηp2=.053). Levels of perceived resilience did not change over time (F(2,80)=.54,
p=.587, ηp2=.013). There was also no interaction effect (F(2,80)=.17, p=.844, ηp2=.004), see Figure 7.3, c.
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Figure 7.3
Approach (A) and avoidant (B) coping prior to and after the lockdown, as well as perceived resilience levels (C) in high
and low schizotypy across 6 months since the first COVID-19 related lockdown
A)

B)

C)

Note. Time 0 (n=61), prior to first National lockdown in the UK due to Covid-19 pandemic, Time 1 (n=61), one month
after lockdown, Time 2 (n=47), three months after lockdown, Time 3 (n=51), six months after lockdown; **p<.01;
Error bars represent ±1 SE.
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Overall, participants used more approach coping strategies with most popular being acceptance and
seeking of emotional support at all time points, positive reframing at Times 1 and 2, and planning at
Times 2 and 3. The most popular avoidant coping strategy was self-distraction at all times. In addition,
humour was among to five most employed coping strategies (see Table 7.3).
Table 7.3
Coping strategies used by the UK students during the first six month after the National lockdown
Coping strategies

Time 0
Time 1
Time 2
Time 3
M (SD)
M (SD)
M (SD)
M (SD)
Approach
29.74 (7.40) 31.40 (5.24) 31.17 (6.03) 30.69 (6.57)
Acceptance
5.23 (1.74)
6.08 (1.55)
5.64 (1.67)
5.59 (1.54)
Active coping
4.98 (1.60)
4.56 (1.32)
4.62 (1.81)
4.82 (1.47)
Emotional support
4.87 (1.67)
5.28 (1.99)
5.13 (2.00)
5.29 (1.85)
Informational support 4.46 (1.71)
4.70 (1.96)
4.62 (1.92)
4.86 (1.67)
Planning
4.87 (1.82)
4.61 (1.51)
4.72 (1.87)
4.92 (1.47)
Positive reframing
4.39 (1.57)
5.23 (1.51)
4.85 (1.82)
4.78 (1.64)
Avoidant
23.85 (6.00) 23.98 (6.39) 23.19 (7.48) 24.63 (6.99)
Behav. disengagement 3.41 (1.53)
3.64 (1.77)
3.28 (1.60)
3.51 (1.78)
Denial
2.75 (1.16)
2.85 (1.39)
2.74 (1.39)
2.98 (1.46)
Self-blame
4.87 (1.96)
4.20 (1.76)
4.40 (1.97)
4.67 (2.00)
Self-distraction
5.52 (1.36)
5.98 (1.56)
5.72 (1.95)
5.67 (1.40)
Substance use
3.23 (1.87)
3.08 (1.81)
2.91 (1.80)
3.37 (1.88)
Other
Humour
4.97 (1.97)
5.11 (1.71)
4.55 (2.11)
5.12 (1.70)
Religion
2.43 (1.23)
2.46 (1.26)
2.45 (1.53)
2.43 (1.24)
Notes. Possible score range for major scales: 1-48 and minor scales: 1-8; Five highest values in bold.

7.3.4 Anxiety and depression levels in high and low schizotypy
High schizotypy group reported higher anxiety levels than low schizotypy group (F(1,40)=14.07, p<.001,
ηp2=.260), crossing the clinical cut-off score of 11 (see Figure 7.4, a). Mauchly’s test indicated that the
assumption of sphericity had been violated (χ2=11.1, p=.039), therefore degrees of freedom were
corrected using Greenhouse-Geisser estimate of sphericity (ɛ=.87). The results showed no effect of time
(F(3,120)=.62, p=.603, ηp2=.015). There was also no interaction effect (F(3,120)=.04, p=..988, ηp2=.001).
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Similarly, high schizotypy reported higher depression levels than low schizotypy group (F(1,40)=10.39,
p=.003, ηp2=.206). The results showed an effect of time (F(3,120)=5.28, p=.002, ηp2=.117). Post-hoc
analyses revealed depression at Time 0 (M=5.41, SD=.49) was lower than at Time 1 (M=7.26, SD=.62)
(p=.007), see Figure 7.4, b. There was no interaction effect of schizotypy and time on depression levels
(F(3,120)=.24, p=.867, ηp2=.006).
Figure 7.4
Anxiety (A) and depression (B) levels in high and low schizotypy prior to and across 6 months since the
first COVID-19 related lockdown
A)

B)

Notes. Time 0 (n=61), prior to first National lockdown in the UK due to Covid-19 pandemic, Time 1 (n=61), one
month after lockdown, Time 2 (n=47), three months after lockdown, Time 3 (n=51), six months after lockdown;
Clinical cut-off represented by dashed red line; **p<.01 Error bars represent ±1 SE.

7.3.5 Associations between schizotypy, coping, and anxiety
When comparing anxiety levels in individuals with high and low schizotypy depending on their preferred
coping style at Times 0 (avoidant n=18, approach n=43) and 1 (avoidant n=14, approach n=47), only the
group of individuals with high schizotypy and preference for the avoidant coping style (n=11) had
consistently reported anxiety levels above the cut-off. This was evident both prior to and one month
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after the lockdown (see Figure 7.5, a and b). In addition, low schizotypy group preferring avoidant
coping (n=7) and high schizotypy preferring approach coping (n=17) crossed the clinically significant
threshold at Time 1. Chi-square tests of distribution within preferences of avoidant and approach
coping strategies in high and low schizotypy groups were not significant at Time 0 (χ2=2.38, p=.123) and
Time 1 (χ2=.93, p=.336).
Figure 7.5
Anxiety levels in high and low schizotypy grouped by the coping style preference at Times 0 (A) and 1 (B)
A)

B)

Notes. Time 0 (n=61), prior to first National lockdown in the UK due to Covid-19 pandemic, Time 1 (n=61), one
month after lockdown; Clinical cut-off (score 11) represented as dashed red line; Error bars represent ±1 SE.
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7.3.6 Associations between schizotypy, coping, and depression
Similarly, when comparing depression levels in individuals with high and low schizotypy depending on
their preferred coping style at Times 0 and 1, the group of individuals with high schizotypy and
preference for the avoidant coping style had reported the highest depression levels. While this was just
an observation prior to the lockdown, it became more critical one month into the lockdown, as the
depression levels of high schizotypy and avoidant coping group were the only ones to cross the clinically
relevant cut-off (see Figure 7.6, a and b).
Figure 7.6
Depression levels in high and low schizotypy grouped by the coping style preference at Times 0 (A) and 1 (B)
A)

B)

Note. Time 0 (n=61), prior to first National lockdown in the UK due to Covid-19 pandemic, Time 1 (n=61), one
month after lockdown; Clinical cut-off (score 11) represented as dashed red line; Error bars represent ±1 SE.

233

Supported by the revealed clinical relevance, mediation analyses were conducted in order to further
explore the associations between schizotypy, coping strategy and affective state.

7.3.7 Schizotypy, coping and affective state
Individual parallel mediation analyses (series of regression analyses, see Figure 7.7) were conducted to
better evaluate the impact of the global schizotypy and its subscales Unusual experiences, Introvertive
anhedonia, Cognitive disorganization, Impulsive nonconformity on anxiety and depression levels, with
approach and avoidant coping as mediators at Times 0, 1, 2, and 3. Exemplary parallel mediation models
with the factor global schizotypy are shown in Figure 7.8.
Figure 7.7
Statistical model (4) of parallel mediation analysis used for regression analyses

Notes. X – independent variable; M1 and M2 – mediators; Y – dependent variable; a1, a2, b1, b2, c’ – direct effects;
ab1, ab2 - indirect effects; c - total effect.

234

Figure 7.8
Standardised regression coefficients for the relationship between global schizotypy and anxiety/
depression, as mediated by coping style

Notes. A) Time 0 (n=61), prior to first National lockdown in the UK due to Covid-19 pandemic, B) Time 1 (n=61),
one month after lockdown, C) Time 2 (n=47), three months after lockdown, D) Time 3 (n=51), six months after
lockdown; **p<.01, ***p<.001; Lower and upper bounds of 95% confidence interval presented in square brackets;
significant direct and indirect effects are shown in bold and blue (for anxiety) or red (for depression).
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Table 7.4
Effects of global schizotypy on anxiety levels as mediated by approach and avoidant coping
Global schizotypy → Coping → Anxiety
β
Effect estimates
SE
Indirect Approach (ab1) .0058
.0161
Indirect Avoidant (ab2)
.0984
.0415
Direct (c’)
.2271
.0819
Total (c)
.3313
.0656
β
Path estimates
SE
X -> M1 (a1)
-.1554
.1318
M1 -> Y (b1)
-.0372
.0660
X -> M2 (a2)
.4994
.0927
M2 -> Y (b2)
.1970
.0939
Global schizotypy → Coping → Anxiety
β
Effect estimates
SE
Indirect Approach (ab1) .0002
.0137
Indirect Avoidant (ab2)
.1365
.0456
Direct (c’)
.2187
.0702
Total (c)
.3554
.0724
β
Path estimates
SE
X -> M1 (a1)
.0037
.1191
M1 -> Y (b1)
.0630
.0698
X -> M2 (a2)
.4113
.1081
M2 -> Y (b2)
.3317
.0768
Global schizotypy →Coping →Anxiety
β
Effect estimates
SE
Indirect Approach (ab1) .0327
.0404
Indirect Avoidant (ab2)
.0730
.0465
Direct (c’)
.2560
.0888
Total (c)
.3616
.0833
β
Path estimates
SE
X -> M1 (a1)
-.3379
.1956
M1 -> Y (b1)
-.0967
.0754
X -> M2 (a2)
.2691
.1654
M2 -> Y (b2)
.2714
.0891
Global schizotypy →Coping →Anxiety
β
Effect estimates
SE
Indirect Approach (ab1) -.0029
.0144
Indirect Avoidant (ab2)
.2751
.0588
Direct (c’)
.0868
.0807
Total (c)
.3591
.0735

t

p

2.77
5.05
t
-1.18
-.5637
5.3895
2.0986

.0075*
<.001*
p
.2434
.5751
<.001*
.0403*

t

p

3.17
4.91
t
.03
.90
3.80
4.32

.0029*
<.001*
p
.9754
.3698
<.001*
<.001*

t

p

2.88
4.34
t
-1.73
-1.28
1.63
3.05

<.01*
<.001*
p
.0909
.2066
.1108
<.01*

t

p

1.08
4.88

.2874
<.001*

LCI
-.0185
.0199
.0631
.2000
LCI
-.4192
-.1693
.3140
.0090
LCI
-.0205
.0591
.0782
.2106
LCI
-.2347
-.0766
.1950
.1778
LCI
-.0333
.0066
.0769
.1940
LCI
-.7318
-.2487
-.0641
.0917
LCI
-.0316
.1672
-.0755
.2113

UCI
.0494
.1866
.3910
.4626
UCI
.1085
.0949
.6849
.3851
UCI
.0381
.2378
.3593
.5003
UCI
.2420
.2027
.6277
.4856
UCI
.1262
.1872
.4350
.5293
UCI
.0560
.0554
.6022
.4511
UCI
.0301
.3996
.0249
.5069

Time 0
%
0
30*
69*
100

Time 1
%
0
38*
62*
100

Time 2
%
9
20*
71*
100

Time 3
%
0
76*
24
100
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β
Path estimates
SE
t
p
LCI
UCI
X-> M1 (a1)
-.1305
.1275
-1.02
.3109
-.3867
.1256
M1 -> Y (b1)
.0219
.0678
.32
.7483
-.1145
.1582
X -> M2 (a2)
.6599
.1059
6.23
<.001*
.4472
.8727
M2 -> Y (b2)
.4169
.0816
5.11
<.001*
.2527
.5811
Notes. X – Global schizotypy, Y – anxiety, M1 – Approach coping, M2 – Avoidant coping; *significant
effects; β – coefficient of effect, SE – standard error, LCI – lower bound of 95% confidence interval, UCI –
upper bound of 95% confidence interval, %- percentage of variance explained.
7.3.7.1 Schizotypy, coping styles, and anxiety
The relationship between global schizotypy and anxiety was found to be partially mediated by avoidant
coping. The standardised regression coefficient between global schizotypy and avoidant coping was
statistically significant at Times 0, 1, and 3 (higher levels of global schizotypy were associated with
higher avoidant coping scores), as was the standardised regression coefficient between avoidant coping
and anxiety at Times 0, 1, 2, and 3 (higher avoidant copings levels were associated with higher anxiety)
(see Table 7.4). The significance of standardised indirect effects was tested using bootstrapping
procedures. Unstandardised indirect effects were computed for each of 5,000 bootstrapped samples,
and the 95% confidence interval was computed by determining the indirect effects at the 2.5th and
97.5th percentiles. The indirect effects were statistically significant at all time points. The indirect effect
via avoidant coping explained at least 30% of the total effect of global schizotypy on anxiety from Time 0
to Time 2, becoming the only significant effect, explaining 76% of the relationship between global
schizotypy and anxiety at Time 3. There were no mediation effects of approach coping.
A further analysis of schizotypy subscales revealed that the association between schizotypy and anxiety,
as mediated by avoidant coping, was mostly driven by (i.e., evident in) Impulsive Nonconformity,
Unusual Experiences and Cognitive Disorganisation. The direct association between schizotypy and
anxiety was driven by Cognitive Disorganisation subscale at Times 0, 1, 2 and Unusual Experience
subscale at Time 1 only (see Appendix, Figure A.1).
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7.3.7.2 Schizotypy, coping styles, and depression
Similarly, the relationship between global schizotypy and depression was found to be partially mediated
by avoidant coping. Standardised regression coefficient between global schizotypy and avoidant coping
was statistically significant at Times 0, 1, and 3 (higher global schizotypy was associated with higher
avoidant coping). The standardised regression coefficient between avoidant coping and depression was
only significant at post-lockdown Times 1, 2, and 3 (higher avoidant coping scores were associated with
higher depression scores) (see Table 7.5). Following the same procedure as for the anxiety analyses, the
indirect effects of global schizotypy on depression, mediated by avoidant coping, were found to be
statistically significant at post-lockdown times only, explaining 16-44% of the effect. There were no
mediation effects of approach coping.
Table 7.5
Effects of global schizotypy on depression levels as mediated by approach and avoidant coping
Global schizotypy → Coping → Depression
Effect estimates

β

SE

Indirect Approach (ab1)

.0142

Indirect Avoidant (ab2)

t

Time 0
p

LCI

UCI

%

.0205

-.0113

.0684

5

.0300

.0399

-.0566

.1031

10

Direct (c’)

.2500

.0661

3.78

<.001*

.1177

.3823

85*

Total (c)

.2942

.0524

5.62

<.001*

.1894

.3990

100

Path estimates

β

SE

t

p

LCI

UCI

X -> M1 (a1)

-.1554

1318

-1.18

.2434

-.4192

.1085

M1 -> Y (b1)

-.0914

.0533

-1.72

.0915

-.1981

.0152

X -> M2 (a2)

.4994

.0927

5.39

<.001*

.3140

.6849

M2 -> Y (b2)

.0601

.0758

.79

.4308

-.0916

.2119

Global schizotypy →Coping →Depression
Effect estimates

β

SE

Indirect Approach (ab1)

-.0004

Indirect Avoidant (ab2)
Direct (c’)

t

Time 1
LCI

UCI

%

.0170

-.0268

.0443

0

.0906

.0398

.0280

.1821

26*

.2546

.0681

.1182

.3911

74*

3.74

p

<.001*
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Total (c)

.3448

.0649

5.32

<.001*

.2151

.4746

Path estimates

β

SE

t

p

LCI

UCI

X -> M1 (a1)

.0037

.1191

.03

.9754

-.2347

.2420

M1 -> Y (b1)

-.1122

.0677

-1.66

.1030

-.2479

.0234

X -> M2 (a2)

.4113

.1081

3.80

<.001*

.1950

.6277

M2 -> Y (b2)

.2203

.0746

2.95

.004*

.0709

.3697

Global schizotypy → Coping →Depression
Effect estimates

β

SE

Indirect Approach (ab1)

.0310

Indirect Avoidant (ab2)

t

100

Time 2
p

LCI

UCI

%

.0330

-.0158

.1132

9

.0581

.0320

.0029

.1273

16*

Direct (c’)

.2657

.0750

3.54

.001*

.1144

.4170

75*

Total (c)

.3548

.0693

5.12

<.001*

.2152

.4945

100

Path estimates

β

SE

t

p

LCI

UCI

X -> M1 (a1)

-.3379

.1956

-1.73

.0909

-.7318

.0560

M1 -> Y (b1)

-.0917

.0637

-1.44

.1569

-.2201

.0367

X -> M2 (a2)

.2691

.1654

1.63

.1108

-.0641

.6022

M2 -> Y (b2)

.2160

.0753

2.87

.0063*

.0642

.3678

Global schizotypy →Coping → Depression
Effect estimates

β

SE

Indirect Approach (ab1)

.0107

Indirect Avoidant (ab2)

t

Time 3
p

LCI

UCI

%

.0209

-.0137

.0667

4

.1316

.0460

.0487

.2307

44*

Direct (c’)

.1556

.0756

2.06

.0453*

.0034

.3077

52*

Total (c)

.2979

.0604

4.93

<.001*

.1764

.4193

100

Path estimates

β

SE

t

p

LCI

UCI

X -> M1 (a1)

-.1305

.1275

-1.02

.3109

-.3867

.1256

M1 -> Y (b1)

-.0817

.0635

-1.29

.2047

-.2095

.0461

X -> M2 (a2)

.6599

.1059

6.23

<.001*

.4472

.8727

M2 -> Y (b2)

.1994

.0765

2.61

.0122*

.0455

.3533

Notes. X – Global schizotypy, Y – depression, M1 – Approach coping, M2 – Avoidant coping; *significant
effects, β – coefficient of effect, SE – standard error, LCI – lower bound of 95% confidence interval, UCI –
upper bound of 95% confidence interval, %- percentage of variance explained
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A further analysis of schizotypy subscales revealed that the association between schizotypy and
depression, as mediated by avoidant coping, was mostly driven by (evident in) Impulsive Nonconformity,
Unusual Experiences and Cognitive Disorganisation. The direct association between schizotypy and
depression was driven by Cognitive Disorganisation and Introvertive Anhedonia subscales at all time
points (see Appendix, Figure A.1).

7.3.7.3 Coping style effect on anxiety and depression
Avoidant coping was associated with higher depression and anxiety at most times for all subscales.
Approach coping was associated with lower depression at Times 0, 2, and partly 3 in models with
Unusual Experience, Cognitive Disorganisation, and Introvertive Anhedonia, as well as lower anxiety at
Time 2 in the model with Introvertive Anhedonia (see Appendix, Figure A.1).

7.3.7.4 Schizotypy effect on coping style
Increased Unusual Experiences subscale was associated with higher avoidant coping at Times 0, 1, and 3.
Increased Impulsive Nonconformity was associated with higher avoidant coping at Times 0 and 1, while
Cognitive Disorganisation was always associated with higher avoidant coping. Neither of these subscales
were associated with approach coping. Increased Introvertive Anhedonia was marginally associated with
lower approach coping at Times 0 and 1, but not with avoidant coping (see Appendix, Figure A.1).

7.4 Discussion
The main aim of this study was to investigate the association of schizotypy and preferential coping style
with measures of psychological well-being in a sample of UK students prior to and during the first six
months of the COVID-19 pandemic. As hypothesised, higher schizotypy scores and avoidant coping were
associated with higher levels of anxiety, depression, and perceived stress. In line with previous research
(e.g., Benz et al., 2020), depression levels were found to have increased one month after the lockdown,
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fluctuating between the pre- and one month post-lockdown values in the following six months. The
anxiety levels did not significantly change from pre- to post-lockdown. Avoidant coping was found to
moderate the associations between schizotypy and affective states.
High levels of avoidant coping in the presence of past adverse life events have been previously linked to
high dispositional schizotypy (Armando et al., 2018; MacAulay & Cohen, 2013). In line with this, the
current study found that individuals with high levels of schizotypy and avoidant coping reported the
highest levels of depression and anxiety compared to high schizotypy with preferential use of approach
coping and low schizotypy groups with any coping style preference during the COVID-19 pandemic. This
is of particular significance as the average anxiety and depression levels for that most affected group
crossed the threshold of the clinically relevant cut-off one month after the lockdown. Since the
combination between high schizotypy and high depression as well as anxiety levels was shown to
constitute the highest risk for the transition into psychosis (Krabbendam et al., 2005), this finding
emphasises the potential of schizotypy assessment to help identify the subclinical at-risk individuals,
when combined with the assessment of their coping style preferences.
The current findings revealed a robust association of higher schizotypy with higher affective
psychopathology measures, which is in line with recent research (Kemp et al., 2018; Ödéhn & Goulding,
2018; Premkumar, Kuipers, et al., 2020). Interestingly, Cognitive Disorganisation, characterised by odd
thoughts, speech, and behaviour was found to be the only subscale directly associated with increased
anxiety. Higher Cognitive Disorganisation levels were also found to increase depression levels, alongside
with higher Introvertive Anhedonia. Traditionally, anxiety was suggested to be rather associated with
positive schizotypy dimensions (Debbané et al., 2012; Lewandowski et al., 2006), while depression levels
were rather associated with positive (Unusual Experiences) and negative (Introvertive Anhedonia)
schizotypy dimensions (Campellone et al., 2016). However, more recent research in first-episode
psychosis patients revealed associations between preference for maladaptive coping strategies,
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cognitive deficits and higher depression levels when compared to healthy controls (Stramecki et al.,
2019). More recently, disorganised schizotypy was found to be directly associated to depression and
aggression, when mediated by praise and criticism (Premkumar, Kuipers, et al., 2020). Therefore, the
current study provides further evidence for a substantial impact of disorganisational schizotypy on
anxiety and depression levels.
When considering the individual association between coping strategy and schizotypy, current study
observed that high schizotypy group used approach coping to a similar extent as low schizotypy group.
However, high schizotypy group overused avoidant coping in comparison to low schizotypy group. This is
in line with previous research in schizophrenia-spectrum disorders, where patients employed avoidant
strategies more often but did not differ in their use of approach strategies from healthy controls
(Holubova et al., 2016).
Furthermore, stable direct associations of Cognitive Disorganisation, Unusual Experiences, and Impulsive
Nonconformity were observed to be directly related to use of avoidant coping strategies. The Impulsive
Nonconformity scale assesses the tendency for asocial or risky behaviour, such as alcohol
overindulgence, breaking objects or engaging in self-harm (Mason & Claridge, 2006), which in turn may
manifest in avoidant coping strategies such as substance abuse and self-deprecation. (Carver, 1997). The
Unusual Experiences scale, characterised by magical thinking or ideas of reference, may have led to an
experience of loss of control or lower self-efficacy which was previously associated with avoidant coping
(Vauth et al., 2007). However, unlike Impulsive Nonconformity and Unusual Experiences, Cognitive
Disorganisation was the most persistent predictor of avoidant coping throughout the six months.
Perhaps deficits in attention and concentration assessed by the Cognitive Disorganisation subscale were
determining the choice of avoidant coping strategies which may require less cognitive effort, as opposed
to approach coping, which is characterised by active seeking of information, social support, and
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problem-solving. Indeed, individuals with mild intellectual disabilities were previously observed to utilise
avoidant coping more than approach coping (Hartley & MacLean Jr, 2008).
Previous research has confirmed avoidant coping to be a maladaptive coping style, since the strategies
such as substance abuse or problem denial rarely lead to problem solution and may aggravate the
situation (Moritz, Jahns, et al., 2016). Avoidant coping has also been previously associated with
procrastination and increased stress (Sirois & Kitner, 2015). In line with this, procrastination was found
to be one of the most predominant sources of stress in the current university student sample.
Furthermore, Moritz, Jahns, et al. (2016) suggested that maladaptive coping may be more important for
symptomatic outcome in different psychopathologies, such as depression, obsessive-compulsive
disorder, and paranoia, than adaptive coping. Indeed, in the current study coping strategy itself had a
direct effect in psychopathology, with higher avoidant coping moderately increasing the affective states.
Approach coping had a less impactful effect, being mildly associated with lower depression and barely
with anxiety levels. Interestingly, the associations with approach coping were only evident at less
stressful times such as pre-lockdown period or during the relaxation of restrictions three months after
the first National lockdown. It may be possible that due to the restrictions and uncertainty in the first
month after the lockdown, there was a reduced availability of resources for approach coping such as
social support and opportunities for proactive planning. However, participants did not report changing
their preferred coping styles over time and the levels of avoidant and approach coping did not change
with the environmental opportunities, such as the ability to meet with more people (seek social support)
pre-lockdown and at three months with lifted restrictions. Nevertheless, the overall number of
individuals with preferential approach coping was higher than the number of individuals with
preferential avoidant coping. Four out of five most used coping strategies in the overall sample were
from the approach scale. In addition, humour was in the top five most popular coping strategies. This is
possibly due to the sample consisting of highly functioning and resilient individuals, able to pursue a
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university degree with no reported history of disorders. In line with the assumption of approach coping
being the more adaptive coping style, the high schizotypy group with preferential approach coping style
was consistently expressing lower, mostly below clinical cut-off, levels of affective psychopathology than
the high schizotypy group with preferential avoidant coping.
Individual and cumulative associations of schizotypy dimensions with coping and psychopathology fit
into the recent findings on the direct and indirect impact of psychological flexibility on well-being during
COVID-19 lockdown partially mediated by avoidant coping (Dawson & Golijani-Moghaddam, 2020).
Psychological flexibility is a broad construct associated with a wide range of human abilities to recognise
and adapt to situational demands by shifting mindsets and behaviours (Kashdan & Rottenberg, 2010). It
was suggested to be conceptualised as a higher-order style to respond to situations, facilitating the
choice of coping strategies (Dawson & Golijani-Moghaddam, 2020). The mediation effect of the
Cognitive Disorganisation domain of schizotypy and associations with avoidant coping may help identify
more specific trait or dispositional deficits in psychological flexibility.
In line with previous research, high schizotypy levels were associated with higher levels of reported and
perceived stress during the first six months after the introduction of the lockdown (e.g., Abbott et al.,
2012). However, high and low schizotypy did not differ in levels of COVID-19 impact on personal wellbeing and perceived resilience. In respect to the differences in reported and perceived stress, it may be
possible that high schizotypy group was more sensitive to stressors. Indeed, a recent longitudinal study
had observed that higher cognitive-perceptual schizotypy predicted larger increases in psychological
stress sensitivity over a period of six months (Grattan & Linscott, 2019). Interestingly, greater
disorganisational schizotypy was reported to predict lower sensitivity (Grattan & Linscott, 2019),
therefore having a protective effect, which was not seen in the current study.
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On the other hand, it may be possible that high schizotypy individuals had objectively a more stressful
background such as lower SES (see Chapter 1.2.5), presence of stressful life experiences (see Chapter
1.3.7) or factors resulting from higher schizotypy such as smaller social support network. In the same
longitudinal study, Grattan and Linscott (2019) have concluded that the influence of schizotypy
components on increase in stress sensitivity only occurred via and in the presence of negative life
events. Since no data was collected in the current study on early life stress, SES, stress at the prelockdown level or external observations, neither of these speculations can be confirmed or rejected.
For the current student sample, the most significant reported stress factors at the beginning of the
lockdown and in the middle of the summer semester were the academic work, procrastination,
study/life balance, finances/money problems, and mental health. Same stressors were evident reported
at three months after the introduction of lockdown, with housing added as an additional impactful
stressor, when the summer semester had nearly finished and a lot of students were running out of their
term-time accommodation contracts. At six months after the lockdown, when the summer had finished
and the winter semester had not started yet, academic factor had become less relevant and was
replaced by work. All these dynamics and most of the reported relevant topics may be argued to be
characteristic of a typical academic year. Since there was no control group of students unaffected by
the pandemic it is impossible to test the additional effect of the pandemic situation. Furthermore, only a
few participants had reported being tested positive or having symptoms from the infection with the
virus, so most of the change effects from pre-to post lockdown (depression) were likely arising from the
restrictions and the resulting changes in lifestyle, as well as financial and social environment.
Although participants reported similar levels of perceived resilience, not all were equally successful in
withstanding the stressors, as evident through differences in perceived stress, depression, and anxiety
levels between high and low schizotypy. Perhaps the mere engaging in avoidant and approach coping
strategies was perceived as an expression of personal self-efficacy and resilience (Bandura, 1992),
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however once chosen, the coping strategies had defined the trajectory of successful or unsuccessful
resistance to stress (Moritz, Jahns, et al., 2016). A recent study had reported subjective-objective deficit
paradox in schizotypy, with high schizotypy reporting larger deficits and problems in emotion regulation
than low schizotypy, yet performing objectively comparably well (Li et al., 2019). Such higher order
cognitive bias fits well with the finding of the impact of the Cognitive Disorganisation dimension.
Perhaps similar deficits in self-awareness contributed to the discrepancies between the similar
perception of resilience or impact on personal well-being and the difference in levels of perceived stress
and depression between high and low schizotypy groups. If this tendency will be proven to be true and
robust in future research, the current findings provide further evidence for the importance of identifying
high schizotypy and offering supportive interventions to increase self-awareness and resilience.

7.5 Limitations
One of the strengths of this study is that it is the first to employ a longitudinal design with the
independent variable of dispositional schizotypy measured once and prior to the COVID-19 related
lockdown and the dependent variables of stress perception, resilience and psychopathology measured
subsequently and repeatedly. This type of design was argued to be the optimal design to study causal
and longitudinal mediation effects (Maxwell et al., 2011). In addition, the availability of psychopathology
and coping style measurements both prior to and after the lockdown enabled a more realistic
assessment of the impact of the COVID-19 pandemic compared to previous reports from cross-sectional
studies. Although not directly measured, the SES in the current student sample might be considered less
diverse than a community-based sample, not least because of little variation in education levels.
However, investigating the student group allowed for assessment of a more homogenous stressful
impact through the university in the context of the COVID-19 pandemic. Similar life conditions allowed
to investigate the effect of schizotypy, rather than the effect of other environmental factors. The age
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group selected for this study (and for the initial participant pool) was of particular interest, since the age
around 20 years is often suggested to be the time when the first onset of psychosis occurs (Rössler et al.,
2013). A further limitation is that the current sample composition did not allow to meaningfully
investigate and control for the effect of gender on schizotypy levels and choice of coping strategies
(Bora & Baysan Arabaci, 2009). Finally, the current study used self-composed and previously not
validated questions to assess the impact of the COVID-19 symptoms and pandemic on personal wellbeing. Although not available at the first and second assessment, the Psychological Item Pool for Corona
Outbreak exists (PIPCO by Buecker et al., 2020 as referenced in Benz et al., 2020), which would be
possible to use in future assessments.

7.6 Conclusion
In conclusion, the current study confirms the effect of high schizotypy on the increase in mental health
vulnerability in a UK student cohort during the COVID-19 pandemic, which is likely associated with
higher stress sensitivity in high schizotypy. In addition, a mediating effect of maladaptive coping
strategies was revealed. These findings may provide an indication of a likely increase in the incidence of
not only affective disorders, but also of psychotic experiences, first-episode psychosis, or psychotic
relapses as a consequence of the COVID-19 pandemic or any future similar stressor (Brown et al., 2020;
Krabbendam et al., 2005).
Future research should further investigate the longitudinal association between trait schizotypy,
psychopathology, and avoidant coping strategies in context of recent stressors. Introduction of an
objective external assessment of stressors and coping abilities alongside of a subjective self-report
would help to understand the impact of stress sensitivity in schizotypy, as well as the association with
the subjective-objective deficit paradox. Coping strategies could be further investigated using other
instruments such as the Maladaptive and Adaptive Coping Styles Questionnaire (Moritz, Lüdtke, et al.,
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2016). Furthermore, given the moderating effect of coping, interventions to decrease avoidant and
increase approach coping should be developed and tested in high schizotypy to increase resilience in the
face of adversity.
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8.1 Summary of findings
High levels of schizotypy are associated with an increased risk for the development of psychosisspectrum disorders such as schizophrenia. Physiological and psychological stress response disrupted by
genetic, epigenetic, and environmental influences is suggested to be a potential biopsychological
mechanism of vulnerability to schizophrenia, forming the basis of the diathesis or vulnerability-stress
model of schizophrenia (Pruessner et al., 2017). The present project aimed to comprehensively assess
the relationship between schizotypy levels in non-clinical populations and the core vulnerability-stress
model factors – genetic and epigenetic disposition, effects of life events, alterations in psychological and
physiological response, and resilience.
Contrary to the hypotheses, no direct genetic effect of stress-associated genotype of FKBP5 was found
in the research reported in Chapters 3 and 5 in female or mixed-sex university student samples. Neither
genotype effect nor associations with FKBP5 methylation levels were observed in Chapter 4 in a healthy
male community-based sample. However, an interaction effect between minor FKBP5 haplotype and
childhood trauma was observed in the male community sample, suggesting a potential protective effect
of minor FKBP5 haplotype in the context of low to moderate early adversity. Congruent with previous
research, individuals with higher schizotypy levels consistently reported higher incidences and/or
intensity of childhood traumatic events.
In line with the initial hypothesis, higher schizotypy was associated with increased vulnerability and
poorer stress management. More specifically, findings within distinct samples of university students
from cross-sectional studies (Chapters 1 and 3) or longitudinal study (Chapter 5) as well as within the
community-based male sample (Chapter 4) revealed that individuals with higher schizotypy scores
invariably recalled higher perceived stress, either directly after the stressor or when reporting chronic
stress of up to three months, than individuals with lower schizotypy scores.
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On the other hand, higher positive and impulsive schizotypy was associated with attenuated cortisol
response to the acute laboratory stressor in a healthy university student sample (Chapter 5). For the first
time, attenuated hair cortisol (and a number of other steroids’) levels were measured in association with
higher positive, disorganised, and impulsive schizotypy within the same sample (Chapter 6). Finally, high
schizotypy was observed to be associated with lower perceived resilience (Chapters 3 and 5) and
increased use of maladaptive coping strategies compared to low schizotypy in university student
samples (Chapters 3, 5, and 7). The prospective design of the study reported in Chapter 7 enabled
identification of avoidant coping strategy as a mediating factor on the effect of high schizotypy on
increased depression and anxiety levels during a unique real-life stressor - the first six months of the
COVID-19 pandemic.

8.2 Genetic and epigenetic effects of FKBP5 on schizotypy
Variants of FKBP5 genotype had been previously observed to impair negative feedback loop of the HPA
axis, thus leading to higher cortisol levels (see Chapter 1.6., Binder, 2009). Such risk genotype, in
interaction with childhood adversity and epigenetic modifications, was suggested to facilitate the
development of various psychopathologies (Binder et al., 2008; Klengel et al., 2013) and hypothesised in
the present research to be associated with stress response in schizotypy.
Contrary to the initial hypothesis, neither minor alleles of FKBP5 or FKBP5 methylation levels, nor the
interaction between genotype and childhood trauma were clearly associated with higher schizotypy,
perceived stress, perceived resilience, or cortisol response to acute or chronic stressors. This is in line
with recent findings of no effect of FKBP5 methylation levels and genotype on acute and chronic cortisol
output in a study in healthy population (Alexander et al., 2020), which concluded that the presence of a
clinical status may be critical in modulating the expected effects. Another study observed higher
peripheral FKBP5 mRNA levels to be associated with depression, anxiety, and stress levels in
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schizoaffective disorder, but not in schizophrenia patients or healthy controls (Lee et al., 2019). More
recently, no interaction effect between minor FKBP5 allele of SNP rs1360780 and childhood trauma was
reported in unaffected siblings of patients of psychotic disorder, although some demethylation was
observed in patients and controls (Mihaljevic et al., 2021). The present project also investigated genetic
and epigenetic effects in healthy populations without reported psychiatric, endocrine, neurological or
cardio-vascular disorders. Although a small number of participants in Study 1 (Chapter 3) had reported
newly developed psychiatric disorders since the collection of the genetic material, these did not change
the results significantly, perhaps due to insufficient statistical power.
However, a surprising protective effect of minor FKBP5 haplotype was observed, with the minor FKBP5
allele carriers with reported childhood trauma presenting with lower levels of schizotypy than noncarriers with childhood trauma. These findings were suggested to support the differential susceptibility
model (see Chapter 1.5), whereby some levels of childhood trauma were suggested to trigger the
learning of coping strategies, which might have been beneficial in later life. The notion of mild stress
increasing resilience, also known as hormesis, has been often implied in previous health research (Gems
& Partridge, 2008). The FKBP5 minor genotype, although primarily associated with higher vulnerability
and risk for the development of psychopathology due to impaired HPA negative feedback loop (see
Chapter 1.6.1), might have facilitated the acquisition of adaptive coping strategies, as suggested by the
inverted U-shape relationship between learning and stress as observed in previous research
(Finsterwald & Alberini, 2014; Salehi et al., 2010). A potential mechanism might be the increased
retention of cortisol resulting from FKBP5 minor allele expression (see Chapter 1.6.1), which might
counteract the attenuated cortisol release in high schizotypy during acute stress response, thus still
providing enough glucose to deal with the stressor and prevent psychopathological outcome. Since
FKBP5 was previously suggested to be a susceptibility gene in the context of anxiety (Pérez-Pérez et al.,
2018), it is compelling to assume that this might be the case in the context of schizotypy, too. Indeed, a
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recent study reported a differential effect of traumatic life events on psychotic-like experiences
depending on the genotype, with major allele-carriers of FKBP5 SNPs rs1360780 and rs9296158 with a
history of physical abuse reporting significantly higher psychotic-like experiences than without a history
of abuse, whereas no such association was evident in minor allele carriers (Stramecki et al., 2021). The
type of childhood adversity may also determine how FKBP5 genotype affects the HPA response (Ferrer
et al., 2021). More research is needed to understand differential susceptibility of FKBP5 genotype in the
context of schizotypy.
Although no clear effects of FKBP5 gene were found on the stress response in non-clinical high
schizotypy, previous research clearly advocates genetic disposition to be a crucial factor for the
development of vulnerability to stress and psychopathology (see Chapter 1.6). Future research should
therefore investigate other stress-related genes such as glucocorticoid receptor encoding gene NR3C1,
emotional and neuroplasticity gene BDNF (Schüle et al., 2006), or schizophrenia susceptibility genes
such as COMT (Shifman et al., 2004) or CACNA1C (Klaus et al., 2018; Nyegaard et al., 2010) in the context
of stress vulnerability in schizotypy.

8.3 Stress perception of stressors and life events in schizotypy
Exposure to stressful life events and their effect on perception of stress has been long associated with
poorer well-being and psychopathology (Keller et al., 2012; LoPilato et al., 2020; McMahon et al., 2003).
Consistent with previous findings on stress vulnerability in schizotypy (Horan et al., 2005; Kwapil et al.,
2013), as well as with previous reports of higher perceived stress in patients with schizophrenia and
psychosis (Álvarez et al., 2011; Carol et al., 2021; Larsson et al., 2013), the findings of this thesis
demonstrated high schizotypy to be associated with higher incidence of reported stressors and more
intense perceived impact of acute, recent, as well as chronic stressors or life events than low schizotypy,
confirming the initial hypothesis (Chapter 1.7). The increased levels were evident independently of the
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type of the questionnaires measuring schizotypy and perceived stress or of the type (e.g., financial,
social, work-related) or duration (early life, acute, chronic) of the stressor or life event, suggesting that
the increased stress vulnerability in high schizotypy might be rather unspecific.
Interestingly, research in a female student sample presented in Chapter 3 found that high schizotypy
was not associated with reporting a higher number of recent stressors than low schizotypy. The absence
of association with the number of stressors might have resulted from a ceiling effect, considering that
the majority of student participants within that study reported unexpectedly high numbers of stressors
and levels of perceived stress, most likely due to the examination period which coincided with the data
collection. Yet, even with a comparable number of reported stressors, higher schizotypy was associated
with increased intensity of perceived stress compared to lower schizotypy, which was mostly associated
with the Introvertive Anhedonia as well as Unusual Experiences and Cognitive Disorganisation, but not
with Impulsive Nonconformity schizotypy subscales. The behavioural sensitisation hypothesis (Van
Winkel et al., 2008) suggests a repeated exposure to a stimulus (e.g., exam) to increase physiological
and behavioural response to a similar stimulus in the future, whereas the principle of desensitisation
suggests a decrease in response, which is considered to be adaptive and is often used for phobia therapy
(Lang, 2017). Perhaps, individuals with low schizotypy levels follow the desensitisation path, hence
lowering perceived stress which often requires considerable cognitive effort. In contrast, individuals
with higher schizotypy levels follow the sensitisation path, due to, for example, deficits in cognition and
emotional regulation, such as jumping to conclusion and reasoning bias which had been recently
associated with schizotypy (Le et al., 2019). This is supported by the present findings of higher Cognitive
Disorganisation (cognitive deficits) and Introvertive Anhedonia (emotional deficits) subscales’
involvement in increased perception of stress. In further support of this assumption, several studies
have observed the subjective-objective paradox in schizotypy, which shows that individuals with high
schizotypy report higher impairments in tasks and higher mental illness severity, which however cannot
254

be confirmed with objective measures (e.g., performance) and is thus associated with deficits in
emotion regulation and self-awareness (Cohen et al., 2013; Li et al., 2019). Furthermore, high schizotypy
had been previously associated with higher sensory sensitivity characterised by lower sensory
suppression (Oestreich et al., 2015; Thakkar et al., 2019), and more recently with differences in time
perception due to impairments in sensory integration (Fenner et al., 2020). Alterations in sensory
perception might partly underly the phenotype of schizotypy (e.g., perceptual aberrations). They also
might explain the association presently found between higher Unusual Experiences subscale and the
increased stress perception.
Research in university students reported in Chapters 5, 6, and 7 observed individuals in the high
schizotypy groups to report both higher number of experienced stressors and higher perceived stress
intensity over periods of up to 6 months. It is interesting to speculate that the retrospective reporting of
more stressors may have resulted from an increased perceived impact and the subjective-objective
paradox. High schizotypy had been previously associated with increased referential thinking (Meyer &
Lenzenweger, 2009) and attributional biases (Moore & Pope, 2014; Rinaldi et al., 2018), suggesting that
stressful experiences might be misinterpreted to carry higher significance. Individuals with higher
schizotypy levels also reported higher levels of childhood trauma (Chapters 4 and 5), which is in line with
findings in schizophrenia and psychosis patients (Popovic et al., 2019; Read et al., 2005), and is
suggested to be a vulnerability factor for the development of psychosis-spectrum disorders (see Chapter
1.3.7). Since no objective records of childhood adversity were available, it is not possible to evaluate
whether there were indeed more incidences of childhood trauma experienced by high schizotypy
individuals in the research reported in this thesis. However, the measurement of minimisation/denial,
assessed alongside childhood adversity, revealed an increased incidence of minimisation/denial
associated with higher schizotypy and perceived stress levels (see Chapter 3). Although this finding was
not replicated in a smaller sample (see Chapter 5), future studies might explore the contradiction
255

between the reported supportive environment during upbringing, higher reported versus underreported
childhood adversity, and higher mental health vulnerability (Popovic et al., 2019).

8.4 Acute and chronic endocrine stress response in schizotypy
The physiological response to stress in humans is partly facilitated by the HPA axis through release of
glucocorticoids such as cortisol, leading to an increase of available glucose for successful stress
management (see Chapter 1.3). Only two previously published studies investigated acute cortisol stress
response to the Trier Social Stress Test (TSST) in schizotypy. Walter et al. (2018) found an overall
attenuated cortisol response associated with high schizotypy levels, but reported no difference between
mean split high and low schizotypy group, most likely due to an underpowered sample. Grant and
Hennig (2018) could confirm the findings of a blunted cortisol response in high schizotypes and further
revealed that the cortisol results were largely driven by the positive dimension, whereas stress
perception was more associated with cognitive disorganised dimension.
In line with this, the findings of this thesis (Chapter 5) found no significant difference in acute cortisol
response to the TSST between pre-selected high and low schizotypy groups. However, subscale analysis
revealed that within the high schizotypy group higher levels of positive and asocial schizotypy were
linked with lower cortisol response, whereas no such association was observed for the negative and
disorganised subscales. This reflects the complexity of schizotypy as a concept combining multiple
dimensions to manifest as an endophenotype. The subscale analysis confirms that dimensions may
differ in their aetiology, and in the case of altered stress response it appears that the positive dimension
is more associated with physiological cortisol response, whereas negative and cognitive disorganised
dimensions are more associated with stress perception. Deficits in both cortisol response and stress
perception, as observed in high schizotypy, contribute to maladaptive response. No association involving
acute cortisol response was observed within the low schizotypy group, highlighting that only substantial

256

levels of schizotypy might have an acute physiological relevance. This is supported by the evidence in
first-episode psychosis and schizophrenia patients, who were also observed to show attenuated cortisol
response to a social stressor (e.g., Brenner et al., 2009; Dauvermann & Donohoe, 2019). Thus the
pattern of increased perceived stress and attenuated cortisol response appears to be characteristic for
psychosis-spectrum, in contrast to depression, where an increased cortisol response is observed (Fiksdal
et al., 2019).
However, other factors such as social anxiety were previously suggested to be associated with increased
perceived stress and attenuated cortisol response (Shirotsuki et al., 2009). Alongside depression, anxiety
is frequently observed to be comorbid with psychosis and schizophrenia as well as linked with
schizotypy (Lewandowski et al., 2006). In this project, both anxiety and depression levels over the last
two weeks were found to be associated with higher schizotypy levels in all investigated samples. High
schizotypy was also observed to be associated with increased anxiety and depression levels, when
mediated by avoidant coping, in the context of a chronic stressor (Chapter 7). When considering
schizotypy subscales, positive schizotypy was previously observed to be associated with anxiety levels
leading to disturbed attention to negative stimuli in the emotional Stroop-task, whereas depression
levels were associated with negative schizotypy dimension only (Mohanty et al., 2008). The attenuated
cortisol response to the TSST presently observed in high positive schizotypy, may therefore be argued to
be driven by anxiety. However, when reporting anxiety levels directly in the context of TSST, high
schizotypy group reported marginally lower anxiety and marginally higher insecurity levels during the
anticipatory phase of the TSST than low schizotypy (See Chapter 5). Furthermore, high schizotypy group
presented with higher perceived stress and insecurity levels but not higher anxiety than low schizotypy
group during the first stages of the recovery phase. Therefore, the direct involvement of anxiety in
attenuating acute cortisol response to the acute stressor could not be confirmed. Furthermore, since
there was no significant difference in baseline cortisol between high and low schizotypy the effect of
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increased baseline anxiety (over the last two weeks) in high schizotypy was not observed. Of note, the
pre-selection of high and low schizotypy sample was specifically excluding individuals reporting very high
levels of anxiety and depression (Chapter 5), further suggesting the attenuated cortisol levels to reflect
schizotypy rather than anxiety. Future investigations of association between anxiety and high positive
schizotypy in a larger sample might help to validate these findings.
In contrast, Introvertive Anhedonia, or negative schizotypy, subscale was associated with higher
insecurity and perceived stress in response to TSST. Introvertive Anhedonia represents reduced ability to
experience pleasure from social interactions. Social interaction is the core aspect of the Trier Social
Stress Test (Mason & Claridge, 2006), hence the psychosocial stressor might have elicited even higher
aversion in high compared to low schizotypy group. On the physiological level, the attenuated cortisol
response in high schizotypy may have failed to provide an adequate release of glucose (see Chapter
1.3.3) during the anticipatory phase to facilitate an optimal preparation for the stressful event, which led
to higher and prolonged insecurity and stress perception during recovery after the stress exposure.
A high number of cortisol non-responders observed in the present study within the high schizotypy
group in the context of subjectively increased stress suggests a presence of a HPA axis dysregulation,
which is a central mechanism within the diathesis-stress model of schizophrenia (see Chapter 1.5) and
supports previous findings in schizophrenia (Tas et al., 2018). Similarly, dysregulations in salience
network in healthy siblings of schizophrenia patients had been recently observed, whereby a disrupted
upregulation of the salience network, responsible for integration of social, emotional, cognitive, and
sensory information, prevented from a successful and prompt stress response (van Leeuwen et al.,
2020). The authors suggested thus a reduced range of sympathetic response, and therefore of
physiological alertness, in individuals at risk of the development of schizophrenia. Interestingly, in the
present research high and low schizotypy did not seem to differ in cognitive performance during the
acute stressor, showing comparable numbers of mistakes in the mental arithmetic task (see Chapter 5).
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This is suggesting the presence of the subjective-objective paradox, described above (Chapter 8.3), and
possibly partly explaining the prevalence of highly functional individuals with high schizotypy levels in
the non-clinical population (Kwapil et al., 2013). Furthermore, patients with psychosis had been
previously reported to show larger discrepancies between self-reported stress and cortisol levels than
healthy controls (Söder et al., 2018). In line with this, present findings also show a larger discrepancy,
i.e., higher perceived stress and lower cortisol response, in high compared to low schizotypy group,
confirming that high schizotypy is part of the psychosis-spectrum dimension based not only on the
psychological, but also on physiological stress reactivity.
The tonic hyperactivation and phasic hypoactivation model by Shah and Malla (2015) suggested daily
overactivity and acute attenuation of cortisol release in psychosis. However, the present findings (see
Chapter 5) could not confirm tonic hyperactivation in high schizotypy, since there were no significant
differences observed in the baseline cortisol levels between high and low schizotypy prior to the social
stressor, which is in line with the more recent research (Söder et al., 2020; Vaessen et al., 2018; Walter
et al., 2018). Moreover, the effects of schizotypy levels on the tonic activation of the HPA axis were
further investigated by assessing the cumulative cortisol levels incorporated in hair over the last three
months in the study presented in Chapter 6. There was a trend difference suggesting attenuated hair
cortisol concentrations in high schizotypy group compared to low schizotypy group, thus further
contradicting the idea of a tonic hyperactivation in schizotypy. Several other studies in schizophrenia
patients and individuals at high risk of psychosis came to a similar conclusion (Braig et al., 2016; Söder et
al., 2020). Perhaps the presence of early life adversity, high levels of schizotypy, and other risk factors
elicits a high cortisol response which over time and with repeated stressors becomes overtaxed (Moss et
al., 1995). Indeed, the effect of chronic stress on acute cortisol stress response could be demonstrated
(see Chapter 6), as higher levels of reported stress over the last three months were associated with an
attenuated acute cortisol response to the TSST, which is in line with recent findings in individuals at
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elevated risk for psychosis (Söder et al., 2020). In contrast, the hair cortisol concentrations (HCC) were
not associated with the acute cortisol response, which is not surprising, given that hair samples and
acute salivary samples represent different time-frames and the former is less event-sensitive than the
latter (Sauvé et al., 2007).
In previous literature, higher HCC had been mostly associated with higher reported chronic stress
(Stalder et al., 2017; Vives et al., 2015), although no effects had been also reported (O'Brien et al., 2013).
Furthermore, differences between psychopathologies, such as higher HCC in depression, but lower HCC
in PTSD and anxiety than controls, have been identified (Malisiova et al., 2020). In the present sample
containing individuals with high and low schizotypy, high perceived chronic stress over the last three
months was associated with lower HCC (Chapter 6). A 2015 review on typical cortisol release in
psychosis revealed contradictory findings with either increased, similar or attenuated cortisol levels
(Karanikas & Garyfallos, 2015). Besides methodological differences of assessing cortisol levels (e.g., with
or without exposure to acute stressor), such spectrum of measured physiological response might
suggest that a non-linear relationship between cortisol response and various psychotic-spectrum states
exists. Perhaps early disposition to development of psychosis is characterised by HPA axis dysregulation
in the form of hypocortisolism, which in combination with other factors such as life events may lead to
an HPA axis upregulation immediately prior to facilitating the transition into psychosis, which later
reverses back to hypocortisolism. In this project, high schizotypy levels were measured in a non-clinical
population, thus exposing hypocortisolism as part of a potential non-linear relationship. Another
inverted U-shaped relationship has been recently reported for cortisol awakening response in firstepisode psychosis and early adversity, suggesting a psychosis-specific pattern of childhood trauma
attenuating tonic cortisol levels, as opposed to increasing cortisol levels in healthy controls (Ciufolini et
al., 2019). The presently observed attenuated hair cortisol levels in association with higher schizotypy
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may reflect such psychosis-specific pattern. More robust and longitudinal research in larger samples is
needed to understand the potential non-linear trajectory of stress response in schizotypy.
Further unique insight was gained in this project through inspection of other hair steroids beyond
chronic cortisol. For the first time, trends for lower concentrations of cortisone, DHEA, pregnanolone,
and cortisol/DHEA ratio were observed in high compared to low schizotypy group, whereas no
differences were observed in testosterone and progesterone concentrations (see Chapter 6.3.1.2).
These patterns, although not always significant, possibly due to low statistical power, resemble findings
reported in blood steroids in psychosis-spectrum disorders (Ji et al., 2020; Ritsner, Gibel, Ram, et al.,
2006; Ritsner et al., 2007). Additional information gained through analysis of an extended battery of hair
steroids may allow to understand the specific contributions of steroids to the complex physiological
stress response. Furthermore, such an approach characterises concentration patterns specific to
individual states or disorders and may help to disentangle the overlap seen in more commonly
researched attenuated cortisol where similar patterns were observed between, e.g., schizotypy and
anxiety.

8.5 Resilience and coping in schizotypy
In contrast to stress vulnerability, resilience is characterised not only by the ability to withstand stressful
situations, but also to cope and thrive in the face of adversity. Most psychopathologies are characterised
by low levels of perceived resilience and high levels of maladaptive coping (see Chapter 1.4).
In line with the hypotheses, higher schizotypy levels were associated not only with increased stress
vulnerability, but also with lower perceived resilience as well as with increased avoidant and trend
decreased approach coping (see Chapters 5 and 7). While showing that schizotypy levels predicted levels
of depression and anxiety in the context of real-life stressor, research in Chapter 7 also established that
avoidant coping partially mediated this relationship. This means that both high schizotypy and
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preferential avoidant coping may act cumulatively as vulnerability factors in the face of adversity. This is
in line with previous findings in young adults at ultra-high risk for psychosis reporting feeling more
distressed by events and showing poorer coping than healthy controls (Phillips et al., 2012) as well as in
patients with early and chronic psychosis (Luther et al., 2020), schizophrenia or bipolar disorder (Deng et
al., 2018). No clear differential effects of schizotypy subscales were observed on the reported levels of
resilience (see Chapter 3). Perhaps introduction of alternative measurements of resilience (e.g.,
Resilience Scale for Adults, Friborg et al., 2003) or measuring more specific concepts within resilience
such as self-efficacy, perception of control, or social support would help to identify schizotypy
dimensions most related to the perception of resilience in the future research.
A previous cross-sectional study of over 2600 young adults, some of which presented with diagnosed
psychiatric disorder (e.g., depression, anxiety disorder, bipolar disorder, personality disorder), suggested
that the association between early life experiences and psychotic-like experiences was mediated by
cognitive bias, depressive symptoms, and resilience levels. The increased perceived resilience had been
linked to increased psychotic-like experiences (Mętel et al., 2020). Such surprising finding was suggested
to reflect an overestimation of one’s own abilities (Mętel et al., 2020). This idea seems to be further
supported by the findings in the prospective design of Study 5 (Chapter 7), which observed that the
perception of own resilience levels did not change over a 6-months period in both high and low
schizotypy, yet the depression and anxiety levels increased in high schizotypy (see Study 5). Such
discrepancy between unchanged perceived resilience levels yet increased affective scores in the context
of higher use of avoidant coping strategies suggests that individuals with high schizotypy levels might
indeed have overestimated their coping needs and abilities, and consequentially failed to adjust their
coping behaviour when necessary. Higher avoidant coping was mostly associated with Unusual
Experiences, Cognitive Disorganisation, and Impulsive Nonconformity subscales (see Chapter 7.3.7).
Neither of the schizotypy subscales were clearly associated with approach coping. Perhaps the
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perceptual aberrations or positive schizotypy increased uncertainty of how to cope with a stressor,
cognitive deficits prevented from an objective evaluation of the situation or selection of cognitively
demanding adaptive coping strategies (such as planning), and the asocial/impulsive schizotypy traits
allowed to pursue maladaptive short-term coping such as substance use. In fact, the nature of
schizotypy as a trait is characterised by cognitive deficits, potentially preventing from active problem
solving and social anhedonia/lack of close friends, which might prevent these individuals from using
approach coping strategies, such as social support (Claridge, 1997). However, the research reported in
this thesis does not show a pronounced lower level of approach coping in high schizotypy. This is in line
with previous research, suggesting that it is not the lack of approach coping, but the prevalence of
increased avoidant coping use that seems key to psychopathological symptoms (Moritz, Jahns, et al.,
2016). Thus, interventions should address reducing maladaptive cognitive and emotional regulation
strategies (e.g., substance abuse, rumination, social withdrawal, referential thinking) in high schizotypy.
Although not assessed in the present project, investigations of perceived resilience and coping
preferences in benign schizotypy (Grant & Hennig, 2020), characterised by increased positive yet low
negative symptoms, would be of interest.
Furthermore, a distinction needs to be made between individual internal assets (personality traits,
knowledge of coping strategies) and the objective availability of resources such as access to information,
social support, and protective environment in general. This became particularly evident during the
investigation in the context of the COVID-19 related pandemic, where a lot of resources became
unavailable (e.g., social interactions) and the prevailing insecurity prevented from using coping
strategies such as planning (see Chapter 7). Lack of protective environments providing social support
have been associated with ultra-high risk of psychosis, first-episode psychosis (Pruessner et al., 2011),
and schizophrenia (Buchanan, 1995) and lower hair cortisol levels (Iob et al., 2018). Although not
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assessed in the current project, future research should investigate the effect of protective environment
on schizotypy levels.

8.6 Proposed model of stress in schizotypy
Considering findings from the present project in the context of previous literature, an extended
diathesis-stress model of stress response in schizotypy can be proposed (see Figure 8.1).
The proposed model integrates schizotypy into the neural diathesis-stress model of schizophrenia
(Pruessner et al., 2017) by acknowledging that non-clinical high levels of trait schizotypy share several
risk factors (e.g., early adversity, chronic stress, genetic predisposition, lack of protective environment)
and the neurodevelopmental trajectory (e.g., dysregulation of HPA axis, cognitive deficits) with
schizophrenia and psychosis-spectrum disorders (see Chapters 1.2.1, 3, 4, 5, and 6). The revised neural
diathesis-stress model of schizophrenia by Pruessner et al. (2017) (see Chapter 1.5) does not clearly
define the “antecedents” of psychosis beyond psychotic experiences in non-help seeking individuals.
However, findings from previous literature and the present project suggest that not only psychotic
experiences, but also further schizotypal dimensions such as cognitive deficits, antisocial behaviour, and
social anhedonia are relevant for the progression towards psychopathology and should therefore be
represented within the diathesis-stress model. Secondly, high levels of schizotypy are also specifically
integrated in the proposed extended model within the fully dimensional model by Claridge, 1995 (see
Chapter 1.2.3) to constitute a likely foundation for a higher risk in non-clinical population to develop
psychosis-spectrum disorders and psychopathology in general. Finally, a stress-response circle is
introduced (see Figure 8.1, red box), which represents proposed core psychobiological factors and
mechanisms of stress vulnerability resulting from neurodevelopmental alterations in high schizotypy.
The increased stress vulnerability and sensitivity in high schizotypy, which was confirmed by the current
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findings (see Chapter 8.2, 8.3) poses itself a threat to successful daily stress management. Furthermore,
it may serve as an explanation for the increased risk of the transition from non-clinical to clinical state.
The stress sensitivity seems to arise from observed dysregulations of the HPA axis in high schizotypy,
leading to an attenuated cortisol response to acute stress. Physiologically, less unbound cortisol results
in less available glucose to react to a stressor (Khani & Tayek, 2001), impairing the alertness and the
overall preparedness. On the other hand, the cognitive deficits may increase a feeling of
unpreparedness and uncontrollability of the situation. This is supported by the findings in Chapter 5
showing that high schizotypy reacted with higher levels of insecurity and higher perceived stress in
response to the acute social stressor and a prolonged emotional recovery than those in the low
schizotypy group. Such an insecure state in addition to the lower available energy resources may lead to
a perception of low self-efficacy. Self-efficacy was not measured in the present project, however,
previous research suggests that low self-efficacy is associated with anhedonia in schizophrenia spectrum
disorders (Cassar et al., 2013) and low self-esteem with ultra-high risk of psychosis and first-episode
psychosis (Pruessner et al., 2011). Introvertive Anhedonia, in turn, was one of the main subscales that
was found to be associated with increased stress perception in high schizotypy (see 8.2).
Consequentially, insecurity and low confidence may facilitate the decision to employ avoidant rather
than approach coping, which rarely leads to successful long-term problem-solving. Additionally, high
schizotypy levels may contribute to the inability to identify and pursue adaptive coping strategies due to
cognitive disorganisation, which might impair planning and information seeking, and social anhedonia
which might impair seeking of social support. Unresolved stressful situations and perception of
uncontrollability may in turn facilitate development of depressive and anxious symptoms, which was
observed in the prospective study described in Chapter 7. Thus, the stressful situations may chronify and
contribute to the perception of higher prolonged or repeated chronic stress in high schizotypy, which in
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turn impairs the acute stress response, as described in Chapter 5, concluding the vicious circle of
maladaptive stress response.
In contrast, although not assessed in the present project, supportive environments may reduce chronic
stress and high schizotypy may be more susceptible to the benefits of supportive environment than low
schizotypy. Hence, although the proposed extended model of stress response in schizotypy is based on
the diathesis-stress model, future research might replace it with the more diverse differential
susceptibility model (see Chapter 1.5).

.

266

Figure 8.1
Proposed diathesis-stress model of stress response in high schizotypy

Notes. Diathesis-Stress Model (Pruessner et al., 2017); Fully dimensional model of schizotypy (Claridge, 1995); GR – glucocorticoids.
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The proposed model also invites a debate on whether schizotypy should be considered as a
construct that first and foremost signalises vulnerability to the development of psychopathology
(Lenzenweger, 2021) or whether it also characterises current measurable and relevant daily-life
impairment. Present research considering stress vulnerability is clearly showing high schizotypy in
non-clinical populations to present with a maladaptive stress management pattern in different
domains (e.g., emotional, sensory, or cognitive) and increased perceived distress. This suggests that
while research on schizotypy in the context of progression towards schizophrenia and psychosis is
paramount, high schizotypy on its own appears to be an endophenotype worth following up on
individually. The findings of positive schizotypy subscales to be predominately associated with
physiological stress response, whereas negative and disorganised schizotypy subscales to be
associated with psychological stress perception, confirms the necessity to measure all schizotypy
dimensions and to combine them in one cohesive construct.
Secondly, the findings of this thesis suggest a causal effect of trait schizotypy on anxiety and
depression levels, in contrast to causality of depression levels on psychotic-like experiences
previously proposed by Mętel et al. (2020). This stresses the fluidity of schizotypy as a construct
including both schizotypy trait and state and the importance of conceptual clarity when formulating
hypotheses, selecting appropriate instruments of measurement, as well as reporting findings. It is
likely that trait schizotypy affects stress response, while stress levels affect state schizotypy, which in
turn might increase the experience of stress. Future research should assess both trait and state to
understand their involvement in acute and chronic stress response.
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8.7 Implications for wider field
The proposed extended model of stress response in schizotypy based on the findings from the
present project aspires to increase the resolution of our understanding of stress perception in
schizotypy. However, these findings may be also relevant more widely, since schizotypal traits have
been linked to the development of not only psychotic but also non-psychotic psychopathology, such
as depression (Lewandowski et al., 2006; Premkumar, Kuipers, et al., 2020), suicide (Schimanski et
al., 2017), impaired neurocognition, as well as poorer quality of life and daily functioning (e.g.,
Cohen et al., 2015; Ettinger et al., 2014; Siddi et al., 2017). Therefore, high levels of schizotypy might
serve not only as “a useful phenotype for understanding the pathogenesis of psychosis” (FonsecaPedrero et al., 2018, p.3), but also as a mental health vulnerability factor in a broader sense
(Barrantes-Vidal et al., 2015). Multifinality represents one of the principles of developmental
psychopathology suggesting that a common early risk factor, such as trauma, low socio-economic
status or unspecific neurological impairment, may lead to or be associated with a wide range of
psychopathological outcomes (Cicchetti & Rogosch, 2002). In contrast, equifinality refers to the
observation that different developmental trajectories and interactions between risk factors may
lead to the same diagnostic outcome (Debbané et al., 2015), such as psychotic symptoms (Bentall et
al., 2014). Following these principles, it was suggested that schizophrenia-spectrum disorders may
represent one of many categorical finalities reached through various developmental trajectories and
that schizotypy may represent a “developmental vehicle” or a key developmental mediator along
the risk trajectory towards various psychopathology (Debbané et al., 2015). This assumption is
supported by findings in Study 1 (Chapter 3), where higher schizotypy levels were found in
individuals with a range of diagnosed psychopathological disorders such as the generalised anxiety
disorder, depression, borderline personality disorder or eating disorder (see Chapter 3.3.7).
Furthermore, in Study 5 (Chapter 7) schizotypy levels were found to directly increase anxiety and
depression levels, partly mediated by higher use of avoidant coping, to reach clinically significant
levels in healthy participants.
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Overall, the results suggest that measuring schizotypy levels and variations within its dimensions
may help identify mental health and stress vulnerability in non-clinical population. Earlier detection
of vulnerability might open avenues for the development and implementation of
preventive/supportive and more individually targeted interventions. The proposed model of stress in
schizotypy suggests several targets for a possible intervention, for instance, to decrease maladaptive
avoidant coping (Moritz, Jahns, et al., 2016) and replace it with more adaptive approach coping
strategies to support at-risk individuals in the face of adversity. Self-reported disorganisational
schizotypy, unlike all the other schizotypy subscales, was previously found to change over time and
thus be subject to adjustment (Moreno-Izco et al., 2015). Therefore, employing interventions
targeting this dimension specifically, such as cognitive coping skills training (Smith, 1989), might
contribute to a reduction in maladaptive coping and/or increase in adaptive coping choices,
consequentially resulting in lower affective psychopathological states (Moritz, Jahns, et al., 2016).
Further potential interventions could target the cognitive appraisal of stress evoking events by using
desensitisation techniques such as biofeedback (Tyson, 1996), by increasing self-efficacy (Schunk &
Ertmer, 2000) or by teaching stress reduction techniques (e.g., Kabat‐Zinn, 2003).

8.8. Limitations
Several limitations of the present research should be acknowledged.
Some fundamental methodological considerations for research in schizotypy were proposed by Neill
(2014) which are also applicable to the current research. Firstly, for the majority of studies (as
described in Chapters 3, 5, 6, and 7) mainly healthy university students aged between 18-25 were
recruited. This was done to investigate schizotypy in an age group where first episodes of psychosis
might be surfacing (Häfner, 2019), to avoid confounders of psychopathology (e.g., medication)
unrelated to trait schizotypy, as well as to draw from a more available population. Due to usage of
samples from previous recruitment and imposed restrictions on experimental research due to
COVID-19, disproportionally high females to males ratio was observed in the final student
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population samples, which could not be addressed beyond statistical confounder analyses. Thus, the
results may not allow to generalise the findings beyond this age and socio-economic group. Previous
research suggests differences in schizotypy levels depending on age, sex (Bora & Baysan Arabaci,
2009), and socio-economic background (Cohen et al., 2008). Indeed, in the community sample of
male participants with a larger age range in Study 2 (Chapter 4), schizotypy scores were observed to
decrease with age and years of education. This was addressed by including age and years of
education as confounding factors. The direction of the relationship between schizotypy, perceived
stress, and early life adversity remained the same in all individual samples regardless of age, sex, or
socio-economic background.
Secondly, for the research described in Chapters 3, 4, and 7 the statistical analyses (e.g., t-test and
ANOVA) enforced the split of the sample in two groups such as high versus low schizotypy or
childhood trauma versus no childhood trauma based on median split or cut-offs suggested by
previous research. This might have led to a loss of information and detection of non-linear
relationships (Altman & Royston, 2006; Neill, 2014). For the research in Chapters 5 and 6
participants were deliberately pre-screened and recruited based on their schizotypy profiles to
create more meaningful high and low schizotypy groups. Findings on relationships between
schizotypy and stress or resilience perception were comparable between the enforced split and prescreened analyses. Thirdly, several previously proposed confounding factors such as cultural
background, religion, or history of psychosis in close relatives have been either not or only
inconsistently collected and should be addressed in future research (Neill, 2014).
Another limitation was relying on self-report for schizotypy, number of stressful events experienced,
as well as experience of childhood trauma. High schizotypy appears to be more vulnerable for
cognitive biases affecting reporting (e.g., decreased source memory; Sacks et al., 2012), which was
partly confirmed by higher minimisation/denial scores in the context of childhood adversity in high
schizotypy in Chapter 3. Using methods such as event sampling to overcome memory loss (Reis &
Gable, 2000) or third-party reports such as medical records or observational studies may increase
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the reliability, yet would come at a greater cost and would not represent the individual’s perceived
stress. Therefore, self-report and third-party reports should be employed ideally in conjunction.
Further limitations resulted from the fact that correlation analyses do not enable directionality of
relationships to be understood, as well as that the reporting of schizotypy and stress perception
could have been mutually influenced through reporting them at the same time, as was the case in
Study 1 (Chapter 3). However, these issues were addressed in subsequent studies by assessing
schizotypy in a separate session prior to (Chapters 5, 6, and 7) or after (Chapter 4) assessing
perceived stress and perceived resilience. Furthermore, instructions for questionnaires were
modified to assess trait schizotypy (anytime over the lifetime) and more recent time frames for
perceived stress and resilience (over the last one or three months) to establish a chronological
directionality. Analytical limitations in detecting and quantifying hair steroid levels arose from
employing a newly established assay, which requires further validation. Present data can be
considered as a valuable basis for future modifications and improvements and future research will
benefit from including the proposed extended battery of steroids, which could be detected in hair.
Finally, larger sample numbers, particularly in the TSST study where recruitment and testing had to
be prematurely stopped, would have arguably increased the statistical power and allowed for
detection of expected effects, some of which were presently noticed as trends only, or would have
diminished the chances of false-positive effects (Simmons et al., 2011). Hence, ad-hoc power
calculations were conducted where possible to set a recruitment target which was either met (e.g.,
Chapter 7) or had to be readjusted due to unforeseeable circumstances (e.g., Chapters 5 and 6).
Interpretations were therefore cautiously formulated based on the observed significant results and
trends and limitations of recruitment disclosed and discussed in the individual chapters (Simmons et
al., 2011).
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8.9 Future directions
Following on from the limitations, further research is needed to replicate findings of the present
project. Future research should recruit larger and more diverse, preferably community-based
samples, to investigate the effects of age, sex, socio-economic status, and cultural background on
stress sensitivity in high schizotypy and to further investigate the impact of life experiences and
coping strategies. Use of third-party reports such as interviews with peers and relatives, access to
relevant medical records, introduction of methodology such as event sampling or story recall tasks
could help to understand whether increased stress perception in high schizotypy is associated with
an impaired recollection of events. Longitudinal research with repeated assessment of stress
variables and schizotypy state would be preferable to explore the directionality of relationship
between trait schizotypy and stress perception as well as coping over prolonged period. Assessment
of further factors such as cognitive biases, self-efficacy, access to resources, and experience of
protective environment might help to understand the discrepancy between perceived impairments
and objective performance observed in high schizotypy.
A heterogeneity within acute stress response was previously observed in schizophrenia, with a
subgroup of patients not presenting with attenuated cortisol response to an acute stressor (Tas et
al., 2018). The acute and chronic cortisol response in this thesis involved pre-recruited individuals
with either only high or only low scores on all schizotypy subscales. Future research should therefore
also recruit and investigate stress sensitivity and cortisol response in other possible subgroups of
schizotypy, such as the highly functioning “benign” schizotypy with high positive but low negative
and cognitive disorganised subscale scores (Grant & Hennig, 2020) to explore whether this
phenotype was more resilient to stress and had a different physiological response.
The methods for investigation of physiological stress response to acute and chronic stressors
employed in this project could further benefit from complimentary assessment of other
physiological biomarkers of stress such as skin conductance levels, heart rate variability, or
respiration rate during acute stressor and assessment of cortisol awakening response and a larger
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battery of hair steroids in the context of chronic stress. The assessment of acute and chronic steroid
concentrations simultaneously in the same sample, as done in this thesis, could serve as an example
for future methodologically integrative study designs. More recently, other hormones beyond
glucocorticoids and steroids have been suggested to affect the stress regulation, such as oxytocin
(Tas et al., 2018) and vasopressin (Gibbs, 1986), so future research might consider effects of these
hormones on stress response in schizotypy. Future investigation of the immediate cognitive
response to acute stressors (e.g., avoidance, rumination, etc.) would be of interest as well (Crosswell
& Lockwood, 2020) and could be measured with the appropriate self-report instruments.
Further questions remain unanswered, for instance, whether the relationship between trait and
state schizotypy might be affected by acute or chronic stress and could be modified by interventions
targeting stress perception, coping, or access to protective environments.
Researching the effect of schizotypy on stress vulnerability in a non-clinical population makes it
difficult to establish a clinical or otherwise measurable significance of differences between high and
low levels of schizotypy. It is possible to argue that since schizotypy exists on a continuum and its
impact differs based on the environmental factors, an establishment of cut-off may not be
appropriate. However, identification of an increase in schizotypy or stress levels similarly significant
to the minimal clinically important difference (MCID) established for many clinical populations
(Kocks et al., 2006; Lemay et al., 2019) would be desirable. Future research around this topic should
be based both on individual’s perception of impairment/suffering and objective observations of
impairments in performance, yet should refrain from overinterpreting statistical significance as
clinically relevant (Ranganathan et al., 2015).
Finally, future research should explore whether individuals with high schizotypy would benefit from
interventions targeting the revealed stress sensitivity and maladaptive coping.
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8.10 Conclusion
In summary, present findings confirm the increased perceived stress sensitivity in high schizotypy
compared to low schizotypy, which is influenced by various genetic and environmental factors.
Attenuated cortisol response to acute and, for the first time, to chronic stress was observed,
suggesting not only psychological, but also physiological stress vulnerability in high schizotypy. The
stress vulnerability in high schizotypy was identified to increase depression and anxiety symptoms in
response to a real-life stressor, which was partly mediated by maladaptive coping. Overall, the
psychological and physiological stress response pattern observed in high schizotypy within healthy
and predominantly young adults resembles stress response previously observed in psychoticspectrum disorders.
The extended model of stress response in schizotypy proposed based on the findings of this project
may help to increase our understanding of schizotypy as vulnerability factor for the development of
psychopathology and inspire advancement of early detection and more targeted support of
vulnerable individuals.
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Appendix
Figure A.1
Standardised regression coefficients for the relationship between schizotypy subscales (Unusual
Experiences, Introvertive Anhedonia, Cognitive Disorganisation, and Impulsive Nonconformity) and
anxiety/ depression, as mediated by coping style

Unusual Experiences
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Introvertive Anhedonia
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Cognitive Disorganisation
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Impulsive Nonconformity

Notes. A) Time 0 (n=61), prior to first National lockdown in the UK due to Covid-19 pandemic,
B) Time 1 (n=61), one month after lockdown, C) Time 2 (n=47), three months after lockdown,
D) Time 3 (n=51), six months after lockdown; **p<.01, ***p<.001; Lower and upper bounds of
95% confidence interval presented in square brackets; significant direct and indirect effects are
shown in bold and blue (for anxiety) or red (for depression).
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