i nininininl |
i

MY ¥ W

M UEGYETEM 17 82

Budapest University of Technology and Economics

Doctoral School of Psychology — Cognitive Science

Noémi Bathori

THE TEMPORAL RELATIONSHIP BETWEEN
SLEEP AND DIFFERENT COMPONENTS OF
MENTAL HEALTH

Thesis Booklet

Supervisor: Péter Simor, PhD

Budapest, 2025



Scientific background and main objectives

Sufficient and restorative sleep is indispensable for mental well-being. However, this relationship
is presumably dynamic and bidirectional (Kahn et al., 2013). Neuropsychiatric disorders (e.g.,
depression, bipolar disorder, anxiety, and schizophrenia) are often comorbid with sleep
disturbance. Yet, sleep disruption is often considered a secondary symptom associated with these
conditions (Freeman et al., 2020), grouped together with other daytime symptoms, neglecting the
possible temporal relationship between sleep parameters and daytime functioning.

Mental disorders appear to be associated with three common yet pivotal features: impaired
cognitive and emotional functioning and disturbed sleep. Moreover, findings from empirical
studies suggest a potential relationship between daytime cognitive and emotional functioning and
sleep features, as observed in both general and clinical populations (Riemann et al., 2020; Walker,
2009). Most results come from cross-sectional studies that cannot establish temporal relationships
or causality. Additionally, laboratory studies manipulating sleep or inducing negative mood, stress,
or cognitive load typically examine only one direction of this relationship. Although these studies
provide insight into the underlying mechanisms of these relationships, they often lack ecological
validity.

However, days, like nights, and individuals are never identical. Therefore, understanding
the role of temporal and individual differences in the relationship between sleep and daytime
cognitive and emotional functioning is essential. Such insights could inform efforts to promote,
monitor, and maintain mental well-being as well as support the screening, prediction, and detection
of mental health issues.

From a research perspective, mental health can be conceptualized as a continuum ranging

from typical to pathological, rather than as strict diagnostic categories defined by rigid thresholds



(Regier et al., 2013). This dimensional approach (Conway et al., 2019; Vilar et al., 2019) enables
the study of the general population (including clinical and non-clinical populations) on the same
continuum by considering the presence and severity of symptoms.

Our primary aim was to investigate the temporal relationship between nighttime sleep
features and daytime cognitive and emotional functioning across four studies. Specifically, we
examined how different sleep characteristics (subjective quality and duration, objective
parameters, and emotional aspects of dreams) were temporally related to different mental health
components, including cognitive (psychotic-like experiences (PLEs) and mind-wandering
frequency) and emotional (negative mood and affect) factors.

We investigated these variables in non-clinical populations, as the general population likely
exists on a continuum across the general population and can be examined from a more
transdiagnostic perspective. Adverse changes in our selected variables may contribute to poor
sleep and mental well-being, increase the risk of developing sleep and mental disorders, or, when
severe, manifest as symptoms of psychiatric conditions such as schizophrenia or depression.
Studying these associations in non-clinical groups also offers practical advantages, including
easier participant recruitment and the absence of the effects of hypnotics, antidepressants, or
antipsychotics.

Overall, our findings suggest that temporal order matters in the relationship between
nighttime sleep and daytime cognitive and emotional functioning. Poorer sleep quality and shorter
sleep duration predicted more PLEs and more frequent mind-wandering during the day in separate
studies. These unidirectional relationships were associated with elevated negative affect, measured
consequently. Similarly, poorer objective sleep parameters, such as prolonged wakefulness and

reduced REM and SWS sleep, also preceded more mind-wandering the following day, again



indicating a unidirectional relationship. In contrast, the relationship between dream mentation and
daily cognitive functioning remains inconclusive. Increased PLEs predicted more salient and
negative dreams; however, the reverse association was not observed. In contrast, less intense
dream experiences predicted more mind-wandering the following day, suggesting a unidirectional
relationship in the opposite direction. Furthermore, our findings indicate that individual trait
differences may shape the relationship between sleep-related experiences and daytime cognitive
and emotional functioning. Taken together, these results highlight the importance of accounting
for sleep in both clinical and non-clinical populations to improve mental well-being. Overall, these
findings underscore the importance of considering sleep in mental health, suggesting that in both
clinical and non-clinical populations, mental health is not limited to daytime functioning alone.
Sleep may also play a dual role: at the trait level, disturbed sleep may indicate vulnerability to
mental health problems, whereas at the state level, it may act as a trigger and maintenance
mechanism, impairing the proper functioning of cognitive and emotional processes.

From the perspective of our research, the study of mental health and disorders requires a
24-hour transdiagnostic approach. Theoretically and methodologically, our findings support the
dimensional nature of mental health; however, no current transdiagnostic framework (e.g., HiTOP,
RDoC) is able to adequately model this by integrating clinical aspects, related underlying
biological processes, environmental factors, and temporal dynamics into a single unified system.
Such integration would require a framework that conceptualizes mental health as a "24-hour

ecosystem," in which trait characteristics and state changes can be considered simultaneously.



Thesis statements

Thesis 1: Sleep is impaired in psychosis

Psychotic disorders, including schizophrenia, are characterized by five key domains:
hallucinations, delusions, disorganized thinking (speech), abnormal or disorganized motor
behavior, and negative symptoms (Heckers et al., 2013; The American Psychiatric Association,
2022). Although sleep disturbance is not part of the diagnostic criteria, both clinicians and patients
recognize that disturbed sleep is associated with psychotic experiences (Freeman et al., 2020;
Reeve et al., 2019).

Research evidence further demonstrates that multiple aspects of sleep are altered in
psychosis. In a book chapter, we reviewed how sleep characteristics may relate to psychosis. First,
we outlined the basic features of sleep, including its measurement, classification, architecture,
microstructure characteristics, and underlying regulatory mechanisms. We also summarized
dreams and other sleep-related mental phenomena, given their shared features with psychotic
experiences (Dresler et al., 2015; Hobson, 2009; Koffel & Watson, 2009; Mahowald et al., 2011;
Scarone et al., 2008; Waters et al., 2016). This was followed by an overview of related sleep
disorders (namely, insomnia, nightmare disorder, circadian rhythm sleep-wake disorder, and
narcolepsy) and evidence for altered sleep -electroencephalography (EEG) patterns in
schizophrenia (Castelnovo et al., 2018; Ferrarelli, 2015; Kaskie et al., 2019; Sasidharan et al.,
2017). Finally, we discussed cognitive constructs that may mediate the association between
disturbed sleep and psychosis (Bentall & Fernyhough, 2008; Freeman et al., 2015), including
impairments in reduced prepulse inhibition (Frau et al., 2008; Petrovsky et al., 2014), reasoning

and cognitive flexibility (Lim & Dinges, 2010), cognitive control (Buonocore et al., 2015),



working memory (Ward & Garety, 2019), source monitoring errors (Frenda et al., 2014), and
susceptibility to false memories (Lo et al., 2016).

Overall, this chapter highlights a clear relationship between sleep disturbances and
psychotic symptoms. However, the temporal direction of this effect—whether poor sleep
contributes to psychosis, psychotic symptoms impair sleep, or both mutually influence each other
—remains unresolved. Further research is needed to clarify this temporal relationship and to
examine additional contributing factors, such as daytime and sleep-related emotional functioning,
which were not addressed in this chapter.

Related publication
® Bathori, N., Moustafa, A. A., & Polner, B. (2021). Sleep and psychosis. In A. A. Moustafa
(Ed.), Cognitive and behavioral dysfunction in schizophrenia (pp. 167-200). Elsevier

Academic Press.

Thesis 2: Disturbed sleep precedes increased psychotic-like
experiences (PLEs), partially mediated by negative mood, in

individuals with heightened trait schizotypy on a day-to-day basis.

As described above, psychotic symptoms are associated with disordered sleep; however, poor
sleep occurs in the general population (Fernandez-Mendoza et al., 2012), as well as psychotic-
like experiences (PLEs) (Linscott & Van Os, 2013). PLEs represent a subset of psychotic
symptoms that manifest at a subclinical level (Staines et al., 2022), including unusual perceptual
experiences, delusional-like thoughts, odd or unrealistic beliefs, and magical ideation. PLEs are
dimensionally distributed in both clinical and non-clinical populations the general and clinical
populations and are considered as potential markers of a proneness not only for psychotic disorders

but any mental disorders in general (Lindgren et al., 2022). Furthermore, PLEs are strongly



associated with schizotypy, a schizophrenia-like personality trait (Modenato & Draganski, 2015)
that is described as multidimensional, encompassing unusual experiences, cognitive
disorganization, anhedonia, and impulsive nonconformity (Mason & Claridge, 2006). Individuals
with heightened trait schizotypy report more PLEs (Kline et al., 2012) and reduced positive and
increased negative affect (Kemp et al., 2018; Lewandowski et al., 2006).

Prior research indicates that disturbed sleep is associated with PLEs among college
students (Andorko et al., 2017) and adolescents (Lee et al., 2012), as well as higher negative
emotions (Baglioni et al., 2010). A shared characteristic of poor sleep, PLEs, and negative affect
is that they may all contribute to diminished mental health. However, the temporal, day-to-day
relationship between state-level sleep and PLEs in naturalistic conditions has rarely been
examined.

We addressed this gap using a 21-day experience sampling study (ESM) with participants
showing medium to high trait schizotypy scoring >4 on the Unusual Experiences subscale of the
Short Oxford-Liverpool Inventory of Feelings and Experiences (sO-LIFE) (Mason & Claridge,
2006). Participants (N=73) in the ESM phase completed three questionnaires per day, reporting
their subjective sleep quality and duration after awakening, and PLEs and mood during the
afternoon and evening via an online platform. These hierarchical data were analyzed using
multilevel regression models.

The results showed that poor sleep quality and shorter sleep duration preceded increased
PLEs the following day, indicating a unidirectional relationship. PLEs were expressed more in the
evening than during the day. In addition, this unidirectional relationship between sleep and PLEs
was partially mediated by negative mood; that is, elevated negative mood alone could not explain

all the variance in PLEs. These findings suggest that good sleep hygiene may be a preventive factor



for mental well-being, and that sleep therapy may reduce the risk of psychotic and depressive
symptoms.

Figure 1. The association between sleep quality and PLEs.
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Note: The left panels show the associations between sleep quality/sleep duration and psychotic-
like experiences the following day. The right side shows how psychotic-like experiences are
associated with sleep quality/sleep duration the following night. Higher sleep quality scores
indicate poorer sleep. Points with darker colors indicate more negative mood ratings. The raw
values were transformed into z-scores for visualization.
Related publications

e Simor, P., Bathori, N., Nagy, T., & Polner, B. (2019). Poor sleep quality predicts psychotic-

like symptoms: An experience-sampling study in young adults with schizotypal traits. Acta

Psychiatrica Scandinavica, 140(2), 135—146. https://doi.org/10.1111/acps.13064
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® Bathori, N., Moustafa, A. A., & Polner, B. (2021). Sleep and psychosis. In A. A. Moustafa
(Ed.), Cognitive and behavioral dysfunction in schizophrenia (pp. 167-200). Elsevier

Academic Press.

Thesis 3: Psychotic-like experiences predict more negative and salient
dreams the following night and are differently associated with

schizotypy dimensions.

As noted above (see Thesis 1), dreams and psychotic experiences share phenomenological and
neurobiological features; therefore, dreaming has been suggested as a model of psychosis (Dresler
etal., 2015; Scarone et al., 2008; Waters et al., 2016)). Nightmares—vivid, story-like experiences
provoking fear, anxiety, and dysphoric emotions, resulting in awakenings and alertness (The
American Psychiatric Association, 2022; Thorpy, 2017)—are also associated with psychotic
experiences (Sheaves et al., 2015; Waite et al., 2019).

Despite these links, little is known about the temporal relationship between daytime PLEs
and nighttime dreaming and their association with schizotypal traits. To address this, we conducted
a three-week micro-longitudinal study (Study 2) with non-clinical university students (N=55) who
exhibited a high dream recall frequency. We assessed trait schizotypy scores and daily PLEs, as
well as dream emotions reported upon awakening. We analyzed how the factors of dream emotions
relate to PLEs at the between-individual and within-individual levels and how they are associated
with trait schizotypy factors.

Our findings indicate a unidirectional relationship: elevated PLEs predicted more salient
and negatively valenced dream emotions the following night. Schizotypy dimensions were
associated differently with dream emotions: introvertive anhedonia, cognitive disorganization, and

general disorganized schizotypy were linked to more negatively valenced dreams, whereas unusual



experiences were associated with more salient dreams. These results support the multidimensional
nature of schizotypy, which seems to influence mental experiences throughout the day and night,
suggesting that schizotypy may be a 24-hour feature.
Related publications
e Bathori, N., Polner, B., & Simor, P. (2022). Schizotypy unfolding into the night?
Schizotypal traits and daytime psychotic-like experiences predict negative and salient

dreams. Schizophrenia Research, 246, 17-25. https://doi.org/10.1016/j.schres.2022.05.020

e Bathori, N., Moustafa, A. A., & Polner, B. (2021). Sleep and psychosis. In A. A. Moustafa
(Ed.), Cognitive and behavioral dysfunction in schizophrenia (pp. 167-200). Elsevier

Academic Press.

Thesis 4: Disrupted sleep predicts increased mind-wandering and

negative affect the next day.

Mind-wandering, defined as a state of being disconnected from the present moment, environment,
and tasks while being immersed in self-relevant thoughts and feelings, is a phenomenon that has
been repeatedly linked to worse cognitive functioning (Andrillon et al., 2019; Mrazek et al., 2013;
Murphy et al., 2013; Nayda & Takarangi, 2021; Vinski & Watter, 2013), emotional functioning
(Killingsworth & Gilbert, 2010; Marcusson-Clavertz et al., 2020), and worse sleep quality
(Cardenas-Eglsquiza & Berntsen, 2022a, 2022b). Furthermore, a higher propensity for mind-
wandering appears to be associated with schizotypy (Kane et al., 2016; Shin et al., 2015), increased
negative affect (Christoff et al., 2016), and poorer mental health in general (Konjedi & Maleeh,
2017; Nayda & Takarangi, 2021). However, the temporal relationship between sleep, mind-

wandering, and negative affect has rarely been examined previously.
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Therefore, we studied night-to-day associations between subjective sleep quality/duration
and daytime experiences of mind-wandering frequency and negative affect in three micro-
longitudinal studies (Studies 1, 2, and 3). The third study (N=60) examined non-clinical university
students during the second and third waves of the COVID-19 pandemic without preselecting for

higher trait schizotypy scores or dream recall frequency, in contrast to the first two studies.

Results consistently indicate a unidirectional relationship between poor sleep predicting
more mind-wandering the following day (Figure 2). Across the three studies, poorer subjective
sleep quality consequently predicted more mind-wandering during the day, but not the other way
around. Furthermore, elevated mind-wandering was associated with concurrently reported
increased negative affect. Regarding sleep characteristics, sleep quality appeared to be more
sensitive to negative affect (both trait and state) than to daily mind-wandering frequency. In
contrast, sleep duration appears to be unaffected by daytime functioning, as only a higher
frequency of mind-wandering predicted longer sleep duration, with one exception: in the sample
with higher trait schizotypy. More frequent mind-wandering predicted longer sleep duration the
following night, suggesting a possible cumulative effect of sleep deprivation throughout the days.
Only this sample showed evidence of bidirectional associations between sleep duration and mind-
wandering and between sleep quality and negative affect.

These findings highlight the role of good sleep hygiene in supporting cognitive and
emotional functioning. However, trait differences, such as schizotypy, may influence the strength
and direction of these associations, warranting further investigation.

Figure 2. The relationship between nighttime and daytime experiences
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The temporal relationships between nighttime and daytime experiences

Trait and Time-invariant Nighttime Temporal Daytime Trait and Time-invariant
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S1, S2 S1, S2
Higher average level
of mind-wandering (S3) » .
Shorter average sleep duration S fEELE S$1,S2,S3 + )
(S1)» Sleep ———> < Worse sleep quality on average
) Quality (S3)
Higher average level !
of negative affect (S2, S3) » Mind.- 4 Higher average level of nega-
i tive affect (S1, S2)
S Wandering . .
— 4 Female gender and higher trait
¥ ;
Subjective © schizotypy (S2)
Sleep S S— 4 Lower age (S3)
Duration
-1, +|S1,
S2, S2,
S3 S3
Higher average level S1 +
. : —
of mind-wandering (S3) » Ny +
Shorter average sleep duration usfectlve S2 +
N> g e‘:.fy ’
uali ;
Higher average level s3 4S\/2Vorse sleep quality on average
of negative affect (S2, S3) » + Negative (82)
Affect 4 Higher average level of
mind-wandering (S1, S2, S3)
Subjective < Higher trait depression (S1)
Sleep
Duration
$1, 82 $1, 82, S3

Note. The vertically aligned variables were measured simultaneously. Symbols: Simple lines with
a single arrow indicate a unidirectional relationship between the variables. Double-lined arrows
indicate bidirectional relationships. The recursive arrows at the corners of the rectangles indicate
the autocorrelations of the variables. A single vertical line (without arrows) between the variables
indicates an association between the variables. The three studies (1, 2, and 3) are identified by the
abbreviation "S" followed by their number. A gray "X" and gray text indicate a lack of a significant

relationship or association in the referenced study.
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Related publications
e Bathori, N., Polner, B., Nagy, T., & Simor, P. (Expected in 2025) - Disrupted Nghts,
Troubled Minds: Night-to-day Associations Between Poor Sleep Quality and Mind-

wandering.

Thesis 5: Reduced REM and N2 sleep and lower dream intensity

precede increased daytime mind-wandering in a general sample.

Objective sleep measurements have shown that sleep is an inhomogeneous physiological state.
There are two main types of sleep: rapid eye-movement (REM) sleep and non-rapid eye-movement
(NREM) sleep, which alternate during each sleep cycle (Dement, 2005). NREM sleep is further
divided into three stages: N1, N2, and N3 (also referred to as slow-wave sleep (SWS)),
characterized by the depth of sleep, with N1 being the shallowest and N3 the deepest according to
the brain’s wave patterns and the body’s physiological features (including heart rate, respiratory
rate, eye-movements, and muscle tone). In addition, REM and NREM sleep are associated with
different underlying neural mechanisms and are dominated by different neurotransmitter
regulations. Therefore, objective sleep parameters may capture different aspects of the relationship
between daytime and nighttime experiences than subjectively measured sleep parameters do.

In this study (Study 4), we aimed to investigate how nightly objective sleep parameters are
temporally related to the daily frequency of mind-wandering, using portable
electroencephalographic (EEG) devices to collect full-night sleep recordings that are ecologically
more valid compared to laboratory sessions. A unique feature of this study is the micro-
longitudinal design combined with full-night sleep EEG recordings, in which we studied seven
consecutive nights and days. This approach can provide more information on objective sleep

parameters, as laboratory studies usually collect two nights of data per individual in a less
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naturalistic manner. Therefore, we recruited healthy individuals (N=67) and collected ~400
analyzable nights complemented with daily measurements of subjective sleep quality and dream
emotions reported on awakening and mind-wandering frequency during afternoons and evenings.
Poor subjective sleep quality is associated with objectively measured sleep parameters,
namely longer wakefulness and shorter REM and SWS phases measured during the given night.
Furthermore, shorter times spent in the REM and N2 sleep phases and less intense dreams
predicted more mind-wandering the next day. These findings suggest that different amounts of
time spent in different sleep stages may contribute differently to daytime experiences, which
cumulate in the perceived quality of mental well-being or lack thereof. However, further research
is needed to determine how the underlying neural mechanisms contribute to this potentially
unidirectional relationship.
Related publications
e Simor, P., Polner, B., Bathori, N., Bogdany, T., Sifuentes Ortega, R., & Peigneux, P.
(2023). Reduced REM and N2 sleep, and lower dream intensity predict increased mind-

wandering. SLEEP, zsad297. https://doi.org/10.1093/sleep/zsad297
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