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CHAPTER 7
General discussion
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Major Depressive Disorder (MDD) is a prevalent psychiatric disorder with 
a highly recurrent nature. Relapse rates are even rising with subsequent 
episodes. More insight into neurocognitive processes in relation to (1) the 
remitted state, (2) previous disease burden, (3) future relapse risk and (4) 
preventive treatment effects would benefit identification of patients at 
risk and improvement of preventive interventions.

Here we found that remitted MDD patients show abnormal brain 
activation when dealing with emotional images uninstructed, possibly 
underlying less functional automatic selection of regulation strategies. 
Also in daily life they tend to use dysfunctional strategies, such as 
rumination. Additionally, they show abnormal (neural and behavioural) 
dampening of positive emotions. Brain functioning related to regulation 
of negative emotions is affected by previous disease burden, and possibly 
underlies the accumulating vulnerability to recurrence with subsequent 
episodes. Furthermore, a network of brain areas that is related to internal 
mental processes is predictive of future relapse, together with a self-
reported lack of control over negative self-related thinking. Finally, 
preventive cognitive therapy leads to improved neural regulation capacity 
and behavioural regulation outcomes, and to stabilisation of affect and 
symptoms.

These findings lead to several recommendations that might improve 
preventive interventions: a shift of focus towards savouring positive 
emotions, selecting functional regulation strategies in daily life, and 
gaining control over negative self-related thinking styles. Our findings 
emphasize the importance of studying positive, next to negative, affect 
in the context of depressive recurrence. A next research aim would be to 
find individual predictors of preventive treatment success. 
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SUMMARY OF AIMS AND FINDINGS
The highly recurrent nature of MDD necessitates a better understanding of 

neurocognitive mechanisms underlying relapse vulnerability. In this thesis, we first 

explored emotion processing and regulation abnormalities within the remitted state, 

to better understand the vulnerability remitted patients may still have for developing a 

new depressive episode (as outlined in Chapter 1). Chapter 2 describes the protocol of 

a randomized controlled trial, the NEWPRIDE study, which was designed for studying 

residual abnormalities within the remitted state, working mechanisms of preventive 

treatment, and predictors of relapse and therapy success.

In Chapter 3 we studied whether remitted depression is characterized by abnormal 

neural involvement during regulation of negative and positive emotions, and whether 

these abnormalities are reflected in daily life strategy use and affect. Chapter 3 describes 

how remitted depression is mainly characterized by abnormalities in uninstructed neural 

and behavioural regulation of negative emotions, and by abnormal regulatory neural 

and behavioural control of positive emotions. Furthermore, in Chapter 4 we aimed to 

study whether self-referential processing constitutes a residual vulnerability factor after 

remission. In this chapter, we discuss how especially behavioural rumination tendencies 

(and not default mode network-related connectivity or implicit self-associations) 

are abnormal in remitted depression. Additionally, within this thesis we aimed to 

find predictors of relapse. This is described in Chapter 4 as well, reporting a relation 

between self-referential processing related connectivity, implicit self-associations and 

the uncontrollability of ruminative behaviour, and relapse within 18 months.

Another approach to gaining insight into recurrence, was studying emotion regulation 

abnormalities within the context of depressive course. In Chapter 5, we investigated 

whether a vulnerability to unfavourable course in the form of abnormal neural emotion 

regulation capacity deteriorates as a function of previous depression. In this chapter, we 

describe how previous disease load is related to connectivity between areas related to 

emotional processing and regulation of affective states. Also, we explored whether these 

load effects are similar to effects generally related to MDD, or whether they constitute 

an independent vulnerability to chronic or recurrent course.

Finally, we aimed to better understand the neurocognitive working mechanisms of 

preventive treatment. Studying which mechanisms change upon a treatment that 

has already been proven effective may guide our understanding of factors underlying 

resilience and vulnerability, and may guide the improvement of current preventive 

strategies. Chapter 6 describes how preventive cognitive treatment may work by 
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normalisation of dorsomedial activation during regulation of (especially positive) affect, 

and of cognitive-behavioural correlates of emotion regulation. Following preventive 

cognitive therapy, positive self-related cognitions were increasingly being activated, 

while no change occurred in the negative cognitive domain. These changes may have 

contributed to the stabilisation of symptomatology and affect that was found in patients 

who underwent the therapy.

In the current chapter, we first discuss our findings in reference to the remitted state, 

the search for predictors of relapse, and the context of depressive course. Subsequently, 

the implications of these findings for models of emotion regulation and of recurrence 

will be discussed, during which we will propose several revisions to current models. 

Following this, we will discuss our findings in light of preventive treatment mechanisms, 

followed by clinical implications of this thesis. We will propose several directions for 

current preventive interventions. Finally, we will consider some methodological issues 

and future perspectives.

FINDINGS WITHIN THIS THESIS
Characterisation of patients in remission
Emotion regulation
Neurocognitive models of depression propose that MDD is underpinned by depressive 

mood-congruent processing biases, for example in attention, emotional processing, 

memory and thinking, which leads to negative appraisals and cognitions, facilitating a 

depressed mood (Mathews and MacLeod, 2005; Beck, 2008; Disner et al., 2011; Joormann 

and Quinn, 2014). These biases operate in the context of impaired cognitive control, 

another hallmark of depression. When abnormal information processing or negative 

affect is not adequately regulated, depressive mood may become persistent, ultimately 

leading to a depressive episode. Possibly, these abnormalities are sustained upon 

remission, which may enhance vulnerability to subsequent episodes (Everaert et al., 

2012). Within this thesis, we examined whether these abnormalities characterize the 

remitted state of depression. Residual abnormalities upon remission may lead to a higher 

chance of relapse, and may thus reflect vulnerability mechanisms involved in recurrence.

In Chapter 3, we reported that remitted patients with a history of recurrent depression 

did not show different neural activity during explicit downregulation of negative 

emotions in comparison to never-depressed individuals (in line with (Rive et al., 2015)). 

Instead, remitted patients showed lower activation and different temporal dynamics 

in occipital, parietal, and prefrontal brain regions during passive attending to emotional 

material compared to healthy controls. These findings possibly reflect different strategy 
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use when dealing with emotional information when not instructed to use a certain 

explicit regulation strategy. Given the association of these brain regions with visual 

attention and regulatory control (Ochsner et al., 2004; Frodl et al., 2009; Leech and 

Sharp, 2014), we propose that remitted patients are characterized by abnormal implicit 

regulation of negative emotions (possibly in the form of distancing or abnormal selective 

attention) when not instructed. Behaviourally, remitted patients were characterized by 

dysfunctional regulation strategies in daily life, such as a tendency to ruminate more on 

negative content, to apply less cognitive reappraisal, to suppress emotional experiences 

more, and to dampen (as opposed to savouring) positive emotions more. These findings 

seem to suggest that remitted depression is not so much characterized by regulatory 

capability in the face of negative emotions, but by dysfunctional strategic regulatory 

choices when uninstructed and in daily life. This idea is in line with earlier findings of 

abnormal spontaneous, and not instructed, emotion regulation in remitted depression 

(Ehring et al., 2010; Liu and Thompson, 2017). Also, we found that reported daily life use 

of cognitive reappraisal or expressive suppression was not related to frontoparietal 

recruitment during explicit, instructed regulation. Recently, it has been proposed that 

cognitive dysfunction in MDD may arise from abnormal decision-making about the 

allocation of cognitive control (and not necessarily cognitive control itself), leading to 

deficient detection of regulatory need and failure to select an appropriate strategy 

(Grahek et al., 2018, 2019). This may be reflected in less adequate regulatory strategy 

selection when not instructed. We propose here that especially dysfunctional regulatory 

choices in the face of negative emotional experiences, possibly reflecting abnormal 

detection and allocation of needed regulation, are underlying relapse vulnerability. This 

may have important clinical implications (as discussed later in this chapter).

Regarding the regulation of positive emotions, however, remitted patients showed 

a lower overall height of the neural response and different temporal dynamics in the 

dorsal anterior insula relative to never-depressed controls, during explicit upregulation 

of positive emotions (see Chapter 3). This may be suggestive of decreased affective 

monitoring when actively engaging with positive emotions. These findings may have 

considerable clinical importance, especially given the reported relation between 

regulation of positive emotions and depressive symptomatology within our NEWPRIDE 

sample (see Chapter 3, supplements), and the earlier reported relevance of experienced 

positive affect to depressive course (Geschwind et al., 2011; Höhn et al., 2013; Ames et al., 

2015; de Jonge et al., 2017). In line with this, but within a different part of the insula, higher 

ventral anterior insula activity during upregulation of positive emotions was related to 

a higher tendency to dampen positive emotions within remitted patients (Chapter 3). 

Since the ventral anterior insula is implicated in interoceptive processing and arousal, our 

results supposedly reflect discomfort with experiencing positive emotions in remitted 
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patients with a tendency to dampen. More research into the role of insula activity during 

positive upregulating and the way positive emotions are experienced by patients in 

remission may guide our understanding of vulnerability to recurrence, and my provide 

new leads for optimizing preventive treatment (see below).

Self-referential processing
Depression is generally considered a disorder of abnormal self-focused thought. 

Abnormal rumination is a consistent finding in the remitted state (Nolen-Hoeksema et 

al., 2008; Michalak et al., 2011; Elgersma et al., 2015; Figueroa et al., 2015), however it is not 

yet clear whether this residual rumination is underpinned by abnormalities in functional 

connectivity between brain networks related to self-referential processing, and whether 

these constitute a vulnerability to relapse within remitted patients.

In Chapters 3 and 4 we confirmed that the remitted state is characterized by 

dysfunctional behavioural rumination tendencies in daily life, both with respect to 

rumination on negative content as to ruminative responses to positive affect. Within 

this thesis (Chapter 4), we did not find abnormal implicit depressed self-associations or 

an underlying disbalance between brain networks related to self-referential processing 

(during resting state functional MR scanning) in remitted depression, in comparison to 

never-depressed controls. The default mode network-model of recurrence by (Marchetti 

et al., 2012) proposes that an abnormal interplay between the default mode network and 

task-positive networks, reflected in cognitive biases characteristic of depression (such 

as attentional problems or rumination), becomes more pronounced with cumulative 

episodes and represents a vulnerability mechanism for subsequent episodes. However, 

our findings do not support the idea of evident default mode network connectivity 

abnormalities in patients with a highly recurrent history (although we did find a relation 

with future relapse, see below). Even though functional connectivity patterns related to 

the default mode network during resting state scanning have consistently been related 

to self-referential processing (Kühn et al., 2012; Zhou et al., 2020), it may be that rumination 

involves more active processing (Nathan Spreng, 2012; Nathan Spreng et al., 2014). Future 

studies involving tasks where rumination or self-referential processing is actively induced 

during scanning may therefore be a valuable addition. Notably, our results are in line 

with a previous seed-based connectivity study within remitted patients (Berwian et al., 

2020), although abnormal connectivity related to the default mode network in relation 

to rumination has previously been reported in remitted depression as well (although 

not in an adult population) (e.g. (Lois and Wessa, 2016; Peters et al., 2016; Jenkins et al., 

2017; Lydon-Staley et al., 2019). All in all, the findings described in Chapter 4 suggest a 

normalization of cognitive and underlying neural connectivity abnormalities, but not of 

behavioural rumination tendencies upon remission.
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Summary of findings: characterization of patients in remission
Taken together, based on the findings within this thesis we propose that remitted MDD 

patients are characterized by dysfunctional regulatory control allocation and choice 

of strategy in the face of negative emotions when not instructed. In addition, there 

may be abnormal monitoring and dampening of positive emotions (possibly reflecting a 

certain discomfort with experiencing positive affect). Abnormal rumination tendencies in 

remitted depression were not related to abnormalities in brain networks supporting self-

referential processing, and may be underpinned by deficient detection of appropriate 

strategy. These abnormalities, persisting upon remission, may set patients up for 

subsequent depressive episodes.

Relapse prediction
An ultimate clinical goal is to find individual predictors of relapse, which would make it 

possible to identify patients for whom continued or prophylactic preventive strategies 

need to be implemented, and to move past the trial-and-error approach in selecting 

treatment for psychiatric patients. A biomarker is an objectively measured biological 

indicator of normal or psychopathologic processes, or a response to an intervention 

(FDA-NIH Biomarker Working Group, 2021). Biomarkers should be highly specific and 

sensitive (meaning at least 80% accuracy) to be clinically useful (Schneider and Prvulovic, 

2013). At the moment, the most robust prognostic factors of relapse are a history of 

recurrence, residual symptoms, and childhood maltreatment (Buckman et al., 2018), 

though none of these factors is very specific. Identifying predictors on a neurocognitive 

level would aid our understanding of the mechanisms underlying the route of these 

prognostic factors towards recurrence, and offer refinement of useful predictors. In 

Chapter 4, we discussed how functional connectivity between the ventral default mode 

network and the precuneus, medial superior frontal gyrus and inferior occipital lobe, but 

also implicit depressed self-associations and uncontrollability of ruminative thinking, 

were (independently) predictive of relapse within 18 months. Machine learning confirmed 

that functional connectivity within these regions was able to predict individual relapse 

risk with 50 to 83.34% accuracy (depending on the classifier). Connectivity between the 

default mode network and task-positive networks may not be characteristic of remitted 

state, but seems highly important as vulnerability marker underlying relapse.

Our findings seem to confirm the crucial role of the default mode network for predicting 

relapse, as proposed by models of recurrence (e.g. (Marchetti et al., 2012). Where previous 

models did not specify between different parts of the default mode network, we propose 

here that especially the ventral part of the default mode network (roughly consisting of 

the posterior cingulate cortex and isthmus, precuneus and parietal cortex) is important in 

predicting a recurrent course. Given the association of the ventral default mode network 
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with integrating self-referential information within an autobiographic memory context, 

connectivity within this network may reflect a vulnerability to relapse in the form of 

deficient autobiographic memory formation. Previously, aberrant connectivity between 

the ventral default mode network and the hippocampus (during rest, after sad memory 

recall) in remitted depression has been suggested to underlie relapse vulnerability 

in the form of dysfunctional memory formation (Figueroa et al., 2017). Problems in 

forming specific autobiographical memories may directly lead to over-general, nuance-

lacking representations of oneself and one’s personal history, the rest of the world, 

and the future (e.g. “this always happens to me”), which may reinforce dysfunctional 

schemas (Belzung et al., 2015) and contribute to cognitive vulnerability to relapse. 

Alternatively, it may reinforce other processes related to relapse vulnerability, such as 

rumination or cognitive reappraisal (Raes et al., 2006; Figueroa et al., 2017). Over-general 

autobiographical memory has previously been related to a lower chance of remission 

in first-episode patients (Liu et al., 2016), and may therefore represent a vulnerability 

to unfavourable course, and not specifically recurrence. Furthermore, connectivity 

between the ventral default mode network and medial superior frontal areas, which 

have been related to salience processing, may be suggestive of lower awareness of 

self-relevant processes as vulnerability to relapse. Also connectivity between the ventral 

default mode network and inferior occipital areas have been related to relapse within 

18 months, suggesting a cognitive vulnerability in the form of aberrant visual mental 

imagery. Lower self-related processing awareness and difficulties in mentally picturing 

things may be a troubling factor in learning to change cognitive-affective habits during 

preventive therapies.

Finally, rumination has been proposed as an important vulnerability to recurrence 

(Marchetti et al., 2012), and remitted patients have consistently shown abnormal 

rumination tendencies (also in our studies, see Chapters 3 and 4). Within this thesis, we 

add to this finding that especially the uncontrollability of ruminative thinking (supposedly 

reflecting deficits in regulatory control (Kuhl and Baumann, 2000) seems predictive 

of future relapse. In support of this, both disengagement from negative emotional 

information and rumination have recently been found predictive of time to relapse 

(Figueroa et al., 2019). Uncontrolled rumination may lead to ongoing reinforcement of 

dysfunctional automatic cognitions, leading to strengthening of depression-congruent 

information processing biases and negative affect, ultimately resulting in a new 

depressive episode. This mechanism seems also visible in the here reported relationship 

between rumination and implicit self-associations, and subsequently, between implicit 

self-associations and relapse.
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Summary of findings: relapse prediction
In conclusion, our findings seem to confirm the relevance of the (especially ventral part 

of the) default mode network as an important network for the prediction of individual 

relapse risk. More research into whether default mode network connectivity patterns 

related to unfavourable course relate to memory processing, or reflect a different 

mechanism, is warranted. Furthermore, we add to previous models of recurrence with 

the finding that especially the experienced lack of control over habitual tendencies 

towards depressive self-referential thinking is predictive of future relapse.

Emotion regulation and depressive course
Effects of previous depression load
Previous meta-analyses have shown that depressed patients show abnormalities in 

emotion regulation, both on a behavioural level and a neural level. These abnormalities 

may be underlying the vulnerability to a recurrent course. More specifically, deficient 

control resulting in over-attending to, and overprocessing of negative emotional 

information may result in sustained periods of sad mood, spiralling towards a new 

depressive episode. Whether emotion regulation abnormalities contain a trait 

vulnerability to a chronic or recurrent course, or whether they develop as a result of 

the harming effect of previous episodes, is unknown. The number of previous episodes 

seems to increase the vulnerability to subsequent relapse (Mueller et al., 1999; Solomon 

et al., 2000; Kendler et al., 2001), which may imply a cumulative ‘scarring’ effect of previous 

depression on neurocognitive vulnerability to recurrence. Previous depressive disease 

load may thus act as a proxy for the burden of depression over the past decade, but 

also for the vulnerability to recurrence or persistence of depressive symptomatology. 

In Chapter 5 we further investigated the relation between the neural correlates of 

emotion regulation and previous disease load (determined as a combination of duration 

and severity of depressive episodes over the previous nine years) within a MDD sample 

including current and past (within the last nine years) MDD patients.

Irrespective of symptomatic state, we found that previous depressive disease load 

was related to connectivity between the amygdala and precuneus, between the 

dorsal anterior cingulate cortex and parietal and superior frontal areas, between the 

supplementary motor area and ventral and dorsolateral prefrontal cortex, between the 

ventrolateral prefrontal cortex and parietal and superior frontal areas, and between 

the superior parietal cortex and the posterior cingulate gyrus and lingual gyrus, during 

downregulation of negative emotions. These areas, mostly within the frontoparietal-, 

default mode-, and salience network, are generally involved in regulatory control, self-

referential processing and affective salience processing. A mismatch between these 

networks during downregulation of negative emotions may reflect a bias towards 
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internal thoughts, at the cost of effectively engaging with negative emotional external 

information (Kaiser et al., 2015). Our findings in Chapter 5 suggest this to be a consequence 

of the disease load of previous depression. Alternatively, these abnormalities may reflect 

a more general, trait-like vulnerability, or current state at the time of scanning. However, 

since abnormalities within a lifetime MDD sample (in comparison to never-depressed 

controls) did not overlap with the findings related to load, we believe this may not be the 

case. Another alternative may be that a premorbid neurocognitive vulnerability underlies 

the risk for a recurrent disease course, explaining the relation with depressive load. 

Behavioural studies in adolescents, however, showed that emotion regulation strategy 

use found to be the outcome, rather than the antecedent of depressive symptoms 

(Larsen et al., 2013; De France et al., 2019). More research including patients at risk for 

developing MDD is necessary to better understand whether individuals have a pre-

existing vulnerability to a recurrent depressive course, or that vulnerability to recurrence 

cumulatively develops with subsequent episodes. In both cases, these connectivity 

patterns seem meaningful in the context of understanding recurrence.

Interestingly, functional connectivity during upregulation of positive emotions was not 

related to previous disease load, even though remitted patients seem to be characterized 

by abnormal insula activity during effortful regulation of positive (and not negative) 

emotions (see Chapter 3). These findings may suggest that abnormal regulation of 

negative emotions is especially relevant for understanding the accumulating vulnerability 

to subsequent episodes, and regulation of positive emotions represents a more trait-like 

vulnerability (see below), persisting into remission.

Label-related abnormalities
In Chapter 5, we further explored neural emotion regulation abnormalities in relation to 

an MDD label, which may represent a trait marker of depression. Trait markers may inform 

on a general vulnerability to the occurrence of depressive episodes. On top of this general 

predisposition, load-dependent characteristics may further add to the vulnerability to 

recurrent course. We reported lower parietal and supplementary motor area activation 

during downregulation of negative emotions on the one hand, and abnormal connectivity 

between frontal, insular and thalamic regions during upregulation of positive emotions 

on the other hand, in an MDD sample with at least one diagnosed depressive episode 

within the previous nine years, compared to never-depressed controls.

Lower activation within the parietal cortex and supplementary motor area, both part 

of a frontoparietal control network, during downregulation of negative emotions may 

underlie deficient regulatory control capacity as general characteristic of (lifetime) 

depression, which may act as a vulnerability mechanism to the occurrence of depressive 
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episodes. These areas may be less able to mobilize cognitive control when regulation 

of negative emotional responses is required (Ochsner et al., 2012; Berry et al., 2017), 

possibly resulting in sustained over-processing of negative emotions. Regarding positive 

affect, we found higher functional connectivity between the dorsal anterior cingulate 

and the insula and thalamus, between the dorsolateral prefrontal cortex and posterior 

insula, and between the supplementary motor area and frontal operculum during 

upregulation of positive emotions in (current and remitted) MDD patients compared 

to never-depressed controls. These regions are generally implicated in cognitive/

emotional control and the integration of cognitive and emotional information. When 

instructed to effortfully enlarge positive emotions, higher connectivity between these 

areas may reflect abnormally high signalling for a need for control, thereby initiating 

overcontrolling positive emotion processing. Connectivity between these areas has been 

related to experiencing positive affect in healthy individuals (Rohr et al., 2013; Qi et al., 

2020) and to anhedonia in depressed individuals (Heller et al., 2009). The connectivity 

abnormalities found in MDD patients were reflected in lower affect after conditions 

involving upregulation of positive emotions in comparison to never-depressed controls 

(see Chapter 4), suggesting they actually interfere with experiencing positive affect. 

In combination with our earlier findings in Chapter 3 of abnormal insula activity during 

upregulation of positive emotions in patients in remission, and of the relation between 

insula activity and dampening of positive emotions within remitted patients, the findings 

within Chapter 5 suggest that abnormally increased initiation of regulatory control over 

positive emotional experiences constitutes a trait characteristic of depression. This is in 

line with earlier findings of, for example, altered neural processing of solely positive items 

during memory formation in remitted patients (Arnold et al., 2011). Given that positive 

affect in remitted patients is predictive of future relapse (de Jonge et al., 2017), these trait 

mechanisms may add to the neurocognitive vulnerability to recurrence.

Summary of findings: emotion regulation and depressive course
Summarizing, especially connectivity abnormalities related to regulating negative 

(and not positive) emotions were related to the disease load of previous depression, 

while activity and connectivity abnormalities related to regulating positive emotions 

were generally associated with MDD, irrespective of depressed state. Connectivity 

patterns between regions relevant for emotional processing and regulation during 

downregulation of negative emotions may reflect overly detecting and processing of 

negative information, and deficient regulatory control and access to self-related thoughts 

to be used in cognitive reappraisals, which may represent scarring of previous depression 

and an accumulating vulnerability to unfavourable MDD course. Insular activity and 

connectivity patterns between frontal, insular and thalamic regions during upregulation 
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of positive emotions may reflect overcontrolling and dampening of positive affect, which 

may represent a state-independent vulnerability to depressive episodes in general.

FURTHER IMPLICATIONS
Implications for models of emotion regulation
New light on rumination
Our work highlights the role of rumination in vulnerability to recurrence. Rumination 

can be conceptualized as a style of thinking, characterized by an ongoing preoccupation 

with the causes or consequences of negative affect or negative experiences (Nolen-

Hoeksema, 2003; Raes et al., 2008). Even though a vast amount of research on rumination 

has been published already, our findings may shed some new insights onto rumination 

in remitted depression.

First, Chapter 3 describes how ruminative tendencies are related to activity within areas 

related to successful emotion regulation. Specific rumination tendencies were found to 

be related to specific areas. For example, during downregulation of negative emotions, 

whereas a tendency to savour positive affect was related to lower activity in areas related 

to emotion processing, a tendency to ruminate on negative content was related to lower 

activity within the posterior cingulate cortex, suggesting lower recruitment of regions 

supporting autobiographical self-related processing. Models of recurrence may benefit 

from distinguishing between specific rumination subtypes. This is also suggested by 

our finding in Chapter 4 that especially the uncontrollability component of negative 

rumination, and not, for example, understanding or causal analysis aspects, are related 

to future relapse. Possibly different subtypes of remitted MDD patients can be classified 

based on different aspects of rumination, with a different vulnerability to recurrence.

Furthermore, even though rumination is generally considered a manifestation of 

abnormal default mode network-related self-referential processing (Sterpenich et al., 

2014; Hamilton et al., 2015; Lois and Wessa, 2016; Rosenbaum et al., 2017), we reported 

in Chapter 4 that implicit self-associations and rumination were not related to default 

mode network connectivity in remitted depression. We did find a relation with activity 

within the posterior cingulate cortex (part of the default mode network) in Chapter 3, 

however, although connectivity was not measured there. Furthermore, this relation was 

found during downregulation of negative emotions, suggesting a relation with ongoing 

cognitive control. Our findings may thus suggest that abnormal rumination in remitted 

depression is underpinned by impaired cognitive control, possibly in the form of deficient 

detection of an appropriate strategy to respond to negative thoughts or emotions. In line 

with this is our finding that especially a lack of control over negative thinking is relevant 
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in relation to future relapse (see Chapter 4). Other support for this view comes from 

previous research on attentional control. Attentional control has often been related to 

rumination (Joormann et al., 2006; Grafton et al., 2016; Owens and Gibb, 2017; Yaroslavsky 

et al., 2019), and it has been suggested that abnormalities in attention may not directly 

lead to depression, but via rumination (Demeyer et al., 2012; Everaert et al., 2017; 

Yaroslavsky et al., 2019). We did not, however, find a relation between attentional biases 

and rumination tendencies within remitted patients (see Chapter 3), although this could 

be explained by the nature of our attentional task (see methodological considerations 

in Chapter 3). Furthermore, attentional biases as measured in Chapter 3 may represent 

a more early form of biased information processing, and may not represent cognitive 

control per se. Further research into mechanisms underlying rumination is needed.

The importance of investigating positive affect
Throughout this thesis, the importance of positive affect and positive emotion regulation 

has been emphasized, both for characterizing depressive states (Chapter 3 and 5) and 

for understanding preventive therapy mechanisms (Chapter 6). We suggest that in 

general, positive emotions deserve a place in models of emotion regulation. In models of 

emotion regulation in depression, positive emotion regulation has only been described (if 

described at all) within the context of anhedonia. We discuss in Chapter 3 however, that 

positive regulatory tendencies are related to cross-valence affect and neural regulatory 

activation as well. For example, the tendency to savour positive emotions was related 

to an activity pattern in several brain areas related to successful downregulation of 

negative emotions. Furthermore, limbic activity during positive upregulation was related 

to negative affect. These findings suggest that positive emotion regulation has a broader 

influence on depressive vulnerability than so far presumed.

Early attentional processing biases
It has been suggested that attentional processing biases influence the capacity to 

effectively regulate emotions (Joormann and Michael Vanderlind, 2014; Joormann and 

Quinn, 2014). Biases in attentional engagement towards negative information may 

prevent from successfully reappraising a situation. Secondly, biases in disengaging 

attention away from negative information may prevent people from using functional 

regulatory strategies, like distraction or appraising the positive aspects of a situation.

Attentional biases are generally considered part of cognitive vulnerability to depression 

(see the cognitive models of depression in Chapter 1). The evidence for consistent 

attentional biases in MDD, let alone in remitted MDD, is mixed however (Peckham et 

al., 2010), although it seems probable that depression is characterized specifically by an 

attentional disengagement bias at a later processing stage (e.g. stimulus presentation 
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of 1000 milliseconds or more) (Peckham et al., 2010; Joormann and Michael Vanderlind, 

2014). To our knowledge, it has not been tested before whether attentional biases affect 

the capacity to effectively regulate emotions. Our findings from Chapter 3 suggest 

that attentional processing biases may not mediate the role of emotion regulation 

in relapse vulnerability. Alternatively, cognitive-affective relapse vulnerability may be 

better described as a problem of elaborate regulation. Whether early processing biases 

influence regulatory capacity in current depression, where attentional biases seem more 

paramount, needs to be further investigated.

Implications for models of recurrence
Schema activation and recurrence
Based on the cognitive theories of depression and previous findings of impaired 

cognitive control in remitted MDD (Peters et al., 2017), we expected cognitive-affective 

processing biases and abnormalities in regulatory control in remitted patients, as part 

of the cognitive vulnerability to recurrent episodes. Within our remitted depressed 

sample, however, we did not find abnormal attentional biases, implicit depressed 

self-associations, or frontoparietal or limbic neural activation during downregulating 

negative emotions, compared with never-depressed controls. One explanation could be 

state-dependence, with normalization of these problems upon remission (Quigley et al., 

2020). This would be in contrast with the impaired cognitive control model of recurrence, 

which assumes that cognitive processing biases are active as long as cognitive control 

impairments play a role (Joormann et al., 2007b; Everaert et al., 2012) (see Chapter 1 for 

description of these cognitive models).

Alternatively, it may be possible that depressed patients in remission are not 

characterized by ‘active’ negative processing biases, but by biases that are not actively 

present (i.e. latent) and need to be activated by depression-congruent mood. Several 

previous studies point towards the possibility that the remitted state is characterized by 

cognitive biases (Ruhe et al., 2019), which are most consistently found using a sad mood 

induction (Scher et al., 2005; Joormann and Gotlib, 2007). For example, an attentional 

disengagement bias was found in remitted patients only after a sad mood induction, 

and not without (McCabe et al., 2000). Furthermore, implicit depressed self-associations 

were found in remitted patients only after (and not before) a negative mood induction 

(Gemar et al., 2001), and implicit depressed self-associations following a negative mood 

induction have been related to the number of previous episodes and the duration of 

future episodes (Elgersma et al., 2013). These findings are more in line with schema models 

of depression (e.g. the cognitive model by Beck). Cognitive schema models propose 

that negative schemas remain latently present upon remission, and can be activated by 

(internal or external) stressors, meaning patients in remission will only present cognitive 
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processing biases when stressed or in a depression-congruent mood. All in all, these 

studies seem to suggest that a sad mood induction may be necessary to activate latently 

present processing biases. However, mood induced schema-activation as a necessary 

precursor of cognitive-affective vulnerability to recurrence seems contradictory with 

the finding that first episodes are often initiated by stressors, while the development 

of recurrent episodes is much less stress-related (Monroe and Harkness, 2005; Liu and 

Alloy, 2010). Further research specifically pointed towards the role of schema activation 

and distinguishing latent or active processing biases, is necessary.

Positive affective pathways towards relapse
Cognitive models of depression or recurrent depression focus primarily on negative 

cognitive-affective mechanisms, which is conceptually understandable, given that MDD is 

mainly considered a disorder of negative affect. It is not clear yet whether differentiating 

between negative and positive emotions is useful in predicting recurrence (Van 

Rijsbergen et al., 2015; de Jonge et al., 2017). However, our findings strongly suggest that 

a positive affective pathway towards relapse should have a place in recurrence models 

as well. This is underscored by earlier findings of improved positive affect predicting 

remission (Geschwind et al., 2011) and of increased bias towards processing positive facial 

expressions as a result of pharmacotherapy (Harmer et al., 2009). Other findings include 

positive emotional responsivity to life events predicting lower recurrence in remitted 

patients (Wichers et al., 2010) and less positive affect predicting future symptoms in 

remitted patients (de Jonge et al., 2017).

Similar to the negative pathway in cognitive depression models, it has been proposed 

that cognitive schemas influence the experience of positive affect as well (Tugade and 

Fredrickson, 2004; Waugh and Koster, 2015), influencing processing biases in a positive 

manner. Furthermore, the broaden-and-build theory of positive affect proposes that 

positive emotions lead to a broader repertoire of functional responses and hence to 

more flexibility or more effective regulation. Positive emotions may facilitate the use of 

effective regulatory strategies such as cognitive reappraisal (Tugade and Fredrickson, 

2004), and facilitate disengagement from processing negative stimuli, providing room 

for more positive reappraisals (Garland et al., 2010).

Rumination and recurrence
Within this thesis, self-referential processing abnormalities are considered to be highly 

relevant within the context of recurrence. Given that internally oriented negative thinking 

is closely related to the concept of rumination, the findings reported in Chapters 3 and 

4 may provide support for the recurrence model proposed by (Farb et al., 2015). This 

model tries to distinguish between vulnerability to first or subsequent episodes, by 

7
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proposing a sensitization process of vulnerability factors as the product of subsequent 

periods depression. These vulnerability factors, dysphoric attention (or biased processing 

towards negative information) and dysphoric elaboration (or rumination / decreased 

regulation), may reinforce each other during each episode. Favouring of negative 

processing leads to negative cognitive representations, which become integrated 

into abstract schemas about oneself, one’s future, or one’s role in the world (similar 

to Beck’s cognitive schema theory) when not controlled, reinforcing these negative 

self-associations more and more with each subsequent episode. This reinforcement 

effect may eventually lead to an elevated risk with each episode, which seems to be 

confirmed by our findings in Chapter 5, of a mismatch between networks underlying 

internally and externally oriented processing, related to the disease load of previous 

episodes. Rumination may therefore be key in understanding accumulating vulnerability. 

Given our previous notion of the importance of considering specific rumination subtypes, 

recurrence models might benefit from this distinction as well. More specifically, individual 

differences in rumination tendencies may underlie the difference between vulnerability 

to single-episode depression or recurrent depression.

Recurrence models revised
Even though more research is needed, considering our findings, we propose a model for 

recurrence vulnerability in which:

- Cognitive processing biases do not have a large role, but may play a role in negative 

situations where schemas are being activated;

- Not an inability to effectively conduct regulatory control per se, but ineffective 

detection of a need for regulation and appropriate regulation strategy seems to 

perpetuate negative affect and dampen positive affect;

- Abnormalities related to regulation of negative emotions are related to previous 

disease load and may underlie accumulating vulnerability with the number of 

previous episodes, while overregulation of positive emotions may reflect a general 

trait vulnerability to depressive episodes;

- Positive affect and adequate positive emotion regulation may boost resilience for 

relapse, for example by providing more flexibility in regulatory strategies, or by 

a protective pathway via activation of positive schemas and activated positively 

biased information processing;

- Rumination plays a large role: individual rumination subtypes determine relapse 

risk and increased vulnerability with each episode, supposedly by strengthening 

depressed self-associations as a function of subsequent episodes;



213

General discussion

Figure 1. Proposed revisions to cognitive recurrence models, in addition to the models presented in Chapter 1.
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Note. The red pathway represents how especially the initiation and habitual choice of regulatory strategy 
leads to abnormal regulation of negative affect, and subsequent ongoing negative mood. The orange pathway 
represents the way self-referential processing adds to increasing vulnerability with subsequent episodes. The 
blue pathway represents a possible effect of positive affect on the flexibility of regulation use. Also, positive 
affect may influence information processing in a similar way as negative affect does. Dotted lines represent 
suggested mechanisms based on interpretations of our findings, but need to be further investigated. We did 
not find support for a major role of biased information processing (represented here in grey boxes), however, 
they may need to be activated by schemas in remitted patients.

Clinical findings and implications
Working mechanisms of preventive therapy
Prophylactic preventive cognitive therapy has been proven effective in reducing 

relapse risk (Biesheuvel-Leliefeld et al., 2015, Bockting et al., 2015b, 2018). To date, the 

neurocognitive working mechanisms underlying therapy success have not yet been 

investigated. In Chapter 6, we discussed the immediate effects of preventive cognitive 

therapy, compared to a waiting list control group. Given earlier findings of normalization 

of frontal regulatory control over limbic overprocessing of emotions upon cognitive 

therapy in acute depression (Goldapple et al., 2004; Fu et al., 2013), we chose an emotion 

regulation paradigm during fMRI scanning to investigate neural changes as a result 

of treatment. Furthermore, we assessed effects of preventive cognitive therapy on 

negative and positive affective and cognitive processing and regulation.

7
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In general, we reported improvements in regulatory capacity and success in patients 

who underwent therapy relative to control patients on a waiting list, which were related 

to a stabilisation of affect and symptomatology. Improvement of emotion regulation 

was found on both a neural and cognitive-affective level. Irrespective of valence, we 

found a relative decrease of activity in the pregenual anterior cingulate cortex during 

effortful regulation of emotions (relative to attending to emotional images) after 

preventive therapy, and increased involvement of this area in patients on the waiting 

list. The (pregenual) anterior cingulate cortex may be considered an integration hub 

between brain areas involved in emotion processing and regulatory control (Mayberg, 

1997; Etkin et al., 2011; van Tol et al., 2021), and has been related to effortful emotion 

regulation before (Etkin et al., 2011; Stevens et al., 2011, Frank et al., 2014a; Kohn et al., 2014) 

(although not consistently (Buhle et al., 2014)), suggesting that patients who underwent 

preventive cognitive therapy protects against an increased emotional responsivity. On 

top of this protective effect, preventive cognitive therapy led to lower involvement of 

medial regulatory brain areas, the medial frontal gyrus and dorsal anterior cingulate, but 

only during upregulating positive emotions (relative to attending to positive emotions, 

in comparison to waiting list control patients), and not during downregulating negative 

emotions. Improvement of (especially positive) affect thus seems to need less mental 

effort as a result of preventive cognitive therapy. On a cognitive-affective level, patients 

who underwent preventive therapy showed more functional regulatory strategy use, 

more successful regulation of emotions and more effect of regulation on negative affect. 

In the positive affective domain, they showed an increase in positive cognitions about 

themselves, activated upon imagined positive experiences. These cognitive-affective 

findings suggest that the neural changes in regulatory capacity bear relevance for dealing 

with emotions in daily life. Treatment-induced changes in positive cognitions were related 

to a stabilisation of both negative and positive symptoms and affect.

Our finding of treatment induced changes in regulatory capacity of the medial frontal 

gyrus activation supposedly reflect a normalisation (see the activation over time in this 

area during emotional processing in healthy controls in Chapter 3). A normalization 

effect of preventive cognitive therapy in medial areas related to successful emotion 

regulation is in line with earlier findings of mechanisms underlying cognitive therapy in 

acute depression (Fu et al., 2008; Ritchey et al., 2011; Forkmann et al., 2014; Franklin et 

al., 2016; Rubin-Falcone et al., 2018). Especially improvements of the anterior cingulate 

cortex and medial frontal gyrus seem responsive to cognitive treatment in acute MDD 

(Sankar et al., 2018). Furthermore, normalization in these areas has previously been 

related to subsequent clinical response following acute cognitive therapy (Fu et al., 2008; 

Sankar et al., 2015), suggesting that preventive treatment-induced changes in this area 

may relate to reducing relapse risk. Further research into longer term (clinical) effects of 
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preventive cognitive treatment-invoked changes in medial frontal brain functioning and 

accompanying emotion regulation use and success could clarify whether these changes 

are actually promoting resilience for future relapse.

Even though cognitive response styles were found highly relevant for identifying residual 

abnormalities in remission and for predicting relapse, negative cognitive processing 

biases, cognitive styles and negative cognitions did not seem to drive the preventive 

effects of preventive cognitive therapy. In contrast, acute cognitive therapy has been 

thought to impact negative cognitive styles (Garratt et al., 2007; Clark and Beck, 2010), 

supported by evidence of cognitive therapy affecting attentional biases (Roiser et al., 

2012; van Vugt et al., 2012) and negative dysfunctional attitudes (Jarrett et al., 2007; 

Sankar et al., 2015) (although mediation analyses found little added value for negative 

cognitive styles or content in explaining treatment effects (DeRubeis et al., 1990; Vittengl 

et al., 2014; Lemmens et al., 2017)). Our findings may reflect the differences between acute 

cognitive therapy and preventive cognitive therapy, where much less focus is being put 

on changing negative cognitions. Preventive cognitive therapy thus seems to directly 

target affect (regulation) and subsequent symptoms, without immediately addressing 

contingent underlying negative cognitive styles or content.

Chapter 6 highlights the importance of considering positive affect in models of 

recurrence. Our findings show that changes in positive affect and cognitions are 

relevant for stabilisation of symptoms and affect in the positive affective domain, but 

also cross-valence. Targeting positive cognitions and positive affect regulation may thus 

have a broad preventive impact, and boost resilience not merely by enforcing positive 

affective pathways, but also by diminishing negative affective pathways. Boosting 

positive affective and cognitive reactivity and sustainment may compensate for the 

effects of negative affect and cognitions on relapse vulnerability (Barber and DeRubeis, 

2001). Possibly the normalization of positive affect or affect regulation is specific to 

preventive cognitive therapy, given the considerable attention that is paid within this 

therapy towards noticing and memorizing positive emotional experiences (see Box VI in 

Chapter 1). In Chapter 5 we described how brain functioning during regulation of positive 

emotions, possibly reflecting overly controlling and dampening of positive emotions, may 

be considered a general, state-independent vulnerability to depression. Reassuringly, the 

findings in Chapter 6 suggest that it may be possible to target this specific vulnerability, 

thereby possibly lowering the risk of developing depression in general.

Summary of findings: working mechanisms of preventive therapy
To summarize, preventive cognitive therapy may work by improvement of neural 

emotion regulation capacity, not only of negative but also of positive emotions, the 
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latter specifically being of added value. This is reflected in improved strategy use and 

regulatory success in daily life. These improvements may lead to the stabilisation effects 

in emotional processing, affect and symptomatology that we found in patients after 

undergoing preventive cognitive therapy. Preventive cognitive therapy does not seem 

to affect negative cognitive biases or dysfunctional cognitions.

Clinical implications
Suggestions for incorporating findings in (preventive) treatment
First, throughout this thesis, the relevance of positive affect and regulation of positive 

emotions has been shown. Focusing on positive experiences and training the generation 

of positive autobiographical memories is already a large part of preventive cognitive 

therapy, and, given our findings in Chapter 6, possibly leads to stabilisation of affect 

and symptoms, and ultimately may protect against relapse. We propose this to be 

an important clinical target, which should be structurally incorporated in preventive 

intervention strategies.

Second, as discussed earlier in this Chapter, the remitted state of depression may be 

characterized specifically by dysfunctional habitual regulatory choices in daily life. We 

propose here that patients vulnerable to recurrence benefit most from improvement of 

their choice of regulatory strategy, rather than improvement of regulation skills in itself. 

This would have important clinical implications, since current approaches often rely on 

the assumption that patients vulnerable for (recurrent) depression lack regulatory skills. 

Cognitive therapies, for example, focus mainly on learning to reappraise negative events 

or emotions. Such an approach may be most beneficial for the treatment of depression 

(Berking et al., 2008; Harley et al., 2008), but may not be most optimal in patients in 

remission, who seem capable of recruiting frontoparietal control regions in the same 

extent as never-depressed individuals when instructed to apply reappraisal (see Chapter 

3). Another approach in current interventions focuses on the realization of strategies 

being used, and disengagement from strategies that are not functional (Ehring et al., 

2010). Mindfulness-based cognitive therapy and acceptance and commitment therapy 

are examples of therapies in which acceptance and mindfulness are trained, with the aim 

of ending excessive attempts to control one’s negative emotions. Since remitted patients 

tend to suppress negative emotions and dampen positive emotions (as found in Chapter 

3), practicing acceptance or mindfulness could lead to more functional choices made in 

the face of emotional situations, improving emotion regulation in daily life. A combination 

of this approach and training to use adaptive regulation strategies (underlying for 

example preventive cognitive therapy), leading to enhanced flexibility of strategy use, 

could be most beneficial in preventing a recurrent course (Ehring et al., 2010).
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Furthermore, several of the chapters in this thesis describe abnormal self-focus as residual 

abnormality upon remission, and even as predictor of relapse, suggesting normalization 

of abnormal self-focused processing or thinking may be an important target in preventive 

treatment. Mindfulness-based cognitive therapy seems to incorporate this already to 

some extent, by learning to be more aware and acceptant of one’s thoughts, and by 

learning to orient one’s attention. Following the recurrence model of (Farb et al., 2015), 

decreasing rumination tendencies may normalize the cumulative dynamic cycle with 

depressed self-associations. Since depressed self-associations were also found to be 

related to relapse (see Chapter 4), targeting dysfunctional rumination may improve 

resilience to recurrence by breaking the cycle of intensifying depressed self-associations 

with cumulative episodes as a second pathway.

Finally, experienced uncontrollability of negative thinking may be predictive of relapse 

(see Chapter 4), which points towards the importance of regaining control over one’s 

thinking styles, for example by training to become aware of thought processes going 

on and training to change them (as part of preventive cognitive therapy, for example). 

Alternatively, self-report of uncontrollability of negative thinking may also be reflective 

of metacognitive beliefs about one’s ability to flexibly adjust to situations (Matsumoto 

and Mochizuki, 2018), suggesting preventive interventions may benefit from targeting 

beliefs about ones efficacy in adapting cognitive styles.

Towards individualized treatment
Being able to offer preventive treatment options tailored to individual needs and risks 

would be the ultimate clinical goal. To enable this ideal, specific predictors of relapse 

risk and therapy success are needed. Our results in Chapter 4 suggest that aberrant self-

referential processing could be an important predictor for use in the clinical practice. 

Furthermore, Chapter 6 suggests that (positive) emotion regulation skills and positive 

automatic thinking may be underlying therapy success, but further research into the 

actual prediction of therapy success based on baseline characteristics is necessary. 

Furthermore, machine learning or normative modelling techniques may help refine 

neuropsychiatric predictors.

METHODOLOGICAL CONSIDERATIONS AND 
FUTURE RESEARCH
Methodological considerations
Sample characteristics
Within the NEWPRIDE study, described in Chapter 2, we included only highly recurrent 

(with an average of at least seven previous episodes), recently remitted depressed 
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patients. This dataset formed the basis for Chapters 3, 4 and 6. We carefully determined 

their current psychiatric state and their diagnostic history. Because effect sizes were 

expected to be small to medium, we attempted to minimize between-subject variability, 

and selected a very homogeneous sample (for example in terms of therapy use (not 

recently or currently), antidepressant medication use (none), comorbid psychiatric 

disorders (none)), and carefully matched the never-depressed control group on 

demographic characteristics. This selection allowed for the investigation of subtle 

differences and effects, without much confounding effects, and is one of the main 

strengths of the NEWPRIDE trial. However, it is arguable that our sample may not directly 

reflect the general population of remitted depressed patients. This would have been a 

larger concern, however, if the focus of our studies would have been the effectiveness 

of preventive therapy, instead of underlying cognitive-affective mechanisms. When 

these mechanisms are better understood within a highly recurrent sample like ours, it 

is advisable to further test their ecological validity within a more heterogeneous sample. 

Furthermore, we did study the same neurocognitive abnormalities within a large and 

heterogeneous community sample in Chapter 5, where we found complementary 

abnormalities within a depressed sample.

Unfortunately, there was a number of participants who ended their participation in the 

study untimely, due to relapse or recurring symptoms, finding the travelling time or the 

therapy sessions too high of an investment, or because of changing life circumstances. 

We tried to complement our sample with new participants when someone dropped out, 

to make sure we had equal and large enough groups to compare. However, this may have 

led to a motivational bias in the sample, with participants less motivated to participate 

replaced by more motivated participants. Furthermore, because some of these reasons 

are related to the intervention or relapse of symptoms, there may be a diagnostic bias in 

the sample as well; possibly our final sample did not contain the participants with more 

severe relapse of symptoms. This may have led to an underestimation of the prediction 

of relapse in Chapter 4. Furthermore, this bias may have impacted our investigation of 

preventive treatment mechanisms in Chapter 6, and may be reflected in the differences in 

neural and behavioural regulatory processes, attentional processing and clinical features 

between the therapy group and the waiting list control group that we found on baseline 

(despite double blind randomization). Unfortunately, we did not have data enough of all 

the dropped out participants to perform intention-to-treat analyses. We tried to diminish 

the effect of this baseline difference by using normalized difference scores for our pre- 

versus post-treatment analyses.

For Chapter 5 we made use of the NESDA neuroimaging dataset. The NESDA study is a 

unique large-scale observational cohort study in depression and anxiety patients. The 
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neuroimaging arm of the NESDA study allows studying brain structure and function 

in relation to cognitive and emotional processes in depression and anxiety patients. 

Data was collected at several timepoints (at baseline, one year, two year, four year, six 

year, and nine year follow-up), and consisted of several scans and tasks (van Tol et al., 

2021). Here, we used fMRI-data collected during an emotion regulation task at nine-

year follow-up, together with clinical data collected at each consecutive timepoint 

starting at the baseline measurement. The NESDA sample is a valuable and naturalistic 

sample, consisting of a heterogeneous group of patients with varying symptoms, 

comorbidity, and other characteristics. However, this also means there is a considerable 

amount of confounding variables within this dataset, such as anxiety comorbidity or 

antidepressant medication use. Furthermore, within Chapter 5, we tried to calculate 

depressive load retrospectively, based on life-chart interviews administered at each 

consecutive timepoint. The life-chart interview is a method to retrospectively map 

depressive symptoms for each month between two timepoints, using life-events as 

memory cues. Even though this instrument has been found to be a valid way of charting 

previous periods of symptomatology (Denicoff et al., 1997), it can be questioned whether 

everyone is capable of recollecting symptoms that were present some years ago on 

a month-to-month basis reliably. Within our dataset, we noticed that life-chart data 

contradicted diagnostic data from other tools, such as the Composite International 

Diagnostic Interview (CIDI). For Chapter 5, we chose to exclude any subjects from our 

diagnostic subgroups for whom there was any diagnostic ambiguity.

Self-report measures
We measured trait use of emotion regulation and rumination strategies in daily life with 

several self-report questionnaires: the Emotion Regulation Questionnaire (ERQ), the 

Rumination on Sadness Scale (RSS), and the Responses to Positive Affect (RPA) scale. In 

general there has been some criticism on the use of self-report in measuring constructs 

that require a certain level of insight or metacognition. These questionnaires have 

been specifically designed to measure individual differences in habitual use of emotion 

regulation strategies however. Psychometric properties have extensively been studied, 

and adequate validity of the questionnaires has been reported (Raes et al., 2008, 2009; 

Melka et al., 2011; Ioannidis and Siegling, 2015). Furthermore, these self-report measures 

are not the only measures of emotion regulation we used in our studies.

Emotion regulation task
Within Chapters 3, 5 and 6, we used an emotion regulation task during MR scanning 

in order to measure neural activity during downregulation of negative emotions and 

upregulation of positive emotions. Participants were shown blocks of four neutral, 

negative or positive emotional images, and were asked to either attend to these images, 
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or to downregulate negative, or upregulate positive emotions these images may have 

elicited. Regulation was practiced beforehand, using cognitive reappraisal techniques, 

until satisfactory. After each block of images, participants were asked to rate their 

current affective state, and the extent to which they were able to follow the instruction.

Unfortunately, these ratings were the only way of measuring actual regulatory efforts, 

and as researchers, we had little control over actual cognitive processes taking place 

during scanning. Also, we were not able to distinguish which regulatory strategies were 

actually applied by the participants. Since specific regulatory strategies seem to be 

related to differential neural responses (Moodie et al., 2020), different strategy selection 

by our participants could have obscured our results somewhat. The main task effects 

did show expected activation patterns however, and also affect ratings changed as a 

result of condition in the way we expected (e.g. higher affect after positive compared 

to negative blocks, and higher affect after regulation than after attend instructions), 

suggesting participants were generally following the instructions. Furthermore, the use 

of eye-tracking during scanning within the NEWPRIDE trial allowed us to check whether 

participants were attentive or drowsy/asleep during scanning.

We were primarily interested in the negative and positive regulation versus negative and 

positive attend conditions, in order to measure voluntary use of cognitive reappraisal. In 

Chapter 3 we also discussed activity during the negative and positive attend conditions 

versus neutral attend, which provided a measure of uninstructed valence-specific 

processing of emotional information. Here we found abnormal activation in areas related 

to regulatory control and visual processing, which we interpreted as different implicit, 

uninstructed strategy use. Emotional attend versus neutral attend conditions have been 

studied in previous studies as well, however the interpretation of these contrasts vary 

somewhat. For example, Goldin et al. 2008 and Kanske et al. 2012 used such contrasts 

merely for investigating whether negative images elicited emotional responses, whereas 

Reinecke et al. 2015 investigated these contrasts in the context of incidental, implicit 

regulation as well. We believe that this inconsistency is closely related to the conceptual 

and definitional ambiguity in emotion regulation research, especially regarding implicit or 

automatic regulation. We plead for definitional clarity and consistent use of a conceptual 

framework in future emotion regulation studies.

Neural correlates of emotion regulation
Functional MRI has been proven to be a valuable technique in neuropsychiatric research. 

However, some methodological limitations should be discussed. First of all, since fMRI 

involves measuring the BOLD response (reflecting the haemodynamic changes as a result 

of firing of a large number of neurons), it does not directly measure neural firing. By 
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subtracting the haemodynamic response during a control condition of the haemodynamic 

response during a condition of interest, we are able to get an estimation of neural activity 

related to the cognitive processes of interest. Even though this has been shown to reflect 

neural activity reliably (Logothetis, 2002), we should keep in mind that this is just an indirect, 

belated estimation of the neural firing taking place. This seems especially relevant for the 

investigation of the temporal dynamics of the BOLD response during emotion regulation 

in Chapter 3, where we used a Finite Impulse Response model to be able to model the 

haemodynamic response over two-second time bins during presentation of the stimuli. 

Because of the delay in estimation, our task design (blocks of eight second events, 

following each other rapidly) allowed for a spill-over effect of neural activity from one 

event to another, and may not have been ideal to study the temporal course of neural 

activation. Using longer blocks or longer events, with a longer pause after each block, may 

have allowed us to find later occurring effects in sustained activation.

Secondly, there is an ongoing debate taking place regarding the reliability of functional 

MRI activity studies. Recently, a paper has been published raising significant concerns 

about false positive findings in fMRI research, related to the assumptions underlying 

parametric testing (Eklund et al., 2016). Current cluster correction methods were reported 

to lead to high false positive rates. We tried to take these concerns into account by merely 

using nonparametric statistical techniques for analysing fMRI-data within our studies. 

Possibly there will be a shift away from methods based on cluster-level inference within 

the neuroimaging field in the future, for example towards network-based analyses or 

multivariate pattern analyses.

Suggestions and challenges for future research
Incorporating positive affect
Chapters 3, 5 and 6 highlight the importance of studying positive affect in the context 

of depressive recurrence, and as advocated in this chapter, regulation of positive 

emotions may play an important role in neurocognitive vulnerability to recurrence. In 

line with this, we recommend that future emotion processing and regulation studies 

investigate positive emotionality in addition to negative emotionality. Since we found 

both dampening and savouring of positive affect to be important for understanding 

remitted depression, future studies may implement both upregulation of positive affect 

as well as downregulation of positive affect, to further investigate possible different 

underlying neural mechanisms.

Further research on prediction of long-term resilience and therapy success
In Chapter 2, we discuss the need for more insight into predictive markers of long-term 

resilience and therapy success. Within this thesis, we found self-referential processing 
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in remitted depressed patients to be predicting future relapse (see Chapter 4). Given 

our other proposed mechanisms underlying vulnerability to recurrence (e.g. impaired 

signalling of regulatory need and an adequate approach when facing negative 

and positive emotions), further research into the predictive value of other residual 

abnormalities in remitted patients for subsequent relapse may provide more information 

into the role these abnormalities play in recurrence.

Furthermore, in Chapter 6 we investigated the direct effects of preventive cognitive 

therapy, to better understand the neurocognitive working mechanisms underlying the 

promotion of resilience. A next step would be to investigate whether these mechanisms 

are actually predictive of long-term relapse risk. This would aid our understanding of 

the relevance of normalizing regulatory control over positive emotions for boosting 

resilience.

Finally, a further exploration of residual neurocognitive emotion regulation abnormalities 

in remitted patients in the context of predicting long-term treatment success may guide 

the selection of preventive treatment selection for patients, based on their individual 

characteristics.

Chapter 2 describes an approach of a randomized controlled trial designed to meet 

these aims. Future investigation of long-term therapy induced changes, the predictive 

value of residual abnormalities for relapse and long-term therapy efficacy would be a 

valuable addition to the studies presented in this thesis, and may further guide the clinical 

implications from this thesis.

Validation of pupil dynamic response as marker of relapse vulnerability
As described in Chapter 2, we intend to validate the pupil dilation response as a predictive 

marker of emotion regulation success, and hence as a marker of relapse vulnerability 

in future studies. The findings within this thesis point towards various neurocognitive 

mechanisms that may act as a predictive marker of individual treatment success. 

However, it would be very costly and invasive to imply fMRI scanning and extensive 

cognitive testing on every patient in remission, to determine the most promising 

preventive approach for that patient. The pupil dilation response has been found to 

reflect mental regulatory effort and frontal emotion regulation capacity in depression 

(Johnstone et al., 2007) and to predict remission following cognitive therapy (Siegle et 

al., 2011) and relapse (Kudinova et al., 2016).

Further investigation of the value of the pupil dilation response as a non-imaging (but 

imaging-informed) marker of increased frontal activation, reflecting increased emotion 
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regulation, following preventive cognitive therapy and as a pre-treatment predictor of 

therapy success, may have important clinical implications and constitute the next steps 

in analysis of the NEWPRIDE dataset.

Concluding remarks
In the research reported in this thesis, we aimed to investigate neurocognitive 

vulnerability mechanisms underlying recurrence of depressive episodes. This was 

achieved by studying emotion regulation and self-referential abnormalities in relation 

to the remitted state, to previous disease load, to future relapse risk, and to preventive 

treatment effects.

In conclusion, remitted patients seem characterized by abnormal (uninstructed, habitual) 

detection of regulatory need and selection of adequate strategies when engaging with 

negative emotions, and overregulation (or dampening) of positive emotions. Immediate 

processing biases do not seem to characterize remitted depression, but may need to 

be activated by depressive schemas. The ventral default mode network seems highly 

relevant for predicting relapse. Lack of control over habitual negative self-referential 

thinking tendencies was found to be predictive of future relapse as well. Overregulating, 

or dampening, of positive emotions may represent a general trait vulnerability to 

depressive episodes, while abnormalities related to regulation of negative emotions 

seem to be affected by previous disease load, and may underlie an accumulating 

vulnerability to recurrence with subsequent episodes. Preventive cognitive treatment 

may derive its preventive effect by improvement of regulatory capacity, strategy use 

and regulation effects on affect and positive cognitions, which may lead to stabilisation 

of mental effort needed for emotional processing, of negative affect and ultimately of 

depressive symptoms. Despite the residual relevance and predictive value of rumination 

for relapse, preventive cognitive therapy does not seem to affect negative cognitive 

styles. The findings presented throughout this thesis emphasize the importance of 

investigating positive affect (regulation) in addition to negative affect, and of studying 

individual subtypes of rumination, in the context of depressive recurrence.

Several clinical implications can be derived from this thesis that might improve current 

preventive treatment, e.g. focusing on the improvement of savouring positive emotional 

experiences, habitual regulation strategy selection, abnormal self-referential thought 

patterns, and on metacognitive beliefs about the capability to regulate thoughts. A 

further step would be to predict treatment selection based on individual neurocognitive 

characteristics.
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