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CHAPTER 1
General Introduction



IN
TR

O
D

U
C

TI
O

N Major Depressive Disorder (MDD) is a highly prevalent disorder with 
substantial disease burden, which could in part be contributed to 
its recurrent character. A better understanding of neurocognitive 
mechanisms underlying recurrence is crucial for identification of patients 
at risk for relapse and for improving preventive treatment. The focus 
of this thesis is on functional neuroimaging of affective processing and 
regulation in relation to recurrence in MDD. Residual abnormalities in 
remitted depression may reflect a vulnerability to subsequent recurrence. 
In this thesis, we study the vulnerability to relapse, by studying neural 
and behavioural abnormalities in emotion regulation and self-referential 
processing as characteristics of the remitted state. Furthermore, we 
will examine these processes as potential predictors of relapse and as a 
consequence of previous depressive course. Finally, we aim to contribute 
to a better understanding of the neurocognitive working mechanisms 
of preventive therapy. Insight into factors contributing to resilience may 
aid our understanding of factors involved in vulnerability mechanisms.
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CLINICAL OUTLINE OF RECURRENCE IN 
DEPRESSION
Major Depressive Disorder and the burden of recurrence
Clinical features of Major Depressive Disorder
MDD is a psychiatric disorder with a highly heterogeneous clinical presentation. One 

depressed patient may experience entirely different symptoms than another depressed 

patient, and also the severity, frequency, and duration of symptoms vary strongly among 

individuals. For an MDD diagnosis, several symptoms are required in addition to the 

core symptoms of depressed mood and/or loss of interest or pleasure, according to 

the Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM-5) (American 

Psychiatric Association, 2013) (see Box I for full diagnostic criteria). These symptoms 

need to be severe enough to cause functional impairments, and to be present for at 

least two weeks to fulfil the diagnostic criteria. On average, however, episodes last for 

20 to 30 weeks (Kessler et al., 2003; Rohde et al., 2013).

MDD is associated with high disease burden, and is labelled as the most disabling 

psychiatric disorder worldwide (in terms of years lost to disability) (Ferrari et al., 2013; 

Whiteford et al., 2013). The World Health Organization (WHO) predicts that depression 

is the second leading cause of disease burden worldwide by the year 2030 (Mathers 

and Loncar, 2006). A depressive episode strongly interferes with a persons’ ability to 

function in daily life, and increases the risk of suicide, and comorbid psychiatric and 

somatic conditions (Kessler et al., 1997; Buist-Bouwman et al., 2006; Biesheuvel-Leliefeld 

et al., 2016). Furthermore, the economic impact on society is major (Sobocki et al., 2006b) 

and pursuing full remission has considerable health economic consequences (Sobocki 

et al., 2006a).

MDD is one of the most common mental disorders: approximately one in six men and 

one in four women will experience a depressive episode at some point in their lives 

(Kessler et al., 1994, 1997). Several major studies investigated the prevalence of MDD 

within the general population. The Global Burden of Diseases, Injuries, and Risk Factors 

study (GBD) estimated the prevalence of 328 diseases between 1990 and 2016 worldwide. 

In the year 2016, 268 million people were experiencing a depressive disorder (including 

MDD and dysthymia) (Vos et al., 2017). A study of prevalence in high and low to middle 

income countries showed a lifetime prevalence of 19% in the United States and 18% in 

the Netherlands (Bromet et al., 2011). Within the Netherlands, the Netherlands Mental 

Health Survey and Incidence Study (NEMESIS-2) reported a similar lifetime prevalence of 

20% and a 12-month prevalence of 6% (de Graaf et al., 2010). Altogether, these worrying 

numbers emphasize the need for depression research as a global priority.

1
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Box I. Diagnostic criteria of Major Depressive Disorder

According to the DSM-5, Major Depressive Disorder is characterized by:

A. Five (or more) of the following symptoms, present for at least a two-week period, representing a 

change from previous functioning. At least two of these symptoms should be either (1) depressed 

mood, or (2) loss of interest or pleasure

1. Depressed mood

0 For most of the day, nearly every day

2. Diminished interest or pleasure

0 In all, or almost all, activities

0 For most of the day, nearly every day

3. Significant weight loss or weight gain, or a decrease or increase in appetite

0 E.g. a change of more than 5% of body weight in a month

0 Difference in appetite nearly every day

4. Insomnia or hypersomnia

0 Nearly every day

5. Psychomotor agitation or retardation

0 Observable by others, not merely subjective feelings of restlessness or being slowed down

0 Nearly every day

6. Fatigue or loss of energy

0 Nearly every day

7. Feelings of worthlessness or excessive or inappropriate guilt

0 Not merely self-reproach or guilt about having a psychiatric disorder

0 May be delusional

0 Nearly every day

8. Diminished ability to think or concentrate, or indecisiveness

0 Either by subjective account or as observed by others

0 Nearly every day

9. Recurrent thoughts of death (not just fear of dying), recurrent suicidal ideation without a 

specific plan, or a suicide attempt or a specific plan for committing suicide.

B. The symptoms cause clinically significant distress or impairment in social, occupational, or other 

important areas of functioning.

C. The episode is not attributable to the physiological effects of a substance or to another medical 

condition.

D. The occurrence of the Major Depressive Episode is not better explained by schizoaffective 

disorder, schizophrenia, schizophreniform disorder, delusional disorder, or other specified and 

unspecified schizophrenia spectrum and other psychotic disorders.

E. There has never been a manic or a hypomanic episode.
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The burden of recurrent depression
Even though diagnostic tools, such as the DSM-5, are based on the presence of symptoms 

as assessed at one point in time, the recurrent character of depression has since long 

been recognized. Already in 1973 it was noted that “single episodes are extremely rare if the 

period of observation is significantly extended” (Angst et al., 1973). It has been proposed 

to not just focus on acute and time-limited depressive pathology, but to consider MDD 

a disorder of recurrent episodes (Hetrick et al., 2008, Bockting et al., 2015a). Recurrence 

is defined as experiencing at least two MDD episodes, separated by a period of minimal 

two months in which the diagnostic criteria were not met (Frank et al., 1991) (see Box 

II). Recurrent depression may have severe personal consequences. For example, 90% of 

young adults with a 12-month or lifetime diagnosis of recurrent MDD report “very much” 

impairment and limited work productivity and social interactions (Wittchen et al., 1998). 

Additionally, the widespread societal and economic burden of recurrent depression is 

quite significant, with an estimated cost of $210.5 billion in the year 2015 in the United 

States alone. These costs are attributable to medical costs, suicide-related costs, 

workplace related (mainly absenteeism) costs and comorbid conditions, for patients 

having had at least two episodes (Greenberg et al., 2015).

Within the MDD literature, different prevalence percentages of recurrence have been 

reported, depending on healthcare setting and follow-up duration. In clinical cohorts, 

recurrence rates of 25% within one year, 42% within two years, between 60 and 71% within 

five years, 67% within ten years, and 85% within 15 years have been reported (Mueller et al., 

1999; Solomon et al., 2000; Eaton et al., 2008; Holma et al., 2008; Hardeveld et al., 2013).

Furthermore, with every cumulative episode, there is an increasing risk of relapse of 

16 to 18% (Mueller et al., 1999; Solomon et al., 2000; Kendler et al., 2001) and sooner 

occurring, more severe and more treatment-resistant episodes (Greden, 2001), 

suggesting an expanding vulnerability with subsequent episodes (Boland and Keller, 

2002). In a population with a history of recurrent episodes, relapse rates are even higher, 

varying between 50 and 53% within one year, between 33 and 68% within 14 to 15 months, 

between 47 and 64% within two years, 87% within five and half years, and 94% within ten 

years (Teasdale et al., 2000; Ma and Teasdale, 2004; Bockting et al., 2005, 2009, 2015b; 

Kuyken et al., 2008, 2015; Bondolfi et al., 2010; Godfrin and van Heeringen, 2010; Williams 

et al., 2014; Huijbers et al., 2015; Biesheuvel-Leliefeld et al., 2017; de Jonge et al., 2019). On 

average, patients with a MDD history face the tragic prospect of having five (Kessler and 

Walters, 1998) to nine (Kessler et al., 1997) depressive episodes in the course of their lives. 

All in all, a shift towards viewing MDD as a lifelong disorder, with a relapsing-remitting 

nature and often debilitating residual subclinical symptoms in between episodes, seems 

accurate for many patients (Greden, 2001; Burcusa and Iacono, 2007; Klein and Allmann, 

2014; Buckman et al., 2018).

1
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Because of the problematic recurrent nature of MDD and its severe consequences, it is 

of great clinical importance to improve preventive treatment and to tailor preventive 

strategies to individual relapse risk. Current clinical guidelines advise the assessment 

of patients at high risk for relapse, based on specific predictors (National Institute for 

Health and Care Excellence, 2009; American Psychiatric Association, 2010). Several 

demographic and clinical predictors of recurrence have been found, of which a history 

of recurrence, subclinical residual symptoms and childhood maltreatment are the most 

consistent findings (Mueller et al., 1999; ten Doesschate et al., 2010; Hardeveld et al., 2013; 

Buckman et al., 2018). Also greater severity of the prior episode, younger age of first 

onset, neuroticism and comorbid anxiety may be prognostic factors (Buckman et al., 

2018). Unfortunately, none of these characteristics is very specific, or able to confidently 

predict individual relapse risk.

In addition to demographic prognostic factors, several cognitive-affective abnormalities 

have been found related to recurrence risk as well, such as rumination, information 

processing biases, cognitive reactivity, and cognitive and attentional control (Beckerman 

and Corbett, 2010; Demeyer et al., 2012; Buckman et al., 2018). These findings suggest 

vulnerability to recurrence is underpinned by cognitive-affective processes. Based on 

the predictors found in his meta-analysis, Buckman et al. (2018) propose a framework of 

factors facilitating relapse, including clinical and demographic characteristics, but also 

neural mechanisms, cognitive and information processing, cognitive and mood reactivity, 

and mood and interpersonal stress. More insight into the neurocognitive-affective 

mechanisms underlying recurrence may aid the identification of individual predictors 

and the improvement of preventive treatment, and will be the focus of this thesis.
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Box II. Definitions of possible stages of the depressive course

For conceptual clarity and to allow comparison between studies, the different phases of depressive 

course should be clearly defined. Here the criteria of the ‘MacArthur Research Network on the 

Psychobiology of Depression’ (Frank et al., 1991) are being used.

Episode An MDD episode is defined as a period of time in which the patient consistently experiences 

symptoms, sufficient to meet the diagnostic criteria (Box I).

Remission Remission is divided into partial/unstable and full/stable remission (Frank et al., 1991, 

Bockting et al., 2015a). A partial remission is a period during which an individual no longer meets the 

diagnostic criteria, but still experiences more than minimal symptoms. A full remission is defined by 

a sustained period of time in which the patient is asymptomatic, or only shows minimal symptoms.

Response Remission due to treatment intervention.

Recovery Recovery follows from remission or response, having experienced no symptoms for a 

certain length of time (> two months), denoting the end of an episode.

Relapse The re-emergence of symptoms following initial remission, but preceding recovery.

Recurrence Recurrence refers to the onset of a new episode, following an extended period of full 

remission/recovery.

In this thesis, samples are presented in which participants are in either full remission or full recovery. 

For simplicity reasons, they will be called ‘remitted MDD patients’, or ‘remitted recurrent MDD 

(rrMDD) patients’.

Figure 1. Course of Major Depressive Disorder.

symptoms
syndrome

response

relapse recurrence

remission recovery

no depression
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Note. Figure based on Frank et al., 1991; Kupfer, 1991, Bockting et al., 2015a.
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UNDERSTANDING NEUROCOGNITIVE 
VULNERABILITY TO RECURRENCE
Cognitive-affective mechanisms of recurrent depression
Cognitive model of (recurrent) depression
Cognitive models of depression describe how “thoughts, interferences and attitudes, as 

well as the ways in which people attend to, interpret, and recall emotion-eliciting events, 

determine their emotional responses” (Joormann and Arditte, 2014), which may provide 

a framework for understanding vulnerability to recurrence. Following from these 

models, both the content of cognitions and the nature of cognitive processes are 

important to our understanding of depression, and deserve our scientific attention. 

According to Beck’s cognitive model, internal or external stressful triggers may 

activate self-referential schemas (or beliefs, representations of ideas, or attitudes), 

which influence the processing and filtering of information (Beck, 2008). In the case of 

depression, schemas often include adverse themes of loss, worthlessness or rejection. 

In the model of depression, information processing is biased congruently with these 

dysfunctional schemas, influencing affective states and automatic negative cognitions, 

thereby contributing to the development and exacerbation of depressive symptoms 

(Beck et al., 1979; Joormann and Arditte, 2014). Hence, vulnerability to depression can 

be conceptualized as both a tendency to over-engage with, and problems disengaging 

from, negative information. These tendencies are reflected in typical depressive biases, 

for example in attention, processing, memory, or thinking (Mathews and MacLeod, 2005; 

Disner et al., 2011).

Of these biases, abnormal attention to affective information may serve depressive 

vulnerability by limited gating of negative emotional information and over-gating of 

positive information, leading to an overrepresentation of negative information in one’s 

mind, and thereby facilitating negative affect. MDD is typically characterized by an 

attention bias favouring negative information, and disfavouring positive information 

(Peckham et al., 2010; Armstrong and Olatunji, 2012; Winer and Salem, 2016). Second, 

once perceived, information may be processed in a negative, depression-congruent 

manner, for example in the form of a tendency to appraise situations as more negative 

(Disner et al., 2011). Furthermore, a better memory for negative than positive events, and 

over-general autobiographical processing may influence the onset and perpetuation of 

depression by shaping a person’s narrative about him- or herself (Burt et al., 1995; Gaddy 

and Ingram, 2014, Vrijsen et al., 2014a; Marchetti et al., 2018). Finally, rumination, or biased 

repetitively thinking about the causes, consequences or meaning of negative thoughts 

or experiences, has been proposed to be a trait-like response to negative affect in MDD 

patients, exacerbating depressive mood (Nolen-Hoeksema et al., 2008). This is the core 
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idea of the response styles theory (Nolen-Hoeksema, 1991, 2003), a theory closely related 

to Beck’s cognitive theory of depression (Joormann and Arditte, 2014). Unlike automatic 

negative cognitions, rumination involves a style of thinking, rather than the negative 

content of thoughts. Following from the response styles theory, this ruminative style of 

reacting to depression-congruent thoughts, and not the content of these thoughts itself, 

is underlying vulnerability to depression. Indeed, rumination has been found to predict 

depressive severity over and above negative cognitions (Nolen-Hoeksema et al., 1994).

The cognitive model of depression may provide a useful conceptual framework for 

understanding recurrence. However, it was initially designed to explain the development 

of a first MDD episode, and does not explain why a certain amount of patients only 

experiences a single episode during their lives, and others are prone to a less favourable 

course (including depressive relapses). The mechanisms underlying recurrence may be 

different from the vulnerability of developing a first episode (Lewinsohn et al., 1999). For 

example, several demographic characteristics that were associated with MDD onset, 

such as being female or low socio-economic status, seem less relevant for predicting 

recurrence (Birmaher et al., 2004; Burcusa and Iacono, 2007; Buckman et al., 2018). Also, 

psychosocial stressors seem to have a greater role in developing first episodes than 

in subsequent episodes, while dysfunctional thinking styles may be stronger related 

to recurrence than to first episodes (Post, 1992; Lewinsohn et al., 1999). Furthermore, 

the duration of episodes does not seem related to recurrence (Burcusa and Iacono, 

2007), suggesting that also persistence and recurrence may have independent underlying 

mechanisms. It has often been proposed that biased cognitive processing is state-

independent, representing a residual vulnerability mechanism for recurrence, in the same 

manner as for onset and perpetuation of symptoms (Mathews and MacLeod, 2005; Beck, 

2008; Gotlib and Joormann, 2010). Cognitive vulnerability may increase as a function of 

previous episodes, possibly because depressed mood and depressed cognitions become 

increasingly connected during successive episodes (Segal et al., 2006). However, a recent 

meta-analysis of prospective studies shows only a small relationship between cognitive 

theory-derived processes (such as dysfunctional attitudes) and recurrence (Brouwer 

et al., 2019), which suggests there is no consistent ground yet for assuming these are 

causal factors of relapse, and more research into theory-derived predictors of recurrence 

is necessary. Further research into the relation of cognitive-affective processes with 

1
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previous depressive load is needed in order to better understand the relevance for 

recurrence. In Chapter 5 we will discuss this further.

Figure 2. Cognitive models of vulnerability to depression, possibly also underlying vulnerability to relapse.

schemas

internal/external 
triggers

Major Depressive Disorder

negative affect

cognitive control

depression-congruent biased information processing 
(engagement & disengagement)

attention processing thinking

appraisal

reappraisal

activation

cognitive models of depression

memory

content

schema model

impaired cognitive control model emotion regulation model

response style theory

Emotion regulation and recurrent depression
Impaired cognitive control model of depression
Rumination has consistently been related to recurrence (Nolen-Hoeksema, 1991; 

Nolen-Hoeksema et al., 2008; Michalak et al., 2011; Elgersma et al., 2015; Figueroa et al., 

2015; Buckman et al., 2018). Rumination is characterized by uncontrollable repetitive 

thinking, suggesting underlying deficits in executive functioning or cognitive control. 

These deficits may take the form of a disability to adequately “inhibit the processing 

of negative material in working memory along with deficits in removing negative material 

and updating the contents of working memory” (Ahern et al., 2019), and are seen as a 

hallmark of MDD (Gotlib and Joormann, 2010). The impaired cognitive control model of 

depression proposes that, as an additional mechanism to biased filtering and processing 

of emotional information, dysfunctional cognitive control on these processes will 

augment the continuation of negative affect (Joormann et al., 2007b). Several studies 

have demonstrated impaired cognitive control in remitted MDD patients, suggesting 

that cognitive biases may also emerge without depressive mood activating dysfunctional 

schemas (Demeyer et al., 2012; Everaert et al., 2012). Impaired inhibition may even underlie 
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problems in disengaging from negative emotional information or thoughts (Gotlib 

IH, 2010), thereby facilitating the biased processing biases described in the cognitive 

model. Furthermore, impaired cognitive control may also directly influence affective 

processing (i.e. emotion regulation), in addition to the indirect biased processing-route 

in the cognitive model.

Emotion regulation
Emotion regulation “refers to shaping which emotions one has, when one has them, and 

how one experiences these emotions” (Gross, 1998), and requires the (conscious or 

automatic) activation of a goal to influence ones emotions (Gross and Jazaieri, 2014). Even 

though emotion regulation is often initiated intentionally (explicit emotion regulation), 

regulation can also occur automatic and unintentionally (implicit emotion regulation) 

(Mauss et al., 2007; Braunstein et al., 2017). The notion that emotion regulation can take 

place implicitly and without conscious goal, implies that regulation can be employed at 

a very early stage of emotion generation (Joormann and Stanton, 2016).

There are many regulatory strategies to influence ones emotion at such a later stage, of 

which the best known is cognitive reappraisal. Cognitive reappraisal involves changing 

the way one thinks about (or appraises) a certain situation (e.g. “this negative situation 

is a chance for me to learn more”), thereby modifying its emotional significance and 

affective quality, and ultimately one’s affective state. Another cognitive example 

of a regulatory strategy is rumination, or repetitively going over the meaning and 

consequences of negative emotions/situations (e.g. “why do things like this always 

happen to me?”), with the goal (but not the outcome) of gaining more control over (and 

thereby improving) one’s affect. Furthermore, distancing involves a cognitive strategy 

in which one simulates a certain distance between oneself and a negative situation (e.g. 

“this situation does not apply to me”). Acceptance involves a way of coping with negative 

thoughts or feelings, by accepting they are there. On a less higher-order cognitive level, 

is for example a strategy such as distraction. Distraction involves refocusing attention 

to other (external or internal) aspects of a situation, thereby modifying its affective 

impact. A more behavioural strategy involves suppression of emotional expressions, 

or the attempt to inhibit ongoing emotional behaviour. Finally, dampening is a strategy 

that has been mainly described in the context of positive affect, and involves lowering 

one’s positive affect by focusing on the negative aspects of the situation. Savouring of 

positive affect, on the other hand, concerns increasing the positive emotional experience 

by focusing on the positive aspects of the situation or the emotional experience. The 

most studied strategy is cognitive reappraisal, for several reasons: it is very effective at 

regulating emotions (without the physiological or psychological cost that is associated 

with for example suppression (Gross, 1998)); effects are longer-lasting than other 

1
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strategies (e.g. distraction) (Ochsner and Gross, 2005b; Kross and Ayduk, 2008; Silvers et 

al., 2014) and therefore more easily measurable; the technique is easily administered upon 

instruction; and the concept of cognitive reappraisal underlies many cognitive therapies.

Box III. Disentangling affective states

Given the lack of conceptual and definitional clarity in emotion regulation research (Bloch et al., 

2010), here we aim to give a description of various affective states that is both in line with the general 

affective theories, and with the intended use of these concepts within this thesis.

Affect Emotion, affect and mood are often used interchangeably, but refer to different states. Affect 

can be used as an umbrella term to refer to the overall category of states that involve good-bad 

discriminations (including emotions, stress responses and moods) (Bloch et al., 2010; Gross, 2014).

Emotion Emotions (i.e. anger or sadness) typically are of short duration and have a rapid onset 

(Ekman, 1992; Frijda, 1993). Emotions are multifaceted, consisting of a subjective experience, 

behavioural and (central and peripheral) physiological component (Mauss et al., 2005). They are 

whole-body responses to significant (either internal or external) goal-congruent or -incongruent 

events, and may give rise to behavioural responses (Gross, 2014).

Mood Where emotions can be metaphorically viewed as the weather, mood can be considered the 

climate. Moods may last for hours, days or weeks, and can be without specific object of focus. A 

mood is more diffuse than an emotion, and may be composed by one or more emotions (Ekman, 

1992; Frijda, 1993). Moods have been found to especially bias cognition, and not action (Siemer, 2001; 

Gross, 2014). An enduring negative mood may result in a depression.

Emotion regulation and recurrent depression
Impaired capability to regulate one’s emotions may affect the ability to recover from 

negative affect. When uncorrected, negative affective states may ultimately spiral into a 

depressive episode. MDD has often been described as a disorder of emotion regulation, 

and has consistently been associated with a tendency to use less effective strategies that 

are generally related to lower affect and mental wellbeing (e.g. expressive suppression of 

negative emotions or dampening of positive emotions) (Garnefski and Kraaij, 2006; Visted 

et al., 2018). Additionally, MDD patients seem less understanding of their emotions (Rude 

and McCarthy, 2003), less acceptant of negative emotions (Hayes et al., 2004), to have 

a lower belief in their ability to adequately regulate negative emotions (Catanzaro and 

Mearns, 1990), and to have a high tendency to ruminate on negative content. Emotion 

regulation skills in depression have been associated with subsequent course: regulation 
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has for example been found to predict depressive symptoms over five years (Berking 

et al., 2014) or a reduction of symptoms following treatment (Radkovsky et al., 2014). 

Given that dysfunctional regulatory strategy use has been reported following remission 

(although not consistently) (Ehring et al., 2008; Visted et al., 2018), it is apprehensible that 

dysfunctional emotion regulation plays a crucial role in relapse vulnerability. Whether (and 

how) emotion regulation actually constitutes a vulnerability mechanism for a recurrent 

course is not yet known. Furthermore, it is not yet clear whether such a vulnerability has 

the form of a habit to use less functional strategies, a limited repertoire of strategies, 

or an underlying lower neural capacity of regulatory control (Joormann and Stanton, 

2016). Within this thesis, we aim to gain more insight into these issues (see Chapter 3).

Furthermore, given that cognition is the main route through which emotions are being 

regulated, cognitive processing biases may not only influence the affective state, but 

also regulation of these states (Gotlib IH, 2010; Joormann and Stanton, 2016). A better 

understanding of how cognitive processes and affective states interact with emotion 

regulation allows for a better understanding of difficulties (remitted) MDD patients 

may experience while developing more functional ways of thinking, one of the key 

goals of cognitive therapies (Everaert et al., 2012; Joormann and Siemer, 2014). Chapter 

3 will discuss whether (neural and behavioural) emotion regulation abnormalities are 

underpinned by immediate processing biases.

Positive affect and recurrent depression
Currently, most studies on emotion regulation have focused solely on regulation of 

negative emotions, even though abnormalities in positive affect seem important 

for understanding MDD psychopathology as well, especially in relation to anhedonic 

symptoms (Heller et al., 2009; Gradin et al., 2011; Light et al., 2011; Carl et al., 2013). Higher 

positive affect has been related to better subsequent treatment response (Geschwind 

et al., 2011; Höhn et al., 2013) and resilience for the onset of depression (Ames et al., 

2015). Low positive affect after remission independently predicted depressive symptoms 

after six months (de Jonge et al., 2017), suggesting an additional vulnerability to 

recurrence in addition to negative affect. Furthermore, negative and positive affect may 

be differentially related to first episode or recurrent depression. An EEG study found 

hypersensitivity to negative words within recurrent MDD patients, and hyposensitivity to 

positive words within first-episode patients (Nandrino et al., 2004). Furthermore, positive 

affect may co-occur with negative affect, or influence negative affective states (Larsen 

et al., 2017). Whether positive affect is differentially related to vulnerability to recurrence 

(and whether such differentiation would be useful) is not yet known (Van Rijsbergen et 

al., 2015; de Jonge et al., 2017).

1
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Deficits in regulation of positive emotions may be hypothesized to underlie disturbances 

in positive affect. Successful regulation of positive emotions has been described as “being 

able to flexibly upregulate or downregulate one’s positive emotions based on one’s personal 

goals and the constraints of the situation” (Carl et al., 2013). Several strategies in response 

to positive experiences are possible, on a continuum of dampening to savouring of the 

positive emotional experience. Savouring encompasses mentally reflecting on the 

positive aspects of a positive experience, in order to maintain or intensify the emotion 

(Bryant et al., 2003). Dampening involves focusing on negative aspects in the face of a 

positive emotional experience, for example by thinking one does not deserve to feel 

positive (Feldman et al., 2008). One way of savouring, or upregulating, positive emotions 

is by using cognitive reappraisal. In healthy individuals, higher use of upregulation and 

lower use of downregulation of positive emotions over time has been found to have 

a positive effect on well-being and general health (Tugade and Fredrickson, 2007). 

Depressed patients have difficulties in upregulating positive emotions using cognitive 

reappraisal (Heller et al., 2009), and tend to respond to positive experiences with 

dampening, and not savouring, their emotions (Feldman et al., 2008). (Up)regulation of 

positive emotions has received little attention in remitted patients, so far. Two previous 

studies (Kanske et al., 2012; Rive et al., 2015) reported no abnormal neural activity during 

regulation of positive emotions, using different regulatory techniques. Several other 

studies however, point towards abnormalities in positive emotional and reward-related 

processing in remitted MDD (Ubl et al., 2015, Geugies et al., 2019a). More research into 

processing and regulation of positive emotions, in addition to negative emotions, is 

necessary to fully understand the role of emotion regulation abnormalities within the 

context of depressive recurrence. Throughout this thesis, we aim to investigate the 

relevance of regulation of positive affect for understanding vulnerability to recurrence 

and intervention mechanisms needed to promote resilience.

Neural correlates of cognitive-affective processes in (recurrent) 
depression
Functional magnetic resonance imaging
Within this thesis, the approach for studying the underpinnings of vulnerability to 

relapse in depression is to focus on brain activity during cognitive-affective processes 

of interest. Studying neural correlates of these processes may deepen our understanding 

of underlying mechanisms (McGuire and Matsumoto, 2004; Masdeu, 2011). Functional 

magnetic resonance imaging (fMRI) allows for measuring brain activity in vivo, in a 

non-invasive way. When a certain area of the brain becomes more active, the blood 

(containing oxygen) flow and volume to this area increases: the hemodynamic 

response. FMRI scanning is sensitive to changes in the concentration of oxygen bound 

to haemoglobin molecules in the blood. A special type of magnetic resonance imaging 
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is able to detect the magnetic field distortion that is caused by altered local magnetic 

susceptibility, due to these changes. This effect is called the Blood Oxygenation Level 

Dependency (BOLD) response, and is linearly related to neural activity (Logothetis, 2002). 

Within this thesis, we will present studies in which we investigated this BOLD response 

in reaction to certain events during an emotion regulation task performed within the 

scanner (Chapters 3, 4 and 6).

Additionally, spontaneous fluctuations in the BOLD signal allow us to investigate the 

communication between brain regions (i.e. connectivity), next to the activity related 

to a certain event within a region itself. The temporal correlation between the lower 

frequencies of the BOLD signal of different areas in the brain give an estimation of 

the connectivity between these areas. There is constant activity taking place in the 

brain, during mental or motoric activities, but also during rest. Examination of BOLD 

fluctuations during rest (e.g. resting state functional connectivity) has led to the discovery 

of certain networks, or groups of brain areas showing similar response patterns over 

time (Damoiseaux et al., 2006). Several networks can be distinguished that often occur 

during rest, some of which have consistently been found abnormal in depression (see 

Box IV). Chapters 4 and 5 discusses the relevance of the functional connectivity within 

and between these networks in the context of depressive course and relapse prediction.

Box IV. Functional networks

Several functional networks can be distinguished. Here we will focus on the default mode network, 

the central executive network and the salience network, as these are often found to be involved in 

depressive psychopathology (Dutta et al., 2014; Kaiser et al., 2015, Mulders et al., 2015).

Default mode network The default mode network (DMN) generally comprises the posterior cingulate 

cortex, precuneus, medial prefrontal cortex, ventral anterior cingulate cortex, and lateral and inferior 

parietal cortex. Traditionally, this network is considered a task-negative network, since areas within 

this network show synchronized deactivation during tasks, and activation during rest (as opposed to, 

and anti-correlated to, activity in areas within so-called task-positive networks, such as the central 

executive network). The DMN has been associated with internal, self-referential processes, such as 

self-generated thought, mind-wandering, episodic memory. Recent reports have proposed that the 

DMN is more than just a task-negative network (Nathan Spreng, 2012); it is found to be activated by 

tasks that are self-referential, social, or memory-related (Andrews-Hanna et al., 2014), and has been 

found to facilitate goal-directed cognition (Nathan Spreng et al., 2014)

Central executive network The central executive network (CEN), also called the cognitive control 

network or the frontoparietal network, generally consists of the dorsal anterior cingulate cortex, 

1
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lateral prefrontal cortex, posterior parietal lobe, frontal eye fields, and part of the dorsomedial 

frontal cortex. The CEN is most active during tasks involving executive functioning, working memory, 

attention and regulatory control.

Salience network The salience network (SN), also called the cingulo-opercular network, includes the 

insula, dorsal anterior cingulate cortex, amygdala and temporal poles. The SN is seen as the switching 

hub between the DMN and the CEN (Goulden et al., 2014), and is thought to be involved in processing 

and detecting salience of (sensorily) emotional stimuli.

Figure 3. Default mode, salience and central executive networks.

Note. Clusters defined by the FIND lab (Shrirer et al., 2011).

Neural correlates of emotion regulation
In the last decade, there have been many studies using neuroimaging to investigate 

emotion regulation, which have profoundly contributed to our understanding of 

regulatory processes. Since emotion regulation seems closely related to the more general 

concept of cognitive control, neurocognitive models of emotion regulation propose 

that cognitive reappraisal activates frontal and parietal regions (generally associated 

with cognitive control), which then modulate activity within limbic emotion processing 

regions such as the amygdala. Neurocognitive emotion regulation models of depression 

tend to distinguish between a ‘ventral’ emotion processing system (consisting of limbic 

structures, ventral anterior cingulate cortex and ventromedial prefrontal cortex/

orbitofrontal cortex) modulated by a more ‘dorsal’ control system (consisting of the 

dorsal anterior cingulate cortex, and dorsal prefrontal cortex). The pregenual anterior 

cingulate cortex has a special role as connector hub between these systems (Phillips 

et al., 2003a, b, 2008; Rive et al., 2013; van Tol et al., 2021). A recent overview on studies 
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using data from the longitudinal Netherlands Study of Depression and Anxiety (NESDA) 

study provides support for the role of the pregenual anterior cingulate cortex and ventral 

structures as the hippocampus, amygdala and insula, in the vulnerability to depression, 

but not consistently for medial and lateral prefrontal areas (van Tol et al., 2021). For further 

details on specific regions related to emotion regulation, see Box V.

Most studies on emotion regulation specifically focus on negative emotions. Even 

though studies on regulation of positive emotions is scarce, a meta-analytic study on 

brain functioning related to emotion regulation found that especially regions in the left 

hemisphere seem related to cognitive reappraisal of positive emotions (Frank et al., 2014a). 

The left amygdala and parahippocampus were found to be hyperactive during upregulation 

of positive emotions, and not hypoactive as during downregulation of negative emotions, 

suggesting sensitivity to the direction of regulation or to valence. Further research into 

brain functioning during upregulation of positive emotions is needed.

Figure 4. Neural emotion regulation model.
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Note. Derived from (Phillips et al., 2003c, 2008).

1



26

Chapter 1

Box V. Brain regions implicated in emotion regulation

General cognitive control functions may underlie the initiation of regulation: the dorsolateral 

prefrontal cortex and posterior parietal cortex, related to working memory and attention, may be 

needed for holding reappraisals in mind; the ventrolateral prefrontal cortex, implicated in response 

selection and inhibition, may be necessary for signalling salience and selecting regulatory responses; 

and the dorsomedial prefrontal cortex may support the monitoring of emotional states and signalling 

need for behavioural change (or seeing options to control a situation) (Ochsner et al., 2004, Ochsner 

and Gross, 2005; Buhle et al., 2014, Frank et al., 2014; Kohn et al., 2014). Recent meta-analyses of 

neuroimaging of cognitive reappraisal in healthy subjects show that indeed, downregulation of 

negative emotions consistently recruits frontal and parietal cognitive control regions (Buhle et al., 

2014, Frank et al., 2014; Kohn et al., 2014).

After initiation by frontoparietal regions, the modulation of emotion processing regions may take 

place via several routes. A meta-analysis focusing on connectivity studies proposes that the superior 

temporal gyrus, angular gyrus, supplementary motor area and anterior cingulate cortex play a crucial 

role in executing regulation (Kohn et al., 2014). Especially the anterior cingulate cortex is considered an 

important link between frontoparietal and limbic regions, due to its location and function. Another 

pathway between cognitive control and primary emotion processing regions could be via semantic 

processing in the temporal lobe ((Buhle et al., 2014) Ochsner and Gross 2005, 2007; Ochsner et al. 

2012; Kohn et al., 2014).

Finally, meta-analyses found that limbic emotional reactivity is indeed downregulated by these 

reappraisal processes. Even though Buhle et al. (2014) only report inhibited amygdala reactivity, 

Frank et al. (2014) also found modulated parahippocampal activity, and Kohn et al. (2014) propose 

a broader set of subcortical brain regions, including the amygdala and the ventral striatum, to be 

under regulatory control within the emotion regulation network.

Functional brain abnormalities in (remitted) depression
Known neural correlates of cognitive-affective processes in depression may guide our 

search for vulnerability mechanisms underlying recurrence. Biased emotion processing 

in MDD seems reflected by the consistent findings of increased or sustained activity 

in emotion processing regions (including the amygdala, striatum, parahippocampus, 

cerebellum, fusiform gyrus and anterior cingulate gyrus) during presentation of negative 

emotional stimuli, and decreased activity during presentation of positive emotional 

stimuli (Stuhrmann et al., 2011; Delvecchio et al., 2012; Diener et al., 2012; Hamilton et al., 

2012; Groenewold et al., 2013; Jaworska et al., 2015; Frässle et al., 2020; McTeague et al., 

2020; van Tol et al., 2021) (even though (Müller et al., 2017; Kennis et al., 2020) state that 
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cognitive-affective MDD literature is too heterogeneous to draw unitary conclusions). 

Furthermore, MDD has been associated with decreased dorsolateral prefrontal activity 

during negative emotional tasks, and increased orbitofrontal activity during positive 

emotional tasks (Stuhrmann et al., 2011; Diener et al., 2012; Groenewold et al., 2013), 

supposedly resulting in deficient emotion regulation capacity. More specifically, during 

downregulation of negative emotions (using cognitive reappraisal), depressed patients 

showed abnormal activity in the lateral prefrontal cortex (Johnstone et al., 2007; Rive 

et al., 2013; Picó-Pérez et al., 2017; Zilverstand et al., 2017). These functional brain activity 

findings are supported by findings of grey matter loss in important regions related to 

emotion processing and regulation (e.g. ventrolateral and ventromedial prefrontal 

cortices, hippocampus and thalamus) (Arnone et al., 2016).

It has been proposed that these frontolimbic abnormalities persist into the remitted 

phase, hampering effective control of negative emotions, thereby facilitating relapse 

into new episodes. Investigating whether neural emotion regulation abnormalities 

persist after remission may aid our understanding of their role as trait vulnerability for 

subsequent episodes. Neural emotional processing abnormalities have not as extensively 

been studied in the remitted state as in the acute state of depression. Increased 

amygdala and striatal reactivity in response to negative emotional stimuli has been 

reported in remitted patients (Neumeister et al., 2006; Admon et al., 2015), but could not 

be replicated (Norbury et al., 2010; Thomas et al., 2011). Only a few studies have focused 

on neural abnormalities during effortful emotion regulation in remitted patients, showing 

inconsistent results, partly due to differences in regulatory strategies used. Abnormal 

downregulation of amygdala activity was found in remitted patients, using cognitive 

reappraisal as technique, while increased activity in control areas such as the anterior 

cingulate and lateral frontal in remitted patients was found during both distancing and 

reappraisal techniques (Kanske et al., 2012), suggesting these abnormalities to be trait 

marker for depression. Furthermore, Smoski et al. (2015) found abnormal cingulate medial 

and middle frontal gyrus activation in remitted patients during reappraisal, relative to 

acceptance. Rive et al. (2015) did not find any abnormalities during downregulation of 

negative affect (in the form of distancing) in remitted patients, however. In Chapter 3, 

we will further examine neural and behavioural emotion regulation abnormalities within 

remitted patients. Furthermore, it not yet understood whether these abnormalities 

represent (premorbid) trait vulnerabilities for a recurrent course, or whether they 

develop under the damaging influence of previous episodes. More research into 

deficient emotion regulation as a consequence of depressive course is needed, and will 

be discussed in Chapter 5.

1
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Functional network connectivity in (remitted) depression
MDD has been related to an imbalance in communication (or connectivity) between 

brain regions, organized in functional networks. Specifically, hypoconnectivity within 

the frontoparietal network, hypoconnectivity between the frontoparietal network 

and the dorsal attention network, hyperconnectivity within the default mode network, 

hypoconnectivity between the frontoparietal network and the default mode network, 

and hypoconnectivity between areas within the cingulo-opercular salience network and 

medial cortical regions are characteristic of depression (Kaiser et al., 2015). Especially 

abnormal connectivity between areas in frontoparietal control networks and emotion-

processing / salience networks seems to underpin emotion regulation deficits (Banks 

et al., 2007; Morawetz et al., 2016, 2017b). The extent to which network abnormalities 

persist upon remission and play a role in the risk for unfavourable disease course, is 

not yet fully understood. Abnormal connectivity within and between the frontoparietal 

network and limbic regions during cognitive reappraisal or during rest have previously 

been related to depressive state (Johnstone et al., 2007; Kaiser et al., 2016). However, 

connectivity abnormalities between areas in these networks during rest have been 

reported in remitted patients as well (Peters et al., 2016; Stange et al., 2017; Langenecker 

et al., 2018; Dong et al., 2019; Vega et al., 2019), suggesting that these abnormalities 

could be underlying a trait vulnerability (even though the specifics of these findings are 

inconsistent). In Chapter 5, functional connectivity (in addition to functional brain activity) 

during emotion regulation in relation to lifetime depression is further investigated, as 

well as the relation with previous disease load.

Furthermore, network imbalances related to the default mode network and more 

externally oriented networks (e.g. the frontoparietal network or dorsal attention 

network) may reflect abnormalities in self-referential processing (Kaiser et al., 2015), a 

typical feature of MDD. An inability to switch from a task-negative default mode state to 

a more externally oriented, attentive state may underlie dysfunctional internally-focused 

processes such as rumination or impaired attentional control. (Marchetti et al., 2012) 

propose that this imbalance persists upon remission, underlying vulnerability to recurrent 

depression. Adding to this view, in a model proposed by (Teasdale, 1988), self-referential 

abnormalities involve a worsening vulnerability to recurrence with each subsequent 

episode. Teasdale adds to Beck’s cognitive model of depression that the nature of 

negative processes or self-related constructs and their accessibility determines whether 

or not an individual is vulnerable for recurrence (Teasdale, 1988). Depression-congruent 

information processing patterns may become established during initial episodes of 

MDD, leading to higher accessibility of negative self-referential constructs (even after 

remission) with each episode, increasing the likelihood of recurrence. Indeed, within 

and between default mode network connectivity abnormalities have been reported in 
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remitted MDD as well (Bhaumik et al., 2017; Dong et al., 2019), and rumination (seen as the 

behavioural manifestation of abnormal negative self-referential processing) has often 

been related to relapse (Nolen-Hoeksema et al., 2008; Michalak et al., 2011; Elgersma et 

al., 2015; Figueroa et al., 2015). In Chapter 4, a resting state functional connectivity study 

will be discussed, with a focus on self-referential processing as residual abnormality in 

remitted MDD and as predictor of future relapse.

UNDERSTANDING WORKING MECHANISMS OF 
PREVENTION
Neurocognitive working mechanisms of relapse prevention
Therapy success in preventing relapse
Enormous research investments have been made in the light of improving existing 

interventions for acute depression. Effect sizes of psychological or antidepressant 

therapies are relatively high in terms of initial response (Cuijpers et al., 2008, 2011), even 

though these may be overestimations due to publication bias (Cuijpers et al., 2010). More 

recently, there has been increasing interest in the enduring effects of treatment after 

initial response. Cognitive behavioural therapy during acute depression seems to have 

an enduring effect in reducing risk for relapse (by 22%) (Hollon et al., 2005; Dobson et al., 

2008; Cuijpers et al., 2013). Furthermore, continuation of psychological therapy after 

remission has been found effective in preventing relapse (in comparison to continuation 

of antidepressant medication or to no further intervention) as well (Vittengl et al., 2007; 

Beshai et al., 2011; Biesheuvel-Leliefeld et al., 2015, Bockting et al., 2015b; Clarke et al., 2015; 

Vittengl and Jarrett, 2015). The same applies to antidepressant medication: several meta-

analyses have shown the preventive effect of continuing antidepressant medication after 

remission (Geddes et al., 2003; Kaymaz et al., 2008; Glue et al., 2010; Borges et al., 2014).

Currently, it is common practice to prescribe patients in remission maintenance 

antidepressant medication for long periods of time (Thase, 2006): in the Netherlands 

for at least six months after a single depressive episode, and for at least 12 months 

after multiple episodes (Spijker et al., 2013; GGZ standaarden, 2021). In the United States, 

guidelines even recommend indefinite continuation in recurrent patients (American 

Psychiatric Association, 2010). Even though antidepressant use has shown to be 

effective in preventing relapse (Melfi et al., 1998; Geddes et al., 2003), many patients 

have concerns about the long-term side effects and prefer psychological interventions 

(McHugh et al., 2013; Gibson et al., 2014). Around 80% of patients is not willing to use 

antidepressant medication for longer periods of time (ten Doesschate et al., 2009), 

and in general, adherence is low (Lingam and Treatment, 2002; Pampallona et al., 2002; 

Sansone and Sansone, 2012). Importantly, the use of antidepressant medication itself 
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has been associated with the risk of relapse (Fava, 2003; Andrews et al., 2011, 2012), and 

the preventive effects of antidepressant medication do not outlast the treatment period 

(a benefit that psychological treatment does have) (Vittengl et al., 2007; DeRubeis et al., 

2008). All in all, psychological treatments seem to be preferential in the prevention of 

relapse.

More explicitly designed for preventing relapse, psychological relapse prevention 

treatments after remission, including preventive cognitive therapy (PCT), mindfulness-

based cognitive therapy, or interpersonal therapy, have been found effective in preventing 

relapse (Biesheuvel-Leliefeld et al., 2015). Adding PCT to maintenance antidepressant use 

after remission has been found superior to antidepressant use alone, and maintenance 

antidepressant use was not superior to PCT (Bockting et al., 2018; Breedvelt et al., 2021), 

suggesting PCT is a solid alternative to patients wishing to taper off their antidepressant 

medication use (Breedvelt et al., 2021). PCT is a therapy based on cognitive behavioural 

therapy, designed for use after remission, with the goal to reduce relapse vulnerability. 

See Box VI for a description of the therapeutic components of PCT.

Since these therapies seem effective at reducing relapse risk, a better understanding 

of the underlying neurocognitive working mechanisms of preventive therapies may 

provide more insight into the factors promoting recurrence. Furthermore, even though 

preventive therapies have been proven effective, relapse rates between 39 to 54% 

following acute, maintenance, or preventive treatment (Vittengl et al., 2007; Steinert 

et al., 2014; Kuyken et al., 2016; Cuijpers, 2017; Bockting et al., 2018) show that current 

interventions are not yet fully optimal. Comprehension of neurocognitive changes as 

the result of preventive treatment is necessary in order to improve therapeutic targets 

and existing preventive treatments.

Box VI. Preventive Cognitive Therapy

Preventive Cognitive Therapy (PCT) is an intervention that is based on acute cognitive therapy, 

specifically aimed at boosting resilience in remitted recurrent MDD patients to protect against 

future depressive episodes. The therapy consists of eight sessions and can be delivered in groups 

or individually. Similar to acute cognitive therapy, PCT sessions has a closed format, following a fixed 

structure including agenda setting, discussing homework, explaining the rationale of the session, 

and assigning homework for the coming week.

PCT consists of several components. Different than in acute cognitive therapy, the main aim of 

PCT is not to directly modify dysfunctional beliefs by challenging negative thoughts, but to build 

resilience towards these beliefs by strengthening positive beliefs and emotions. PCT starts in a similar 
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manner as acute cognitive therapy, with identifying negative and dysfunctional beliefs or schemas. 

This process is aided by a self-report questionnaire with examples of dysfunctional beliefs, and 

cognitive therapy techniques such as the downward arrow technique. These beliefs are then critically 

examined (using for example Socratic questioning), but, dissimilar to acute cognitive therapy, PCT 

then shifts focus towards identifying and revelling in an extremely positive fantasy belief (i.e. ‘I am a 

fantastic person’). Then, imagery techniques are being used to strengthen this belief and to savour 

the positive emotions this may raise. Finally, a more fitting, nuanced belief is being formulated, 

that lies between the negative and the fantasy belief, that will be helpful to the patient in difficult 

situations (i.e. ‘I am okay’ or ‘I try my best and that is enough’). Finally, patients are encouraged to 

practice with this helpful belief, and to make it their own.

Another component of PCT, keeping a diary of positive experiences, is also aimed at savouring 

positive affect, and at training the storage and retrieval of positive memories. Finally, a relapse 

prevention plan is being draft, consisting of personal warning signs and individual preventive 

strategies (Bockting, 2009, Bockting et al., 2015b; de Jonge et al., 2015).

Working mechanisms of preventive therapy
Mechanisms known to be underlying cognitive therapy effects in acute depression may 

guide our search for preventive mechanisms. Cognitive therapy during acute depression 

has been shown to reduce attentional biases (Roiser et al., 2012; van Vugt et al., 2012) and 

improve cognitive skills (and more specifically cognitive reappraisal abilities), which was 

related to a reduction in severity of depressive symptoms (Forkmann et al., 2014; Gratz et 

al., 2015; Forand et al., 2018). Furthermore, cognitive therapy was found to result in reducing 

abnormal prefrontal cortex control over limbic emotion processing related activity (Elliott 

et al., n.d.; Fu et al., 2008; Ritchey et al., 2011; Franklin et al., 2016; Rubin-Falcone et al., 2018). 

However, cognitive changes only seem to partly explain therapeutic success (Lemmens et 

al., 2017). Importantly, studying cognitive therapy during acute depression is confounded 

by clinical state changes and current symptomatology, and is therefore not optimal for 

informing on the neurocognitive changes as the direct result of cognitive therapy. Studying 

preventive treatment in remitted patients may help in this regard.

Currently, the neurocognitive underpinnings of preventive therapy in remitted patients 

have not been investigated yet. Studying the working mechanisms of a preventive therapy 

that has been proven effective, such as PCT, may provide more insight into mechanisms 

promoting resilience (and thereby possibly in mechanisms that need changing, and thus 

underlie relapse vulnerability). Following from the findings after cognitive therapy in 

acute MDD, PCT derives its preventive effect from improving regulatory control over 

negative processing biases, which may be reflected in normalization of frontolimbic 
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neural activity. This hypothesis seems to be supported by some studies into related 

therapies or trainings. For example, the proposed mechanisms underlying the preventive 

success of mindfulness based cognitive therapy (e.g. recognition of automatic activation 

of dysfunctional cognitive processes and disengagement from these processes by 

redirecting ones attention (van der Velden et al., 2015)) point towards the need for 

normalization of cognitive control. Furthermore, attentional training upon remission 

has been found to lower attentional biases, and subsequently residual symptoms 

(Browning et al., 2012), possibly underpinned by normalized prefrontal cortex activity (as 

studied only in healthy controls) (Browning et al., 2010). These studies are all just indirect 

indications of the mechanisms underlying PCT success, however, and more research 

into the effects of PCT is necessary. Chapter 2 describes a randomized controlled trial 

designed with the aims to improve our understanding of neurocognitive effects of PCT 

and to identify pre-treatment predictors of therapy success, and Chapter 6 focuses on 

the immediate neurocognitive changes due to PCT.

RELEVANCE AND OUTLINE OF THIS THESIS
Aims of this thesis
MDD is highly prevalent in the general population and leads to enormous personal 

and societal burden, partly resulting from its profoundly recurrent nature. The main 

aim of this thesis is to better understand the neurocognitive mechanisms underlying 

vulnerability to recurrence. This may guide identification of at-risk patients, individual 

preventive strategy selection, and preventive treatment improvement, and thus has 

potential important clinical implications. As outlined in this chapter, several proposed 

models and earlier findings emphasize the possible importance of cognitive-affective 

processing and regulation thereof in relapse vulnerability, however the exact role of 

neural and behavioural emotion regulation abnormalities in developing a recurrent 

course is not yet understood. Within this thesis, the relation between emotion processing 

and regulation abnormalities and remitted state is being examined, in order to gain more 

insight into residual vulnerability factors. Furthermore, we will study whether emotion 

regulation abnormalities worsen as a cumulative effect of previous depression, or 

represent a more general trait-like vulnerability to relapse. Also, we aim to find predictors 

of relapse, and finally, to better understand the working mechanisms of preventive 

treatment. Processing and regulation of negative as well as positive emotions will be 

investigated throughout this thesis.

General outline of this thesis
The Neurocognitive Working Mechanisms of the Prevention of Relapse in Depression 

(NEWPRIDE) study, a randomized controlled trial in remitted recurrent MDD patients, 
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was designed to meet these goals. The aims of this trial were to investigate (1) the 

neurocognitive processes underpinning the vulnerability to relapse, (2) the neurocognitive 

working mechanisms of PCT, (3) the prediction of longitudinal treatment effects based on 

pre-treatment neurocognitive characteristics, (4) and the validation of the pupil dilation 

response as a marker for prefrontal emotion regulation capacity and therapy success. 

The protocol specifics of this trial will be discussed in Chapter 2, and data collected within 

this trial as part of the baseline measurement will be presented in Chapters 3 and 4, and 

data related to the trial in Chapter 6.

Whether neural abnormalities in the regulation of negative and positive emotions 

persist upon remission, and whether they are relevant for actual dysfunctional emotion 

regulation and subsequent affect in daily life, is currently not yet clear. Also, it is not yet 

understood whether regulatory abnormalities are related to by immediate processing 

biases. Chapter 3 discusses the primary baseline outcomes of the NEWPRIDE study, 

describing characteristics of the remitted state regarding neural emotion regulation 

capacity and related daily life regulation behavioural tendencies. Based on the 

neurocognitive model of depression and findings of neural abnormalities after remission 

(as discussed before in this chapter), remitted patients are expected to present residual 

hyperreactivity of limbic emotion processing areas during affective processing, together 

with abnormal frontal-parietal control over these areas during emotion regulation, 

reflected in abnormal emotion regulation strategy use in daily life. Also, it is hypothesized 

that attentional biases underlie emotion regulation capacity, by limited gating of negative 

information.

Furthermore, self-referential processing (reflected behaviourally by rumination), has 

often been proposed as an important factor in understanding recurrence. Several 

neurocognitive models of recurrence highlight the importance of rumination, however 

consistent empirical support for underlying neural self-referential processing as a key 

vulnerability mechanism in remitted depression is still lacking. Chapter 4 focuses on 

self-referential processing measured on multiple levels, including the neural level (by 

means of investigating functional connectivity in brain networks during the resting 

state), the cognitive level (by means of implicit self-associations), and the behavioural 

level (by means of self-reported ruminative tendencies), in remitted MDD state. Based 

on the recurrence model of (Marchetti et al., 2012), we expect abnormal connectivity 

within the default mode network, and between the default mode network and task-

positive networks within remitted patients, reflected in depressed self-associations and 

rumination tendencies, as underlying vulnerability factors.

1
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Additionally, it has not been studied yet whether self-referential processing on these 

different levels actually predict relapse. Therefore, functional connectivity between the 

default mode network and task-positive areas, implicit self-associations and rumination 

as potential predictors for relapse (investigated using regression models and machine 

learning) will be investigated in Chapter 4 as well.

To date, it has not been studied whether neural emotion regulation capacity deteriorates 

as a function of previous episodes, or whether it constitutes a trait vulnerability to 

recurrent course. An investigation of neural emotion regulation abnormalities (both in 

terms of peak activity and functional connectivity) in relation to depressive course can 

be found in Chapter 5. Within this chapter, emotion regulation abnormalities in relation to 

previous disease load will be examined, together with their relation to general depression 

pathology. Because risk of recurrence increases with every episode, as does the level 

of sad mood during remission (Van Rijsbergen et al., 2015), neurocognitive vulnerability 

to relapse reflected in abnormal brain responsivity and connectivity during emotion 

processing and -regulation is expected to increase as a function of subsequent course.

Additionally, a better understanding of mechanisms underlying preventive improvement 

may guide our understanding of vulnerability and resilience factors, and the improvement 

of therapy. The neural cognitive-affective working mechanisms of PCT are not yet 

understood, and will be discussed in Chapter 6. Based on the known mechanisms of 

change in acute cognitive therapy, the hypothesis underlying Chapter 6 is that PCT 

decreases negative processing biases and neural emotion regulation capacity, underlying 

its preventive effect.

Finally, in Chapter 7, we aim to integrate the findings within this thesis and describe the 

implications of the studies presented here for our understanding of emotion regulation, 

for models of recurrence, and for the clinical practice.
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