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1 BACKGROUND AND AIMS OF THE DISSERTATION

Rumination,! defined as a repetitive passive focus on symptoms of low mood and on the
meaning and implications of these symptoms, was first identified as an important cognitive
vulnerability factor in depression research in the 1980s by Susan Nolen-Hoeksema. Following
her seminal work (1991) on Response Style Theory (RST), several studies were conducted and
findings supported the link between trait rumination and depression, making RST one of the
major cognitive vulnerability theories of depression. Subsequently, due to its ability to alter
emotions, rumination also became part of the research field of emotion regulation, which
emerged in the 1990s, as a cognitive strategy for regulating emotions. Studies of rumination as
an emotion regulation strategy, similar to research conceptualizing rumination as a cognitive
vulnerability factor, have typically focused on its mental health correlates. Related to this
emotion regulation approach, the present dissertation aims to further investigate the association
between rumination and mental health, but extending the scope of research to somatic health.
Response Style Theory can be considered an emotion regulation theory as it contrasts
rumination with distraction and problem-solving, which are all conceptualized as emotion
regulation strategies. Therefore, RST suggests that managing negative mood through
distraction or problem-solving can lead to a decrease in negative mood or symptoms. At this
point, one could argue that categorizing rumination as a coping strategy would be more
appropriate, as it could also be a response to a stressful event that is capable of generating low
mood. Therefore, a more general framework of self-regulation could be applied (Berking &
Wupperman, 2012). However, emotion regulation refers to the processes used to manage
emotions in stressful situations, as well as the modulation of positive and negative emotions in
everyday life. In daily life, individuals who regulate their emotions may not perceive situations
as beyond their capabilities or resources (Gross, 1998). Therefore, they do not initiate problem-
or emotion-focused coping responses. Compas et al. (2017) distinguish between coping and
emotion regulation, highlighting that coping, including emotion-focused coping, occurs in
stressful situations and can also involve achieving non-emotional goals through non-emotional
means. According to models of strategy-based emotion regulation (Naragon-Gainey et al.,
2017; Tull & Aldao, 2015), rumination is labelled in this dissertation as an emotion regulation

strategy that can be used in both stressful and non-stressful situations in everyday life.

1 For the word ‘to ruminate’ we can use ‘ragddni’ in Hungarian, which accurately conveys the meaning of the
term.
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There are several models aimed at characterizing rumination, both as a state and a trait,
and explaining why it has negative consequences on psychological functioning or health,
whether temporary or more enduring. Therefore, the introduction of this dissertation does not
solely focus on findings about the relationship between rumination and health, and the research
gaps in this field, but also aims to provide a broader insight into this relationship by introducing
the most influential explanatory models. However, it should be noted that the presentation of
the models in this text is selective. While several models can be found in the literature, the main
aim was to illustrate how maladaptive rumination is characterized and explained in the most
influential theories.

Initially, RST described depressive rumination as a cognitive response to low mood.
However, it is common to excessively focus on negative affective experiences or events other
than low or depressive mood. In our studies, we measured not only depressive rumination but
also other types of rumination. Therefore, the dissertation includes a brief discussion of certain
types of rumination. Rumination has many similarities with other forms of repetitive negative
thinking. For instance, worry and rumination may share common processes, and sometimes
they are not distinguished from each other even at the measurement level. In the introduction,
we briefly discuss this matter, as we adapted a questionnaire in the adolescent population that
measures both ruminative and worrisome thoughts.

It is important to note that the research presented in this dissertation was conducted on
non-clinical samples. This decision was made purposefully, as ruminative thinking exists well
before the development of different disorders and constitutes a risk factor, as supported by
prospective studies in adolescents (Hankin, 2008) and adults (Weber & Exner, 2013). To
understand why rumination is a transdiagnostic risk factor, it is necessary to identify pathology-
independent mechanisms or pathways that exist well before the development of
psychopathology. Therefore, among healthy participants, individual differences in rumination,
using a dimensional approach, may help to explain why rumination represents a transdiagnostic
risk factor in the development of various psychopathologies. This statement fits well within the
framework of the Research Domain Criteria. The initiative recommends identifying core
psychological processes linked to behavioral dimensions, such as rumination, and
neurobiological circuits implicated in psychopathologies (Cuthbert & Insel, 2013; Kozak &
Cuthbert, 2016). It is also worth noting that the study of correlates or possible underlying

mechanisms of rumination in psychopathology may be confounded by the characteristics of
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the disorder itself. For example, in major depressive disorder, persistent negative mood or other
symptoms such as concentration difficulties or anhedonia may have important implications for
both the process and content of rumination. Although it is clear that the study of rumination is
relevant in the presence of mental disorders, this is not what we aimed to explore with the
studies presented. Accordingly, we do not discuss the etiology or explanatory models of
depression or other mental disorders. We do note, however, that rumination has been shown to
play a role in explaining depressive symptoms prospectively, even when considered in
conjunction with other cognitive vulnerabilities such as automatic thoughts, cognitive errors,
dysfunctional attitudes, negative cognitive style and negative cognitive triad (Marchetti et al.,
2021).

Regarding the empirical studies, for each study, a brief statement of the aim was provided,
followed by the methods, results, and a detailed discussion. The dissertation concludes with a
general conclusion without exhaustively repeating each specific result. This conclusion will
address how the research gaps identified in the introduction were addressed and evaluate the
results briefly in light of other findings.

The introduction did not cover many topics, such as interventions or therapies. However,
we discussed our findings in relation to the specific study when they had clinical or practical

relevance.
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2 INTRODUCTION

Ever since Susan Nolen-Hoeksema demonstrated in their studies during the 1980s and 90s that
the ruminative response to depressive mood (i.e., depressive rumination) plays a pivotal role
in sustaining depressive mood (Nolen-Hoeksema, 1991), and, consequently, in the
development of major depression (Abela et al., 2002; Nolen-Hoeksema, 2000), rumination has
garnered significant attention (Lyubomirsky et al., 2015; Watkins & Roberts, 2020). Later
approaches no longer limited the process of rumination to a possible response to depressive
mood; rather, it was treated as a more general cognitive emotion-regulation strategy (Garnefski
et al., 2001; Nolen-Hoeksema, 2012), capable of perpetuating negative emotions following
exposure to stressors (Aldao et al., 2014) or everyday negative events (Moberly & Watkins,
2008).

Today, rumination, which refers to the repetitive and passive focus on one's negative
thoughts and feelings, and its possible causes and consequences (Nolen-Hoeksema et al.,
2008), is recognized a transdiagnostic vulnerability factor for mental health (Watkins &
Roberts, 2020) as it appears to be associated with various psychopathologies. These include,
for instance, anxiety disorders (Rickerby et al., 2022), bipolar disorders (Kovacs et al., 2020;
Silveira Ede & Kauer-Sant'Anna, 2015), eating disorders (Prefit et al., 2019; Smith et al., 2018),
borderline personality disorders (Baer et al., 2012), posttraumatic stress disorder (Bishop et al.,
2018), and different forms of addiction (Caselli et al., 2010; K. Krause et al., 2018). Moreover,
an elevated level of rumination has been demonstrated to be linked not only with
psychopathological symptoms (Aldao et al., 2010) but also with lower subjective well-being
in clinical (Kraiss et al., 2020) and non-clinical samples (Sutterlin et al., 2012). In these studies,
rumination has been defined and operationalized as a stable trait-like characteristics, typically
assessed through self-report questionnaire. This suggests that rumination becomes maladaptive
primarily when it functions as a stable (habit-like) response style or emotion regulation strategy
in response to sad moods, other negative emotions, negative events, or stressors (Watkins &
Nolen-Hoeksema, 2014).

However, ruminative thinking (also referred to as state rumination) can occur

spontaneously throughout the day, as measured through experience sampling method (ESM)?

2 ESM is a structured method to assess everyday functioning with (nowadays electronic) diary techniques (for a
review, see (Myin-Germeys et al., 2018). People are notified several times a day over a certain period (e.g. 5-7
days) and are asked to report their ongoing (momentary) thoughts, moods or emotions, activities, etc.
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(Moberly & Watkins, 2008), during mind-wandering in everyday life (Ottaviani et al., 2013),
or during resting states in laboratory settings (Kuhn et al., 2014). Ruminative thoughts can also
be induced through experimental procedures (McLaughlin et al., 2007; Ottaviani et al., 2009).
Research on state rumination can aid in comprehending the psychological and biological
processes involved in rumination and why it may have adverse effects on mental health when
it becomes a stable response style.

During rumination, individuals dwell on negative emotions, related negative events,
potential causes, and consequences (Nolen-Hoeksema, 1991). Initially, this process may seem
common and normal, as it can aid in understanding events and our emotions. Indeed, engaging
in rumination is believed to be a normal process, also referred to ‘cued rumination’ (Koster et
al., 2011) that supports self-regulation (Martin & Tesser, 1996) and facilitates recovery from
upsetting events (Watkins, 2004). Consequently, two key questions arise: first, what are the
distinguishing features of maladaptive or non-constructive rumination; and second, when, why,
how and for whom does this maladaptive rumination pose a risk for diminished well-being or

the development of disorders?

2.1 Theories

2.1.1 Response Styles Theory

In one of the most well-known models of rumination, the Response Styles Theory, Nolen-
Hoeksema (1991) defined rumination as one of the possible responses (thoughts and behaviors)
to depressive mood, in which the individual focuses on their own depressive
feelings/symptoms, possible causes, and consequences. This emotion-focused response
involves passive dwelling on symptoms, feelings, what happened and why it happened (with
thoughts like “What am I doing to deserve this”). According to the theory it clearly lacks any
attempts at problem-solving or relieving distress (Nolen-Hoeksema, 1991), highlighting the
maladaptive (or unconstructive) nature of depressive rumination. Thus, RST draws a distinct
lines between problem-solving and rumination. During problem-solving, we reach decisions
on how to resolve our issues, whereas during rumination, we do not. Instead, during rumination,
the individual repeatedly brings up the same general types of thoughts without progression
toward solution or choice of a solution (Nolen-Hoeksema, 1996). It was also assumed that
directing attention away from depressive symptoms towards pleasant or neutral activities may

help alleviate symptom (Nolen-Hoeksema, 1991).
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The hypothesis proposed by the RST (Nolen-Hoeksema, 1991) suggests that rumination
exacerbates and prolongs distress, particularly low or depressed mood, has been subjected to
experimental testing through rumination induction. In these experimental studies, participants
were instructed to focus on their current symptoms and feelings (symptom-, and emotion-
focus), as well as on the meanings, causes, and consequences of these symptoms and feelings
(self-focus). To facilitate this ruminative focus, a series of statements were presented to the
subjects such as “Think about the level of motivation you feel right now”, or “Think about the
physical sensations you feel in your body”, or “Think about the possible consequences of the
way you feel”)® (Nolen-Hoeksema & Morrow, 1993). Additionally, the distractive response
was juxtaposed with the ruminative response (Lyubomirsky & Nolen-Hoeksema, 1993;
Morrow & Nolen-Hoeksema, 1990) using statements like “Think about the size of the Golden
Gate Bridge” or “Think about the layout of the local shopping center” (Nolen-Hoeksema &
Morrow, 1993). Notably, this induction proved effective only for participants with elevated
depressive symptoms; it had no impact on participants without elevated symptom levels
(Morrow & Nolen-Hoeksema, 1990).

Rumination induction studies have confirmed several potential mechanisms through
which rumination can exert its negative effects. Ruminative self-focus on depressive mood, its
possible causes and consequences can (1) amplify depressive or low mood and related negative
emotions (Morrow & Nolen-Hoeksema, 1990; Nolen-Hoeksema & Morrow, 1993), (2) easily
induce pessimistic, self-blaming, and self-criticizing thinking (Lyubomirsky et al., 1999), and
(3) impair problem-solving (Lyubomirsky & Nolen-Hoeksema, 1995; O'Mahen et al., 2015).
Additionally, based on the results of non-induction studies, rumination can (4) interfere with
instrumental behavior as well (Lyubomirsky et al., 2006). Even when individuals know how to
alter their low mood, they may resist initiating those behaviors (Lyubomirsky & Nolen-
Hoeksema, 1993). A study using rumination induction in everyday life several times a day also
pointed out that increase in momentary ruminative self-focus is associated with immediate
decrease in positive affect (Huffziger et al., 2012), suggesting additional mechanisms through

which rumination can exert its negative effects.

3 Nolen-Hoeksema notes that they deliberately tried to make neutral statements during the rumination
induction so that it would not be a negative mood induction per se (Nolen-Hoeksema & Morrow, 1993; Nolen-
Hoeksema, 1996).

16



kokonyei gy 149 23

In a 1987 review of gender differences in rumination and related empirical evidence,
Nolen-Hoekema identifies additional mechanisms behind its negative consequences.
Rumination may increase access to negative autobiographical memories and may also increase
the likelihood of finding depressogenic explanations for one's mood. This may also increase
the likelihood of having negative expectations for the future (Nolen-Hoeksema, 1987), based
on Ambranson's revised theory of learned helplessness (Abramson et al., 1978).

Therefore, considering the potential effects of state rumination and proposed mechanisms
that underly its negative consequences, it appears plausible that if rumination were to become
a consistent response to sad/depressed mood (assuming a trait-like characteristic), it could
contribute to the onset and prolonged presence of depression. Indeed, studies inspired by the
RST that investigated the stable tendency to engage in rumination when experiencing a low
mood — assessed through self-report questionnaires — have confirmed that trait rumination
could be a risk factor in the development of psychopathology in adolescents (Hankin, 2008),
and the emergence of depressive symptoms in adults who previously did not meet any
diagnostic criteria (Weber & Exner, 2013). It is worth noting that Nolen-Hoeksema, in her
influential paper, also suggests that rumination may not only be linked to depressed mood but
also to substance abuse or other harmful behaviors as a means of escaping from ruminative
thoughts (Nolen-Hoeksema, 1991).

Subtypes of trait depressive rumination, specifically brooding and reflective pondering,
were identified based on a factor analytic study of the Ruminative Response Scale (RRS, see
further details below) (Treynor et al., 2003). Brooding involves passive reflection on the "Why'
questions related to depressed mood, such as 'What did I do to deserve this?'. Reflective
pondering (or reflection), on the other hand, involves attempting to analyze one's own
emotions, thoughts, and recent events in order to understand them. It may be assumed that
brooding is not possible without reflection, but we can engage in reflection without brooding
on such “Why’ questions. This is supported by a moderate correlation between the two facets,
with an r value of approximately 0.4 (Treynor et al., 2003), however there are studies
demonstrating much stronger relationships (Holdaway et al., 2018). One argument for
separating the two aspects is that, while both are associated with emotional distress in cross-
sectional studies, however longitudinal studies have shown that brooding is the main predictor
of depressed mood or depression (Cox et al., 2012; Treynor et al., 2003). Additional

information on brooding and reflective pondering can be found in chapter 2.2.1.
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The difference between brooding and reflective pondering is somewhat similar to
Trapnell and Campbell's proposal for addressing the self-absorption paradox in personality
psychology (Trapnell & Campbell, 1999). This paradox refers to the fact that trait self-
consciousness defined as the tendency to focus on private self-aspects such as emotions,
thoughts, physical sensations, and memories (Fenigstein et al., 1975), can have both positive
and negative associations. Increased attention to inner states such as mood, feelings, motives,
and goals may lead to better self-knowledge. However, this increased focus on the self may
intensify negative states, leading to amplified negative affects. According to Trapnell and
Campbell (1999), the consequences of focusing attention on aspects of the self depend partly
on the motivation behind it. If self-focus is motivated by perceived losses, threats or other
negative events, known as self-rumination in their theory, it is likely to result in negative
consequences such as a depressed mood. Conversely, if self-focus is motivated by curiosity,
known as self-reflection or intellectual self-reflection, it promotes better self-knowledge and
mental health. Their study found that self-rumination®, as measured by the Rumination-
Reflection Questionnaire (RRQ), was associated with neuroticism, while self-reflection® was
correlated with the openness to experience factor of the Big Five, indirectly confirming that
the two types of attention to aspects of the self may be associated with different motivations.
In accordance with different motivational backgrounds, self-rumination was found to be more
closely related to spontaneous mind-wandering, while self-reflection was found to be more
closely related to deliberate mind-wandering over and above neuroticism and need for
cognition (Vannucci & Chiorri, 2018). Based on the correlations between the subscales of RRS
and RRQ (Schoofs et al., 2010), it appears that the reflection construct measured by the RRQ

and RRS may not be equivalent®.

4 Example items for self-rumination from Rumination-Reflection Questionnaire (Trapnell & Campbell, 1999):
“Sometimes it is hard for me to shut off thoughts about myself”, or “I spend a great deal of time thinking back
over my embarrassing or disappointing moments”.

5 Example items for self-reflection from Rumination-Reflection Questionnaire (Trapnell & Campbell, 1999): “I
love analysing why | do things”, or “My attitudes and feelings about things fascinate me”.

6 This study found that the correlation between the RRS Reflection scale and RRQ Self-Reflection scale (r=0.41)
was stronger than the Brooding (RRS) and Self-reflection (RRQ) relationship (r=0.21), but similar to the
reflection-brooding (RRS) relationship (r=0.42). Therefore, it appears that the reflection construct measured by
the RRQ and RRS may not be equivalent. For comparison, the correlation between brooding (RRS) and self-
rumination (RRQ) was 0.59.
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In summary, a number of early empirical studies inspired by the RST have investigated
the ruminative episode and its consequences. Others have focused on individual differences in
rumination as a stable response style to low or depressive mood.

Although the theory was originally intended to explain the link between rumination and
depression, empirical evidence has already shown, as in Nolen-Hoeksema's 2008 synthesis,
that rumination is associated with other psychopathologies. In their summary, Nolen-
Hoeksema and colleagues highlighted how RST aligns with the direction of the theory and
research on emotion regulation that has been prominent since the 1990s. Additionally, they
noted that the other two responses articulated in RST theory, namely distraction and problem-
solving, can also be considered as emotion regulation strategies. Additionally, the author
explored the potential connections among rumination, emotional suppression, and positive

reappraisal, all of which impact emotional distress.

2.1.2 Goal-progress theory / Control Theory

The goal-progress theory (Martin & Tesser, 1996), another early and prominent model of
rumination is based on Control Theory (Carver & Scheier, 1982; Powers, 1973), describes a
more instrumental and "normal"” rumination process among mentally healthy people. This
theory does not primarily explain the stable ruminative response style, but rather the state or
momentary (state) rumination.

According to the goal-progress theory, individuals typically ruminate on events where
there is a discrepancy between the current and the desired state (Martin & Tesser, 1996). This
explains why certain events, such as failure, rejection, or negative feedback from peers or
family members, can trigger state ruminative thoughts. The theory suggests that these thoughts
are usually prompted by events that signal unsatisfactory goal progress, indicating that the
desired goal is not being achieved at the intended pace. Simultaneously, these thoughts often
emerge unexpectedly (or automatically), seemingly without external prompting (Martin &
Tesser, 1996). Consistent with this theory, a study utilizing experience sampling method, for
instance, found a positive association between state ruminative self-focus and perceived low

progress towards goals (Moberly & Watkins, 2010).
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Goals can be analyzed based on various characteristics, such as their level of abstraction
(abstract vs. concrete’), significance/importance, and the extent to which obstacles hamper
progress (unresolved or blocked goals). These factors can all impact state rumination related to
goals (Watkins, 2008). Similarly, the motivation driving our pursuit of goals can influence
rumination. Thomsen and colleagues (Thomsen et al., 2011) proposed that goals pursued for
controlled reason (such as introjected and external reasons®) (Ryan & Deci, 2000) are more
likely to elicit rumination, as those goals are not integrated deeply into one’s self-schema.
Indeed, in alignment with this hypothesis, students reported increased instances of rumination
on regarding goals they pursued for introjected reasons (i.e., due to feelings of guilt or shame
if left unfulfilled), even after accounting for goal importance and progress (Moberly &
Dickson, 2016).

Within the goal progress theory, the onset, frequency or duration of rumination are
determined by the discrepancies and the characteristics of the goals. However, as pointed out
by Watkins (2008) when state rumination becomes maladaptive is not well-elaborated. The
elaborated control theory suggests that the impact of rumination on goal pursuit—whether it
facilitates or hinders—depends on the representation of the goals. If goals are represented at a
more abstract level (e.g., being loved by others), rumination can become more prolonged when
a discrepancy occurs compared to concrete goals (e.g. meet my friends almost every weekend).
This is because the path accomplishing abstract goals is not as straightforward. Additionally,
Watkins (2008) suggests that disengaging from a goal (or, we could add, that disengaging from
the activated representation of the discrepancy) is more difficult if the goal is abstract.
Furthermore, it is easier to come up with a more general sense of self statement such as
“Nobody loves me”.

The theory also proposes that if individuals use more concrete construals® (i.e., contextual
details, what to do to reach the ends, how to do it exactly) while ruminating, instead of focusing
on more abstract construals (i.e., the meanings and implications of events) when facing with

difficult or novel situations, they can avoid the negative effects of rumination (Watkins, 2008,

7 For example, exercising at the gym twice a week is a specific goal, while striving for a healthier lifestyle is a
more abstract objective.

8 People can pursuit their goals to avoid guilt or shame (introjected reasons) or to gain some external outcomes
(such as financial gain, a promotion) (external reasons).

9 The level of construal pertains to the characteristics of the mental representation of an event, behavior, or
goal. A lower level of construal is a more concrete mental representation that is rich in contextual details, while
a higher level of construal is a more abstract one that is decontextualized and based on meaning.
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2010). Note, that the elaborated control theory posits that depressive rumination is more akin

to thinking about events in abstract terms.

2.1.3 Habit-goal framework of depressive rumination: rumination-as-a-mental-habit
The habit-goal approach (Watkins & Nolen-Hoeksema, 2014) integrates Response Style
Theory with control theory to elucidate the transformation of state goal-directed rumination
into a trait-like characteristic over time. Expanding upon the habit formation approach
proposed by Wood and Neal (2007), the habit theory of rumination posits that repetitive
engagement in rumination as a response to recurring situations or emotions triggered by goal-
discrepancies can lead to the formation of a habit through the establishment of a context-
response association. Thus, Watkins and Nolen-Hoeksema (2014) propose that rumination
becomes a habit through repeated “practice”, and without conscious awareness (i.e.,
implicitly) that they learn this response, as it happens in habit learning (Seger & Spiering,
2011). Subsequently, the context itself—be it a situation (e.g., failure, interactions with others),
a physical environment (e.g., bed), an emotion (e.g., sadness, anger, disappointment), a specific
time of day (e.g., just before falling asleep), a physical sensation, or a symptom (e.g.,
headache)—automatically triggers the onset of rumination, as in other habit-like behavior
(Seger & Spiering, 2011). In line with the essential characteristics of habits (Wood & Riinger,
2016), once the rumination habit takes root, it becomes resistant to change, displaying
insensitivity to alterations in goals or outcomes.

Importantly, the theory emphasizes that diversifying strategies for coping with negative
emotional situations, applied context-dependently, can impede the stabilization of rumination
as a predominant response style. This is in line with findings that individuals who have and use
a variety of strategies to manage negative affects (such as depressed mood, anger or distress)
in everyday life (Blanke et al., 2020; Grommisch et al., 2020), i.e. individuals who have a
broader emotion regulation repertoire, report better mental health (Bonanno & Burton, 2013).
It is noteworthy that studies (Abela et al., 2007; Hilt et al., 2010) utilizing the ratio of
rumination, distraction, and problem-solving — three strategies outlined in RST — reveal that
the relative dominance of rumination over distraction and problem-solving predicts an increase
in depressive symptoms over time. In contrast to the ratio approach, the repertoire of emotion
regulation strategies approach focuses not only on the relationship between adaptive and

maladaptive strategies but also on the breadth of the repertoire, i.e., the number of strategies a
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person can employ. Nevertheless, both approaches indirectly suggest that over-reliance on a
single strategy for managing emotional distress should be avoided.

Investigating the emergence of rumination as a habit is inherently challenging.
Researchers have indirectly approached this question by seeking to identify key habit
characteristics, including automaticity and difficulty to control. For instance, self-reported
habit-like characteristics'® of negative self-related thoughts exhibited a strong association with
rumination (r=0.67) in a questionnaire study (Verplanken et al., 2007). Similarly, in an
experience sampling study (Hjartarson et al., 2021), negative thoughts about the self with habit-
like characteristics were found to be more likely to predict increased rumination at the next
measurement point when momentary heightened negative affects were present.

Watkins and Roberts (2020) propose the exploration of habit propensity, i.e., the
individual differences in forming habits, through the use of an outcome devaluation task and
its association with rumination. In this task (de Wit et al., 2018), participants initially learn
stimulus-response outcome contingencies, after which some outcomes are devalued through
punishments (e.g. getting painful stimuli) or other aversive consequences (e.g., loss of points
or money). The alteration in the value of the response necessitates participants to exert control
over the learned (automatic and "habitual") response. Watkins and Roberts (2020) hypothesized
that a higher habit propensity, indexed by more errors in the changed contingencies phase of
the task, would be correlated with trait rumination (see also the H-EX-A-GO-N model below).
However, a subsequent study did not find any association between trait rumination and a greater
habit relative to goal-directed behavior control (Hjartarson et al., 2020). Considering that the
outcome devaluation task used in that study may not measure habit propensity, but rather errors
or dysfunction in goal-directed controlled processes (de Wit et al., 2018), it is unclear whether
the original hypothesis is valid or not.

Conceptualizing rumination as a habit-like behavior has potential implications for
treatment. For instance, Watkins (2015) argues that in therapy, it is essential to explore and
target the automatic context-ruminative response associations. Traditional thought challenges
may prove ineffective when dealing with habit-like rumination. Instead, the critical processes
in rumination-focused cognitive-behavioral therapy involve analyzing and subsequently

modifying the contingency between context and the ruminative response. Additionally,

10 Involuntary thoughts, which are frequent, automatic and difficult to control and may arise without conscious
awareness or a specific intention to initiate them (Verplanken et al., 2007).
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enriching clients' repertoire to effectively manage negative emotions becomes a key aspect of

the therapeutic approach.

2.1.4 Stress-reactive rumination

Within the framework of the diathesis-stress model of depression, Alloy and colleagues
proposed an extension of the Response Style Theory (Alloy et al., 2000; Robinson & Alloy,
2003). They argued that negative thoughts (Abramson et al., 1978; Beck, 1987) in response to
negative life events or stressors may lead to depression if they are maintained by rumination.
This type of rumination has been labelled as stress-reactive rumination. More specifically,
individuals engaging in stress-reactive rumination often focus on negative inferences related to
the stressor, such as believing that the event's occurrence was entirely their fault (Robinson &
Alloy, 2003).

A prospective study (Robinson & Alloy, 2003) that followed undergraduate students who
had never experienced depression for 2.5 years provided initial empirical evidence on the role
of stress-reactive rumination measured by the Stress Reactive Rumination Scale (Alloy et al.,
2000) in the onset of major depressive disorder. In this study, as hypothesized, stress-reactive
rumination moderated the association between negative cognitive style and depression onset
and duration. Studies that focus on actual stressors and daily (Genet & Siemer, 2012) or
momentary ruminative responses to stressful events (Connolly & Alloy, 2017) have also found
an interaction between them in explaining depressive symptoms. It is noteworthy that stressors
that were ruminated about were more easily recalled two weeks later than those that did not
elicit such a response (Connolly & Alloy, 2018). It was also found that, in addition to the
presence of more stressors, increased recall was also associated with more depressive
symptoms (Connolly & Alloy, 2018). Ruminative thoughts about present or past stressors may
lead to sustained psychological and physiological arousal, which could affect not only mental
but also somatic health in the long-term (see the perseverative cognition hypothesis in 2.4.3
chapter, Brosschot et al., 2005).

Considering that there is a high correlation between trait depressive and stress-reactive
rumination, Robinson and Alloy (Robinson & Alloy, 2003) suggest that they may reflect a more
general tendency to respond with rumination to psychological distress. This concept proposes
that not only depressive mood or stressors/negative life events, but other affective states or

negative emotions such as guilt, anger, and anxiety can trigger rumination (Spasojevi¢ et al.,
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2003). Thus, we can investigate rumination from a broader perspective: the perspective of
emotion regulation (Gross, 1999). According to the stress-reactive rumination model,
rumination can occur before the onset of negative affect, contributing to the generation of an
emotional response. Alternatively, according to the RST, rumination can occur after the
emergence of negative emotion. Consequently, rumination can be seen as an emotion regulation

strategy due to its ability to change the trajectory of emotions (Gross, 1998).

2.1.5 Emotion regulation model
Emotion regulation refers to the automatic or controlled processes that alter the timing,
intensity, duration, valence, and/or expression of emotions to meet the goals of the individual
or situational demands (Gross, 1998; Thompson, 1994). One of the main question in emotion
regulation is how different processes influence emotion trajectory. The process model and its
extended version delineated by James Gross (1998, 2015) are commonly used frameworks for
this purpose. The process of generating emotions can be divided into a four-stage sequence:
situation, attention, appraisal, and response. Accordingly, regulation processes can be grouped
based on which aspect of the sequence they target: (1) situation selection: processes that
promote the active avoidance of or approach to situations, (2) situation modification: processes
that promote the modification of an aspect of the external situation to meet regulatory goals,
(3) attentional deployment: processes that promote the directing of attention to (a specific
aspect of) the situation, (4) cognitive change: processes that alter the meaning of the situation,
and (5) response modulation: processes that modulate any component (e.g., physiological,
experiential, behavioral) of the emotional response. In the process model, emotion regulation
occurs when the second-order valuation system evaluates the emerging or emerged emotion
(as the output of the first-level valuation system) to be undesired and the primary goal is to
change it. The first stage involves identifying the emotions to be regulated, followed by
selecting a strategy to regulate the emotion. The third stage involves implementing the strategy
using specific tactics and monitoring the implementation of the strategy and modifying it if
necessary (Gross, 2015).

Other models of emotion regulation, often referred to as strategy-based models (see
(Naragon-Gainey et al., 2017; Tull & Aldao, 2015), focus on how general strategies and

specific tactics (specific ways of implementing a strategy in a particular situation) influence

24



kokonyei gy 149 23

emotional trajectories and their relationship to well-being'!. However, the process model and
strategy-based approach to emotion regulation can be easily and commonly combined!?. For
instance, Gross and Thompson (Gross & Thompson, 2007) define rumination as a
concentration strategy that involves repetitively directing attention to the emotional aspects of
a situation, including the individual's feelings and/or the consequences of those feelings. Thus,
in this framework, rumination is a strategy that involves directing attention (attentional
deployment process) (Gross, 1999) that can also affect the emotion generation process or can
modify one or more components of the emotional response that has already been experienced
(e.g. intensifying feelings of shame or anxiety after a social failure, known as post-event
processing) (response modulation). Thus, rumination can be used in both the early and late
phases of the emotion generative process. This allows for testing whether the timing of strategy
implementation has any differential impact. One could argue that stress-reactive rumination, as
conceptualized by Alloy and colleagues (Alloy et al., 2000), occurs in the early phase, while
depressive rumination, described by Nolen-Hoeksema in RST (Nolen-Hoeksema, 1991) as a
response to depressed mood, represents a strategy applied in the late phase of the emotion
generative process. In addition, future events such as social situations or important
performances can trigger anticipatory or pre-event ruminative thoughts (Donohue et al., 2021).
These repetitive thoughts, such as thoughts about making a fool of oneself, can lead to
increased anxiety and avoidance of the situation (situation selection process) (Hofmann, 2007).
Therefore, various emotional processes or strategies can be employed to regulate affective

states, and these processes may influence each other.

Research on rumination as an emotion regulation strategy in experimental settings
focuses on the emotional and other changes, such as psychophysiology and neural activity,
during (or after) the rumination episode, also known as state rumination. In a meta-analysis of

experimental studies assessing emotion regulation processes and strategies, Webb and

11 The third group of emotion regulation models, referred to as ability-based models (Naragon-Gainey et al.,
2017; Tull & Aldao, 2015), focus on those emotion regulation abilities and skills (e.g., emotional awareness and
clarity) that promote adaptive or healthy emotion regulation (Berking & Wupperman, 2012; Gratz & Roemer,
2004).

12 Emotion regulation strategies can be categorised based on the targeted process. For instance, behavioral
avoidance - situation selection; problem solving - situation modification; rumination, distraction - attentional
deployment; cognitive reappraisal, acceptance, some forms of defence mechanisms — cognitive change;
emotional suppression, experiential avoidance — response modification (Gross, 1998; Gross & Thompson, 2007).
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colleagues (2012) applied the process model and identified three subtypes of concentration
strategy: (1) focusing on feelings and making judgments about them or reliving them, (2)
focusing on the causes, meanings, and consequences/implications of feelings, and (3) a
combination of both. These definitions are equivalent to rumination. Results showed that
focusing solely on feelings has a less negative impact (effect size was -.14) on the subjective
experience of emotions than focusing on their causes and consequences (effect size was -.34)
or both (effect size was -.36). Therefore, asking questions such as "Why am I sad?' along with
questions on the possible consequences of this feeling such as 'Will I be able to enjoy my
holiday if I am so sad?', could potentially exacerbate negative emotions more than simply
observing and judging them. These results confirm that when negative emotions are present,
combining 'why' questions with a self-immersed perspective (see below in more details) can
easily lead to self-reflective processes that further fuel negative emotions. These findings are
consistent with self-report studies that have shown that passively dwelling on the causes,
meaning, and consequences of feelings, i.e. brooding, has a robust relationship with lower well-
being (e.g., more psychopathological symptoms) (Aldao et al., 2010).

Studies that employ an experimental design often induce rumination by applying a stress
task. For instance, paradigms based on social-evaluative threat, such as Trier Social Stress
Test'® or speech stressors (Rosenbaum et al., 2021; Zoccola et al., 2012), are particularly
effective in inducing negative emotional states and post-stressor rumination. Some studies only
measure the induced state rumination or its duration or correlates (changes in emotions,
psychophysiological or neural correlates) over time. However, some research employs direct
rumination induction after a stressful situation, where participants are asked to ruminate on the
stressor (Peters et al., 2018) or their feelings and/or its causes, and consequences in a particular
way (Hilt & Pollak, 2012). Another aspect of the research involves recalling a specific memory
related to an emotion, such as anger (Fabiansson et al., 2012), regret (Dey et al., 2018), or
happiness (Gruber et al., 2009) and participants asked to ruminate on that emotion, and/or its

causes, and consequences in a particular way.

However, lab studies using induction do not provide much information about the

frequency and intensity of individuals' rumination on these emotions, or the specific situations

13 Trier Social Stress Test comprises a speech stressor and an arithmetic task.
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that trigger them. Investigating the spontaneous use (selection) of rumination in ecological
momentary assessment'* (EMA) studies provides evidence of when or in which context
rumination is selected. For instance, among adolescents, situations with high intensity of
emotions were more likely to be associated with the use of rumination (De France &
Hollenstein, 2022; Lennarz et al., 2019). However, in these situations, other strategies such as
distraction, social support, avoidance (Lennarz et al., 2019), relaxation or emotional expression
(De France & Hollenstein, 2022) were also selected to alter the emotions. However, modifying
intense emotions is challenging, regardless of the strategy employed (Wylie et al., 2023). Other
ESM studies show that there are specific emotions that are more potent in triggering
rumination. For instance, in a recent study with teens and young adults (Smith et al., 2023)
found that unhappiness had the strongest association with rumination among five negative
affective states, including unhappiness, boredom, anxiety, anger, and irritability.

Studies investigating both the spontaneous and instructed use of emotion regulation
strategies have revealed interesting results. For example, in the context of depression, although
individuals with depressive mood are able to use reappraisal when instructed to do so (e.g.,
following sadness induction in the laboratory), they do not appear to choose this strategy
spontaneously to reduce their sadness (Ehring et al., 2010). In reality, individuals often select
strategies, such as rumination or suppression, that sustain or even intensify their negative mood

(Quigley & Dobson, 2014).

Studies of the implementation phase of strategy usage have revealed that individuals tend
to use multiple strategies within one emotional episode, a phenomenon known as emotion
polyregulation (Ford et al., 2019). For example, rumination is often combined with worrying
and low acceptance within one emotional episode (Hartmann et al., 2023). Furthermore, there
are various specific ways in which someone may implement rumination. The processing mode
theory (Watkins, 2004, see below in more detail) suggests that the negative effects of
rumination are due to abstract, evaluative, and analytical processing. Recently, there has been

significant interest in the content of ruminative thoughts. For instance, the presence of self-

14 Repeated sampling of individuals’ experiences (e.g., emotions, behaviours, thoughts, etc.) in their natural
environments. It is possible to measure either daily experiences in an individual's natural environment over
several days (daily diary studies) or momentary functioning several times a day over several days (experiential
sampling method studies) (Myin-Germeys et al., 2018)
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critical thoughts (Watkins, 2008) during a ruminative episode may result in even worse
outcomes (Bernstein et al., 2017).

To ensure successful emotion regulation, individuals must monitor and adjust their
chosen strategy if it does not align with their goals. Nolen-Hoeksema suggested distraction as
a more useful strategy for managing rumination and depressed mood (Nolen-Hoeksema &
Morrow, 1993). This indicates that distraction may aid in terminating rumination. To test this,
in one study adolescents were instructed to use either mindfulness or distraction or problem-
solving after the induction of rumination (Hilt & Pollak, 2012). The results showed that
mindfulness and distraction were equally effective in reducing state rumination, while
problem-solving was not. It is possible that the null effect of problem-solving was due to the
characteristics of the rumination induction. Participants were asked to deliver a brief speech
and then received prerecorded, mildly negative feedback from a peer, which they were
instructed to reflect on. Generating concrete problem-solving actions based on subjective

feedback from others can be challenging.

Trait rumination 1is extensively studied within the framework of a strategy-based
approach to emotion regulation. The effectiveness of a strategy depends on various factors,
such as the context (Sheppes & Gross, 2013; Troy et al., 2013), an individual's characteristics
(e.g., age, emotion regulation abilities, socio-cognitive skills, etc.) (Bodrogi et al., 2022;
Salazar Kadmpf et al., 2023; Sutterlin et al., 2012), repertoire of emotion regulation strategies
(Dixon-Gordon et al., 2015; Wen et al., 2021), and emotion regulation goals in the specific
situation (English et al., 2017; Tamir, 2016). Labeling individual emotion regulation strategies
as inherently good or bad is therefore inappropriate (Aldao et al., 2015). For example,
ruminating on events that highlight a difference between one's desired and actual state is a
natural process, as long as it is time-limited (Koster et al., 2011). Similarly, reflecting on an
event linked to guilt (because hurting someone) can prompt action (such as apologizing).
However, repeated use of rumination, whether automatic or deliberate, in response to negative
emotions in various situations can have negative consequences for the individual. Therefore,
habitual use of rumination to regulate negative emotions is considered a maladaptive emotion
regulation strategy, as it is generally associated with negative outcomes such as
psychopathological symptoms (Aldao et al., 2010). Thus, research on emotion regulation at

the level of trait rumination typically focuses on mental health correlates (see below).
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A meta-analysis using factor analysis revealed that increased self-reported rumination is
associated with increased self-reported worry and experiential avoidance and decreased
acceptance and distraction (Naragon-Gainey et al., 2017). These strategies may further
intensify emotional distress or dysphoric mood (Aldao et al., 2010); thus, other (trait level)
emotion regulation strategies should also be considered when analyzing health correlates of

rumination (Aldao et al., 2016).

2.1.6 Processing mode theory

During rumination, individuals tend to focus on themselves, and search for reasons why an
event, a feeling or a symptom occurred and its significance, whether it took place recently or
in the past. The deliberate intention behind ruminations is to attribute meaning to adverse, but
significant events that have happened. Watkins (2004) building on the Teasdale’s (1999)
conceptualization on distinct modes of self-focus attributes the adverse effects of depressive
rumination to a specific processing mode when focusing on oneself, emotions or problems
during the ruminative episode.

According to the processing mode theory, using abstract, evaluative, and analytical
processing to answer why something occurred is likely to increase emotional reactivity
(Watkins et al., 2008), which is one of the hypothesized crucial processes in the connection
between rumination and health. Thus, according to this theory, this abstract processing mode
makes the self-focus and the ruminative episode maladaptive (it is called “depressive
rumination mode”). Adopting an abstract processing mode (i.e., applying high level of
construal when thinking about the self and mood, cf. the elaborated control theory) leads
individuals to evaluate themselves critically, where they tend to relate to themselves in an
evaluative and critical manner, pondering questions such as "Why do I feel such way? Why is
this happening to me? What if I ... ?*>”. This type of reflective thinking about experiences
promotes forming a general, decontextualized representation about the event and is believed to
be a contributing factor to cognitive biases commonly observed in depression, such as

overgeneralization ("Nobody likes me", "Nothing ever works out for me").

15 Counterfactual thinking, also known as 'What if I...' thoughts, refers to imagining alternative past scenarios
(Byrne, 2016), with evaluative focus on the discrepancy between reality and the imagined (worse or better)
outcome (Markman & McMullen, 2003), they may be activated during a ruminative episode, but are not a
prerequisite for rumination.
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If we adopt a different processing mode, specifically the concrete, experiential mode, we
can elaborate on negative events or emotions without the risk of maladaptive self-focus. This
mode allows us to focus on the exact details of the event, thereby providing rich contextual
details that prevent overgeneralization about the self. Consequently, according to this theory,
the emotional or symptom focus that RST implies is not sufficient on its own to produce the
negative effects of rumination (Watkins & Moulds, 2005).

Researchers typically test the theory by experimentally manipulating the processing
mode. For instance, participants read short negative and positive scenarios and were asked to
think about them either in an abstract-evaluative or in a concrete-experiential way. Importantly,
the processing mood did not alter the mood of the participants, but instead affected the
emotional reactivity to a subsequent stressful anagram task. More precisely, participants in the
abstract-evaluative condition after stress had higher despondency scores compared to those in
the other condition (Watkins et al., 2008). In an alternative design, participants were assigned
to either a conceptual-evaluative or a concrete-experiential condition following an induced
failure and were asked to write about the failure using the corresponding mode. Then 12 h after
the induced failure participants had to write about the failure again using the assigned mode.
At this second measurement point conceptual-evaluative mode increased negative mood
among those who scored high on trait rumination measure. Furthermore, intrusive memories'®
about the failure were higher in the conceptual-evaluative than the concrete-experiential
condition (Watkins, 2004). In addition, engaging in an abstract processing mode following a
failure in a math task heightened the tendency to avoid similar situations (Kambara et al., 2019).
While applying a concrete-experiential mode improved negative affect following a failure in a
creative task, the abstract-evaluative mode did not have a similar effect (Kambara et al., 2021).

However, some studies have failed to confirm the processing mode theory. For instance,
thinking about a past anger provoking event resulted increased anger and other negative affects
and decreased positive affects irrespective of the processing mode (Heinzel et al., 2023).

Similarly, the processing mode was not related to intrusive memories in the study where it was

16 The association of processing mode with intrusive memories is highly relevant after traumatic experiences or
salient distressing events. However, to provide a comprehensive review on this topic is out of the scope of this
dissertation. Notably, studies using an experimental analogue design suggest that abstract-evaluative
processing mode can maintain (Santa Maria et al., 2012), while concrete- experiential mode (Santa Maria et
al., 2012) or concreteness training (i.e. structured and directed application of concrete-experiential mode) can
decrease such memories (Guzey et al., 2021).
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manipulated following a negative emotion-inducing sad video depicting another (fiction
movie) character. In contrast, distraction enhanced such memories (Stavropoulos & Berle,
2020). Thus, the specific emotion, as well as the 'closeness' or relevance of the event to the self,
might moderate the effect of the processing modes on the outcome.

Another moderating factor could be the presence of dysphoric or depressed mood. For
instance, application of the concrete mode helped depressed patients in improving social
problem solving, but processing mode and social problem solving was unrelated among non-
depressed participants (Watkins & Moulds, 2005). In an other study (Van Lier et al., 2014),
the (over)generalization aspect of the theory was tested. Dysphoric and non-dysphoric
participants were trained to either processing mode using different scenarios (e.g., dinner party,
job interview, being new etc.). Subsequently, a generalization-conditioning paradigm was
applied to test how the learned conditioned stimulus-aversive outcome association would
generalize to stimuli similar to the original condition stimulus. Results showed that increased
generalization was only observed among participants who were dysphoric and had been
assigned to abstract processing training before the conditioning paradigm.

In summary, according to processing mode theory, the counterproductive aspect of
depressive rumination is largely due to the abstract processing of self-relevant information,

which concentrates on the “why” aspect of feelings or symptoms.

2.1.7 Type of self-perspective: Self-immersed vs. self-distancing mode
According to Ayduk and Kross (2010) adaptive and maladaptive self-reflection in the
processing of past or present negative experiences is distinguished by psychological distance.
Accordingly, it is assumed that the analysis of (past) negative emotions leads to maladaptive
rumination when the psychological distance from the self is small - the individual is
characterized by a of self-immersed type of self-reflection and using of first-person pronouns
(“T” or “my”’). However, it may be adaptive if the psychological distance from the self during
the analysis of emotions is large, i.e., the individual characterized by a self-distancing mode
and the use of non-first-person pronouns and their own name (Ayduk & Kross, 2010).
According to the empirical studies manipulating the psychological distance through
instructing to adopt first or third person perspectives, when individuals want to understand why
something happened or why they feel somehow, it is useful to analyze feelings from a third

person perspective (Kross & Ayduk, 2008; Kross et al., 2005). This regulatory tactic can

31



kokonyei gy 149 23

prevent to escalate the emotional arousal during self-focus and promotes insight and closure.
Additionally, instructed use of this regulatory tactic is intact even depressed participants as well
(Kross et al., 2012).

In a study investigating rumination on anger (Pfeiler et al., 2017) after provocation, the
self-distancing perspective was effective when the intensity of anger was high before the
rumination process occurred, confirming prior results that the intensity of the negative emotion
would modulate the effectiveness of the chosen emotion regulation strategy (Sheppes et al.,
2014). Regarding the specific emotions, based on the premise of the self-distancing theory one
may argue that in case of positive emotions not the self-distanced, but the self-immersed mode
would have beneficial effects. Indeed, findings from a study involving participants with bipolar
disorders and healthy controls are align with the hypothesis. For all participants, using the self-
immersed mode when thinking about the recalled positive autobiographical event was
associated with increased positive affects compared to the self-distancing perspective (Gruber
et al., 2009). A daily diary study found that duration of positive affective state was shortened
when self-distancing perspective was used. However, the same effect was observed for
negative affective states (Verduyn et al., 2012), suggesting that self-distancing can shorten the
duration of affective states irrespective of their valence.

Self-distancing is considered to be a reappraisal tactic (Webb et al., 2012) that can
decrease the personal relevance of the emotional event (Sheppes & Gross, 2013). Therefore,
when contemplating the 'why questions' such as 'Why do bad things happen to me?', it may be
beneficial to switch to a third-person perspective to avoid making generalized, abstract
conclusions about oneself. Unlike processing mode theory, this approach suggests that thinking
about the 'why' and meaning of events or emotions does not always involve maladaptive self-
focus?’.

This dissertation does not include a detailed analysis of the differences or similarities
between the two theories or their shortcomings, (see Cova et al.,, 2019). Both theories

emphasize that negative content alone is not a sufficient component of maladaptive rumination.

17 One line of research focuses on exploring the linguistic features of psychological distancing and their
relationship with emotion regulation (Nook et al., 2017) and emotional health (Shahane & Denny, 2019).
However, this topic falls outside the scope of this dissertation.
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The consequences of self-reflection or self-focus are influenced by the process(es) used to

elaborate negative events or emotions*®.

2.1.8 Attentional disengagement theory and executive functions

The attentional disengagement theory developed by Koster and colleagues (Koster et al., 2011),
similar to the control theories, assumes that the (state) rumination itself is not inherently
pathological. It can assist in comprehending the causes of an event or emotional state and the
role of the individual. In short, repetitive negative thinking devoted to a problem can be
beneficial if it remains limited to a specific period, whether because it yields a result or insight,
or because the individual shifts to another regulatory process when a solution is unavailable.
For instance, utilizing distraction strategy or reappraising the situation could be helpful.

The theory posits that two processes can hinder attentional reallocation: (1) self-critical
content that aligns with the self-schema, thus failing to produce a cognitive conflict signal, and
(2) a cognitive conflict signal is generated but it is challenging to manage due to diminished
attentional control of the individual'®. Therefore, a negative self-schema (low self-esteem) or
temporary or persistent deficits in attentional control processes may contribute to or moderate
the negative consequences of rumination (Koster et al., 2011).

If a person is unable to inhibit their escalating thoughts, that is, to limit the process of
rumination in time by disengaging attention from emotional information, this inability puts the
individual at risk of developing a stable ruminative style (difficulties in disengaging attention
may lead to rumination). Or from an other perspective, increased tendency to ruminate is
characterized by difficulties in disengaging attention from negative thoughts and increased
negative feelings (Koster et al., 2015) (trait rumination is associated with difficulties in

disengaging attention). For instance, studies with cross-sectional design found that impaired

18 Note that Moran and Eyal (2022) propose an alternative hypothesis that combines the principles of both
theories. According to their construal-matching hypothesis, high-construal emotions (such as self-conscious
emotions) are intensified by both abstract processing mode and psychological distance, while low-construal
emotions (such as basic emotions) are weakened by both abstract processing mode and psychological distance.
Their meta-analysis partially supported the hypothesis, indicating that distant perspective is more effective in
decreasing low construal emotions (g= 0.64) than high ones (g= 0.29). Additionally, abstract processing mode
was found to decrease low construal emotions (g= 0.20), but had no significant effect on high-level construal.
These findings may not be surprising, as the generation of self-conscious emotions (e.g., shame or guilt)
involves self-evaluation. Therefore, further abstract processing may not affect the intensity of the emotion.
However, more studies are needed to confirm or disprove the construal matching hypothesis.

19 Koster and colleagues (2011) noted that that attentional control is interpreted broadly, encompassing both
selective attention to task-relevant information and inhibition of task-irrelevant information.
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attentional disengagement from negative emotional material indexed by the modified dot-probe
task?® were found to be associated with trait rumination (Grafton et al., 2016; Southworth et
al., 2017) and state rumination elicited by an anagram failure task (Southworth et al., 2017).
Studies that tested the prospective association found that baseline trait rumination predicted
slower attentional disengagement from exam-related words to neutral ones in the modified dot-
probe task 2 weeks later in a stressful pre-exam period (Valenas et al., 2017). Additionally, trait
brooding predicted slower attentional disengagement from negative (disgusted) faces to neutral
ones 5 months later in an eye-tracking task among those who reported frequent adverse events
(Sanchez-Lopez et al., 2019). However, it seems that the prospective relationship could be
bidirectional. For example, a slower disengagement from sad faces at baseline in an eye-
tracking task predicted future rumination in a mixed sample (including participants with
depression or remitted depression and healthy control subjects) over a one-year period (Allard
& Yaroslavsky, 2019). It is important to note that certain studies have found that rapid
disengagement from positive emotional material, such as happy faces, can predict later
rumination or brooding (Allard & Yaroslavsky, 2019), particularly among participants who
experience frequent adverse events (Sanchez-Lopez et al., 2019).

Eye-tracking studies using a simple passive viewing task have shown that sustained
attention to sad faces — which is also a form of attentional bias - indexed by pupil diameter, is
positively associated with brooding - the more maladaptive component of rumination (Treynor
et al., 2003) - in both dysphoric (Duque et al., 2014) and non-dysphoric participants (Owens &
Gibb, 2017).

These cited studies provide support that attentional biases, indexed by the delayed
disengagement from negative emotional material or sustained attention to negative material,

are associated with rumination.

Difficulties in disengaging attention from negative emotional material may be due to
deficits in cognitive control (or executive functions) (Gotlib & Joormann, 2010). It is plausible
to suggest that people with high level of trait rumination are more likely to have difficulties to

terminate state rumination due to having deficits in inhibition (De Lissnyder et al., 2011) or in

20 The modified dot-probe task, unlike the original one, can disentangle selective attentional engagement and
disengagement processes with negative information. The cited two studies found a significant association only
between rumination and disengagement bias, but not with the engagement bias.
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switching from emotional to non-emotional material (Koster et al., 2013). In general, however,
a meta-analysis found that the association between rumination and executive function deficits,
particularly inhibition (r = -.23) and set-shifting (r = -.19), is small in magnitude (see Yang et
al., 2017). Nonetheless, the deficits are also evident in cognitive control when participants have
to discard no longer relevant information from working memory (r=-.20) regardless of
emotional content of the material (Zetsche et al., 2018). For instance, impaired inhibition of
unwanted thoughts indexed by performance in Think/No-Think task using emotionally neutral
material was related to self-reported depressive rumination (Fawcett et al., 2015).

The results from the meta-analyses (Yang et al., 2017; Zetsche et al., 2018) indicate only
a weak relationship between rumination and executive functions. It raises the possibility that
executive functions may moderate the relationship between rumination and negative
consequences. Indeed, better ability to update emotional information in working memory
indexed by accuracy score in an emotional 2-back task moderated the association between trait
and state rumination and high arousal negative emotions (e.g., anger, anxiety) only (Pe et al.,
2013). Specifically, individuals high in trait rumination who also possessed stronger updating
abilities reported experiencing fewer high-arousal negative emotions in the previous week,
compared to those with a similar tendency to ruminate but with weaker updating abilities.
Similarly, the findings were repeated in daily life as well: better updating abilities prevented
high increase in high arousal negative emotions in daily life after ruminating (Pe et al., 2013).
Interestingly, temporary manipulation of inhibitory control over task-irrelevant emotional
information can improve response to sad mood. Recruiting such cognitive control processes
before presenting negative stimuli resulted in less state rumination after a sad mood induction
compared to the control condition in which cognitive control was recruited in response to
neutral stimuli (Cohen et al., 2015). Both studies indicate that better executive functions may
mitigate the adverse impacts of rumination.

When examining executive function, it is crucial to distinguish between the effects of
rumination and depressed mood, as depression itself is linked to several attentional (Mennen
et al., 2019) and executive function impairments (Snyder, 2013). In an fMRI study using an
emotional go/no-go paradigm with healthy, never-depressed young participants (Vanderhasselt
etal., 2011) it was discovered that the brooding score was positively correlated with activity in
the right dorsolateral prefrontal cortex (DLPFC). This correlation was noted when participants

successfully inhibited the dominant response in the presence of negative emotional faces, as
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compared to positive emotional faces. Applying a different task, namely the Cued Emotional
Control Task, to test inhibitory control when facing emotional conflict, resulted very similar
results. Trait rumination scores among young female participants positively correlated with
activation in posterior dorsal ACC when participants successfully inhibited the prepotent
response to negative relative to positive information (Vanderhasselt et al., 2013). Note, that in
both studies, there was no relationship between brooding and inhibition at behavioral level.
However, taking into account the general weak association between executive function and
rumination (see above), this might be due to low sample size (N~ 30). Nonetheless, these fMRI
studies indicate that to perform effectively those who tend to ruminate had to recruit
DLPFC/dorsal ACC more when inhibiting prepotent responses to negative stimuli.

Although these cited fMRI studies did not require the inhibition of negative, self-
generated, or spontaneous ruminative thoughts, the results somewhat confirm Andrews-Hanna
and colleagues' emphasis on the close relationship between the functioning of the default mode
network (DMN) and self-generated thoughts (Andrews-Hanna et al., 2014). It has been argued
that the DMN is active during self-generated thoughts required for task performance, rest, or
mind-wandering. The relationship between the DMN and other brain systems can influence the
inhibition or maintenance of these thoughts, determining their adaptive or maladaptive nature
and the resulting mental health consequences for the individual. Recent studies support the
notion that functional connectivity between the default mode and cognitive control networks,
including dorsal attention (DAN) and fronto-parietal networks, relates to rumination. However,
the direction of the relationship may depend on the presence or absence of psychopathology
(Lois & Wessa, 2016). For instance, among healthy participants rumination was associated with
increased connectivity between the anterior DMN and DAN, while among participants with
remitted MDD, decreased functional connectivity between the DMN and DAN was related to
higher rumination ( (Lois & Wessa, 2016). This finding indicates that to comprehend
rumination as a transdiagnostic factor, it is crucial to identify pathology-independent
mechanisms or pathways that exist before the onset of psychopathology. Therefore, among
healthy participants, inter-individual differences in rumination, using a dimensional approach,
may help clarify why rumination represents a transdiagnostic risk factor in the development of

various psychopathologies.
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In summary, these studies provide evidence of attentional biases in processing negative
emotional material that could be related to impairments in executive functions. However,
studies applying passive viewing tasks suggest that emotional information processing can be
altered more generally, not just through top-down processes involving inhibition, updating, or
shifting. One of our fMRI studies also supports this idea, demonstrating that the neural
response to reward cues compared to loss cues (Kocsel et al., 2017) was associated with trait
rumination. These findings, along with research on biases in the interpretation (Mor et al.,
2014) and memory (Hertel & Gerstle, 2003), suggest that rumination is associated with altered
emotional information processing, which may be one of the key mechanism driving increased
emotional reactivity in relation to trait rumination.

Due to the weak association between rumination and executive function, it is possible that
executive functions (or more generally regulatory processes) moderate the association between
rumination and health (see 2.4.2.1. chapter) However, other explanations have also emerged,

such as the attentional scope model.

2.1.9 Attentional scope model

After reviewing research on the relationship between rumination and executive function,
Whitmer and Gotlib (2013) proposed a new framework for information processing
characteristics in rumination. Their model suggests that individuals who tend to ruminate have
a narrow attentional scope, which may have beneficial consequences when in a neutral mood
and/or need to actively maintain a single task goal to avoid distraction. However, when in a
negative mood or when shifting between task-goals, a narrow attentional scope can easily lead
to an amplification of the content of the focus of attention or a deterioration in task
performance, respectively (Whitmer & Gotlib, 2013). For example, a study using a modified
Stoop task found that trait rumination was positively correlated with accuracy on incongruent
trials, but negatively correlated with accuracy on a letter naming task that required goal shifting
(Altamirano et al., 2010). These findings support the proposed model, however studies testing
attentional scope directly in relation to rumination could provide additional support. In an eye-
tracking study that utilized moving window while reading sentences directly targeted the
attentional scope at a perceptual level in relation to rumination (Fang et al., 2017). The results
showed that participants with high trait rumination were faster in reading and used fewer

fixations compared to the low rumination group only when the moving window was small (i.e.
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the attentional scope was narrow) (Fang et al., 2017). In another variant of the mowing window
task, participants had to read neutral, negative, and positive sentences with varying window
size. Interestingly, when analyzing the three different types of sentences, higher levels of
rumination were related positively to faster reading in a small moving window, but only when
sentences were neutral or positive.

Based on the attentional scope model, some studies have investigated the link between
induced or trait rumination and attentional breadth. However, the findings are mixed. High trait
rumination was found to be associated with narrowed attention to self-related information
(Grol et al., 2015), but attentional narrowing was not found to be associated with trait
rumination among adolescents (Boelens et al., 2021). On the other hand, a positive association
was found between attentional breadth towards neutral stimuli (but not emotional stimuli) and
adaptive emotion regulation strategies (Van Beveren et al., 2023). These findings also highlight
the importance of considering other emotion regulation strategies when analyzing not only the
health correlates of rumination (Aldao et al., 2016), but also related mechanisms. The

availability of other strategies may modify the effects of rumination.

2.1.10 Hexagon model
Watkins and Roberts (2020) developed the H-EX-A-GO-N model by synthesizing existing
models and empirical evidence. This model outlines the five key interacting proximal factors
(mechanisms) that may contribute to the emergence of maladaptive (trait) depressive
rumination: (1) Habit development, (2) EXecutive control, (3) Abstract processing, (4) GOal
discrepancies, and (5) Negative information-processing biases. The development of
pathological rumination is primarily attributed to the habitual formation of rumination (see
above), with other proximal mechanisms potentially acting as interacting factors. Thus, this
model aims to explain how and for whom state rumination episodes, initiated by the
discrepancy between the actual and desired state, transform into a stable response style to
psychological distress or related events.

The model assumes that the more situations in which there is a difference between the
current and desired state, the more frequently ruminative states will occur. Stressors are
particularly likely to generate this type of difference. As stressors become more prevalent

during adolescence, this is likely the period when a ruminative style can become established,
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if other risk factors are present (Shaw et al., 2019). Terminating state rumination can be
challenging in cases of poor executive function, abstract processing, and biases in information
processing (see above). In addition to proximal risk factors, certain distal factors?!, such as
temperamental negative affectivity, stressful environments, parenting, and genetic
vulnerability?® (Shaw et al., 2019), can increase an individual's susceptibility to developing
habit-like ruminative responses when experiencing repeated instances of state-rumination in

similar situations (Watkins & Roberts, 2020).

2.1.11 Emotional cascade model

The emotional cascade model (Selby et al., 2008) aims to explain dysregulated behaviors, such
as binge eating and non-suicidal self-injury (NSSI), that individuals engage in to regulate
emotions in a given context. The model proposes that ruminative responses to intense negative
emotions may intensify those emotions, leading to prolonged rumination. This positive
feedback loop can lead to intense or even aversive, overwhelming negative emotions that
trigger impulsive or dysregulated behaviors, breaking the loop and relieving the negative
emotion, temporarily stopping rumination. However, this short-term 'solution' may cause
feelings of shame or guilt, which can trigger the rumination cycle again. This model, suggesting
that rumination is a key mechanism that result in an emotional cascade, has been extensively
used to explain dysregulated behaviors in borderline personality disorder (BPD) (Selby et al.,
2009; Selby & Joiner, 2009). Selby and colleagues also state that the emotional cascade model
does not simply emphasize that certain behaviors, such as substance use or NSSI, are means of
escaping rumination, as previous works of Nolen-Hoeksema did (Nolen-Hoeksema, 1991).
However, they argue that the cascade triggered by rumination will ultimately be the primary
driving force for maladaptive behavior (Selby et al., 2009). Rumination in this case is believed
to be so rapid and intense that typical distraction behaviors are unable to quiet the ruminating

mind (Selby & Joiner, 2009). As a consequence, negative emotions progressively increase

21 The discussion of potential distal 'antecedents' of trait rumination is beyond the scope of this dissertation.
The main focus was on the health correlates of rumination in the empirical works presented in the Empirical
Studies chapter. However, it is worth noting that some of these distal factors could also be treated as
moderators in the association between rumination and health outcomes.

22 According to a review on candidate genes, genetic studies in children and adolescents found that serotonin
transporter promoter region (5-HTTLPR) and brain-derived neurotrophic factor (BDNF) polymorphism may
contribute to the tendency to ruminate (Scaini et al., 2021).

39



kokonyei gy 149 23

during the cascade, reaching a point where they cannot be tolerated by the individual (Selby et
al., 2013).

Although cross-sectional studies provide indirect support for a link between rumination
and dysregulated behavior in both clinical (Martino et al., 2018) and non-clinical populations
(Selby et al., 2008), the proposed temporal association between emotion, rumination and
behavior cannot be tested using this design. To test the temporal relationship more directly, an
ESM study found that dysregulated behavior in daily life occurred only among those with
symptoms of borderline personality disorder when both rumination and negative emotions
were elevated in the previous hours (Selby & Joiner, 2013). A recent study that also
implemented ESM design to investigate the temporal relationship between negative affect and
rumination, found that it was moderated by past year NSSI history (Kiekens et al., 2023).
Specifically, among young adults who reported NSSI in the past year, negative affect was
associated with subsequent rumination and self-criticism, while the relationship between
rumination and subsequent negative affect did not differ as a function of NSSI history (Kiekens
et al., 2023).

According to the emotional cascade model, NSSI is viewed as a process of affect
optimization, providing short-term relief when negative emotions become unbearable for the
individual (Vansteelandt et al., 2017). Indeed, a meta-analysis of EMA studies (Kuehn et al.,
2022) showed that negative affect before NSSI (or even suicidal) thoughts and NSSI acts are
elevated, but they are reduced following them, providing support for the notion that NSSI is
maintained by the negative reinforcement of decreasing aversive emotions and physiological
tension. However, it is also found that elevated level of variability (instability/fluctuations) of
negative affects are associated with NSSI concurrently and prospectively (Victor et al., 2021).
Thus, it is also possible that NSSI may actually stabilize emotions, reducing their variability
(Vansteelandt et al., 2017). This affect stabilization process has been found in an ESM study,
where the frequency of NSSI was negatively associated with the variability (instability) in the
valence of emotions among a subgroup of participants diagnosed with BPD and reported NSSI
(Vansteelandt et al., 2017).

Considering that the emotional cascade model assumes a rapid and progressively
increasing ruminative process, it is plausible to suggest that high fluctuations of rumination are

predictive of dysregulated behavior, including NSSI (Selby et al., 2013). Indeed, fluctuations
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in daily rumination, as indexed by the instability index, were associated with NSSI in a sample
with high levels of various dysregulated behaviors (Selby et al., 2013).

Rumination in borderline personality disorder or in non-clinical samples also show robust
association with symptoms or BPD features. A recent meta-analysis, for instance, found that
different forms of ruminative thinking (e.g., depressive rumination, anger rumination, anxious
rumination) are associated with BPD features both in clinical and non-clinical samples (r ~
0.5). However, it is worth noting that other emotion regulation strategies, such as
catastrophizing or thoughts suppression (Baer et al., 2012; Sauer & Baer, 2009) or other
characteristics, such as distress intolerance or experiential avoidance, might be associated with
borderline personality disorder, or more generally, they also contribute to the potential cascade
and/or dysregulated behavior (Selby et al., 2008).

In sum, this model aims to explain the relationship between rumination and dysregulated
behavior. It assumes a rapid, cascade-like positive cycle between negative emotions and
rumination, which generates positive feedback on themselves. Finally, this positive feedback
loop provokes dysregulated behavior, such as self-harm, which ultimately decreases rumination
and negative affect. However, exploring this rapid and dynamic process presents a challenge.
Recently, Selby and colleagues (Selby et al., 2021) used a Temporal Bayesian Network model
to capture this process among participants who currently engaged in self-injury, with or without
borderline personality disorder. The participants provided reports on their momentary affect,
rumination, and dysregulated behavior (such as NSSI, binge eating, and impulsive shopping)
over a two-week period. The study found that for individuals with BPD, rumination, negative
affect, and dysregulated behavior were highly predictive of later levels of these variables on a
daily basis. For example, the Temporal Bayesian Network model predicted later dysregulated

behavior with 100% accuracy in participants with BPD.

2.1.12 Other models

There are several other models about rumination. Some of them incorporate rumination in a
broader, complex framework to explain psychopathologies or certain features of
psychopathologies. Here, two of them are presented briefly. Additionally, there are models that
aim to characterize rumination in the context of broader categories, such as spontaneous
thoughts, and others provide a biological, or more specifically neural, background of

rumination.
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The Self-Regulatory Executive Function (S-REF) model (Wells & Matthews, 1996)
conceptualizes rumination, along with worry, as an excessive engagement in conceptual
processing. Rumination/worry along with biased attention to threat or the self, and
dysfunctional coping, also known as cognitive attentional syndrome (CAS), can contribute to
the development of psychiatric disorders. The novelty of S-REF is its emphasis on the
maintenance of these elements of CAS through metacognitions, which are beliefs about our
own thoughts and how to control them. The S-REF approach is unique in that it focuses on
metacognitions to maintain CAS elements. More specifically, it was hypothesized and found
that ruminative thoughts are maintained by positive metacognitive beliefs about their usefulness
such as ‘Ruminating about the past helps me to prevent future mistakes and failures’
(Papageorgiou & Wells, 2001b). Positive metacognitive beliefs can contribute to the deliberate
use of rumination to address the perceived discrepancy between the actual and ideal/desired
state. However, controlling these thoughts can be difficult, leading to the emergence of negative
metacognitive beliefs that might induce maladaptive behaviors such as substance use, social
withdrawal, and self-harm.

The CaR-FA-X model (Williams et al., 2007) incorporates capture and rumination (CaR),
functional avoidance (FA) and impaired executive (X) control to explain overgeneral
autobiographical memory evident, for instance, in depression (Hallford et al., 2021; Weiss-
Cowie et al., 2023) or trauma. Overgeneral autobiographical memory refers to impairments in
recalling specific, spatiotemporally located, personally experienced events (Williams &
Broadbent, 1986). The model suggests that during retrieval of an autobiographical memory,
abstract self-relevant information captures attention, which subsequently induces rumination.
Thus, the model assumes that rumination is a mechanism that can contribute to overgeneral
memories. However, it may also be plausible to study how a heightened tendency to ruminate,
as a risk factor for developing depression, relates to overgeneral autobiographical memory.
However, a meta-analysis on studies applying the Autobiographical Memory Test, found no
significant relationship between overgeneral memory and trait rumination, brooding, or
reflection (Chiu et al., 2018).

Although rumination may be intentional and associated with positive beliefs, once it
becomes a stable response style, it can be activated automatically, as outlined in habit-goal
theory of depressive rumination (Watkins & Nolen-Hoeksema, 2011). Similarly, the Dynamic

Neurocognitive Framework (Andrews-Hanna et al., 2020) also suggest that ruminative
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thoughts are non-deliberative in nature, and describes these thoughts as being automatically
constrained by salient affective or sensory stimuli, with specific content and dynamics that
distinguish them from mind-wandering or dreaming. A study (Raffaelli et al., 2021) using the
think aloud paradigm demonstrated that individuals prone to brooding had more negative, past-
oriented and self-focused spontaneous thoughts. The study also revealed process-related
alterations, with negative thoughts being longer and positive thoughts being shorter. In terms
of a sequence of thoughts, higher levels of brooding were found to be associated with a lower
probability of a positive thought following another positive one, or a positive thought following
a negative one. However, brooding was found to be unrelated to negative-to-negative
sequences (Raffaelli et al., 2021). Besides the characteristics of the content or the process,
emotional reactivity to spontaneous thoughts is proposed to be a crucial factor in determining
their consequences, according to a new integrative framework (Marchetti et al., 2016).
Focusing on the difference between actual and desired states or goals, accompanied by negative
emotions, can narrow one's train of thought and trigger rumination and other phenomena that
are also risk factors of depression, such as low self-esteem, hopelessness or cognitive reactivity.

Neural correlates of rumination have primarily been studied in adults with major
depressive disorder (MDD). Resting state functional magnetic resonance data suggests that
altered activity of the default mode network (DMN), a large-scale brain system with ongoing
activity during task-free states (Raichle et al., 2001) or during self-generated thoughts
(Andrews-Hanna et al., 2014), has been proposed in MDD (Nejad et al., 2013). Self-referential
processing has also been linked to certain areas of the DMN (Whitfield-Gabrieli et al., 2011),
further confirming that rumination, as an exaggerated form of self-referential processing, may
also be related to DMN activity (Northoff et al., 2006). Hamilton and colleagues (2015)
developed a neural model of rumination based on functional connectivity findings from resting-
state neuroimaging investigations in MDD (Hamilton et al., 2015). The authors propose that
trait depressive rumination in MDD 1is associated with increased connectivity between the
subgenual prefrontal cortex and the default mode-network. More particularly, they suggest that
the degree of the 'functional unit' between the default mode-network and subgenual anterior
cingulate cortex (sgACC) is more predictive of rumination than DMN activity alone. However,
it is possible that the neural correlates of rumination in MDD may have been confounded by
features of clinical depression, such as sustained negative mood or other symptoms, such as

difficulties in concentrating or anhedonia. Furthermore, MDD can be characterized by altered
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connectivity within the Default Mode Network and between the DMN and other resting state
networks (Mulders (Mulders et al., 2015). Therefore, it is unclear whether the resting-state
neural correlates of rumination, as revealed in MDD, are independent of depression or
depression-related neural alterations. As mention above, indeed the direction of the relationship
between DMN and other networks may depend on the presence or absence of psychopathology
(Lois & Wessa, 2016)%,

To develop a generalizable model, a recent study (Kim et al., 2023) used dynamic
connectivity-based predictive modelling to identify a neuroimaging marker of trait rumination
that is independent of depression. They found that the dynamic connectivity of the dorsomedial
prefrontal cortex system, a subsystem of the default mode network, predicted rumination on
depressive symptoms, a subscale of the Ruminative Response Scale, that is often excluded
from empirical studies due to possible overlap with depressive items (see below in 2.2.1
chapter). It is important to note that this connectivity was not predictive of depressive

symptoms per se in healthy subjects.

2.2 Types of rumination

As previously stated, rumination (or other emotion regulation strategies) may be used in
response to not only depressive mood or stressors, or negative life events, but also to other
affective states or negative emotions (Rusting & Nolen-Hoeksema, 1998) such as guilt, anger,
and anxiety (Spasojevi¢ et al., 2003). Therefore, empirical studies have focused on various
subtypes of rumination, with a distinct line of research. For example, when discussing
emotions, the focus is often on anger, shame, and lately, positive emotions. In addition,

rumination can take place in social settings. The individuals who are dwelling on an emotion

23 Result of the resting state studies with the aim of revealing neural correlates of rumination in healthy
participants may vary depending on the operationalization of rumination (trait vs. state; which version of RRS
was used) and the methodology for analyzing resting state data (functional connectivity, resting state activity,
local connectivity). For instance, hyperconnectivity of DMN areas (bilateral medial prefrontal cortex, bilateral
posterior cingulate cortex, left inferior parietal cortex) has been found to relate positively to both rumination
and unhappiness in healthy controls (Luo et al., 2016). And there are data that suggest that trait rumination
(and especially its brooding component) among healthy controls might relate to the increased connectivity
between PCC as a candidate for DMN (Raichle et al., 2001) and subgenual ACC (Berman et al., 2011),
suggesting some common neural mechanism for rumination in depression and in healthy controls. However,
the review of functional connectivity studies falls outside of the scope of this dissertation.
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or event can involve an other person (for instance their friend, child or spouse) in a talk in
which they co-ruminate on a problem and related emotions (Rose, 2002).

As stressors are considered to trigger rumination easily, stress-related rumination has
been studied extensively with questionnaires and other methods (see below). Some research
focused on more specific stressors, such as interpersonal offenses (Wade et al., 2008) or the
Covid-19 pandemic (O'Connor et al., 2022).

Research has also been guided by disorder-specific conceptualizations of rumination.
Post-event processing (Clark & Wells, 1995) or post-event rumination (Abbott & Rapee, 2004),
which involves ruminative thoughts about one's behavior or performance after a social-
evaluative threat, has been considered to worsen and prolong social anxiety (Brozovich &
Heimberg, 2008). In eating disorders, rumination related to eating is believed to be more
strongly associated with symptoms than other type of rumination (Smith et al., 2018). In
borderline personality disorder, ruminative thoughts often focus on topics most relevant to this
psychopathology, specifically intimate relationships, friendships, and family relationships
(Peters et al., 2017). Rumination about trauma-related materials has drawn attention to the
difference between intrusive and deliberate rumination in general (Cann et al., 2010).

Additionally, ruminative thoughts can be categorized based by content, including work-
related concerns (Cropley et al., 2006), specific events or stressors (e.g. Covid-19 during the
pandemic), body image and food (Fiirtjes et al., 2018), chronic illnesses (Soo et al., 2014) and
pain (Sullivan, Rodgers, et al., 2001). Recently, rumination on the climate crisis has also been
investigated (Kovacs et al., 2024).

This section focuses primarily on emotion- and stress-related rumination, as the empirical

studies in the dissertation were centered around these concepts.

2.2.1 Depressive rumination as a multidimensional construct: Brooding and reflective

pondering

To test the RTS theory in questionnaire studies, the Ruminative Styles Questionnaire (RSQ)
was developed to cover the three responses to sad mood — rumination, distraction and problem
solving. Soon after, many studies used only the rumination scale from the RSQ to measure trait
rumination. The 22 items of this scale, called the Ruminative Response Scale, focused on three
important aspects of rumination described in the original theory. More specifically, the items

are intended to cover self-focused (e.g., ‘Why can't I handle things better’) and symptom-
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focused thoughts (e.g., ‘Think about how sad you feel’), and thoughts related to the possible
consequences and causes of one’s mood (e.g., ‘I won t be able to concentrate if I keep feeling
this way’). As some of the items are worded to address rumination about symptoms of
depressive mood, it is not surprising that this subscale has been highly correlated with
depressive symptoms, confounding results in studies of participants diagnosed with major
depressive disorder. To overcome this problem, Treynor and colleagues (Treynor et al., 2003)
eliminated these items, and the remaining 10 items resulted in two factors: brooding and
reflective pondering. Brooding refers to the tendency to passively dwell on negative emotions
with the 'why' questions related to depressed mood, such as 'What did I do to deserve this?',
while reflective pondering (or reflection) refers to a more purposeful self-reflective response
aimed at analyzing one's own emotions, thoughts, and recent events in order to understand
them. Later, the two-factor structure of the RRS translated into different languages was
supported by confirmatory factor analysis (Schoofs et al., 2010)?,

Early research revealed that brooding was contemporaneously and prospectively related
to depression scores, whereas reflection was associated with depressive symptoms solely
concurrently but not prospectively (Cox et al., 2012; Schoofs et al., 2010; Treynor et al., 2003).
These findings support the idea that brooding could be the more maladaptive facet of
rumination, while reflection may represent a more adaptive, or at least less maladaptive
strategy. However, some studies have shown that reflection can be a risk factor for outcomes
other than depression. For example, a prospective study conducted on a large community
sample of adults found that both brooding and reflection predicted suicidal ideation even after
accounting for baseline suicidal thoughts (Miranda & Nolen-Hoeksema, 2007). Results from a
recent study that followed up undergraduates also found this prospective association with
reflection even when adjusting for baseline suicide ideation (Rosario-Williams & Miranda,
2023). A meta-analysis on suicidal thoughts (Rogers & Joiner, 2017) confirmed that not just
brooding, but also reflection has a significant association with suicidal ideation (k = 12;

Hedge’s g = .38, p =.002, 95% CI [.10, .65]). The findings on rumination subtypes in relation

24 Discussing the psychometric properties of the RRS is beyond the scope of this dissertation. However, it is
worth noting that studies using the 10-item Hungarian version have reported good reliability and validity (e.g.,
Kokonyei et al., 2016; Kovacs et al., 2021). Its factor structure was investigated in a large sample of adults,
which showed that the fit indices are better when a bifactor structure is modelled. Thus, the fit of the two-
factor structure model was overperformed by a general rumination factor with two subfactors, namely
brooding and reflection (Eszlari, personal communication).
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to suicide attempts are inconclusive. This may in part be due to the fact that research on
attempts has been mainly conducted in clinical samples where the two components of
depressive rumination are highly correlated (r is about 0.6 or higher) (Horwitz et al., 2019;
Tang et al., 2021), making it difficult to separate their effects in statistical analysis due to
multicollinearity. It should be noted that a high correlation between the two subscales of RRS
can be observed in non-clinical samples as well. For example, in a large sample of young adults
(undergraduates between the ages of 18 and 29, N=1696), the correlation between brooding
and reflection was 0.71 (Holdaway et al., 2018 ).

Nonetheless, these findings draw attention to the possible interplay of the two
components of rumination. From a phenomenological point of view, it is reasonable to assume
that high reflection combined with elevated level of brooding (i.e., high total score, referred to
as rumination) will result in a different quality of self-focus than the combination of high
reflection and low brooding. An fMRI study (Freton et al., 2014) has indicated that in high
brooders, the type of self-focus (analytical vs. experiential self-focus) (Watkins, 2004) has a
smaller effect on brain activity, whereas in low brooders, analytical self-focus vs. experiential
self-focus activated posterior midline structures, the brain areas typically involved in self-
referential processing? (Northoff et al., 2006). This finding may suggest that brooders may not
be able to efficiently control the chain of their thoughts once self-focus is initiated.

During the processing of a negative event, it is effortless to become absorbed in negative
feelings and just passively dwell on them. Therefore, brooding tendency can impact the
elaboration process. Indeed, an fMRI study involving non-depressed older adults (Schneider &
Brassen, 2016) found that brooding tendency was associated with reduced activation of the
inferior frontal gyrus (IFG) during the elaboration process of autobiographical memory recall.
They concluded that this result may indicate the inappropriate selection of memory details
among brooders. Therefore, attentional control may be necessary to disengage from
emotionally arousing elements of the recalled events (Koster et al., 2011) and stay on the
adaptive self-focus path. This notion aligns with the conclusions of Kohn and colleagues (Kohn

et al., 2014) review on neural networks of cognitive emotion regulation. The review posits that

5 Self-reference processing or self-reference effect refers to using the Self as a reference for encoding and
interpreting incoming information (Rogers et al., 1997), and any Information associated with the self is more
easily recalled from memory (Greenwald & Pratkanis, 1984).
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ventrolateral prefrontal cortex may indicate the need for regulation as a result of the appraisal

process, signaling to the dorsolateral prefrontal cortex involved in attentional control.

2.2.2 Anger rumination

Anger rumination involves recurrent thoughts that occur during and after experiencing anger
related to personally relevant events (Denson, 2013). These thoughts may evolve
unintentionally (Sukhodolsky et al., 2001) but relate to the specific past or current events that
provoked anger (Denson, 2013). These thoughts might contain fantasies or wishing about
retaliation (Caprara, 1986), thus anger rumination has been investigated in relation to
aggressive behavior. For instance, it has been found that those who ruminated after provocation
in the lab was more likely to be aggressive following a minor annoying trigger (Bushman et
al., 2005).

As anger is linked to activation of the sympathetic nervous system, it is logical to explore
the impact of rumination on anger-related events on cardiovascular responses. A meta-analysis
revealed that in laboratory studies that induced anger, rumination on anger - as opposed to
rumination on sadness - was linked to stronger cardiovascular responses (Busch et al., 2017).
However, rumination on sadness also significantly increased activity in the sympathetic
nervous system (Busch et al., 2017). Denson (2013) suggests that the behavioral or
physiological consequences of rumination on anger depend on at least three factors. Firstly, it
is important to consider whether ruminative thoughts are directed towards the event (e.g., the
provocation that induced the anger) or the self (e.g., the negative consequences for the
individual). Secondly, it depends on the processing mode used by the individual, whether
analytical or concrete/experiential (as discussed above). Thirdly, the individual's perspective
plays a role, whether they are self-immersed or distancing (as mentioned above).

Based on the processing mode theory, abstract/analytical rumination that focuses on the
'why' may lead to a higher increase in anger compared to concrete rumination. However, a
recent study did not find support for this hypothesis as both processing modes resulted
increased anger compared to baseline (Heinzel et al., 2023). However, if 'why' questions are
addressed in a self-distancing mode, the increase may not occur or may not be as steep. It is
important to note that the results of studies based on processing mode and self-perspective
theories are inconclusive (Denson, 2013). A more productive approach would be to investigate

anger rumination from an emotion regulation perspective. This would enable a comparison of
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its effects with the spontaneous use of regulation strategies, or with specific strategies such as
distraction or reappraisal. For instance, individuals typically shift their attention away from the
event that provokes anger in order to regulate their anger (Rusting & Nolen-Hoeksema, 1998).
When instructed to distract or use reappraisal, it also leads to a reduction in anger (Denson et
al., 2012).

In addition to laboratory studies, correlates of trait angry rumination have been also
studied. Research has shown that rumination on anger can be distinguished from depressive
rumination (Ciesla et al., 2011; du Pont et al., 2018). However, anger rumination is also
associated with depressive symptoms, or more generally, internalizing symptoms, although
usually to a lesser extent compared to depressive rumination (du Pont et al., 2018). However,
a prospective studies involving early adolescents using cross-lagged analysis found that
depressive symptoms (Spyropoulou & Giovazolias, 2022) and peer victimization (Spyropoulou
& Giovazolias, 2023) predicted increases in anger rumination but not vice versa.

Studying anger rumination is particularly relevant in relation to disorders such as
borderline personality disorder, where anger or difficulties with anger regulation can dominate
emotional life. In a questionnaire study of people diagnosed with borderline personality
disorder, it was found that angry ruminative thinking was associated with aggressive behavior
and that depressed ruminative thinking explained self-harm over and above general emotional
dysregulation (Martino et al., 2018). By applying the dimensional approach, it is possible to
investigate borderline personality features (such as affective instability, identity problems,
negative relationships, and self-harm) and their correlates in community samples, rather than
just targeting clinical populations (Oliva et al., 2023). For example, an analysis of a free writing
task revealed that ruminative thoughts can be other-focused and associated with a wide range
of emotions, including self-conscious emotions like shame (Peters et al., 2017). This finding
was also confirmed in a study that used an induced rumination paradigm. It was found that
individuals with high borderline personality features experienced an increase in shame and self-
blame, regardless of the affective states (anger or depressive mood) they were instructed to

ruminate on (Law & Chapman, 2015).

2.2.3 Shame and self-critical thoughts: self-critical rumination
When considering potential triggers for rumination, it is important to recognize that shame can

be a powerful emotion that drives repetitive, negative thoughts (Orth et al., 2006). Situations
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that evoke feelings of shame such as mistakes, failures, shortcomings, or bad habits, can lead
to an overall negative self-evaluation, often manifesting as self-criticism. It can be argued that
rumination may be the underlying mechanism that sustains self-critical thoughts and intensifies
negative emotions (Kolubinski et al., 2017). Indeed, Smart and colleagues (Smart et al., 2016)
have suggested that it is worth distinguishing this form of rumination from depressive
rumination or anger rumination. They defined self-critical rumination as repetitive thoughts
focused on events or aspects of self that cause shame, and hypothesized that it might play an
important role in explaining various psychopathological symptoms. In line with their
expectations, they found that self-critical rumination explained general distress and borderline
symptoms beyond trait-level self-criticism in undergraduate students.

In addition to a meta-analysis illustrating the association between different types of
rumination and non-suicidal self-injury (NSSI) in both cross-sectional (r=0.25, p< .001) and
prospective studies (r=0.18, p< .001) (Nagy et al., 2023), in our study we found a positive
association between self-critical rumination and intrapersonal motives to engage in non-
suicidal self-injury in females form an adolescent Hungarian community sample (Reinhardt et
al., 2021). This finding was also replicated in a clinical sample (Reinhardt et al., 2022).

The importance of self-critical aspects of ruminative thoughts is also underlined by
studies using different methods. Bernstein and colleagues (Bernstein et al., 2017, 2020) utilized
network analysis to investigate state rumination, focusing on the five key features of
rumination established by the RST model (Nolen-Hoeksema & Morrow, 1991; Nolen-
Hoeksema et al., 2008): perseverance, brooding, negativity, self-criticism, and replaying.
Results suggested that self-critical aspects of ruminative thoughts emerged as the most central
characteristic of rumination when participants experienced a lab stressor. Recent research
employing experience sampling methodology has demonstrated the significance of these five
distinct features (Hoebeke et al., 2022). Additionally, self-critical aspects of ruminative
thoughts are closely linked to negativity at the same time (Hoebeke et al., 2023). Temporally,
there is a relationship between the five features, with negativity having a leading effect: more
negative thoughts implied more self-critical thoughts at the following time point (Hoebeke et

al., 2023).
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2.2.4 Stress-related rumination

Stress-related rumination can be conceptualized and operationalized in several ways. One
approach, as mentioned earlier, is to ruminate on negative inferences related to stressors (Alloy
et al., 2000). However, a closer examination of the measurement reveals that these thoughts are
primarily stress-activated self-focused thoughts (Wong et al., 2023), such as 'Thinking about
how the stressful event was all your fault' or 'Thinking about what the occurrence of the stressor
means about you' (Robinson & Alloy, 2003). Another approach is post-event processing (PEP),
which refers to having increased focus on negative aspects of the self and situation after social-
evaluative threat (e.g., performance or social interactions) (Clark & Wells, 1995)%. PEP?
involves post-event negative rumination and other cognitive processes, such as biased memory
retrieval. Individuals with social anxiety may experience post-event negative rumination,
which involves dwelling on how others may have perceived them (e.g., “I looked stupid”) after
a social event or performance (Abbott & Rapee, 2004). This repetitive focus — also known as
retrospective brooding (Rapee & Heimberg, 1997) — on inadequacy and anxiety can cause
individuals to perceive the event as worse than it actually was over time.

Another approach is the ER approach, which uses a more general framework compared
to stress-reactive rumination or post-event rumination concepts to define stress-related
rumination. This approach does not specify the types of thoughts, such as inferiority, during
rumination. Instead, it generally refers to rumination as one possible cognitive emotion
regulation strategy, defined as repetitively dwelling on negative feelings and thoughts
associated with stressful events (Garnefski et al., 2001). Questionnaire studies indicate that
dwelling on emotions in relation to stressful life events is linked to depression, even when
controlling for co-morbid anxiety symptoms or other cognitive emotion regulation strategies,
such as positive reappraisal, catastrophizing, or self-blame (Garnefski & Kraaij, 2016).

In a vulnerability-stress model, rumination is conceptualized as a moderator of the

relationship between negative events and depression (Nolen-Hoeksema et al., 1999), such that

26 Originally, Clark and Wells (1995) coined the term of “post-mortem” to describe the process that occurs in
individuals with social phobia after a situation with social-evaluative threat. They argued that these individuals
tend to review in detail the anxious (or distressing) feelings and thoughts that arouse during the situation,
often focusing on other’ perception of them (e.g., ‘Others think | am stupid’).

27 Some studies use the term of post-event processing as a form of post-event rumination (Rachman et al.,
2000), while others differentiate between the two and use post-event processing in a broader sense that
encompass post-event rumination among other processes (Abbott & Rapee, 2004). As this dissertation does
not cover social anxiety or post-event rumination, | will not delve into further details.

51



kokonyei gy 149 23

higher levels of rumination increase the strength of the relationship between stressors and
depressive symptoms over time. The stress generation hypothesis (e.g. (Harkness & Washburn,
2016) can also be applied to rumination, where higher initial levels of rumination may lead to
more stressors being reported during the follow-up period (Abela & Hankin, 2011). Within the
differential exposure model, rumination is assumed to lead to more stress, particularly as
depression increases (Abela & Hankin, 2011).

Nolen-Hoeksema proposed that stress may play a role in the emergence of gender
differences in early adolescent depression. She suggests that girls may have a higher likelihood
of risk factors for depression, such as rumination, even before early adolescence. However,
these risk factors are more likely to result in depressive symptoms when stress levels
dramatically increase during adolescence (Nolen-Hoeksema, 1994). As research suggests that
girls experience higher levels of stress, particularly interpersonal stress (Shih et al., 2006),
during this period, the combination of increased exposure to stress and rumination appears to
result in a higher prevalence of depressive symptoms among girls (Nolen-Hoeksema & Girgus,
1994). In contrast with the increased stress exposure model, stress reactivity model assumes
that girls might be more vulnerable to the effects of stress which in turn increase the likelihood
of the development of depressive symptoms (Hankin et al., 2007). Findings from a recent four-
wave cohort study that followed participants from ages 8 to 14 support the stress reactivity
model when examining within-person associations (Morken et al., 2023). Specifically, stressful
life events and bullying victimization predicted depressive symptoms to a greater extent among
girls than boys (Morken et al., 2023).

To investigate the association between rumination and stress, further research has
examined how trait rumination relates to the stress response (Aldao et al., 2014) during a
standardized laboratory stressor, such as the Trier Social Stress Test. Some studies have also
investigated whether state rumination induced by a stressor changes as a function of trait
rumination. For example, following the TSST, participants with high trait rumination exhibit
higher levels of state rumination compared to low trait ruminators. Additionally, high trait
ruminators report more repetitive thoughts regarding how others perceived their performance,
recall similar situations from the past, or express concerns about future failure (Rosenbaum et
al., 2018). However, the level of state rumination after a stressor among individuals with high
and low trait rumination may also depend on the type of stressor used in the laboratory. It is

not always the case that a milder stressor will result in increased state rumination among those
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with high trait rumination compared to those with low trait rumination. For example, there
were no differences between the groups in state rumination 10 minutes after recalling a recent
stressful event that they found difficult to stop thinking about (Key et al., 2008).

Similarly, in real life, there are stressors or traumas that are more likely to lead to
rumination, and the same time, rumination after such stressors or events is more likely to be
associated with poor adjustment. For instance, grief-related rumination, i.e., ruminating on a
loss of a loved ones is associated with prolonged grief or complicated grief (Eisma et al., 2022),
especially if it contains self-focused thoughts about on the injustice/unfairness of the death
ones such as “What I have done to deserve this?” or “Why did this happen to me and not
someone else?” (Eisma et al., 2015). Note that these thoughts appear to be identical to brooding,
but they are connected to grief. This raises the question of whether the content or specific

features of rumination are more important for mental health.

2.2.4.1 Rumination on specific stressors

According to the Response Style Theory (Nolen-Hoeksema, 1991), it is not the exact content
but the style of thinking that is the key component for rumination. While their primary focus
was on investigating the ruminative response to depressive mood, their initial research
indicated that engaging in rumination in response to heightened distress caused by any event
would perpetuate that distress. In the case of the Loma Prieta earthquake in 1989, it was
discovered that rumination in response to the distress triggered by the earthquake was linked
to greater depressive and PTSD-like symptoms (Nolen-Hoeksema & Morrow, 1991). One
advantage of the study was that there happened to be a measurement of depressive symptoms
and rumination among participants (Stanford students) prior to the occurrence of the natural
disaster. Both of these factors were believed to play a role in how individuals responded to the
earthquake. Subsequently, these students were followed up shortly after the earthquake (within
10 days), with a subset of the participants (N=41) also being assessed in the seventh week post-
earthquake in terms of emotional health (depressive and PTSD-like symptoms), rumination
about the earthquake, and earthquake-related stress. The results showed that, even when
controlling for pre-earthquake symptoms, pre-earthquake ruminations explained depressed
mood and PTSD-like symptoms ten days after the earthquake. Seven weeks later, it was

observed that depressive symptoms were predicted by the level of depression present ten days

53



kokonyei gy 149 23

after the earthquake and rumination about the earthquake. Notably, only the rumination related
to the earthquake was able to predict PTSD-like symptoms seven weeks later.

Trauma has been the subject of extensive recent research on rumination (Moulds et al.,
2020). These studies have highlighted that in case of a traumatic event, trauma-related
rumination predicts the severity of post-traumatic stress disorder (PTSD) symptoms, both
concurrently (Bishop et al., 2018) and prospectively (Ehring et al., 2008). It is worth noting
that reliving traumatic memories and ruminating on trauma are not the same phenomenon. For
example, Ehlers and Clark (2000) emphasize in their cognitive model of PTSD that trauma-
related rumination often manifests as "what if" thoughts, which are primarily focused on how
the traumatic event could have been prevented. These thoughts can perpetuate PTSD symptoms
by reinforcing maladaptive/dysfunctional thoughts about the trauma or triggering re-
experience of traumatic memories. A study using an interview technique (Michael et al., 2007)
found that besides “what if” thoughts, engagement in “why” questions (“Why did it happen to
me?), and having repeated and hard-to-control unproductive thoughts after experiencing an
assault were related to PTSD concurrently. Meanwhile the compulsion to continue ruminating
once it is initiated predicted PTSD symptoms six month later. These findings, according to
Mould and colleagues (2020), suggest that it is not necessarily the content but rather the specific
features of rumination that are more important for the development of PTSD symptoms.

In the context of PTSD, research has investigated both deliberate and intrusive
rumination (Cann et al., 2010). Reports from individuals exposed to trauma suggest that
rumination is primarily an automatic and intrusive process, rather than a deliberate one, that
can induce intrusive memories (Birrer & Michael, 2011). However, individuals may
intentionally engage in rumination following a traumatic event (Calhoun & Tedeschi, 2006) in
an attempt to restore or redefine their basic schemas and beliefs about the world that have been
challenged (Janoff-Bulman, 1992). According to a meta-analysis of 46 studies (Allen et al.,
2022), event-related deliberative rumination that occurs soon after trauma, as measured

retrospectively, is positively associated with posttraumatic growth.

The COVID-19 pandemic is a global health crisis and stressor (Qi et al., 2021). The
relationship between coronavirus disease, caused by the SARS-CoV-2 virus (the COVID-19
pandemic), and perseverative cognitions, including rumination and worry, has recently been

investigated. Due to the outbreak of the pandemic and subsequent lockdowns, the coronavirus
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understandably became a pervasive topic of thought. For example, a survey conducted in the
UK found that the general population had widespread concerns about the impact of social
isolation or social distancing on their well-being, as well as the practical implications of the
pandemic response, including financial difficulties (Holmes et al., 2020). Concerns about
contamination, health, education, and financial difficulties persisted through the end of 2020
(Manao et al., 2022). The unpredictable course and long-lasting effects of the pandemic led to
heightened feelings of uncertainty and perceived threats (S. Li et al., 2020). Like previous
pandemics caused by SARS (Tsang et al., 2004) or Ebola (Jalloh et al., 2018), COVID-19 has
had a substantial impact on mental health (S. Li et al., 2020), resulting in high prevalence rates
of depression, anxiety, and acute stress symptoms in the general population (Wang et al., 2020).
The prevalence of anxiety and depression was approximately twice as high among those who
had been quarantined or had close relatives, family members, or friends who had been affected
compared to those who had not been affected (Lei et al., 2020). A study conducted on
undergraduate samples in the UK with pre-pandemic measures demonstrated a significant
deterioration of well-being during the first lockdown (Evans et al., 2021).

Research has shown that Covid-related ruminative thoughts are linked to symptoms of
depression and anxiety (O'Connor et al., 2021). These effects are particularly strong among
individuals with pre-existing mental health conditions (O'Connor et al., 2022; O'Connor et al.,
2021). Along with covid-related worry, rumination over the coronavirus in first 9 months of
pandemic (between March and November 2020) was at its highest in the first lockdown
(O'Connor et al., 2022), highlighting that being quarantined can be an aggravating factor in
mental health problems (Brooks et al., 2020). Unsurprisingly, those who had an infected family
member were more likely to report ruminative thoughts over the coronavirus during the first
month of lockdown (Nikolova et al., 2021). However, a recent study conducted in Hong-Kong
(Lo et al., 2023) demonstrated that Covid-related ruminative thoughts were still present in the
beginning of 2022 and had a significant relationship with depressive symptoms (r=0.42).

Sharing emotions and thoughts during times of stress can be considered a social support-
seeking behavior. Co-rumination, defined as excessive dwelling on negative emotions through
talking (Rose, 2002) in the context of Covid-19 pandemic was positively linked to internalizing
symptoms among university students in April-May 2000 (Starr et al., 2021). Decomposing co-
rumination into its two facets, co-brooding and co-reflection, this study also demonstrated a

positive association between stress and symptoms among individuals with high co-brooding.
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However, there was no relationship between stress and symptoms among students with high
co-reflection.

The mentioned studies did not measure non-pandemic related rumination, leaving the
relationship between pandemic-related and general rumination unclear. Therefore, these studies
were unable to distinguish between the impact of COVID-19 specific and general (non-

pandemic-related) ruminative thoughts on outcome variables.

2.2.5 Rumination on positive affect
As rumination refers to repetitive thoughts and behaviors related to affective states and their
causes and consequences, it is possible to ruminate on positive emotional states. According to
Feldman et al. (2008), recurrent dwelling on positive emotions, positive self-qualities, and
favorable circumstances can also be considered as ruminative thinking. Rumination on positive
affect (sometimes referred to as positive rumination), whether initiated deliberately or activated
automatically, can be considered an emotion regulation strategy (Bryant, 2021). There are also
strategies that could be used for regulating positive emotions. In positive psychology, savoring
encompasses various thoughts or behaviors that help maintain or increase positive emotional
states (Quoidbach et al., 2010); therefore, savoring is a broader concept than positive
rumination (Bryant, 2021). In addition to rumination, other specific strategies, such as
reappraisal, can also enhance positive states (Giuliani et al., 2008).

In some instances, individuals may aim to downregulate their positive states, strategies
used for this purpose, generally referred to as dampening strategies (Quoidbach et al., 2010;
Wood et al., 2003). However, common emotion regulation strategies or processes could be used
to decrease positive emotions if the emotion regulation goal is the down-regulating of the
specific positive emotions. To decrease positive emotions, we may suppress positive emotional
expression (Gross & Levenson, 1997), divert attention from positive emotional states (P. Li et
al., 2020), or use reappraisal to decrease a positive state such as amusement (Giuliani et al.,
2008). In addition, we may have thoughts that counteract with the positive states, such as “I do
not deserve this” or “It won’t last long” (Feldman et al., 2008). These dampening thoughts as
a response to positive emotional states are argued to shorten or terminate positive emotions.
This strategy will be referred to as 'dampening thoughts' to differentiate it from the broader

concept of dampening. One of the subscales of the questionnaire (Responses to Positive Affect
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Questionnaire) developed by Feldman et al. (2008) measures responses to positive affect and
is specifically focused on dampening thoughts, although it is simply referred to as 'dampening'.
The other two factors distinguish between two forms of ruminative thoughts in response to
positive emotions. The first factor, emotion-focus, involved rumination on positive mood (e.g.,
how happy the individual feels) and related somatic experiences (e.g., how full of energy one
feels). The second factor, self-focus, involved rumination on aspects of the self (e.g., how proud
someone is) and the pursuit of personally relevant goals (e.g., thinking that one is achieving
everything).

Based on the literature on savoring or rumination, it is reasonable to expect that positive
rumination is associated with better mental health (Feldman et al., 2008) as it maintains or
amplifies positive mood or emotions. Questionnaire studies have generally found that positive
rumination is associated with lower depressive symptoms, both concurrently (Feldman et al.,
2008; Werner-Seidler et al., 2013) and prospectively (Bijttebier et al., 2012; Gomez-Baya et
al., 2017; Nelis et al., 2015)?. However, in a study, a positive association emerged between
positive rumination and depressive symptoms among children at high risk for depression
compared to children at low risk (Gilbert et al., 2017). However, interpretation of the results is
limited by the small sample size of the study (N=81).

Regarding clinical population, in questionnaire studies ruminative responses to positive
affects in bipolar disorder where there are hypomanic or manic episodes with elevated mood
and positive affects are more likely to be present than in major depression disorder (Hanssen
et al., 2018; Johnson et al., 2008; Kovacs et al., 2020) or in healthy controls (Gruber et al.,
2011; Johnson et al., 2008). Applying a dimensional approach, it has been found that mania
symptoms in non-clinical samples, such as university students (Feldman et al., 2008) or
children (Bijttebier et al., 2012), are significantly associated with trait positive rumination.

Although there is a positive correlation between positive rumination and positive affect,
there is a scarcity of studies examining how interindividual differences in trait positive
rumination influence emotional responses to positive moods. For instance, one study applying
mood induction did not find evidence that trait rumination would moderate PA increase after
positive mood induction (Olofsson et al., 2016). However, more studies are needed to test this

association in natural settings (e.g., in everyday life).

28 The studies cited in this text have also examined the association between dampening thoughts to positive
affects and depressive symptoms, and have generally found a positive association (e.g., Raes et al., 2012) .
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2.3 Rumination and worry as repetitive negative thoughts

Due to its repetitive and predominantly negative nature, rumination is often categorized as
repetitive negative thinking (RNT) or perseverative cognition, alongside worry, which is
defined as a series of repetitive thoughts related to potential future threats (Borkovec, 1994).
Conceptually, rumination and worry may share common processes (McEvoy & Brans, 2013;
Spinhoven et al., 2015) and functions, such as avoidance?® (Dickson et al., 2012). Both
phenomena have been theorized unproductive, hence not contributing to problem-solving.
Moreover, they can be intrusive to some extent, and making it challenging to disengage from
or control them. Additionally, when experiencing worry or rumination, concentrating on other
ongoing tasks, such as studying or working, becomes difficult (Ehring et al., 2011).
Consequently, several empirical studies do not differentiate between rumination and worry;
instead, they generally assess repetitive negative thinking (Ehring et al., 2011) or group them
into a common factor (Castro et al., 2022).

However, other studies have highlighted that rumination and worry are conceptually
distinct phenomena. For example, a recent meta-analysis, based on the analysis of 719 effect
sizes, concluded that while rumination and worry are closely related (with a correlation of about
0.5), they are non-redundant constructs (Stade & Ruscio, 2023). Notably, there are significant
differences in the temporal orientation of ruminative and worrisome thoughts (Nolen-
Hoeksema et al., 2008). Ruminative thoughts are more past or present-oriented, while
worrisome thoughts are predominantly future-oriented®, as their definition suggests. This
distinction was confirmed in an ESM study involving participants with major depressive
disorder, generalized anxiety disorder, both diagnoses, and control participants (Kircanski et
al., 2015). Nevertheless, during ruminative thinking, a shift from a past temporal orientation to
the future can occur, as suggested by a laboratory induction study involving undergraduate

students (McLaughlin et al., 2007).

2% According to the Contrast Avoidance Model (Newman & Llera, 2011), worry may maintain a stable and
heightened negative affect, which helps individuals avoid further increases in negative emotion. Therefore,
subsequent negative events will not cause such a sharp contrast between the previous and resulting states.
This regulatory function was later extended to rumination (Kim & Newman, 2023).

30 This is consistent with the temporal orientation of typical thoughts, i.e., losses and future threat, associated
with depression and anxiety, respectively (Eysenck and Fajkowska, 2018).
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Worrisome thoughts are generally associated with future threats, while ruminative
thoughts often involve themes related to loss, self-worth, or past events (Nolen-Hoeksema et
al., 2008). However, empirical results indicate that the same topics can be addressed during
both rumination and worry episodes (McLaughlin et al., 2007). For instance, people frequently
ruminate and worry about relationships, past social interactions, or past mistakes (Joubert et
al., 2022).

In terms of conscious motivations, individuals may ruminate because they believe it helps
them gain an understanding of events and emotions, as well as overcome obstacles
(Lyubomirsky & Nolen-Hoeksema, 1993). Conversely, people may worry because they think
it helps them prepare for anticipated future threats. These positive metacognitive beliefs
contribute to the persistence of repetitive negative thinking. However, over time, individuals
who frequently use these strategies may experience a loss of control over these thoughts,
leading to the development of negative metacognitive beliefs about rumination and/or worry
(e.g., "When I start worrying, I cannot stop" or "Not being able to control my thoughts is a sign
of weakness"). Consequently, some individuals may hold dysfunctional metacognitive beliefs
about perseverative thoughts (Papageorgiou & Wells, 2001a; Papageorgiou & Wells, 2004).
Interestingly, these metacognitive beliefs appear to moderate the prospective link between
rumination and worry. Rumination measured at Time 1 predicts worry at Time 2 (but not vice
versa), but only among those with high scores on dysfunctional metacognition (Anyan et al.,
2020).

While uncontrollability is commonly considered a shared characteristic of rumination
and worry, an ESM study involving participants with major depressive disorder, generalized
anxiety disorder, individuals with both disorders and control participants (Kircanski et al.,
2015) found that only ruminative thoughts were reported as uncontrollable, with worry not
being similarly described. However, in both cases, the situations themselves in these thoughts
were reported as beyond the participants' control. Importantly, this study confirmed that both
ruminative and worrisome thoughts were experienced as unpleasant and repetitive (Kircanski
etal., 2015).

In clinical research, the examination of differences in perseverative thoughts typically
occurs in the context of major depressive disorder (or, more broadly, depressive symptoms)
and generalized anxiety disorder (or, more broadly, anxiety). This is because rumination and

worry have traditionally been studied in connection with these disorders (Eysenck &
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Fajkowska, 2018). Only a limited number of studies have directly compared the correlates of
rumination and worry. It appears that there may be some specificity in the correlates of
rumination and worry. For example, the unique aspect of rumination exhibited a significant
relationship with depression and comorbid depression, whereas the unique aspect of worry was
associated with generalized anxiety disorder (Spinhoven et al., 2015). Interestingly, everyday
events were found to increase rumination but not worry in these disorders (Kircanski et al.,
2018). On the other hand, there are studies with non-clinical samples suggesting that repetitive
negative thinking in general, defined as a common factor in the bifactor model of repetitive
negative thinking, can predict anxiety and depressive symptoms beyond the distinct effects of
rumination and worry in adults and adolescents as well (Funk et al., 2022; Topper et al., 2014).
Similarly, studies utilizing questionnaires designed to capture content independent thoughts
discovered that repetitive negative thinking correlated with depressive and anxiety symptoms
among adolescent (McEvoy et al.,, 2019) and predicted future depressive mood in both
adolescents (Raes et al., 2020) and young adults (Raes, 2012). Furthermore, changes in
repetitive negative thinking were associated with the development and remission of depressive
and anxiety disorders over a three-year period (Hijne et al., 2020). These results suggest that,
like specific forms of repetitive negative thinking such as rumination, repetitive negative

thinking in general can also be regarded as a transdiagnostic factor.

2.4 Rumination and health

2.4.1 Rumination as a vulnerability factor for mental health

Rumination, as originally proposed in the Response Styles Theory (Nolen-Hoeksema, 1991),
is considered a vulnerability factor in the development of depressive symptoms and major
depressive disorder. Since the RST conceptualized rumination as a response to low mood or
depressive symptoms, numerous studies have investigated its concurrent and prospective
associations with depressive symptoms or major depressive disorder in questionnaire-based
studies involving children (Roelofs et al., 2009), adolescents (Abela & Hankin, 2011) and
adults (Whisman et al., 2020). However, the positive association of rumination with depressive
symptoms is also supported by studies that utilize measures of rumination other than depressive
rumination. For instance, co-rumination (Hankin et al., 2010; Rose, 2002), anger rumination

(du Pont et al., 2018), and stress-related or stress-reactive rumination (Garnefski et al., 2001;
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Rood, Roelofs, Bogels, et al., 2012) have also been associated with elevated depressive
symptoms.

Furthermore, rumination also appears to be a risk factor for anxiety symptoms (Michl et
al., 2013) or anxiety disorders, and, more generally, for internalizing symptoms (Wang et al.,
2023) or emotional distress defined broadly (Tumminia et al., 2020). Rumination predicted
binge eating and substance use onset among female adolescents in a longitudinal study (Nolen-
Hoeksema et al., 2007), and it also explains some variance in non-suicidal self-injury (Selby et
al., 2013) and suicide ideation in non-clinical samples as well (Hasking et al., 2019).
Additionally, rumination predicts the development of psychopathology in adolescents (Hankin,
2008) and the development of depressive symptoms in adult people who previously did not
meet any diagnostic criteria (Weber & Exner, 2013).

Additionally, considering that ruminative thoughts are typically distressing and
challenging to control, it has been proposed that rumination may induce maladaptive behaviors,
such as psychoactive substance use, as a means of disengaging or escaping from these thoughts
(Nolen-Hoeksema, 1991; Nolen-Hoeksema & Watkins, 2011). If substance use provides relief
from negative emotions as a consequence, then it can reinforce the behavior itself (i.e.,
substance use). Notably, a recent study provided evidence that low-dose acute alcohol
consumption effectively reduces state rumination induced in the laboratory (Mollaahmetoglu
et al., 2021). While longitudinal questionnaire data on the association between alcohol use and
rumination is limited, it was found that brooding positively predicted alcohol use (Willem et
al., 2014), while reflective pondering, negatively predicted it (Adrian et al., 2014) in adolescent
samples.

Based on the above, it seems plausible to assume that rumination could be a risk factor
for any pathological behavior that serves as an escape from ruminative thoughts triggered by
recent or past events. From this perspective, it is logical to hypothesize that the tendency to
ruminate could also be a potential risk factor for non-substance-related addictions, such as
gambling disorder or internet gaming disorder. Recent studies have indeed shown that
brooding, the maladaptive component of trait rumination (K. Krause et al., 2018), rumination
operationalized as an emotion regulation strategy used in times of stress (Estevez et al., 2023),
or self-rumination measured by the Rumination-Reflection Questionnaire (de Lisle et al.,
2014), 1s associated with the severity of gambling among individuals with a history of

gambling. In another study, the strategy of rumination used in time of stress, along with other
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emotion regulation strategies, explained distorted, gambling-related cognitions among
gamblers (Ruiz de Lara et al., 2019).

It is worth noting, that behaviors that could be classified as an addiction, are best
characterized as a continuum, ranging from non-problem behavior (e.g., gambling, gaming,
social networking, exercising etc.) to problematic and addictive behaviors (Demetrovics &
Kun, 2007; Griffiths et al., 2016). One could argue that rumination is not only relevant in the
clinical groups but also a risk factor for problematic behavior in community samples. Indeed,
when investigating internet use among people using internet forums (N=449), rumination
proved to be a significant predictor of problematic internet use (McNicol & Thorsteinsson,
2017), and rumination (along with fear of missing out) mediated the relationship between social
anxiety and problematic Facebook use in a college sample (Dempsey et al., 2019). Recently,
rumination has been investigated in relation to problematic smartphone use, studies suggesting
a positive relationship between them (Elhai et al., 2020), especially if individuals have low
emotional intelligence (Arrivillaga et al., 2022).

All these empirical findings support the notion that rumination, as a transdiagnostic
factor, could be a relevant factor in behavioral addictions, including problematic online and
non-online related activities, in community samples as well.

In summary, rumination is recognized a transdiagnostic vulnerability factor for mental
health (Watkins & Roberts, 2020) as it appears to be associated with various

psychopathological symptoms or disorders.

2.4.2 Gender differences in rumination and in rumination-health relationship

It is widely acknowledged that sex differences in psychopathology, particularly in internalizing
disorders, become apparent during adolescence (Mendle, 2014). Nolen-Hoeksema (1987),
based on her research with adolescents and adults, suggested that gender differences in
response to low mood, especially rumination, may partially explain gender differences in the
prevalence of depression. Drawing from her own work and that of others, she proposed that
when depressed men tend to distract themselves with other activities, while women tend to
focus on their symptoms (Nolen-Hoeksema, 1987). Meta-analyses confirmed, at least partially,
the existence of gender differences in rumination. Among adults, there were significant, albeit
small differences found between males and females in rumination (Cohen’s d = .24, p <.01),

as well as in its facets, specifically brooding (Cohen’s d =.19, p <.01) and reflection (Cohen’s
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d = .17, p < .01) (Johnson & Whisman, 2013). Notably, sex differences in rumination are
already noticeable among 12-year-old adolescents (Jose & Brown, 2008) or even earlier
(Baiocco et al., 2017). The results from a meta-analysis conducted in 2009 are in line with this:
in children, gender differences were relatively small (d=0.14), while in adolescents, they were
somewhat larger (d=0.36) (Rood et al., 2009).

Based on early studies, Nolen-Hoeksema (1991) concluded that predictors such as
rumination are similar for both males and females in terms of their association with depression.
However, it remains unclear whether the strength of the relationship between these predictors,
like rumination, and mental health is the same for both genders. One could argue that this
relationship is stronger in females, contributing to the sex differences observed in internalizing
symptoms and disorders. Indeed, there are findings confirming that gender moderates the
association between rumination and depression. For instance, a bidirectional association was
found in girls, but not in boys aged 10-14 (Krause et al., 2018), and when components of
rumination were also investigated, brooding predicted depression prospectively more strongly
in girls than in boys (aged 13-17) (Paredes & Zumalde, 2015). However, there are contradictory
results in the literature. For instance, brooding predicted depressive symptoms in boys, but the
relationship was reversed in girls, with depressive symptoms predicting brooding in a recent
study that followed adolescents from grade 8 to grade 12 (Dawson et al., 2023). Additionally,
this study also found that in girls reflective pondering was prospectively associated with
depressive symptoms. Nonetheless, there are studies in which no gender differences were
observed in the relationship between rumination and subsequent internalizing symptoms (Jose
& Weir, 2013).

Results from certain experimental studies also shed light on gender differences. For
example, prolonged cortisol activation in response to psychosocial (evaluative) stressors was
observed to be significant only in women when considering the interaction between trait and
state rumination (Shull et al., 2016). Furthermore, based on an eye-tracking study, females tend
to focus their attention on themselves following social evaluative feedback, whereas males
respond to this 'challenge' with other-focused attention (Vanderhasselt et al., 2018).
Additionally, recovery - indexed by heart rate variability - after a stressor was found to be more
impaired in women compared to men (Vanderhasselt et al., 2018).

Alternatively, there may be factors related to rumination among females but unrelated to

males. For example, rumination appears to mediate the relationship between pubertal timing
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and depressive symptoms exclusively among adolescent girls, not boys (Alloy et al., 2016).
This finding is logical since early pubertal timing has varying effects on body image and self-
esteem in girls and boys (Stojkovic, 2013). During adolescence, heightened attention to bodily
changes, whether due to biological shifts (e.g., menstruation, development of secondary sex
characteristics, visible bodily changes) or lifestyle choices such as dieting or excessive physical
exercise, can increase body and self-awareness. This, in turn, can impact how adolescents
perceive themselves and interact with others. Peer approval holds significant weight as a
reward for adolescents (Gardner & Steinberg, 2005), and given the paramount importance of
social approval, it can be argued that stressors related to social evaluative threats might occur
more frequently and be more prominent. Consequently, social evaluative feedback can render
adolescents more susceptible to rumination. However, additional evidence suggests that
rumination may have a more significant impact on health-related outcomes in girls. For
instance, in a study involving children aged 9-13 in the early stages of pubertal maturation, it
was found that rumination, specifically the brooding component, played a mediating role in the
connection between early life stress and both internalizing and externalizing symptoms, but
only in girls (LeMoult et al., 2019).

When it comes to examining gender differences in rumination, there are some studies
suggesting that there may be specific cases where rumination could be a more significant
predictor for males. For instance, the transition between internalizing symptoms and aggressive
behavior was found to be predicted by increases in rumination over time, but this effect was
observed solely among boys during early adolescence (McLaughlin et al., 2014). Regarding,
the association between co-rumination and rumination, on a within-person level it was found
to be stronger among adolescent boys compared to girls (DiGiovanni et al., 2022).

However, it is important to note that the evidence on gender differences in rumination is
inconclusive. Further research is required, particularly on larger sample sizes, to investigate
whether gender moderates the relationship between rumination and mental health. Or, put
differently, it is crucial to investigate whether the strength of the association between
rumination and mental health indicators, such as psychopathological symptoms and well-being,

remains consistent across genders.
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2.4.2.1 Other moderators in the association between rumination and health

Apart from investigating the moderating role of gender, there has been limited research on
identifying factors that can protect individuals with ruminative tendencies from developing
psychological symptoms or psychopathologies. Therefore, it is crucial to explore potential
moderators.

As mentioned above, given the weak association between rumination and executive
function, it is possible that executive functions, or more broadly, better regulatory processes,
may act as moderators in the association between rumination and health. As previously stated,
there is evidence to suggest that improved updating of working memory, as measured by an
emotional n-back task, may weaken the link between rumination and negative affect (Pe et al.,
2013). In a daily diary study, perceived self-control (perceived ability to override prepotent
responses) decreased the within-person association between rumination and alcohol use (Riley
et al., 2018). Resting heart rate variability (HRV), as proposed in the Model of Neurovisceral
Integration (Szemenyei et al., 2018; Thayer et al., 2012), is a psychophysiological index for
top-down self-regulation. Therefore, it may reflect a better ability to regulate emotions and
behavior in a context-dependent and flexible manner. Some previous studies have found a
significant association between trait rumination and low resting HRV (Carnevali et al., 2018;
DeWayne P. Williams et al., 2017). However, our study (Kocsel, Koteles, et al., 2019) and a
recent study with a large sample size (N=1189) reported no association between the two (Li et
al., 2024). Others have suggested that resting HRV may act as a moderator, rather than a
correlate, in the relationship between rumination and mental health. For example, the
association between rumination and depressed mood was attenuated in individuals with higher
resting HRV (Dell'Acqua et al., 2021).

According to the extended process model (Gross, 2015), detection and valuation is the
first step in the emotion regulation process, and identification or differentiation among
emotions might facilitate emotion regulation and act as a protective factor. Indeed, rumination
did not predict later depression in individuals with good differentiation between negative and
positive emotions, whereas the usual positive association between rumination and depression
was found in individuals with poor emotion differentiation (Liu et al., 2020). Similar results
were found in an ESM study, where better emotion discrimination between negative emotions
weakened the within-person association between daily/momentary brooding and

daily/momentary depressive symptoms (Starr et al., 2017). Moreover, there was no association
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between rumination and social avoidance in individuals with high negative emotion
differentiation, as observed in both non-clinical and clinical samples with social anxiety
disorder (Seah et al., 2020).

Some studies have focused on the social environment or its perceived quality in relation
to rumination. For instance, a study that evaluated daily rumination found no difference in heart
rate variability between groups that experienced momentary rumination and those that did not,
provided that perceived social support was high (Gerteis & Schwerdtfeger, 2016). Among
adolescents, the association between brooding and internalizing symptoms was stronger if they
reported peer rejection. Additionally, the association between brooding and alcohol use was
detected among those who had more friends who used alcohol (Hilt, Armstrong, et al., 2017).
There are factors that may mitigate the potential adverse effects of co-rumination with friends.
For example, there is no association between co-rumination and depressive symptoms among
individuals who have friends with high reappraisal ability (Hazel et al., 2023), or have high
relationship quality (Guassi Moreira et al., 2016).

Cited research is important as it provides evidence that divergent trajectories can be
identified for individuals with the same transdiagnostic risk factor (Nolen-Hoeksema &
Watkins, 2011). Although trait rumination is a vulnerability factor for lower mental health,
certain moderators can weaken or eliminate the strength of the association between rumination
and negative outcomes, such as depressive symptoms, alcohol use, or behavioral avoidance.

Therefore, interventions or therapies could also benefit from targeting modifiable moderators.

2.4.3 Rumination and somatic health

The role of perseverative cognitions, such as rumination, worry, and anticipatory stress, in
influencing overall somatic health, as well as somatic and psychological well-being in chronic
somatic conditions, has recently been proposed (Brosschot et al., 2006; Soo et al., 2009; Trick
et al., 2014). According to the perseverative cognition hypothesis (Brosschot, 2002; Brosschot
et al., 2005), prolonged stress-related psychophysiological activation plays a crucial role in the
connection between stress and somatic health/condition. Perseverative thoughts about
stressors, both before and after encountering them, can prolong stress-related psychological
and physiological activation. It has been hypothesized that sustained psychological and
physiological arousal, induced by these persistent thoughts, could lead to allostatic load on the

body over time, resulting in somatic diseases (Brosschot et al., 2006). In simpler terms,
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dwelling on a stressor after it has passed prolongs stress-related psychological and
physiological responses. When reflecting on stressful or negative events from the past, it is
important to consider that this thought process may reactivate physiological stress responses,
in addition to emotional reactions.

In the context of chronic diseases, rumination may also play a role in the co-occurrence
of depression and anxiety with long-term medical conditions. For example, Soo and colleagues
(Soo et al., 2009) have explained the role of rumination in chronic illnesses within the
framework of the Stress-Reactive Rumination model (Robinson & Alloy, 2003) and the
Response Styles Theory (Nolen-Hoeksema, 1991). They suggest that rumination can exert its
effects through two steps. First, chronic illness, acting as a stressor, can lead to stress-related
rumination, which involves repetitive thoughts about the illness, its causes, and consequences.
Second, once a depressed or anxious mood has developed, rumination perpetuates negative
emotional states. Furthermore, the assessment of rumination may be particularly relevant in
cases where the symptom picture is dominated by pain (Edwards et al., 2011), including
fibromyalgia (Malin & Littlejohn, 2015) and chronic low back pain (Le Borgne et al., 2017).
The significance of rumination extends to other chronic conditions, such as coronary artery
disease (Fernandez et al., 2010), cancer (Galfin & Watkins, 2012), and obesity with binge
eating disorder (Wang et al., 2017).

2.4.4 Possible pathways between rumination and health

The above models have outlined possible mechanisms involved in the negative health effects
of rumination. For instance, findings from studies that used rumination induction support that
ruminative self-focus can amplify low mood or other negative emotions. Related to this, many
theories highlight the importance of altered processing of emotional information, such as the
processing mode theory or the self-perspective theory. Attentional disengagement theory
suggests that trait rumination is characterized by attentional biases or inadequate cognitive
control during emotional information processing. Indeed, several studies — using eye-tracking
(e.g., Duque et al, 2014; Owens & Gibb, 2017), and reaction-time paradigms (e.g., Grafton et
al., 2016), and neuroimaging (e.g., Vanderhasselt et al., 2011, 2013) have shown that biased
emotional and attentional processing of negative information is associated with rumination,

which may increase the intensity or frequency of negative emotions. These alterations in
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rumination seem to be mood-independent (for a review, see Koster et al., 2011), suggesting a
possible mechanism through which rumination affects even healthy individuals.

In addition, there are studies suggest that alterations in information processing can be
further aggravated if the negative information is highly self-relevant. For instance,
experiencing social rejection activated a distinct neural response and reduced connectivity
between DMN regions with subgenual ACC3' among adolescent girls with high trait
rumination. Greater neural activation in precuneus and supplementary motor area was also
related to slower reaction time when reporting emotional experience (Yoon et al., 2023).
Studies inducing rumination (or other perseverative cognition) have confirmed increased self-
referential processing during ruminative self-focus, as evidenced by the increased activity of
brain areas related to the DMN (Makovac et al., 2020).

In addition, a review and meta-analysis paper (Ottaviani et al., 2016) support the notion
that cardiovascular, autonomic (vegetative) and HPA axis (cortisol) activation relates to state
(e.g. induced by a stress task or a recalled negative events) or trait perseverative thinking,
including rumination and worry. Furthermore, there is evidence that trait rumination delays
cardiovascular recovery (Gerin et al., 2006; Johnson et al., 2014; Key et al., 2008) and state
rumination delays cortisol response recovery (Zoccola et al., 2014) following stress.
Additionally, rumination has been associated with a lack of habituation of HPA-axis (cortisol)
response (Gianferante et al., 2014) and cardiac response (blood pressure and heart rate) to
repeated stressors (Johnson et al., 2012). Individuals with high trait rumination when instructed
to ruminate after the stressor (compared to distraction condition) show prolonged cortisol
activation (Shull et al., 2016). In addition to the reactivity and recovery of HPA axis after stress,
diurnal cortisol pattern may also be associated with ruminative tendencies, as some studies
among adolescent girls (Hilt, Sladek, et al., 2017) and undergraduates (Zoccola et al., 2011)
suggest.

Another potential link from rumination to health is through the immune system. In a
theoretical model based on the emotion dysregulation model of anxiety®? (Mennin, 2004) and

the perseverative cognition hypothesis (Brosschot et al., 2006), Renna (2021) argues that the

31 Note, this contradicts with Hamilton et al. (2015) model (see in 2.1.12 chapter, but also point out that the
connectivity of DMN with other regions might be dependent on the presence or absence of psychopathologies,
(Lois & Wessa, 2016) .

32 The model assumes several difficulties in acceptance of emotion, and in utilization and management of them
(Mennin, 2004).
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regulation of negative affect can impact inflammatory responses. Based on empirical findings,
it is suggested that dysregulation or failures of regulation of negative emotions due to
maladaptive emotion regulation strategies can heighten inflammatory responses to acute
stressors. Specifically, while numerous studies have not yet explored the link between
rumination and inflammation, studies utilizing experimental designs or acute stressors have
revealed an association between increased inflammatory response and rumination (Szabo et al.,
2022). For example, previous studies have identified a positive association between induced
post-stressor rumination and C-reactive protein® response to a speech stressor (Zoccola et al.,
2014). Using the modified Trier Social Stress Test, a positive relationship between trait stress-
reactive rumination and change in interleukin-6 (IL-6) response (Newton et al., 2017) in
healthy young adults, and positive association between post-stress rumination and increase in
post-stress interleukin-1B (IL-1p) after adjusting the baseline level in women (Y. Z. Szabo et
al., 2019) were found. In a different experimental task involving the recall of a personally
distressing event, one study found that participants randomly assigned to the ruminative
expressive writing group, as compared to the textile making or relaxation meditation group,
experienced a significant increase in salivary IL-1f (Futterman Collier et al., 2016). In another
study that utilized angry memory recall, no association between trait stress reactive rumination
and pro-inflammatory cytokine release was observed (Newton et al., 2017). Interestingly,
concerning trait level rumination, a negative association was detected between trait intellectual
self-reflection measured by the Rumination-Reflection Questionnaire (RRQ) (Trapnell &
Campbell, 1999) and interleukin-6 response to speech stressor (Woody et al., 2016). As
mentioned above the intellectual self-reflection subscale of the RRQ measures reflection
somewhat differently than the reflective pondering subscale of the RRS. Reflection in the RRQ
refers to the tendency to engage in adaptive self-focus characterized by an intellectual self-
attentiveness (Trapnell & Campbell, 1999). The finding that elevated self-reflective tendencies
(but not self-rumination tendencies) correlated with a decreased pro-inflammatory IL-6
response to a speech stressor may validate the idea that the constructive or unconstructive
nature of repetitive thoughts (Watkins, 2008) and their associated attributes, such as valence,
are crucial factors influencing not only the psychological but also the biological implications

of such thoughts.

3 It is worth mentioning that not all biomarkers of inflammation increase from pre- to post tests. According to
a meta-analysis data on the saliva C-reactive protein is mixed (Szabo et al., 2020).
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The relationship between rumination and health can be linked to both subjective and
objective sleep quality (Zoccola et al., 2009). Additionally, Clancy et al. (2016) conducted a
systematic review and meta-analysis which found that rumination increases the likelihood of
engaging in health risk behaviors such as smoking, alcohol consumption, or substance use
(Clancy et al., 2016).

In summary, the evidence suggests that rumination is associated with altered emotional
information processing, increased self-referential processing, increased activation of stress-
related cardiovascular, autonomic, immune system, and HPA axis functioning, as well as
delayed recovery from these effects. Additionally, the relationship between rumination and
later mental and somatic health may be mediated by sleep and health behavior. It is plausible
to hypothesize that trait rumination increases the risk of developing somatic symptoms and
conditions. This is because it increases the frequency of stress-related cardiovascular,
autonomic, immune system and HPA axis activation, as well as the occurrence of health-risk
behaviors. Additionally, it hampers psychological and physiological recovery after acute and/or

recalled stressors.

2.5 Summary and the aims of the research

2.5.1 Maladaptive rumination

There are several features of maladaptive rumination discussed in the literature. Many papers
highlight its repetitive nature, which makes it an example of repetitive negative thinking
(McEvoy & Brans, 2013). Others define rumination as perseverative cognition, referring to the
chronic activation of mental representations of (di)stress-related events (Brosschot et al., 2006),
without offering solutions to problems, suggesting its non-productive nature (Nolen-Hoeksema
et al., 2008). Ruminative thoughts may arise without external cues, such as during periods of
rest or mind-wandering (Martin & Tesser, 1996). As a result, these thoughts can be intrusive to
some degree (Ehring & Watkins, 2008). Once rumination begins, whether spontaneously
(Marchetti et al., 2016), or intentionally (Wells & Matthews, 1996), it can be challenging to
control the thought process and disengage from it (Ehring & Watkins, 2008). During
rumination, self-critical thoughts can lead to overgeneralized and abstract conclusions about
oneself (Watkins et al., 2008). Counterfactual thoughts, such as 'what if' or 'if only', may also

arise, imagining how past or present events could have been different (Byrne, 2016). This can
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increase the discrepancy between the desired or 'standard' state and the achieved state
(Markman & McMullen, 2003).

When rumination, negative or neutral aspects of the current situation, past memories or
experiences are processed in a way that can lead to increased negative emotions, particularly
when using an abstract-evaluative processing mode instead of a concrete-experiential mode or
a self~immersed perspective instead of self-distancing (Ayduk & Kross, 2010). This effect is
amplified in the absence of cognitive control (Joormann, 2010). Rumination is regarded as an
emotion regulation strategy (Garnefski et al., 2001) that can alter the emotion trajectory (Gross
& Thompson, 2007) during any stage of the emotion generation process. However, it can
become maladaptive if it is consistently used as a primary strategy in response to various
emotion-eliciting events (Aldao et al., 2010).

In accordance with the listed characteristics, rumination can be defined as an exaggerated
self-referential thinking style (Mennin & Fresco, 2013; Nejad et al., 2013). It can become a risk
factor for psychopathology if it becomes a stable response style to sad mood (Nolen-
Hoeksema, 1991) or to other negative emotions such as shame (Peters & Geiger, 2016) or anger
(Sukhodolsky et al., 2001) elicited by personally significant negative events. According to
prominent models of rumination, such as the Response Style Theory (Nolen-Hoeksema, 1991),
the key component for rumination is not the exact content but the style of thinking. If this
response repeatedly occurs in the same context (including mood, social event, or physical

location), rumination can easily become a mental habit (Watkins & Nolen-Hoeksema, 2014).

2.5.2 The research gaps targeted by the studies presented in the dissertation

As previously mentioned, there is a well-documented association between maladaptive
rumination, typically identified as trait-level rumination, and various indicators of mental
health, such as psychological symptoms or low subjective well-being. This association has also
been observed in adolescence, where significant changes in emotional life and emotion
regulation occur compared to childhood. For instance, adolescents tend to perceive negative
emotions as more intense (Larson et al., 2002; Reitsema et al., 2022). Additionally, changes in
sad mood within a day are also more pronounced during this developmental stage (Reitsema et
al., 2022). These changes in emotional dynamics are likely linked to new challenges such as
autonomy and identity formation (Alonso-Stuyck et al., 2018), risk-taking (Icenogle &

Cauftman, 2021), an increased need for social acceptance and approval (Somerville, 2013), the
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emergence of romantic feelings (Collins et al., 2009), and to biological changes. Biological
changes include not only hormonal changes, but also essential changes in the structural and
functional properties of the brain that appears to be related to executive functions (Larsen &
Luna, 2018), emotion regulation (Vijayakumar et al., 2014) and self-referential processing
(Sebastian et al., 2008).

During this developmental period, individual and gender differences in ruminative style
are noticeable. Some theories suggest that this is the period when ruminative responding style
may become established as a habit (Shaw et al., 2019). Additionally, during this developmental
period, several psychopathologies may emerge (Jones, 2013), in which rumination may play a
role as a maladaptive emotion regulation or cognitive vulnerability factor. For instance, one-
third of 10-19-year-olds are at risk of developing clinical depression, and the lifetime
prevalence of major depressive disorder within this age range is 19% (Shorey et al., 2022).
Furthermore, the prevalence of elevated depressive symptoms (which increases the risk of
depression) and depressive disorders has increased in recent decades. For example, there was
an increase in depressive disorders among 12—20 year-olds from 2005 to 2014 (Mojtabai et al.,
2016), and when comparing the period of 2001-2010 with 2011-2020, the prevalence of
elevated depressive symptoms (the risk of depression) increased from 24% to 37% in the 10—
19 age group (Shorey et al., 2022). Investigating the longitudinal trajectories of depressive
symptoms a meta-analysis (Shore et al., 2018) showed that a large proportion of adolescents
experience no/low or moderate symptoms during development. However, for some
adolescents, symptoms of depression are stable at high levels or increase over time.

Although many studies have focused on the adolescent population, most of them have
used convenience sampling with a relatively small number of participants (Cavicchioli et al.,
2023; Schafer et al., 2017). In addition to sampling, many other gaps in research could be
identified. In most cases, the focus has been on negative mental health indicators, such as
depressive symptoms and anxiety, rather than positive mental health indicators (Harrington &
Loffredo, 2011), such as subjective well-being. Similarly, the relationship between rumination
and physical health remains unclear, despite the prevalence of physical symptoms alongside
psychological symptoms, especially among older adolescents (middle school age) (Holstein et
al., 2009; Kolt6 & Kokonyei, 2011). Although rumination is already observed to be more
common among females during adolescence (Rood et al., 2009), the moderating role of gender

is not well understood. Conflicting evidence exists regarding whether the association between
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rumination and mental health is stronger for girls (Dawson et al., 2023). There is a question as
to whether stronger associations between rumination and certain health outcomes would be
expected for boys (DiGiovanni et al., 2022; McLaughlin et al., 2014). Longitudinal studies
confirm rumination as a vulnerability or risk factor (Mazzer et al., 2019; Royuela-Colomer et
al., 2021), however, few studies have tested whether depressive symptoms or other mental
health indicators at baseline also predict rumination. Therefore, it is unclear whether a
reciprocal relationship can be documented.

Additionally, research has primarily focused on rumination as the only maladaptive
emotion regulation strategy, with only a limited number of longitudinal studies have examined
the prospective association between emotion regulation and mental health indicators, such as
depressive symptoms, while simultaneously assessing both adaptive and maladaptive

strategies (Cavicchioli et al., 2023).

Research on rumination has primarily focused on mental health correlates. However, as
discussed above, it may also be relevant to examine rumination in the context of physical
health. While some studies suggest that stress-related rumination predicts later physical
symptoms (Thomsen et al., 2004), further research is required in this field. This is particularly
important for problems where somatic symptoms or problems are associated with increased
psychological distress and/or the illness or symptoms are associated with distress (Soo et al.,
2009). Previous studies also investigated rumination in chronic pain, and its importance have
been raised in relation to avoidance behavior frequently observed in chronic pain conditions
(Vlaeyen & Linton, 2012). Consequently, primary headaches, including migraine headaches

(Pompili et al., 2009), may be relevant for the assessment of rumination.

When examining research on trait-level or state-level rumination, it is evident that there
are various ways to ruminate on different emotions and issues. This implies that it is possible
to ruminate not only on depressed mood but also on other negative emotions or events that
repeatedly trigger these negative emotions, such as stressful events, without any productive
output (Spasojevic et al., 2003). While there is a strong emphasis on specific process features,
such as passive pondering on questions about ‘why’, difficulties in controlling ruminative
thoughts, and its automatic or intrusive start, it is also important to consider the role of content-

related features in maladaptive rumination. Recent studies suggest that certain content-related

73



kokonyei gy 149 23

features, such as the extent to which ruminative thoughts contain negative and self-critical
thoughts, may be important key features of maladaptive rumination (Smart et al., 2016;

Bernstein et al., 2107). However, research on this topic remains limited.

As not all people who ruminate a lot have depressive symptoms or develop major
depressive disorder or other psychopathology, an accurate understanding of the relationship
between rumination and health requires the identification of those factors or processes that may
weaken this relationship. However, there is a paucity of studies targeting protective factors
when assessing the relationship between rumination and health outcomes. Some studies
suggest that a better general ability to regulate behavior or emotions, conceptualized as either
better executive function (Pe et al., 2013), perceived self-control (Riley et al., 2018) or resting
HRV (Dell'Acqua et al., 2021), may act as a protective factor. However, more research is

needed to test this idea.

Likewise, further research is required on the topic of ruminating on positive emotions
(Feldman et al., 2008). This is necessary not only to gain a better understanding of its correlates
and identify factors that moderate its association with health outcomes, but also because this
type of rumination has been less studied in natural settings. Compared to trait-based or
laboratory studies, research that measures daily emotion regulation and emotions in an
individual's natural environment over several days (daily diary studies) or that focuses on
momentary functioning several times a day over several days (experiential sampling method
studies) (Myin-Germeys et al., 2018) can aid in comprehending how emotion regulation
strategies relate to daily or momentary emotional states and shape mental health in the long

term (Boemo et al., 2002).

The study of rumination on some specific stressor was greatly boosted by the COVID-
19 pandemic caused by the SARS-CoV-2 virus. In 2020, several research groups independently
investigated the relationship between pandemic rumination and mental health by adapting
existing questionnaires or developing new measures. In March 2020, in the Research Group on
Personality, Health and Emotion Regulation I collaborated with Natalia Kocsel and Lilla Nora
Kovacs to develop a measure based on items from the post-event processing questionnaire

(PEP-Q, McEvoy & Kingsep, 2006; Rachman et al., 2000) that assesses ruminative thoughts
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after a stressful event. In our questionnaire, participants were instructed to think about the
current COVID-19 situation and associated events, such as reports of new cases and deaths
during the first wave, and restricting measures. However, the questionnaire items focused on
the intrusive nature of recurrent thoughts, the magnification of negative emotions in a spiral-
like pattern, and the challenge of stopping ruminative thoughts®*. The aim was to capture the
specific features that can make these thoughts maladaptive. Given the threat of the pandemic
across various aspects of life, it is worth considering whether pandemic-related rumination
contribute to perceived stress during this period and its relation to trait-level depressive

rumination.

Although the relationship between rumination and emotional processing, as well as the
attentional control of these processes, is outlined above, there are still several gaps that need to
be addressed. Expectations associated with negative and positive stimuli (events) may
influence the processing of emotional information and outcomes. However, there has been
limited research on the anticipation phase in emotional processing in relation to rumination,
particularly in non-depressive populations (Schiller et al., 2013; Whitmer & Banich, 2012).
However, a recent fMRI study (Kocsel et al., 2017) found that trait rumination was linked to
increased activation in brain areas associated with the Salience Network in response to reward
cues, as opposed to loss cues, in a variant of the classic monetary incentive delay task (Dillon
et al., 2008; Pizzagalli et al., 2009). From a clinical point of view, detection of discrepancy
between expectations and real experience is essential for over-riding existing beliefs that exert
their effects in a top-down manner (D'Astolfo & Rief, 2017). Based on clinical observations
and treatment studies, reducing rumination is known to be difficult (see Watkins, 2015). Even
after a significant improvement in mood due to therapeutic intervention, rumination often
remains at a high level (Riso et al., 2003; Roberts et al., 1998). This suggests that the detection
of violations of negative expectations may be impaired in individuals with high ruminative

tendencies.

34 1. My memories and thoughts about the event keep coming into my head even when | do not wish to think
about it; 2. Thoughts about the event interfere with my concentration; 3.When I think about coronavirus over
and over again, my feelings about the event get stronger/more negative; 4. If | start thinking about these
things, | find it difficult to stop.
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2.5.3 Overview of the studies presented in the dissertation

Studies in adolescents:

Study 1. The initial step involved adapting a questionnaire that could be comprehended by a
wide range of adolescents, including younger individuals aged 10-11 years. After reviewing
the literature, we selected a questionnaire, the Non-Productive Thoughts Questionnaire for
Children (NPTQ-C) (Jellesma et al., 2005) that measures the frequency of repetitive negative
thoughts about problems, also known as non-productive thoughts. The questionnaire captures
both ruminative and worrisome thoughts, regardless of depressive mood. The questionnaire's
psychometric properties, including factor structure, reliability, validity, were initially tested on
both a cross-sectional representative and a convenience sample. To examine gender
differences, it is necessary to test whether the questionnaire measures non-productive thoughts
similarly for boys and girls, i.e., its measurement invariance. Additionally, we administered the
Ruminative Response Scale (RRS) (Eszlari & Kokonyei, 2021; Treynor et al., 2003) to the high
school age group to test the construct validity of the NPTQ-C, and more generally to investigate
the relationship between mood-independent rumination and rumination associated with

depressive mood.

Study 2. In the representative study, we investigated whether gender and age moderated the
association between rumination and mental health. Mental health was evaluated based on the
prevalence of internalizing symptoms, as well as indicators of positive mental health, such as
subjective well-being. Given the increased prevalence of somatic symptoms, such as fatigue
and headaches, among school-aged youth, we aimed to investigate the relationship between

rumination (or non-productive thoughts) and physical health.

Study 3. Rumination is considered a vulnerability factor that exists prior to the onset of
psychopathology. However, cross-sectional studies only provide indirect evidence for this
association. Our next step was to test whether ruminative or worrisome thoughts measured by
the NPTQ-C, predict depressed mood in a sample of young adolescents, specifically 5th grade
students. Data from pupils who participated in the first two waves of the Budapest Longitudinal
Study were analyzed. We tested the reciprocal relationship between non-productive thoughts
and depressive symptoms in early adolescence using a representative sample. Previous
prospective studies have generally only examined this relationship in convenience samples, if

at all.
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Study 4. A common criticism of rumination research is that it fails to consider other emotion
regulation strategies in relation to mental health. Prospective studies, for instance, often neglect
to measure adaptive and maladaptive strategies simultaneously. Therefore, we aimed to
investigate other cognitive emotion regulation strategies, in addition to rumination, in relation
to depressive symptoms. This was done in a prospective research design, using a representative
sample of secondary school from the second and third waves of the Budapest Adolescent
Smoking Study. Rumination and other cognitive emotion regulation strategies, such as
reappraisal, acceptance, planning, self-blame, and catastrophizing, were measured in relation

to stressful events.

Study 5. Next, we examined the association between stress-related rumination and problematic
online gaming. Our hypothesis was that rumination, as a transdiagnostic factor, could also be
linked to behavioral addictions. This hypothesis was supported by the notion that rumination
can be a risk factor in situations where the behavior in question provides an escape from
ruminative thoughts. Although girls ruminate more than boys, it has been found that more boys
can be characterized by problematic online gaming, at least in community samples (Papay,
Urban, Griffiths, et al., 2013). Therefore, it was hypothesized that problematic online gaming
may be a specific case where boys have a stronger association of rumination with the outcome
variable. This study also examined the correlates of rumination in the context of other cognitive
emotion regulation strategies. The cross-sectional study was conducted with a representative

sample of students in grades 7-14.

In further studies with adult samples, we examined the association between rumination and
somatic health in adult populations. We conducted three studies using different types of
samples (community adults, undergraduates, and individuals with and without migraine
diagnoses) and various measures of rumination (depressive rumination, self-critical
rumination, and Covid-related rumination). In addition, we aimed to extend the investigation
of rumination to positive emotions and to test it in an ecologically valid way.

Study 6. We hypothesized that rumination, including its components, i.e., brooding and
reflection, would mediate the association between migraine and psychological distress, as
psychological distress is common in migraine headache and individual differences in

rumination are associated with psychological distress in other non-headache samples. This
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hypothesis was tested on two relatively large but convenience samples from the NewMood®®

study: a Budapest sample and a Manchester sample.

Study 7. In the NewMood study we identified the migraine group through self-report,
specifically using a migraine screening questionnaire. However, this method may limit the
generalizability of our results to clinical samples. To address this limitation, this study included
individuals diagnosed with migraine headache without any other comorbid psychiatric or
somatic illness, diagnosed by a neurologist. It was hypothesized that there would be a stronger
association between ruminative Covid-19 related thoughts and perceived stress in the migraine
group compared to the healthy group due to their increased sensitivity to threatening stimuli
(Wang et al., 2017; Wilcox et al., 2016). This research also allowed for an examination of the
relationship between specific stressor-related and trait-level rumination and further testing of

the relationship between migraine and rumination.

Study 8. There has been relatively less research attention paid to factors that can modify the
negative consequences of rumination. Identifying these moderating factors would help to
answer the question of who will experience negative mental or somatic health correlates of
rumination. In our prospective study of university students, we aimed to address this key
question. The study examined the concurrent and prospective relationship between self-critical
rumination and two health indicators: subjective well-being and somatic distress. To test the
moderating effect of resting heart rate variability (HRV) on this relationship, we measured HRV
at rest, which is considered to be an objective indicator of top-down self-regulation (Thayer et
al., 2012). We hypothesized that trait-level self-critical rumination would have fewer negative

associations in participants with high resting HRV.

Study 9. Our research has primarily focused on negative rumination. However, some studies
suggest that rumination can also involve repetitive thoughts about positive emotions or aspects
of oneself. Previous research has produced conflicting evidence regarding the protective role
of positive rumination in non-clinical samples, at least according to questionnaire research. To
investigate the relationship between positive and negative rumination and the occurrence of
positive and negative emotions in everyday life, we conducted a daily diary study with

university students. Short questions were answered in the morning and evening about their day

35 NewMood study (New Molecules for Mood Disorders, Sixth Framework program of the EU) an EU funded
research programme into pathological mechanisms of depression and related conditions (Deakin et al., 2011)
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for 10 days to achieve better ecological validity. The data measured over several days allows
for an analysis of the within-person relationships between variables. Additionally, the study
provided an opportunity to test whether trait-level depressive and positive rumination or daily
rumination explain daily emotional life, and we were able to test the relationship between trait

and daily rumination as well.

To contribute to studies targeting emotional information processing, we extended the scope of
previous research and studied the anticipation phase and related expectations in relation to trait

depressive rumination.

Study 10. Finally presented is a study that explores the relationship between emotional
information processing and rumination during the anticipation phase. We used functional
magnetic resonance imaging (fMRI) and a classical conditioning paradigm with pain as an
unconditioned stimulus to establish expectations related to the cues. One cue was consistently
paired with a non-painful stimulus, while the other cue was mostly followed by a painful
electrical stimulation. Our hypothesis was that there is an association between rumination and
neural activity not only in the pain perception phase but also in the anticipation phase.
Furthermore, it was hypothesized that rumination would be linked to neural activity in response

to stimuli that are contrary to expectations.
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3 EMPIRICAL STUDIES

3.1 Validation of the Non-Productive Thoughts Questionnaire for

Children: Measuring Repetitive Negative Thoughts® - Study 1

Current study

To investigate rumination among children and adolescents, our first step was to validate a
questionnaire that provides information about trait rumination. Our aim was to find an
instrument that can be applied across a wide age range in adolescents, and measures rumination
independent of sad mood. After reviewing the literature and the available child appropriate
versions of questionnaires, we chose the Non-Productive Thoughts Questionnaire for Children,
which contains items for both rumination and worry, and assessing the dysfunctional forms of
repetitive negative thinking. It has the advantage that items are easily understandable for even
a 10-year-old child. NPTQ-C has only 10 items (compared to Perseverative Thinking
Questionnaire — Child Version (PTQ-C, Bijttebier et al., 2015) which contains 15 items), and
children have to rate their answers on a 3-point Likert type scale (while PTQ-C uses a 5-point
scale). As mentioned above, the gender invariance of the measurement model is a key
precondition for further investigation of gender differences, thus we examined gender
invariance of the NPTQ-C as well in a large sample (N=1572). As the items of Ruminative
Response Scale (RRS) are understandable for older adolescents (aged above 14), we could also

test the construct validity of NPTQ-C with the 10-item version of RRS in a smaller sampler.

3.1.1 Method

Participants and procedure

Participants in Study 1a were recruited from every primary and high school in one of the largest
districts in Budapest, to take part in a comprehensive cross-sectional study examining the
mental health of adolescents. All 21 schools in the district, consisting of 7 high schools and 14

primary schools, agreed to participate. Within each school, half of the parallel classes were

36 Based on Kocsel, N., Monok, K., Szabo, E., Morgan, A., Reinhardt, M., Urban, R., .. . Kokonyei, G. (2019). Gender
Invariance and Psychometric Properties of the Nonproductive Thoughts Questionnaire for Children. Assessment,
26(8), 1480-1491. However, this chapter contains some new analyses on the relationship between perseverative
thoughts and psychological symptoms, and on the relationship between the facets of rumination (brooding and
reflection) and psychological symptoms.
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randomly selected for inclusion. As a result, the characteristics of the sample mirror the
composition of the participating classes.

Adolescents completed the questionnaires in their respective classrooms during a single
class session. Participation in the study was entirely voluntary, all parents and students received
written informed consent letters (141 parents declined permission and 178 students were absent
during data collection). In total, 1625 youth completed the questionnaires, however, 53
participants were excluded from the analysis due to substantial missing data. The final
representative sample consisted of 1572 students (mean age=15.39; SD=2.26 years; 770 boys
(49%) and 802 girls (51%)).

In Study 1b, adolescents were recruited from 12 Hungarian high schools using a
convenience sampling method. The procedure for this study closely resembled that of Study
la: Participants completed questionnaires in the classroom during a single class session on the
topic of mental and somatic health. Participation in the study was entirely voluntary. All parents
and students were issued with written informed consent letters. In total, 397 youth completed
the questionnaires, however, 12 were excluded from the analysis due to missing data. The final
sample comprised 385 students, with a mean age=16.05 (SD=1.23 years), consisting of 34%
boys and 66% girls.

Both studies were ethically approved by the Institution Review Board of E6tvos Lorand

University and the work was carried out in accordance with the Declaration of Helsinki.

Measures

Study la

Non-productive thoughts

Ruminative and worrisome thoughts were assessed by the Non-Productive Thoughts
Questionnaire for Children (NPTQ-C) (Jellesma et al., 2005)". The one-factor scale comprises
10 items such as “I am often worried” and “When I have a problem I can t stop thinking about
it”, reflecting both worry and rumination. Participants provide responses on a 3-point scale,
ranging from 1 to 3 (/= not true, 2=sometimes true, 3=often true). Higher scores indicates

more repetitive negative thoughts. The questionnaire was translated from Dutch to Hungarian

37 This scale also called the worry/rumination questionnaire for children (see Bos et al., 2018).
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by two independent translators and the back-translated version of the questionnaire was
approved by Jellesma. The internal consistency of the original scale was good (Cronbach’s a=
.84) (Jellesma et al., 2005), and other studies also confirmed the reliability of this scale (Bos et
al., 2018; Garnefski et al., 2007).

Psychological symptoms

Internalizing and externalizing symptoms were assessed by using the Strength and Difficulties
Questionnaire (SDQ) (Goodman et al., 1998; Turi et al., 2013). SDQ has five subscales with 5
items measuring each of them: (1) emotional symptoms® (e.g., “I am often unhappy, down-
hearted or tearful’), (2) conduct problems (e.g., “I get very angry and often lose my temper”),
(3) hyperactivity/inattention (e.g., “I am restless, I can not stay still for a long time”), (4) peer
problems (e.g., “I m usually on my own”), (5) prosocial behavior (e.g., “I am helpful if someone
is hurt, upset or feeling ill ). Items are rated on a three-point scale , ranging from 0 to 2 (0=
not true, 1=somewhat true, 2=certainly true). Higher scores indicate more problems, except in
the “prosocial behavior” scale where higher ratings implied more prosocial behavior. Internal
consistency of the Hungarian version was adequate (Cronbach a’s were ranging from .55 to
.74), similar to the original questionnaire (Cronbach o’s were ranging from .61 to .75)
(Goodman et al., 1998; Turi et al., 2013).

In our study, the internal consistency of the five subscales was a bit lower, though still
indicating good or satisfactory (Cronbach o’s were ranging from .45 to .68, Table 3.1.3).
Though, after carefully inspecting the reliability of subscales, we put emphasis on emotional
symptoms showing good internal consistency. In addition, we also used the broader
internalizing (emotional symptoms and peer problems subscales) and externalizing subscales
(conduct problems and hyperactivity— inattention subscales) scores in some of our analyses,
following the convention suggested by Goodman and colleagues (Goodman et al., 2010),

(Cronbach’s a were as follows: Internalizing symptoms: .70; Externalizing symptoms .66).

% One items of emotional symptoms subscale captures worrying, however the total score without this item
shows a correlation of 0.96 with the subscale of 5 items. Therefore, we used the 5 items when calculating the
sumscore.
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Personality traits

The Big Five Questionnaire for Children (BFQ-C; (Barbaranelli et al., 2003) was used to assess
the five factors of personality in children and adolescents®. The questionnaire consists of 65
items, measuring extraversion (called energy factor here), agreeableness, conscientiousness,
emotional instability, and openness (Barbaranelli et al., 2003). The items are rated on a 5-point
scale ranging from 1 (almost never) to 5 (almost always). Similar to the Hungarian adaptation
of the questionnaire (Cronbach alphas were ranging from .75-.80) (Rdzsa, 2005), the internal
consistency of all the five subscales was good, all the Cronbach’s alphas were above .80 (see

Table 3.1.3).

Study 1b

Rumination

The 10 item version of Ruminative Response Scale (RRS) (Treynor et al., 2003) was used to
capture rumination and its two facets, brooding and reflective pondering. Both subscales
comprises 5 items such as “What am I doing to deserve this?” (brooding); “I write down what
1 am thinking about and analyze it (reflective pondering). Items are rated on a four-point Likert
type scale of 1 to 4 (1=never, 2=sometimes, 3=often, 4=always). The RRS is a widely used
instrument in different languages in studies with adolescents (e.g. (Ricarte et al., 2018; Xavier
et al., 2016). The translation of the 10-item RRS into Hungarian was carried out during the
NewMood study®® (Lazary et al., 2011). In the current study, the internal consistency of the
questionnaire was found to be good for the sumscore (Cronbach a’s .77), and also for the

brooding and reflective pondering subscales (Cronbach a’s .68 and 0.73 respectively) .

Non-productive thoughts
NPTQ-C described above was also used in Study 1b. The internal consistency was proved to

be good (Cronbach’s a=.81).

39 The Hungarian version of the self-report BFQ-C was used and reproduced with special permission from the
Publisher, OS Hungary Ltd.

40 Research on New Molecules in mood Disorders, an EU funded research programme into pathological
mechanisms of depression and related conditions (Deakin et al., 2011).
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Statistical analysis

Study la

Data was analyzed with SPSS 22.0 and MPlus 7.3 software. To test the factor structure of
NPTQ-C confirmatory factor analysis (CFA) with robust weighted least square (WLSMYV)
estimation (Brown, 2006; Muthén & Muthén, 1998-2007). Since units were classes in the
current study, the nonindependence of observations was controlled for the analysis.

The model fit was evaluated by inspecting the fit indices: the Root Mean Squared Error
of Approximation (RMSEA)*, the Comparative Fit Index (CFI), the Tucker-Lewis Index (TLI)
and weighted root mean square residual (WRMR). The model fits well if the RMSEA is below
.05 (a value above .10 indicates poor fit), and cfit is non-significant. Regarding the CFI and
TLI, values higher than .90-.95 indicate an acceptable-good fit (Brown, 2006). As for the
SRMR, a value below .08 is considered a good fit (Kline, 2016).

Next, we tested the invariance of the factor structure across gender. To test measurement
invariance across age groups, configural, metric and scalar models were compared (Bowen &
Guo, 2012). The configural invariance model did not contain any constraints on factor loadings
and intercepts, while in the metric model the factor loadings were set to be equal across age
groups but on the thresholds there were no constraints. For testing scalar invariance, factor
loadings and thresholds were constrained to be equal across age groups. Testing the invariance
of one-factor structure (configural invariance), factor loadings and intercepts are
unconstrained, except the referent indicator which is fixed at 1.0 in both groups. The means of
factors in the group of boys and girls are fixed at 0, and their variances are free to vary (Bowen
& Guo, 2012). Regarding the metric invariance, the factor loadings were set to be equal across
groups but the thresholds were allowed to differ between them. Metric (or weak) invariance
tests whether respondents across groups attribute the same meaning to the latent construct
under study. When testing the scalar (strong) invariance model*? the factor loadings and
thresholds are constrained to be equal across groups (Bowen & Guo, 2012). In order to compare
nested models using the WLSMV estimator, we used the DIFFTEST procedure within Mplus
(Asparouhov & Muthén, 2006) to calculate the adjusted Ay>-test. Following the
recommendations by Cheung and Rensvold (Cheung & Rensvold, 2002) the ACFI and

1 The closeness of model fit using RMSEA (cfit of RMSEA) and confidence intervals for the value of RMSEA are
not available under WLSMV estimation.
42 If scalar invariance is met, comparing the two gender groups on the mean of the latent variable is allowed.
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ARMSEA (although the latter is highly sensitive to sample size and to model complexity)
should be considered. The suggest to reject invariance only if there is a decrease of .01 or larger
in CFI and/or if there is a decrease of .015 or larger in RMSEA (Cheung & Rensvold, 2002;
Dimitrov, 2010). Meade and colleagues recommended stronger criteria (ACFI <= .002) for
measurement invariance (Meade et al., 2008).

Next, reliability analysis were done with calculating Cronbach’s alpha and omega
coefficients to estimate the internal consistency of the NPTQ-C.

Finally, we tested whether NPTQ-C was a significant predictor of emotional symptoms,
or more broadly how it was related to internalizing and externalizing symptoms after

controlling for gender, age and personality traits.

Study 1b

Construct validity of NPTQ-C using the RRS was tested in MPlus 7.3, with CFA with
covariates model controlling for the effects of age and gender. Finally, we tested whether
NPTQ-C could significantly explain internalizing and externalizing symptoms beyond and

above brooding and reflection.

3.1.2 Results

Study la

Confirmatory Factor Analysis and reliability

The general CFA model indicated good fit to the data (x2=169.977; df=35; p=.0001; CF1=.977;
TLI= .970; RMSEA= .050). Although the examination of the modification indices revealed
that degree of fit could be increased if correlations of error variances were allowed: between
item 5 and item 7; and between item 8 and item 10. After adding these error covariances to the
model, fit indices further improved (y2= 85.156; df= 33; p= .0001; CFI= .991; TLI= .988;
RMSEA= .032). All standardized factor loadings were above 0.5 as shown in Table 3.1.1. The
internal consistency of the NPTQ-C was good (Cronbach’s a = .83; (Qotal=.85).
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Table 3.1.1. Standardized Factor Loadings from Confirmatory Factor Analysis of the Non-Productive

Thoughts Questionnaire for Children

Items Standardized factor
loadings
1. | am often worried. 574*
2.  When I have a problem, I often think “why me?” .533*
3. Itis difficult to forget bad things. .678*
4. Problems never worry me. | just solve them. -.502*
5. When I have a problem, I can’t stop thinking about it. .701*
6. When | make a mistake, | am worried about what might happen. .644*
7. When | have a problem, I think about it all the time. T779*
8. When I try to deal with a problem, | am worried that | will only .545*
make things worse.
9. When | have a problem, I often think about how bad it is. .753*
10. When I don’t know exactly what is happening, I usually think .584*

that bad things will happen.

*p<.001

Measurement of invariance

The one factor model indicated close fit to the configural model, as the metric invariance also
indicated good fit to the data. Finally, we also tested the strong or scalar invariance and the
indices showed good fit. Although comparing the metric (or weak) and scalar (or strong)
invariances to the configural model we found that there were significant differences between
the chi-square statistics (see Table 3.1.2). However, calculating the differences between CFI
and RMSEA values of the models, there is evidence of configural, metric, and scalar invariance

of the proposed CFA model across both gender groups*.

4 ACFTI in our study was -.002 in the metric and <.001 in the scalar model and that the degree of the decrease
did not exceed .01. Similarly, ARMSEA is below 0.015.
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a df RMSEA CFlI Ay Adf p ARMSEA  ACFI
CFA in each group separately
Girls 74305 33 .040 978
Boys 58.179 33 .032 .990
Multigroup analyses to test the measurement invariance
Configural 129.150 66 .035 985 - - <.001
invariance
Configural 28.879 9 <001 -.001 -.002
versus Metric
invariance
Metric 144775 75 .034 983 15.625 9 <.001
invariance
Metric versus 18.553 9 <05 -001 <.001
Scalar
invariance
Scalar 154.759 84 .033 983 9984 9 <.05
invariance

Note. y>= Chi-squared test; RMSEA=root mean squared error of approximation; CFI=comparative fit index; Ay*=

y? difference test calculated with difftest procedure.

Descriptive statistics

Means, standard deviations, Cronbach’s alphas and effect sizes** are shown in Table 3.1.3. We
found significant gender differences between boys and girls in the NPTQ-C, and in all scales
(except for the externalizing subscale) of SDQ. Girls had higher scores on Agreeableness and

Emotional instability, and lower scores on Openness. Table 3.1.4 reports correlations between

measurcs

44 Effect sizes are presented, however based on the paper of Schifer and Schwarz (2019), we have omitted
labelling gender differences in terms of effect size.
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Table 3.1.3. Means, standard deviations and effect sizes by gender group with Cronbach’s alphas

Total

. Boys Girls Effect size
Variable (o) sample t(p)
M (SD) M (SD) M (SD) Cohend
Non-Productive Thoughts
Questionnaire for Children 12.44
~NPTQ-C 19.64 (4.55) 18.23 (4.29) 20.99 (4.37) (<.001) 0.64
Emotional symptoms — 313 535 386 13.65
SDQ ' ' ' ' 0.70
(2.27) (1.99) (2.29) (<.001)
Conduct problems -SDQ 2.67 2.72 2.62 1.23 0.06
(1.59) (1.67) (1.52) (<.001) '
Hyperactlvgt)ggattentlon — 414 392 435 3908 001
(2.09) (2.05) (2.11) (<.001) '
Peer relatl?résgga problems 213 534 193 455 023
(1.77) (1.84) (1.67) (<.001) '
Prosocial behavior - SDQ 7.02 6.60 7.41 8.51 0.44
(4.55) (1.92) (1.78) (<.001) '
Internahmg%gmptoms i 5.25 4.66 5.78 6.34 0.33
(3.32) (3.27) (3.29) (p.<.001) '
EXtema"Z'gggymptoms Y 6.64 6.96 1.87 010
(3.10) (3.10) (3.09) (p = .06) '
Energy - BFQ-C 48.46 (7.82) 48.24(8.17) 48.65(7.51) 089 (>05)  0.05
Agreeableness - BFQ-C 5 56 8 19)  44.24(8.07) 46.71 (7.99) (<5.02(§51) 0.31
Conscientiousness — BFQ-
C 43,59 (8.47) 43.64(8.44) 43.54(8.51) 0.21(>.05) 0.01
Emotional instability —
38.48 5.77
BFQ-C 36.93 (9.89) 35.20 (9.46) (10.01) (<.001) 0.34
Opemness—BFQ-C 44 15(7.83) 4476 (7.69) 43.62(7.92) 2.49(<05)  0.15

Note. NPTQ-C= Non-Productive Thoughts Questionnaire for Children; SDQ= Strength and Difficulties

Questionnaire, BFQ-C= Big Five Questionnaire for Children
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Table 3.1.4. Bonferroni corrected correlations between NPTQ-C, SDQ and BFQ-C along with Cronbach

alphas
NPTQ- BFQ-C BFQ-C BFQ-C BFQ-C  BFQ-C  Cron-
C E A C El (0] bach’s
alpha
NPTQ-C - -.20*%* -.07* -.18** H53** -21*%* .83
Emotional
symptoms B5** -21** -.04 -.14** 58** -.20*%* .68
Conduct 23%* .00 _20%* 27 56** L 15%* 45
problems
Hyperactivity /
inattention 31** 011 - 11** -40** 42%* -27** .59
FErIeiation 20%% 31 op** 11 29%* _10%* 54
problems
E rosocial 01 36%* 61%* 39%* -.08** 32%* 64
ehaviour
Internalizing
symptoms 56** - 31** -.16** -.16 S57** - 17** .70
Externalizing
symptoms 32%* .02 -19** - 44%* 56** -27** .66
Cronbach’s 83 83 85 86 88 79

alpha

Note. NPTQ-C= Non- Productive Thoughts Questionnaire for Children; SDQ= Strength and
Difficulties Questionnaire; BFQ-C= Big Five Questionnaire for Children.

E: Energy, A: Agreeableness, C? Conscientiousness, EI: emotional instability, O:Openness
p<.05%; p<.001**

The association between NPTQ-C and symptoms
We ran two linear regression analyses. In the first analysis emotional symptoms were the
dependent variable, while in the second one internalizing and externalizing symptoms were

estimated parallelly, while accounting for the relationship between the symptoms. In both
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models, gender, age and the five personality traits were independent variables. NPTQ-C proved

to explain emotional symptoms, or more broadly internalizing symptoms, but it was not related

to externalizing symptoms (see Table 3.1.5 and 3.1.6).

Table 3.1.5. Predictors of emotional symptoms (Studyla)

b Standardized B p
Age -.004 -.004 .878
Gender .630 135 <.001
NPTQ C 75 347 <.001
Emotional Instability .096 410 <.001
Energy -.072 -.242 <.001
Agreeableness 034 116 <.001
Conscientiousness -.002 -.009 771
Openness -.003 011 732
R? 57
Note. N= 932

Table 3.1.6. Predictors of internalizing and externalizing symptoms (Study 1a).

Internalizing symptoms

Externalizing symptoms

b Standardized 8 p b Standardized B p

Age .026 .017 480 -.047 -.033 138
Gender .050 -007 767 -.299 -.047 .059
NPTQ_C 184 .256 <.001 .004 .006 .852
Energy .-158 -371 <.001 118 291 <.001
Agreeableness .-007 -.016 .647 -.023 -.059 .080
Conscientiousness 024 .060 .095 -.150 -.401 <.001
Emotional 159 478 <.001 157 493 <.001
instability
Openness .040 .095 .006 -.051 -.128 <.001
R? .52 52

Note. N=932
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Study 1b

Descriptive statistics

Means, standard deviations, Cronbach’s alphas and effect sizes are shown in Table 3.1.7.
Significant differences were found between boys and girls in the NPTQ-C, and in both
subscales of RRS.

3.1.7 Means, standard deviations and effect sizes by gender group with Cronbach’s alphas

Total

. Boys Girls Effect size
Variable () sample t(p)
M (SD) M (SD) M (SD) Cohen d
NPTQ-C 18.80 17.05 19.71 6.47 0.67
(4.19) (3.69) (4.16) (<.001) '
Brooding-RRS 10.12 9.36 10.52 3.90 0.46
(2.84) (2.75) (2.82) (<.001) '
Reﬂec‘"’;gg’”de””g' 10.04 9.31 10.43 3.40 036
(3.15) (2.90) (3.21) (<.001) '
RRS Total 20.20 18.72 20.98 4.28 0.42
(5.08) (4.62) (5.15) (<.001) '
Internalizing symptoms 3.73 3.23 4.00 4.75 0.45
(1.76) (1.36) (1.89) (<.001) '
.. 6.12 5.96 6.20 1.42
Externalizing symptoms (1.48) (1.37) (1.53) (.156) 0.15

Note. NPTQ-C= Non-Productive Thoughts Questionnaire for Children; RRS= Ruminative Response

Scale

Construct validity

Correlation matrix between measures are shown in Table 3.1.8. As expected NPTQ-C showed
a significant positive correlation with all the scales and total scores of RRS. In Study 1b we
applied CFA with covariates model, to test construct validity of NPTQ-C. We defined the non-
productive thoughts as a latent variable and we investigated the effects of brooding and
reflective pondering subscales of RRS on NPTQ-C, and age and gender were controlled for.
The standardized regression coefficients are shown in Table 3.1.9.

While the reflective pondering factor had significant but weak impact on
ruminative/worrying thoughts, the brooding factor showed strong positive association with

NPTQ-C.

91



kokonyei gy 149 23

Table 3.1.8 Correlations between the variables

) Reflective Internalizing Externalizing
NPTO-C Brooding- deri RRS ) )
- ondering- symptoms symptoms
RRS P J Total ymP ymP
RRS
NPTQ-C 1.000
Brooding- RRS 605 1.000
Reflective - "
. .364 418 1.000
Pondering-RRS
RRS Total 561" .803™ .864™ 1.000
Internalizing - - - -
515 416 .318 431 1.000
symptoms
Externalizing . - .
151 194 .003 110 133 1.000

symptoms

Note. NPTQ-C= Non-Productive Thoughts Questionnaire for Children; RRS= Ruminative Response
Scale

p<.001**, p<0.01*

Table 3.1.9. Standardized regression weights between Non-productive thoughts, Brooding and

Reflective pondering subscales of RRS controlled for age and gender

Explanatory variables Standardized regression weights
Gender .194%**

Age .073

Brooding .643***

Reflective pondering J101*

R? 582

Note. p<.05%; p<.01**; p<.001***,
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Association between perseverative thoughts and symptoms

Regarding symptoms, internalizing and externalizing symptoms were estimated parallelly,
while accounting for the relationship between them. Gender and age were controlled in the
model. NPTQ-C and reflection contributed to the explained variance of internalizing
symptoms, even when brooding and reflection were in the model, while only brooding
explained externalizing symptoms significantly (Table 3.1.10). Notably, the explained variance

of externalizing symptoms was only 5%.

Table 3.1.10. Predictors of internalizing and externalizing symptoms (Study 1b)

Internalizing symptoms Externalizing symptoms
b Standardized p b Standardized p
p B
Gender 183 .049 245 134 .043 405
Age .045 .031 478 .063 .052 353
NPTQ_C 163 .388 <.001 .016 .047 507
Brooding .064 104 .098 103 199 .005
Reflection .065 A17 .024 -.053 -113 .051
R? .29 .05

Note: NPTQ-C: Non-Productive Thoughts Questionnaire for Children

3.1.3 Discussion

Both studies confirm that the NPTQ-C, a measures repetitive negative thinking about problems
independent of depressive mood, is a reliable and valid instrument that can be applied across a
wide age range in adolescents. Furthermore, findings from Study 1b indicate that the Hungarian
10-item Ruminative Response Scale is appropriate for older adolescents.

The strong correlation between NPTQ-C scores and brooding scores (r = 0.6) suggests
that the NPTQ-C effectively captures non-productive or maladaptive repetitive thoughts, in
line with the questionnaire's name. This is further supported by the association between NPTQ-
C scores and internalizing symptoms in both studies. Moreover, non-productive thoughts were

linked to emotional instability (neuroticism). Nevertheless, the NPTQ-C demonstrated the
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ability to explain emotional or internalizing symptoms above and beyond emotional instability
(neuroticism), a personality domain known for its robust relationship with psychopathological
symptoms (Kotov et al., 2010). Thus, non-productive thoughts exhibited incremental predictive
power beyond neuroticism in this study.

In Study 1b, NPTQ-C was associated with internalizing symptoms even when the two
facets of RRS, brooding and reflection, were taken into account. Specifically, brooding was no
longer associated with internalizing symptoms when other variables, including NPTQ-C, were
included in the analysis. However, it is important to note that NPTQ-C and brooding had a high
correlation, indicating some overlap between these constructs. Reflection also contributed to
the variance in internalizing symptoms, with a positive association, aligning with previous
findings on the cross-sectional association between reflective pondering and depressive
symptoms (Treynor et al., 2003).

As for externalizing symptoms, in Study 1a, NPTQ-C showed no association with them
when personality dimensions were considered in the model. In Study 1b, only brooding
rumination was related to externalizing symptoms. Notably, only 5% of the variance in
externalizing symptoms could be explained by the tested model, suggesting that other
unmeasured variables are more relevant for understanding externalizing symptoms. It is worth
mentioning that NPTQ-C captures content-independent non-productive thoughts, while RRS
assesses rumination as a response to sad mood, which may impact our results. Previous
questionnaire studies (Smith et al., 2016) have found for instance, that rumination on angry
mood and any anger-related memories is associated with aggression. Thus, other measures of
rumination or non-productive thoughts may be more appropriate for capturing their relationship
with externalizing symptoms.

With respect to gender invariance of the measurement model, it met the criteria based on
liberal fit indices, thus making it appropriate to use this questionnaire to explore gender
differences in non-productive thoughts. Our results confirm that adolescent girls tend to

ruminate on problems in a negative manner more than adolescent boys.

3.1.3.1 Limitations

The study has several limitations. The NPTQ-C questionnaire captures both worrisome and
ruminative thoughts, as there are many common characteristics among them. Therefore, this
study could not test the unique association of worry and rumination. However, a study with a

large sample of adolescents highlighted that worry and rumination belong to the same latent
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construct, indicating a shared variance between these different forms of repetitive thoughts
(Topper et al., 2014).

In our analyses, non-productive thoughts were treated as explanatory variables. However,
since the data came from a cross-sectional study, we cannot definitively state that these
thoughts are risk factors/predispositions for symptoms. For example, the scar hypothesis
(Lewinsohn et al., 1981; Wichers et al., 2010), suggests that depression or depressive symptoms
may be responsible for the development of many maladaptive traits, including rumination,
which may persist even after symptoms have been relieved. Methodologically, this means that
we should identify variables that were not elevated prior to the development of depression or
depressive symptoms. With regard to rumination, a study that followed female adolescents over
a 7-year period found that rumination - along with other potential variables - was elevated
prior to the development of major depressive disorder, providing some support for rumination
as a potential scar (Beevers et al., 2007). Nonetheless, a prospective study design would help
to test the mutual relationship between rumination, or more generally repetitive negative
thoughts, and depressive (or internalizing) symptoms.

Additionally, we could not assess test-retest reliability to provide further evidence of the
good psychometric properties of the NPTQ-C. Similarly, our study did not provide information
on factors that could account for inter-individual differences in repetitive negative thoughts, as
the so-called distal and proximal "antecedents" (e.g., actual stressors (Bai et al., 2017) or

adverse childhood events (Mansueto et al., 2021) of these thoughts were not investigated.

3.1.4 Conclusion

Based on our findings, we successfully operationalized repetitive negative thoughts using the
NPTQ-C. Our results also underscore the significance of early identification and assessment of
non-productive thoughts, particularly ruminative and worrisome thoughts, as they exhibit a
strong and concurrent association with internalizing symptoms. Given the heightened
vulnerability of girls to these unconstructive repetitive thoughts and the notable gender
differences in depressive symptoms, it is imperative for mental health promotion programs to

consider factors that influence ruminative thoughts as potential outcomes.
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3.2 Somatic symptoms and well-being: Gender and age moderates their

association with non-productive thoughts® - Study 2

Current study

Previous studies have explored the relationship between rumination and psychopathological
symptoms. However, it is important to note that the absence or low severity of such symptoms
does not necessarily indicate high levels of life satisfaction or high emotional, psychological,
or social well-being. To gain a more comprehensive understanding of the connection between
rumination and mental health, it is crucial to incorporate measures of well-being into research.
Surprisingly, this broader conceptualization of mental health, often referred to as subjective
well-being, along with its various dimensions, such as emotional, psychological, and social
well-being (Keyes, 2002), has not received significant attention in rumination research.

Furthermore, it is worth considering that individuals evaluating their well-being should
not focus solely on psychological symptoms, such as feelings of depression, irritability, or
nervousness. They should also take into account somatic complaints, like tiredness, headaches,
and stomach aches. For instance, data from the Hungarian Health-Behaviour of School-aged
Children Study (HBSC) revealed that fatigue is a prevalent and frequently reported symptom
among adolescents aged between 11 and 17. More than half of the participants in the HBSC
study reported experiencing frequent fatigue (several times a week), and nearly one-third of
the youth reported frequent headaches (Varnai & Németh, 2023). According to the
perseverative cognition hypothesis (Brosschot, 2002), a stable tendency to ruminate or worry
can influence the development of somatic complaints. While studies examining the relationship
between rumination and somatic complaints are limited, there is some evidence suggesting a
positive association between perseverative cognition and somatic health complaints in
adolescents (Brosschot & van der Doef, 2006; Lohaus et al., 2013; Kokonyei et al., 2015).

As a result, this study aims to investigate the connection between rumination (defined as
non-productive thoughts here) and both well-being and somatic health. Furthermore,
considering gender differences in somatic symptoms (Kokonyei et al., 2015) and well-being

(Petrillo et al., 2015; Piqueras et al., 2022), as well as the fact that the prevalence of somatic

45 Based on Kocsel, N., Horvath, Z., Reinhardt, M., Szabo, E., & Kokonyei, G. (2022). Nonproductive thoughts,
somatic symptoms and well-being in adolescence: testing the moderator role of age and gender in a
representative study. Heliyon, 8(6), Article e09688. https://doi.org/10.1016/j.heliyon.2022.e09688.
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and psychological symptoms increases with age, and gender differences in symptoms also
become more pronounced as adolescents age (Hagquist, 2009), we examined whether gender

and age moderate this relationship.

3.2.1 Methods

Participants and procedure

Sample used here is the same as was presented in 3.1 chapter (Study la). The final
representative sample composed of 1572 students (mean age=15.39; SD=2.26 years), 770 boys
(49%) and 802 girls (51%)).

Measures

Somatic complaints

Somatic Complaint List (SCL) (Jellesma et al., 2007) measures the occurrence of somatic
complaints or symptoms with 11 items (dizziness, tiredness, stomach ache, feeling well, pain
in arms and legs, weak in the body, feeling healthy, headache, feeling ill, shaky or shivery, and
nausea). Following the recommendation of Jellesma and colleagues (Jellesma et al., 2007), the
items were rated on a 5-point Likert scale (/ =almost never - 5=quite often). Higher total scores
reflects more frequent symptoms. In the present study, SCL items referred to the last two weeks
to decrease the time of retrospection since middle schoolers were also involved. We used the
Hungarian version of the scale which proved to be a reliable instrument among adolescents
(Kokonyei et al., 2015). Similarly to previous studies (Jellesma et al., 2007; Kokonyei et al.,
2015) the internal consistency was supported as Cronbach’s alpha and omega total values were
.81 and .84, respectively.

Non-productive thoughts

Non-productive Thoughts Questionnaire for Children (NPTQ-C) (Jellesma et al., 2005; Kocsel,
Monok, et al., 2019) was used (see Study la). The internal consistency of the scale was
supported (Cronbach’s alpha =.83, ®tta=.85).

Well-being

Mental Health Continuum-Short Form (MHC-SF) (Keyes, 2002) has 14 items covering three
dimensions: emotional (e.g. “How often did you feel interested in life?”’), psychological (e.g.
“How often did you feel confident to think or express your own ideas or opinions?’’) and social

well-being (e.g. “How often did you feel that people are basically good?”). Items refers to the
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last month and are rated on a 6-point scale (0= never - 5= every day). Higher scores of both
the subscales and the total score represent higher well-being. As in the original version, in both
the Hungarian version (Reinhardt et al., 2020) and the present study, Cronbach’s alphas ranged

from .73 to .87. in all subscales, supporting internal consistency.

Statistical Analysis
The statistical analysis was performed in Mplus 8.0 statistical software and SPSS version 23.0
(IBM). Results were visualized using SPSS.

In order to explore the putative moderation effects of age and gender on the relationship
between non-productive thoughts, somatic symptoms and well-being, two multiple indicator
multiple causes (MIMIC) models were defined*®.

In the first model (Model 1) we tested how age, gender and non-productive thoughts
(measured by NPTQ-C) and the interaction effects of age, gender and NPTQ-C (gender x
NPTQ-C; gender x age; age x NPTQ-C; gender x age x NPTQ-C) on somatic symptoms (SCL).
NPTQ-C were included as observed independent variables, while SCL was defined as latent
dependent variable.

In Model 2 we tested the same independent variables on mental health. In this case we
used a parceling technique as we aggregated individual items into three parcels (i.e. emotional,
psychological and social well-being) an used these parcels as the indicators of the dependent
latent construct (Chang et al., 2020).

Continuous variables were mean centered, gender was dummy coded before calculating
the interaction terms. Model 1 was estimated using the weighted least squares mean and
variance (WLSMYV) adjusted estimation method, while Model 2 was estimated by the
maximum likelihood estimation with robust standard errors (MLR) method. The liberal fit

indices with the established cutoffs were used*’.

46 This modelling technique which is a specific form of structural equation modelling or an extension of
confirmatory factor analysis with covariates, can simultaneously estimate the effect of indicators on latent
variables and the direct effects of (continuous or categorical) exogenous variables on the latent variables
(Chang et al., 2020).

47 The model fits well if the RMSEA is below .05 (a value above .10 indicates poor fit), and cfit is non-significant.
Regarding the CFl and TLI, values higher than .90-.95 indicate an acceptable-good fit (Brown, 2006).
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Descriptive statistics

Socio-demographic variables including education (e.g. school types), living conditions

(e.g. type of residence), and subjective wealth of participants can be found in Table 3.2.1.

Table 3.2.1. Sociodemographic data of the sample, regarding education, living conditions and subjective

wealth.
Category Sub-category Frequency Percent
(N) (%)
Gender
male 770 49
female 802 51
Grade
. . 6th 256 16.3
p”m;"‘g]’g rgl'dd'e 7th 192 12.2
8th 224 14.2
9th 216 13.7
10th 241 15.3
high school 11th 230 14.6
12th 170 10.8
13th 43 2.7
Type of school
primary school 586 37.3
6 classed grammar 2 A
school
8 classed grammar 145 9.2
school
4 classed grammar 695 44.2
school
vocational school 140 8.9
missing 4 3
Place of living
capital city 1198 76.2
town 302 19.2
village 57 3.7
farm 2 A
missing 13 .8
Type of
residence
own detached house 846 53.8
own apartment 557 35.4
rental (house or 83 5.3
apartment)
other 20 13
missing 66 4.2
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Level of

education of

father
university or college 389 247
high school 336 21.4
vocational school 429 27.3
primary/middle school 71 4.5
He did not finish primary 3 2
school
does not know 270 17.2
missing 74 4.7

Level of

education of

mother
university or college 465 29.6
high school 484 30.8
vocational school 256 16.3
primary/middle school 85 5.4
does not know 203 12.9
missing 79 5.0

Living status of

parents
living together 932 59.3
divorced 442 28.1
separated 114 7.3
widowed 55 35
missing 29 1.8

Subjective

wealth
excellent 174 111
good 406 25.8
average 884 56.2
below average 78 5.0
poor 12 .8
missing 18 1.1

Means, standard deviations and correlations between the variables are presented in Table
3.2.2. Girls experienced more somatic symptoms and non-productive thoughts and lower rates
of emotional and social well-being than boys. Based on the correlation matrix, there was a
significant negative relationship between somatic symptoms and the well-being dimensions,
and significant positive association with nonproductive thoughts. Moreover, girls and older

adolescents tended to report higher rates of somatic symptoms.

100



kokonyei gy_149 23

Table 3.2.2. Zero-order correlations, means and standard deviations of the variables, along with t-statistics and effect sizes by gender.

Age Gender Somatic Non-productive Emotiopal Psychollogical chial well- MHC-SF total
symptoms thoughts well-being well-being being
1. Age
2. Qender (1: boys; -0l
2:girls)
3. Somatic Symptoms J10%E 2THEE
gﬁii;ﬁEOduCﬁve 10%* 30%x 44
5. Emotional well-being ~ -.21%%* S 4EEE s 3Rk -.309%%*
géiizd“ﬂog“al“e”' AR 03 YA Vi 59wwx
7. Social well-being - 26%** -.06%* = 21%* 24k STHE* SExEE
8. MHC-SF total -22%** -.08** -32%*x =35 JTEEFE 88 ¥** .84 **
Total sample, Mean (SD) 15.63 23.01 19.65 9.84 19.76 11.03 40.72
(2.24) (7.02) (4.53) (3.31) (6.07) (5.57) (12.60)
Boys, Mean 15.40 21.06 18.23 10.36 20.02 11.45 41.73
(SD) (2.21) (6.15) (4.29) 3.11) (5.98) (5.56) (12.25)
Girls, Mean 15.37 24.81 20.99 9.42 19.61 10.78 39.77
(SD) (2.30) (7.35) (4.37) (3.40) (6.09) (5.61) (12.85)
t-statistics 0.27 10.51%*** 12.44%** 5.67%** 1.30 2.25% 2.91%**
Effect size (Cohen’s d) 0.01 0.56 0.63 0.29 0.07 0.19 0.16

Note.; MHC-SF _total= Mental Health Continuum-Short Form total score; SD= standard deviation; *p<.05; **p<.01; ***Bonferroni corrected p<.0008.
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Multiple indicator multiple causes (MIMIC) models

Besides the direct effects, the interaction effects of age, gender and nonproductive thoughts on
the somatic symptoms and subjective well-being factors were tested, respectively. In the first
model (% (113)=329.708, p <.001; CF1=.93; TLI =.92; RMSEA=.04) the interaction of gender
x age and age x non-productive thoughts were significant predictors of somatic symptoms

(Table 3.2.3., Panel A).

Table 3.2.3. Interaction effects of age, gender and nonproductive thoughts on somatic smyptoms and

subjective well-being

Model 1 Model 2
Main effects and interactions Main effects and interactions
A B
Gender d6%E* Gender .01
Age -.01 Age - 23%%*
NPTQ-C A40%** NPTQ-C - 35%**
Gender x Age 3% Gender x Age .02
Gender x NPTQ-C .02 Gender x NPTQ-C -.09%
Age x NPTQ-C - 1% Age x NPTQ-C -.00
Gender x Age x NPTQ-C .06 Gender x Age x NPTQ-C .03
R’ 27 R’ 24
Dependent variable= Somatic Dependent variable= well-being
symptoms (SCL) (MHC-SF)

Note. NPTQ-C=Non-Productive Thoughts Questionnaire for Children; SCL= Somatic Complaint List;
MHC-SF= Mental Health Continuum-Short Form. Continuous variables were mean centered, gender

was dummy coded before calculating the interaction terms.

*p<.05., **p<.01., ***p<.001

Graphical illustration of interaction terms can be seen in Figure 3.2.1 and 3.2.2. Results shows
that girls tended to report frequent somatic symptoms as they got older, while the level of
somatic symptoms is almost the same across age groups (Figure 3.2.1.). As Figure 3.2.2 shows
strength of the association between non-productive thoughts and somatic symptoms decreased

with age.
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Figure 3.2.1. Interaction effect of age and gender on somatic symptoms (SCL)
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Figure 3.2.2. Moderator role of age in the relation of nonproductive thoughts (NPTQ-C) and somatic

symptoms (SCL). Age categories are expressed as the mean and = 1 standard deviation.
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The Model 2 (x> (14) =99.118, p< .001; CFI =.94; TLI =.90; RMSEA=.06) shows that the
interaction of gender x non-productive thoughts was significant but weak predictor of subjective
well-being factor (Table 3.4.3, Panel B), indicating that for girls the association between non-
productive thoughts and well-being is stronger than for boys (see Figure 3.4.3). In this model,
age only had a significant main effect, indicating that older participants had lower well-being

independently of non-productive thoughts.
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Figure 3.2.3. Relationship between non-productive thoughts (NPTQ-C) and subjective well-being
(MHC-SF) among boys and girls.

Figure 3.2.4. illustrates the main results. Age moderated the association between non-
productive thoughts and symptoms, while gender moderated the association between non-

productive thoughts and subjective well-being.
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age
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Figure 3.2.4. Schematic representation of the main results. (A) Age as the moderator in the association
of non-productive thoughts and somatic symptoms; (B) the moderating effect of gender in the
association between non-productive thoughts and subjective well-being (defined by emotional,

psychological and social well-being (WB).

Additional analysis with emotional symptoms*®

We repeated our analysis with emotional symptoms as an outcome measure (observed variable).
Again, we found a significant interaction between non-productive thoughts and gender, with
girls having stronger association between non-productive thoughts and emotional symptoms
(Table 3.2.4).

Figure 3.2.5. illustrates the results of the additional moderation analysis, showing significantly

stronger association for girls.

8 This analysis was not part of the published manuscript. As we presented in chapter 3.1,emotional symptoms
were measured with Strength and Difficulties Questionnaire. Thus, here the results of moderation analysis with
these symptoms as dependent variable are shown.
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Table 3.2.4. Interaction effects of age, gender and non-productive thoughts on emotional symptoms

b Standardized p
p

Gender .68 15 <.001
Age -.03 -.03 318
NPTQ-C .26 52 <.001
Gender x Age .04 .02 320
Gender x NPTQ-C .08 A1 <0.001
Age X NPTQ-C -.01 -.02 505
Gender x Age x NPTQ- .01 .04 232
C
R? 45

Note. NPTQ-C=Non-Productive Thoughts Questionnaire for Children. Continuous variables were mean

centered, gender was dummy coded before calculating the interaction terms.

6

5 e hoys
girls

4

emotional symptoms

low average high

Non-productive thoughts

Figure 3.2.5. Relationship between non-productive thoughts (NPTQ-C) and emotional symptoms among
boys and girls.
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3.2.3 Discussion®

The current study demonstrated that in a non-clinical representative adolescent sample, more
frequent non-productive thoughts (i.e., having more ruminative/worrisome thoughts) was
positively associated with somatic symptoms, and negatively correlated with subjective well-
being. Our findings also revealed that, while girls were more likely to report somatic symptoms
and non-productive thoughts than boys, the strength of the association between non-productive
thoughts and somatic symptoms was not moderated by gender, but did exhibit a significant
decline with age. In other words, a more pronounced connection between non-productive
thoughts and somatic symptoms was observed in the younger age group. On the other hand,
gender moderated the relationship between non-productive thoughts and subjective well-being,
as girls with higher levels of non-productive thoughts experienced lower well-being compared
to boys who were also prone to rumination. Our additional analysis using the emotional
symptoms as dependent variable also found that for girls the association with non-productive
thoughts is stronger.

Previous studies have primarily focused on examining the moderating role of gender in
the association with depression. Some of these studies have revealed that among girls, the
prospective relationship between rumination and symptoms (E. D. Krause et al., 2018), and
brooding and symptoms (Paredes & Zumalde, 2015) is stronger than among boys. Similarly,
there is some evidence that the relationship between worry and depression is moderated by
gender (Chaplin et al., 2009), However, an alternative study presented a different perspective:
among boys, brooding predicted depression, while among girls, reflective pondering showed a

prospective link with symptoms (Dawson et al., 2023).

3.2.3.1 Limitations

The present study has some limitations that should be noted. Our sample consisted of school-
aged adolescents; therefore, the generalizability of the results to other (e.g., clinical) populations
or age ranges 1s questionable. Furthermore, data collection procedure was representative for
that district of the capital city (half of the parallel classes were selected from every school of

the district), but it might not be representative for non-urban populations.

% This chapter is a shortened and updated version of discussion part of the original manuscript, with a focus on
the moderation results.
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Although we found interesting age differences during our analyses, the cross-sectional
study design does not allow for conclusions about the developmental aspects of somatic
symptoms. Measurements of somatic symptoms might also contributed our results. For
instance, in a previous study worry mediated the relationship between interpersonal stressor
measured at Time 1 and musculoskeletal pain at Time 3, but only among girls, in a three-wave
longitudinal study (Wurm et al., 2018).

Due to the cross-sectional design, we could not exclude the possibility that low well-
being, depressive symptoms or somatic symptoms had an effect on non-productive thoughts.
However, a prospective study highlighted that non-productive thoughts preceded the
development of somatic symptoms in adolescence, potentially assuming a unidirectional

relationship between them (Jellesma et al., 2006).

3.2.4 Conclusion

Our findings, along with some previous research on depressive symptoms, suggest that
rumination, or other non-productive thoughts, may have a more detrimental impact on girls'
mental health. However, it is important to note that the results are far from conclusive. The
variation in design, outcomes and the use of different constructs and measurements may
contribute to these differences. Longitudinal studies are needed to understand the role of
rumination or worry as vulnerability factors in mental health, and examine whether gender

affects mental health correlates of perseverative thoughts.
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3.3 Prospective association of non-productive thoughts with depressive

symptoms: a cross-lagged panel model analysis® - Study 3

Current study

While previous research has shown that rumination are associated with depressive symptoms
both concurrently and prospectively, knowledge on the mutual relationship between them
remains unclear. For example, according to RST, rumination is considered a risk/vulnerability
factor for the development of depressive symptoms. Among adolescents, there are studies
confirming that rumination predicts depressive symptoms prospectively, while controlling for
baseline rumination, depressive symptoms were not related to rumination prospectively any
more (Mazzer et al., 2019). However, there are studies in which elevated levels of symptoms
predicted increased future rumination, but not vice versa (Buelens et al., 2019). Unsurprisingly,
a third group of studies found mutual relationship between rumination and psychological
distress (Bastin et al., 2021). Given that some previous research has found sex differences in
the prospective relationship of ruminative thinking (Dawson et al., 2023) or worry (Chaplin et
al., 2009) to symptoms of depression, the present study sought to investigate this phenomenon
further.

As studies found a significant correlation between different types of repetitive thinking
in general (Stade & Ruscio, 2023) and in adolescents as well (Young & Dietrich, 2015), we
used a measure, the Non-Productive Thoughts Questionnaire for Children (NPTQ-C), that does
not distinguish between ruminative and worrisome thoughts, but measures the tendency to
dwell on a problem in a repetitive way. Additionally, this instrument proved to be a reliable and
valid measure in Hungarian, even among younger adolescents (see studies in 3.1 chapter). The
inclusion of 5™ grade students in the study provided further validation of the use of the NPTQ-
C.

50 preliminary results of the study were published as a conference abstract: Kékényei, Gy., Paksi, B., Magi, A.,
Eisinger, A., Demetrovics, Zs. (2023). Ragédas/aggodalmaskodas és depresszids tiinetek serdiilékorban:
egyiranyl vagy kolcsénos a kapcsolat. [Rumination/worry and depressive symptoms in adolescence: one-way or
bidirectional association?] In: Bajzath, A., Csanyi, K., Gy6ri, J. (szerk.). ONK2023. Absztraktkotet. Elkotelezettség
és rugalmassag: a neveléstudomany Utjai az atalakuld vildagban. Magyar Tudomanyos Akadémia Pedagodgiai
Tudomanyos Bizottsag Eotvos Lorand Tudomanyegyetem Pedagadgiai és Pszicholdgiai Kar Budapest, 161.0.
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3.3.1 Methods

Participants and procedure

The Budapest Longitudinal Study, which primarily investigates behavioral addictions, was
initiated during the academic year 2018/2019 (referred to as Time 1). The study targeted Sth-
grade students, selected through a random sampling method designed to ensure a representative
cross-section of the target population. School leaders, teachers, parents and participants were
informed about the purpose of the study. Parents received an active informed consent.
Participation was voluntary, and the questionnaires were completed during a school class. Data
collection was anonymous. Each participant was assigned a unique identifier to safeguard their
privacy. In the initial wave of the study, a total of 178 classes, encompassing 2,126 students,
willingly participated. The second data collection phase, involving the same cohort, transpired
during the academic year 2019/2020 (Time 2), with 1,774 students completing the
questionnaires. Data collection for the second wave finished on 12 March 2020 due to the
pandemic.

In sum, data from both time points were successfully linked for 1,494 students. The
participants exhibited a mean age of 10.72 years (SD: 0.53), and an age range from 10 to 14
years. Notably, 772 of the participants were female, constituting 51.7% of the sample.

The study was approved by the Scientific and Research Ethics Committee of the Medical
Research Council (36078-4/2018/EKU).

Measures

Non-productive thoughts

Non-Productive Thoughts Questionnaire for Children (NPTQ-C) (Jellesma et al., 2005) was
used to measure perseverative thoughts. Detailed description of the instrument can be found on
3.1. chapter. In this study, NPTQ-C had good internal consistency at both waves (Cronbach’s
alphas were .84 and .86).

Depressive symptoms

Center for Epidemiologic Studies Depression Scale-Revised 10-Item Version for Adolescents
(CESDR-10) (Haroz et al., 2014) was used to assess 9 domains®! of depressive symptoms.

Participants are asked to rate how often they felt experienced the symptoms over the past week

51 These are the followings: dysphoria, anhedonia, appetite, sleep, thinking, guilt, fatigue, movement, and death-
related thoughts.
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on a four-point Likert scale that ranges from 1 (rarely or none of the time, less than one day) to
4 (most or all of the time; five to seven days). The psychometric properties of the scale were
tested on large adolescents samples that provided evidence on the one-factor model and
measurement invariance across gender (Haroz et al., 2014).

This instrument is freely available and can be used, thus we followed the translation-
backtranslation procedure to develop the Hungarian CESDR-10 for the BLS study.>® The
internal consistency of the Hungarian CESDR-10 proved to be good in both waves (Cronbach’s

alphas are .80 and .83, respectively)

Statistical analysis
Data were analyzed using SPSS 29 (IBM SPSS, IBM Corp., Armonk, NY) and Mplus 8.10
software packages (Muthén & Muthén, 1998-2007). In order to test mutual relationship between
perseverative thoughts and depressive symptoms, a cross-lagged panel model analysis with the
robust maximum likelihood estimator (MLR) was applied. Full Information Likelihood (FIML)
estimation is used for handling missing data. For evaluating the model, fit indices were
investigated. The model fits well if the RMSEA is below .05 (a value above .10 indicates poor
fit), and cfit is non-significant. Regarding the CFI and TLI, values higher than .90-.95 indicate
an acceptable-good fit (Brown, 2006), 2006). As for the SRMR, a value below .08 is considered
a good fit (Kline, 2016).

Autoregressive paths in the model represent the temporal stability of the same construct
(e.g., non-productive thoughts at Time 1 and Time 2) over time, while cross-lagged association
describes the association between two different variables (e.g., non-productive thoughts and
depressive symptoms) at two different points in time. Gender and age were controlled in the
analysis. In the next step, we checked with multiple group analysis whether the different paths

are invariant across genders.

52 The factor structure of CESDR-10 for both waves was tested using MLR estimation. The one-factor model was
supported by the fit indices (at Time 1 (N=1155): x?>=93.43, df=35, p<.001; RMSEA: .038 [.029-.047], cfit=.983;
CFl: .950, TLI:.935, SRMR=.035; at Time 2: =N= 1427): x2=161.37, df=35, RMSEA: .050 [.043-.058], cfit=.459; CFI:
.936, TLI:.917, SRMR=.037)

111



3.3.2 Results

Descriptive statistics and association between variables are presented in Table 3.3.1.

Table 3.3.1. Descriptive data

kokonyei gy 149 23

Whole sample Boys Girls t Cohen’s d
N Mean (SD) Mean (SD) Mean (SD)
N N
Non-productive 897 17.30 (4.37) 16.83 (4.20) 17.72 (4.47) 3.056* .20
thoughts T1 424 473
Non-productive 1245  17.34 (4.57) 16.28 (4.09) 18.29 (4.77)  8.004** 45
thoughts T2 585 660
Depressive 1120 3.48 (3.82) 3.32 (3.45) 3.63 (4.13) 1.395 .08
symptoms T1 537 683
Depressive 1382 4.07 (4.34) 3.33(3.54) 4.74 (4.86) 6.082** .32
symptoms T1 654 728

Note. *p <.01, **p <.001

Bivariate correlation analysis shows that there is a significant cross-sectional and prospective

relationship between the variables (Table 3.3.2). Test-retest association between NPTQ-C

measures were 0.52.

Table 3.3.2 Correlations among variables at Time 1 and Time 2

Non-productive Non-productive Depressive Depressive

thoughts T1 thoughts T2 symptoms T1 symptoms T2

Non-productive T1 1 520 564 321
N 897 803 874 859
Non-productive T2 1 425" 617
N 1245 985 1212
Depressive symptoms T1 476
N 1070

Note. All the correlational coefficients are significant at p < .001.
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Cross-Lagged Panel Model of Depressive Symptoms with Perseverative thoughts

Gender and age were used as control variables in the cross-lagged model, which demonstrated
a good fit (y° =13.39, df:4, p=0.0095; CFI: 0.989, TLI:0.975, RMSEA:0.041 [.018-0.066], cfit:
0.70, SRMR: 0.029). Autoregressive paths from T1 to T2 were significant, reflecting some
stability over time. Concurrent associations between perseverative thoughts and symptoms
were also significant, and significant cross-lagged paths indicates a mutual relationship between

perseverative thoughts and depressive symptoms over time®® (Figure 3.3.1).

Figure 3.3.1. Cross-lagged association between perseverative thoughts and depressive symptoms

Non-productive Non-productive R?=.32
thoughts T1 thoughts T2
.57 .50
: 2
Depressive Depressive R*=.26
symptoms T1 symptoms T2

42

Note. N=1423; Gender and age were controlled for in the model.

In the next step, a multi-group analysis was conducted to examine whether the paths were
equal across genders (Figure 3.3.2). Upon examination of coefficient values between the two
groups, it was found that the association between non-productive thoughts and symptoms is
stronger among girls at Time 1 (Wald test = 5.53, df = 1, p = .019) and Time 2 (Wald test =
12.89, df =1, p <.001). No significant differences were found in the autoregressive paths for
non-productive thoughts and depressive symptoms (Wald test = 0.83, df = 1, p =.363 and Wald
test=1.23,df=1, p=.267, respectively). Likewise, the cross-lagged paths from non-productive
thoughts at Time 1 to depressive symptoms at Time 2 (Wald test = 0.04, df = 1, p = .847) and

53 We repeated this analysis with involving those who had answered for both the NPTQ-c and CESDR-10 (N=751).
This repeated analysis yielded a very similar results (x2 =8.57, df:4, p=0.0728; CFl: 0.992, TLI:0.981, RMSEA:0.039
[.000-0.075], cfit: 0.64, SRMR: 0.028). The magnitude of autoregressive and cross-lagged paths did not change.
Similarly, if weights are applied to ensure the representativeness of the sample, fit indices still indicated a good
fit (x2 =8.09, df:4, p=0.0588; CFl: 0.992, TLI:0.982, RMSEA:0.030 [.000-0.056], cfit: 0.89, SRMR: 0.025). The
magnitude of autoregressive and cross-lagged paths did not change.
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from depressive symptoms at Time 1 to non-productive thoughts at Time 2 (Wald test = 0.07,

df =1, p =.787) showed no significant differences.

Figure 3.3.2. Cross-lagged association between non-productive thoughts and depressive symptoms

across genders (standardized coefficients are presented)

: 40/.44 :
Non-productive Non-productive R?2=.25/.34
thoughts T1 thoughts T2
11/.10 .17/.20
.53/.59 44/.54
Depressive Depressive R?=.22/.27
symptoms T1 40/.45 symptoms T2

Note. N=1423; Nuoys=677; N,ins=746; the first coefficients apply to boys, the second ones apply to
girls.

3.3.3 Discussion

The present research explores the reciprocal connection between non-productive thoughts
(referred as ruminative or worrisome thoughts) and depressive symptoms in early adolescence.
The findings validate the bidirectional association between these two psychological constructs,
and further indicate that the association is unaffected by gender differences.

Previous research exploring the link between rumination and depressive symptoms
through cross-lagged models has highlighted significant variations in sample size and age, and
age-range. The present study, for example, has the advantage of being representative, utilizing
a large sample and including an age group at Time 1 for non-productive thoughts and depressive
symptoms, where gender differences are already manifested in the measured constructs.
Similarly to a group of studies (Bastin et al., 2021; Wang et al., 2023) exploring the relationship
between rumination and depressive symptoms or psychological distress over time, we also
found a mutual relationship between non-productive thoughts and depressive symptoms. In
other words, initial non-productive thoughts predicted later symptoms, and vice versa, initial
symptoms also predicted later perseverative thoughts. Thus, our results confirm the
vulnerability model assuming that ruminative or worrisome thoughts — or more generally

repetitive negative thinking (Raes et al., 2020) — are risk factor for concurrent and later
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depressive symptoms. At the same time, current study also provides evidence that a high level
of depressive symptoms contributes to later frequent dwelling on problems (Nolen-Hoeksema
et al., 2007).

We found that cross-lagged paths did not differ across genders. However, it is possible
that the measurement used or the starting age might have contributed to the results. For instance,
in a three-wave longitudinal study, depressive symptoms were predicted differently by brooding
and reflection for students measured at 8th grade, 9th grade, and 12th grade time points.
Interestingly, in that study, early brooding predicted depressive symptoms among boys, while
early reflective pondering was a significant predictor of depressive symptoms among girls. In
an other study with a small sample size (N=113) and an age range between 11-14, which
investigated the prospective association between worry (defined as a facet of anxiety) and
depressive symptoms, worry predicted later depression symptoms, but only among girls
(Chaplin et al., 2009).

The stability of non-productive thoughts measured with the NPTQ-C shows a medium
effect size, suggesting that some variations can be found among individuals and within
individuals. This is in line with previous findings where autoregressive paths between
rumination (Buelens et al., 2019), brooding (Black & Pdssel, 2013), co-rumination (Hankin et
al., 2010) or worry (Xiao et al., 2023) were around 0.4-0.5. However using anger rumination, a
four wave longitudinal study found autoregressive paths of around 0.6 (Camacho et al., 2021).

Randomized clinical trials targeting repetitive negative thinking and/or
psychopathological symptoms, primarily depression or anxiety, in young individuals with
elevated or clinical levels of depression or anxiety have shown promising results. This
conclusion is based on a recent meta-analysis that includes the results of 28 studies (Bell et al.,
2023). Psychological treatments that focus on either specifically on addressing specific or
general forms of repetitive negative thinking or more broadly on symptom reduction have been
successful in reducing both repetitive negative thinking (RNT) measured by rumination, worry,
or general RNT and symptoms of depression and anxiety. When comparing interventions that
specifically target RNT, it was found that interventions focusing on the underlying processes
had more significant effects compared to those that concentrated on the negative content of
RNT (Bell et al., 2023). However, it is worth noting that only a small number of intervention

studies included longer follow-up periods. Nevertheless, it appears that the positive effects
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observed after treatment can be sustained for up to six months (Wilkinson & Goodyer, 2008)

or even one year (Topper et al., 2017).

3.3.3.1 Limitations
The current study has several of limitations. Having only two data points does not allow to test
trajectories of either non-productive thoughts or depression. However, this study is planned to
have more data collection points (at grade 8 and 9), that will enable us to test these trajectories.

In a vulnerability-stress model, rumination is conceptualized as a moderator of the
relationship between negative events and depression (Nolen-Hoeksema et al., 1999). In other
words, this model assumes that higher level of rumination increases the strength of the
relationship between negative events and depressive symptoms over time. The stress-generation
hypothesis (e.g. (Harkness & Washburn, 2016) can also be applied to rumination, assuming that
a higher initial level of rumination may lead more stress (negative events) reported during the
follow-up period (Abela & Hankin, 2011). Within the framework of differential exposure
model, rumination is considered to lead more stressor, especially when experiencing increases
in depression (Abela & Hankin, 2011). However, it is important to note that we did not test
these hypotheses in our analyses. Additionally, there are various other variables, such as
neuroticism (Roelofs et al., 2008), that were not measured but are associated with both non-
productive thoughts (including rumination) and depressive symptoms. Although it is also
suggested that rumination mediates the link between neuroticism and psychopathology,
including major depressive disorder (Merino et al., 2016).

In the current analyses our focus was on non-productive thoughts. However, it is worth
mentioning that other strategies for dealing with negative emotions or stressors/problems,
beyond rumination or worry, may be relevant when studying the prospective association

between emotion regulation and depression (Aldao et al., 2016; Roelofs et al., 2009).

3.3.4 Conclusion

Longitudinal research can yield valuable insights into the association between non-productive
thoughts and depressive symptoms. The present study revealed a reciprocal relationship
between ruminative and worrisome thoughts and depressive symptoms among a representative
sample of Hungarian early adolescents. Our analysis indicates a mutual relationship using two

data points. On one hand this confirms the vulnerability model, while also supporting a
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reciprocal relationship in the opposite direction. Therefore, it is reasonable to assume that early
adolescents could benefit from interventions that aim to reduce unproductive thoughts (Bennett

etal., 2021), and or elevated level of depression or anxiety (Bell et al., 2023).
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3.4 Prospective association of rumination as one of the maladaptive ER

strategies with depressive symptoms®* -Study 4

Current Study

The relationship between rumination and the occurrence of different psychopathologies or
symptoms is fairly consistent among both adults and adolescents (Aldao et al., 2010; Cludius
et al., 2020; Schafer et al., 2017), other emotion regulation strategies should also be considered
(Aldao et al., 2016). Indeed, research has shown that several emotion regulation strategies are
worth exploring within the context of internalizing symptoms, such as depression in adolescents
(Garnefski et al., 2005; Schafer et al., 2017). While it is important to consider that context plays
a significant role in emotion regulation, when employing a strategy-based approach, commonly
used strategies are typically categorized as either adaptive or maladaptive based on their
associations. Strategies such as rumination, avoidance, and suppression are potentially
maladaptive since they are positively correlated with psychopathological symptoms. In
contrast, other strategies like reappraisal, problem-solving, and acceptance are labelled as
adaptive because they show a negative relationship with psychopathological symptoms (A.
Aldao et al., 2010).

Distraction and problem-solving

Notably, Response Style Theory (RST) emphasized the importance of various emotion
regulation strategies in depression thirty years ago. Specifically, RST (Nolen-Hoeksema, 1991)
posits two additional cognitive response styles in relation to depression: distraction and
problem-solving. Similar to rumination, distraction, defined as the effortful or passive diversion
of attention towards neutral or positive stimuli (Webb et al., 2012), and problem-solving,
defined as indirect attempts to regulate emotions, such as planning the course of action to handle
a situation or problem (Aldao et al., 2010), can be seen as emotion regulation strategies due to
their ability to change the trajectory of emotions (Gross, 1998). In RST, both distraction and
problem-solving (categorized as adaptive according to the strategy-based approach) were

expected to decrease depressive symptoms. Indeed, there are longitudinal findings that support

54 Based on Kokonyei, Gy., Kovécs, L.N., Szabd, J., Urban, R. (2024). Emotion Regulation Predicts Depressive
Symptoms in Adolescents: A Prospective Study. Journal of Youth and Adolescents, 53, 142—158.
https://doi.org/10.1007/s10964-023-01894-4 This chapter outlines the methods and findings of the study without
any alterations.
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the original theory among adolescents (Hilt et al., 2010), although contradicting results also
exist (van Ettekoven et al., 2020). While problem-solving may be effective in down-regulating
high-intensity daily negative emotions, according to a recent finding from an experience
sampling method (ESM) study in adolescents (Lennarz et al., 2019), the use of this strategy
may be limited and cannot be employed in many situations (e.g., peer rejection, poor body-
image, recalled negative events from the past) that trigger or are associated with depressive
mood.

Regarding distraction, a meta-analysis of studies on emotion regulation strategies
employing experimental design highlights the effectiveness of positive refocusing (i.e., thinking
about positive things instead of negative events (Garnefski et al., 2001), as a form of the
distraction (Webb et al., 2012). Self-reported positive refocusing was associated with lower
depressive symptoms in adolescents (Garnefski & Kraaij, 2016). However, if distraction is
habitually used to avoid unwanted memories and related emotions and thoughts (a phenomenon
known as experiential avoidance (Hayes et al., 1996), it might be associated with poor mental

health in adults (Wolgast & Lundh, 2017) and youth (Szemenyei et al., 2020).

Self-blame and catastrophizing
Besides rumination, other potentially maladaptive emotion regulation strategies, such as self-
blame (attributing negative events to oneself), have also been linked to depressive symptoms in
adolescents (Garnefski & Kraaij, 2016), supporting cognitive models of depression (Abramson
et al., 1978; Beck, 1987); in which self-blame is related to negative self-evaluation. The impact
of self-blame on mental health can be particularly important in the case of real or anticipated
negative events. During adolescence, peer acceptance is of great importance, and experienced
or anticipated rejection and reactions to it, including attempts to regulate emotions, may be
linked to the development of depression. For instance, those who tended to blame themselves
for being rejected in hypothetical scenarios had more depressive symptoms after 14 months
(Zimmer-Gembeck et al., 2016).

Another maladaptive emotion regulation strategy is catastrophizing, which involves
magnifying and exaggerating the potential negative impact and consequences of an event,
repeatedly returning to these thoughts, and/or anticipating the worst possible (almost

catastrophic) outcome (Beck, 1987; Ellis, 1962). This strategy has been associated with
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depressive symptoms in both school and clinical samples (Ding et al., 2021) and is consistent

with cognitive models of depression (Abramson et al., 1978; Beck, 1987).

Reappraisal and acceptance

Regarding putatively adaptive strategies, a meta-analysis on self-report cross-sectional studies
in youth (Schafer et al., 2017) found that problem-solving, positive reappraisal (which involves
reinterpreting the meaning of a stimulus to reduce its personal significance (Gross & John,
2003), and the acceptance of emotions (without judging them as aversive, (Hayes & Wilson,
2003) were significantly negatively associated with depressive symptoms. The magnitude of
the relationship was comparable to the effects between maladaptive strategies and depressive
symptoms. In contrast, a recent meta-analysis found that the impact of maladaptive emotion
regulation strategies at baseline on the development of psychopathological symptoms was
larger than that of adaptive emotion regulation strategies in children and adolescents
(Cavicchioli et al., 2023). Specifically, only maladaptive emotion regulation strategies at Time
1 - but not adaptive emotion regulation strategies - were significant predictors of internalizing
symptoms. However, in everyday life, an ESM study (Lennarz et al., 2019) showed that
problem-solving, reappraisal, and acceptance were more effective in reducing negative

emotions than rumination among adolescents.

Association between adaptive and maladaptive strategies

Considering that individual may use various strategies within and across situations, it is
essential to understand the relationships between different emotion regulation strategies. Some
studies in children and adolescents (Abela et al., 2007; Hilt et al., 2010) utilizing the RST have
adopted a ratio approach to assess the relative use of each strategy — both maladaptive and
adaptive — compared to one other. The ratio score is computed by dividing an individual's mean
rumination score by the sum of the mean problem-solving and mean distraction scores. This
method allows for the differentiation between individuals who frequently employ multiple
strategies, including rumination, distraction, and problem-solving, and those who
predominantly rely on rumination alone. Studies employing the ratio score have demonstrated

its ability to predict an increase in depressive symptoms over time (Hilt et al., 2010).

120



kokonyei gy 149 23

To determine whether putatively adaptive or maladaptive strategies are equally important
for the development of depressive symptoms, it is necessary to measure the use of several
emotion regulation strategies simultaneously (Aldao et al., 2016). Additionally, positive
correlations between putatively adaptive and maladaptive strategies are often observed
(Kokonyei et al., 2019), suggesting that individuals may use a wide range of strategies across
situations. Adolescents, for instance, may employ acceptance as a response to stressful events
that trigger less intense emotions. However, they might opt for other strategies like rumination
or distraction when dealing with more intense negative emotions (Lennarz et al., 2019).
Furthermore, adaptiveness of a given strategy depend on the context as well. For example, a

reappraisal of manageable stressors may not promote psychological health (Troy et al., 2013).

While previous research has shown that emotion regulation strategies are associated with
depressive symptoms both concurrently and prospectively, there is limited evidence regarding
the emergence of this relationship when assessing both adaptive and maladaptive strategies
simultaneously within a single study. This study aims to address this gap by investigating the
prospective relationship between several putatively adaptive and maladaptive emotion
regulation strategies and depressive symptoms while considering the complexity of
interrelation among strategies. Specifically, it was hypothesized that both adaptive and
maladaptive emotion regulation at Time 1 would prospectively predict depressive symptoms
(Fig. 3.4.1). Additionally, the relationship between emotion regulation strategies and depressive
symptoms can be further addressed by exploring potential differences in emotion regulation
among groups categorized based on depressive symptom patterns across waves of data
collection. Therefore, the objective also included to examine how the subgroups of adolescents
with various change patterns in depression differed from each other in terms of putatively

adaptive and maladaptive strategies.
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Fig. 3.4.1. Schematic representation of the measurement model of putatively adaptive and maladaptive emotion
regulation strategies and the tested model for explaining depressive symptoms at Time 2. Emotion regulation was
measured at Time 1. Regarding the measurement model (i.e., the latent factors of emotion regulation), arrows with

solid lines represent main factor loadings, dashed arrows represent cross-loadings.

3.4.1 Methods

Sample and Procedure

Data analyzed in the current study was obtained during the second and the third waves of the
Budapest Adolescent Smoking Study, a longitudinal research involving high school students
(Urban, 2010; Urban & Sutfin, 2010). After obtaining the ethical consent of the Institutional
Review Board, 150 secondary schools in Budapest were contacted to get involved in the study
that mainly focused on smoking among adolescents. There were 70 schools that agreed to
participate, among which schools representing each district were chosen randomly. In case a
school did not reply after being contacted three times or refused to participate, another randomly
chosen school from the same district was invited. The obtained sample is representative of
secondary schools in Budapest in terms of spatial distribution (the 23 districts) and school type
(the general secondary schools, vocational secondary schools, and vocational school). One or
two classes per school were chosen randomly; thus, 3,124 students from 106 classes were

invited. Parents received a passive informed consent. Participation was voluntary, the
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questionnaires were completed during a school class. The final sample at the first wave of data
collection comprised 2,565 students. There were 2,513 ninth-grade students who participated
in the second wave, whereas 2,370 tenth-grade students participated in the third wave. These
dropouts arose mainly due to non-consent or being absent on the day of data acquisition. There
were 1,857 students involved in both waves, of whom 486 had to be excluded due to missing
data on all depression items. Thus, 1,371 adolescents were included in the current analysis. The
mean age of our sample (as measured at the second wave) was 15.66 years (SD = 0.49 years),
55.1% (N=756) were girls. Data collection occurred between March and May 2009 for the
second wave (Time 1), and between October and December 2009 for the third wave (Time 2).
There were 5.9 months that had elapsed between the two points of data collection on average.

The study was not preregistered.

Measures
Emotion regulation

Emotion regulation strategies were measured with the 18-item Cognitive Emotion Regulation
Questionnaire (CERQ-short) (Garnefski & Kraaij, 2006). Respondents were instructed to state
on a five-point Likert scale (ranging from almost never to almost always) how often they tend
to react in certain ways to stressful life events. The CERQ-short comprises of nine subscales,
each measured by two items: 1) self-blame (attributing the negative event to ourselves), 2)
other-blame (attributing the negative event to other people), 3) rumination (repetitively
dwelling on a negative event), 4) catastrophizing (magnifying the severity or significance of a
negative event), 5) putting into perspective (comparing the event with others leads to the
conclusion that it is not the worst, or that it could have been worse), 6) positive refocusing
(diverting attention towards unconnected positive events), 7) positive reappraisal
(reinterpreting the event in order to see the positive aspects of a negative event), 8) acceptance
(the situation or what has happened), and 9) planning (focusing on the course of actions one
can do to change or cope with the situation), among which the first four are considered
putatively maladaptive, the latter five are considered putatively adaptive responses to a
demanding situation.

The Hungarian CERQ was used in the current study which demonstrated good

psychometric properties in previous studies among adults (Miklosi et al., 2011) and adolescents
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(Kokonyei et al., 2019). Emotion regulation was measured at Time 1. In the current sample, the
Cronbach a values of the subscales ranged from 0.61 to 0.82 (Table 3.4.1.).

Depressive symptoms

The Center for Epidemiologic Studies Depression Scale (Radloff, 1977) is a widely used self-
report measure for depressive symptoms in adult and adolescent community samples.
Participants are asked to rate how often they felt certain affect states over the past week on a
four-point Likert scale that ranges from O (rarely or none of the time; less than one day) to 3
(most or all of the time; five to seven days). The measure contains 20 items, the majority of
which describe negative affect states (e.g., | felt lonely; I felt sad), while four items are reversed
and describe positive affect states (e.g., | felt hopeful about the future). Depressive symptoms,
the predicted outcome, were assessed at both Time 1 and 2. In previous studies involving adult
samples, the Hungarian CES-D has been demonstrated as a reliable tool for assessing depressive
symptoms (Demetrovics, 2007; Kovacs, Schmelowszky, et al., 2021). While the CES-D is
widely used to assess adolescents in several languages, there is less experience with this
measure among Hungarian adolescents. However, in this sample, the Hungarian CES-D
demonstrated excellent reliability. Cronbach a was .90 at both Time 1 (wave 2) and Time 2
(wave 3), suggesting that the Hungarian version is also a reliable scale.

Data Analytic Plan

Data were analyzed using SPSS 28.0 (IBM SPSS, IBM Corp., Armonk, NY) and Mplus 8.8
software packages (Muthén & Muthén, 1998-2007). First step was to test whether the nine
strategies of CERQ could be grouped into adaptive and maladaptive emotion regulation factors.
Based on previous findings, Exploratory Structural Equation Modeling (ESEM) was chosen
instead of confirmatory factor analysis (CFA), as the correlations between the putatively
adaptive and maladaptive strategies have been found to be positive in many cases (Kokonyei et
al., 2019) suggesting that individuals may use a wide range of strategies. In addition, ESEM
provides the possibility to build a model in which cross-loadings are allowed (i.e., targeted but
not fixed at zero) across factors. The maximum likelihood robust (MLR) parameter estimates
with standard errors and chi-square test statistics were used that were robust to non-normality
and non-independence of observation (Muthén & Muthén, 1998-2007). Since units were classes
in the current study, the nonindependence of observations was controlled for the analysis.

In the next step, structural equation modeling (SEM) was used to examine whether

adaptive and maladaptive emotion regulation defined as latent factors allowing for cross-
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loadings (as in the first step) at Time 1 predicted depressive symptoms at Time 2, controlling
for gender, age and depressive symptoms of Time 1. Depressive symptoms were defined as
observed variables in the model.

For both the measurement model and the longitudinal model, model fit was evaluated by
inspecting the fit indices: the Root Mean Squared Error of Approximation (RMSEA) and the
significance of its value (cfit), the Comparative Fit Index (CFI), the Tucker-Lewis Index (TLI)
and Standardized Root Mean Square Residual (SRMR). The model fits well if the RMSEA is
below .05 (a value above .10 indicates poor fit), and cfit is non-significant. Regarding the CFlI
and TLI, values higher than .90-.95 indicate an acceptable-good fit (Brown, 2006). As for the
SRMR, a value below .08 is considered a good fit (Kline, 2016).

In the next step, latent class analysis was used to identify homogenous subgroups (latent
classes) of participants based on their depressive symptoms scores at Time 1 and Time 2. The
optimal number of classes were determined by considering models with a different number of
latent classes using the Akaike Information Criterion (AIC), Bayesian Information Criterion
(BIC), Sample Size Adjusted Bayesian Information Criterion (SSA-BIC), Lo-Mendel-Rubin
Adjusted Likelihood Ratio Test (LMRT). Lower values of AIC, BIC, SSA-BIC indicate better
fit and non-significant LMRT shows that the involvement of an additional latent class would
have not increased the fit of the model. The index of Entropy with higher values (e.g., closer to
1) reflects a more accurate classification of the participants (e.g., values at around 0.8 represent
high entropy) (Clark & Muthén, 2009). Then multinominal logistic regression analysis was
used to explore the relationship between the most likely latent class membership and covariates
(gender, age, latent factors of adaptive and maladaptive emotion regulation indexed by factor
scores) using the 3-step method.

3.4.2 Results

Descriptive Data

The final sample included in the present analysis comprised 1,371 students (all were Hungarian,
N= 756 (55.1%) girls) who attended secondary schools in the capital city of Hungary. Three-
fifths of students (61.5%) attended secondary grammar schools and 39.8 % attended vocational
high schools. Mothers of around three quarters of students (77.4%) had a high school diploma
or a university degree. Most of the students (63.2%) lived in their intact families (i.e. in nuclear

families with both parents present).
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Descriptive data for emotion regulation (ER) strategies and depressive symptoms are
presented in Table 3.4.1. In both waves, girls reported more depressive symptoms. Regarding
the ER strategies, girls had higher scores on self-blame, rumination, putting into perspective,
catastrophizing, and other-blame.

For descriptive purpose only, and based on previous research on adolescent depression
(e.g. Rushton et al., 2002), a score of 24 was employed as the cutoff (> 24) on CES-D (refer to
Shore et al., 2018) and 21.4 % (N=294) of the participants at Time 1 and 21.9 % (N=300) of
the participant at Time 2 scored 24 or above, and 12.3% (N=168) were in the risk group in both

waves.

Table 3.4.1. Means, standard deviations, and effect sizes (Cohen’s d) by gender with reliability of the

scales
Scales Mean (SD) Boys Girls t/d p Cohen’s Cronbach’s
Mean (SD) Mean (SD) d alpha

self-blame 4.69 (1.85) 4.53 (1.75) 482(1.92) 290 .004 0.16 .80
acceptance 5.71 (2.05) 5.80 (2.04) 5.65 (2.05) 1.33 .182 0.07 .81
rumination 5.95 (2.03) 5.55 (1.92) 6.27 (2.06) 659 <001  0.36 71
positive 4.78 (2.01) 4.73 (1.93) 4.82 (2.07) 0.80  .426 0.04 82
refocusing

planning 6.24 (1.96) 6.17 (1.91) 6.29 (2.00) 1.08  .281 0.06 68
positive 6.11 (1.98) 6.15 (1.94) 6.08(2.02) 071  .480 0.04 61
reappraisal

putting into 5.18 (1.93) 5.02 (1.80) 5.32 (2.01) 2.94 003 0.16 70
perspective

catastrophizing  4.16 (1.96) 3.93 (1.80) 4.35 (2.08) 391 <001 021 81
other-blame 411 (1.72) 4.39 (1.81) 3.89 (1.62) 528 <001  0.29 81
CES-DT1 1550 (10.16)  13.93(9.48)  16.77(10.52) 520 <.001  0.28 .90
CES-D T2 16.21 (9.93)  14.00(9.12)  18.01(10.20) 7.68 <.001 0.1 .90

Note. Npoys=615; Ngiris=756; CERQ = Cognitive Emotion Regulation Questionnaire, CES-D=The Center for

Epidemiologic Studies Depression Scale.

In general, ER strategies were correlated with each other, and the correlation coefficients
ranged between -0.15 and 0.49 (Table 3.4.2). Depressive symptoms in both waves were

positively associated with the putatively maladaptive ER strategies, namely with self-blame,
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rumination, and catastrophizing (correlation ranges between r = .23 to .44), and negatively with
the putatively adaptive ER strategies, namely acceptance, positive refocusing, positive
reappraisal, putting into perspective (correlation ranges between r= -.01 to -.14). Age had a

weak relationship with depressive symptoms, but it was unrelated to the use of ER strategies.

Table 3.4.2. Correlations between depressive symptoms and cognitive emotion regulation strategies.

2 3 4 5 6 7 8 9 10 11 12
1. Self- 21" 39" -11™ 29" 25 .04 367 15" 30T 23" -.03
blame
2.Accep- 1 257 10" .20 417 24 .05 -07" -.06* -05 -03
tance
3.Rumi- 1 -157 .38 .24™ 107 487 .06* 29" 237 -.03
nation
4. Positive 1 A0 197 407 -.147 14 -147 -14™ .00
refocusing
5. Planning 1 437 29" 17T 07" .03 01 -01
6.Positive 1 32" .03 -.03 -.01 -.04 .04
reappraisal
7. Putting 1 -.04 137 -.06* -.05 .02
into
perspective
8.Catast- 1 21 447 337 .02
rophizing
9.0ther- 1 .09™ .05* .01
blame
10. CES-D 1 617 11
Time 1
11. CES-D 1 .06*
Time 2
12. age 1

Note. CERQ = Cognitive Emotion Regulation Questionnaire, CES-D = The Center for Epidemiologic Studies
Depression Scale; *p <.05; "p <.01; ™p <.001

Measurement Models of Emotion Regulation Strategies

First step was to test whether the nine strategies constitute two factors. Based on the literature

(Garnefski et al., 2001), self-blame, other-blame, rumination, and catastrophizing are putatively
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maladaptive strategies, while acceptance, positive refocusing, planning, reappraisal, and putting
into perspective are putatively adaptive strategies. In the ESEM analysis, cross-loadings were
allowed (targeted, but not forced to be zero). The first ESEM model comprising all the nine
strategies resulted in a poor fit (x>=347.3, df=19, p<.001, RMSEA: .113 [.102-.123] cfit:
<0.001; CFI: .804, TLI:.628, SRMR: .056), and the analysis pointed out that other-blame did
not load on any factors. Therefore, in the repeated analysis the other-blame subscale was
omitted and based on the modification indices of the first ESEM model error covariances
between the refocusing and putting into perspective subscales were added to the model. The fit
indices of the second model improved and the model fit become already acceptable (¥?=76.8,
df=12, p<.001, RMSEA: .063[.050-.077] cfit: p=.050; CFI: .959, TLI:.905, SRMR: .026);
however, factor loadings of the planning subscale suggested that this factor can be labelled
neither adaptive nor maladaptive (since it loaded on both factors positively (.469 and .261), and
the difference between the two factor loadings was considerably smaller compared to the other
items). Thus, in the final model seven strategies (namely acceptance, positive refocusing,
positive reappraisal, putting into perspective, self-blame, rumination, and catastrophizing) were
grouped into adaptive and maladaptive emotion regulation factors. Factor loadings are
presented in Table 3.4.3. The final model resulted in an excellent fit (x°=28.6, df=7, p<.001,
RMSEA: .048 [.030-.066] cfit: .550; CFI: .981, TLI: .944, SRMR: .018). The correlation
between the two factors was .22. These two latent factors were used in the next step to explain

depressive symptoms at Time 2.

Table 3.4.3. Standardized factor loadings of the final two-factor ESEM model comprising seven emotion

regulation strategies

Strategies Adaptive emotion regulation Maladaptive emotion
regulation

Acceptance 521 128

Positive refocusing 311 -.268

Positive reappraisal 746 .066

Putting into perspective 437 -.041 (ns)

Self-blame 142 514

Rumination 108 .709

Catastrophizing -.182 712

Note: All factor loadings are significant, except one. ns: non-significant. N=1362, nine students did not

answer the emotion regulation items.
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Prospective Association between Adaptive and Maladaptive Emotion Regulation

Strategies with Depressive Symptoms

In the next step, the model examining the prospective association between adaptive and
maladaptive ER at Time 1 and depressive symptoms at Time 2 — while taking into account
depressive symptoms at Time 1 — was estimated. Gender and age were controlled for in this
model (Table 3.4.4.). The covariance between depressive symptoms at Time 1 and between

adaptive and maladaptive ER were also estimated in the model (see Fig. 3.4.2).

Table 3.4.4. Correlation matrix of emotion regulation and depressive symptoms

Adaptive Maladaptive  Depressive Depressive Gender

ER ER symptoms symptoms

Time 1 Time 2

Maladaptive 219"

emotion

regulation

Depressive -111° 529"

symptoms at

Time 1

Depressive -.114* 405" .608™"

symptoms at

Time 2

Gender -.007 169" 1397 2017

Age at Time 1 .010 -.012 105" 063" =127

Note: N=1371. ER: emotion regulation

“p<.05; " p <.01; " p<.001

The result showed that even controlling for depressive symptoms at Time 1, both
maladaptive (B = 0.137, p=.001) and adaptive ( =-0.087, p=.013) ER at Time 1 predicted
depressive symptoms at Time 2. The overall model fitted the data well (y=104.2, df=27, p<.001,
RMSEA.: .046 [.037-.055]; cfit: .765; CFI: .966, TLI: .932) and explained 39.8 % from the total
variance of depressive symptoms at T2. Examining the absolute values of the coefficients, the

concurrent association between maladaptive emotion regulation and symptoms is stronger than
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the association between adaptive emotion regulation and symptoms (Wald test = 69.68, df =1,
p <.001). Regarding the prospective association, however, we did not find a difference between
the magnitudes of the two coefficients (Wald test = 1.82, df = 1, p = .177). In other words,

adaptive and maladaptive ER were equally predictive of depressive symptoms at Time 2.

| Acceptance
Adaptive
Positive refocusing ¢ : EmtlJ'fIt?n
regulation 087
Putting into
perspective
Positive reappraisal p’ k R?=.398
N

223 Depressive symptoms ->08 Depressive symptoms
T1 T2

Self-blame

137

Maladaptive
emotion
regulation

Rumination

Catastrophizing

Fig. 3.4.2. Note: N=1371. Standardized coefficients are presented. All presented paths shown are
significant. Dashed lines represent significant cross-loadings. Gender and age were controlled for in the
model. Exploratory Structural Equation Modelling (ESEM) was used to define the Adaptive and
Maladaptive emotion regulation latent factors. Depressive symptoms at Time 1 (T1) and Time 2 (T2)

were observed variables.

Latent Class Analysis

Based on the fit indices of the LCA, the 3-class solution proved to be the best model (see Table
3.4.5.). The LMRT of the 4-class model was no longer significant (p = .14), suggesting the

three-cluster over the four-cluster solution.
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Table 3.4.5. Fit indices for the latent class analysis of depressive symptoms at Time 1 and Time 2

AIC BIC SSA-BIC Entropy LMRT P
2 class model 19739.3 19755.9 19753.6 820 674.8 <.001
3 class model 19548.4 19600.7 19568.9 827 188.2 <.001
4 class model 19514.3 19582.2 19540.9 830 38.4 140

Note. AIC = Akaike Information Criteria; BIC = Bayesian Information Criteria; SSA-BIC = Sample Size
Adjusted Bayesian Information Criteria; LRT = Lo-Mendel-Rubin Adjusted Likelihood Ratio Test. The

selected model is boldfaced.

Fig. 3.4.3 shows the three classes: Class 1 (N=870, 63.5%) had low scores at both waves
(MT1=9.36, SDT1=5.02; MT2=11.57, SD12=7.52, stable low depressive symptoms group), Class
2 (N=403, 29.4%) had moderate scores at both waves (M11=22.91, SD11=5.02; M12=21.52,
SDt2=7.52, stable moderate depressive symptoms group), and Class 3 (N=98, 7.1%) had high
scores at both waves (M11=38.31, SD11=5.02; M1,=33.16, SD12=7.52, stable high depressive

symptoms group) (see Fig. 3).

45

w w b
o o1 O

=N
o1 O

Depressive symptoms
= N
o [8)]

o o

Time 1 Time 2

— — = Class 1 (Low symptoms) - - —- Class 2 (Moderate symptoms)

Class 3 (High symptoms)

Fig. 3.4.3. The three latent classes of depressive symptoms (N=1371).
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Multinomial Logistic Regression to Predict Class Membership

In the next step, a multinomial logistic regression analysis was performed (see Table 3.4.6.), in
which auxiliary variables, such as gender, age, and adaptive and maladaptive ER strategies (as
latent factors indexed by factor scores) predicted class membership. Compared to the low
symptoms group, increased use of maladaptive ER strategies and decreased use of adaptive ER
strategies were associated with being in moderate and high symptoms groups.

Table 3.4.6. Multinomial logistic regression analysis to predict moderate and high depressive symptoms

groups

Predictors Stable moderate depressive Stable high depressive
symptoms symptoms
OR [95% ClI] OR [95% ClI]

Maladaptive emotion regulation 3.34[2.41-4.62]™ 8.27 [5.53-12.36]™"
Adaptive emotion regulation 0.62 [0.48-0.79] 0.40[0.28-0.57]™
Age at Time 1 1.91[1.39-2.63]"" 2.82 [1.62-4.90]""
Gender (Ref. group: boys) 1.53[1.12-2.08]™" 2.36 [1.14-4.90]"

Note: Reference group is low symptoms depression class. Maladaptive and adaptive emotion regulations
are used as factor scores in the analysis. N=1362;
*p <0.05, **p <0.01, ***p<0.001

3.4.3 Discussion®

In the context of emotion regulation, research on depressive symptoms in adolescents has
primarily focused on rumination, as a putatively maladaptive strategy, or only a limited number
of strategies and relied heavily on cross-sectional data, especially when examining the
protective effects of adaptive strategies (Cavicchioli et al., 2023). Therefore, the current study
assessed not just rumination but other putatively maladaptive and adaptive emotion regulation
strategies as well. While maladaptive strategies showed a stronger concurrent association with
depressive symptoms, adaptive strategies had a comparable prospective effect. Furthermore,
three subgroups, differing in the intensity of depressive symptoms over time, exhibit varying

patterns of both adaptive and maladaptive strategies measured at Time 1.

55 This chapter is the shortened and modified version of the accepted publication, with more emphasis on
rumination here.
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Considering that adaptiveness of emotion regulation strategies, it varies as a function of
stressors and context (Sheppes & Meiran, 2007), thus, it is not surprising that most strategies
loaded positively on both factors in the analysis. However, the magnitude of these loadings
reflects the presumed nature of the strategies. For example, positive reappraisal strongly loads
on the adaptive emotion regulation factor (.75) compared to the maladaptive factor (.07),
highlighting its more adaptive nature. In contrast, rumination has a stronger loading on the
maladaptive factor compared to the adaptive factor (.71 vs. .11), indicating its less adaptive
nature. These distinct factor loadings suggest that reinterpreting stressful events in a more
positive light, as defined in the CERQ, is a more adaptive approach, while dwelling on stressful
events through rumination is less adaptive.

Consistent with previous meta-analytic results in studies involving adults or adolescents
(Aldao et al., 2010; Schafer et al., 2017), the current study found strong concurrent association
between maladaptive emotion regulation strategies and depressive symptoms. Furthermore,
these strategies predicted depressive symptoms at Time 2, supporting the notion of Response
Style Theory that maladaptive strategies, such as rumination, are vulnerability factors.

Regarding the latent class analysis, students with moderate symptoms (around 30 % of
youth) had over three times higher odds of engaging in maladaptive emotion regulation
strategies compared to those in the low symptom group, whereas students in the high symptom
group (around 7% of youth) had more than eight times higher odds of using such strategies.
The maladaptive strategies measured in this study share the common feature of focusing on the
negative aspect of the self, and therefore, could easily co-occur. For instance, self-critical or
self-blaming ruminative thoughts can easily lead someone to catastrophize; thus, eliciting them
to perceive the situation as much worse than it really is. Biased attention towards, and the
increased awareness of, negative external or internal stimuli are both risk and maintenance
factors of depression (Disner et al., 2011).

Maladaptive emotion regulation strategies may also contribute to the maintenance of
depressive symptoms through other mechanisms. For instance, in a short prospective study
excessive reassurance seeking as a maladaptive interpersonal behavior mediated the association
between emotion regulation difficulties and high depressive symptoms (Fearey et al., 2021).
Rumination can prolong the emotional or physiological concomitants of stressors even after the
stressors have terminated (Radstaak et al., 2011); thus, rumination may contribute to depression

via transforming past stressors into present events, in turn reinforcing rumination
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(Hosseinichimeh et al., 2018). Interestingly, this latter mechanism was found to be stronger in
adolescent girls compared to boys (Hosseinichimeh et al., 2018), suggesting that not only
increased rumination among girls (Hankin, 2008), but also gender differences in rumination-
related mechanisms might contribute to the well-known gender differences in depression.

However, the main finding of the current study is that the prospective association between
adaptive emotion regulation strategies and depressive symptoms is comparable in magnitude to
that of maladaptive emotion regulation strategies and depressive symptoms. The negative
relationship between the use of adaptive emotion regulation strategies and depressive symptoms
has predominantly been established through cross-sectional studies (Kraft et al., 2023), and
there is a scarcity of longitudinal studies that explore this connection (Cavicchioli et al., 2023).
Our findings confirm that repairing mood or regulating emotions through various strategies
during times of stress, such as reinterpreting or putting into perspective events, refocusing
attention on positive things, accepting the stressful situation, may serves as protective factors
in the long term®®. Several factors influence the choice of these strategies in stressful situations.
These include, for example, the emotional state itself (De France & Hollenstein, 2022), the
intensity of emotions (De France & Hollenstein, 2022; Van Bockstaele et al., 2020), the
controllability of stressors (Troy et al., 2013), and the degree of psychopathological symptoms
(Ehring et al., 2010; van den Heuvel et al., 2020). It is possible that adaptive strategies not only
directly but also indirectly protect against mental health problems. For instance, a longitudinal
study among college students found a prospective link between cognitive reappraisal, close peer
relationship, and better sociometric position (English et al., 2012).

Interventions that help adolescents with moderate to high symptoms to recognize and
reduce the use of maladaptive emotion regulation strategies and to adopt more adaptive methods
to manage negative emotions are warranted in non-clinical settings as well. For example,
cultivating decentering (a metacognitive capacity to observe inner experiences from a distanced
perspective) at this stage of development, where there is heightened self-awareness and intense

negative emotions, may be effective in ameliorating distress and reducing perseverative

56 Regarding adaptive emotion regulation strategies, it is noteworthy that studies typically measure acceptance,
reappraisal, or problem-solving. However, in the present study, rather than measuring problem-solving, we
assessed planning, defined as a series of actions one can take to either change or cope with a situation
(Garnefski et al., 2001). However, as the definition implies, planning alone does not guarantee problem
resolution. The planning process may not necessarily result in a final decision on the course of action or even
the implementation of a potential solution. This might explain why planning did not load onto either the
adaptive or maladaptive factor.
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thoughts (such as rumination) (Bennett et al., 2021). Improvements in interventions aimed at
regulating emotions within clinical populations are typically associated with decreased
psychopathological symptoms (Moltrecht et al., 2021). This suggests that positive changes are
feasible in community samples with moderate to high symptoms, if baseline levels of various
psychopathological symptoms are considered in these effectiveness trials. Furthermore, the
limited impact of interventions designed to enhance emotion regulation in community samples
(Eadeh et al., 2021) may be partly attributed to a significant portion of young individuals who
do not face substantial challenges in regulating their emotions. Thus, a floor effect may exist

within this population (Eadeh et al., 2021).

3.4.3.1 Limitations

There are some limitations to the current study. This study only examined urban adolescents in
a narrow age range; therefore, generalizability to rural and minority adolescents is limited. As
emotion regulation was only measured at the first time point, the scar effect hypothesis, i.e.,
how increased depressive symptoms affect the use of emotion regulation strategies within
individuals across time, could not be tested. A meta-analysis on longitudinal studies in children
and adolescents (Cavicchioli et al., 2023) showed that after using the cross-lagged panel model,
both adaptive and maladaptive emotion regulation strategies at Time 1 were significant
predictors of psychopathological symptoms at Time 2. However, the relationship was mutual
due to psychopathological symptoms at Time 1 also predicting adaptive and maladaptive
emotion regulation at Time 2. As emotion regulation strategies were not measured at Time 2,
mutual relationship could not be tested in the current study. Additionally, only six months
passed between the two data collections; therefore, the long-term prediction of symptoms
through emotion regulation remains uncertain.

The questionnaire (CERQ) used generally measures emotion regulation strategies in the
presence of a stressor. Accordingly, the current study lacked the information on how different
characteristics of a given stressful situation (or a life event), such as the intensity of emotions
associated with it and its controllability, influence the use of emotion regulation strategies (De
France & Hollenstein, 2022; Lennarz et al., 2019). Additionally, it should be noted that the
CERQ does not assess particular strategies, including expressive suppression, behavioral or
experiential avoidance, which research has linked to psychopathological symptoms in

adolescents (Kraft et al., 2023). Regarding avoidance, it has been proposed that dissociation
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could potentially be an automatic mechanism that contributes to the avoidance of emotional
experiences (Cavicchioli et al., 2021).

There are also some findings suggesting that emotion regulation should be assessed in an
emotion-specific manner (De France & Hollenstein, 2022). Furthermore, using a specific
strategy does not guarantee the success of regulation. It can happen that even after using
adaptive strategies, the emotion remains dysregulated (Jazaieri et al., 2013), which cannot be
measured by administering the CERQ.

Current study focused on stress-related emotion regulation, but a lack of ability to
generate and maintain positive emotions (Nelis et al., 2015) or dampening positive emotions
has also been found to be related to depressive symptoms (Bean et al., 2022; Boekhorst et al.,
2017). Furthermore, taking into account that emotion regulation can take place not only
intrapersonally, but also in social contexts, suggests that investigating co-regulation patterns
can add to the understanding of mental health in adolescence. For instance, co-rumination
(excessive talking and dwelling) on negative emotions (Rose, 2002) with friends/peers has been
found to be associated prospectively with depressive symptoms (Bastin et al., 2018) possibly
via increased intrapersonal brooding rumination (Bastin et al., 2021).

The study focused on stress-related emotion regulation, but perceived stress was not
assessed. However, everyday academic stress and interpersonal conflicts with peers and family
members are consistently associated with negative daily mood (Bai et al., 2017). Difficulties in
effectively altering negative mood or emotions triggered by these everyday events might
contribute to depressive symptoms over time (Kovacs & Yaroslavsky, 2014). For instance, an
ecological momentary assessment study conducted among adolescents (Rothenberg et al.,
2019) found that increased daily sadness is associated with increased daily levels of depressive
symptoms when the adolescent has more difficulty regulating their emotions on that day. Not
only perceived stress as a proximal factor but also negative adverse childhood experiences as
distal factors can lead to the development of depressive symptoms and increased levels of
rumination later in life (Mansueto et al., 2021). However, in the present study, we did not assess

distal factors, including adverse childhood experiences.

3.4.4 Conclusion
Emotion regulation strategies have been extensively studied in relation to psychopathology or

symptoms. However, empirical studies have predominantly focused on maladaptive strategies,
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particularly rumination. Furthermore, longitudinal studies have been even less likely to assess
the protective effects of more adaptive strategies. This study explored the longitudinal
connections between depressive symptoms and both potentially adaptive and maladaptive
strategies. It found comparable prospective associations between adaptive and maladaptive
strategies with symptoms. Additionally, stable moderate and high symptoms groups, as
identified by latent class analysis, showed a greater tendency to use maladaptive strategies and
a reduced tendency to use adaptive strategies. Thus, targeted interventions for youth with
elevated depressive symptoms are needed to enhance their emotion regulation skill and to teach
adaptive emotion regulation strategies, such as reappraisal, in order to broaden their strategies
repertoire and reduce reliance on strategies like rumination, which tend to amplify emotional
experiences. The results also underscore the importance of identifying specific factors that can
alleviate the adverse effects of maladaptive emotion regulation strategies and facilitate the

adoption of more effective strategies to mitigate the impact of everyday stressors in adolescents.
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3.5 Gender moderates the association between rumination and problem

gaming® - Study 5

Current study

The present study 1) examined whether emotion regulation strategies (particularly, rumination)
were related to problem gaming and ii) tested whether gender moderates the relationship
between rumination and problem gaming in adolescents. Recently, Aldao and colleagues (Aldao
et al., 2016) argued that the majority of the studies that targeted rumination only assessed this
specific strategy instead of testing other strategies simultaneously. This narrow scope leaves
open the question of how other strategies may relate to any psychological problems. Therefore,
the present study assessed not just rumination but other strategies as well, especially putatively
adaptive ones (such as positive reappraisal and acceptance) to test their potential protective
effect on problem gaming. Since some studies suggest that specific game genres are more likely
to relate to online problem gaming (Elliott et al., 2012; Ghuman & Griffiths, 2012; Kuss et al.,
2012), the present study included game genre preference into the analyses to control for the

effect of this variable.

3.5.1 Methods

Participants and procedure

Survey data were collected as part of a nationwide cross-sectional study including 7th-14th
grade Hungarian students (altogether 27,728 classes and 654,921 students). In order to ensure
the representativeness of the sample, a homogenous stratified random sampling method was
applied, based on regional characteristics (capital city and countryside), class type (primary
general, secondary general, secondary vocational, and vocational classes), and grade (7th-14th),
where the sampling unit was the class. The participants were asked to complete the surveys in
the classroom within one class session. The sample characteristics therefore reflect the

composition of participating classes. The data collection was supervised by trained research

57 Based on Kokonyei, G., Kocsel, N., Kiraly, O., Griffiths, M. D., Galambos, A., Magi, A., . . . Demetrovics, Z. (2019).
The Role of Cognitive Emotion Regulation Strategies in Problem Gaming Among Adolescents: A Nationally
Representative Survey Study. Frontiers in Psychiatry, 10, Article 273. This chapter outlines the methods and
findings of the study with minor alterations. Note, that findings on the factor structure of CERQ and the
interaction between emotion regulation strategies and game genre are not presented here.
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assistants and no teaching staff were present. Participation in the study was voluntary and
anonymous. No incentives were offered. All parents and students were issued with written
informed consent letters.

The data were successfully collected in 200 classes (out of the selected 253), among 3,509
students (1,657 boys and 1,852 girls). The rate of missing data was 20%, which derived from
the refusal of parents and/or participants, and pupil absences during the data collection period.
In our representative study (N=3509), 14.6% reported no gaming activity in their lifetime, while
another 4.7% of the sample did not provide an answer to online gaming use question. A total of
29.4% participants indicated lifetime use, but did not play in the past 12 months, while 51.3%
reported online gaming in the previous 12 months (N=1799). Some participants (N=153) who
reported online gaming in the previous 12 months did not answer POGQ-SF items, therefore
we excluded them from further analyses. Consequently, the final sample that was used in the
further analyses comprised 1,646 students (mean age = 15.40 years, SD = 2.19 years; 62.9%
boys).

The study was ethically approved by the Institution Review Board of ELTE Eo6tvos
Lorand University and the research was carried out in accordance with the Declaration of

Helsinki.

Measures

Emotion regulation

The short form of the Cognitive Emotion Regulation Questionnaire (CERQ-short) (Garnefski
& Kraaij, 2006) (Granefski) was used to assess the set of cognitive emotion regulation strategies
that individuals apply in response to stressful life events. Detailed description can be found in
3.4 study. In the present sample, the nine subscales had acceptable or good reliability (see Table
3.5.2.). Individual strategies were used in the analyses of this study, as one of the hypotheses
considered the gender differences in the association between rumination and problematic
gaming.

Problematic online gaming

Self-reported problem gaming was assessed using the Problematic Online Gaming
Questionnaire Short-Form (POGQ-SF) (Papay, Urban, Griffiths, et al., 2013; Papay, Urban,
Nagygyoergy, et al., 2013). The original 18-item instrument (Demetrovics et al., 2012) was
shortened to 12-items (e.g., “When you are not gaming, how often do you think about playing
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a game or think about how would it feel to play at that moment?”; “How often do you feel
depressed or irritable when not gaming only for these feelings to disappear when you start
playing?”’) maintaining the original six-factor structure (preoccupation, overuse, immersion,
social isolation, interpersonal conflicts, and withdrawal). Participants were asked to indicate on
a 5-point Likert scale how often the items apply to themselves (1=Never to 5=Always), where
higher scores reflected higher risk for online problem gaming. No reverse coded items were
applied. The sum of the scores were calculated and used in the analyses. The POGQ-SF showed
configural, metric, and scalar level gender invariance (Papay, Urban, Griffiths, et al., 2013). In
the study sample, the total score had excellent reliability (see Table 3.5.2).

In addition to the CERQ and the POGQ-SF, basic sociodemographic data (e.g., age,
gender), gaming in the past 12 months, and game genre preference were collected. Game genre
preference was collected by asking participants what type of online game they played primarily
(i.e., strategy games, role-playing games, casual games, shooter games, MOBA (Multiplayer

Online Battle Arena) games, other game types).

Statistical analysis

To test the relationship between online gaming and emotion regulation strategies linear
regression analysis was used. Gender, age and game genre preference were controlled for in
this model. Additionally, the present study tested whether gender moderated the relationship
between ER strategies, especially rumination and problem gaming. For exploratory purposes,
we ran a series of analyses to test whether gender moderated the effect of other ER strategies
on online problem gaming. We used the Adjusted R-squared and AIC (Akaike’s Information
Criteria) values to decide about the inclusion of any other interaction terms in our regression
analysis. Adjusted R-squared adjust the R? for the number of independent variables (predictors)
in the model. AIC as a model performance metric is to penalize the inclusion of additional

variables to a model. A smaller value of AIC indicates a better model fit.

3.5.2 Results

Descriptive data

Participants reported the most involvement in shooter games (23.3%), with approximately equal
proportions of the participants preferring strategy (14.3%), casual (14.7%), and online role-

playing games (14.0%). The remaining gamers indicated a preference for MOBA games
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(10.4%) and other game genres (14.7%), with a further 8.5% not providing an answer.
Significant gender differences were found in game genre preference (*[6]=364.401, p<0.001).
Among those who primarily played shooter or MOBA games, there were more boys, while
casual games were preferred by girls (Table 3.5.1).

A one-way ANOVA was performed to examine the effect of game genre preference on
the online problem gaming score. Results showed that the game genre preference had a
significant effect on the POGQ-SF score (Fe,1639=20.735, p <.001). Those who preferred casual
games or strategy games had significantly lower online problem gaming scores compared to
those who preferred shooter, role-playing, or MOBA games (see Table 3.5.1). Given these
differences, a binary variable was created for game genre preference, which included those who
preferred shooter, role-playing, or MOBA games and those who preferred strategy, casual, or

other game genres. This binary variable was used in the subsequent analyses.

Table 3.5.1. Online problem gaming score as a function of game genre preference

Preference for
Strategy  Role- Shooter MOBA  Casual  Other Did not Total

games playing  games games games game give an sample
games genres answer
N 236 231 383 172 242 242 140 1646
Mean 19.17 23.22 22.83 24.57 17.26 21.05 22.67 21.45
(SD) (7.47)ap  (851)ca  (919)ca (928  (5.73)a  (8.92bc (9.61)ca (8.74)
Gender:
Male 61.0%; 68.4%, 86.4%, 84.3%p 16.1%: 53.3%. 63.6%. 62.9%

Note: Different letters (a, b, ¢, d) in the same row represent significant (p<.05) difference between mean
scores, whereas the same letters in the same row represent non-significant difference between mean
scores according to the paired post hoc Tukey test of one-way ANOVA or the paired chi-square tests.
MOBA: Multiplayer Online Battle Arena

Means and standard deviations of the psychological scales for this subsample are
presented in Table 3.5.2. Males and females differed from each other on all scales except
positive refocusing and acceptance. Males had higher score on online problem gaming, and
reported more frequent use of other blaming in times of stress, while females reported more use
of self-blame, rumination, catastrophizing, putting into perspective, planning, and positive

reappraisal.
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Table 3.5.2. Means, standard deviations, and effect sizes (Cohen’s d) by gender with Cronbach’s alphas

Scales Mean Cronbach Males Females t/d Cohen’s
(SD) alpha d

POGQ-SF total score 21.45 .90 23.22 18.44 11.774™ 0.58
(8.74) (9.07) (7.22)

CERQ self-blame 5.33 .67 5.15 5.62 4.328™ 0.23
(2.02) (1.98) (2.05)

CERQ acceptance 6.28 71 6.22 6.37 1.341 0.07
(2.05) (2.11) (1.95)

CERQ rumination 5.99 .78 5.67 6.50 7.340™ 0.39
(2.14) (2.12) (2.09)

CERQ positive 4,94 72 4.90 5.01 0.942 0.05

refocusing (2.12) (2.13) (2.10)

CERQ Planning 6.06 .67 5.93 6.27 3.029™ 0.17
(2.05) (2.08) (1.99)

CERQ positive 6.21 .61 6.12 6.35 2.153" 0.11

reappraisal (2.06) (2.08) (2.01)

CERQ putting into 5.59 .64 5.50 5.74 2.239" 0.12

perspective (2.02) (2.03) (2.00)

CERQ 4.57 g7 4.42 4.81 3.396™ 0.18

catastrophizing (2.12) (2.07) (2.18)

CERQ other blame 4.00 .67 4.15 3.78 3.748™ 0.20
(1.82) (1.86) (1.73)

Note: POGQ-SF: Problematic Online Gaming Questionnaire Short Form; CERQ: Cognitive Emotion

Regulation Questionnaire; SD = standard deviation; *p<.05; **p<.01; ***p<.001

Age did not correlate with online problem gaming scores (r= .003, p= .92) or with emotion
regulation strategies (r-values were between -.04 and .05; p > .05). Emotion regulation
strategies were correlated with each other positively, and the correlation coefficients ranged

between .05 and.54 (Table 3.5.3), with most of them being moderate (between.30 and .50).

142



kokonyei gy 149 23

Table 3.5.3. Correlations between problem gaming, and cognitive emotion regulation strategies

2. 3. 4. 5. 6. 7. 8. 9. 10.
1. POGQ-SF 20 .01 .20 14 .08 .03 10 .28 22
2. Self-blame 1 .33 54 .20 41 .30 .29 50 18
3. Acceptance 1 42 25 39 .53 34 16 .05
4. Rumination 1 27 45 46 34 48 .16
5. Positive Refocusing 1 31 .35 41 .28 32
6. Planning 1 51 .50 .28 19
7. Positive Reappraisal 1 45 19 10
8. Putting into perspective 1 21 24
9. Catastrophizing 1 40
10. Other blame 1

Note: POGQ-SF: Problematic Online Gaming Questionnaire Short Form; All the correlational

coefficients are significant except those in italic after Bonferroni correction (p<.00061)

Relationship between ER strategies and online problem gaming

First, linear regression analysis was applied to examine whether ER strategies explained the
variance in online problem gaming total score. Gender, age, and game genre were controlled
for in the analysis. More specifically, a variable with two values was created (0: indicated
preference for either shooter, role-player, or MOBA games; 1: indicated preference for any other
games). As expected, the results showed that maladaptive strategies namely self-blame,
rumination, catastrophizing, and other blame were positively related to online problem gaming.
For the adaptive strategies, higher scores on positive reappraisal was associated with lower
online problem gaming score, while positive refocusing and planning were positively related to
online problem gaming (see Table 3.5.4). The final model (Fi2,1267= 27.26, p< .001) explained
20.5% of the total variance of the POGQ-SF total score.
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Table 3.5.4. Standardized regression weights between online problem gaming and emotion regulation

strategies after controlling for age, gender and game preference

Standardized Significance  R%Adjusted AIC
beta R-squared

Main effects

Gender -214 <.001 .205/.198 5247.259

Age -.051 .045

Game genre preference -.189 <.001

CERQ Self-blame .081 .013

CERQ Acceptance -.018 567

CERQ Rumination .078 .026

CERQ Positive Refocusing .077 .009

CERQ Planning .079 .016

CERQ Positive Reappraisal -.086 011

CERQ Putting into perspective -.016 599

CERQ Catastrophizing .079 .018

CERQ Other blame 142 <.001

Main effects + Interaction between gender and rumination

Gender -.005 947 .210/.202 5241.314

Age -.051 .042

Game genre preference -.187 <.001

CERQ Self-blame .083 .010

CERQ Acceptance -.018 .558

CERQ Rumination .138 .001

CERQ Positive Refocusing .076 011

CERQ Planning .076 .020

CERQ Positive Reappraisal -.088 .009

CERQ Putting into perspective -.021 508

CERQ Catastrophizing .082 013

CERQ Other blame 134 <.001

Gender x CERQ rumination -.240 .005

Note: CERQ: Cognitive Emotion Regulation Questionnaire; Gender: 0-boys, 1-girls; Game genre

preference: 0 indicated preference for either shooter, role-player or MOBA games, and 1 indicated

preference for any other games; AIC: Akaike’s Information Criteria
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Relationship between rumination and online problem gaming is moderated by gender

Finally, to understand gender differences in explaining online problem gaming, a moderation
analysis was performed. The analysis added the interaction term (gender X rumination) to the
previous linear regression analysis and it yielded to be a significant independent variable
(standardized beta = -.240, p= .002) and was associated with significant R* change (F
change=7.882, p= .005). However, the explained variance did not change substantially (0.5%).
The moderation effect is shown in Figure 3.5.1. It can be seen that as rumination scores
increased, the online problem gaming score also increased but primarily among males. A simple
correlational analysis between rumination and online problem gaming by gender also supported

this result (tpoys = .25, p<.001, rgins= .08 p=.049).
Figure 3.5.1. The relationship between rumination and online problem gaming by gender
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For exploratory purposes, we ran a series of analyses to test whether gender moderated the
effect of other ER strategies on online problem gaming, first including only one interaction term
in the regression model each time. We found that gender X catastrophizing interaction
contributed to the variance of online problem gaming significantly (standardized beta: -.150,
p= .023). Similarly, we also ran a series of analyses to test whether preferred game genre

moderated the effect of ER strategies on online problem gaming, first including only one
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interaction term in the regression model each time. Four interaction terms proved to be
significant: the catastrophizing X game genre (standardized beta: -.214, p=.001), other blame
X game genre (standardized beta: - .243, p<.001), rumination x game genre (standardized beta:
-.178, p= .028) and self-blame x game genre (standardized beta: -.150, p= .048) interaction
term.

In the next step, we added these interaction terms to our model to test whether adjusted
R-squared and AIC would change. Based on these additional analyses our third model also
includes the interaction between game genre and other blame emotion regulation strategy. The
inclusion of this interaction was associated with significant R? change (F change=12.846,
p<0.001). The effects of other blame were stronger among those who preferred shooter, role-
playing or MOBA games than among those who preferred strategy, casual or other game genres.
A simple correlational analysis between self-blame and online problem gaming by game genre

also supported this result (r =0.32, p<0.001, r=0.14 p<0.001, respectively).

3.5.3 Discussion®®
Hemenover and Bowman (Hemenover & Bowman, 2018) recently proposed extending the
scope of research on gaming to include the emotion and emotion regulation field. The results
of the current study also support that emotion regulation is a useful framework to study online
problem gaming. It was particularly expected that rumination would be associated with online
problem gaming, but our aim was to test the potential effect of other putatively maladaptive and
adaptive strategies as well. In line with the present conceptualization, online problem gaming
was treated as a continuum and found — as logically expected — that it was positively associated
not just with rumination but with the other maladaptive cognitive emotion regulation strategies.
The results also support the contention that the use of positive reappraisal has a beneficial effect
on functioning given that it was inversely related to online problem gaming when other
strategies were controlled for in the analysis. In addition, the present study highlighted that the
relative explanatory value of rumination for online problem gaming varied for boys and girls.
One of our main finding is that gender moderated the relationship between rumination
and online problem gaming. More specifically, rumination was related problematic online

gaming only among boys. Based on the results of the present study, it is reasonable to suggest

58 This chapter is a shortened but also an updated version of the original manuscript.
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that high ruminative tendency in boys/men creates a vulnerability factor for pathologies
associated with behaviors that offer an escape from (thinking about) real-life problems.
However, it is important to note that more boys reported online gaming in the study than girls
confirming prior research (Ko et al., 2005; Papay, Urban, Griffiths, et al., 2013), and this
difference in the number of users may have influenced the findings regarding rumination.
Nonetheless, our findings confirm that there may be specific cases where rumination could be
a more significant predictor for males, even when rumination is higher among adolescent girls
(Jose & Brown, 2008), as also our study showed. Further studies are also needed to address
whether escapism as a gaming motive related to problematic gaming (Kiraly et al., 2015)
moderates the relationship between rumination and online problem gaming and whether such
moderation is invariant across gender. Of interest, in the current study rumination was treated
as a unitary maladaptive strategy, but rumination is a multidimensional construct. Research
measuring both brooding and reflective pondering would help to test whether brooding, the
more maladaptive facet of rumination, has a stronger association with problematic gaming than
reflection. It is also possible that someone's online gaming is not an escape from their
ruminative thoughts or even worries, but a temporary relief from other problems. So a more
direct test of rumination-problem behavior link is needed.

Maladaptive strategies other than rumination, including self- and other blame and
catastrophizing, were also positively associated with problematic gaming, confirming that
emotion dysregulation is an important correlate and possible also a predictor of problematic
gaming, as a recent longitudinal study with a representative adolescent sample showed
(Schettler et al., 2023).

Regarding the putatively adaptive strategies, positive reappraisal demonstrated a
negative, while positive refocusing and planning showed a positive link with problematic
gaming in our study. Experimental studies (Rood, Roelofs, Bogels, et al., 2012) have shown
that reinterpreting an emotional stimulus or an event in more positive terms decrease negative
affects and increase positive ones. Put simply, if we can effectively decrease negative emotions
during stressful situations through reappraisal, we may not need to resort other techniques, such
as online gaming, to alleviate unpleasant feelings. Therefore, gaming may not become
problematic in this case but can serves other purposes, such as recreation.

As for planning, our work presented in 3.4 chapter suggests that it may not be an

obviously adaptive strategy, possibly because planning without action does not guarantee the
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success of emotion regulation. While positive refocusing may be considered adaptive, as our
research in 3.4 chapter proposes, it is crucial to note the distinction between temporary and
principally instrumental distractions (Webb et al., 2012) and those aimed at avoiding emotional
experiences (Hayes et al., 1996). In the latter case, there is a higher likelihood of increased

levels of psychopathological symptoms (Szemenyei et al., 2020).

3.5.3.1 Limitations

The use of a cross-sectional design did not allow any inference that emotion regulation plays a
pivotal role in the development of problem gaming. However, it is worth mentioning that in a
2-year prospective study in the United States, the ability to deal with stress predicted who
developed pathological gaming among adolescents (Gentile et al., 2011). More longitudinal
studies are needed to evaluate whether regulation of negative (or even positive) emotions
predicts the development of online problem gaming. Further studies should also assess other
individual risk factors for problem gaming such as impulsivity (Blinka et al., 2016), sensation
seeking (Hu et al., 2017), peer influence (Wu et al., 2016), and/or parental factors (Schneider et
al., 2017) would also be beneficial.

However, time spent gaming itself is not considered to be a reliable predictor of problem
gaming (Griffiths, 2010; Kiraly et al., 2017), although inclusion of this variable may have
improved the analysis. Similarly, other variables were not assessed including depressive
symptoms, anxiety, and/or other psychopathological problems, and such variables are reliably
related to both ruminative tendencies (Jose & Weir, 2013) and online problem gaming (Kiraly
et al., 2015). It is plausible to hypothesize that the relationship between psychopathological
symptoms and online problem gaming is mediated or even moderated by ruminative tendencies
or by other strategies. For instance, catastrophizing has been demonstrated to relate to anxiety
symptoms (Garnefski & Kraaij, 2016). Based on this finding, it is also tempting to hypothesize
that different putatively maladaptive strategies have different “pathways” into online problem
gaming.

Emotion regulation was assessed with self-reports (and are subject to well-known biases),
but application of other methods such as a daily diary or an experience sampling method would
be useful to demonstrate that everyday emotion regulation, negative affect, motives, and
gaming are interrelated, providing more ecologically valid data. It would also be worth testing

how the interaction between adaptive and maladaptive emotion regulation strategies affects
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psychological health. For instance, in a daily diary study, it was shown that reappraisal
moderated the relationship between rumination and depressive and social anxiety symptoms
(McMahon & Naragon-Gainey, 2018). Consequently, it appears plausible to hypothesize that
patterns of rumination and positive reappraisal may relate to online problem gaming differently.
Latent profile analysis would be a good candidate to answer this question. Finally, it is worth
mentioning that emotion regulation strategies were assessed generally and did not take into
account how specific emotions—for example, anger, sadness, fear, or positive emotions such

as joy or pride—are regulated (Zimmermann & Iwanski, 2014).

3.5.4 Conclusion

The results of the present study draw attention to emotion regulation, namely, habitual emotion
regulation strategies used in times of stress in online problem gaming. It appears to be important
given that ER can be targeted and improved during development, and can even be altered in
adulthood via different interventions and psychotherapies. Our findings entail important
implications for mental health prevention. Prevention programs that promote positive
reappraisal and help to understand negative consequences of frequent use of maladaptive
emotion regulation strategies such as rumination or catastrophizing could be useful in
developing healthier ways of handling everyday negative emotions in adolescence. It is also
worth noting that negative emotions are frequently elicited by recalling personally relevant
negative events that happened in the past or in the near past. Cognitive and emotional responses
to these thoughts will influence the intensity and duration of negative affect. Thus, prevention
efforts that focus on adaptive ways of elaborating (processing) negative events can prevent
unproductive rumination and the development of psychopathologies, including internet gaming
disorder as well.

At the same time, the relationship between online gaming and emotion regulation can be
thought of the other way around. Recently, in their systematic review of videogames for
emotion regulation, Villani et al. (Villani et al., 2018) came to the conclusion that (specific types
of) videogames may be promising tools for improving the emotion regulation skills of gamers.
Taking this a step further, Dore et al. (Dore et al., 2016) proposed a personalized investigation
of emotion regulation via understanding how the individual, the situation, and strategies interact

with each other and thus contribute to successful or unsuccessful regulation of emotion.
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The understanding of gender-related behavioral and neural factors in online gaming is
considered to be an important public health issue (Dong et al., 2018). The findings of the present
study suggest that trait rumination among boys might be such a vulnerability factor for online
problem gaming. Understanding gender-specific trajectories in online gaming, if any, requires
longitudinal studies. These studies may then shed light on whether common or distinct factors
predict the problematic use of different online activities (e.g., gaming, social networking, and

watching porn) and whether these factors are gender specific.
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3.6 Rumination and somatic health: Rumination mediates the relationship

between migraine and distress *° - Study 6

Current study

The prevalence of psychological distress in individuals with migraine, defined as depressive
mood (Radat et al., 2008), mood disorders (Breslau et al., 1994; Modgill et al., 2012), anxiety
(Radat et al., 2008) or anxiety disorders (Black et al., 2015), is notably elevated. Psychological
distress adversely affects the quality of life (Pompili et al., 2009) and increases the disability
reported by patients. Moreover, psychiatric comorbidity can impact the treatment of migraine
(Guidetti et al., 1998). Therefore, the identification of factors contributing to psychological
distress in migraine is a crucial concern.

Since stress is commonly cited as a potential trigger for migraine attacks (Hashizume et
al., 2008; Houle et al., 2012), factors influencing the regulation of negative emotions related to
stressors may be associated with the reported psychological distress among individuals with
migraine. Based on this, we hypothesized that inter-individual differences in rumination would
explain the occurrence of psychological distress in migraine. Additionally, migraine may give
rise to situations that hinder goal pursuit and increase the discrepancy between one's current
state (e.g., being unable to meet friends) and desired state (e.g., celebrating a friend's birthday
in a pub). According to one of the prominent models of rumination (Martin & Tesser, 1996),
the discrepancy between one’s current state and desired state can trigger rumination (e.g. Why
can’t I get better? Why do I have migraine attacks?) and intensify negative emotions (Roelofs
et al., 2007). Furthermore, Soo and colleagues (Soo et al., 2009), for instance, suggest that
chronic illness as a stressor may lead to stress-related rumination (e.g. ruminative thoughts
about the illness, its causes and consequences). Second, once a depressed or anxious mood has
developed, rumination sustains negative mood or negative emotional states. These model would

also predict that migraineurs will report higher ruminative tendencies than control subjects.

59 Based on Kokonyei, G., Szabo, E., Kocsel, N., Edes, A., Eszlari, N., Pap, D., . . . Juhasz, G. (2016). Rumination in
migraine: Mediating effects of brooding and reflection between migraine and psychological distress. Psychology
& Health, 31(12), 1481-1497. This chapter outlines the methods and findings of the study with no changes in
wording. The discussion and conclusion parts are shortened and partly updated.

151



kokonyei gy 149 23

3.6.1 Methods

Sample

The studies were part of NewMood (New Molecules in mood Disorders), an EU funded
research programme into pathological mechanisms of depression and related conditions
(Deakin et al., 2011). Participants aged 18-60 years were recruited through general practices
and the internet in Manchester, and through general practices and advertisements in Budapest.
In Manchester data from 2004 participants with a mean age of 33.50 (SD = 10.09), and in
Budapest data from 1139 participants with a mean age of 31.41 (SD=10.73), were analyzed.
We included those who returned the questionnaire either by mail or in person and did not report
history of manic or hypomanic episodes, psychotic symptoms, or obsessive-compulsive
disorder. Details of the recruitment strategies and responses have been reported previously
(Juhasz et al., 2009). The studies was approved by the local Ethics Committees and the work
was conducted in accordance with the Declaration of Helsinki. Written informed consent was
provided by all participants. In these two independent cohorts, the proportion of females was
almost identical (68 and 69%, respectively).

Measures

In a brief standard questionnaire basic background information (gender, age and ethnicity) and
personal and family psychiatric history were collected. Lifetime depression data were derived
from this background questionnaire that has been validated previously and reported elsewhere
(Juhasz et al., 2011).

The ID-Migraine Questionnaire, a validated screening tool for migraine, was used to
assess migraine with three items of the main migraine symptoms: disability, nausea and
sensitivity to light (photophobia) (Lipton et al., 2003). According to a recent review and meta-
analysis, the diagnostic accuracy of this questionnaire is good: the pooled estimate of sensitivity
was 84% and pooled specificity was 76% (Cousins et al., 2011). In our analysis, we identified
migraineurs as having all the three of the migraine symptoms, and compared them to those who
did not report any symptoms in order to test our hypothesis in a relatively homogenous subset
of participants.

A short ten-item version of the Ruminative Response Scale (Treynor et al., 2003) was
used to measure rumination and its facets: brooding and reflection. Brooding reflects a passive
attention to the negative, often self-blaming thoughts related to distress, sad mood or stressors.

Reflection (or reflective pondering) is interpreted as a purposeful self-reflective response to
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understand and solve the problem associated with depressive mood (Treynor et al., 2003). Items
are rated on a 4-point Likert-type scale ranging from 1 (never) to 4 (always). A continuous
weighted score (sum of item scores divided by the number of items completed) was calculated
and used in the analyses. Both the brooding and reflection subscales have good reliability in the
Budapest (Cronbach-alphas: 0.71 and 0.73, respectively) and in the Manchester sample
(Cronbach-alphas: 0.80 and 0.80, respectively), as well.

The Brief Symptom Inventory (BSI) subscales (Derogatis, 1993) were used to measure
current depression (6 items plus four additional symptoms from BSI: poor appetite, trouble
falling asleep, thoughts of death or dying, feelings of guilt; (Juhasz et al., 2009) and anxiety (6
items). [tems are rated on a 5-point Likert-type scale ranging from 0 (not at all) to 4 (extremely).
A continuous weighted score (sum of item scores divided by the number of items completed)
was calculated and used in the analyses. Both subscales of the BSI had good psychometric
properties in the Budapest (Cronbach alpha for depression scale: 0.87; and for anxiety scale:
0.81) and in the Manchester sample (Cronbach alpha for depression: 0.92; for anxiety scale:

0.90).

Statistical Analysis

SPSS 20.0 and Mplus 7.11 statistical software packages were used for statistical analyses.
Descriptive analyses were used to assess the mean and standard deviation of the scales. For
reliability, Cronbach’s alpha was calculated as indices of internal consistency, which was
considered good if the values were at least 0.70. Path analysis was used to test the proposed
mediation model within structural equation modelling (SEM). In the analysis maximum
likelihood estimation robust to non-normality (MLR) was used (Muthén & Muthén, 1998-
2007). Testing the applicability of the proposed model both for Budapest and Manchester
samples, a multi-group analysis was preferred to the two single-group models. Multi-group
analysis allows of testing the invariance of the proposed mediation model across both samples.
To evaluate the overall fit of our model, the absolute fit index (%?), the comparative fit index
(CFI), The Tucker-Lewis index or non-normed fit index (TLI), the root mean square error
approximation (RMSEA) were used. CFI and TLI are related to the total variance accounted by
the model and values higher than 0.95 indicate a good fit. RMSEA is related to the variance of
the residuals, values below 0.08 are considered an acceptable fit, while values below 0.05

indicate a good fit.
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3.6.2 Results
Means and standard deviations are presented in Table 3.6.1. The two samples differed from
each other on all the scales: the Manchester sample had higher rumination (total, brooding and
reflection) and current psychological distress (depression, anxiety) scores. The effect sizes for
sample differences in total rumination, brooding, and depression were moderate in magnitude
(Cohen’s d above 0.50), and in reflection and anxiety were small (Cohen’s d =0.36).
Consistent with this, more participants in the Manchester sample (51.2%) reported life
time depression in the background questionnaire, than in the Budapest sample (21.2 %;
v?=287.588, p < .001). The proportion reporting any physical disability was also higher in the
Manchester than in the Budapest sample (29.0% and 23.2 %, respectively, ¥*=12.304, p <.001).

Table 3.6.1. Means, standard deviations (SD) and effect sizes (Cohen’s d) by sample.

Hungarian sample Manchester sample t (Cohen’s d)

(N=1139) (N=2004)

Mean (SD) Mean (SD)
Rumination 1.94 (0.48) 2.21 (0.62) 13.99*** (.49)
Brooding 1.94 (0.56) 2.26 (0.71) 14.04*** (,50)
Reflection 1.94 (0.58) 2.17 (0.70) 9.88*** (.36)
BSI Depression 0.56 (0.68) 1.04 (0.99) 16.30*** (.57)
BSI Anxiety 0.68 (0.70) 0.99 (0.99) 10.10*** (.36)

Note: ***p <.001; BSI: Brief Symptom Inventory.
For all scales, a continuous weighted score (sum of item scores divided by the number of items completed) was

calculated and used in the analyses

In the Budapest sample 57.7% (N=656) of the participants reported no migraine-related
symptoms, 19.3% (N=219) reported only one symptom, 15.4% (N=175) two symptoms and
7.6% (N=86) had all the 3 symptoms on the ID migraine questionnaire. In the Manchester
sample 52.5% (N=1053) of the participants had no symptoms, 18.1% (N=362) reported only
one symptom, 15.8% (N=317) indicated two symptoms, and 13.6% (N=272) had all the three
symptoms.

Therefore assigning a diagnosis of migraine to participants who reported all three

symptoms, the prevalence of migraine was 7.6% in the Budapest sample and 13.6% in the
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Manchester sample. In both samples female migraineurs predominated (Budapest sample:
82.6% (N=71) vs. 17.4% (N=15), ¥*=14.706 p < .001; Manchester sample: 84.6% (N=230) vs.
15.4% (N=42), %*=63.509 p < .001). In both samples pain conditions other than migraine were
reported with a higher prevalence in the migraine group than in the control group (Budapest
sample: 27.9% (N=24) vs. 8.4% (N=55), ¥*=30.461 p < .001; Manchester sample: 21.7 %
(N=59) vs. 5.3% (N=56), 1>=72.893 p <.001).

In both samples, migraineurs had higher scores on rumination and its two facets (brooding
and reflection) than the control group with no migraine symptoms. Current depression and

anxiety scores were also higher among people with migraine than among controls (Table 3.6.2).

Table 3.6.2. Means, standard deviations and effect sizes (Cohen’s d) by sample and migraine status

Hungarian sample Manchester sample
Migraine Control t/d Migraine Control t/d
group group (Cohen’s d) group Group (Cohen’s d)
(N=86) (N=656) (N=272) (N=1053)
Rumination 2.18 (0.49) 1.83(0.46) 6.54*** 2.46 (0.60) 2.08 (0.60)  9.33***
(0.74) (0.63)
Brooding 2.24 (0.59) 1.80(0.52) 6.66*** 2.54 (0.73) 2.10(0.68)  9.09***
(0.79) (0.62)
Reflection  2.12(0.58) 1.87(0.57) 3.78*** 2.38(0.69) 2.06 (0.71) 6.76***
(0.43) (0.46)
BSI— 0.96 (1.01) 0.40(0.53) 5.05*** 1.56(1.07) 0.76 (0.84)  11.33***
Depression (0.69) (0.83)
BSI - 1.12(0.91) 0.50(0.57) 6.21*** 151 (1.10) 0.70(0.85) 11.29***
Anxiety (0.81) (0.82)

Note: ***p <.001; BSI: Brief Symptom Inventory.
For all scales, a continuous weighted score (sum of item scores divided by the number of items

completed) was calculated and used in the analysis

Brooding and reflection were positively associated in both samples (see Table 3), and

both were related positively to anxiety and depression (r > .50). Since anxiety and depression
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were highly correlated (r >.73 and r >.80, see Table 3.6.3), in our mediation model a single

latent variable was used for current psychological distress (see Figure 3.6.1).

Table 3.6.3. Correlations among scales

Rumination Brooding Reflection BSI- BSI-
Depression Anxiety
Rumination - 0.83 0.85 0.54 0.53
Brooding 0.87 - 0.40 0.55 0.56
Reflection 0.87 0.52 - 0.36 0.32
BSI Depression 0.56 0.62 0.36 - 0.73
BSI — Anxiety 0.53 0.59 0.35 0.80 -

Note: ***p <.001; BSI: Brief Symptom Inventory.

Above the diagonal correlations among scales in the Manchester sample, below the diagonal correlations among

scale in the Budapest sample are presented. For all scales, a continuous weighted score (sum of item scores

divided by the number of items completed) was calculated and used in the analysis

We hypothesized that migraine would predict brooding and reflection, and the

relationship between migraine and current psychological distress (as a latent variable indexing

depression and anxiety) would be mediated by the two facets of rumination (see Figure 3.6.1).

Figure 3.6.1. A theoretical model of the mediating effect of brooding and reflection between migraine

and current psychological distress.

Depression

Brooding

/'

Migraine

Psychological
distress

\>

Reflection

Anxiety

The degree of fit of the proposed mediation model was tested by the means of SEM. In

our model sex, age, and lifetime depressive episode were controlled for. We ran two analyses,
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in the first (M1) the structural paths were estimated freely, then in the second (M2) we assumed
that structural paths were invariant across both samples. According to the results obtained,
relative goodness of fit indices met their corresponding critical values for both M1 (%?=64.485,
df=12, RMSEA=0.065 [0.050-0.081], CFI=0.986, TLI=0.949) and M2 (3?=107.506, df=18,
RMSEA=0.069 [0.057-0.082], CFI=0.976, TLI=0.942). Because the degree of fit decreased
significantly (Satorra-Bentler scaled x> difference test =42.469, df=6, p < .001) when all the
path coefficients were constrained to be equal in the two samples, the invariance of the
mediation model was not supported. This means that the relationship between variables was not
invariant across both samples.

According to the results, in both samples migraine had a significant direct effect on
brooding and reflection and also on psychological distress. Similarly, brooding had a direct
effect on psychological distress in both samples, but reflection predicted psychological distress
significantly only in the Budapest sample. The path between reflection and psychological

distress was non-significant in the Manchester sample (see Figure 3.6.2).

Figure 3.6.2. The mediation model and standardized path coefficients. Results of multi-group analysis
with factor loadings and path coefficients across both samples (Budapest (N=742)/Manchester
(N=1325).

Depression
0.26 /0.25 Brooding %/O.i4 0.88/0.93
/ PsyChOIOgical
Migraine 0.41/0.51 distress
Reflection
0.14/0.18 0.17/0.02 0.82/0.86
Anxiety
0.17/0.19

Note: All paths are significant at p <.001, except one between Reflection and Psychological distress in

the Manchester sample (standardized path coefficients: .02).

In relation to the indirect effect, the ‘migraine—brooding—psychological distress’

pathway was significant in both the Budapest (standardized indirect effect was .129 p <.001)
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and Manchester samples (standardized indirect effect was .135 p < .001). The
‘migraine—reflection—psychological distress’ was significant in the Budapest (standardized
indirect effect was .023 p <.001), but not in the Manchester sample (standardized indirect effect
was .003 p>.05). Therefore, migraine had an effect via both brooding and reflection on distress
among Hungarian participants, but in the Manchester sample only brooding mediated the
relationship between migraine and distress.

In the Budapest sample the final model explained 51.9 %, in the Manchester sample
55.3% of the total variance of psychological distress.

Pain conditions other than migraine might influence the relationship between variables,
therefore we reran our analyses while controlling for other pain conditions. Our results did not
change at all (M1: ¥*=68.796, df=14, RMSEA=0.062 [0.047-0.076], CFI=0.985, TLI=0.946)
and M2 (3°=112.206, df=20, RMSEA=0.067 [0.055-0.079], CFI=0.976, TLI=0.936; Satorra-
Bentler scaled y? difference test =42.797, df=6, p < .001).

Since our study has a cross-sectional design, multiple equivalent/competing alternative
models can be produced. In our model (see Figure 3.6.1) migraine explains the variance of
psychological distress. We could have formulated our theoretical model differently, such that
distress explained the variation in migraine status. Since migraine is a binary variable, we ran
path analysis with a categorical dependent variable. For a model where the relationship between
migraine and distress was simply reversed (psychological
distress—brooding/reflection—migraine), and brooding and reflection mediated this reversed
relationship, all the fit statistics indicated a poor fit: ¥2=762.846, df=30, RMSEA=0.156,
CFI=0.575, TLI=0.292, after controlling for sex, age and lifetime depression.

3.6.3 Discussion
To the best of our knowledge, this study represents the first attempt to investigate the
relationship between migraine and rumination, along with its various components. In line with
our hypotheses and Soo and colleagues' model (Soo et al., 2009), elevated levels of
psychological distress among participants with migraine were, in part, linked to increased
tendencies for rumination.

Both components of rumination, namely brooding and reflection, were found to be
elevated among individuals with migraine. This suggests that a chronic condition like migraine

may be associated with both a more passive process (brooding) and a more deliberate one
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(reflection) (Treynor et al., 2003). Our results indicated that brooding played a partial mediating
role in the relationship between migraine and psychological distress in both study samples,
whereas reflection had a significant impact on psychological distress only in the Budapest
sample. The primary distinction between the two samples in our study was the higher proportion
of individuals with a history of depression in the Manchester sample, which might have
influenced our findings.

Considering the bidirectional relationship between depression and migraine documented
in longitudinal studies (Breslau et al., 1994; Breslau et al., 2003), one could argue that rather
than migraine status causing higher perceived stress, it is the psychological distress that explains
migraine status. We cannot rule out this possibility. Our study was designed cross-sectionally,
and our aim was to investigate whether rumination partially accounted for the relationship
between migraine and distress, as depicted in the mediation analysis. However, we also
examined the reverse relationship between migraine and distress (psychological distress —
brooding/reflection — migraine). All the fit statistics for this alternative model indicated a poor
fit, though this result might be attributed to our cross-sectional design.

Current perspectives on migraine suggest that it is a primary disorder of the brain's pain-
modulating circuit, a notion supported by neuroimaging evidence (Schwedt et al., 2015).
Rumination trough sustained psychological and physiological arousal, may contribute to an
increased allostatic load (McEwen, 1998), brought about by stressors and migraine attacks on

the brain in individuals with migraines (Borsook et al., 2012).

3.6.3.1 Limitations
The study has some limitations. we relied on self-report questionnaires and assigned migraine
status to participants based on the presence of three migraine-related symptoms. Nevertheless,
we employed a valid screening tool for migraine with good specificity and sensitivity (Cousins
et al.,, 2011). The Hungarian version also demonstrated good sensitivity and an adequate
positive predictive value, although its specificity was somewhat lower (Csepany et al., 2014).
However, further research using clinical samples is required to validate and extend our findings.
It is important to note that the migraine group had a higher proportion of females, which
might potentially impact the results when comparing migraineurs with non-migraineurs.
Nevertheless, when we controlled for gender in our mediation model, migraine status remained

a predictor of brooding, reflection, and psychological distress. Furthermore, the migraine group
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had a higher prevalence of other pain conditions compared to the control group, raising the
possibility that pain conditions other than migraine headaches may have influenced our results.
However, when we accounted for other pain conditions in the structural equation modeling
(SEM) analyses, our results remained unchanged. We lacked data on pain medication use in
either group, making it uncertain whether such medication could have affected the variables
used in our analyses.

It is worth mentioning that we exclusively examined the relationship between rumination
and low mood, while other ruminative processes, such as ruminative thoughts in response to
physical illness (Soo et al., 2014) are also important, and perhaps give insight into the factors
relating to the adjustment in chronic conditions. are also noteworthy and might shed light on
factors related to adjustment in chronic conditions. Longitudinal studies are required to
investigate whether increased rumination is a reaction to perceived loss due to the impact of
migraine or if it is observable in the premorbid personality.

The primary focus of the NewMood study was not migraine; therefore, pain-related
psychological variables were not assessed. For example, not only depressive rumination but
also ruminating about pain as a component of pain catastrophizing (Sullivan, Thorn, et al.,
2001) could be crucial in explaining psychological distress in individuals with recurrent pain

symptoms (Rogers & Farris, 2022).

3.6.4 Conclusion

Emotion regulation has not been systematically investigated in the context of migraine, despite
the fact that many aspects of migraine can be viewed through this framework. This includes,
for instance, the complex interplay between emotion, emotion regulation, and pain (Lumley et
al., 2011), role of stressors (Sauro & Becker, 2009), and the effectiveness of stress-reduction
methods such as relaxation and stress management (e.g. relaxation and/or stress management
(Dobos et al., 2022; Penzien et al., 2015). Our results suggest that, in addition to genetic factors
(Schur et al.,, 2009) and migraine-related variables (Buse et al., 2019), inter-individual
differences in mental health in migraine might be influenced by emotion regulation. Based on
our findings, we propose that rumination could be a significant outcome variable in treatment
studies employing cognitive-behavioral or other techniques, or it could be a specific target in

cases where migraine is comorbid with depression. However, further research is necessary to
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determine whether rumination has an impact on critical migraine outcomes such as severity,

frequency, and disability.
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3.7 Covid-related rumination and brooding rumination in migraine® -
Study 7

Current study

Following the outbreak of the COVID-19 pandemic and subsequent lockdowns, coronavirus
understandably became a pervasive topic of thought. Therefore, it was reasonable to assume
that individuals who continued to ruminate about this adverse event, even following the initial
lockdown, would report higher levels of perceived stress. We hypothesized that this association
would remain significant even after adjusting for brooding and reflective pondering, the
components of rumination. Furthermore, we aimed to explore the association between COVID-
related rumination and depressive rumination—specifically, whether individuals who tend to
dwell on their depressed mood may or may not engage in rumination specific to COVID-19.
This aspect of the relationship had not been previously reported and merited investigation.

Additionally, individuals with chronic conditions such as mental and somatic chronic
conditions may exhibit greater vulnerability during times of stress. Patients with migraine, in
particular, might be more susceptible to magnifying the impact of stressful events due to their
heightened sensitivity to threatening stimuli (Wang et al., 2017; Wilcox et al., 2016) and their
increased tendency to ruminate in comparison to healthy controls. This, in turn, could contribute
to elevated levels of perceived stress among individuals with migraine. Thus, we hypothesized
that individuals with migraine would experience higher levels of perceived stress when
compared to control subjects. Furthermore, we expected an interaction effect between migraine
status and brooding, which represents the maladaptive aspect of depressive rumination, in
predicting the perceived level of stress.

In a similar vein, we sought to explore whether an interaction existed between migraine
status and COVID-related rumination, a dimension that, to the best of our knowledge, had not
been previously investigated in the literature. This line of inquiry aimed to shed light on how
individuals with migraine navigate the challenges of the COVID-19 pandemic and its related

ruminative processes.

60 Based on Kovécs, L. N., Baksa, D., Dobos, D., Eszlri, N., Gecse, K., Kocsel, N., Juhasz, G., & Kékdnyei, G. (2021).
Perceived stress in the time of COVID-19: The association with brooding and COVID-related rumination in adults
with and without migraine. BMC Psychology, 9(1), 68. https://doi.org/10.1186/s40359-021-00549-y. The
discussion part is an updated version of the original manuscript.
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3.7.1 Methods

Sample and procedure

Data analyzed in this study were collected in May to June 2020. We reached out to 311
individuals who had previously participated in studies conducted between 2014 and 2019 and
had consented to be approached for future research. The inclusion criteria for these prior studies
required participants to be between 18 and 50 years old, with no history of severe somatic,
neurological, or psychological issues (except for migraine) or the use of psychotropic
medication. To confirm these criteria, potential participants initially underwent an interview
during which a trained research assistant administered the Mini International Neuropsychiatric
Interview (Sheehan et al., 1998) to screen for potential psychiatric disorders and explored the
participant's medical history. If found eligible for these prior studies, participants then
underwent a medical examination by a headache specialist who diagnosed them with episodic
migraine without aura in accordance with the International Classification of Headache
Disorders-III criteria (ICHD-III, beta version; Headache Classification Committee of the
International Headache Society, IHS, 2013).

Power analysis for the current study was conducted using G*Power software (Erdfelder
et al, 1996). The estimated minimum sample size required for a linear regression model with
eight predictors, expecting a medium effect size of 0.15 (Cohen, 1988), to achieve 0.80 power
was 109.

We sent the study link via email to 311 potential respondents. Participation was
completely voluntary and anonymous, and informed consent was obtained. A total of 73
individuals with episodic migraine without aura and 64 healthy controls (HCs) completed the
questionnaires. Four respondents reported being in quarantine as designated by the
epidemiological authority, and only one participant reported testing positive for COVID-19.
These individuals were excluded from the analysis, as such high-level stressors could
significantly influence the perceived levels of stress and rumination regarding COVID-19. No
participants reported the loss of a relative or close acquaintance due to COVID-19; otherwise,
they would have been excluded for the same reason.

The final sample consisted of 132 participants, with a predominantly female composition
(73.5%, n =97) and a high level of education: 21.2% held a high school diploma, while 74.8%
had a university degree. The age range within the sample spanned from 20 to 50 years (M =

30.76; SD = 7.10). Both the original study and the current data acquisition were approved by
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the Scientific and Research Ethics Committee of the Medical Research Council (Hungary) and
adhered to the principles of the Declaration of Helsinki.

Measures

Demographic data (gender, age, education), and potential confounding factors related to the
pandemic were assessed. Participants were asked whether they had been obliged to stay in
quarantine by the epidemiological authority or chose to stay in quarantine voluntarily since the
outburst of the COVID-19 in Hungary (March, 2020), whether they or their close family
members tested positive to COVID-19, and whether they lost a relative or close acquaintance
due to COVID-19.

Depressive rumination

The 10-item Ruminative Response Scale (RRS) to assess depressive rumination, where
participants were instructed to evaluate their repetitive thinking style when experiencing
sadness or depression. The RRS comprises two subscales, brooding and reflection, each of
which is assessed using five items on a four-point Likert scale, ranging from 1 (never) to 4
(always). Brooding represents a maladaptive and often self-blaming facet of repetitive thinking
about stressful life events. In contrast, reflection is a more constructive form of rumination that
may facilitate problem-solving (Treynor et al., 2003). The Hungarian brooding and reflection
subscales have demonstrated good internal consistency in a previous study (Cronbach's o =10.71
and Cronbach's o = 0.73, respectively) (Kokonyei et al., 2016), as well as in the current sample
(Cronbach's a. = 0.71 for brooding and Cronbach's o = 0.70 for reflection).

Perceived stress

The four-item Perceived Stress Scale (PSS-4) (Cohen et al., 1983) was used to measure how
participants appraised their own levels of stress in their lives during the past 3 months. This
time frame corresponded to the onset of the COVID-19 pandemic in Hungary, covering a
potentially stressful period due to the virus threat, restrictive measures, and social distancing.
Participants rated items on a five-point Likert scale ranging from 0 to 4, with two items being
positively stated and reversed. The PSS-4 has demonstrated strong psychometric properties in
various studies (Vallejo et al., 2018; Warttig et al., 2013). The Hungarian PSS-4 exhibited good
internal consistency in a previous study (Cronbach's a = 0.79) (Stauder & Konkoly Thege,
2006) as well as in this sample (Cronbach's a. = 0.85).
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Covid-related rumination

The COVID-Related Rumination Scale (CRS) consisted of four items focusing on the content
of repetitive thinking regarding COVID-19 (1. My memories and thoughts about the event keep
coming into my head even when I do not wish to think about it; 2. Thoughts about the event
interfere with my concentration, 3.When I think about coronavirus over and over again, my
feelings about the event get stronger/more negative; 4. If I start thinking about these things, |
find it difficult to stop.). Participants were instructed to think about the current COVID-19
situation and related events (e.g., reports on new cases and mortality) and indicate how the
items applied to them on a five-point Likert scale ranging from 1 (not at all) to 5 (completely).
The Cronbach's o of the CRS in the current sample was 0.84.

Migraine disability

The Migraine Disability Assessment (MIDAS) (Stewart et al., 2001) questionnaire was used to
quantify the impact of headaches. Since migraine attacks and the associated missed everyday
activities due to headaches are significant stressors in themselves, we aimed to control for the
number of days with debilitating headaches in the regression model. The scores from the first
five items of the scale were summed for each participant to capture headache-related disability,
including missed days and/or reduced productivity at work/school, household, and social
activities due to headaches in the last three months. Due to the COVID-19 situation, an
additional instruction was added to the first item assessing missed work/school days: "If you
are at home because of the pandemic, please indicate how many days you missed work or school
due to headaches in the past 3 months." Similarly, the fifth item (missed days in family, social,
and leisure activities) was expanded with the following statement: "If you are at home because
of the pandemic, also consider online or home-based family, social, or leisure activities." We
assessed the MIDAS among the healthy controls (HCs) as well and requested that they answer

these questions concerning their headaches in general (if they had any).

Statistical analysis

Statistical analyses were performed with IBM SPSS Statistics for Windows, version 29.0 (IBM
Corp., Armonk, N.Y., USA). Descriptive statistical analyses and reliability testing of the
assessed measures were carried out first. We tested whether there was significant difference in
gender and age between the migraine and the HC group. To account for potential confounding

factors, we also investigated possible significant differences in perceived stress levels between
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individuals who voluntarily underwent quarantine and those who did not. Additionally, we
examined the differences in perceived stress between participants who had family members
infected with COVID-19 and those who did not have such relatives.

We calculated correlations between the assessed scales for the entire sample and
separately for the migraine and HC groups. Moreover, we assessed whether the differences in
the correlational coefficients between the two groups were statistically significant.

Subsequently, we conducted a multiple linear regression analysis using the collected data
to examine whether depressive rumination, especially brooding, and rumination specific to
COVID-19 (measured by the CRS), explained perceived stress during the COVID-19
pandemic, while controlling for gender, age, headache status (i.e., migraine/HC group), and
disability due to headaches (i.e., the MIDAS score). We entered our variables into the model in
blocks, beginning with gender, age, headache status, disability due to headaches, and the CRS,
followed by the brooding and reflection subscales of the RRS. In the last step, we also explored
whether there was an interaction effect between brooding and headache status concerning
perceived stress, for which we centered the brooding variable, then we repeated it with this last
step with interaction effect between covid-related rumination and headache status. To ensure
model assumptions were met, we conducted post-hoc tests to assess homoscedasticity,

multicollinearity, and the normal distribution of residuals.

3.7.2 Results

Descriptive statistics of age and the assessed measures are shown in Table 3.7.1 for the total
sample, as well as for the migraine and the control group separately. Participants in the migraine
group were slightly older and—as expected—showed higher level of migraine-related disability
than HCs, but no other significant differences were found between the two groups in brooding,
reflection, COVID-related rumination and perceived stress. We performed Mann—Whitney U
tests due to the non-normality of the variables.

Besides age, gender distribution (¥2=14.27, p<0.001) of the participants showed
significant difference between the two groups: there were 9 males and 61 females in the
migraine group, whereas there were 26 males and 36 females in the HC group. This is not
surprising given that migraine is much more common among women (Cutrer & Huerter,

2007).Thus, we controlled for gender and age in the regression model.
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Table 3.7.1. Descriptive statistics of age, assessed measures, and group differences between
participants with and without migraine.

Scales Total sample Migraine group  HC group  Mann-Whitney U p
Mean (SD) Mean (SD) Mean (SD)
n=132 n=70 n=62

age 30.76 (7.10)  31.86(7.28)  29.48 (6.73) 2597 .05
MIDAS 5.81 (9.18) 9.91 (10.70) 1.18 (3.23) 3803 <.001
RRS brooding  10.13 (2.90)  10.33 (2.99) 9.90 (2.81) 2274 53
RRS reflection 11.79 (2.93) 11.78(3.08)  11.81 (2.77) 2118 .92
CRS 6.20 (2.71) 6.56 (3.01) 5.81 (2.28) 2402 .28
PSS-4 5.64 (2.99) 5.84 (3.08) 5.41 (2.90) 2350 41

Note. MIDAS = Migraine Disability Assessment, RRS = Ruminative Response Scale, CRS = COVID-
related Rumination Scale, PSS-4 = Perceived Stress Scale, SD = standard deviation.

We estimated the effect of potential confounding factors, i.e. stayed in voluntary
quarantine (n=47) or not (n=85), family member infected with COVID-19 (n=11) or not
(n=121) by examining group differences regarding perceived stress with Mann-Whitney U
tests. None of these group differences were significant (Mann-Whitney U=1897, p=.632;
Mann-Whitney U=650, p=.898, respectively), thus we did not include them in the regression
model as control variables.

We performed Spearman correlations of the assessed measures for the total sample and
for the migraine and HC group separately. Non-parametric correlations were applied due to the

non-normality of the variables. The results are summarized in Table 3.7.2 and 3.7.3.

Table 3.7.2. Spearman correlations of the assessed measures for the total sample

Reflection Covid-related Perceived stress Migraine disability
rumination

Brooding 27 24** A9** -.04
Reflection -.01 .08 .05
Covid-related

o 32%** .06
rumination
Perceived stress 13

Note. *p<0.05; **p<0.01.
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Table 3.7.3. Spearman correlations of the assessed measures for the migraine and control group

separately
Migraine group Control group
n=70 n=62
Reflec- Covid Perceived Migraine | Reflec- Covid Perceived Migraine
tion rumination  stress disability | tion rumination  stress disability
Brooding .28* .30* 58** -14 27* 13 A1** -24
Reflection -.07 .05 .04 .06 12 .02
Covid
o A4 .03 12 -.23
rumination
Perceived
-.02 21
stress

Note. *p<0.05; **p<0.01.

Correlational analysis:

As shown in Table 3.7.2, significant correlations were observed among brooding,
COVID-related rumination, and perceived stress in the overall sample. However, upon separate
examination, it became apparent that COVID-related rumination correlated with perceived
stress and brooding exclusively within the migraine group (Table 3.7.3). Notably, we identified
a tendency-level difference in correlation coefficients in the case of brooding and perceived
stress (Z =1.27, p=0.10), and a significant difference in the case of COVID-related rumination
and perceived stress (Z = 1.97, p = 0.02). The association was notably stronger in the migraine
group (r = 0.44, p < 0.01) than among the healthy controls (r = 0.12, p = 0.37). This difference
suggested a stronger association between COVID-related rumination and perceived stress
among migraineurs compared to the healthy controls. Consequently, we further explored this
observation by testing for an interaction between migraine status and COVID-specific
rumination in our regression model. This was viewed as an exploratory step, based on the group
differences that emerged from the correlational analyses, as the available data in this subject is
still scarce.

Regression analysis:

In the linear regression analysis COVID-related rumination and brooding were significant

predictors of perceived stress, where more rumination predicted higher levels of perceived

stress, after controlling for gender, age and headache status. We also aimed to test whether there
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was an interaction between brooding and headache status regarding perceived stress, however,
we did not find significant interaction, and accordingly the change in R? was not significant.
The total explained variance of the regression model was 31.3% (R2=.313; df=130) (Table
3.7.4). Then, we included the interaction between COVID-related rumination and headache
status in our model instead, however, this interaction was not significant either (f = .052; p =
.693), and only resulted in marginal change (F(1, 122) = .16, p = .69) in the total explained
variance (R?> = .308; df = 130). Model assumptions, i.e. the normal distribution of the

standardized residual, homoscedasticity and multicollinearity were fulfilled.

Table 3.7.4.. Multiple linear regression model with subtypes of rumination explaining perceived stress,
after controlling for gender, age, headache status and headache disability.

Model Predictors B P R?
1 Gender -.091 315

Age -.036 .668

Migraine/HC -0.45 .656

MIDAS .032 734

CRS .364 <.001 138
2 Gender -.049 548

Age .004 957

Migraine/HC .034 711

MIDAS 117 182

CRS .260 .001

RRS brooding 448 <.001

RRS reflection -.050 536 .308
3 Gender -.039 .644

Age .009 909

Migraine/HC .042 .650

MIDAS 125 155

CRS .255 .002

RRS brooding 373 .002

RRS reflection -.053 512

RRS brooding * 105 .365 313

Migraine/HC

Note. n=132. RRS = Ruminative Response Scale, CRS = COVID-related Rumination Scale, PSS =
Perceived Stress Scale, MIDAS = Migraine Disability Assessment.

Additional analysis:
An additional analysis was conducted for the present dissertation, examining whether the
interaction between Covid-related and brooding rumination explain perceived stress. Yet, this

interaction did not prove to be statistically significant (b= 0.18, p=0.515).
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3.7.3 Discussion

Rumination about current problems and adverse events may pose a risk for the development
and aggravation of psychiatric and somatic symptoms (Aldao et al., 2010; Ottaviani et al.,
2016). Consequently, exploring repetitive negative thinking patterns related to Covid-19 during
the first wave of the pandemic was crucial for the entire population, including at-risk subgroups
such as individuals with migraine who may be particularly vulnerable to stressful life events
(Borsook et al., 2012). In the current study, no significant difference in perceived stress,
brooding, or COVID-related rumination was found between individuals with migraine and the
control group. However, perceived stress was observed to have a stronger correlation with
brooding and COVID-related rumination in migraine patients compared to the control group.
In general, the degree of perceived stress was accounted for by two types of rumination,
COVID-related rumination and brooding, but not reflection, once gender, age, migraine/control
group status and migraine disability were taken into consideration.

The data analyzed here was collected in May to June 2020, in the first wave of the
pandemic following the lockdown. It is challenging to compare the degree of Covid-related
rumination in our sample with others as various questionnaires were developed for measuring
perseverative thoughts during the pandemic. A longitudinal study conducted in the UK
discovered that levels of Covid-related worry and rumination were at their highest at the
beginning of the initial lockdown, then decreased but rose again when the UK went back into
lockdown (O'Connor et al., 2022).

Upon analysis, only brooding had a significant correlation with perceived stress in the
overall study population, thus reinforcing the notion that it is the more maladaptive aspect of
depressive rumination. Additional research conducted in South Korea following the initial
outbreak of the pandemic has also unearthed that brooding is linked to perceived stress, and
that it acts as a mediator between perceived stress and overall life satisfaction (Kim & Kang,
2022). Another finding from a study conducted in South Korea found that intrusive rumination
was positively associated psychological distress, while deliberate rumination was found to be
unrelated to it (Kang & Kim, 2021). Longitudinal studies that took into account an individual's
psychological health prior to the pandemic have additionally shown that rumination during
lockdown is linked with lower levels of both psychological and physical wellbeing; and this

association remained significant even after controlling for other emotion regulation strategies,
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including emotional suppression or positive reappraisal, and for potential factors that could
weaken the impact of rumination, such as social support (Low et al., 2021).

Of interest, there was no association between migraine disability with perceived stress in
the migraine group. One potential explanation for this is that the option to work from home has
likewise led to a reduction in migraine-related stressors for numerous individuals. A study
indicated that staying at home for an increased number of days during COVID-19 was linked
to a reduction in migraine frequency (Delussi et al., 2020). This finding suggests that some
individuals might find relief in staying at home which outweighed the stress and anxiety brought
about by the pandemic. A study carried out in Japan with a large sample of outpatients diagnosed
with migraine (N=659) discovered that while over 90% of them worried greatly or moderately
about the pandemic and its effects, only one out of three reported an increase in acute headache
treatment (Suzuki et al., 2021). These results highlight the significant interindividual
differences experienced during the pandemic and its related restrictions.

In addition, no association was found between COVID-related rumination and brooding
among healthy controls, and only a moderate association was observed in the migraine group,
suggesting that individuals may find themselves dwelling on the pandemic and its impact,
regardless of their general tendency to brood. It seems more likely that ruminative thoughts
related to COVID-19 are brought on by particular challenges, such as job losses, financial
strains, social isolation, homeschooling struggles, concerns about personal health or that of
elderly relatives, etc. These thoughts may be less dependent on one's general inclination to dwell

on negative events.

3.7.3.1 Limitations
The limited generalizability of our findings is evident due to the small sample size and cross-
sectional design of the study, which featured participants with higher education levels aged
between 20 and 50 years. While a stronger association between COVID-related rumination and
perceived stress is observed in the migraine group, as opposed to the control group, there was
no significant interaction discovered between headache status and COVID-related rumination;
potentially due to the small number of participants in each group.

Further types of repetitive thinking like worry (Bramanti et al., 2021),
expectation/anticipatory worry (Pandit et al., 2022) might also influence the perceived stress

level. In addition, we did not assess factors such as strength of social ties (Huh et al., 2023) that
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could buffer against Covid-related perseverative thoughts. Emotional regulation strategies other
than rumination were also not assessed in our study, but there is evidence to suggest that
emotional suppression has also been associated with adverse health outcomes during the
pandemic. (Dawel et al., 2021; Low et al., 2021).

Furthermore, in the current study we could not investigate whether perseverative thoughts
had any beneficial outcomes considering preventive health behaviors like washing hands,
maintaining social distance or wearing mask. However, there are studies demonstrating that, at

least worry, had positive effect on mask wearing (M. Li et al., 2021).

3.7.4 Conclusion

Emotion regulation strategies employed during the pandemic carry important mental health
implications. Cross-sectional and longitudinal studies have associated rumination, as an
emotion regulation strategy, with poorer mental and physical health, particularly when it is a
passive, emotion-focused or intrusive response. In our study, brooding was also related to
perceived stress in the full sample, confirming that trait-like rumination is a risk factor during
stressful period. In addition, our findings also suggest that the negative effects of stress-related
repetitive and difficult-to-control thoughts triggered by a global stressor may be stronger in
individuals with a pre-existing stress-related somatic condition, similar to those with a pre-
existing mental health condition (O'Connor et al., 2022). More generally, our findings suggest
that research into specific content-related rumination may be fruitful in understanding when,

why and who becomes vulnerable in specific situations.
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3.8 Self-critical rumination: Testing the prospective association of self-
critical rumination and heart rate variability with somatic symptoms

and well-being® - Study 8

Currents study

In recent years, research on self-critical and ruminative thoughts has expanded, partially driven
by the development of a measuring instrument for this purpose (Smart et al., 2016).
Furthermore, there has been a shift towards investigating the defining features of rumination,
and the significance of self-criticism within rumination has been validated through various
methodologies, including questionnaires studies (Kolubinski et al., 2017; Smart et al., 2016),
lab-based studies incorporating stress induction (Bernstein et al., 2017), and the experience
sampling method (Hoebeke et al., 2022). A review of aggregating findings from meta-analyses
of longitudinal studies (Hazzard et al., 2023) identified that concerns over mistake, which is
similar to having self-critical ruminative thoughts, poses a risk across multiple internalizing
domains, including depressive, anxious and eating disorder psychopathology. Based on this
results, we expected that self-critical rumination would predict lower well-being in a university
sample using a short prospective design.

There are several reasons for including university students in this research. On one hand,
studies addressing mental health in this population show a high prevalence of mental disorders
(Auerbach et al., 2016) and the occurrence of elevated level of depressive (Ibrahim et al., 2013;
Li et al., 2022) and anxiety symptoms (Li et al., 2022). On the other hand, experiences in
academic settings can easily provoke repetitive self-critical thoughts related to performance.
Furthermore, a systematic review of longitudinal studies found that self-critical thoughts
predicted an increase in depressive symptoms over time in university students (Mclntyre et al.,
2018). Therefore, we expected that self-critical rumination would be associated with lower
well-being, both concurrently and prospectively. Furthermore, in the context of somatic health,
stress-related rumination predicted self-reported physical health in a one-year prospective study
of young adults (Thomsen et al., 2004). Thus, we explored the association between self-critical

rumination and somatic symptom distress as an index of somatic health in the current study to

61 Based on Kocsel, N., Koteles, F., Galambos, A., & Kokonyei, G. (2022). The interplay of self-critical rumination
and resting heart rate variability on subjective well-being and somatic symptom distress: A prospective study.
Journal of Psychosomatic Research, 152, Article 110676. https://doi.org/10.1016/j.jpsychores.2021.110676.
Discussion part of the manuscript has been shortened and updated.
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enhance our understanding of the relationship between self-critical rumination and overall
health.

The second goal of this study was to investigate the relationship between heart rate
variability and self-critical rumination, as well as its predictive power in mental and somatic
health indicators. Heart rate variability (HRV), which reflects the parasympathetic regulation
of the heart, is considered a psychophysiological index for top-down self-regulation, and it
indicates the ability to regulate emotions and behavior in a context dependent and flexible
manner, as proposed in the Model of Neurovisceral Integration (Szemenyei et al., 2018; Thayer
et al., 2012). Although, some studies found correlation between trait-like rumination and HRV
(Carnevali et al., 2018), HRV appears to be more consistently associated with state-like
perseverative thoughts (Ottaviani et al., 2016), as confirmed in our previous study as well
(Kocsel, Koteles, et al., 2019). Additionally, if higher resting HRV reflects a better (general)
ability to regulate emotions, it should act as a buffer against the negative effect of rumination
on health. Consequently, we tested whether resting HRV would moderate the relationship
between self-critical rumination and well-being and somatic health.

3.8.1 Methods

Sample and Participants

Undergraduate university students were recruited for this prospective study. Participants
received additional course credits as compensation for their participation. Out of the initial 103
volunteers, 10 did not complete the follow-up questionnaires, and 9 participants were excluded
from further analysis due to poor data quality in resting HRV measures, primarily because of
excessive movement, physical exercise, smoking, or caffeine consumption within 6 hours prior
to the resting HRV registration. General exclusion criteria included the use of psychotropic or
cardiovascular drugs (e.g., beta blockers) and the presence of chronic conditions such as
hypertension. Excluded participants did not significantly differ from those included in the
analysis in terms of age, body mass index (BMI), subjective well-being, or self-critical
rumination. The final sample consisted of 84 participants, with 73 of them being females (87%),
and the mean age was 23.56 years (SD=3.35). The study received ethical approval from the
Institutional Review Board of Eotvés Lorand University, and all work was conducted in full
compliance with the principles of the Declaration of Helsinki.

Procedure

The study consisted of two stages: a laboratory session at Time 1, and a follow-up stage six

months later (Time 2). The procedure of the laboratory session (including HRV measurement)
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closely followed the methodology outlined in our previous research (Kocsel, Koteles, et al.,
2019).

At Time 1, upon arriving at the laboratory, participants were required to read and sign an
informed consent form. They were also asked to complete a brief questionnaire covering basic
demographic information (e.g., age, gender) and physical status (e.g., medication use, weight,
height, physical fitness, tiredness, etc.). Participants had received an earlier email instructing
them to abstain from smoking, alcohol, caffeine, and strenuous exercise for six hours prior to
their appointment.

After that, participants were placed in a quiet experimental room in small groups (2-4
persons), and fitted with plastic chest belts. Each participant underwent a 7-minute baseline
resting period while lying supine with their eyes closed, engaging in spontaneous breathing.
They were explicitly instructed to relax, avoid moving, and not fall asleep.

Following the recording of cardiac activity, participants completed trait and state
questionnaires, which included assessments for self-critical rumination and physical/mental
health. The duration of the session was 60 minutes.

Six months later, at Time 2, participants returned to the laboratory to complete self-
reported questionnaires regarding their subjective and somatic well-being. In order to maximize
compliance, HRV data were not collected at Time 2. After obtaining participants' consent, the
questionnaires were completed online in a computer lab, a process that took approximately 20
minutes.

Participation in the study was voluntary and anonymous. To link data from Time 1 to
Time 2, as well as self-reported and HRV data, participants were instructed to use individually

chosen codes.

Measurements
Cardiac measures
Heart rate data was recorded at a 1024 Hz sampling rate using a mobile heart rate monitoring
device, the FirstBeat TeamBelt (from the FirstBeat Sports Team Pack, FirstBeat Technologies
Ltd., Jyvaskyla, Finland). These chest belts, equipped with two built-in electrodes, were
positioned on the ribcage of participants, just below the musculus pectoralis major. Resting
heart rate (HR) was assessed during a 7-minute baseline period, during which participants
maintained a supine resting position and engaged in spontaneous breathing.

The reliability of this device (Bogdany et al., 2016) has been corroborated, as have other
mobile tools like Suunto and Polar, by prior research (Buchheit, 2014; Weippert et al., 2010; D.
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P. Williams et al., 2017). Raw data was recorded, and inter-beat-intervals (IBIs) were identified
by FirstBeat Sports software using the last 5-min of the recordings. HRV indices derived from
IBIs, were calculated using Kubios 2.0 software. Automatic outlier correction was performed
by the FirstBeat software utilizing linear interpolation. Importantly, no artifacts were deleted
or trimmed from the recordings during the correction (for more details see Parak & Korhonen,
2013; Saalasti, 2003).

HRYV was assessed by computing the root mean square of successive beat-to-beat interval
differences (RMSSD in ms). This metric is considered as a reliable time domain measurement
of HRV (de Geus et al., 2019; Thayer & Sternberg, 2010), particularly during resting conditions,
demonstrating high trait specificity (Bertsch et al., 2012). Since in the present study, the
frequency domain measurement, the high-frequency band power (in ms?) and RMSSD showed
high correlation (r=.94), only the latter was in the analyses. RMSSD values were natural (In)
log transformed in order to approximate normal distribution. In addition, mean heart rate (HR

in bpm) and mean IBI (in ms) were calculated.

Measures
Self-critical rumination

Self-Critical Rumination Scale (SCRS) (Smart et al., 2016) was employed at Time 1 to evaluate
a content specific form of rumination. This one-factor, self-reported questionnaire comprises
10 items designed to assess repetitive self-criticism related to personal failures, mistakes, or
undesirable habits. Participants were asked to rate the statements (i.e. “Sometimes, it is hard for
me to shut off critical thoughts about myself.”; “I spend a lot of time thinking about how
ashamed I am of some of my personal habits.”’) on a 4-point Likert scale from 1 (not at all) to
4 (very much), where higher scores indicate more self-critical ruminative thoughts. The sum of
the scores were calculated and used in the analysis. The questionnaire, originally developed in
English, was translated into Hungarian with the permission of the author, Laura M. Smart. The
translation process involved two independent translators, and the back-translated version was
approved by Smart. Both the original (Cronbach’s a = .90) and the Hungarian versions
(Cronbach's a =.90) exhibited strong internal consistency (Smahajcsik-Szabé & Kokonyei,
2021). In the present sample, Cronbach's a was also .90.

Somatic distress

Patient Health Questionnaire Somatic Symptom Severity Scale (PHQ-15) (Kroenke et al.,

2002) was utilized to assess self-reported somatic symptom distress at both Time 1 and Time 2.
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This 15-item instrument, derived from the full PHQ, evaluates various somatic complaints,
including headaches, joint or limb pain, fatigue, and back pain—common symptoms seen in
DSM somatization disorders (though it is important to note that this instrument does not
differentiate between medically explained and unexplained symptoms and is not considered a
diagnostic tool for somatic symptom disorders). Participants were asked to indicate how often
they were bothered by any of the symptoms over the preceding four weeks, using a scale
ranging from 0 (not bothered at all) to 2 (bothered a lot). The sum of the scores were calculated
and used in the analysis, with higher scores indicating a higher level of distress regarding these
symptoms. In line with previous studies (Kroenke et al., 2002; Lowe et al., 2008) that used the
PHQ-15, missing data for males (specifically, the menstrual pain item) were imputed by
substituting the mean of the remaining items. The internal consistency of the original
questionnaire (Cronbach a=.90) and the Hungarian adaptation (Stauder et al., 2021; Susédnszky
et al., 2008) was good. In the present sample, Cronbach a’s were ranging from .93 to .68 in
Study 1 and 2, respectively. We will use the abbreviation PHQ-15 to indicate somatic symptom
distress scores at Time 1, and PHQ>-15 to refer to the somatic symptom distress scores measured
at Time 2.

Well-being

The 14-item Mental Health Continuum Short Form (MHC-SF) (Keyes, 2002) was employed to
assess emotional (3 items), psychological (6 items), and social (5 items) dimensions of well-
being at both Time 1 and Time 2. Respondents were asked to rate the frequency of their feelings
(e.g. “in the last month, how often did you feel happy? ") over the past month on a 6-point Likert
scale from 0 (never) to S(every day). The total scores and the sum of the scores for each subscale
were calculated and used in the analyses. The reliability of the original scale and the Hungarian
adaptation (0=.91) (Reinhardt et al., 2020) proved to be good. In the present work, we will use
the abbreviation MHC-SF to indicate subjective well-being of Time 1 and MHC»>-SF when
referring to well-being of Time 2. Both at Time 1(Cronbach a=.89) and Time 2 (Cronbach o=

.92) the internal consistency of the scale was good.

In addition to these dispositional questionnaires, we collected data on participants' age and
gender. Given the association between body mass index (BMI) and autonomic nervous system
activity, especially in non-obese, healthy individuals, particularly in short-term (5-minute)
recordings (Koenig et al., 2014), we also gathered self-reported weight and height data for BMI
calculations. Furthermore, we measured self-reported physical fitness, with participants rating

their fitness status on a 5-point Likert scale ranging from 1 (poor) to 5 (excellent)..
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Statistical analysis

All statistical tests and data visualization were conducted using SPSS software (version 25).
Descriptive analyses were carried out (bivariate correlation and Wilcoxon signed ranks test) in
SPSS and moderation analyses (and figures) were performed using the PROCESS macro of
Hayes (Model 1, version 3.5.2) (Hayes, 2017).

First, we investigated the associations between variables using Kendall’s tau correlation
due to the violation of normality for a number of variables. Furthermore, using Wilcoxon signed
ranks test, we examined whether any differences exist between Time 1 and Time 2 in self-
reported somatic symptom distress and subjective well-being.

Second, we ran four moderation analyses. In Model I, we aimed to investigate the cross-
sectional (Time 1) association between self-critical rumination (SCRS) and subjective well-
being (MHC-SF) (controlling for the effects of age, gender, and BMI), and we tested the
interaction effect of SCRS and InRMSSD on MHC-SF. In other words, SCRS, the interaction
term of SCRS x RMSSD and the demographic variables were entered as predictors, and MHC-
SF was the criterion variable. In Model II, we tested whether SCRS, InRMSSD, and their
interaction could have any long-term impact (Time 2) on subjective well-being (as indexed by
MHC;-SF) after controlling for MHC-SF at baseline, age, gender and BMI.

In Model III and Model 1V, the same predictors and interactions were tested on PHQ-15
and PHQ:-15, respectively. In both prospective models (Model II and IV), we controlled for the
effect of somatic symptom distress (PHQ-15) and subjective well-being (MHC-SF), measured
at Time 1 as well.

In every moderation model, continuous variables were mean centered. All analyses were

two-tailed, the level of significance was set to p<.05 and the confidence interval was 95%.

3.8.2 Results

Descriptive analyses were performed, and gender and time course differences were tested (see
Table 3.8.1). The mean heart rate was in the normal range (~74/min), as well as the mean
RMSSD (45.19) and BMI (21.59). Comparing Time 1 and Time 2 scores, we found that
participants had more somatic symptoms at Time 1 than at Time 2 (Z=3.40; p<.001), but their
subjective well-being scores did not differ between Time 1 and 2 ( Z=.13; p=.89).
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Table 3.8.1. Mean, median and standard deviations of demographic and psychophysiological factors

Mean SD Median
Age 23.56 3.35 23.00
BMI 21.59 4.24 20.96
physical fitness 2.79 .89 3.00
RMSSD(ms) 45.19 25.16 39.80
Mean IBI(ms) 822.92 100.02 816.57
Mean HR(bpm) 74.29 8.99 73.64
SCRS 22.15 7.22 20.50
PHQ-15 total 11.25 7.77 8.00
PHQ>-15 total 7.05 3.64 7.00
MHC-SF 42.84 11.01 44.00
MHC,-SF 43.10 11.61 45.00

Note. N=84 (11 males, 73 females); BMI= body mass index; RMSSD= root mean square of successive
differences; IBI= inter-beat-interval; ms=milliseconds; HR=heart rate; bpm=beats per minute;
SCRS=Self-Critical Rumination Scale; PHQ-15=Patient Health Questionnaire; MHC-SF= Mental

Health Continuum Short Form; 2 in subscript indicates Time 2: 6 months after Time 1; *p<.05.

As expected, self-critical rumination showed significant positive association with somatic
symptom distress and negative association with MHC-SF scores (and every subscale) both at
Time 1 and Time 2, but these variables did not correlate with resting HR or InRMSSD (Table
3.8.2).
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Table 3.8.2. Correlation matrix between cardiac measures, demographic variables, self-critical rumination, well-being and somatic symptom distress at Time 1
and 2.

1 2 3 4 5 6 7 8 9 10
1.Age
2.BMI .06
3 fitness -.15 -.05
4 InRMSSD -.07 .07 .07
5.Mean IBI -.01 9% 13 49%*
6.Mean HR =02 -19*% -13 -48*%* -099**
7.SCRS
-.05 .06 -16 -.06 -.03 .02
(0=.90)
8. PHQ-15 (0=.93) -21** 01 -.07 .03 .04 -04 17%
9.PHQ»-15 (0=.68) .09 .05 -.14 .08 J19*  _20%  29%%  18%
10.MHC-SF
.03 .03  .20%* 12 .09 =09 -23*%  _18* _20%*
(0=.89)
11.MHC>-SF (0=.92) .02 .05 .09 .13 .09 -08 -26%* -09 -20* .63**

Note. N=84 (11 males, 73 females); BMI= body mass index; InRMSSD= natural based logarithm of root mean square of successive differences; HR=heart rate;
IBI= inter-beat-interval; SCRS=Self-Critical Rumination Scale; PHQ-15=Patient Health Questionnaire; MHC-SF= Mental Health Continuum Short Form; 2 in

subscript indicates Time 2: 6 months after Time 1; *p<.05; **p<.001.
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We hypothesized that the relationship or interaction between SCRS and InRMSSD would
significantly explain the variance of MHC-SF and MHC,-SF. These interactions were tested in
two models using the PROCESS macro.

Despite our expectations, the interaction between SCRS and InRMSSD was not a significant
predictor of MHC-SF, neither at Time 1 nor at Time 2 (see Table 3.8.3 for details). Apart from
the non-significant interplay between the variables, SCRS still was a significant predictor of
subjective well-being, but only cross-sectionally. It is not surprising that in Model I, MHC-SF
(at Time 1) explained most of the variance, since the correlation between these variables was
high (r=.79). When we removed MHC-SF from Model II, SCRS was a significant predictor
(p<.001).

Table 3.8.3. Moderator role of heart rate variability in the relationship of self-critical rumination and

subjective well-being at Time 1 (Model I) and Time 2 (Model II).

Model I - MHC-SF B SE t p LLCI ULCI R*(p)
constant 47.853  12.741  3.756 <001 22466  73.240 .172(.026)
SCRS -.495 .163 -3.040 .003 -.819 -171
InRMSSD 2.415 2.280 1.059 293 -2.129 6.958
SCRSxInRMSSD 408 317 1.284 203 -.225 1.040
gender -1.049 3.502 -.300 765 -8.028 5.930
age -.404 460 -.878 383 -1.320 S12
BMI 290 297 975 333 -.302 .882
Model II - MHC»-15
constant 3.557 9.634 369 713 -15.64 22.758 .647(<.001)
SCRS -.202 120 -1.688 .096 -.440 .036
InRMSSD 174 1.592 .109 913 -2.999 3.347
SCRSxInRMSSD -.018 222 -.083 935 -462 425
gender 1.308 2.429 539 592 -3.532 6.148
age -.080 .320 -.249 .804 =718 .558
BMI 249 207 1.201 234 -.164 .662
MHC-SF(Time 1) 781 .081 9.689 <.001 .620 941

Note. InRMSSD= natural based logarithm of root mean square of successive differences; SCRS=Self-
Critical Rumination Scale; MHC-SF= Mental Health Continuum Short Form; 2 in subscript indicates

Time 2: 6 months after Time 1.
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At the same time, the results of Model III (Table 3.8.4) supported our hypothesis, since SCRS
x InRMSSD was a significant predictor of PHQ-15, even after controlling for the effects of age,
gender, and BMI (the explained variance was 16%). Figure 3.8.1 also illustrates that this
interaction could have the strongest effect on somatic symptom distress when the level of self-
critical rumination is high and the InRMSSD is low. The slopes of INnRMSSD significantly
differed from 0 (p<.05).

Table 3.8.4. Moderation analysis of self-critical rumination and resting HRV on somatic

symptom distress at Time 1 (PHQ-15) and Time 2 (PHQ>-15).

Model 111

PHQ-15 B SE t p LLCI ULCI R2(p)
constant 23.319 9.099 2.563 012 5.193 41.446 .160(.036)
SCRS 198 115 1.725 .089 -.031 428
InRMSSD 431 1.612 267 .790 -2.780 3.642
SCRSxInRMSSD -.456 222 -2.058 .043 -.897 -.015
gender -.193 2.503 -.077 939 -4.793 5.178
age -.690 328 -2.012 .039 -1.344 -.036
BMI .169 212 798 427 -.254 .592

Model IV

PHQ»-15
constant -9.482 4142  -2.289 .025 -17.736 -1.229 .289(<.001)
SCRS 155 .051 3.019 .004 .053 257
InRMSSD .602 704 .856 395 -.800 2.005
SCRSxInRMSSD -.066 .099 -.661 Sl -.264 132
gender 2.213 1.093 2.026 .046 -.363 4.390
age 431 148 2.922 .005 137 725
BMI .075 .093 .809 421 -.110 261
PHQ-15(Time 1) .062 .050 1.225 224 -.039 162

Note. InRMSSD= natural based logarithm of root mean square of successive differences; SCRS=Self-
Critical Rumination Scale; PHQ-15=Patient Health Questionnaire. 2 in subscript indicates Time 2: 6

months after Time 1.
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Figure 3.8.1. Resting heart rate variability as a moderator in the relationship between self-critical
rumination (SCRS) and somatic symptom distress (PHQ-15).
Note. HRV (RMSSD) categories are expressed as the mean and +/- 1 standard deviation.

The findings of the fourth model showed that although SCRS had a significant relationship
with somatic symptom distress at Time 2 (adjusting for the effects of age, gender, BMI and
PHQ-15 at Time 1), the interaction of SCRS and InRMSSD did not remain significant (see
Table 4 for details). These results indicate that InRMSSD did not have long-term effect on
somatic symptom distress, but we could assume a prospective positive association between

SCRS and PHQ»-15 (Figure 3.8.2).
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Figure 3.8.2. The effect of self-critical rumination (SCRS) on somatic symptom distress (PHQ-15) at
Time 2, in relation to resting HRV.

Note. HRV(RMSSD) categories are expressed as the mean and +/- 1 standard deviation.

3.8.3 Discussion
Our exploratory study revealed that the interaction between resting HRV (indexed by
InRMSSD) and self-critical rumination significantly accounted for somatic symptom distress
at the baseline assessment. This novel result suggest that at higher level of parasympathetic
activation (indicated by higher HRV) (Goldberger, 1999) the relationship between self-critical
rumination and somatic symptom distress disappeared. However, in the prospective analysis,
the interaction between rumination and resting HRV (InRMSSD) did not emerge as a significant
predictor of somatic symptoms, though a positive association between self-critical rumination
and somatic symptom distress persisted. Contrary to our initial hypotheses, the interaction
between resting HRV and self-critical rumination did not account for the variance in subjective
well-being, neither at the baseline assessment nor six months later. However, it is worth noting
that subjective well-being remained negatively associated with self-critical rumination.

The absence of a prospective link with well-being is surprising, given earlier longitudinal
studies in adults that revealed a positive association between trait rumination, defined as

brooding rumination (Carnevali et al., 2018). However, it is feasible that rumination is less
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relevant when predicting positive indicators of mental health. Alternatively, the small sample
size and the high stability of well-being across data collections precluded the identification of
a prospective effect of trait self-critical rumination on the measure of well-being.

Regarding somatic health, the measure utilized in this study assesses the distress
experienced by individuals rather than solely documenting the presence of somatic complaints.
Our findings indicate that self-critical rumination predicts this distress. However, somatic
distress exhibited relatively low stability between the two assessments, suggesting that distinct
subgroups may exist in the development of somatic distress. However, the small sample size
prevented the application of more advanced analyses, such as latent class growth analysis, to
examine this further. Nonetheless, our findings are consistent with research on the relationship
between self-criticism and somatic symptom severity in healthy individuals and individuals
with chronic medical conditions (Hyphantis et al., 2013).

Considering the potential pathways between self-critical rumination and somatic health,
more pathways could be identified: through various physiological pathways (see the
introduction) or through heightened perception of otherwise benign somatic sensations.
Specifically, Eriksen and Ursin (Eriksen & Ursin, 2004) propose that subjective health
complaints stem from sensations associated with normal physiological processes, such as
sympathetic activation during stress. For some individuals, these 'normal' sensations, like
butterflies in the stomach during stress, capture attention, leading them to perceive and report
them as complaints, such as stomach ache, if the stress persists. The symptom perception model
(Watson & Pennebaker, 1989) posits that both trait and state negative affectivity or general
psychological distress contribute to symptom perception through increased self-focus and
attentional and interpretational biases. Additionally, somatic symptoms can be perceived even
in the absence of bottom-up interoceptive signals, essentially in a completely top-down manner
(Brown, 2004; Van den Bergh et al., 2017). In this scenario, rumination may enhance patients'
conscious and non-conscious expectations (referred to as priors), which, in turn, lead to the
perception of symptoms.

We found that for participants with high resting heart rate variability, somatic symptom
distress was largely independent of the level of self-critical rumination. On the other hand,
individuals with low resting HRV reported heightened somatic symptom distress, especially
when experiencing more self-critical ruminative thoughts. Given that high resting HRV could

be an indicator of a better sympathovagal balance (Goldberger, 1999; Holzman & Bridgett,
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2017) and/or top-down regulation, it was logical to assume that it would attenuate the effect of
rumination on health. Our results confirmed this expectation, simultaneously highlighting the
need for further studies that expand the focus to include measures of other, more adaptive
emotion regulation strategies.

Contrary to our initial hypotheses, the interaction between resting HRV and self-critical
rumination did not account for the variance in subjective well-being in the current analyses.
However, it is important to note that subjective well-being was chosen as an indicator of mental
health, which might have influenced the results. A recent study, for instance, found that resting
HRYV moderated the association between brooding rumination and depressive symptoms in a
sample of healthy subjects (N=68) (Dell'Acqua et al., 2021). Furthermore, resting HRV also
acted as a moderator in the relationship between pre-pandemic emotional suppression as a
maladaptive emotion regulation strategy and post-traumatic stress during the pandemia
(Dell'Acqua et al., 2022). More specifically, in the case of high resting HRV, similar to our
findings on somatic symptom distress, post-traumatic symptoms were independent from the
level of emotional suppression, once again demonstrating its possible protective effect on

mental health.

3.8.3.1 Limitations

This study has several limitations. Due to the relatively small sample size and convenience
sampling, the generalizability of our results to other populations is limited. Furthermore, instead
of measuring psychopathological symptoms, we chose subjective well-being as an indicator of
mental health. However, it is worth noting that the association with self-criticism may have a
stronger correlation with more negative indicators of mental health, such as depressive
symptoms.

In our study, the association between HRV and somatic symptom distress was only
detected cross-sectionally. The absence of prospective studies prevented us from comparing
this result with existing literature. It is worth mentioning that six months later, significantly
fewer somatic symptom distress cases were registered than at baseline, but we did not measure
resting HRV at the follow-up, which prevented the analysis of HRV changes between
timepoints. Nevertheless, the correlational analyses provide support for the long-term impact
of self-critical rumination on somatic symptom distress, aligning somewhat with previous

findings (Thomsen et al., 2004).
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Other factors, such as the quantity and quality of sleep, might also contribute to somatic
symptom distress. In a daily diary study spanning seven consecutive days among music
students, for instance, both objective and subjective sleep duration and quality were associated
with symptoms (Studer et al., 2019). Similarly, other trait-like characteristics, such as
somatosensory amplification (Koteles & Witthoft, 2017) were found to be prospectively
associated with subjective symptoms (Koételes & Simor, 2013).

Furthermore, we did not control for the effect of breathing in the HRV analysis, although
it could have a significant impact on HRV metrics (Ritz, 2009). It is important to mention that
during the registration of cardiac activity, our participants were lying in a relaxed position with
their eyes closed, maintaining even and calm breathing. We used only the last 5-minute segment

of the recordings for analysis..

3.8.4 Conclusion

While limited research is available, a high resting HRV seems to mitigate the adverse effects of
maladaptive emotion regulation strategies like rumination. Some have also suggested, primarily
based on findings from stressful laboratory studies, that high HRV might serve as a biomarker
of mental health resilience (Perna et al., 2020).

Identifying moderators of the negative effects of rumination on health may have
important clinical implications. We can target these moderators to reduce the detrimental impact
of rumination on mental health. For instance, a recent pilot study with depressed individuals
found that a 6-week smartphone-based biofeedback training not only increased resting HRV

but also decreased both depressive symptoms and rumination (Schumann et al., 2022)
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3.9 Rumination in Daily Life: A Daily Diary Study® — Study 9

Current study

While much attention has been devoted to negative emotions and events, Feldman (2008)
proposes the consideration of positive emotions and events through a repetitive and passive
lens. By engaging in this cognitive process, individuals can direct their thoughts toward positive
emotions, their own positive qualities, and the favorable circumstances in their lives, all without
actively seeking to amplify positive emotions. Consequently, this ruminative thinking can be
just as passive and automatic as dwelling on negative emotions, with considerable variability
in how frequently individuals employ this strategy.

The evidence regarding the impact of positive rumination on mental health remains
inconclusive. Some studies associate positive rumination with bipolar disorder or (hypo)mania,
demonstrating its correlation with heightened positive mood states in individuals with remitted
bipolar and mood disorder (Gilbert et al., 2013) and mania symptoms in university students
(Feldman et al., 2008). Positive rumination has also proven to predict future hypomanic
symptoms in children (Bijttebier et al., 2012). Simultaneously, an inverse association between
positive rumination and depressive symptoms has been observed in both cross-sectional
(Feldman et al., 2008) and prospective (Nelis et al., 2016) research. Consequently, rumination
on positive affect could serve as a protective factor, particularly in non-clinical populations,
against psychological problems such as depressive mood. However, it can also be a risk factor
for certain psychological problems, such as hypomanic symptoms.

To delve deeper into these associations, exploring rumination and its correlates in
everyday contexts could yield more ecologically valid findings. Diary and ESM studies have
demonstrated that the selection of rumination as an emotion regulation response to negative
events fluctuates from day to day (Lennarz et al., 2019; Moberly & Watkins, 2008) and is often
reciprocally associated with negative affects (Blanke, Neubauer, et al., 2022). However, in the
realm of positive rumination, significantly less work has been dedicated to its exploration in
everyday life. For example, a study provided evidence that daily positive rumination not only
contributes to daily depressive symptoms but also accounts for within-person variance in daily

depressed mood, particularly on days when participants reported few positive events (Li et al.,

52 This chapter is based on the following publication: Kovdcs, L. N., Kocsel, N., Téth, Z., Smahajcsik-Szabé, T.,
Karsai, S., & Kokonyei, G. (2023). Associations between daily affective experiences, trait and daily rumination on
negative and positive affect: a diary study. Journal of Personality. https://doi.org/10.1111/jopy.12897
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2017). In this current study, our aim is to bridge this research gap by further exploring and
testing the associations between daily affect and both negative and positive rumination.
Additionally, we assess not only daily (or state) levels of rumination but also trait-level

measures to explore the association between daily and trait-level measures.

3.9.1 Methods

Sample & Procedure

We conducted a daily diary study with university students in Hungary over four waves,
spanning from June 2020 to May 2021. Upon obtaining informed consent, students were
provided with a link to the baseline survey, which assessed trait-level variables and was sent to
the email addresses they had provided. The diary study commenced the day after the baseline
survey and extended for ten consecutive days, during which participants were required to
complete a brief survey (approximately 2 minutes in duration) both in the morning and evening.
For the current study, we focused solely on the evening surveys as they contained questions
relevant to our hypotheses.

Participants received links to the evening questionnaires via email at 8 pm and were
instructed to complete them as close as possible to their bedtime but no later than 2 am.
Subsequent to the diary study, participants were administered a final questionnaire inquiring
about their feedback and whether the recurring surveys had any impact on their week or mood.
Students were given the option to participate during class time and received partial credit in
return. It's important to note that participation was voluntary, and all responses were kept
anonymous. Written informed consent was obtained from each participant.

Out of an initial pool of 189 volunteering students, eight participants were excluded due
to low compliance (<50%), and one due to non-completion of the baseline survey. Individuals
who reported a history of mental or neurological illness (n=1), or were currently undergoing
intensive psychotherapy (n=1), were allowed to participate, although their data was not
included in the analysis. Consequently, the final sample consisted of 178 participants, of whom
158 were female, with a mean age of 22.72 years and a standard deviation of 3.89 years.

We performed a power analysis with Kleinman Lab’s online calculator ‘Power Curves
for Multi-level Studies’ (The State University of  New Jersey,

https://kleimanlab.org/resources/power-curves/).
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Our expectations were based on the results of Boemo et al.'s meta-analysis (Boemo et al.,
2022), which synthesized findings from 37 Experience Sampling Method (ESM) and 39 daily
diary studies. This meta-analysis suggested medium to large effects (d = 0.5 - 0.8) between
rumination and emotions.

With a sample size of 178 participants, data collected across 10 time points, and a
minimum 50% completion rate, and considering an expected medium effect size, our power
analysis yielded an estimated statistical power (1 — ) exceeding 0.9.

The study was approved by the Institutional Review Board of E6tvos Lorand University,
Faculty of Education and Psychology (approval number: 2020/203), and data collection was in

accordance with the Declaration of Helsinki.

Measures
Trait-level depressive rumination, exemplified by thoughts like 'Why can't I handle things
better?' was assessed using the 5-item brooding subscale of the Ruminative Response Scale
(RRS) (Treynor et al., 2003). Brooding represents the more maladaptive facet of depressive
rumination, characterized by passive dwelling on negative moods, their causes, and
consequences. Participants rated these items on a four-point Likert scale to indicate how
frequently they engaged in certain thoughts or behaviors when experiencing sadness, feelings
of melancholy, or depression.. The Hungarian adaptation of this scale demonstrated good
internal consistency in previous studies (Cronbach’s alpha =0.71) (Kokonyei et al., 2016;
Kovacs, Schmelowszky, et al., 2021), similarly to the present study (Cronbach alpha = 0.70).
Trait-level rumination on positive affect was assessed with the emotion-focused (EF) &
self-focused (SF) rumination subscales of the Responses to Positive Affect questionnaire (RPA)
(Feldman et al., 2008). The RPA instructs participants to rate the frequency with which they
engage in specific thoughts and behaviors when experiencing happiness, excitement, or
enthusiasm. Responses are recorded on a 4-point Likert scale, with 1 indicating 'almost never'
and 4 indicating 'almost always. The EF subscale includes items that are oriented toward an
individual's positive affect, such as 'Think about how happy you feel' and 'Savor this moment.'
In contrast, the SF subscale comprises items focused on the individual themselves, including
"Think 'I am achieving everything'' and 'Think about how proud you are of yourself””. In this
study, the Hungarian version of the RPA demonstrated strong internal consistency for both the

EF and SF subscales (Cronbach's alpha= 0.73 for both).
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For the assessment of daily negative rumination, we employed a modified version of an
item originally used by Kircanski and colleagues (Kircanski et al., 2018) in their ESM study
(“At the time of the beep, I was dwelling on my feelings and problems”). We adapted the item
to suit our once-a-day assessment: “I dwelled on my feelings and/or problems today.”
Participants responded to this item on a 7-point Likert scale, ranging from 1 (never) to 7 (almost
always).

Daily rumination on positive affect was measured by utilizing three items, consisting of
two emotion-focused and one self-focused component, drawn from the Responses to Positive
Affect (RPA) questionnaire. These items were reworded to accommodate the daily assessment
context, with statements such as, 'I often thought of how good I felt today,' 'l often thought of
how strong I felt today,' and 'l often thought today that I would achieve everything.' Respondents
provided ratings on a scale ranging from 1 (never) to 7 (almost always), and the total score
from these three questions was used for analysis. The total score of the three questions were
used. Items demonstrated good internal consistency: within-person omega was 0.76 [0.74-
0.78], and between-person omega was 0.86 [0.81-0.90].

Daily positive affect: we selected items based on the ten-item positive affect subscale of
the Positive and Negative Affect Schedule (PANAS) (Watson et al., 1988), along with items
utilized by Kircanski and colleagues (2018) in an ESM study. Initially, a larger set of adjectives
was chosen, which were subsequently piloted. Ultimately, we narrowed the selection down to
the adjectives 'excited,' 'happy,' 'calm,' and 'active.' Participants were required to indicate on a
7-point Likert scale, ranging from 1 (not at all) to 7 (very often), how frequently they
experienced these emotions throughout the day. We calculated the mean score across the four
adjectives to create an aggregated score for daily PA. Internal consistency was acceptable:
within-person omega was 0.69 [0.67-0.72], and between-person omega was 0.73 [0.65-0.81].

Daily negative affect: we employed items selected from the ten-item negative affect
subscale of the PANAS, along with items from Kircanski et al.'s (2018) ESM study. These final
adjectives were selected following a pilot study. Participants were asked to rate, on a 7-point
Likert scale, how frequently they felt 'sad,' 'upset,' 'angry,' and 'irritable' during the day, with
response options ranging from 1 (not at all) to 7 (very often). The mean score across these four
adjectives constituted an aggregated score for daily negative affect. Items demonstrated
excellent internal consistency: within-person omega was 0.81 [0.80-0.83], and between-person

omega was 0.91 [0.88-0.94].
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Study affected my mood/days: following the recommendations of Rintala and colleagues
(Rintala et al., 2020), after the diary study concluded, participants were asked to rate, on a scale
ranging from 1 to 7 (not at all - very much), whether filling out the daily questionnaires had

affected their mood or their daily activities in any way

Statistical analysis

We conducted data analysis using multilevel regression analysis in R, utilizing the
esmpack (Viechtbauer, 2019/2022) and nlme packages (Pinheiro et al., 2022). The dataset and
scripts can be accessed at this link: https://osf.io/dgjc9/. Given the multilevel dependencies
within our dataset, where participants provided multiple responses over a 10-day period, we
computed intraclass correlations for the time-variant measures. Linear mixed-effects models,
employing restricted maximum log-likelihood estimation, were employed to evaluate our
research hypotheses. Initially, we examined potential time-invariant confounding variables,
such as gender, age, sampling period, and the impact of the study on daily mood, as predictors
of daily positive and negative affect. Subsequently, we tested our primary hypotheses,
specifically whether daily affect was related to daily rumination after controlling for trait-level
rumination. This was accomplished through the use of multilevel regression models.

In Model 1, daily positive affect served as the outcome measure. The predictors included
daily positive and daily negative rumination, trait-level positive rumination measured by the
RPA EF and SF subscales, and trait-level negative rumination measured by the brooding
subscale of the RRS. We separately included between-person (i.e., person-level, representing
the mean score of the item for each participant) and within-person mean-centered scores (i.e.,
the difference between the participant's person-level mean and their original response) for daily
positive and negative rumination. This separation allowed us to disentangle between-person
and within-person variance. In Model 2, daily negative affect was the outcome measure. The
predictors mirrored those in Model 1, including daily positive and daily negative rumination,
trait-level positive rumination as measured by the RPA EF and SF subscales, and trait-level
negative rumination measured by the brooding subscale of the RRS. We included between-
person and within-person mean-centered daily negative and positive rumination scores

separately, enabling the distinction between within-person and between-person variance.
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3.9.2 Results
The descriptive statistics and the Pearson correlation matrix of the assessed trait-level and
daily person-level variables are shown in Table 3.9.1. As hypothesized, daily and trait-level

rumination scores were moderately correlated (r=0.333-0.440; p<0.01).
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Mean (SD) trait positive trait negative daily PA daily NA daily positive daily negative

rumination rumination rumination rumination
SF
Trait-level correlations
trait positive rumination EF 14.90 (2.58) 0.61* -0.01 0.20* -0.09 0.41* -0.09
trait positive rumination SF 10.53 (2.43) -0.08 0.20* -0.10 0.44* -0.20*
trait negative rumination 11.83 (3.05) -0.14 0.23* -0.09 0.33*

Between-person correlations

daily PA - -0.43* 0.42* -0.30*
daily NA - 0.03 0.65*
daily positive rumination - 0.06

Within-person correlations

daily PA -0.57* 0.59* -0.44*
daily NA -0.42* 0.55*
daily positive rumination -0.36*

Table 3.9.1. Descriptive statistics and Pearson correlations of the assessed daily person-level and trait-level variables.
Notes. N = 178. trait positive rumination EF = Responses to Positive Affect Questionnaire emotion-focused subscale, trait positive rumination SF =

Responses to Positive Affect Questionnaire self-focused subscale, trait negative rumination = Ruminative Response Scale brooding subscale, PA = positive
affect, NA = negative affect. *p<0.01.
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Intraclass correlations (ICC) varied between 0.2 and 0.4 for daily positive affect (ICC = .24),
daily negative affect (/CC = .32), daily positive rumination (ICC =.38), and daily negative
rumination (ICC = .33), which is typical of dairy and ESM studies (Bolger & Laurenceau,

2013). Figure 3.8.1 shows the frequency distributions of these variables across all observations.
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Figure 3.9.1. Overall frequency distributions of time-varying measures during the 10-day sampling
period.
Notes. N=178. Number of observations = 1604/1605.

We examined with multilevel linear regression whether potential time-invariant
confounds (i.e., gender, age, wave of sampling, study affected my mood, study affected my

week) were significantly associated with the outcome measures, i.e., daily PA and NA. None
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of these factors were found to be significant predictors, thus we omitted them from our models
to retain statistical power, except for gender®®.

Then, we performed two multilevel regression models to test our hypotheses, i.e., whether
daily affect is more closely related to daily rumination than trait-level rumination, for both
positive and negative valences. For each within-person-mean-centered time-varying predictor,
a random slope per participant was included in the models. In Model 1, daily PA was the
outcome measure, and the predictors were trait-level negative rumination as measured by the
RRS brooding subscale, trait-level negative rumination as measured by the RPA EF and SF
subscales, daily positive, and daily negative rumination. Between-person and within-person
mean centered daily positive and negative rumination scores were entered separately in the
model. As demonstrated in Table 3.9.2, daily PA was positively associated with daily positive
rumination and inversely associated with daily negative rumination, whereas there was no
significant association with trait-level negative and positive rumination scales. Both within-
and between-person differences in daily positive and negative rumination were significant

predictors of daily PA.

63 Please refer to the models presented in Table S1 and S2 of the Supporting Information of the original
publication.
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Table 3.9.2. Linear mixed-effects model with restricted maximum loglikelihood estimation (Model 1). Dependent variable: daily positive affect.

B SE B 95% ClI df t p var p01
Intercept 3.978 0.351 1423 11.339 <0.001 0.213
gender 0.014 0.127 0.004 [-0.07; 0.08] 171 0.107 0.915
Trait RPA EF 0.005 0.020 0.010 [-0.08; 0.11] 171 0.255 0.799
Trait RPA SF -0.020 0.021 -0.050 [-0.14; 0.05] 171 -0.949 0.344
Trait RRS brooding 0.002 0.014 0.007 [-0.07; 0.09] 171 0.168 0.867
daily positive rumination wpmc  0.145 0.008 0.420 [0.38; 0.47] 1423 18.133 <0.001 0.004 -0.059
daily positive rumination plm 0.100 0.017 0.260 [0.18; 0.35] 171 6.020 <0.001
daily negative rumination wpmc -0.169 0.016 -0.210  [-0.25; -0.17] 1423 -10.513 <0.001 0.009 0.022
daily negative rumination plm -0.182 0.039 -0.190 [-0.27; -0.11] 171 -4.604 <0.001
Residual variance (c?) 0.422
Marginal R¥/conditional R? 0.373/0.619

Notes. N =178. Number of observations = 1603. RPA EF = Responses to Positive Affect Questionnaire emotion focus subscale; RPA SF = Responses to Positive
Affect Questionnaire self-focus subscale; RRS= Ruminative Response Scale; wpmc = within-person mean centered; plm = person-level mean; Marginal R? =
variance explained by fixed effects; conditional R? = variance explained by fixed and random effects; var = variance of random slopes; p01 = correlation of
random slope with random intercept.
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The associations between daily PA and daily positive and negative rumination are

visualized in Figure 3.9.2.
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Figure 3.9.2. The associations between daily positive affect and daily positive and negative
rumination.

Notes. N = 178. Number of observations = 1603. Wpmc=within-person mean centered;
plm=person-level mean.

In Model 2, daily negative affect was the outcome measure, and the predictors were daily

positive and daily negative rumination, trait-level positive rumination as measured by the RPA
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EF and SF subscales, and trait-level negative rumination as measured by the brooding subscale
of the RRS. Between-person and within-person mean centered daily positive and negative
rumination scores were entered separately to discriminate within-person and between-person
variance. Results indicated that higher daily NA was associated with higher daily negative
rumination (both between-and within-person), and lower within-, but not between-person daily
positive rumination, whereas trait-level negative and positive rumination were not significant

predictors. The results are shown in Table 3.9.3.
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Table 3.9.3. Linear mixed-effects model with restricted maximum loglikelihood estimation (Model 2). Dependent variable: daily negative affect.

B SE B 95% CI  df t p var p0l
Intercept 1.016 0.410 1423 2477 0013 0.309
gender 0014 0.148 0004 [-0.07;0.08] 171 0.096  0.924
Trait RPA EF -0.020 0.023 -0.040 [-0.13;0.05] 171 -0.861 0.390
Trait RPA SF 0019 0025 0040 [-0.06;0.13] 171 0779  0.437
Trait RRS brooding 0.0001 0.016 0.0001 [-0.07;0.07] 171 0.007  0.994

daily positive rumination wpmc  -0.086 0.008 -0.210 [-0.24;-0.17] 1423 -10.473 <0.001 0.002 -0.40
daily positive rumination pIm 0.007 0.019 0.020 [-0.07;0.10] 171 0.384 0.7011
daily negative ruminationwpmc 0.325 0.022 0.340 [0.29;0.38] 1423 14.955 <0.001 0.028 0.383

daily negative rumination plm 0429 0.046 0.370 [0.29;-0.44] 171 9.361 <0.001

Residual variance (¢2) 0.645

Marginal R*/conditional R 0.352/0.589

Notes. N = 178. Number of observations = 1603. RPA EF = Responses to Positive Affect Questionnaire emotion focus subscale; RPA SF = Responses to Positive
Affect Questionnaire self-focus subscale; RRS= Ruminative Response Scale; wpme = within-person mean centered; plm = person-level mean; Marginal R* =
variance explained by fixed effects; conditional R? = variance explained by fixed and random effects; var = variance of random slopes; p01 = correlation of
random slope with random intercept.
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The results indicated that both between- and within- person differences in daily negative

rumination were significantly associated with daily NA. As for positive rumination, within-,

but not between-person differences were significant predictors of daily NA. The associations

between daily NA and daily positive and negative rumination are visualized in Figure 3.9.3.
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Figure 3.9.3. The associations between daily negative affect and daily positive and negative rumination.

Notes. N = 178. Number of observations = 1603. Wpmc=within-person mean centered; plm=person-

level mean.
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3.9.3 Discussion

Our findings indicate that daily rumination, rather than trait-level rumination, has a stronger
association with daily affective experiences across valences as expected. Specifically, daily
positive rumination exhibits a positive association with positive affects, while rumination on
problems is negatively correlated with positive affects on both between- and within-person
levels. Concerning daily negative affect, daily negative rumination is positively associated with
daily negative affects at both between- and within-person levels. Conversely, daily positive
rumination is negatively related to daily negative affects only on the within-person level. This
implies that participants reported higher levels of negative affect on days when they ruminated
less than usual on positive events/emotions, and vice versa, reporting less negative affect on
days when they engaged in increased positive affect rumination compared to their own average.
However, inter-individual differences in daily positive rumination, i.e., reporting more or less
positive rumination on research days in general, did not have a significant association with
daily negative affects.

Ruminating on negative feelings or problems and ruminating on positive emotions or
self-related feelings share a common mechanism, affect amplification, leading to an increase
in corresponding emotions (Harding & Mezulis, 2017). On the other hand, our research
demonstrates that these strategies may also reduce the intensity of opposite emotions. It is
important to note that due to the daily diary design, we measured the frequency of positive and
negative affects, not their intensity. Whether rumination acts by intensifying or increasing the
frequency of emotional states is a crucial question for understanding the development of
psychopathologies. It is plausible that both mechanisms play a role. Additionally, the
complexity is heightened by studies suggesting that the intensity of emotions also influences
strategy choice: high negative emotions favor the selection of rumination (Blanke, Bellingtier,
et al., 2022; Kozubal et al., 2023).

The use of aggregate scores of negative or positive emotions in research (Gilbert et al.,
2013; Nelis et al., 2016) may hinder a nuanced understanding of rumination-related daily or
momentary affects. In our study, positive affects included excitement, happiness, calmness, and
activeness. However, the concept of positive rumination also encompasses dwelling on positive
self-aspects of the individual. Therefore, it would be logical to explore its relationship with the
daily frequency or intensity of pride. Additionally, differentiating emotions not only based on

valence but also on the arousal dimension (Lang et al., 1997) might add further insight in this
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research field. For instance, ruminating on anger (high on the arousal dimension) compared to
ruminating on sadness (low on the arousal dimension) after an emotion induction led to

sustained feelings of agitation (Law et al., 2021).

3.9.3.1 Limitations

The current study presents certain limitations. Firstly, the research was conducted among
university students, potentially constraining the generalizability of the findings. It is worth
noting that young adults and university students face a heightened risk of developing mental
health problems, particularly amid the COVID-19 pandemic (Y. Li, A. Wang, et al., 2021),
during which our data collection occurred. Another limitation lies in the uneven gender
distribution of our sample, with an overrepresentation of female participants. While we
included gender as a covariate in our models to address potential gender differences in daily
positive affect and negative affect, caution is advised in interpreting these gender differences
due to the uneven distribution. Additionally, despite employing a daily diary design, the current
analyses do not permit causal inferences.

An additional limitation is the potential overlap between positive emotional states and
positive rumination, as positive emotional states are prerequisites for positive rumination to
occur. This concern might be more pertinent if we had assessed momentary measures of
rumination and positive affects. Furthermore, although positive affect is a prerequisite for
positive rumination, it represents only one possible response to positive affect; there are
alternative responses such as savoring or even dampening (Feldman et al., 2008).

While daily diary surveys are considered more ecologically valid than retrospective
questionnaire methods, the recollection of events during the day introduces a degree of recall
bias (Brans et al., 2013). This bias can be mitigated by employing multiple daily questionnaires,
as seen in ESM studies (Myin-Germeys et al., 2018; Shiffman et al., 2008).

Additionally, our study did not differentiate between automatic/intrusive versus
deliberate rumination (Shigemoto, 2022), brooding rumination, or reflection (Brans et al.,
2013). Important characteristic like the length and pleasantness/unpleasantness of
positive/depressed ruminative thoughts (Rosenkranz et al., 2020) were not explored. These
aspects could be more reliably assessed with an ESM framework, and future studies

incorporating multiple daily timepoints could address this limitation through lagged analyses.
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3.9.4 Conclusion

Examining the connections between day-to-day variations in positive and negative emotions
and emotion regulation strategies, such as rumination, can deepen our comprehension of the
relationship between emotion regulation and psychopathology. In the context of rumination,
previous ecological momentary assessment studies identified a positive association with
contemporaneous negative affect and a weak negative prospective association with positive
affect (Boemo et al., 2022). Our research contributes to this body of knowledge by highlighting
the significance of positive rumination in shaping daily variations in negative and positive
emotions. It seems reasonable to propose that positive rumination may act as a protective factor
by increasing the frequency and/or intensity of positive daily affects while reducing those of
the negative ones. However, given documented associations with hypomanic and manic
symptoms and bipolar disorders, further research is warranted to identify factors associated
with these divergent trajectories (see multifinality hypothesis, Nolen-Hoeksema & Watkins,

2011).
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3.10 Rumination and Emotional Processing: Anticipation and Violated
Expectation® - Study 10

Current study

To understand the contribution of rumination to mental and somatic health, the identification
of mechanisms/pathways by which rumination exerts its effects is required. Altered
information processing have been proposed as the key underlying mechanism of rumination
(Koster et al., 2011). Expectations associated with negative and positive stimuli (events) may
influence processing of emotional information and outcomes. However, the anticipation phase
in emotional processing in relation to rumination has been studied rarely (Kocsel et al., 2017;
Schiller et al., 2013). To address this research gap, we utilized a conditioning paradigm where
cues predicted pain vs. no pain outcomes with some probabilities.

Pain as an aversive — unconditioned — stimulus is frequently used in a conditioning
paradigm, since it elicits fear. Cues predicting pain are reliably associated with widespread
brain activation (Palermo et al., 2015), and the anticipatory phase is usually perceived as an
unpleasant — dreadful — period (Berns et al., 2006). Pain predictive cues are appraised as threats,
thus they catch the individual’s attention (Brown et al., 2008), leading to preparatory responses
and/or avoidance behavior.

Based on previous evidence on altered emotional processing (Koster et al., 2011), we
hypothesized that inter-individual differences in rumination will be associated with perception
of pain on a neural level, since pain is an aversive and highly salient stimulus. We expected
exaggerated neural response to painful stimuli compared to non-painful ones in the pain-
processing network (PPN), including the somatosensory areas, insula, anterior cingulate cortex
(ACC), and thalamus (Apkarian et al., 2005; Tracey & Mantyh, 2007), among participants who
score higher on a trait rumination measure. However, it is unknown whether this excessive
response to aversive stimuli in relation to rumination exists in the anticipation phase of

emotional processing. Based on Bubic and colleagues’ paper (Bubic et al., 2010), we used the

% This chapter is based on the following publication: Kokonyei, G., Galambos, A., Edes, A. E., Kocsel, N., Szabo,
E., Pap, D., ... Juhasz, G. (2019). Anticipation and violated expectation of pain are influenced by trait
rumination: An fMRI study. Cognitive Affective & Behavioral Neuroscience, 19(1), 56-72.
https://doi.org/10.3758/s13415-018-0644-y
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term “anticipation” when referring to the process itself; namely the processing of a cue that has
been associated with an outcome. Expectation refers to the representation of the cue-outcome
association. We hypothesized that pain anticipation would relate to rumination, and expected
that activation of brain areas involved both in detection of salience and in pain
anticipation/processing — particularly the anterior insula and anterior cingulate cortex (see
Menon, 2015) — would correlate with trait rumination positively.

Conditioning paradigms offer the possibility to investigate neural activations to the
detection of mismatch between the expected and experienced emotional stimulus (D'Astolfo &
Rief, 2017). We also suggest that rumination deteriorates, or at least influences, the detection
of discrepancy between expectations and experience. Therefore, a partial-reinforcement
schedule was chosen that allowed us to compare neural responses to discrepancy between cues
and stimuli (see Fig. 3.10.1). Particularly, we hypothesized that contrasting the omission of
painful stimuli and delivered painful stimuli — as an example for violated expectation — would

be associated with rumination.

3.10.1 Methods
Participants

Thirty-eight, 18 to 38 years old (23 females and 15 males, mean age + SD: 25.79 + 4.17)
healthy, right-handed subjects recruited via newspapers and university advertisements
participated in the present study. All of the subjects had normal or corrected-to-normal vision.
Exclusion criteria were any current or past serious medical, neurological or Axis I. psychiatric
disorders and psychotropic medication use. All participants were first screened by a trained
researcher using the Mini International Neuropsychiatric Interview (Sheehan et al., 1998) and
then participated in a medical examination by experienced neurologist and psychiatrist
researchers. The study was approved by Scientific and Research Ethics Committee of the
Medical Research Council (Hungary) and written informed consents were received from all
subjects in accordance with the Declaration of Helsinki.

Eight subjects were excluded from the study: five by reason of technical problems, one
due to excessive movement in the scanner and two because they did not understand the
correspondence between visual signals and electric stimuli according to the post-session
interview (see below). Altogether, 30 participants (18 women, mean age + SD: 25.97 + 4.04

years) were included in the analysis.
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Self-report measures

Rumination was measured by a 10-item Ruminative Response Scale (RRS-10) (Treynor
et al., 2003), capturing trait-like ruminative thoughts when experiencing low mood. Items are
answered on a 4-point Likert-type scale (1 = almost never, 2 = sometimes, 3 = often, 4 = almost
always). We followed the recommendation of (Whitmer & Gotlib, 2011) and used the sum
score of the scale.

Participants also completed the trait anxiety version of State-Trait Anxiety Inventory
(STAI) (Spielberger et al., 1983). The scale comprises of 20 items scored on a 4-point Likert-
type scale (1 = almost never to 4 = almost always). STAI-T — along with RRS-10 — was filled
out some days before the measurement.

Current depressive symptoms — covering the past several days — were assessed by the 20-
item Zung Self-Rating Depression Scale (ZSDS) (Zung, 1965). Items are answered on a 4-
point Likert-type scale (from 1 = a little of the time to 4 = most of the time). ZSDS was filled
out on the scan day.

Internal consistency (Cronbach-a) of all self-report measures were excellent (RRS-10
=0.80, ZSDS = 0.83, STAI-T = 0.91).

Psychological task

Two electric stimuli were applied to the dorsum of the right hand. The electrode was
connected to Digitimer boxes (Digitimer DS7A, Digitimer Ltd, Welywyn Garden City, UK),
one applied the non-painful stimuli, and the other the painful stimuli. Inputs to Digitimer boxes
were controlled by an E-Prime script (Psychology Software Tools, Inc., Pittsburgh, USA) to
ensure properly delivered stimuli.

The shocks were calibrated individually before the scanning session using a stair-case
method. We used a 10-point visual analog scale (VAS) and participants were asked to rate the
stimuli which were applied to the dorsum of the right hand. When they rated a stimulus to 3
(non-painful stimulus, VAS = 3, currents ranging from 0.1 to 2.8 mA), we set it as a non-
painful one. Then we continued the procedure to find the stimulus rated on 7 (as a painful but
not an intolerable shock, VAS = 7, currents ranging from 0.35 to 4.2 mA). Only these two
stimuli were used during the fMRI session. Electric shocks were pulses of 2 ms duration similar

to the study by Spoormaker and colleagues (Spoormaker et al., 2011).
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Subjects were told that they would see shapes of two kinds on the screen, a green triangle
and a red square and every shape will be followed by an electric stimulus to the back of the
right hand. They were instructed to lie still during the session and pay attention to the screen.
The experimental paradigm contained 30 trials in total in which one shape (e.g. green triangle,
in 15 trials) was always followed by a non-painful stimulus and the other visual signal (e.g. red
square, in 15 trials) was followed by a painful stimulus on all but five trials. In these five trials,
a non-painful stimulus (VAS rating = 3) followed the pain cue (we will refer to them as to
omitted pain trials) (see Figure 3.10.1). The visual signal was always preceded by a white
fixation cross presented for 1 second and was immediately followed by one of the cues. The
duration of visual stimuli was pseudorandomized ranging from 6 to 12 seconds (average = 9.3
s). Between the trials, a black screen lasting 30 seconds was shown during inter-trial interval.
Stimulus presentations were delivered by E-Prime 2.0 (Psychology Software Tools, Inc.,
Pittsburgh, USA).

After the task in a post-session interview participants were asked whether they found any

correspondence between cues and subsequent stimuli.

fMRI acquisition

Functional MRI data acquisition was performed on a 3T MRI scanner (Achieva 3T,
Philips Medical System) using a BOLD-sensitive T2*-weighted echo-planar imaging sequence
(repetition time [TR] = 2500 ms, echo time [TE] = 30 ms, field of view [FOV] = 240 x 240
mm2) with 3 mm x 3 mm in-plane resolution and contiguous 3-mm slices providing whole
brain coverage. A series of high-resolution anatomical images were also acquired during the
first functional imaging session using a T1-weighted 3D TFE sequence with 1 x 1 x 1 mm

resolution.

Statistical analysis of self-report data
Demographic and self-report data were analyzed in SPSS version 23.0 (IBM SPSS, IBM Corp,

Armonk, NY.) using t-tests and correlation analyses and a two-tailed p<0.05 threshold.

fMRI data analysis
Preprocessing. Statistical Parametrical Mapping (SPM12) analysis software package

(Wellcome Department of Imaging Neuroscience, Institute of Neurology, London, UK;
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http://www.fil.ion.ucl.ac.uk/spm12/) implemented in Matlab 2015b (Math Works, Natick, MA)
was used to analyze all imaging data. Functional images were pre-processed which included
realignment, co-registration to the structural image, segmentation, normalization in Montreal
Neurological Institute (MNI) space and spatial smoothing with an 8 mm full width half-
maximum Gaussian kernel.

First level model. For the first level analysis, BOLD (blood oxygenation level-
dependent) hemodynamic responses were modelled in a general linear model. In the event-
related single subject analysis: fixation cross, each of the two cues (pain cue and no-pain cue)
and the three outcomes (touch, pain, omitted pain, see Figure 3.10.1) were modelled as separate
regressors of interest. High pass temporal filtering with a cut-off of 128 seconds was included
in the model to remove the effects of low-frequency physiological noise and serial correlations

in data series were estimated using an autoregressive AR (1) model.

Cue Stimulus Congruence between cue and stimulus
Pain cue —» Painful stimuli (VAS=7) congruent (validly cued)

\ Omitted pain (Non-painful stimuli; VAS=3) incongruent (invalidly cued)
No pain cue — Touch (Non-painful stimuli; VAS=3) congruent (validly cued)

Figure 3.10.1. Experimental design. VAS Visual Analog Scale. Fifteen trials for pain cue (ten for

congruent and five for incongruent) and 15 trials for no pain cue

The motion outliers (threshold of global signal > 3 SD and motion > 1 mm) identified
with the Artifact Detection Tools (ART www.nitrc.org/projects/artifact detect/) and the 6
motion parameters were used as regressors of no interest in the fMRI model. We had to exclude
one participant due to excessive movement revealed by the ART (number of outliers > 15%)).
In the last step of pre-processing, quality of images was visually inspected.

In our classical conditioning design, stimuli occurred immediately after the offset of cues,
therefore we used only those contrasts in which collinearity (correlations) between regressors
did not cause a problem (1> < 0.03). Thus, first-level analysis was performed on each participant
focusing on the significant BOLD signal responses to anticipation of pain (pain cue versus no
pain cue) and to perception of pain. We used four contrast for the pain perception period, the

last two modelled the violated expectations (see Figure 3.10.2).
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1. We analyzed neural response to pain vs. no pain, regardless of cues [(painful vs. non-
painful stimuli, reflecting painful stimuli (VAS = 7) vs. all non-painful stimuli (all
VAS = 3 stimuli: omitted pain + touch)].

2. We also analyzed brain response to pain, using contrast with cue-congruent stimuli
(pain vs. touch).

3. Violated expectation was modelled by omitted pain vs. pain contrast, characterized by
same expectations but with different intensities.

4. Violated expectation was also modelled with omitted pain vs. touch contrast,

characterized by different expectations, but with the same intensity.

Second level analysis. Every contrast served as a dependent factor and the individual
rumination scores were included in the analysis as a covariate. Whole brain analyses were
carried out at a p<0.001 uncorrected level and cluster-level family wise error corrected pFWE
<0.05 values were reported as significant (with a cluster size >10). Activated clusters were
identified anatomically using the automated anatomical labelling atlas (aal) (Tzourio-Mazoyer
et al., 2002). Statistical maps were visualized on the MNI 152 template brain provided in
MRIcroGL (Rorden & Brett, 2000) (http://www.mccauslandcenter.sc.edu/mricrogl/).

Additional analyses: In our study, correlation between rumination and current depressive
mood was unrelated (see below), but we repeated our analyses including depression as an
additional covariate to check whether results remain the same.

Previous studies on anticipation of pain have demonstrated that trait anxiety has an effect
on this phase (Grupe & Nitschke, 2013), therefore we also checked whether results changed if

trait anxiety was added as a covariate.
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Cue Stimulus Contrast

1.

Pain cue ———» | Painful stimuli (VAS=7)

\ Omitted pain (Non-painful stimuli; VAS=3) Painful vs. Non-painful
stimuli

No pain cue ——» Touch (Non-painful stimuli; VAS=3)

2.

Pain cue ——» | Painful stimuli (VAS=7)

\ Omitted pain (Non-painful stimuli; VAS=3) Pain vs. Touch

No pain cue ——» | Touch (Non-painful stimuli; VAS=3)

3.

Pain cue ———» | Painful stimuli (VAS=7)

\ Omitted pain (Non-painful stimuli; VAS=3) Omitted pain vs. Pain

No paincue ———»  Touch (Non-painful stimuli; VAS=3)
4.

Pain cue —» Painful stimuli (VAS=7)

\ Omitted pain (Non-painful stimuli; VAS=3) Omitted pain vs. Touch

No pain cue ——» | Touch (Non-painful stimuli; VAS=3)

Figure 3.10.2. Contrasts for pain period activation. The last two modelled the violated expectations.

3.10.2 Results

Self-reported and behavioral results

Mean RRS-10 score was 22.03 (SD = 5.36), mean ZSDS score was 33.63 (SD = 6.12) and
mean STAI-T score was 39.27 (SD = 9.97). The correlation between rumination and current

depressive symptoms, and correlation between rumination and trait anxiety were only
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marginally significant (r = .35, p <.06; r =.33, p < .08, respectively). There were no significant

sex differences in either rumination or in depression/trait anxiety scores.

fMRI results

Task related activations

Activation changes during pain anticipation. The pain anticipation contrast (pain cue — no pain
cue) showed increased activation only in calcarine and lingual gyrus and decreased activation
in two clusters of occipital cortex bilaterally (see Table S1 and Figure S1).

Activation changes to painful stimuli. Contrasting painful vs. non-painful and contrasting
painful with validly cued non-painful stimuli (pain vs. touch) led to widespread activation in
brain areas involved in pain perception including the insula, thalamus, inferior frontal gyrus,
middle cingulate gyrus and in midbrain at level of periaqueductal grey (see Table S2 and Figure
S2). As expected, when pain vs. omitted pain was analyzed a largely overlapping activation
was found with pain vs. touch activation (see Figure S3).

Violated expectation. Violated expectation of pain (omitted pain) in comparison to pain was
associated with increased BOLD signal in one cluster in parietal cortex (see Table S3).

When we compared the omitted pain versus touch stimulation we found deactivation in the
right calcarine and lingual gyrus (see Table S3). It is worth noting that this deactivation partially

overlapped with the activation to pain cue vs. no pain cue (see Figure S1).

Regression analyses with rumination scores

Anticipation. Rumination was positively correlated with BOLD activity to pain
anticipatory cue compared to no pain cue in seven clusters with peaks in the left inferior and
right superior temporal gyrus, in bilateral inferior and left superior parietal lobule, and in frontal
lobe (paracentral lobule, middle frontal gyrus, Supplementary Motor Area (SMA)) extending
to the midcingulate and in left posterior cingulum extending to midcingulate and in right
insula/Rolandic Operculum and putamen (see Table 3.10.1 and Figure 3.10.3).

We repeated our analysis with possible confounding variables. First, when current
depressive symptoms were controlled for, BOLD activity in six clusters with peaks in insula,
temporal, parietal and frontal lobe (paracentral lobule, postcentral gyrus, SMA) remained
significant, however the size of these clusters decreased compared to our analysis when current

depressive symptoms were not controlled for. In addition, significant activation to pain cue in
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the posterior cingulate cortex (PCC) disappeared (see Supplement Table S4). Second, we also
repeated the analysis adding trait anxiety as a covariate. It did not alter our results to a great
extent, however, the significant BOLD increase in the insula in relation to rumination
disappeared, but an additional activation in the inferior frontal gyrus was found (see

Supplement Table S5).

Figure 3.10.3. Anticipation of pain in relation to trait rumination at p < .001 threshold for illustrative

purposes.
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Table 3.10.1. Anticipation of pain in relation to trait rumination®

Contrasts RRS Cluster Region Side  Peak T- MNI coordinates
size value
(voxels) X y z
Pain cue - + 91 Inferior temporal gyrus L 6.72 -42 -61 -7
No pain
cue Inferior temporal gyrus L 4.90 -48 -61  -13
197 Insula R 6.00 45 5 -1
Putamen R 4.63 33 -10 -4
Rolandic operculum R 4.56 54 -10 14
Rolandic operculum R 4,53 48 5 11
Temporal pole R 3.54 57 5 -13
Putamen R 3.49 30 -1 5
610 Paracentral lobule R 5.55 12 -31 56
Middle frontal gyrus L 4.95 -27 -10 47
Na L 4.77 -18 -22 47
Supplementary motor area R 4.72 3 -1 53
Postcentral gyrus L 4.60 -27 -34 50
Precuneus R 4.60 15 -55 44
Supplementary motor area 454 0 -16 53
Middle cingulate cortex L 4.35 -9 -22 A7
Precuneus R 4.30 15 -49 41
Middle cingulate cortex R 4.30 12 17 29
Frontal superior gyrus R 4.20 15 -1 53
Paracentral lobule L 4.11 -3 -16 65
Middle cingulate cortex R 4.09 9 -10 47
Superior parietal lobule R 3.87 18 -52 59
Middle cingulate cortex R 3.85 6 11 38
Supplementary motor area R 3.82 6 -22 65
596 Superior temporal gyrus R 5.50 42 40 5
Superior temporal gyrus R 5.43 30 -67 17
Middle temporal gyrus R 5.29 45 -61 14

55 Different layout of this table is due its large size.
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Contrasts RRS Cluster  Region Side  Peak T- MNI coordinates

size value

(voxels) X y z
Superior temporal gyrus R 5.25 57 -37 8
Superior temporal gyrus R 5.07 21 -70 32
Fusiform gyrus R 5.00 30 -40  -19
Inferior temporal gyrus R 4,98 45 -52  -16
Superior temporal gyrus R 4.65 42 -49 14
Middle occipital gyrus R 4.38 33 -76 23
Middle temporal gyrus R 4.04 48 -73 17
Middle temporal gyrus R 3.92 42 -70 17
Superior temporal gyrus R 3.84 63 28 5
Cuneus R 3.77 9 -716 26

474 Superior occipital lobule L 5.18 -21 -70 29
Superior parietal lobule L 4.88 -15 -70 47
Superior parietal lobule L 4.67 -24 -73 14
Middle occipital gyrus L 4.62 -36 -67 23
Inferior parietal lobule L 4.60 -24 -67 41
Middle occipital gyrus L 4.60 -36 -70 17
Precuneus L 4.49 -12 -61 47
Precuneus L 4.41 -15 -58 50
Middle occipital gyrus L 4.35 -36 -82 5
Middle occipital gyrus L 4.34 -30 -73 38
Precuneus L 4.32 -18 -58 35
Inferior parietal lobule L 414 -30 52 38
NA L 4.13 -33 -55 26
NA L 3.61 -33 -58 14
Middle occipital gyrus L 3.60 -45 -70 23

85 Inferior parietal lobule R 4.25 51 -40 41
Inferior parietal lobule R 3.83 39 -49 47

100 Posterior cingulate cortex L 4.50 -6 -49 23
Posterior cingulate cortex L 4.35 -6 -40 29
NA L 4.34 -12 -43 29
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Contrasts RRS Cluster  Region Side  Peak T- MNI coordinates
size value
(voxels) X y z
Middle cingulate cortex L 3.96 -6 -43 47
Middle cingulate cortex L 3.78 -3 -43 38

Note. Analyses are conducted using p <.001 primary and p(FWE) = .05 secondary cluster extent threshold. RRS:
10 item Ruminative Response Scale; +: positive correlation. R: right; L: left. NA: coordinates are not in AAL.

Intensity of stimulus (regardless of cues). Regardless of cues, activation to painful

stimuli (VAS = 7) vs. non-painful stimuli (VAS = 3) was related to rumination in clusters with

peaks in the right frontal and parietal lobules (angular gyrus) and in the bilateral thalamus (see

Table 3.10.2 and Figure 3.10.4).

Figure 3.10.4. Painful vs. non-painful stimuli in relation to trait rumination at p < .001 threshold for

illustrative purposes with a minimum cluster size of 10 voxels.

When controlling for depressive symptoms we found that the size of the activation in

the inferior parietal lobule and middle and superior frontal gyrus increased, and extended to
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the inferior frontal gyrus, but significant activation of the thalamus disappeared (see
Supplement Table S6).

Intensity of the stimulus - congruency between cues and stimuli. Interestingly, when we
analyzed validly cued stimuli, no correlation between rumination and BOLD activity was found
(see Table 3.10.2). However, when current depressive symptoms were controlled for,
rumination correlated positively with activation in one cluster with peaks in the middle and

superior frontal gyrus (see Supplement Table S6).

Table 3.10.2 Perception of pain in relation to trait rumination

Contrast RRS  Cluster Region Side Peak T-  MNI coordinates
size value
(voxels) X y z
Painful vs. + 100 NA R 5.88 3 37 20
Non- Precuneus R 3.94 15 -46 14
painful
stimuli 163 Superior Frontal Gyrus R 5.33 21 59 8
Superior Frontal Gyrus R 4.81 24 62 2
Middle Frontal Gyrus R 4.55 39 53 2
Middle Frontal Gyrus R 4.38 45 50 2
Superior Frontal Gyrus R 4.36 36 50 20
Middle Frontal Gyrus R 4.34 39 53 20
Middle Frontal Gyrus R 4.05 48 47 5
Superior Frontal Gyrus R 3.91 21 53 -1
67 Angular Gyrus R 4.67 36 -64 47
Angular Gyrus R 4.64 42 -58 50
63 Thalamus L 4.52 -3 -16 14
Thalamus R 4.20 6 -13 14
Thalamus L 3.93 -15 22 17
65 Superior Frontal Gyrus R 4.38 21 35 56
Superior Frontal Gyrus R 4.34 24 44 44
Superior Medial Frontal R 4.31 6 41 53
Gyrus
Superior Medial Frontal R 4.29 12 44 53
Gyrus
Superior Frontal Gyrus R 4.23 18 38 53
NA R 4.05 6 38 59
Superior Medial Frontal R 3.97 9 23 56
Gyrus

Note. Analyses are conducted using p < .001 primary and p(FWE) = .05 secondary cluster extent
threshold. RRS: 10-item Ruminative Response Scale; +: positive correlation. R: right; L: left. NA:
coordinates are not in AAL.

Violated expectations - discrepancy between cues and stimuli. First, we contrasted

omitted pain stimuli vs. pain stimuli, both were preceded with pain cues but they differed in
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the intensity of electrical stimulation. We found that BOLD signals in the left thalamus, right
superior frontal gyrus and left posterior cingulate (extending to middle cingulate cortex) were
negatively correlated with rumination score (see Table 3.10.3 and Figure 3.10.5).

Second, we contrasted stimuli with the same intensity (omitted pain vs. touch) but with
different predictive cues. We found again a negative association between rumination score and
BOLD signal in the somatosensory cortex (particularly in the postcentral gyrus extending to

the midcingulate cortex and precuneus) and SMA (see Table 3.10.3 and Figure 3.10.5).

Figure 3.10.5. Neural response to discrepancy between cues and stimuli related to rumination negatively

at p <.001 threshold for illustrative purposes with a minimum cluster size of 10 voxels. Blue: Omitted

pain vs. pain, purple: Omitted pain vs. Touch
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Table 3.10.3 Neural response to discrepancy between cues and stimuli related to rumination

Contrast RRS  Cluste Region Side Peak T- MNI coordinates
r size value
(voxel X y z
s)

Omitted - 86 Thalamus L 5.68 -3 -16 17
pain - Pain Thalamus L 3.99 -12 -25 17
159 Posterior Cingulate Cortex R 5.27 3 37 23

Middle Cingulate Cortex L 3.99 -9 -31 38

97 Superior Frontal Gyrus R 4.87 21 59 8

Superior Frontal Gyrus R 4.72 24 62 2

Superior Frontal Gyrus R 4.64 18 53 2

Superior Frontal Gyrus R 4.59 27 59 11

Middle Frontal Gyrus R 4.34 36 50 20

Middle Frontal Gyrus R 3.90 36 50 11

Omitted - 137 Postcentral Gyrus R 5.27 27 -43 50
Eg:ﬂ:h Postcentral Gyrus R 520 15 -34 56
Postcentral Gyrus R 4.92 15 -34 38

Precuneus R 4.40 12 -46 56

Precuneus R 3.59 12 -55 47

Middle Cingulate Cortex R 3.52 6 -25 35

77 Supplementary Motor Area L 4.82 -3 -4 59

Note. Analyses are conducted using p < 0.001 primary and p(FWE) = 0.05 secondary cluster extent
threshold. RRS: 10-item Ruminative Response Scale; -: negative correlation. R: right; L: left. NA:

coordinates are not in AAL.

We repeated our analysis adding depressive symptoms as covariate in our model.
Results show that it did not alter our previous findings to a great extent using omitted pain vs.
pain contrast, however, a significant BOLD increase in the inferior parietal lobule (in
supramarginal gyrus) and the inferior frontal gyrus in relation to rumination appeared. In
addition, the size of overall activation increased (see Supplement Table S6). When we analyzed
touch vs. omitted pain contrast and simultaneously controlled for current depressive symptoms,
the previously found association with rumination in cluster with peaks in the postcentral gyrus,
precuneus and midcingulate remained significant, but the size of this cluster decreased (see

Supplement Table S3).
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3.10.3 Discussion

Altered emotional processing has been considered as a key mechanism in understanding the
maladaptive long-term effects of rumination. Our findings build upon and clarify these
previous results in the following ways. First, by employing a classic conditioning paradigm,
we were able to dissect the anticipatory and perceptual processes involved in responding to
aversive stimuli. Our results demonstrate that individual differences in trait rumination
modulate anticipatory effects on brain activation when presented with cues that predict aversive
(painful) stimuli. Second, we investigated brain activation in response to painful stimuli,
independent of the predictive cues, while also considering the congruence between cues and
the subsequent stimuli. Our results corroborate earlier findings that show a positive correlation
between rumination and neural activation in response to aversive stimuli (painful vs. non-
painful stimuli) when we solely analyze the pain perception phase without considering the
relationship between cues and stimuli. However, when we compared brain activation in
response to painful versus non-painful stimuli in the context of rumination, the congruence or
discrepancy between cues and subsequent stimuli played a significant role. Violated
expectations, operationalized as either non-expected pain omission versus expected pain or
non-expected non-painful stimuli (omitted pain) versus expected non-painful stimuli, were
significantly associated with rumination.

Rumination associated with increased responses to pain cues in various brain areas
including the superior temporal gyrus, middle occipital gyrus, inferior parietal lobule, cingulate
gyrus, insula, and putamen. These regions are known to be involved in pain anticipation
processes (Palermo et al., 2015), which supports our hypothesis that trait rumination influences
anticipatory processes.

We particularly expected the anterior insula, as a part of the salience network with a well-
established role in assessing the biological or psychological/motivational significance of a
stimulus and its role in pain processing, to be associated with rumination during the anticipation
phase. However, we found that insular activity in response to pain cues, concerning rumination,
was primarily located in the middle subdivisions. When examining the connectivity of the
midinsula with other brain regions relevant to pain (Wiech et al., 2014) it was found that similar
to the posterior insula, the midinsula has structural connections with the primary and secondary
somatosensory cortex. Furthermore, similar to the anterior insula, the midinsula has both

functional and structural connectivity to the ventrolateral prefrontal cortex (VLPFC). This
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“hybrid pattern” of connectivity supports the idea that the midinsula plays a role in integrating
sensory and cognitive-emotional information (Wiech et al., 2014), it seems reasonable to
assume that both forms of information are utilized in processing anticipatory cues.

We also observed a correlation between rumination and activity in the posterior cingulate
cortex (PCC), extending to the posterior midcingulate cortex, during the pain anticipation
phase. The PCC, particularly the ventral PCC (Leech & Sharp, 2014) is considered a pivotal
hub of the default network (Raichle et al., 2001). It has been associated with increased self-
focus and self-referential thinking (Nejad et al., 2013), or broadly, in internally driven
cognitions (Andrews-Hanna et al., 2014). Therefore, the detection of cues predicting aversive
stimuli may increase self-focus and/or internal thoughts to a greater extent among those who
tend to ruminate®.

When we solely analyzed the pain perception phase, irrespective of predictive cues, we
found that trait rumination correlated with activity in the right lateral prefrontal cortex (IPFC)
(extending minimally to the medial part of the superior frontal gyrus) and in the parietal lobule
(angular gyrus), in the bilateral thalamus to painful stimuli (VAS = 7) versus non-painful
stimuli (VAS = 3). The thalamus is a key and consistently activated region within the pain-
processing network (Duerden & Albanese, 2013; Jensen et al., 2016), indicating that our results
support the notion that rumination is linked to an increased neural response to painful stimuli.
This aligns with theories proposing that the information processing of aversive (emotional)
stimuli is altered or magnified in individuals prone to rumination (Koster et al., 2011)".
However, when trait rumination was entered into the analysis, the congruence between
predictive cues and subsequent pain stimulus played a role in whether rumination correlated
with brain activation. In instances where only validly cued stimuli were analyzed, no
relationship between pain perception and trait rumination was observed. Interestingly, in our
additional analysis, when we controlled for depressive symptoms, activation in the IPFC was

positively correlated with rumination scores. It is worth noting that this activation overlapped

56 Controlling for current depressive mood, the size of the activated clusters decreased, and the activation in
PCC had lost its relation to rumination score, suggesting that perception of predicting cues is influenced by
current mood state even among healthy adults. We also repeated our analysis with trait anxiety as a control
variable, since anxiety has been established to be related to anticipation of threatening stimuli (for a review,
see Grupe & Nitschke, 2013). We detected some minor changes: midinsular activation in relation to rumination
to pain cues disappeared, but activation to pain cue versus no pain cue in relation to trait rumination in the
right VLPFC was detected.

57 The association between rumination and thalamus activation disappeared when current mood was
controlled for, suggesting that even variation in healthy mood may influence the perception of painful stimuli.
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with activation in the right lateral prefrontal cortex in response to painful versus non-painful
stimuli in relation to rumination.

When we accounted for the discrepancy between cues and stimuli, we observed that
activation in the thalamus, superior/middle frontal gyrus, and posterior cingulate cortex (PCC),
extending to the midcingulate cortex, in response to omitted pain (unexpected non-painful
stimuli) versus pain negatively correlated with rumination. Regarding the thalamus and
superior/middle frontal gyrus, our results may simply imply that individuals prone to
rumination exhibit heightened responses in pain processing-related areas to painful stimuli and
reduced responses to non-painful ones. This interpretation is supported by another finding from
our study: a significant overlap was observed between the activity of the thalamus and
anterolateral prefrontal areas in response to painful stimuli versus non-painful stimuli and the
activity of these areas in response to pain versus omitted pain in relation to rumination.

As rumination scores increased, we detected decreased activation in the PCC in response
to omitted (but expected) pain. This suggests that the detection of unexpected violations of an
aversive stimulus, compared to the expected stimulus, is associated with a decreased BOLD
response in the posterior cingulate cortex. Recently, the PCC has been postulated to be a pivotal
node in the network responsible for detecting changes in the environment and subsequently
modifying behavior (Pearson et al., 2011). Therefore, it is reasonable to conclude that when
expectations fail and change (violation) detection occurs less frequently among ruminators,
this might hinder subsequent adjustments in behavior. Such a phenomenon could contribute to
individuals becoming stuck in maladaptive thoughts or perpetuating maladaptive behaviors.
Additionally, based on resting-state and task-related functional connectivity data, the dorsal
part of the PCC is believed to play a role in controlling attentional focus (Leech et al., 2011;
Leech & Sharp, 2014). It is worth noting that the PCC activity related to rumination in the
context of omitted pain versus pain only partially overlapped with cue-related PCC activity.
The latter was more ventral, while the decreased PCC activity related to omitted pain was more
dorsal, suggesting that different mechanisms may underlie the relationship between rumination
and anticipation and violated expectation of pain..

When we controlled for depression in our analysis, we also found a negative relationship
between supramarginal gyrus activity and omitted pain. Of interest, Previous studies detected
supramarginal gyrus activity to unexpected versus expected sensory events (Bubic et al., 2009),

including pain (Zeidan et al., 2015) or cognitive events (O'Connor et al., 2010). Some evidence
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suggests that detection of incongruence (or discrepancy) between expectation and perception
in supramarginal gyrus is independent of memory-retrieval processes (O'Connor et al., 2010)
and is more related to (automatic) reorienting of attention. Interestingly, we found that the
angular gyrus is related to omitted pain versus pain across all subjects, which is in line with a
recent study showing that the angular gyrus is critically involved in the recognition of violated
sensory information (Zeidan et al., 2015). In fact, subjects in our analysis could report that one
of the cues was followed by painful stimulation but not always. Furthermore, Seghier (Seghier,
2013) argues that the angular gyrus, as a cross-modal hub, is “an interface between the
converging bottom-up multisensory inputs and the top-down predictions” (pp. 52). When there
is a difference between the prediction and the perception, a prediction error emerges. There is
data suggesting that the angular gyrus is involved in the conscious recognition of violated
expectations (O'Connor et al., 2010). In light of these results and ideas, the negative correlation
between rumination and supramarginal gyrus activity to omitted pain might suggest that the
detection of a discrepancy between expectations and experience is impaired on a more
automatic level. However, further studies should test this notion.

We also conducted a comparison of brain activity in response to omitted (but expected)
pain, which essentially refers to invalidly cued non-painful stimuli, versus validly cued non-
painful stimuli (touch). These stimuli had the same intensity (VAS = 3) but different
expectations preceded them. Research indicates that after anticipating a painful stimulus, even
a non-painful one is subjectively and neurally experienced as more intense (Sawamoto et al.,
2000). This expected pattern was observed in two clusters, specifically in the postcentral gyrus
(extending to precuneus and midcingulate) and in the supplementary motor area (SMA) among
individuals with lower scores on the rumination scale. The activation in the postcentral gyrus
overlapped with the primary somatosensory cortex. According to a magnetoencephalography
study (Worthen et al., 2011), the primary somatosensory cortex is not only involved in the
sensory-discriminative aspect of pain but also in its attentional (affective) aspect. This suggests
that among non-ruminators, following a violated expectation, non-painful stimuli capture more
attention in comparison to validly cued non-painful stimuli.

We also observed that contralateral SMA, which is responsible for self-generated
movements (Passingham et al., 2010), exhibited higher activation in response to omitted pain
among individuals with lower rumination scores when compared to the same-intensity non-

painful stimulus. Therefore, participants with higher rumination scores displayed a reduced
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neural response to invalidly cued non-painful stimuli in areas responsible for processing
sensory and attentional information and planning motor responses. When we controlled for
depressive symptoms, the activation in the postcentral gyrus, in relation to rumination,

remained significant.

3.10.31 Limitations

A prolonged period of rest after stimulation might lead to the absence of widespread brain
activation in response to an anticipatory pain cue, as demonstrated in prior studies (Palermo et
al., 2015). However, in our study, when we examined the main task effect on anticipation, we
found different results. Instead of widespread activation, we observed only activation and
deactivation in occipital areas. Similar minor differences in activation were found for
unpleasant electric stimuli cues versus no shock cues in a study by McMenamin and colleagues
(McMenamin et al., 2014) specifically when analyzing the early temporal factor (5 seconds
after cue onset). Like McMenamin et al. (2014), we also believe that the representation of both
cues in our study carried a significant motivational aspect. Pain-predicting cues hold intrinsic
importance due to their adaptive function in predicting pain. However, in a threat context,
safety signals may be as salient as pain cues (Christianson et al., 2011). Moreover, in many
pain studies that investigated anticipation processes, participants were required to rate the
stimuli or their current state, which might have enhanced the salience of not only the painful
stimulus but also the predictive cues. In our study participants didn't rate their subjective pain
experience or were explicitly asked about their expectations. However, following the scanning
session, a post-interview revealed that only two participants had not realized the contingency
between cues and stimuli, and their data were subsequently excluded from the analysis. It could
be also possible that the electric stimuli delivered were not fearful enough to elicit anticipatory
anxiety across all participants.

Instead of using computational models to calculate prediction errors (Garrison et al.,
2013), our study analyzed violated expectations by contrasting expected but omitted pain with
expected and delivered pain. A larger number of pain omission trials in our experiment would
have allowed us to examine the prediction error component of associative learning. Recent
meta-analytical studies (D'Astolfo & Rief, 2017) have indicated that fronto-striatal circuits are
engaged in processing prediction errors, possibly reflecting the integration of new information

(i.e., the new predictive value of the cue) into prior expectations. Our findings tentatively
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suggest that trait rumination impairs the utilization of learning signals arising from the
discrepancy between actual and predicted aversive outcomes. However, further validation of
this idea necessitates an analysis that calculates neural responses to prediction errors.
Prospective studies are needed to ascertain whether excessive anticipatory processes and/or a
failure to detect violated expectations indeed pose a risk for the development of
psychopathologies.

Additionally, our experimental design solely involved non-painful stimuli that were
either expected or unexpected based on preceding cues. Consequently, we lack insights into
how trait rumination relates to the processing of unexpected painful stimuli. Generally,
unexpected pain triggers stronger activation in the pain processing network (PPN) than
expected pain (Seidel et al., 2015), and it also activates areas outside the PPN, such as the
angular and supramarginal gyri (Zeidan et al., 2015). It is noteworthy that angular gyrus
activation in response to omitted pain versus pain also emerged in our study.

The rate of reinforcement in a partial conditioning paradigm could influence neural
responses to predictive cues. For instance, using an explicit uncertain pain cue, where
participants are informed that it is uncertain whether a cue might lead to a painful stimulus (low
pain predictability), may result in higher anticipatory anxiety (Huang et al., 2017) and a
stronger or different brain response compared to a certain pain cue (Rubio et al., 2015) along
with increased pain ratings (Oka et al., 2010). We did not employ such an uncertain pain cue
in our study, and our instructions didn't provide explicit information about which cue
corresponded to which stimulation; our participants had to learn the association between cues
and stimuli. However, in light of our results, using uncertain pain cues could provide valuable

insights into the relationship between rumination and anticipation.

3.10.4 Conclusion

Processing of aversive cues is altered in certain psychopathologies, with rumination acting as
a risk factor (Forbes & Goodman, 2014). This is observed mainly in mood and anxiety
disorders, including post-traumatic stress disorder, generalized anxiety disorder, and phobias.
However, it is also prevalent in eating disorders and addiction. Thus, our results suggest that
excessive anticipatory processing linked to expectations under threat of aversive stimuli may

render ruminators more susceptible to psychopathologies. Consequently, our findings extend
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previous research on the alteration of emotional information processing to include the
anticipatory phase.

Furthermore, our findings indicate that trait rumination impairs the detection of violated
expectations, supporting the idea of decreased sensitivity to changing contingencies and
contexts in maladaptive rumination (Watkins & Roberts, 2020). Rumination may pose a risk
factor in the development of psychopathologies through this pathway. This impaired detection
of violated expectations may hinder the long-term beneficial effects of psychotherapies on

mental disorders.
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4  GENERAL CONCLUSION

The doctoral thesis aimed to achieve the following objectives:

(a) To investigate the relationship between trait rumination and mental health in adolescent
populations using representative cross-sectional and prospective research designs.

(b) To explore the relationship between trait rumination and somatic health in different samples.
(c) To test some moderator variables (gender, age, HRV) in relation to the rumination-health
link.

(d) To examines the correlates of self-critical thoughts and rumination-related thoughts related
to specific stressors, such as the Covid-19 pandemic.

(e) To examine positive rumination in a daily diary study.

(f) To examine the anticipatory stage of emotional information processing in relation to trait

rumination.

Although many studies have investigated the relationship between trait rumination and mental
health in adolescence, our own studies aimed to address several research gaps.

Firstly, to ensure more generalizable results, our primary objective was to test our
hypotheses using representative samples. Consequently, we successfully obtained
representative samples in two cross-sectional and two prospective studies. Secondly, beyond
traditional mental health indicators such as depressive symptoms or emotional and
internalizing symptoms, one of our studies also broadened its focus to include positive
indicators like subjective well-being. Thirdly, in addition to examining the typical gender
differences, we aimed to investigate the moderating role of gender. This was accomplished by
conducting classical interaction analyses in two representative samples and assessing gender
invariance in prospective associations. Fourthly, recognizing rumination as a transdiagnostic
vulnerability factor, we aimed to explore its relation to outcomes beyond depressive symptoms.
Given the prevalence of online gaming among adolescents, particularly boys, and the emphasis
on emotion regulation in existing theories on problem online gaming, we investigated the
association between rumination and problem online gaming. Fifthly, we sought to test the
relationship between rumination and health while considering other emotion regulation
strategies. We analyzed rumination alongside other maladaptive and adaptive emotion
regulation strategies to elucidate interindividual differences in problem online gaming and

depressive symptoms. Finally, while rumination is commonly regarded as a risk factor for the
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onset of depressive symptoms, characterized by the development of a stable ruminative
response style before the manifestation of psychopathology, it is also plausible that heightened
depressive symptoms can have a long-term impact on the utilization of emotion regulation
strategies. Therefore, investigating the reciprocal relationship between symptoms and

rumination is justified.

In summary, our research involving adolescents has established that three
questionnaires—namely, the NPTQ-C (Study 1, 2 and 3), the RRS (Study I), and the CERQ
(Study 4 and 5)—are well-suited for application with high school students. Furthermore, in
Study 1 the NPTQ-C proved to be suitable for use in the younger primary school age group,
and boys and girls conceptualize perseverative cognitions similarly, thus, based on the gender
invariance of the one-factor structure further gender comparison on this scale is meaningful.
Additionally, among adolescents aged 14-18 years we observed that the brooding factor of the
Hungarian 10-item Ruminative Response Scale exhibited a stronger correlation with the
NPTQ-C score in comparison to the reflective pondering subscale. This finding not only
bolsters the construct validity of the NPTQ-C but also affirms its capability to measure the
maladaptive aspects of repetitive negative thoughts.

In our prospective study (Study 3) with representative sample of young adolescents, we
have illustrated that having frequent ruminative/worrisome thoughts when facing problems
serve as a vulnerability factor capable of predicting depressive symptoms. We have
demonstrated that depressive symptoms also wield significant explanatory power for future
perseverative thoughts. The strength of the reciprocal relationship remains similar in both girls
and boys. However, in Study 2 within a cross-sectional design, we identified a stronger
association between perseverative cognitions and emotional symptoms, as well as lower well-
being, in girls. Both findings hold substantial significance. Presently, girls exhibit a stronger
impact in the cross-sectional context, but in the long run, boys may also be susceptible to
depressive symptoms or mood disorders if they posit this cognitive vulnerability factor. We
found that ruminative/worrisome thoughts are correlated with emotional or internalizing
symptoms, even after adjusting for neuroticism. However, the association with externalizing
symptoms diminished after controlling for neuroticism and other Big Five traits.

It 1s worth mentioning that in these studies we used the NPTQ-C that assesses repetitive

negative (or perseverative) thoughts in a general context, incorporating items that encompass
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both rumination and worry. Given the substantial correlation between rumination and worry in
adolescence (Broeren et al., 2011; Young & Dietrich, 2015), their shared unproductive and
difficult-to-control nature (McEvoy & Brans, 2013), and their co-occurrence in worry episodes,
coupled with the worry-enhancement feature of ruminative episode (Vickers & Vogeltanz-
Holm, 2003), it is reasonable to measure ruminative and worrisome thoughts together.

In Study 4 we extended these findings by demonstrating that stress-related rumination
along with other maladaptive emotion regulation strategies such as catastrophizing and self-

blame showed positive concurrent and prospective association with depressive symptoms.

In Study 5 we also demonstrated that stress-related rumination poses a risk for
problematic online gaming among boys, at least within a cross-sectional design. This
underscores rumination as a transdiagnostic vulnerability factor (Watkins and Roberts, 2020),
influencing not only the development of affective disorders but also manifesting a role in the
realm of behavioral addictions. Although different mechanisms may mediate the relationship
between rumination and emotional symptoms compared to addiction. Substance use or
addictive behavior can help to stop rumination and eliminate its disturbing and/or intrusive
nature in the case of chemical and behavioral addictions (Nolen-Hoeksema, 1991; Selby et al.,
2008).

Some of our findings from studies with adults indirectly support this idea. For example,
in adults, we found that the relationship between anger rumination and cannabis use (Horvath
et al., 2022) and depressive rumination and risky drinking (Alpay et al., in preparation) were
mediated by coping motives. Thus, individuals who ruminate more about anger or low mood
are more likely to use substances as a means of relieving distress or other negative emotions
(coping motives). This in turn increases the likelihood of developing problems with hazardous
drinking or cannabis use.

However, it is possible that rumination has different effects on different types of
addiction. For example, our cross-sectional study of adults found that rumination acted as a
mediator between perfectionism and work addiction, and between low self-esteem and work
addiction (Kun et al., 2020). In this case, the underlying mechanism may be the greater
perceived discrepancy between the actual and ideal state, resulting in low perceived progress
towards goals, which triggers rumination. However, further research is needed to test this

hypothesis.
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Furthermore, in the development and maintenance of addiction, altered reward
processing has been suggested as a key mechanism. Two studies (Kocsel et al., 2017; Tsegaye
et al., 2022) have demonstrated that altered reward processing is related to rumination.
Specifically, we found that trait rumination was related to increased neural reactivity to reward
cues (vs. loss cues) (Kocsel et al., 2017) or to difficulties in inhibiting behavior in reward
contexts (Tsegaye et al., 2022). Therefore, it is plausible to suggest that the link between
rumination and addiction is related to altered reward processing,

Based on the findings from adult twin studies the relationship between rumination and
psychopathologies may vary depending on the specific disorder (D. P. Johnson et al., 2016).
For instance, relationship between depression and rumination is due to the considerable genetic
overlap (Chen et al., 2013; D. P. Johnson et al., 2016; D. P. Johnson, Whisman, Corley, Hewitt,
& Friedman, 2014; Moore et al., 2013); but non-shared environmental influences also
contributed to the relationship, which was more pronounced among women in an adult twin
study (D. P. Johnson et al., 2014). While there was no genetic overlap between rumination and
substance abuse, the relationship between substance abuse and rumination was due to
overlapping environmental influences (D. P. Johnson et al., 2016). Thus, to understand
divergent trajectories for individuals with the same transdiagnostic risk factor (Nolen-

Hoeksema & Watkins, 2011) requires further studies.

Furthermore, based on our results in Study 4 and Study 5 we advocate for the
consideration of adaptive trait emotion regulation strategies. In the high school age group, these
strategies when group together into an adaptive factor demonstrated a predictive value for
depressive symptoms comparable to rumination and other maladaptive strategies. In addition,
we also found that using positive reappraisal more often in stressful situations was negatively
associated with problem online gaming when other strategies were controlled for in the
analysis.

Thus, instead of solely focusing on reducing rumination, it may be beneficial to promote
a shift towards using other strategies such as reappraisal or distraction in order to help
attentional disengagement from ruminative thoughts. However, the use of a specific strategy
does not guarantee successful regulation of emotions. Even when adaptive strategies are
employed, emotions can remain dysregulated (Jazaieri et al., 2013). For example, a recent

review on the development of cognitive reappraisal found that while children are capable of
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using it, the data on its effectiveness is mixed. Based on EEG or neuroimaging data, for
instance, it is more likely that reappraisal modifies neural activity in mid or late adolescents
(Willner et al., 2022).

Previous studies using the experience sampling method found that when experiencing
intense negative affect, adolescents tend to choose rumination or distraction (Lennarz et al.,
2019). Therefore, when participants are instructed to reflect on stressful events, the results can
vary greatly depending on the individual's subjective experiences and appraisals. Various
characteristics of stressful events, such as their controllability, recurrence, or episodic nature,
may influence the choice of emotion regulation strategy. In addition, the level of
psychopathological symptoms (Ehring et al., 2010; van den Heuvel et al., 2020) also influences
the choice of strategy. Indeed, it is important to reiterate here that we found that about 30% of
the adolescents had stable moderate depressive symptoms. They had over three times higher
odds of engaging in maladaptive emotion regulation strategies compared to those in the low
symptom group, whereas students in the high stable symptom group (around 7% of youth) had
more than eight times higher odds of using such strategies.

These findings have clear clinical implications. The first step is to identify those who
have moderate to high symptoms, even in non-clinical settings. They can then be helped to
alleviate distress and reduce unproductive thoughts (such as rumination) (Bennett et al., 2021).

Though in the studies presented in this dissertation, we did not assess specific stressors,
however studies demonstrated that chronic or frequent interpersonal stress (Y. Li, T. H.
Schweizer, et al., 2021) or victimization (Peets et al., 2022) predict rumination not just
concurrently, but prospectively as well. Additionally, Malamut and Salmivalli (2023) found
that sad and angry rumination mediated the prospective association between victimization
during school years and adult depressive symptoms and aggressive behaviors (Malamut &
Salmivalli, 2023). Therefore, it is crucial to address rumination in individuals who have
experienced school victimization, especially when considering other potential negative
consequences of school victimization and rumination. School victimization is strongly linked
to internalizing and externalizing symptoms, which in turn increases the risk of non-suicidal
self-injury, as demonstrated in our study involving a large sample of adolescents (Drubina et

al., 2023).
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Previous research has focused mainly on the mental health consequences of rumination,
and only a few studies have examined its relationship with somatic health. We therefore
extended our study to somatic health in Study 2 and Study 8. Our findings from Study 2 are
consistent with our previous study (Kokonyei et al., 2015), indicating that ruminative or
worrisome thoughts are associated with increased levels of subjective health complaints among
adolescents. Furthermore, in Study 8 we found that in university students, rumination was
associated with heightened somatic distress not only concurrently but also prospectively. The
novelty of this study lies in the assessment of self-critical rumination, which predicted somatic
distress measured 6 months later. However, no such relationship was found with subjective
well-being. Subjective well-being was only found to be associated with rumination
concurrently, which is consistent with our previous finding that rumination, as measured by the
Ruminative Thought Style Questionnaire, was associated with psychopathological symptoms
(Kovacs, Kocsel, et al., 2021) in a cross-sectional setting.

Upon analyzing cross-sectional correlations, it was found that the association between
self-critical rumination and somatic distress was dependent on resting heart rate variability.
Resting heart rate variability is believed to reflect better top-down regulation (Thayer et al.,
2012) or sympathovagal tone (Goldberger, 1999; Holzman & Bridgett, 2017). If resting heart
rate variability (HRV) was high, the relationship between self-critical rumination and somatic
distress disappeared. In other words, high resting HRV acted as a protective moderator factor.
However, this could no longer be confirmed in a prospective context. In a recent study, we also
demonstrated (Kocsel et al., 2023) that resting HRV moderates the relationship between pain
catastrophizing, considered to be as a form of repetitive negative thinking (Flink et al., 2013),
and depressive mood. Specifically, there was no significant association between pain
catastrophizing and depressive mood when resting HRV was high. However, their association
was significant when resting HRV was low or moderate. Both studies suggest that high resting
HRYV could act as a protective moderator in cross-sectional settings. However, further research
is required to identify the underlying mechanisms. Additionally, more studies are needed to
investigate the moderating role of HRV in the within-person association between risk factors
(such as rumination) and outcomes (such as negative affects, depressive mood, and somatic

complaints).
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In Study 6 and Study 7 to further explore the relationship between somatic health and
rumination, we looked at the relationship with migraine. To identify participants with migraine
headaches, we used a self-report screening questionnaire in Study 6. Our findings indicate that
among migraineurs in two independent samples, increased psychological distress was
explained by depressive rumination, particularly its brooding component. It is important to note
that in cases of persistent or recurring pain, there is a prospective association between
perseverative cognitions, such as rumination or pain catastrophizing, and emotional distress
(Trick et al., 2014). This finding supports our cross-sectional results. However, the experience
of pain itself can also trigger rumination, which can contribute to the maintenance of pain and
increased distress in chronic pain (Edwards et al., 2011). Rumination on pain is frequently
assessed as a component of pain catastrophizing (Sullivan et al., 1995), that can reliably
distinguish between pain patients and healthy volunteers (Osman et al., 2000), making it a
clinically significant aspect of pain catastrophizing. This is further supported by the results of
our own psychometric study (Galambos et al., 2021). Furthermore, engaging in rumination
after physical activity resulted in higher levels of pain and discomfort compared to distraction
(Fonseca das Neves et al., 2023), and rumination on how physical activity (or any other
activities) can induce pain might contribute to avoidance behavior frequently observed in
chronic pain conditions (Vlaeyen & Linton, 2012). Therefore, further research is necessary to
comprehend the relationship between trait rumination or pain-related rumination and recurring
migraine headaches.

In the Study 7, we included individuals with and without episodic migraine headache
based on a neurologist's evaluation, provided no other mental or somatic illnesses were present.
Higher levels of perceived distress were associated with trait depressive brooding and
rumination about the Covid-19 pandemic. Trait brooding, the maladaptive facet of trait
depressive rumination, and COVID-related rumination were independent from each other in
the control group, while a weak positive correlation was detected among participants diagnosed
with migraine. These results suggest that certain stressors, especially those that are enduring,
can trigger ruminative thoughts even among those who do not tend to use rumination
frequently. These results suggest that exploring specific content-related rumination could be
fruitful to understand when, why and who becomes vulnerable.

According to our studies on facial emotion processing (E. Szabo et al., 2019), pain

processing (Kokonyei et al., 2021) and reward processing (Kocsel, Galambos, et al., 2019) in

233



kokonyei gy 149 23

migraine, increased susceptibility to aversive or threat-related stimuli and decreased reactivity
to reward may be related to heightened vulnerability to stressors such as the Covid-19
pandemic. This finding partially explains the significant relationship between Covid-related
rumination and perceived stress in the migraine, but not in the control group. However, it is
important to note that this study did not find any difference between migraineurs and control
subjects in terms of brooding or Covid-related rumination. In contrast, our NewMood study
revealed significant differences in brooding and reflection between individuals with migraine
headaches and those without headaches. One key difference between the two studies is that in
study on Covid-19 rumination we excluded migraine patients with comorbid mental illness,
whereas the NewMood study did not apply this criterion. In other words, it is possible that the
higher rumination associated with migraine headache in the NewMood study was due to the
associated higher psychological distress or comorbid psychopathologies. Therefore, it is
important to investigate emotion regulation in a larger sample of migraine headache patients
without comorbid disorders and to compare it with emotion regulation in other types of
headache. Nonetheless, our study demonstrated that both brooding and Covid-related
rumination was associated with perceived stress in a very stressful period among migraineurs.

As stressors are proximal triggers of migraine attacks, therapeutic methods that could
reduce responsivity to stress or promote recovery after a stressful day may be promising in
improving quality of life. Indeed, we found that headache-specific autogenic training not only
reduced migraine attacks but also decreased activation in the dorsal pons, which is implicated

in migraine pathophysiology, in response to fearful faces (Dobos et al., 2022).

Study 9 focused on rumination on positive emotions, as little is known about this.
Previous studies have mainly focused on rumination on negative emotions and stressors.
However, there are findings indicating that positively valenced repetitive thoughts are not
uncommon (e.g.(Edwards & Dickerson, 1987). Daily diary studies have an advantage over self-
reports in cross-sectional studies because they are less subjective to retrospective bias and this
design allows for investigation of within-person associations (Bolger et al., 2003). Our
contribution to the existing literature is the demonstration that daily rumination on positive
emotions explains daily negative and positive affect beyond and above daily rumination on
problems and negative affects. However, further research is required to investigate the specific

or distinct characteristics of positive rumination. Is it abstract, intrusive, and difficult to
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disengage from, similar to negative emotion-focused rumination? Additionally, while the
underlying mechanisms, such as emotion intensification, appear to be similar for both types of
rumination (Brandeis et al., 2023), our study suggests that the two forms are independent of
each other, at least at the between-subject level in a non-clinical sample. At the within-person
level, we only observed a weak negative correlation, indicating that both forms can be
employed on the same day. In a future study, it would be worthwhile to investigate whether
repetitive thoughts about positive events and associated emotions can moderate the within-

person relationship between negative rumination and daily outcomes.

Study 10 contributed to the literature on potential underlying mechanisms between
rumination and health. Altered emotional processing or deficits in manipulating emotional
stimuli have been proposed as potential mechanisms. We hypothesized that investigating
expectations, operationalized as the anticipation of aversive stimuli, would significantly
enhance our understanding of these mechanisms and pathways. Previous studies have
examined anticipation as either anticipatory rumination or pre-event rumination, mainly in
association with social anxiety (Clark & Wells, 1995; Norton & Abbott, 2016), or it was
examined how stressor anticipation affects rumination (Kramer et al., 2022).

A different methodology was employed in this study. Using a classic fear-conditioning
task with pain as an unconditioned stimulus we could disentangle anticipation from the
experience of an aversive stimulus. Our results showed that trait rumination was positively
associated with widespread neural activation during pain anticipation, confirming a
relationship between trait rumination and enhanced processing of anticipatory cues.
Association between rumination and anticipation was also detected in our previous study
(Kocsel, 2017), in which we found a significant positive correlation between trait rumination
and reward anticipation (reward cues) compared to loss anticipation (loss cues). The results of
these two studies suggest that both aversive and rewarding cues may be more salient for never-
depressed individuals prone to rumination.

Furthermore, it was discovered that rumination had a negative correlation with the blood-
oxygenation-level-dependent (BOLD) activity in the posterior cingulate cortex when
expectations were not met, such as when a painful stimulus did not follow the pain cue. The

results suggest a new avenue for future research: exploring anticipation processes,
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expectations, and violated expectations could be a productive approach to understanding the
mechanisms underlying the negative effects of rumination on mental and physical health.

Various studies have shown that negative expectations can influence perception and resist
change, even when faced with contradictory experiences. For example, Jepma et al. (2018)
found that participants did not adjust their pain expectations even when the associations
between cues and subsequent stimuli were no longer present. Both expectation-related biases
in perception and confirmation biases in learning boosted this phenomenon. Experimental
research in depression showed that individuals with major depressive disorder did not alter
their performance-related expectations despite experiencing positive disconfirmation (Kube et
al., 2019). These findings show that detecting violated expectations is not a simple task, and
various processes or factors may maintain expectations despite contradictory experiences. For
example, Rief and colleagues (Rief et al., 2015) propose in their Violated Expectation (ViolEx)
Model that individual differences can also influence whether someone updates their
expectation after a violated expectation experience. We suggest that individual differences in
rumination may contribute to the detection of violated expectations, based on the negative
association between neural activity in PCC and trait rumination when expectations were not
met.

Nonetheless, further studies need to characterize anticipation processes, and whether
violated expectations are detected or not, and then subsequently updated or not in trait
rumination using ecological assessments, rumination induction or other methods. Similarly, it
would be interesting to examine how rumination may impact reward-related prediction error,
We hypothesize that rumination will exaggerate the detection of an unexpected omission of
expected reward, again contributing to the perseverance of negative thinking. Moreover,
updating expectations after they have been violated can involve various cognitive processes
(Pinquart et al., 2021), Therefore, it is crucial to examine which cognitive processes may relate

to rumination.
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5 SUPPLEMENTARY MATERIALS

Table S1. Activation changes during pain anticipation

Cluster MNI coordinates
Contrast size Region Side PSZ:(UZ'
(voxels) X y z
Pain cue — No 258 Calcarine R 7.02 9 -79 2
pain cue

Lingual Gyrus R 6.74 6 -76 -1

Lingual Gyrus L 6.67 6 -76 -1

Calcarine L 5.28 -9 -88 5

Calcarine L 4.99 -6 -91 11

No pain cue — 137 Middle Occipital Gyrus L 7.21 -30 -88 5

Pain cue
Inferior Occipital Gyrus 4.53 36 -716 -7

L
157 Middle Occipital Gyrus R 7.01 30 -82 2
Lingual Gyrus R 5.09 24 82 -10

Note. Analyses are conducted using p < 0.001 primary and p(FWE) = 0.05 secondary cluster extent threshold.
R: right; L: left

Figure S1. Occipital activation changes during pain anticipation at p < 0.001 level. Red: increased activation,
blue: decreased activation. Deactivation to omitted pain vs. touch (green) partially overlaps with increased
occipital activation to pain cue (x = 8,y = 4).
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Figure S2. Painful vs. non-painful (blue) and painful vs. validly cued non-painful (touch) stimuli (red) contrasts
and the overlapping activation (purple) at p < 0.001 threshold for illustrative purposes with a minimum cluster
size of 10 voxels.
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Table S2. Activation changes to painful versus non-pain (touch) stimulation that is cue congruent (A) and to
painful and non-painful stimulation that disregard the preceding cues (B)

Cluster

MNI coordinates

Contrast size Region Side PS::(UZ-
(voxels) X y z
Pain - Touch 1590 Insula R 8.75 39 -19 14
Insula R 7.61 45 2 -7
Supramarginal Gyrus R 7.44 60 -34 29
Insula R 6.94 39 -19 2
Insula R 6.78 42 5 2
Insula R 6.78 45 -10 -1
Midbrain R 6.44 6 -31  -16
NA R 6.05 39 5 -16
NA R 6.05 15 -13 -7
NA R 5.78 48 -28 29
Rolandic Operculum R 5.36 51 -28 20
Midbrain L 4.96 -3 -28  -16
Rolandic Operculum R 4.84 57 8 8
Thalamus R 4.75 15 -10 11
Inferior Frontal Gyrus pars R 4.39 42 23 5
Triangularis
Cerebellum R 4.34 12 -34  -25
918 Rolandic Operculum L 7.84 -39 -19 17
Insula L 7.80 -39 -19 11
Supramarginal Gyrus L 7.23 -63 -25 20
Superior Temporal Gyrus L 7.17 -57 31 17
Rolandic Operculum L 6.06 -51 -7 2
Rolandic Operculum L 5.31 -39 -31 17
Insula L 4.49 -39 -19 -4
NA L 441 -36 -22 -1
Middle Temporal Gyrus L 4.12 -63 -28 41
Inferior Frontal Gyrus pars L 3.95 -57 11 5
Opercularis
Inferior Parietal Gyrus L 3.80 -60 -25 44
Inferior Parietal Gyrus L 3.77 -57 -34 47
599 Middle Cingulate Cortex L 6.18 -9 -22 47
Middle Cingulate Cortex R 6.13 3 5 41
Paracentral Lobule R 5.32 12 -34 50
Middle Cingulate Cortex - 5.16 0 -13 41
Middle Cingulate Cortex R 5.05 3 20 32
Middle Cingulate Cortex L 5.04 -3 17 35
Precuneus L 4.77 -12 -55 53
Precuneus L 4.03 -6 -49 56
Precuneus L 3.75 -9 -46 53
Precuneus L 3.72 -15 -46 53
100 Insula L 5.51 -39 -1 -13
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NA L 5.34 -30 5 -19
NA L 4.53 -21 8 -13
Insula L 3.50 -42 14  -10
Cluster ]
Contrast size Region Side Ps::(u: M)’(\“ cozrdlnatezs
(voxels)
Painful — Non- 2045 Insula R 9.11 45 2 -7
painful stimuli Supramarginal Gyrus R 8.22 60 -25 23
(touch +

omitted pain) Insula R 8.18 39 -19 14
Supramarginal Gyrus R 7.91 63 -28 26

NA R 7.81 48 -28 29

Insula R 7.40 39 -19 -1

Heschl Gyrus R 7.39 51 -16 8

Insula R 6.76 45 -10 -1

NA R 6.55 18 -7 -4
Cerebellum R 6.14 27 -37 -28
NA R 6.07 6 -28  -13
Cerebellum R 5.56 12 -55 -16
Cerebellum R 5.40 15 -49  -19

Rolandic Operculum R 5.37 57 5 2

Insula R 4.97 36 11 8
Cerebellum R 4.90 0 -61  -16

657 Superior Temporal Gyrus L 7.39 -51 -34 20

Supramarginal Gyrus L 7.21 -54 -28 20

Superior Temporal Gyrus L 7.14 -57 -31 17

Rolandic Operculum L 6.97 -39 22 20

Supramarginal Gyrus L 6.81 -63 -25 20

Superior Temporal Gyrus L 6.39 -57 -25 11

Rolandic Operculum L 491 -57 2
Superior Temporal Gyrus L 4.53 -57 -4

Supramarginal Gyrus L 4.05 -63 -28 41

Postcentral Gyrus L 3.73 -57 -19 47

Superior Temporal Pole L 3.60 -57 11 -7

497 Middle Cingulate Cortex - 6.78 0 2 41

Middle Cingulate Cortex R 5.02 3 -10 47

Superior Parietal Gyrus L 4.86 -21 -46 68

Paracentral Lobule L 4.56 -6 -28 50

Precuneus L 4.48 -12 -55 56

Precuneus L 4.23 -6 -49 56

NA L 4.21 -21 -40 56

Supplementary Motor Area L 4.15 9 -4 53

NA L 4.12 -24 -34 53

Middle Cingulate Cortex L 4.04 -15 -40 53

Precuneus R 3.94 -15 -52 65
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103 Insula L 6.65 -39 -1 -13
Putamen L 453 -21 8 -10
Pallidum L 3.94 -18 -7 -7

Note. Analyses are conducted using p < 0.001 primary and p(FWE) = 0.05 secondary cluster extent threshold. R:
right; L: left; NA: coordinates are not in AAL

Figure S3. Pain vs. omitted pain (red) and pain vs. touch (blue) contrasts and the overlapping activation (purple)
at p < 0.001 threshold for illustrative purposes with a minimum cluster size of 10 voxels.
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Table S3. Activation changes to omitted pain vs. pain

Cluster MNI coordinates
Contrast (VSOI)Z(;S Region Side PS::(UZ- . y ,
Omitted pain - Pain 7)5 Angular Gyrus R 8.09 48 -61 38
Angular Gyrus R 7.55 45  -61 44
Angular Gyrus R 7.24 42  -58 32
Pain - Omitted pain 1228 Supramarginal Gyrus R 6.86 48  -28 26
Supramarginal Gyrus R 6.46 60 -25 23
Insula R 6.27 45 2 -7
Heschl Gyrus R 6.07 45 22 11
Superior Temporal Gyrus R 5.86 42  -19 -1
Superior Temporal Gyrus R 5.76 48  -13 -1
Rolandic Operculum R 5.62 39 -13 17
Supramarginal Gyrus R 4.98 63 -25 35
Rolandic Operculum R 4.67 57 5 2
NA R 4.39 51 11 -7
Insula R 6.64 42 -10 -10
NA R 5.59 39 -28 -1
Superior Temporal Gyrus R 5.50 66 -34 11
380 Supramarginal Gyrus L 5.38 -54  -28 23
Postcentral Gyrus L 4.98 51 -19 20
Superior Temporal Gyrus L 3.71 -60 -22 11
Postcentral Gyrus L 3.60 -54  -16 17
Rolandic Operculum L 6.46 -39 -25 17
Rolandic Operculum L 4.56 -60 -1 5
Rolandic Operculum L 4.49 -57 2 2
250 Cerebellum R 3.82 18 -49 -25
Cerebellum R 3.72 3 -61 -25
Cerebellum - 8.09 0 -64 -19
Cerebellum R 7.55 3 -70 -7
Lingual Gyrus R 7.24 6 -67 -4
Omitted pain - No significant activation
Touch
Touch - Omitted 74 Calcarine R 4.47 6 -79 5
Pain Lingual Gyrus R 4.39 9 -64 -1
Lingual Gyrus R 4.27 9 -73 -1

Note. Analyses are conducted using p < 0.001 primary and p(FWE) = 0.05 secondary cluster extent threshold. R:

right; L: left. NA: coordinates are not in AAL.
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Table S4. Anticipation of pain in relation to rumination controlled for current depressive symptoms

Contrast RRS Cluste Region Side  Peak T- MNI Coordinates
r size value X y z
(voxel
S)
Pain cuevs. + 66 Inferior Temporal Gyrus L 5.95 -42 -61 -7
No Pain Inferior Temporal Gyrus L 4.28 -48 -61 -13
cue
244 Paracentral Lobule R 541 12 -31 56
NA L 4.86 -18 -22 47
Postcentral Gyrus L 4.79 -27 -34 47
Midcingulate Cortex L 4.67 -9 -22 47
NA L 4.47 -27 -7 44
Postcentral Gyrus L 4.44 -24 -37 50
SMA L 4.16 0 -16 53
SMA L 4.07 -4 53
SMA R 3.83 3 -22 50
SMA R 3.70 6 -22 59
116 Insula R 5.22 45 5 -1
Rolandic Operculum R 4.61 54 -10 14
NA R 4.40 36 -7 -4
Rolandic Operculum R 4.14 48 5 11
Putamen R 4.12 33 -10 -7
186 NA R 5.19 42 -40 5
Superior Temporal Gyrus R 4.98 57 -37 8
Middle Temporal Gyrus R 4.64 45 -61 14
NA R 4.59 42 -49 -1
Fusiform Gyrus R 3.98 42 -49 13
71 Inferior Parietal Lobule R 491 39 -49 47
Supramarginal Gyrus R 4.75 51 -40 41
177 Superior Occipital Gyrus L 4,52 -21 -70 29
Superior Parietal Lobule L 4.47 -15 -70 47
Precuneus L 4.38 -15 -58 50
Middle Occipital Lobule L 4.18 -36 -67 23
Middle Occipital Lobule L 4.15 -36 -70 17
Cuneus L 4.04 -24 -73 14
Inferior Parietal Lobule L 3.90 -24 -67 41
Precuneus L 3.83 -18 -58 35
NA L 3.71 -33 -55 26
Middle Occipital Gyrus L 3.69 -30 -73 38
Inferior Parietal Lobule L 3.66 -30 -52 38

Note. Analyses are conducted using p < 0.001 primary and p(FWE) = 0.05 secondary cluster extent threshold. RRS:
10-item Ruminative Response Scale; +: positive correlation. R: right; L: left. SMA: Supplementary Motor Area;NA:
coordinates are not in AAL.
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Table S5. Anticipation of pain in relation to rumination controlled for trait anxiety

Contrast RR  Cluster Region Side  Peak T- MNI Coordinates
S size value

(voxels X y z

Pain cue + 6)9 Inferior Temporal Gyrus L 6.01 -42  -61 -7
VS,

No Pain Inferior Temporal Gyrus L 4.31 -48  -61 -13
cue

296 Superior Temporal Gyrus R 5.51 30 -67 17

Superior Temporal Gyrus R 5.42 42 -49 -1

Superior Temporal Gyrus R 5.40 42 -40 5

106 Inferior Parietal Lobule R 5.26 39 49 44

Supramarginal Gyrus R 4.54 51  -40 41

Superior Parietal Lobule R 3.94 33 -64 50

168 Paracentral Lobule R 5.21 12 31 56

Paracentral Lobule L 4.87 -18  -22 47

Postcentral Gyrus L 4.70 27 -34 47

338 Precuneus L 5.00 -12 -70 47

Superior Occipital Lobule L 451 21 -70 29

Precuneus L 451 -15  -58 50

111 Inferior Frontal Gyrus, pars R 4.77 48 20 23

triangularis
Inferior Frontal Gyrs, R 4.50 42 8 26
Pars opercularis
Inferior Frontal Gyrs, R 4.48 30 14 38
Pars opercularis

90 Posterior Cingulate L 4.57 -3 -49 20

107 Precuneus R 4.44 15 -55 44

Superior Parietal Lobule R 3.71 18 -52 59

Midcingulum R 3.50 15 43 35

Note. Analyses are conducted using p < 0.001 primary and p(FWE) = 0.05 secondary cluster extent threshold.
RRS: 10-item Ruminative Response Scale; +: positive correlation. R: right; L: left.
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Contrast RRS  Cluster Region Side  Peak T-  MNI Coordinates
size value X y z
(voxels

Pain vs. touch  + 6)8 Middle Frontal Gyrus R 4.85 36 56 5
Superior Frontal Gyrus R 4.37 21 59 8

Superior Frontal Gyrus R 4.24 27 50 17

Middle Frontal Gyrus R 3.65 45 50 2

Painful vs. + 203 Superior Frontal Gyrus R 5.50 21 59 8
Non-painful Middle Frontal Gyrus R 5.41 39 53 2
Inferior Frontal Gyrus R 5.33 42 47 2

Superior Frontal Gyrus R 4.96 24 62 2

Superior Frontal Gyrus R 4,74 30 53 14

Middle Frontal Gyrus R 4.62 27 50 17

Middle Frontal Gyrus R 451 36 50 20

Superior Frontal Gyrus R 3.84 21 53 -1

Middle Frontal Gyrus R 3.66 33 41 17

61 Inferior Frontal Gyrus, R 5.01 42 11 14

pars opercularis

NA R 4.04 30 23 14

136 Inferior Parietal Lobule R 4.96 45 55 B0

Inferior Parietal Lobule R 491 45 49 47

Angular Gyrus R 481 42 61 50

Inferior Parietal Lobule R 4.65 36 -55 47

Supramarginal Gyrus R 4.54 54  -43 44

Angular Gyrus R 4.47 36 -64 47

73 Middle Frontal Gyrus R 4.83 36 -1 62

Superior Frontal Gyrus R 4.48 33 -4 65

Precentral Gyrus R 4.37 48 2 44

Frontal Superior Gyrus R 4.30 24 5 62

Precentral Gyrus R 4.04 45 2 50

Middle Frontal Gyrus R 3.86 42 2 59

Middle Frontal Gyrus R 3.85 30 8 53

Superior Frontal Gyrus R 3.75 24 11 53

Omitted Pain - 269 Posterior Cingulate R 5.74 3 3723
vs. Pain Midcingulate R 4.64 9 -28 41
Midcingulate 4.47 0 -25 32

Midcingulate L 417 -12 31 38

Midcingulate L 3.98 -15 43 35

Midcingulate R 3.66 18 -37 41

153 Thalamus L 5.73 -3 -16 17

Thalamus L 4.45 -12 25 17

Caudate L 4.17 -6 5 14

Thalamus L 4.08 -3 -7 11

NA R 4.00 18 34 14

Caudate L 3.90 -15 -7 20
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NA

181 Middle Frontal Gyrus
Superior Frontal Gyrus
Superior Frontal Gyrus
Superior Frontal Gyrus
Superior Frontal Gyrus
Middle Frontal Gyrus
Middle Frontal Gyrus
Middle Frontal Gyrus
Middle Frontal Gyrus

128 Inferior Parietal Lobule
Inferior Parietal Lobule
Supramarginal Gyrus
Supramarginal Gyrus

67 Middle Frontal Gyrus
Middle Frontal Gyrus
Middle Frontal Gyrus
Middle Frontal Gyrus
Middle Frontal Gyrus

3.82 15 -37 14
5.48 42 47 2
5.10 21 59 8
5.06 24 62 2
4.69 27 59 11
4.64 21 53 -1
4.20 36 50 20
4.05 30 50 17
4.02 36 50 11
3.74 33 41 17
5.18 42 55 47
4.93 36 -55 44
3.96 57  -43 38
3.75 48 -43 35
5.14 42 17 35
4.22 45 20 47
3.93 45 32 35
3.69 33 8 38
3.60 36 11 41

L XV XVWXHXVTIV XTIV VIV XIVOVD VOV OV OV OO 0TI

66 NA 4.87 39 11 20

Inferior Frontal Gyrus, pars 4.52 48 14 17
opercularis

NA R 4.46 45 8 17

NA R 431 36 8 23

Inferior Frontal Gyrus, parts R 3.62 57 20 23

triangularis
Touch vs. - 78 Postcentral Gyrus R 5.06 27 -43 50
Omitted pain Midcingulate R 4,72 15 -34 38
Midcingulate R 4.60 15 -34 56

Precuneus R 4.42 12 -46 56

Note. Analyses are conducted using p < 0.001 primary and p(FWE) = 0.05 secondary cluster extent threshold.
RRS: 10-item Ruminative Response Scale; +: positive correlation; -: negative correlation; R: right; L: left. NA:
coordinates are not in AAL.
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