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The focus of this thesis is on functional neuroimaging of affective processing in 

psychiatric disorders. In the first part of this thesis, I present a prospective and a 

longitudinal functional magnetic resonance (fMRI) study on affective processing to 

investigate whether brain abnormalities 1) could predict the long-term course of 

depression; 2) depend on the clinical depressive state and progress with enduring 

depressive course. In the second part of the thesis, I focus on symptom specific 

neural abnormalities in depression, namely suicidality, and on distinctive 

abnormalities in emotion regulation in psychiatric disorders characterized by 

affective dysregulation: schizophrenia and bipolar disorder. Because depression is 

associated with a high suicidal risk, I sought to unravel 3) whether neural correlates 

of affective and cognitive control could be a candidate marker of suicidality. Finally, I 

investigated 4) the temporal markers of brain activation during emotion regulation in 

schizophrenia and bipolar disorder. In this introduction, an overview of the clinical 

characteristics, prevalence, illness course and symptom specificity in depression will 

be presented first. Then, the neurobiological models of affective processing in 

psychiatric disorders will be briefly reviewed. Finally, I will introduce the aims and 

outline of this thesis. 

Major depressive disorder (MDD) 

Clinical characteristics and prevalence 

MDD is a psychiatric disorder characterized by enduring sadness, loss of interest or 

pleasure, feelings of guilt or low self-worth, disturbed sleep or appetite, feelings of 

tiredness, and poor concentration (See Box I for Diagnostic and Statistical Manual of 

Mental Disorders-version 5 [DSM-5] for MDD) (American Psychiatric Association 

2013). Currently, MDD is a leading cause of disability worldwide, with an estimate of 

more than 350 million people affected (Marcus et al, 2012). Recently, the World 

Mental Health survey by the World Health Organization reported that the lifetime 

prevalence of major depressive episode (MDE) across the world ranges from 6.5% 

(People’s Republic of China) and 6.6% (Japan) to 21.0% (France) and 19.2% (the USA) 

(Bromet et al, 2011; Kessler and Bromet 2013). Average twelve-month prevalence 

rates range from 5.5% to 5.9% (Bromet et al, 2011).  

Social-demographic factors such as sex, age, and marital status are associated 

with depression (Kessler and Bromet 2013). Women typically have a two-fold higher 

risk of MDD compared to men (Van de Velde et al, 2010). The typical age of onset of 

depression is in the early to mid twenties (Kessler and Bromet 2013) and prevalence 

decreases with age (Andrade et al, 2003). Being separated or divorced predicts 

significantly higher rates of major depression compared to being currently married 

 1 
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Box I. Diagnostic Criteria for Major Depressive Disorder [DSM-5] 

A. Five (or more) of the following symptoms have been present during the same 2-

week period and represent a change from previous functioning; at least one of the 

symptoms is either (1) depressed mood or (2) loss of interest or pleasure. 

Note: Do not include symptoms that are clearly attributable to another medical 

condition. 

1. Depressed mood most of the day, nearly every day, as indicated by either 

subjective report (e.g., feels sad, empty, hopeless) or observation made by 

others (e.g., appears tearful). (Note: In children and adolescents, can be 

irritable mood.) 

2. Markedly diminished interest or pleasure in all, or almost all, activities most of 

the day, nearly every day (as indicated by either subjective account or 

observation). 

3. Significant weight loss when not dieting or weight gain (e.g., a change of more 

than 5% of body weight in a month), or decrease or increase in appetite nearly 

every day. (Note: In children, consider failure to make expected weight gain.) 

4. Insomnia or hypersomnia nearly every day. 

5. Psychomotor agitation or retardation nearly every day (observable by others, 

not merely subjective feelings of restlessness or being slowed down). 

6. Fatigue or loss of energy nearly every day. 

7. Feelings of worthlessness or excessive or inappropriate guilt (which may be 

delusional) nearly every day (not merely self-reproach or guilt about being 

sick). 

8. Diminished ability to think or concentrate, or indecisiveness, nearly every day 

(either by subjective account or as observed by others). 

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.  

Note: Criteria A–C represent a major depressive episode (MDE). 

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 episode or a hypomanic episode. 

 

(Andrade et al, 2003). Moreover, MDD has a high comorbidity with anxiety disorders 

(Lamers et al, 2012; Zimmerman et al, 2014). Current and life-time comorbidity rates 

between MDD and anxiety disorders range from 40-80%. Comorbidity of anxiety and 

MDD associates with a specific pattern of vulnerability, such as childhood trauma, 

neuroticism, severity and duration of symptoms (Lamers et al, 2012). 
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Course of depression  

The course of MDD is very heterogeneous, ranging from a single-episode, through 

remission followed by relapse (or recovery by recurrence), to a chronic course. Frank 

et al. (1991) have provided some criteria for defining depressive course (Table 1). The 

DSM-5 (American Psychiatric Association, 2013) defines remission as a period of two 

or more months free of symptoms, or with only one or two symptoms less than to a 

mild degree. Chronic depression is defined as a continuous depressed mood (for 

most of the day, for more days than not) lasting for more than two years. 

Table 1. Definitions of depressive course  

Key Terms Definition 

Episode 
Defined as having a certain number of symptoms for a certain period of time, 

fully symptomatic. 

Remission 

Partial remission: the individual is no longer fully symptomatic, but displays 

more than minimal symptoms. Full remission: a brief period (2–8 weeks), 

where the individual is asymptomatic, with no more than the presence of 

minimal symptoms 

Response A partial or full remission due to a treatment intervention 

Recovery 
Defined as a full remission, symptom free for a certain length of time 

(> 8 weeks). It denotes a recovery from an episode 

Relapse 
An early return of symptoms following a positive response, meeting full 

syndrome criteria that occurs during the period of remission 

Recurrence Refers to a new episode, which can only occur during/following a recovery 

Represented from Richards (2011); Original data from Frank et al. (1991). 

Longitudinal clinical studies have suggested that more than 50% of patients 

with an MDE (see Box I) recover within one year (Barkow et al, 2003; Eaton et al, 2008) 

and that the substantial proportion of those who do not recover have a higher chance 

of developing a chronic course (Lamers et al, 2012). Moreover, recurrence is very 

common in patients with MDD even after recovery, with most of them showing 

recurrence within five years after reaching recovery and with recurrence rate 

increasing over time (Keller et al, 2007). Life-time prevalence is almost three times 

higher than the 12-month prevalence, suggesting that at least one-third to one-half of 

MDD individuals experience recurrence in a given year (Kessler and Bromet 2013). 

Recurrence rates over 15 years in clinical samples have been estimated at 85% and in 

the general population at 35% (Hardeveld et al, 2010). Clinical factors such as 

previous episodes of MDD and residual symptoms are more important to predict 

recurrence than are demographic factors (Hardeveld et al, 2010). In addition, more 

 1 
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than 10% of MDD patients develop a chronic course (Eaton et al, 2008; Gotlib and 

Hammen 2008). Comorbidity with other disorders and the presence of certain 

symptoms such as severe fatigue, loss of interest, insomnia, suicidal thoughts and 

physical symptoms are predictive of a chronic course of depression (Barkow et al, 

2003; Gilchrist and Gunn 2007).  

Although descriptions of depressive course are provided by Frank et al. (1991) 

and the DSM-5, they are based on observation of behaviors and experiences and not 

necessarily relevant to biological abnormalities. It is still not clear why some MDD 

patients recover, while others experience an enduring unfavorable course. 

Identifying neural markers of the natural course of depression would facilitate early 

detection and intervention in order to minimize cumulative effects, thus preventing 

relapse or an enduring course of depression (Clark et al, 2009). 

Suicidal behavior in depression 

As mentioned above, certain symptoms such as suicidality could predict an 

unfavorable course in depression. The suicide rate is almost eight times higher in 

people with mood disorders than in the general population (Bostwick and Pankratz 

2014). More than half of depressed patients express suicidal ideas and one-third of 

patients with suicidal ideas progress to commit a suicidal act (Kessler et al, 1999; 

Nock et al, 2008). Despite the high correlation between MDD and suicide, some 

depressive patients develop suicidal behaviors, while others do not. Moreover, 

Aleman and Denys (2014) proposed defining suicidality as a distinct disorder, 

because it can occur independently and may not be responsive to effective treatment 

of depressive symptoms. However, it remains unclear whether suicidality can be 

viewed as a distinct disorder in terms of neurobiological dysfunction as well. 

Therefore, investigating the neural substrate that is specific for suicidality in 

depression may help to further differentiate the distinct mechanism of suicidality 

from depression.  

Neural models in affective psychopathology 

In recent decades, studies of emotional and cognitive processing in depression have 

provided a body of evidence regarding the behavioral and neural bases of emotional 

and cognitive processing disturbances. The most consistent finding is the presence of 

a cognitive emotional bias, represented by enhanced attention and memory for 

negative emotional information and diminished attention/memory for positive 

emotional information (Beck 2008; Disner et al, 2011; Gotlib and Joormann 2010; 

Leppänen 2006). Biases in attention and memory may have some consequences such 
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BOX II. Neurobiological Models of Psychiatric Disorders  

A cognitive-neurobiological model proposed by Disner (2011) in an attempt to 

integrate the cognitive model of depression (Beck, 1967; Beck et al, 2002) with more 

recent structural and functional neuroimaging findings, suggests that a specific neural 

substrate underlies biases in perception, attention and memory in depression. In this 

model, two compartments of processing are involved: a bottom-up (limbic-cortical) 

pathway that starts from hyper-responsivity in the limbic system (especially in amygdala) 

and continues through the subgenual part of the anterior cingulate cortex (ACC), caudate, 

putamen, nucleus accumbens and hippocampus to the prefrontal (cortical) regions (PFC). 

A top-down (cortical-limbic) pathway begins with reduced activation of prefrontal cognitive 

control areas and proceeds to inhibit the top-down control through thalamus and ACC to 

subcortical regions. The bottom-up pathway is unrestrained by top-down cognitive 

control, which may enhance the cognitive biases and prolong the depressive course.  

This limbic-cortical inhibition model is a refinement of at least two other previous 

neuroanatomical models on depressive phenomenology proposed by Mayberg (1997) 

and Phillips et al. (2003). In Mayberg’s model, the dorsal neocortical system (dorsolateral 

PFC, hippocampus) mediating the sensory-cognitive aspect of MDD and ventral 

subcortical system (amygdala, insula, ventral striatum, thalamus and subgenual ACC) 

mediating vegetative and somatic aspect of MDD are proposed. Additionally, a regulatory 

hub (rostral cingulate) is highlighted to connect these two systems. 

The model developed by Phillips et al. (2003) aimed to illustrate disturbances in 

emotional processing in a variety of psychiatry disorders. This model proposes that 

enhanced bottom-up regulation from a ventral system (amygdala, insula, ventrolateral 

PFC, ventral striatum) and weak top-down regulation from a dorsal system (dorsolateral 

PFC, dorsomedial PFC, ACC and hippocampus) are prominent features in MDD, which 

leads to abnormal appraisal of negative incoming information underlying depressed mood 

and anhedonia, which further reinforces the cognitive bias and perpetuate depression.  

Moreover, this model suggests that, in schizophrenia, the pattern of structural and 

functional neural abnormalities in the ventral system may cause deficient emotion 

identification, and subsequent interpretation of all information as threatening, thereby 

result in specific negative and positive symptoms including flat emotion, anhedonia, 

persecutory delusions, and impaired social function. These maladaptive processes and 

as inflexible appraisals, which hamper the selection of deliberate reappraisals to 

regulate emotions (Siemer and Reisenzein 2007). In this section, I will introduce some 

important neuroanatomical models proposed to explain the affective disturbances 

observed in depression (See Box II). 
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Continued BOX II. 

negative symptoms might be maintained by abnormalities within the dorsal system, 

involved in reasoning, contextual processing, and effortful regulation of affective states. In 

contrast, the pattern of abnormalities in the ventral system in bipolar disorder has been 

posited to be associated with oversensitivity to emotional information and a disturbance 

to effectively regulate emotion, thus further resulting in certain manic and depressive 

symptoms, such as mood fluctuation, emotional burden, and distractibility. 

Unlike the cyclical limbic-cortical inhibition models mentioned above, a recent 

neural model of negative bias in depression proposed a unidirectional pattern of neural 

substrates: signals from the limbic areas (amygdala and dorsal ACC) fail to project to the 

upward cortical-striatal-pallidal-thalamic circuit, leading to under-responsiveness to 

negative stimuli in the dorsal areas (dorsal striatum and dorsolateral PFC) (Hamilton,J.P. 

2012). Furthermore, a temporal profile of affective processing in depression is suggested 

by this ascending trajectory, which implies that emotional significance is firstly registered 

as a sensory signal in the limbic system, and then proceeds through a higher-level 

upward circuit to the cognitive control cortical system for further interpretation and 

appraisal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Aim and outline of this thesis 

Current diagnoses in clinical psychiatry are based on clusters of symptoms and 

clinical course but virtually lack relevant biological measurements (Phillips 2012). 

Therefore, the application of basic and clinical neuroscience research for identifying 

pathophysiological biomarkers has been highlighted in the development of the 

recent released DSM-5 in order to facilitate early detection and effective diagnosis of 

psychiatric disorders (Charney et al, 2002). As one of the most important 

neuroimaging measures, fMRI examines a proxy measure of neural activity (i.e. 

changes in blood oxygen level-dependent or BOLD signal) under certain task 

requirements targeting different cognitive processes. It has been widely used to 

investigate the neural basis of cognitive and affective abnormalities in clinical 

populations, which might constitute potentially useful neural markers. However, 

there are still some remaining questions to be addressed. 

Memory biases have been associated with depression and have been shown to 

be predictive of depressive course (Johnson et al, 2007). However, the current models 

on depression (See box II) are mostly focused on the neural correlates of processing 



15 

 

negative stimuli, but do not consider a bias for positive stimuli. Importantly, studies 

have found that the cognitive performance during processing of positive information 

was improved after using anti-depressants (Geschwind et al, 2011; Harmer et al, 2009; 

Norbury et al, 2009) and processing of positive information was predictive of 

treatment response (Geschwind et al., 2011), which implies an approach to identify 

neural markers of depressive course during processing of both positive and negative 

stimuli. Moreover, neuroimaging studies using fMRI have consistently indicated the 

importance of neural mechanisms for predicting remission following treatment, 

including morphology and functioning of the frontal regions (Heller et al, 2013; 

Langenecker et al, 2007; Ritchey et al, 2011), and limbic regions (Frodl et al, 2004; Fu et 

al, 2013; Langenecker et al, 2007). Although treatment studies could establish the 

effectiveness of a medication at various stages of depression, it is important to 

understand the natural course of depression because it is more akin to the every-day 

experience of patients and clinicians, and thus of ecological validity. In addition, a 

naturalistic prospective investigation could elucidate the neurocognitive mechanisms 

predicting long-term episodic stages of depression (Frodl et al, 2008) and facilitate 

early detection and intervention to minimize cumulative effects (Clark et al, 2009). 

Therefore, in chapter 2, using a cross-sectional prospective design, we aimed to 

investigate the relationship between regional brain activation during both positive 

and negative word encoding and recognition related to the naturalistic course of 

depression. 

As a key factor for the development and maintenance of MDD (Disner et al, 

2011; Leppänen 2006), a mood-congruent memory bias has been shown in both 

depressed and remitted MDD patients. Despite that mood-congruent and mood-

incongruent information have been shown to activate distinct areas during encoding 

and recognition (Fitzgerald et al, 2011; Van Wingen et al, 2010), it is unclear whether 

the limbic-cortical dysregulations proposed in these models represent stable 

abnormalities in depression, or are subject to changes in clinical state. Moreover, 

although Mayberg’s model describes the unique pattern of changes in brain 

activation with different treatments, no study has investigated how the brain changes 

within a naturalistic course of depression. Therefore in chapter 3, we reported a 

longitudinal fMRI study of emotional memory processing to clarify whether 

abnormal activation progresses further as a function of depressive load or may serve 

as state-dependent biomarkers of MDD course. 

Structural and functional abnormalities during affective processing are 

associated with specific symptoms in psychiatric disorders in previous models (See 

Box II). However, the symptom specificity has not been thoroughly studied in 

 1 
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depression so far. Suicidal behavior is a common symptom in psychiatric disorders, 

especially in mood disorders such as MDD (Bernal et al, 2007; Haukka et al, 2008; 

Hawton and van Heeringen 2009; Nock et al, 2009). Similar to MDD patients in 

general, suicidal patients show abnormalities in emotion processing and cognitive 

control (Jollant et al, 2011). However, not all MDD patients show signs of suicidal 

ideation and attempts, and it is difficult to identify whether subjects with suicidal 

ideation with a diagnosis of MDD go on to make suicide plans or attempts. 

Elucidating the neurobiological factors related to suicidality (ideation or attempts) 

would not only help to identify biomarkers for development of suicidal behavior, but 

would provide valuable information for clinicians that guide assessment and 

treatment of depressive individuals with suicidal ideation. To this end, in chapter 4, 

we examined distinct mechanisms of emotion processing (emotional faces task) and 

executive functioning (Tower of London) at different stages of suicidality in 

depressed patients in order to identify the distinct mechanisms of suicidality. 

As a core vulnerability factor in many psychiatric disorders, emotion 

dysregulation has been reported in both patients with bipolar disorder and 

schizophrenia, although strategies and underlying mechanisms may differ. 

Hypofrontality has consistently been found in SZ patients (Morris et al, 2012; van 

der Meer et al, 2014), suggestive of a failure to engage frontal regions during 

emotion down-regulation. In contrast, bipolar disorder has been associated with 

hyperfrontality (Morris et al, 2012) as well as hypofrontality (Townsend et al, 2013) 

during the down-regulation of negative emotions. Although these appear to 

indicate distinct patterns of brain activation during emotional control, it is unclear 

whether inefficient regulation in bipolar patients are due to the disability to 

perpetuate the initial frontal engagement during the whole process of effortful 

regulation, or due to a failure to engage frontal regulatory areas per se. Similarly, 

whether frontal control deficits are an early, late or constant characteristic in 

schizophrenia patients is unknown. The temporal feature from Hamilton’s model 

(See Box II) may be disrupted in depressed patients, leading to and a failure of 

reappraisal of negative information and a sustained negative bias. Hence, in chapter 

5, we investigated the temporal profile of brain activation underlying cognitive 

emotion regulation (reappraisal) in patients with bipolar disorder and 

schizophrenia, which would be essential to understand how emotion dysregulation 

affects the distinct psychopathology of these two mental disorders.  
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Abstract 

Background: Major depressive disorder (MDD) is characterized by a heterogeneous 

course and identifying patients at risk for an unfavorable course is difficult. 

Neuroimaging studies may identify brain predictors of clinical course and may help 

to further unravel the neurobiological processes underlying an unfavorable course. 

We investigated whether brain activation during an emotional memory paradigm is 

associated with depressive course.  

Methods: We followed 74 MDD patients and 45 healthy controls (HCs) for 2 years. At 

baseline, participants performed an emotional word-encoding and -recognition task 

during functional magnetic resonance imaging. Activation patterns were compared 

between patients with fast remission (n=22), remission with recurrence (n=23), non-

remission (n=29), and HCs. Additionally, linear relations of brain activation and time 

to remission during the follow-up period were investigated across patients.  

Results: We observed that during encoding of negative words, non-remitters showed 

higher activation of the left insula than HCs. Groups also differed in activation of the 

right hippocampus and left amygdala during negative encoding, with a trend for 

higher activation in non-remitters compared with HCs. Furthermore, hippocampal 

activation during negative word encoding was significantly and positively correlated 

with time to remission, irrespective of illness severity.  

Conclusion: Our findings suggest that higher activation in the left insula could serve 

as a neural marker of a naturalistic non-remitting course, whereas higher 

hippocampal activation is associated with delayed remission. Longitudinal analyses 

should clarify whether abnormal activation progresses further as a function of time 

with depression or may serve as load-independent markers of MDD course. 
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Introduction 

Major depressive disorder (MDD) is the leading cause of disability worldwide and a 

substantial percentage of patients with MDD will not fully remit or will experience 

new episodes after remission (Simon et al, 2004). Such non-remitted course may 

predict an unfavorable chronic course of MDD (Rush et al, 2006;Trivedi et al, 2006). 

However, it is currently unclear which patients will show a favorable or unfavorable 

course. Studies on treatment response have indicated the importance of structure and 

functioning of the lateral prefrontal cortex (PFC) (Heller et al, 2013; Langenecker et al, 

2007; Ritchey et al, 2011), medial PFC (Ritchey et al, 2011), anterior cingulate cortex 

(ACC) (Fu et al, 2013; Kemp et al, 2008; Pizzagalli, 2010), insula (Fu et al, 

2013; Langenecker et al, 2007; McGrathet al, 2013), amygdala (Langenecker et al, 2007), 

and hippocampus (Frodl et al, 2004; Fu et al, 2013) for predicting remission following 

treatment. However, treatment-response markers are not necessarily markers of a 

naturalistic course of depression. A naturalistic prospective investigation could 

elucidate the neurocognitive mechanisms mediating long-term episodic stages of 

depression (Frodl et al, 2008). Such markers might facilitate early detection and 

intervention to minimize cumulative effects (Clark et al, 2009). 

Memory biases are an important aspect of the cognitive symptoms in MDD 

(Airaksinen et al, 2007; Ebmeier et al, 2006). Studies consistently point to enhanced 

memory for negative emotional information and diminished memory for positive 

emotional information (Bower, 1981; Gotlib et al, 2004; Leppänen, 2006; Rinck and 

Becker, 2005). It has been proposed that altered emotional memory formation may 

predict remission or the risk of recurrence (Pringle et al, 2011). Notably, it has been 

shown that patients who were going to improve 9 months later had an enhanced 

memory for positive stimuli at the start of the study than those who did not improve 

(Johnson et al, 2007). Moreover, activation of cortical midline structures during 

encoding of negative pictures has been found predictive of worsening of depressive 

symptoms in a small sample (Foland-Rosset al, 2014). However, the neural 

mechanisms associated with depressive course trajectories that relate to memory 

processing of both positive and negative materials have not been explored so far. 

Previously, we observed a blunted response of the hippocampus (a key 

structure for memory processing) during positive memory encoding and an elevated 

insular response during negative memory encoding in depressed patients (van Tol et 

al, 2012). Because hippocampal and insular effects were present irrespective of 

current clinical status and therefore may represent trait markers associated with the 

course of MDD, we hypothesized that hippocampal and insular activation 
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differentiates patients with a favorable course trajectory from patients with an 

unfavorable course trajectory. 

The aim of this study was to investigate whether the neural correlates of 

memory processing are associated with the subsequent course of depression. Patients 

in a current depressive episode and healthy controls (HCs) were scanned using 

functional magnetic resonance imaging (fMRI). We hypothesized that patients who 

would not remit within 2 years would show better memory performance for negative 

words and worse memory performance for positive words at baseline compared 

with patients who would remit and HCs. On a neural level, we hypothesized that 

blunted hippocampal activation during positive word encoding and higher 

hippocampal, amygdalar, and insular activation during negative word encoding is 

associated with non-remitting course. Second, we aimed to more broadly explore 

whether the activation in regions previously related to treatment response (i.e., ACC, 

lateral PFC, medial PFC, hippocampus, insula, and amygdala) during positive and 

negative word processing is associated with subsequent course. 

Materials and methods 

Participants  

Participants were recruited from the ongoing longitudinal naturalistic Netherlands 

Study of Depression and Anxiety (NESDA), involving the University Medical Center 

Groningen (UMCG), Academic Medical Center (AMC), and Leiden University 

Medical Center (LUMC). The ethical review boards of each center approved this 

study and all participants gave written informed consent. Complete data at baseline 

(S1) was available for 215 participants, of which 110 patients had a half-year 

diagnosis of MDD based on the Composite International Diagnostic Interview (CIDI 

life time-version 2). We included only patients who showed depressive symptoms 

indicative of at least a mild depressive episode according to the Inventory of 

Depressive Symptomatology (IDS>13; Rush et al, 1996) on the day of scanning and of 

whom longitudinal 2-year follow-up data (S2) on course was available (n=74). During 

the follow-up period, patients received treatment as usual (or no treatment if wished 

by the patient). In addition, 45 HCs who did not have a current or lifetime diagnosis 

of a DSM-IV disorder were included. Detailed sample characteristics and exclusion 

criteria are described in Table 1 and Supplementary Materials and Methods. 

Diagnostic status and depressive state were assessed at S1 and S2 (Table 1) 

with the CIDI and life chart method (LCM, Lyketsos et al, 1994). The methodology of 

the LCM has shown to have high validity and reliability (Warshawet al, 2001). Based 

on the LCM at S2, patients were divided into four trajectory groups. Patients who 
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remitted within 1 year after S1 without recurrence in the follow-up period were 

defined as remitters (REM, n=22). We defined remission as a period of 3 months 

without symptoms or symptoms without burden. Recurrence (REC, n=23) was 

defined as recurrence of symptoms for at least 1 month with burden after firstly 

obtaining remission. Non-remission (NONREM, n=25) was defined as experiencing 

symptoms with burden in every month following S1 during the entire follow-up 

period. Patients who obtained remission later than 1 year after S1 were defined as 

slow remitters (n=4). We included slow remitters into NONREM for power reasons 

and followed up the results in NONREM by performing a sensitivity analysis leaving 

out these subjects. In total, we included 119 participants: 22 REM, 23 REC, 29 

NONREM, and 45 HCs (Table 1). Furthermore, time to remission (months) was 

calculated for each patient and used as an index of course trajectory in the regression 

analyses. 

Task Paradigm 

All participants performed an event-related, subject-paced, emotional word-

encoding and -recognition task (Daselaar et al, 2003; van Tol et al, 2012) that was 

presented using E-prime software (Psychological Software Tools, Pittsburgh, PA) 

during fMRI scanning. During encoding, participants classified 40 negative, 40 

positive, and 40 neutral words according to their valence. Words were presented in 

pseudorandomized order. After a 10-min interval, these 120 words were presented 

again, mixed with 120 new emotional words, and participants had to indicate 

whether the word was seen during the encoding phase. A detailed description is in 

the Supplementary Materials and Methods. 

fMRI data acquisition 

fMRI data were collected with 3 T Philips MR scanners located at the three sites. A 

SENSE-8 channel head-coil was used in Groningen and Leiden and a SENSE-6 

channel head-coil in Amsterdam. In Groningen, echo planar imaging volumes of 39 

axial slices were acquired in interleaved ascending order (no gap) using a T2*-

weighted gradient echo sequence (TR=2300 ms, TE=28 ms, matrix size=64 × 64, plane 

resolution=3 × 3 mm2, slice thickness=3 mm). Settings for Leiden and Amsterdam 

were slightly different: 35 slices, TR=2300 ms, TE=30 ms, matrix size=96 × 96, plane 

resolution=2.29 × 2.29 mm2, slice thickness=3 mm. Additionally, an anatomical MRI 

was obtained with a 3D gradient-echo T1-weighted sequence (TR=9 ms, TE=3.5 ms, 

matrix size=256 × 256, voxel size=1 × 1 × 1 mm3, 170 slices). 

Data analysis 
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Clinical variables and behavioral data 

Demographic, psychometric assessment, and behavioral data were analyzed in SPSS 

v.16.0 (SPSS, Chicago, IL). For the demographic and psychometric data, we used 

analyses of variance (ANOVA), χ2 tests, and t-tests where appropriate with a 

significance level of p<0.05 (after Bonferroni correction if appropriate). 

For the behavioral data, reaction times (hits and false alarms), number of 

words classified according to valence and recognition accuracy (proportion hits and 

false alarms) (Tulving, 1985) were calculated. Main effects of group (4; HC, REC, 

REM, NONREM) and valence (3; positive, neutral, negative) and the interaction of 

group and valence were investigated with a repeated-measures ANOVA. In case a 

significant main effect or interaction effect was detected (p<0.05), post hoc t-tests were 

conducted at a significant level of p<0.05 (two-tailed) after Bonferroni correction. 

Imaging data 

A full description of preprocessing and modeling using Statistical Parametric 

Mapping software version 5 (http://www.fil.ion.ucl.ac.uk/spm) can be found in van 

Tol et al. (2012) and in the Supplementary Materials and Methods. For each 

participant, we defined the following contrasts: [successfully encoded positive 

words>successfully encoded neutral words], [successfully encoded negative 

words>successfully encoded neutral words], [correctly recognized positive words>correctly 

recognized neutral words], and [correctly recognized negative words>correctly recognized 

neutral words]. These contrasts were chosen to focus on valence specificity of both 

encoding and recognition phases. The number of error trials was too low (reported 

in van Tol et al, 2012) to test for proper memory effects (i.e., [successfully encoded 

words>missed words], [successfully recognized words>missed words]). 

Group analyses  At second level, two four (group; HC, REM, REC, NONREM) by two 

(valence; positive>neutral and negative>neutral) flexible factorial models were set up 

separately for the encoding and recognition phase. In the first model, the main effect 

of group was assessed (across valence; model 1), and in the second model, the 

interaction between group and valence (model 2) was modeled. We set up these two 

models, because the sensitivity to detect interaction effects increases by leaving out 

the general differences between groups, which is not specific for the task (Gläscher 

and Gitelman, 2008), and thus main effects and interactions cannot be estimated in 

the same model. To test for valence-specific effects of group, we subsequently set up 

a full-factorial model, with group as between-subject factor and valence as within-

subject factor. This model was only used to test for group effects during either 

positive or negative encoding/recognition. Site was added by means of two dummy 
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variables to each model, in addition to age and years of education. Analyses were 

repeated after excluding slow remitters (n=4). 

Consistent with our previous report (van Tol et al, 2012), main effects and 

interactions (F-tests) were explored at p<0.005 uncorrected. Post hoc t-tests had to 

meet p<0.05 familywise error (FWE) corrected at the voxel level for the spatial extent 

of a priori defined regions of interests (ROIs) (with an initial threshold of p<0.005, 

uncorrected). To follow-up our previous results (van Tol et al, 2012), we created two 

sets of masks for testing main effects of trajectory group: the right hippocampus and 

left ACC for positive word encoding, and the right hippocampus, left amygdale, and 

left insula for negative word encoding. The regions were defined by the Anatomical 

Automatic Labeling (AAL) system (Tzourio-Mazoyer et al, 2002) implemented in the 

Wake Forest University Pick Atlas toolbox (Wake Forest University, Winston Salem, 

NC). We set significance for effects occurring in these regions at pFWE<0.05, corrected 

for the number of ROIs (i.e., 2 for positive encoding; 3 for negative encoding). As 

signal in these regions are non-independent, we took their interdependency into 

account for calculating α-level by using the Simple Interactive Statistical Analysis 

Bonferroni tool (SISA Bonferroni; http://www.quantitativeskills.com/sisa/ 

calculations/bonfer.htm). Correlation analysis showed a mean correlation of r=0.64 

between the signal in the left insula, left amygdala, and right hippocampus during 

negative word encoding as defined by the AAL label. Therefore, the threshold was 

set to α=0.034 to hold FWE-control during negative word encoding after SISA-

Bonferroni adjustment. A mean correlation between the right hippocampus and left 

ACC was r=0.51 in the corresponding AAL labels and the SISA-Bonferroni 

adjustment was set as α=0.029 to hold FWE-correction during positive encoding. 

For exploring the effect in a broader set of regions previously associated with 

depression and treatment response (i.e., bilateral ACC, lateral PFC, medial PFC, 

hippocampus, insula, and amygdala), we defined a separate set of a priori AAL 

masks. SISA-Bonferroni adjustment values was set for positive (α=0.027; mean r=0.65) 

and negative encoding (α=0.029; mean r=0.69) for these ROIs (n=6). Effects occurring 

outside our ROIs had to meet p<0.05 FWE, whole brain corrected. 

Regression analyses  To test the effect of illness trajectory within patients, we built two 

full factorial models for encoding and recognition with valence as factor (2; 

positive>neutral and negative>neutral) and time to remission as an interacting 

covariate with valence. Age, years of education, and site (two dummy variables) 

were added as covariates. We used the same set of a priori AAL masks as used for the 

explorative group analyses. SISA-Bonferroni adjustment values were set for positive 

(α=0.028; mean r=0.68) and negative encoding (α=0.031; mean r=0.74) for these ROIs 
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(n=6). Effects occurring outside our ROIs had to meet p<0.05 FWE, whole brain 

corrected.  

Next, we added illness severity at S1 (IDS scores) as a covariate to each model 

to test for its possible confounding effect. Finally, to control for medication use, we 

repeated these analyses after excluding the selective serotonin reuptake inhibitor 

(SSRI) users. In addition, to control for a possible effect of psychotherapy use at S1, 

we repeated the analyses by adding it as a dummy covariate (yes/no). 

Results 

Sample Characteristics 

Sample characteristics are listed in Table 1. The four groups were comparable on age, 

sex, and years of education. The patient groups were comparable on SSRI use at S1 

and S2, psychotherapy use at S1, childhood trauma, IDS scores at S1, Beck Anxiety 

Inventory scores at S1 and S2, comorbidity with anxiety at S1, years since onset of 

depression at S1, and months with depression in the 5 years before S1. In the follow-

up period, NONREM received more psychotherapy than other patient groups, but 

pharmacological treatment was taken in similar extents. IDS scores at S2 in REM 

were significantly lower than in NONREM. 

There was a significant group effect in time to remission: time to remission in 

REC and REM was shorter compared with NONREM. The REC and REM group did 

not differ in this. 

No effect of trajectory group was observed on memory performance. 

Behavioral results are summarized in Figure 1 and Supplementary Table S1. 

fMRI results 

Encoding:  

Encoding results are listed in Table 2A and Figure 2A (group analysis) and Table 3 

and Figure 2B (regression analysis). During successful encoding, a main effect of 

group was observed in the right insula, right dorsolateral PFC (DLPFC), right 

parahippocampal gyrus, and right posterior cingulate cortex extending to the 

fusiform gyrus (model 1), indicating higher activation in NONREM compared with 

HCs. However, post hoc t-tests across valences did not survive correction for multiple 

comparisons in these areas. 

Interactions of group and valence were observed in the left insula, right 

DLPFC, and right hippocampus (model 2), indicating higher activation in NONREM 

compared with HCs and REM during negative word encoding, but not during 
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positive word encoding. We followed up these interactions with valence-specific 

group comparisons (within the full-factorial models). These confirmed that during 

negative word encoding, a main effect of group was present in the left insula (Figure 

2A).  

Post hoc t-tests revealed that NONREM showed higher activation in this region 

than HCs and subthreshold higher activation than REM (pFWE=0.24), during negative 

word encoding. A similar pattern of insula activation was also found after excluding 

SSRI users (Supplementary Table S3A) and excluding the slow remitting patients 

from NONREM (Supplementary Table S4A). Adding illness severity at S1 

(demeaned within group) or psychotherapy use at S1 as covariate did not affect the 

results (Z=3.85, pFWE=0.014 for IDS; Z=3.66, pFWE=0.027 for psychotherapy use). 

Finally, trends of higher activation in the right hippocampus were found when 

comparing NONREM with REM (pFWE=0.07) and HCs (pFWE=0.079), and in the right 

amygdala comparing NONREM and HCs (pFWE=0.049). 

Multiple regression analysis revealed that activation of the right hippocampus 

was positively related to time to remission during negative word encoding. Adding 

IDS scores or psychotherapy use at S1 to the model did not change the result 

(Z=3.97, pFWE=0.01 for IDS; Z=3.94, pFWE=0.01 for psychotherapy use). After excluding 

the SSRI users (n=24), the effect was observed subthreshold 

(Z=2.62, puncorrected<0.005, pFWE=0.43). To check post hoc whether SSRI use had a direct 

effect on hippocampal activation during negative encoding, we directly compared 

SSRI users with non-users. However, no effect was observed (t=0.65, p=0.52). 
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Table 1. Demographic description. 

 HC REM REC NONREM F χ2 p 

N 45 22 23 29    

Scan (N) site(AMC/LUMC/UMCG) 18/18/9 9/9/4 10/6/7 6/15/7 - 4.8 .57 

Sex (male/female) (N) 17/28 9/13 4/19 12/17 - 4.12 .25 

Age, mean (SD) 38.93(9.69) 35.09(8.94) 34.17(11.65) 39.48(10.26) 1.96 - .13a 

Years of education, mean (SD)  13.78(2.60) 11.86(2.29) 13.30(2.89) 12.97(2.82) 2.6 - .06a 

Interval months, mean (SD) 21.86(1.4) 22.64(1.5) 22.04(1.8) 22.41(1.24) 1.7 - .17a 

IDS_S1, mean (SD) 3.4(3.1) 27.32(8.94) 26.43(5.74) 28.21(7.74) .35 - .70b 

IDS_S2, mean(SD) 4.93(3.66) 14.32(10.29) 21.22(13.17) 25.17(10.31) 5.84 - .004b,c 

BAId_S1, mean (SD) 1.91(2.29) 14.86(9.49) 14. 7(8.78) 15.14(9.15) .02 - .99b 

BAI_S2, mean (SD) 1.95(2.28) 7.86(7.88) 9.96(8.32) 11.97(7.76) 1.66 - .20b 

SSRI-use_S1 (N) - 9 7 10 - .55 .76 

SSRI-use S2 (N) - 5 5 6 - 2.78 .59 

Psychotherapy-use5_S1 (N) - 17 17 25 - 1.31 .52 

Psychotherapy-use between S1-S2 (N) - 9 6 18 - 7.52 .023c 

Childhood Trauma6 (N) - 11 17 21 - 11.7 .17 

Comorbidity with anxiety (yes/no)_S1 (N) - 13/9 13/10 21/8 - 1.66 .44 

Time to remission(months), mean (SD) - 5.09(2.04) 6.26(3.88) 21.97(2.21) 299.7 - <.001c 

Months with depression prior to S1, mean (SD) - 21.07(16.5) 14.29(13.6) 21.35(16.6) 1.15 - .32 

Months with depression between S1-S2 (%) - .04(.08) .34(.18) .91(.15) 240.0 - <.001c 

Years since onset of depression_S1, mean (SD) - 7.00(6.8) 11.43(11.5) 13.78(11.1) 2.14 - .13 

Abbreviations: AMC, Academic Medical Center; BAI, Beck Anxiety Inventory; HC, healthy controls; IDS, Inventory of Depressive Symptomatology; LUMC, 
Leiden University Medical Center; NONREM, non-remitted patients; REC, remitters with recurrence; REM, remitters; SSRI, selective serotonin reuptake 
inhibitor; S1, baseline measurement; S2, 2 years follow-up measurement; UMCG, University Medical Center Groningen. 
a
 Comparisons of all four groups (include HCs). 

b
 Comparisons of patients groups. 

c
 Significant at p<0.05. 

d
 BAI was used to assess the severity of anxiety (Beck et al, 1988). 

e
 Includes mental health care, independent psychiatrist or psychotherapist, first-line psychologist, a social worker, or a social psychiatric nurse. 

f
 Includes emotional neglect, psychological abuse, physical abuse, and sexual abuse before age of sixteen (measured by semistructured childhood trauma 
interview previously used in the Netherlands Mental Health Survey and Incidence Study, NEMESIS (De Graaf et al, 2004). 
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Recognition: 

Recognition effects are listed in Table 2B. During successful recognition, a main effect 

of group was observed in the left ventrolateral PFC (VLPFC) and interactions 

between group and valence were found in the left insula, left amygdala, and right 

ACC. Planned valence-specific comparisons revealed a main effect of group during 

negative word recognition in the left insula, left VLPFC, and right DLPFC. Post hoc t-

tests did, however, not survive corrections for multiple comparisons in these areas. 

No association was found between brain activation during recognition and time to 

remission. 

 

Figure 1. Behavioral data. (A) Word classification during encoding, Y-axis: number of 

words. (B) Reaction time (Encoding phase), Y-axis, seconds. (C) Recognition accuracy 

(Hits), Y-axis, proportion and (D) Reaction time (Recognition phase) Y-axis, seconds. HC, 

healthy controls; NONREM, non-remitted patients; REC, remitters with recurrence; REM, 

fast remitters. 
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Table 2A. Main effect of group and interaction between group and valence during 

successful encoding. 

Regions                                                                             MNI Coordinates  

Main effect of group Ka Side BA x y z F Z p 

Insula  3 R 13 36 0 12 5.03 2.85 .002 

Middle prefrontal cortex 1 R 8 21 6 45 4.65 2.69 .004 

Posterior cingulate cortex 9 R 31 18 -39 36 6.84 3.54 <.001 

Parahippocampal gyrus, extends to 

fusiform gyrus 

23 R 37 33 -39 -15 4.88 2.79 .003 

Interaction Ka Side BA x y z F Z p 

Insula  5 L 47 -42 15 -15 5.56 2.98 .001 

Middle prefrontal cortex 25 R 8 24 31 33 8.37 3.92 <.001 

Hippocampus 1 R - 36 -27 -9 4.52 2.58 .005 

Main effect of group_positive Ka Side BA x y z F Z p 

Insula  13 R 13 36 -3 12 6.25 3.33 <.001 

Posterior cingulate cortex 1 L 31 -9 -15 45 4.54 2.64 .004 

Main effect of group_negative Ka Side BA x y z F Z p 

Insula  10 L 47 -42 12 -12 5.22 2.93 .002 

Post hoc t-tests          

NONREM > HC (negative) Kb Side BA x y z T Z pFWE 

Insula  29 L 47 -42 12 -12 3.87 3.80 .017c 

Hippocampus  16 R - 33  -12 -21 3.13 3.09 .079 

Amygdala  4 L - -18 -6 -15 2.80 2.77 .049 

NONREM > REM (negative) Kb Side BA x y z T Z pFWE 

Hippocampus 4 R - 33 -6 -18 3.16 3.12 .07  

Insula 4 L 13 -33 12 -12 2.87 2.84 .24  

Abbreviations: HC, healthy controls; NONREM, non-remitted patients; REC, remitters with recurrence; 
REM, remitters. 
a
 Number of voxels in whole brain. 

b
 Number of voxels in regions of interest. 

c
 Significant at pFWE<0.034. SISA-Bonferroni adjustment values was set for positive (α=0.029) and 

negative encoding (α=0.034) for three ROIs across all participants (see Materials and Methods 
section). 
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Table 2B. Main effect of group and interaction between group and valence during 

correct recognition. 

Regions                                                                       MNI Coordinates  

Main effect of group Ka Side BA x y z F Z p 

Inferior frontal gyrus 8 L 10 -33 48 6 5.29 2.96 .002 

Interaction Ka Side BA x y z F Z p 

Insula 9 L 13 -36 -12 6 7.13 3.55 <.001 

Amygdala 2 L - -18 -6 -21 5.71 3.06 .001 

Medial frontal gyrus 3 R 10 15 57 0 5.55 3.00 .001 

Main effect of group_positive Ka Side BA x y z F Z p 

Middle frontal cortex 9 R 9 36 30 39 5.91 3.21 .001 

Media frontal cortex 2 R 8 15 39 45 4.45 2.60 .005 

Post hoc t-tests          

NONREM > HC (positive) Kb Side BA x y z T Z pFWE 

Insula 42 R 13 48 3 0 3.15 3.11 .19 

Main effect of group_negative Ka Side BA x y z F Z p 

Inferior frontal gyrus 2 L 10 -33 48 6 4.93 2.81 .002 

Middle frontal gyrus 6 R 9 24 39 39 5.28 2.96 .002 

Insula 2 L 13 -39 -15 18 4.58 2.66 .004 

Post hoc t-tests          

REM > NONREM(negative) Kb Side BA x y z T Z pFWE 

Insula 16 L 13 -36 -18 18 3.61 3.55 .062 

HC > NONREM (negative) Kb Side BA x y z T Z pFWE 

Insula 7 L 13 -36 -12 6 2.94 2.91 .34 

Abbreviations: HC, healthy controls; NONREM, non-remitted patients; REC, remitters with recurrence; 
REM, remitters. 
a
 Number of voxels—whole brain. 

b
 Number of voxels in regions of interest. 

  SISA-Bonferroni adjustment values was set for positive (α=0.028) and negative encoding (α=0.031) 
for six ROIs (see Materials and Methods section). 
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Table 3. Multiple regression analyses with time to remission as predictor across 

patient groupsa 

Regions                                                                   MNI Coordinates  

 Kb Side BA x y z T Z pFWE 

Hippocampus 27 R - 33 -27 -12 4.03 3.91 .012c 
a
 Corrected for spatial extent of the region as defined by the AAL labels ROI (after SISA-Bonferroni 

correction for the number of regions considered (medial frontal gyrus, inferior frontal gyrus, amygdala, 
hippocampus, ACC, insula)). 
b
 Number of voxels in regions of interest. 

c
 Significant at pFWE<0.027. SISA-Bonferroni-adjusted adjustment values was set for negative 

encoding (α=0.027) for six ROIs after excluding all HCs (see Materials and Methods section). 

Figure 2. Brain activation during emotional memory task. (A) Higher activation of 

the left insula in patients with non-remission during negative word encoding in 

group analysis. (Contrast: NONREM>HC; effects are displayed 

at T>2.60, p<0.005 uncorrected). (B) Higher activation of the right hippocampus in 

patients with non-remission during negative encoding in regression analysis. 

(Contrast: NONREM>HC, effects are displayed at T>2.60, p<0.005 uncorrected). 

NONREM, non-remitted patients; REM, fast remitters; REC, remitters with 

recurrence; HC, healthy controls 
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Discussion 

In this study, we investigated whether regional brain activation during emotional 

encoding and recognition in depressive patients was associated with subsequent 

course trajectory. We found that higher activation of the left insula during negative 

word encoding related to a non-remitting course. Groups also differed in activation 

of the right hippocampus and left amygdala during negative encoding, with a trend 

for higher activation in non-remitters compared with HCs. Moreover, higher 

hippocampal activation during negative word encoding was associated with delayed 

remission. Effects were unrelated to illness severity at baseline, although the 

association between time to remission and hippocampal activation was subthreshold 

only after exclusion of SSRI users. Memory performance or encoding behavior was 

not related to course. Taken together, these results indicate that insular and 

hippocampal activation during negative information processing may serve as neural 

markers of an unfavorable course in MDD. 

Previously, in our study regarding the baseline fMRI measurement, we 

observed that elevated insula activation was associated with MDD, irrespective of 

current symptomatic state (van Tol et al, 2012). By including longitudinal data on the 

course trajectory, we could now add to this finding that insular function is indeed a 

neural marker of subsequent course of MDD that is not related to severity of 

depressive symptomatology. The insula has been associated with subjective 

awareness of negative feelings and the experience of visceral states following 

emotional events (Menon and Uddin, 2010; Singer et al, 2009). Higher activation of 

the left insula in non-remitters during negative word encoding might reflect 

increased sensitivity to negative stimuli (Surguladze et al, 2010). Such potentiation of 

the insula might contribute to cognitive symptoms such as difficulty in disengaging 

from negative information (Fu et al, 2013) and enhanced biased processing of 

negative information (Herwig et al, 2007), thereby hampering remission. Treatment 

studies have suggested that higher insular activation is predictive of poor response to 

treatment (Fu et al, 2013) and insular metabolism might differentiate between 

responders to cognitive behavioral therapy or citalopram treatment (McGrath et al, 

2013). Our study suggests that higher activation of the left insula during negative 

information processing may also relate to the naturalistic course of MDD. Thus, 

insular function may affect the odds of remission, but may also affect the odds that a 

patient responds to a specific treatment strategy. Future studies should therefore 

investigate putative mechanisms that can help explain how insular activation and 

metabolism may contribute to an unfavorable course. 
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In contrast to our hypothesis, course was not associated with posterior 

hippocampal activation during positive encoding, but to anterior hippocampal 

activation during negative encoding. Given the important role of the hippocampus in 

memory of emotional items (Dolcos et al, 2004) and relational processing in memory 

encoding (Poppenk et al, 2013; Schacter and Wagner, 1999), our results suggest that 

MDD patients, who are likely to suffer from depressive symptom for longer time, 

tend to allocate more resources to encoding negative stimuli. This might suggest a 

‘potentiation’ of negative information, which in turn may perpetuate course of 

depression and postpone remission. Moreover, the anterior hippocampus is richly 

interconnected with the amygdala, which has been found to facilitate memory 

processing of emotional stimuli by modulating hippocampal activation in healthy 

individuals (Disner et al, 2011). Adding to the finding of an association between small 

hippocampal volume and poor clinical response (Fu et al, 2013), our finding indicates 

that hippocampal activation during negative encoding might be a neural marker of 

prolonged course of depression. In addition, amygdalar activation has been found to 

correlate with hippocampal activation during mood-congruent memory encoding in 

MDD patients (Hamilton and Gotlib, 2008). Although we only found a trend of 

higher amygdalar activation, our results imply that hyperactivity in the anterior 

hippocampus might reflect an additional modulation of the amygdala during mood-

congruent memory. We observed that hippocampal activation was unrelated to 

depressive severity, which implies that it could serve as a neural marker of 

depressive course independent of illness severity. Of note, associations were less 

strong after excluding the SSRI users from the analysis, which most likely reflects a 

substantial drop in power in this sensitivity analysis, as no significant effect of SSRI 

use on hippocampal activation was observed. We therefore conclude that the drop in 

significance is not a confounder of SSRI use on hippocampal activation per se, but is 

due to the relative drop in load scores after excluding SSRI users. 

Contrary to our expectation, no differences were observed in the PFC or ACC 

during emotional encoding or recognition, indicating that activation of these regions 

during this task may be less related to clinical course. Because the lateral PFC has 

been found to be hyperactivated during retrieval of mood-incongruent stimuli in 

symptomatic phases of MDD and after recovery (Van Wingen et al, 2010), our results 

suggest a trait-related rather than a course-predictive role of this region in memory 

processing. Activation of the medial PFC and posterior cingulate cortex during 

encoding of negative pictures has been associated with worsening of symptoms over 

an 18-month period (Foland-Ross et al, 2014). However, we focused on the 

trajectories describing the course of MDD over 2 years and did not take change in 
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symptom severity at a certain timepoint as our end point, which might explain the 

differential association with cortical midline activation. Pretreatment pregenual-ACC 

activation has also been identified as a marker of treatment response in depression 

(Fu et al, 2013; Kempet al, 2008; Pizzagalli 2010), although most studies focused on 

comparisons between responders and non-responders to short-term treatment 

during the processing of relatively simple tasks of emotional processing or during 

rest (reviewed by Pizzagalli 2010). The current results, however, do not support 

pregenual-ACC activation during emotional memory as a potentially neural marker 

of naturalistic remission of depression. 

Some limitations of our study should be noted. First, we calculated our results 

in the context of emotional word evaluation for the purpose of later recognition and 

could not contrast remembered vs forgotten words. Therefore, inferences on memory 

success with respect to forgotten words could not be drawn because of the relative 

lack of forgotten words (possibly caused by the short retention interval of only 

10 min). Second, despite that we controlled for site effects by adding it as a covariate, 

different settings of data acquisition in the three sites could still confound the results, 

albeit a minor one, as no bias of group by site was present. Third, although patient 

groups did not differ in medication and psychotherapy use at the time of scanning, 

there could still be an effect of medication dose and frequency of treatment. Fourth, 

we only focused on the depressive course but did not control for the course of 

comorbid anxiety symptoms. Anxiety severity in patient groups, however, did not 

differ at baseline and follow-up measurement, suggesting this could not explain our 

findings. Fifth, the age-matched patient groups showed variations in their course of 

depression in the follow-up period, which were however not defined by the months 

with depression in the 5 years before S1. This could be explained by the comparable 

young and relative mild groups we included. Sixth, although the LCM has been 

reported to have high reliability and validity (Warshaw et al, 2001), this retrospective 

method could possibly be biased by current mood state. Finally, although we have 

over 20 subjects in each subgroup to get sufficient reliability (Thirion et al, 2007), 

subgroups were rather small and we did not correct the omnibus test for multiple 

comparisons. Therefore, replication of our naturalistic study is needed. 

Conclusion 

In conclusion, our results suggest that a prolonged course of depression is associated 

with higher activation in the left insula during negative memory processing, whereas 

a course with delayed remission is associated with higher hippocampal activation. 

Further longitudinal studies are necessary to clarify whether abnormal insular and 
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hippocampal function change as a function of time with depression or may serve as 

‘load’-independent markers of MDD course. 
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Supplementary material 

Materials and Methods 

Exclusion criteria 

Exclusion criteria for all participants in the NESDA Neuroimaging study were: age 

under 18 or over 57 years; current alcohol or substance abuse; presence or history of a 

neurological or somatic disorder with possible effects on the central nervous system; 

use of some beta-blockers except Acebutolol, Sotalol, Atenolol, Betaxolol, Celiprolol, 

Esmolol and Metoprolol; general magnetic resonance imaging (MRI) 

contraindications; hypertension; psychiatric medication other than selective 

serotonin reuptake inhibitors (SSRIs) or infrequent use of benzodiazepines 

(oxazepam or diazepam, maximum of three times a week, max 20 mg and not within 

48 hours before scanning). 

Task paradigm 

During the encoding phase, 160 words (40 positive words, 40 neutral words, 40 

negative words, 40 baseline words) were pseudo-randomly presented in 20 blocks. In 

each block, there were two positive words, two negative words, two neutral words 

and two baseline words. Participants were instructed to evaluate whether the word 

was positive, negative or neutral by pressing the right, middle and left button, 

respectively. Baseline words were ‘<<left’, ‘<middle>’ and ‘right>>’ (in Dutch) and 

participants were asked to press the corresponding button. Three filler words were 

added at the beginning and the end of the encoding task to prevent primacy and 

recency effects.  

After a retention interval of 10 minutes during which the structural T1 scan 

was acquired, the retrieval phase began during which 120 old words and 120 new 

words and 40 baseline words were presented in 20 blocks. In each retrieval block, 

four positive words (two old words, two new words), four negative words (two old 

words, two new words), four neutral words (two old words, two new words) and 

two baseline trials were presented in randomized order. Participants were instructed 

to indicate whether they had seen the word (correct recognition), haven’t seen the 

word (rejection) or probably had seen. Emotional words were counterbalanced based 

on length, frequency in the Dutch language and complexity. 

Preprocessing 

Functional imaging data were preprocessed and analyzed using Statistical 

Parametric Mapping software (SPM5, Wellcome Trust Center for Neuroimaging, 
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http://www.fil.ion.ucl.ac.uk/spm) implemented in Matlab 7.1 (The Math Works Inc., 

Natick, MA, USA). Before preprocessing, functional images were reoriented to the 

anterior-posterior commissure plane. Preprocessing included slice time correction, 

spatial realignment, co-registration between the anatomical T1* image and mean EPI 

image, spatial normalization to the standard Montreal Neurological Institute (MNI) 

space, reslicing to a 3 × 3 × 3mm grid and spatial smoothing with an 8mm full-width 

at half maximum (FWHM) Gaussian kernel. A high-pass filter was applied to the 

fMRI time-series with a cut-off of 128s to remove low frequency noise. 

Behavioral results 

Encoding: 

A significant main effect of valence was found on reaction times (RT) of word 

classification (F(2,220)=103.77, p<.001). Post hoc t-tests revealed that all participants 

responded faster to negative words than to positive and neutral words. There was no 

main- or interaction effect between valence and group in the accuracy of word 

classification. 

Recognition: 

There were significant main effects of valence on accuracy (F(2, 230)=4.96, p=.008) and 

RT during recognition (F(2, 230)=14.48, p<.001). Post hoc t-tests demonstrated that 

during both encoding and recognition phases, all participants recognized negative 

words faster than positive words. Recognition accuracy for negative information was 

lower than that for positive information. No main effect of group or group by valence 

interaction was present. Planned valence-specific group comparisons revealed no 

significant group effect.  
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Table S1. A summary of behavioral data 

  HC REM REC NONREM F p 

Memory 

performance 

       

Hits        

      Positive prop:mean(sd) .71(.15) .72(.11  .76(.13) .70(.18) .74 .53 

      Neutral prop:mean(sd) .66(.18) .71(.17) .69(.18) .71(.17) .63 .60 

      Negative prop:mean(sd) .68(.15) .74(.12) .70(.13) .64(.19) 1.58 .20 

False Alarms        

      Positive prop:mean(sd) .28(.19) .29(.20) .30(.16) .24(.15) .54 .66 

      Neutral prop:mean(sd) .15(.10) .21(.20) .19(.12) .15(.11) 1.60 .19 

      Negative prop:mean(sd) .33(.17) .36(.17) .32(.14) .29(.14) .86 .47 

Reaction time        

rt_ encoding        

      Positive sec: mean(sd) 1.35(.30) 1.51(.27) 1.43(.29) 1.47(.44) 1.54 .21 

      Neutral sec: mean(sd) 1.46(.34) 1.62(.31) 1.53(.32) 1.52(.43 .96 .41 

      Negative sec: mean(sd) 1.25(.43) 1.32(.25) 1.19(.23) 1.22(.29) .62 .60 

rt_recognition        

      Positive sec: mean(sd) 1.31(.24) 1.34(.21) 1.29(.28) 1.31(.29) .14 .93 

      Neutral sec: mean(sd) 1.33(.28) 1.29(.20) 1.32(.27) 1.28(.26) .31 .82 

      Negative sec: mean(sd) 1.24(.26) 1.23(.16) 1.23(.20) 1.25(.25) .03 .99 

Abbreviations: HC, healthy controls; NONREM, non-remitted patients; REC, remitters with recurrence; 
REM, remitters. 
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Table S2. Demographics for SSRI non-users and HC 

 HC REM REC NONREM F χ2 p 

N 44a 13 16 19 
   

Scan site(AMC/LUMC/UMCG) (N) 17/18/9 3/7/3 7/5/4 6/8/5 - 2.19 .9 

Sex (male/female) (N) 17/27 5/8 2/14 7/12 - 3.91 .27 

Age, mean (SD) 38.59(9.52) 32.85(8.89) 32.50(10.55) 40.37(10.36) 3.04 - .03 

Years of education, mean (SD)  13.89(2.53) 11.54(1.27) 12.81(2.4) 14.11(2.62) 4.09 - .009 

Interval months,  between S1-S2, mean (SD) 21.86(1.42) 22.77(1.74) 22.31(1.85) 22.26(1.19) 1.35 - .26 

IDS_S1, mean (SD) 3.34(3.1) 28.77(10.22) 26.25(6.77) 27.79(7.52) .36 - .70b 

IDS_S2, mean (SD) 4.91(3.7) 12.85(10.82) 22.69(14.17) 25.42(10.01) 4.6 - .015b,c 

BAI_S1, mean (SD) 1.77(2.12) 16.77(10.65) 13.75(9.09) 8.79(2.01) .37 - .69b 

BAI_S2, mean (SD) 1.84(2.17) 7.46(8.58) 10.25(9.08) 11.37(6.9) .91 - .41b 

Comorbidity with anxiety (yes/no) (N) - 8/5 8/8 14/5 - 2.09 .35 

Time to remission, mean (SD) - 4.92(1.61) 5.00(3.2) 21.74(2.42) 249.9 - <.001c 

Percentage of time with depressive symptom (%) - .036(.057) .31(.17) .91(.17) 152.6 - <.001c 
a.
One dropout in HC because of missing data in SSRI-use; b.Comparisons among patients groups. c.

 Significant at p < .05. HC, healthy controls; 
REM,remitters; REC, remitters with recurrence; NONREM, non-remitted patients; S1, scanning time (baseline); S2, follow-up measurement. 
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Table S3A. Main effect of group and interaction between group and valence during 

successful encoding after excluding ssri users 

Regions                                                                MNI Coordinates 

Main effect of group ka Side BA x y z F Z p 

Insula 2 R 13 36 0 12 5.30 2.95 .002 

Posterior cingulate cortex 1 R 31 18 -39 36 5.06 2.85 .002 

Interaction ka Side BA x y z F Z p 

Middle prefrontal cortex 27 R 8 27 30 27 8.61 4.08 <.001 

Main effect of 
group_positive 

ka Side BA x y z F Z p 

Insula 17 R 13 36 0 15 6.15 3.27 .001 

Post hoc t-tests          

REC > NONREM (positive) kb Side BA x y z T Z pFWE 

Insula 27 R 13 36 0 15 4.00 3.91 .022 

HC > NONREM (positive) kb Side BA x y z F Z pFWE 

Insula 15 R 13 36 0 15 3.53 3.46 .090 

Main effect of 
group_negative 

 
ka 

 
Side 

 
BA 

 
x 

 
y 

 
z 

 
F 

 
Z 

 
p 

Posterior cingulate cortex 1 R 31 18 -39 36 5.55 3.05 .001 

Insula 2 L 13 -39 15 -15 4.52 2.62 .004 

Post hoc t-tests          

NONREM > HC (negative) kb Side BA x y z T Z pFWE 

Hippocampus 8 R - 33 -9 18 2.94 2.90 .121 

Insula 17 L 47 -39 12 -15 3.60 3.53 .037 
a. 

Number of voxels in whole brain; 
b.
Number of voxels in regions of interest. HC, healthy controls; 

REM, remitters; REC, remitters with recurrence; NONREM, non-remitted patients 

 

 2 

 2 
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Table S3B. Main effect of group and interaction between group and valence during 

recognition after excluding ssri users 

Regions                                                                MNI Coordinates 

Interaction ka Side BA x y z F Z p 

Amygdala 2 L - -18 -6 -24 6.15 3.28 .001 

Main effect of 
group_positive 

 
ka 

 
Side 

 
BA 

 
x 

 
y 

 
z 

 
F 

 
Z 

 
p 

Middle frontal cortex 14 R 8 39 24 33 5.89 3.18 .001 

Post hoc t-tests 
NONREM > HC 
(positive) 

 
kb 

 
Side 

 
BA 

 
x 

 
y 

 
z 

 
T 

 
Z 

 
pFWE 

Insula 5 R 13 48 3 0 2.93 2.89 .27 

Main effect of 
group_negative 

 
ka 

 
Side 

 
BA 

 
x 

 
y 

 
z 

 
F 

 
Z 

 
p 

Middle frontal gyrus 3 L 10 -33 48 6 4.92 2.79 .003 

Post hoc t-tests 
REM > NONREM 
(negative) 

 
kb 

 
Side 

 
BA 

 
x 

 
y 

 
z 

 
T 

 
Z 

 
pFWE 

Insula 1 L 47 -36 -21 15 2.77 2.74 .36 
a.
Number of voxels in whole brain; 

b.
Number of voxels in regions of interest. HC, healthy controls; REM, 

remitters; REC, remitters with recurrence; NONREM, non-remitted patients. 
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Table S4A. Main effect of group and interaction between group and valence during 

correct encoding in a sensitivity analysis (i.e., leaving out the four slow-remitting 

patients from the NONREM). 

Regions                                                                    MNI Coordinates  

Main effect of group ka Side BA x y z F Z p 

Insula 1 R 13 36 0 12 4.58 2.66 .004 

Posterier cingulate cortex 24 R 31 21 -36 36 7.06 3.62 <.001 

Interaction ka Side BA x y z F Z p 

Middle prefrontal cortex 9 R 8 24 21 33 7.45 3.64 <.001 

Insula 4 L 47 -42 15 -15 5.40 2.94 .002 

Main effect of 
group_positive 

ka Side BA x y z F Z p 

Insula 7 R 13 36 -3 12 5.45 3.02 .001 

Post hoc t-tests          

HC > NONREM 
(positive) 

kb Side BA x y z T Z pFWE 

Insula 34 R 13 36 0 12 3.23 3.19 .74 

REC > NONREM 
(positive) 

kb Side BA x y z T Z pFWE 

Insula 26 R 13 36 -3 12 3.57 3.51 .94 

Main effect of 
group_negative 

ka Side BA x y z F Z p 

Insula  2 L 47 -42 12 -12 4.70 2.71 .003 

Post hoc t-tests          

NONREM > HC 
(negative) 

kb Side BA x y z T Z pFWE 

Amygdala 4 L - -15 0 -15 2.97 2.94 .032 

Hippocampus 16 R - 27 -15 15 3.19 3.15 .069 

Insula 26 L 47 -42 12 -12 3.64 3.58 .035 

NONREM > REM 

(negative) 

kb Side BA x y z T Z pFWE 

Insula 1 L 47 -36 15 -12 2.60 2.58 .40 

Hippocampus 4 R - 27 -15 15 3.03 3.00 .10 
a.
Number of voxels in whole brain; 

b.
Number of voxels in regions of interest. HC, healthy controls; REM, 

remitters; REC, remitters with recurrence; NONREM, non-remitted patients. 
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Table S4B. Main effect of group and interaction between group and valence during 

correct recognition in a sensitivity analysis (i.e., leaving out the four slow-remitting 

patients from the NONREM). 

Regions                                                                   MNI Coordinates  

Main effect of group ka Side BA x y z F Z p 

Inferior frontal gyrus 5 L 10 -33 48 6 5.26 2.95 .002 

Interaction ka Side BA x y z F Z p 

Insula 16 L 13 -36 -12 6 5.31 2.90 .002 

Amygdala 4 L - -18 -6 -21 6.26 3.25 .001 

Medial frontal gyrus  3 R 10 15 54 0 5.31 2.90 .002 

Main effect of 
group_positive 

 
ka 

 
Side 

 
BA 

 
x 

 
y 

 
z 

 
F 

 
Z 

 
p 

Middle frontal cortex 3 R 9 36 30 39 5.11 2.88 .002 

Media frontal cortex 2 R 8 15 39 42 4.82 2.76 .003 

Post hoc t-tests          

NONREM > HC (positive) kb Side BA x y z T Z pFWE 

Insula 42 R 13 48 3 0 2.80 2.77 .45 

Main effect of 
group_negative 

 
ka 

 
Side 

 
BA 

 
x 

 
y 

 
z 

 
F 

 
Z 

 
p 

Inferior frontal gyrus 10 L 10 -33 48 6 5.35 2.99 .001 

Middle frontal gyrus 7 R 9 24 39 39 5.31 2.97 .002 

Inusla 26 L 13 -36 -15 18 6.92 3.57 <.001 

Post hoc t-tests          

REM> NONREM 
(negative) 

kb Side BA x y z T Z pFWE 

Insula 45 L 13 -36 -15 18 4.28 4.19 .007 

HC > NONREM (negative) kb Side BA x y z T Z pFWE 

Insula 25 L 13 -36 -15 18 3.47 3.42 .100 
a.
Number of voxels in whole brain; 

b.
Number of voxels in regions of interest. HC, healthy controls; REM, 

remitters; REC, remitters with recurrence; NONREM, non-remitted patients.  
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Abstract 

Background: The importance of the hippocampus and amygdala for disrupted 

emotional memory formation in depression is well recognized, but whether 

abnormal activation of these structures is state-dependent and is subject to enduring 

depressive symptoms is unclear. 

Methods: Forty patients with a diagnosis of major depressive disorder (MDD) and 

twenty-nine healthy controls (HC) who underwent functional magnetic resonance 

imaging at baseline (S1) and two year follow-up (S2) were recruited from the 

longitudinal Netherlands Study of Depression and Anxiety (NESDA). At both time 

points, participants performed an emotional word encoding and recognition task. At 

S2, twenty-one patients showed symptomatic remission and nineteen were actively 

depressed.  

Results: Larger symptom improvement was associated with increased activation the 

right anterior hippocampus extending to the amygdala during encoding of positive 

words. Furthermore, a group × time analysis including remitted patients, actively 

depressed patients and HC indicated that remitted patients showed normalization of 

activation during encoding of emotional words in this region, with no activation 

change in HC. No relation between emotional word encoding and percentage of 

months with depressive symptoms in-between scan moments was observed. Results 

were independent of medication-use and psychotherapy. 

Conclusion: Using a longitudinal design we showed that hippocampal-amygdalar 

activation during positive memory formation is moderated by the depressive state in 

MDD, with normalization of response upon naturalistic remission but not by 

depression duration. Thus, we suggest that hippocampal activation is a state-

dependent characteristic, which is not subject to functional ‘scarring’. Evaluating the 

neural correlates of clinical outcome may potentially help identify candidate 

biomarkers for clinical response. 
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Introduction 

Major depressive disorder (MDD) is a prevalent psychiatric disorder associated with 

high morbidity and mortality, frequently characterized by a chronic or 

relapsing/remitting course (Kessler et al, 2005). An emotional memory bias has been 

proposed as a key factor for the development and maintenance of MDD (Ai et al, 

2015; Disner et al, 2011; Everaert et al, 2015; Leppänen 2006). This emotional memory 

bias has been suggested to be a state-independent phenomenon in cross-sectional 

studies: better memory for negative information and worse memory for positive 

information have been reported in patients both during an acute depressive state and 

during remission (reviewed by Bradley and Mathews 1988; Elliott et al, 2010). In 

addition, high neurotic individuals have been found to show an increased negative 

memory bias (Chan et al, 2007), which may underlie their vulnerability to a 

depressive episode. However, a cross-sectional design does not allow for firm 

inferences on state-dependency characteristics of emotional memory biases in 

depression. Longitudinal treatment studies have mostly found memory bias to 

resolve upon recovery after treatment (Calev et al, 1986; Peselow et al, 1991), although 

results were not consistent (Sternberg and Jarvik 1976). Identifying state-dependent 

markers of MDD may constitute a first step in understanding mechanisms of 

recovery versus maintenance of depression and may aid in choice of interventions 

(Maalouf et al, 2012; Mayberg 1997).  

In healthy individuals, it has been suggested that the amygdala facilitates 

memory processing of emotional stimuli by modulating hippocampus activation 

(Dolcos et al, 2004; LaBar and Cabeza 2006). In a previous study from our group, we 

observed hyperactivation of the anterior hippocampus/amygdala during encoding of 

negative information in actively depressed patients and not in remitted patients (van 

Tol et al, 2012), suggesting that this hyperactivation is state-dependent. However, 

others have found that amygdalar/hippocampal hyperactivation is also present in 

remitted patients and therefore likely independent of the depressive state (Ramel et al, 

2007). During encoding of positive information, hyperactivation of the anterior 

hippocampus/amygdala (Arnold et al, 2011) and hypoactivation of the posterior 

hippocampus (van Tol et al, 2012) have also been revealed as state-independent 

phenomena. Activation of other brain regions associated with encoding of emotional 

material (e.g., dorsolateral prefrontal cortex (DLPFC), inferior frontal gyrus (IFG), 

anterior cingulate cortex (ACC) and insula) was also inconsistently associated with 

state-dependency (Arnold et al, 2011; Kerestes et al, 2011; Okada et al, 2009; van Tol et 

al, 2012; Van Wingen et al, 2010). These ambiguous findings illustrate the limitations 
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of cross-sectional designs to elucidate depressive-state dependency of brain 

functioning.  

Longitudinal treatment studies have demonstrated both decreases (Fu et al, 

2004; Sheline et al, 2001) as well as increases (Goldapple et al, 2004; Neumeister et al, 

2006; Ritchey et al, 2011; Victor et al, 2010) in activation and/or metabolism in the 

amygdala/hippocampus after successful short-term pharmacological (Fu et al, 2004; 

Sheline et al, 2001; Victor et al, 2010) and cognitive behavioral treatment (Fu et al, 2008; 

Goldapple et al, 2004; Ritchey et al, 2011) during affective processing or rest. However, 

effects of symptom improvement on memory processing have not been studied to 

date. Nevertheless, a large recent multi-modal imaging study failed to show an 

association between the amygdala and hippocampus responsivity and the 

therapeutic response to the antidepressant duloxetine during emotional processing 

(Fu et al, 2015). Critically, treatment studies are designed to investigate the short-term 

mechanisms mediating clinical improvement and therefore might not purely inform 

us on the correlates of the naturalistic symptomatic state.  

Longer duration of depression has been associated with more severe structural 

and functional abnormalities, related to glucocorticoid-dependent toxic effects of 

stress (Fossati et al, 2004). Studies have indeed confirmed that a longer duration of 

depressive symptoms was associated with volume loss, especially in the 

hippocampus (Frodl et al, 2008; MacQueen et al, 2003; Schmaal et al, 2015), which may 

result in explicit memory deficits (Sapolsky 2000). Recently, medial prefrontal 

involvement during processing of certain self-related memory has been revealed to 

differentiate individuals at high-risk for developing MDD from remitted MDD 

patients (Young et al, 2015), suggesting that memory deficits might be a consequence 

of having experienced a depressive episode. However, to our knowledge, it has not 

yet been investigated whether longitudinal functional brain changes are related to 

duration of depression.  

In the present study, using a longitudinal within-subject design, we aimed to 

investigate 1) whether activation of the amygdala and hippocampus during 

emotional memory encoding in a naturalistic sample of MDD patients is dependent 

on the depressive state; and 2) whether changes in brain responsivity to emotional 

information relates to the time with symptoms during this interval. Participants 

underwent functional magnetic resonance imaging (fMRI) twice, with approximately 

two years in between. We hypothesized that change in depressive state is associated 

with a change in activation between S2 and S1 in the anterior 

hippocampus/amygdala, especially during negative word encoding. In addition, we 

hypothesized that changes of brain activation in the hippocampus/amygdala 
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complex during memory encoding of emotional information in patients with MDD 

would be influenced by depressive load (i.e., percentage of months with depressive 

symptoms) between the measurements.  

Methods and materials 

Participants  

Participants were recruited from the ongoing neuroimaging sub-study of 

Netherlands Study of Depression and Anxiety (NESDA) (Penninx et al, 2008) and 

underwent functional magnetic resonance imaging (fMRI) scanning at the University 

Medical Center Groningen (UMCG), Academic Medical Center (AMC), and the 

Leiden University Medical Center (LUMC). As a longitudinal naturalistic study, 

NESDA has been designed as an eight year longitudinal cohort study with 

measurements at baseline, one-, two-, four-, and eight-year follow-up, with MRI-

measurements performed in a subsample at baseline and two-year follow up. The 

ethical review boards of each participating center approved the study and all 

participants gave written informed consent.  

Exclusion criteria for all participants in the NESDA neuroimaging study at 

baseline were: age under 18 or over 57 years; current alcohol or substance abuse; 

presence or history of a neurological or somatic disorder with possible effects on the 

central nervous system; general 3T MRI contraindications; hypertension; psychiatric 

medication other than selective serotonin reuptake inhibitors (SSRIs) or infrequent 

use of benzodiazepines (oxazepam or diazepam, maximum of three times a week, 

max 20 mg and not within 48 hours before scanning). Exclusion criteria for the 

second measurement at two-year follow-up (S2) were identical, with the exception of 

the age criterion. From a cohort perspective, we were less strict on exclusion based on 

type of medication used (see Table 1 for details). Findings of cross-sectional 

differences on the baseline measurement (S1) and associations with subsequent 

course were published elsewhere (Ai et al, 2015; van Tol et al, 2012). 

Complete behavioral data and fMRI data at both S1 and S2 were available of 

64 MDD patients and 39 healthy controls. At S1, all patients fulfilled the criteria for a 

diagnosis of major depressive disorder (MDD) with a half-year recency based on the 

Composite International Diagnostic Interview (CIDI life time - version 2). An 

additional diagnosis of social anxiety disorder (SAD), panic disorder (PD) and/or 

generalized anxiety disorder (GAD) at either S1 or S2 was allowed (See Table 1 for 

details). For the current analyses, we included only patients who were in a 

depressive state at S1 defined as a Montgomery–Å sberg Depression Rating Scale 

(MADRS) score larger than 10 (Zimmerman et al, 2004), which resulted in the 
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inclusion of 40 patients. Ten healthy controls (HC) were excluded based on their 

current depressive state evaluated by their MADRS scores (MADRS>10, indicative of 

depressive symptomatology, n=1) and unreliable task performance (n=9; Figure 1). 

This resulted in the inclusion of 29 HC without any current or life-time DSM-IV 

diagnosis at both S1 and S2 (Figure 1).  

Task paradigm 

All participants performed the same event-related, subject-paced, emotional word 

encoding and recognition task during both fMRI scanning sessions. During the 

encoding phase, 20 blocks containing 160 stimuli (positive/ neutral/ negative words 

and baseline trials; 40 each) were pseudo-randomly presented. Participants were 

instructed to evaluate whether the word was positive, negative or neutral by 

pressing the right, middle and left button, respectively. During baseline trials, 

participants were asked to press the corresponding button to indicate the direction of 

the arrow. After a retention interval of 10 minutes during which the structural T1 

scan was acquired, the retrieval phase began during which 120 encoding target 

words, 120 distracter words and 40 baseline words were presented in 20 pseudo-

randomized blocks. Participants were instructed to indicate whether they had seen, 

had not seen, or probably had seen the word. Emotional words in the valence 

categories were matched based on length, frequency in the Dutch language and 

complexity. 

fMRI data acquisition 

Neuroimaging data were collected with 3T Philips MR-scanners located in Leiden, 

Groningen and Amsterdam. A SENSE-6 channel head coil was used at S1 in 

Amsterdam. A SENSE-8 channel head coil was used in Groningen and Leiden at both 

S1 and S2 and in Amsterdam at S2. In Groningen, echo planar imaging (EPI) volumes 

of 39 slices were acquired using a T2*- weighted gradient echo sequence (TR = 2300 

ms, TE = 28 ms, matrix size: 64 × 64, plane resolution: 3 × 3 mm, slice thickness: 3 mm) 

at S1 and the EPI slice setting was changed into 35 slices at S2. In Leiden and 

Amsterdam, 35 axial slices were obtained using a T2*- weighted gradient echo 

sequence (TR = 2300 ms, TE = 30 ms, matrix size: 96 × 96, plane resolution: 2.29 × 2.29 

mm, slice thickness: 3 mm) at S1 and S2. Transversal slices were acquired parallel to 

the anterior commissure-posterior commissure plane (no gap) in interleaved order.  

In addition, a high-resolution anatomical MRI was obtained with a sagittal 3D 

gradient-echo T1-weighted sequence for each participant (TR = 9 ms, TE = 3.5 ms, 

matrix size: 256 × 256, voxel size: 1 × 1 × 1 mm, 170 slices). 
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Figure 1. Flow chart of recruitment of participants. In total, 21 symptom-improved 

patients, 19 non-improved patients and 29 healthy controls were included in final 

analysis.  

MDD, major depressive disorder; MDD+, depression combined with an additional 

diagnosis of social anxiety disorder, panic disorder and/or generalized anxiety 

disorder; ANX, anxiety; S1, baseline measurement; S2, second measurement; 

MADRS, Montgomery–Åsberg Depression Rating Scale; HC, healthy control; S-R, 

symptomatic-remitted MDD patients; S-S, symptomatic-symptomatic MDD patients. 
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Data analysis 

Independent variables 

Firstly, to test for the correlation between symptom change and brain activation 

change over time, a symptom change score representing the difference in depressive 

severity between S1 and S2 was calculated for each depressed patients (i.e., MADRS 

S2 – MADRS S1). Furthermore, to be able to investigate whether changes in behavior 

and brain activation following symptomatic change represented normalization (i.e., 

in comparison to the HC group), we divided the patients in two groups: a group of 

MDD-patients who changed from symptomatic (S) at S1 to remission (R) at S2 (S-R; 

MADRS-scores S2≤10; n=21, Figure 1) and a group of MDD-patients who were 

symptomatic at both S1 and S2 (S-S; MADRS-scores S2>10; n=19). Depressive load 

was defined by presence of depressive symptoms per month for the duration of the 

interval between S1 and S2 using the life chart interview (Lyketsos et al, 1994) 

administered at S2. Participants had to rate the severity of depressive symptoms per 

month and only symptoms with small to severe burden were taken as indication of 

presence of symptoms. Percentage of months experiencing depressive symptoms 

was calculated per patient (depressive load). 

Clinical variables and behavioral data 

Effects of symptom change and depressive load on demographic, psychometric 

assessment and behavioral data were analyzed in IBM SPSS software (SPSS v.22.0, 

IBM). We employed analyses of variance (ANOVA), Chi-square tests and t-tests 

where appropriate for demographic and psychometric data with a significance level 

of p<.05, two-tailed.  

For the behavioral data, reaction times (RT) and accuracy for successfully 

encoded words (hits and false alarms) (Tulving 1985) were calculated. We calculated 

performance difference scores for both RTs and accuracy (S2-S1). We firstly 

investigated the relation between symptom change scores and RT- and accuracy 

difference scores over time in patients. Age, years of education were included as 

covariates. After that, we conducted a group (3; HC, MDD S-R, MDD S-S) × valence 

(3; positive, negative, neutral) × time (2; S1, S2) repeated measures ANCOVA, with 

age and years of education as covariates to test for main effects and interactions of 

group, valence, and time. In case a significant main- or interaction effect was detected 

(p<.05), post hoc t-tests were conducted at a significance level of p<.05 (two-tailed), 

Bonferroni corrected for multiple comparisons. 

Imaging data preprocessing  
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For the fMRI data, preprocessing and task modeling were performed with Statistical 

Parametric Mapping software (SPM8, Wellcome Trust Center for Neuroimaging, 

http://www.fil.ion.ucl.ac.uk/spm) implemented in Matlab 7.8 (The Math Works Inc., 

Natick, MA, USA). Based on the hypotheses formulated in our cross-sectional study 

(van Tol et al, 2012), we only investigated the encoding session. 

Before preprocessing, functional images were reoriented manually to the 

anterior-posterior commissure plane. Preprocessing consisted of slice timing, spatial 

realignment and co-registration of the anatomical image to the EPI image, spatial 

normalizing of the image to the standard Montreal Neurological Institute (MNI) 

space, reslicing to a 3 × 3 × 3 mm voxel size and spatial smoothing with an 8 mm full-

width at half maximum Gaussian kernel. To remove low frequency noise, a high-

pass filter with a cut-off of 128 s was applied to the fMRI time-series. 

First-level analyses 

For each participant two first-level models were set up, one for S1 and one for S2. To 

minimize the effect of motion, the absolute scan-to-scan difference in both rotational 

and translational displacement after realignment was computed, and scans in which 

the displacement was larger than 0.9 mm compared to the previous scan were 

censored by modeling them as regressors (Siegel et al, 2014). Because we were 

interested in the valence effects and to be consistent with our previous reports (Ai et 

al, 2015; van Tol et al, 2012), we defined the following contrasts for each model: 

[successfully encoded positive words > successfully encoded neutral words] and [successfully 

encoded negative words > successfully encoded neutral words]. The difference between the 

two scan sessions was calculated for each contrast by subtracting the contrast image 

of the first scan from the second scan (S2-S1) for every participant using the ImCalc-

option implemented in SPM8. Consequently, positive activation indicates an increase 

of activation from S1 to S2 and negative activation a decrease of activation from S1 to 

S2.  

Correlation with depressive state change 

To test for the correlation between symptom change and brain activation change 

between two scan moments in patients, S2-S1 contrast maps were entered as 

dependent variables in a full-factorial model, with valence (positive>neutral 

encoding [S2-S1], negative>neutral encoding [S2-S1]) as a factor and symptom 

change (MADRS S2 – MADRS S1) as interacting covariate with valence. As we aimed 

to test for relations of symptom change with positive and negative encoding 

separately, and were not so much interested in the interaction of valence and state 

change, we chose to set up a full factorial model instead of a flexible factorial model. 
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To control for the confounding effects caused by variations within and between 

participants in coil, sequence and site, four dummy variables for scanning site (both 

times scanned in AMC; changed from AMC to LUMC; changed from LUMC to AMC; 

both times scanned in UMCG; both times scanned in LUMC) were defined as 

covariates of no interest. In addition, age and years of education at S1 were added as 

covariates.  

To investigate whether our main results regarding state were related to 

depressive load, we repeated our analysis with depressive load (percentage of time 

with depressive symptom demeaned within group) as an additional covariate. In 

addition, to examine whether possible changes in activation were related to changes 

in anxiety severity at time of scanning, we repeated our analysis by adding difference 

in Beck Anxiety Inventory (BAI) scores (Beck et al, 1988) (S2>S1) as covariate. Finally, 

to test for the possible effect of medication use, we repeated our analysis by 

excluding SSRI-users at both S1 and S2. We also controlled for treatment factor by 

adding SSRI-use and psychotherapy use as covariates.  

Next, to investigate whether changes in activation observed in our main 

correlational model represented normalization of regional activity and to test for 

stability of responses in HC, we set up a repeated measure ANCOVA with group (3; 

HC, improved MDD [S-R], non-improved MDD [S-S]) as between-subject factor and 

valence (2; positive>neutral encoding [S2-S1], negative>neutral encoding [S2-S1]) as 

within-subject factor. Scanning site, age and years of education were included as 

covariates. We applied the same mask and threshold for correction of results as our 

main analysis. 

Correlation with duration of illness (depressive load) 

We built a full factorial model with valence as factor (2; positive>neutral and 

negative>neutral) and depressive load as an interacting covariate with valence. Site 

(four dummy variables), age, years of education were added as covariates. We tested 

for the effects of depressive load during encoding of positive words and negative 

words separately. In a subsequent step, symptom change, medication use and 

psychotherapy use were added as covariates to statistically control for their possible 

confounding effects. 

Statistical thresholding  

Based on previous studies (see introduction), we a priori defined the bilateral 

hippocampus and amygdala as our regions-of-interest (ROI) and built one composite 

mask encompassing these regions. The regions were defined according to the 

automated anatomical labels of the Wake Forest University (WFU, Winston Salem, 
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North Carolina) Pick Atlas toolbox. Small volume correction for multiple 

comparisons was applied within the ROI. In accordance with our previous reports 

(Ai et al, 2015; van Tol et al, 2012), main effects and interactions (F-tests) were 

explored separately for positive and negative words at p<.005 uncorrected. Post hoc t-

tests were regarded significant at a threshold of p<.05 family wise error (FWE) 

corrected at voxel-level (with an initial threshold of p<.005 uncorrected). Effects 

occurring outside the amygdala and hippocampus were explored at p<.005, but had 

to meet p<.05, FWE whole brain correction to be considered significant. 

Results 

Demographic characteristics 

Demographics and clinical characteristics of all patients and healthy controls are 

summarized in table 1. Within patients, symptom change was not associated with 

age (r=.28, p=.08), years of education (r=.14, p=.38) or sex (rkendell’s tau=.09, p=.56). 

Moreover, it was not associated with medication use (rkendell’s tau =.09, p=.55) or 

psychotherapy use (rkendell’s tau =-.13, p=.43) between S1 and S2. In addition, symptom 

change was not related to anxiety severity at S1 (BAI-score S1; r=-.03, p=.85), 

depressive load in the five years before S1 (r=.20, p=.22), and the depressive load 

between S1 and S2 (r=.29, p=.07). However, symptom change of depression was 

correlated to change in anxiety severity (BAI-scores) (r=.46, p=.003) and depression 

severity at baseline (MADRS-S1; r=-.34, p=.034). 

Explorations of the clinical characteristics of the symptom remitted (S-R) and 

symptomatic (S-S) patient groups confirmed that S-R and S-S groups were of 

comparable age, sex, and years of education and no differences with the HC groups 

were observed (p>0.05; Table 1). At S1, the patient groups did not differ on SSRI-use, 

psychotherapy-use, comorbidity, MADRS-scores, and BAI-scores (p>0.05; Table 1). At 

S2, as expected, MADRS-scores and BAI-scores were lower in the S-R group 

compared to the S-S group (p<.001; Table 1). There were no group differences 

between the two patient groups on depressive load in the five years before S1 (i.e. 

months with depressive symptoms) and depressive load between the two 

measurements (i.e., percentage of time with depressive symptoms) (Table 1). 

Whereas use of SSRIs and benzodiazepines was not different between patient groups, 

at S2 more S-R patients had however received psychological care than S-S patients 

(p=.04; Table 1). 
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Table 1. Demographics. 

Abbreviations: HC, healthy control; S-R, symptom-remitted MDD patients; S-S, symptomatic-symptomatic MDD patients;  SAD, social anxiety disorder; PD, 
panic disorder;  GAD, generalized anxiety disorder 

a. 
HC differed from both patient groups, while the two patient groups did not differ;  

b.
 All groups differed 

from each other; 
c.
 significant at p<.05; 

d.
 Infrequent use; 

e.
 Likelihood Ratio;

f.
 Two patients used benzodiazepine frequently. 

 HC S-R S-S F t χ2 p 

N 29 21 19 - - -  

Site S1(AMC/LUMC/UMCG) (N) 15/9/5 9/9/3 7/7/5 - - 1.9 .75 

Site S2(AMC/LUMC/UMCG) (N) 13/11/5 8/10/3 7/7/5 - - - .84 

Sex (male/female) (N) 10/19 8/13 9/10 - - .81 .67 

Age, mean (SD) 40.28(9.81) 37.71(9.49) 40.00(11.64) .42 - - .66 

Years of education,  mean (SD) 14.59(2.80) 12.57(2.42) 13.37(3.73) 2.89 - - .06 

Months interval,  mean (SD) 21.85(1.37) 22.57(1.28) 22.11(1.70) 1.47 - - .24 

MADRS_S1,  mean (SD) 1.10(1.70) 18.71(5.10) 21.79(7.45) 128.1 - - <.001*a 

MADRS_S2,  mean (SD) .62(1.17) 4.52(2.94) 19.68(6.28) 156.2 - - <.001*b 

MADRS_S2>S1,  mean (SD) -.48(1.52) -14.19(5.22) -2.11(7.65) - -5.88 - <.001*b 

BAI_S1,  mean (SD) 2.10(2.65) 13.33(7.67) 14.63(9.75) 25.39 - - <.001*a 

BAI_S2,  mean (SD) 2.14(1.99) 8.48(6.16) 14.53(9.17) 24.81 - - <.001*b 

Depressive load between S1 and S2, 
mean (SD) 

- .44(.39) .60(.42) - -1.24 - .22 

Months with depressive symptom before 
S1,  mean (SD) 

- 18.57(15.71) 21.47(15.61) - -.59 - .56 

Comorbidity_S1(MDD/MDD+) (N) - 8/13 5/14 - - .63 .43 

  Comorbid SAD (N) - 8 5     

  Comorbid PD (N) - 8 8     

  Comorbid GAD (N) - 8 10     

Age of depressive onset,  mean (SD) - 25.62(11.52) 23.11(9.62) - .73 - .47 

Psychotherapy-use_S1,  mean (SD) - 5/16 5/14 - - .03 .86 

Psychotherapy-use_S2,  mean (SD) - 11/10 4/15 - - 4.18 .04c 

SSRI-use_S1(yes/no) (N) - 9/12 6/13 - - .54 .46 

SSRI-use_S2(yes/no) (N) - 9/12 7/12 - - .15 .69 

Benzodiazepine_S1(yesd/no) (N) - 3/18 1/18 - - .90e .33 

Benzodiazepine_S2(yes/no) (N) - 0/21 3f/16 - - 4.7e .09 
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Figure 2. Performance of emotional memory task over time. (A) Reaction time for 

successfully encoded words at S1 and S2. Y-axis, reaction time. (B) Accuracy for 

successfully encoded words at S1 and S2. Y-axis, proportion correct remembered 

trials. 

HC, healthy control; S-R, symptomatic-remitted MDD patients; S-S, symptomatic-

symptomatic MDD patients; S1, baseline measurement; S2, second measurement. 
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Behavioral results 

No correlations were found between depressive symptom change and changes in 

performance on memory of positive or negative words over time (i.e., RTs and 

accuracy) (p>.05). Group comparisons however indicated a main effect of group on 

the reaction time of successfully encoded words (F(2,64)=7.44, p<.001). At both time 

points, S-R patients showed slower responses to all words that were subsequently 

corrected recognized compared to S-S patients and HC (S-R>S-S, p=.031; S-R>HC, 

p<.001). 

No main effect or interaction was found for accuracy of successfully encoded 

words. 

fMRI results 

Correlations with depressive state change  

We observed that symptom change (MADRS at S2 - MADRS at S1) was negatively 

related to change in right hippocampal/amygdala activation during positive word 

encoding (MNI coordinates [x=27, y=-4, z=-11], Z=3.97, pFWE=.012), but not during 

negative word encoding (Z=2.73, pFWE=.40) (Table 2; Figure 3A). This means that 

larger symptomatic improvement coincided with larger changes in hippocampal 

activation related to the encoding of positive information during the interval.  

Adding depressive load as covariate did not change the results (Z=3.80, 

pFWE=.022). Also, results were not affected by including change in anxiety severity 

added as covariates to the model (Z=3.77, pFWE=.025). After omission of SSRI-users 

(n=18; 7 patients used SSRIs at both S1 and S2, 8 only used SSRIs at S1, 3 only used 

SSRIs at S2) from the main model, the hippocampus-amygdala change in activation 

ceased to be significant (Z=2.67, pFWE=.43). However, results were unaffected by 

adding SSRI-use or psychotherapy use as covariates (Z=3.96, pFWE =.013 for SSRI-use; 

Z=4.04, pFWE =.010 for psychotherapy use).  

Post hoc group comparison 

To follow-up whether hippocampal/amygdalar activation changes represented 

normalization, we explored brain activation during positive word encoding in a full-

factorial model with MDD S-R, MDD S-S and HC. A main effect of group, 

representing activation differences between S1 and S2, was observed in the right 

anterior hippocampus extending to the amygdala (same area as found in the 

correlational analysis) (Table 3; Figure 3B). Explorative t-tests revealed that MDD S-R 

showed an increase in activation over time in the right hippocampus (MNI 

coordinates [x=21, y=-7, z=-17]), which was most pronounced during positive word 
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encoding (Z=3.97, pFWE=.011), while MDD S-S did not (pFWE=.38). This confirmed that 

increased activation in the right hippocampus/amygdala was associated with 

symptom remission. Changes in hippocampal activation were however not 

significantly different from HC (positive>neutral: MDD S-R>HC, pFWE=.44). No 

difference in activation over time was observed for HC in the 

hippocampus/amygdala during both positive and negative word encoding.  

Moreover, no significant effect of group, valence or group × valence was present in 

other brain regions (pFWE>.05). Plotting of effects at S1 and S2 separately indicated 

that the increase in hippocampal activation in the MDD S-R represented a recovery 

to normal (Figure 3C). The effect during negative encoding was not explored because 

no such effects were observed for negative word encoding in the correlation analysis. 

Correlations with depressive load 

No correlation between percentage of time with depressive symptoms and changes 

in brain activation was observed across all MDD patients during positive>neutral 

and negative > neutral encoding. Adding depressive severity or medication/therapy 

use to the model did not change the effect. 

 

Table 2. Correlation between state-change scores and brain activation changes across 

patients  

Regions                                                                          MNI Coordinates 

Positive>neutral: 

negative correlation 

 

ka 

 

kb 

 

Side 

 

BA 

 

 x 

 

 y 

 

 z 

 

 T 

 

 Z 

 

pFWE  

Hippocampus/amygdala 54 35 R 34 27 -4 -11 4.22 3.97 .012c 

Hippocampus/amygdala 33 13 L 20 -27 -16 -11 3.39 3.25 .122 

Negative>neutral: 

negative correlation 

 

ka 

 

kb 

 

Side 

 

BA 

 

 x 

 

 y 

 

 z 

 

 T 

 

 Z 

 

pFWE  

Hippocampus/amygdala 14 1 R - 15 -7 -14 2.81 2.73 .401 

Hippocampus/amygdala 2 1 L - -24 -13 -11 2.69 2.62 .483 

a.
 Cluster size in whole-brain analysis; 

b.
 Cluster size after small volume correction. 

c. 
Significant at p<.05 FWE corrected, voxel-level after small volume correction. 
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Figure 3. Brain activation during emotional word encoding. (A) Negative association 

between symptom change and hippocampal activation during positive word encoding. 

(peak MNI coordinate: x=27, y=-4, z=-11); (B) A main effect of group during 

emotional word encoding over time. (Contrast: main effect of group; F=5.53, p<.005 

uncorrected; peak MNI coordinate: x=21, y=-7, z=-17); (C) Pattern of hippocampal 

activation (peak MNI coordinate: x=21, y=-7, z=-17) during encoding at S1 and S2. 

HC, healthy control; S-R, symptomatic-remitted MDD patients; S-S, symptomatic-

symptomatic MDD patients; S1, baseline measurement; S2, second measurement. 

 



71 

 

Table 3. Results of group (3) × valence (2) ANCOVA during emotional words 

encoding. Covariates are site, age and level of education. Dependent variable was 

the different brain activation between S1 and S2 (S2-S1). 

Regions                                                                    MNI Coordinates 

Main effect of group_positive ka kb Side BA  x  y  z  F  Z  p 

Hippocampus extending to 

amygdala 
8 - R 35 21 -7 -17 10.52 3.85 .001 

Putamen 21 - R 48 24 20 1 8.30 3.34 <.001 

Medial frontal gyrus 11 - R 9 12 56 34 7.99 3.27 .001 

Inferior frontal gyrus 13 - R 48 45 -7 13 7.46 3.13 .001 

Post hoc t-test ka kb Side BA x y z T Z pFWE 

S-R>S-S_positive 
          

Hippocampus extending to 

amygdala 
28 26 R 35 21 -7 -17 3.84 3.72 .026c 

Abbreviations: S-R, symptomatic-remitted MDD patients; S-S, symptomatic-symptomatic MDD 
patients. 
a.
 Cluster size in whole-brain analysis;  

b.
 Cluster size after small volume correction. 

c.
 Significant at p<.05 FWE corrected, voxel-level after small volume correction. 

 

Discussion 

In this longitudinal study, we examined changes over time in brain activation 

underlying symptom improvement and duration of depressive symptoms during 

emotional memory encoding in depressed patients. Symptom improvement was 

associated with increased response in the anterior hippocampus/amygdala to 

positive stimuli over time, but not to negative stimuli. Follow-up explorations 

indicated that increased activation related to symptom remission and that at S2, 

hippocampal/amygdalar responsivity returned to normal. Effects were unrelated to 

changes in anxiety severity, and psychotherapy-use, although the effect was smaller 

after excluding SSRI-users. However, no relation between percentage of time with 

depressive symptoms during the two-year follow-up and changes in hippocampal 

and amygdalar activation was observed. These results suggest that hippocampal 

activation during emotional memory formation is a state-dependent marker of 

depressive symptomatology, especially during positive word encoding. This 

indicates that symptomatic improvement is at least partially associated with 

normalization of limbic responsivity to emotional material, which could ameliorate 

 3 
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biased processing of new positive emotional information (Harmer et al, 2009). 

However, no support for functional ‘scarring’ following enduring symptom duration 

could be found.  

We showed that activation in the anterior hippocampus/amygdala during 

positive word encoding is state-dependent in patients with MDD, as demonstrated 

by a negative correlation between symptom change and changes of activation as well 

as normalized activation in remitted patients at follow-up. This result was partly 

unexpected, as changes in hippocampal reactivity during negative encoding were 

hypothesized based on our previous cross-sectional observation that anterior 

hippocampal activation related to symptom severity in MDD patients (van Tol et al, 

2012). In line with our expectations, no effects were observed in the posterior 

hippocampus, a region that we have previously found to show blunted activation in 

MDD, independent of illness severity (van Tol et al, 2012). The hippocampus has 

been proposed as a target for both antidepressant treatment and cognitive behavioral 

therapy (CBT) (Goldapple et al, 2004). Treatment studies have confirmed the 

importance of the hippocampus to various treatments by consistently indicating 

normalization of increased hippocampal activation during emotional processing after 

pharmacological treatment (Anand et al, 2007; Arnone et al, 2012b; Fu et al, 2004) and 

increased metabolism after CBT (Goldapple et al, 2004). In contrast, Ritchey et al 

(Ritchey et al, 2011) found an enhanced arousal response during emotional 

processing in the amygdala and hippocampus after CBT treatment. Our results were 

not affected by adding treatment use as a covariate to the model, although excluding 

the SSRI-users from the analyses made the effect non-significant. This might be due 

to a decrease in power because of the remaining limited sample size (n=22). 

Nevertheless, our observations suggest that increased hippocampal responsivity to 

positive material as previously observed following treatment (Fu et al, 2007; Victor et 

al, 2010; Wise et al, 2014), primarily relates to the remitted state instead of the 

mechanism of treatment. Of note, more remitted patients received psychological 

treatment than unremitted patients at S2. In light of this, increased 

hippocampal/amygdalar activation in symptom-remitted patients during positive 

word encoding, might partly reflect effects of psychological treatment. Nevertheless, 

only half of the sample received psychological care and hippocampal change was not 

related to psychotherapy use, suggesting that hippocampal/amygdalar activation 

change during positive word encoding might be at best a joint effect of remission 

after psychological treatment and naturalistic remission which might relate to the 

normalization of a mood-incongruent (i.e., positive) -processing bias. 
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The second aim of this study was to investigate whether depressive load 

(measured as percentage of months with depressive symptoms between scan 

moments) was associated with specific functional brain characteristics during 

emotional memory encoding. We found that depressive load was not correlated with 

changes of activation in the hippocampus, which indicates that the neurotoxic 

hypothesis might not be relevant to the functional change over time. To the best of 

our knowledge, no studies on the association between activation and symptom 

duration have been conducted yet. Nevertheless, previous cross-sectional and 

longitudinal studies suggested that hippocampal volume is negatively related to 

duration of illness in MDD, represented by number of episodes (MacQueen et al, 

2003; Treadway et al, 2015) and duration of untreated illness (Sheline et al, 1999), 

though not consistently (Bremner et al, 2000). However, volumetric changes in the 

hippocampus have been linked to symptomatic improvement following treatment 

(Arnone et al, 2012a), suggesting state-dependency of hippocampal volume. Together 

with the cross-sectional studies which reported a state-dependent effect of 

hippocampal activation (Arnold et al, 2011; Milne et al, 2012; van Tol et al, 2012), our 

results indicate that functional change of the brain might be more related to the 

depressive state rather than the depressive duration. 

Some limitations of our study should be noted. First, although a clear strength 

of our study is its longitudinal naturalistic design and we could control for activation 

changes in a healthy participant sample, the associations we found are correlational 

and do not imply causation. Second, despite the fact that we controlled for scanner 

site as a covariate and that groups did not differ in proportion of participants 

scanned in each site, different imaging parameters and head coils in different 

scanners and time moments might potentially caused variability on imaging 

acquisition. Third, although the longitudinal brain activation changes seemed to be 

unrelated to SSRI-use and that the observation that excluding SSRI-users made the 

effect subthreshold was likely due to a drop in power, a potential medication effect 

could not be excluded. Fourth, caution should be taken in interpreting our result as a 

true memory effect (i.e., hits-misses), because the number of error trials was too low 

to investigate this. Fifth, it is possible that the encoding processing was more explicit 

at S2 than at S1, because people at S2 could have remembered that they were asked 

which words were presented also during encoding phase. However, implicit and 

explicit memory processing have been suggested to be subject to the same encoding 

factors and can rely on similar perceptual processes and representations (Turk-

Browne et al, 2006). Lack of difference over time in the HC group in our study 

supports this. Finally, although changes in anxiety severity were not correlated to the 
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change in brain activation, comorbid anxiety symptoms at both S1 and S2 could have 

caused some confounding effect on our results.  

Conclusion 

By characterizing longitudinal changes of activation in the anterior 

hippocampus/amygdala during emotional memory encoding, our study showed that 

the neural correlates of memory formation change with improvement of the 

depressive state, suggestive of a normalization of activation especially during 

positive encoding. However, enduring depressive load was not related to 

longitudinal changes in hippocampal-amygdalar activation. Together, we suggest 

that hippocampal activation is a state-dependent characteristic that is not subject to 

functional ‘scarring’.  
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Abstract 

Background: Suicidal behavior is highly prevalent in major depressive disorder 

(MDD), though not present in all patients. Whether suicidal behavior in MDD is 

associated with a unique functional neuroanatomical signature is unclear. We 

investigated brain activation in suicidal ideators and attempters with MDD 

compared to non-suicidal patients during both facial emotion processing and 

executive control. 

Methods: MDD patients (n=124) and healthy controls (HC; n=31) underwent 

functional magnetic resonance imaging when performing an emotional faces task 

and the Tower of London executive planning task. Patients were divided into a 

suicidal (n=51; 38 with suicidal ideation; 13 with a history of suicidal attempts and no 

current ideation) and a patient-control group (n=73; no ideation/attempts) based on 

the Scale for Suicidal Ideation and a question on suicidal attempts. Whole-brain 

analyses were conducted with significance set at p<.05, FWE corrected for multiple 

comparisons. 

Results: Suicidal patients showed higher activation in the left amygdala extending to 

the hippocampus during emotional faces processing, most pronounced during 

neutral face viewing, compared to patient-controls and HC. The effect was reduced 

after excluding attempters with no current ideation. Results were independent of 

depressive severity, psychotherapy-use and SSRI-use. No group differences were 

found during executive planning.  

Conclusion: Results suggest that suicidality in MDD relates to deficits of emotional 

processing, represented by altered activation in the hippocampal-amygdala region, 

rather than a diminished frontal capacity for planning. Such alterations may be more 

pronounced for people that have displayed suicidal behavior in addition to ideation 

and may be trait-related. 
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Introduction 

Suicide is a leading cause of mortality in adults around the world and has an 

enormous impact on society and personal lives (Aleman and Denys 2014; Hawton 

and van Heeringen 2009; Nock et al, 2009; World Health Organization 2012). It has 

been proposed that suicidal behavior encompasses a complex progression from 

sensitivity to an environmental trigger, to suicidal ideation and then to suicide 

attempts and suicidal acts (Jollant et al, 2011; World Health Organization 2012). 

Identifying the risk factors in the development of suicidal behaviour would increase 

the effectiveness of prevention (World Health Organization 2012).  

Suicidal ideation and behavior is strongly associated with psychopathology, 

most notably depression (Bernal et al, 2007; Harris and Barraclough 1997; Haukka et 

al, 2008; Nock et al, 2009; Pokorny 1983). However, not all MDD patients show signs 

of suicidal ideation and attempts, and it is difficult to predict whether patients with a 

diagnosis of MDD with suicidal ideation will go on to make suicide plans or attempts 

(Nock et al, 2009). Studying the neurobiological factors associated with 

degrees/stages of suicidality (including no ideation/no attempts, current ideation, 

past attempts) would not only help to identify biomarkers for the development of 

suicidal behavior, but would provide valuable information for clinicians to better 

understand processes underling suicidal behavior, that may ultimately guide 

assessment and treatment of depressive individuals with suicidal ideation or a 

history of attempts.  

Suggested vulnerability markers of suicidal behavior relate to both emotion 

processing and executive function. Previous studies have shown that suicide 

attempters tend to pay more attention to suicidal-related and negative stimuli than 

depressed patients without suicide attempts and HC (Becker et al, 1999; Cha et al, 

2010; Nock et al, 2010). Abnormal activation in the lateral prefrontal cortex (PFC) and 

anterior cingulate cortex (ACC) has been found in suicide attempters with a history 

of MDD during emotional face processing (Jollant et al, 2008; Pan et al, 2013). 

However, these studies were only conducted in small samples of patients, and in 

male (Jollant et al, 2008) or adolescent samples (Pan et al, 2013). Moreover, it has not 

been investigated whether similar abnormalities may be present in patients at earlier 

stages of suicidality (i.e. suicidal ideation without attempts). 

Executive dysfunctions have also been associated with suicidal behavior in 

MDD-patients, especially among suicide attempters with current suicidal ideation 

(Jollant et al, 2011; Marzuk et al, 2005). An essential component of problem-solving is 

planning, which has been found to be impaired in MDD, suggested by dorsolateral 
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prefrontal (DLPFC) hyperactivation (Fitzgerald et al, 2008; van Tol et al, 2011) and 

slower response during task execution (van Tol et al, 2011). Jollant et al. (2011) 

proposed that dysfunction of the DLPFC may partly enhance the probability of 

suicidal acts, but no study has examined this hypothesis.  

The aim of our study was to examine distinct mechanisms of emotion 

processing and executive functioning associated with suicidality in a sample of MDD 

patients. We hypothesized that compared with MDD patients without suicidal ideas 

or a history of suicide attempts (patient controls; PC) and healthy controls (HC), 

patients with suicidal ideation or past attempts (SP) would show abnormal 

amygdalar activation in response to faces with negative emotional expressions. 

During cognitive control processing, we expected that SP would show reduced 

dorsolateral prefrontal cortex (DLPFC) activation compared with PC and HC. 

Methods and materials 

Participants  

One-hundred and fifty-five participants with complete behavioral data and high-

quality fMRI data who enrolled in the Neuroimaging sub-project of the ongoing 

large cohort longitudinal Netherlands Study of Depression and Anxiety (NESDA) 

(Penninx et al, 2008) were included. For the current analyses, we only included 

patients with a life-time diagnosis of MDD according to Composite International 

Diagnostic Interview (CIDI- lifetime version 2.1). The control group consisted of 31 

healthy participants without a current or life-time DSM-IV or suicidality. Presence of 

current suicidal ideation and past attempt was assessed by the semi-structured Scale 

for Suicide Ideation (SSI, Beck et al, 1979) and an explicit question on non-fatal 

suicidal attempts (QSA; yes/no), respectively, at the interview before the fMRI 

scanning. We divided patients into suicidal patients (SP; SSI>0 or QSA=yes; n=51) 

and non-suicidal patient controls (PC; SSI=0 and QSA=no; n=73). Of the 51 SP, 13 

reported a history of non-fatal attempts, of which 11 reported no current suicidal 

ideation. This study was approved by the ethical review boards of each participating 

center, involving the University Medical Center Groningen (UMCG), Academic 

Medical Center (AMC) of the University of Amsterdam, and the Leiden University 

Medical Center (LUMC). All participants provided written informed consent after 

receiving a detailed study description. 

Clinical variables and measurements 

Severity of suicidal ideation was calculated by the sum of the scores of the first five 

items of SSI, which were used as a screenings instrument of patients attitudes toward 
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living and dying.   The depressive severity and anxiety severity were assessed by the 

Inventory of Depressive Symptomatology (IDS, Rush et al, 1996) and Beck Anxiety 

Inventory (BAI, Beck et al, 1988). Because the IDS has one item on suicidal behavior, 

we calculated an adjusted total scores by excluding the suicidal item (i.e., total IDS-

score – score of item 16) in order to compare severity of depressive symptomatology 

other than suicidal behavior. Because a previous study found an effect of CEM on 

facial processing in the NESDA sample (van Harmelen et al, 2013) and CEM has been 

suggested as a risk factor of suicidality (Hoertel et al, 2015), we also took into account 

childhood emotional maltreatment. This was measured with the NEMESIS trauma 

interview (De Graaf et al, 2004), which assesses occurrence and frequency of 

emotional neglect, emotional abuse, physical abuse or sexual abuse before the age of 

16 years.  

Task paradigms 

Faces task 

An event-related emotional faces task was conducted to investigate brain activation 

during emotion processing (Demenescu et al, 2011). During the presentation of angry, 

fear, happy, neutral and sad facial expressions, participants were instructed to 

indicate the gender of the actor by pressing a button with the index finger (left=man; 

right=female). Twenty-four color pictures were presented for each emotional face 

condition (12 male, 12 female) and 80 for the scrambled faces. An arrow was 

presented with each scrambled face to indicate which button participants should 

press (left/right). Each face stimulus was shown for 2.5s. Each unique 

person/expression combination was shown no more than 4 times. Reaction times (RT) 

were recorded. 

Tower of London task 

A pseudo-randomized, self-paced event-related parametric version of the Tower of 

London (ToL) task was employed to examine brain activation during executive 

planning (van Tol et al, 2011). A starting configuration and a target configuration 

were presented, each consisting of three colored beads on three pegs. Participants 

were instructed to figure out the minimum number of moves needed to get from the 

starting to the target configuration by choosing one of two possible answers at the 

bottom of the screen. At baseline trials, participants were requested to count the 

number of yellow and blue colored beads. The task was paced by the participant, but 

duration of each trial was no longer than 60s. Accuracy of responses and RTs were 

recorded. 
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Image acquisition 

Functional imaging data were acquired with 3T Philips MR-scanners. For radio-

frequency transmission and reception, a SENSE-8 channel head coil was used in 

Groningen and Leiden and a SENSE-6 channel head coil in Amsterdam. 39 slices of 

every echo planar images (EPI) volume were acquired using a T2*- weighted 

gradient echo sequence (TR=2300ms, TE=28ms, matrix size: 64 × 64, plane resolution: 

3 × 3mm, slice thickness: 3mm) in Groningen. 35 axial slices per EPI-volume were 

obtained using a T2*- weighted gradient echo sequence (TR=2300ms, TE=30 ms, 

matrix size: 96 × 96, plane resolution: 2.29 × 2.29mm, slice thickness: 3mm) in 

Amsterdam and Leiden. EPIs were acquired parallel to the anterior commissure-

posterior commissure plane in ascending interleaved order, with no gap. An 

anatomical MRI was scanned with a 3D gradient-echo T1-weighted sequence 

(TR=9ms, TE=3.5ms, matrix size: 256 × 256, voxel size: 1 × 1 × 1mm, 170 slices).  

Statistical analyses  

Demographical and behavioral data 

Demographic, psychometric assessment and behavioral data were analyzed with 

IBM SPSS software (SPSS v.22.0, IBM). Analyses of variance (ANOVA), Chi-square 

tests and t-tests were employed where appropriate with a significance level of p<.05. 

Faces task   A repeated measures ANOVA was built for differences in RTs, with group 

(3; suicidal patients, patient control, HC) as between-subject factor and valence (5; 

angry, fear, happy, sad, neutral) as within-subject factor. In case a significant effect 

was detected, post-hoc t-tests were conducted to identify its direction, with 

significance set at p<.05 (two-tailed) after Bonferroni correction for multiple 

comparisons. 

ToL task   A repeated measures ANOVAs was built to test for differences in accuracy 

and RTs for correct trials, with group (3; suicidal patient, patient control, HC) as 

between-subject factor and step (5; step1, step2, step3, step4, step5) as within-subject 

factor. The threshold was set the same as for the Faces task (i.e., α=.05). 

fMRI data 

fMRI data were processed and analyzed using Statistical Parametric Mapping 

software (SPM8, Wellcome Trust Center for Neuroimaging, 

http://www.fil.ion.ucl.ac.uk/spm) implemented in Matlab 7.8 (The Math Works Inc., 

Natick, MA, USA). Before preprocessing, functional images were reoriented to the 

center-point of the anterior commissure and in alignment with the anterior-posterior 
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commissure plane. Preprocessing included slice time correction, spatial realignment, 

co-registration between the anatomical T1* image and mean EPI-image, spatial 

normalization to the standard Montreal Neurological Institute (MNI) space, reslicing 

to a 3 × 3 × 3 mm grid and spatial smoothing with an 8 mm full-width at half 

maximum (FWHM) Gaussian kernel.  

Faces task   After single-subject model estimation (see Schmaal et al, 2015 for details), 

the contrasts [angry > scrambled], [happy > scrambled], [neutral > scrambled], [sad > 

scrambled] and [fearful > scrambled] were calculated for each participant. At the 

group level, a full factorial model was set up with group (3; SP, PC, HC) as between-

subject factor and valence (5; angry, happy, neutral, sad, fear) as within-subject factor. 

Scanning site (two dummy variables), age, and years of education were added as 

covariates. A sensitivity analysis was set up to explore effects of a history of suicidal 

attempts on observed patterns by excluding suicidal patients who only had a history 

of suicidal attempts (n=13). To test whether our results were affected by severity of 

suicidal ideation, depressive severity and treatment-use (psychotherapy and SSRI-

use), we repeated our analysis by including severity of suicidal ideation, depressive 

severity (IDS-score excluding suicidal item, demeaned within group), 

psychotherapy-use and SSRI-use as covariates respectively. 

Main effect of group and interaction effects (F-tests) were explored at p<.005 

uncorrected at the voxel level. Post hoc t-tests had to meet p<.05 family wise error 

(FWE) corrected at the voxel level for the spatial extent of the regions of interests 

(ROIs) (i.e., small volume correction (SVC), with an initial threshold of p<.005, 

uncorrected). For SVC for the faces task, we created an anatomical mask 

encompassing the bilateral amygdala and hippocampus using the Anatomical 

Automatic Labeling (AAL) atlas system implemented in the Wake Forest University 

Pick Atlas toolbox (WFU-pick atlas, Winston Salem, North Carolina). The inclusion 

of hippocampus as ROI was based on the reported main effect of this task 

(Demenescu et al, 2011). Effects occurring outside our ROIs had to meet p<.05 FWE 

whole brain corrected.  

ToL task   After single subject model estimation, we weighted the trial type 1 to 5 with 

[-1.5, -1, -0.5, 1, 2] to create a parametric contrast representing increasing task load for 

correct trials for each participant. A full factorial model was set up at group level 

with group (3; SP, PC, HC) as between-subject factor and parametric load contrast 

images as dependent variable. Scanning site (two dummy variables), age, and years 

of education were added as covariates. The same threshold was applied as described 

for the Faces task, but with the correction area for the SVC defined by the bilateral 
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middle frontal AAL labels (encompassing the DLPFC: i.e. the dorsolateral part of the 

superior frontal gyrus and the middle frontal gyrus) (Hermann et al, 2014). To 

investigate whether effects were driven by a history of suicidal attempts, we 

performed a sensitivity analysis leaving out the suicidal attempters (n=13). To control 

for the potential effects of severity of ideation, depressive severity and treatment, 

repeated analyses were conducted by adding severity of ideation, depressive severity, 

psychotherapy-use and SSRI-use respectively. 

Results 

Clinical characteristics and behavioral results  

All groups (Suicidal Patients [SP], Patient Controls [PC], Healthy Controls [HC]) 

were comparable on age, years of education, sex and scanning site (Table 1). Suicidal 

patients and patient controls were comparable on the current severity of depression 

(IDS-scores minus suicidality item) and anxiety (BAI-scores), half-year CIDI 

diagnosis, medication use and psychotherapy use (Table 1). The two patient groups 

differed however in the childhood emotional maltreatment scores (SP>PC, p=.01, 

Table 1). 

Faces task   A main effect of valence was observed (F(4,604)=21.42, p<.001): all groups 

reacted faster to angry faces compared to other emotional faces (p<.001). Reaction 

times (RTs) to happy and neutral facial expressions were similar, but were longer for 

sad, angry and fearful facial expressions (p<.001). Although no main effect of group 

or interaction of group and valence was found, the plot illustrated that suicidal 

patients reacted slower to all emotional faces compared with HC and patient controls. 

Explorative post hoc tests indicated that suicidal patients reacted slower to neutral 

faces compared with patient controls (p=.03, two-tailed), but not to other emotional 

facial expressions. Sensitivity analysis after excluding the past attempters from the 

suicidal patient group did not change the results. 

ToL task   A main effect of task difficulty was found on accuracy during ToL task 

(F(4,608)=76.05, p<.001). Accuracy decreased with increasing task difficulty, but with 

similar performance for steps two and three and four and five (i.e., step 1>step 

2&3>step 4&5). Only a main effect of difficulty was found on RTs during TOL 

(F(4,608)=452.07, p<.001). The more difficult, the slower response to the trial (i.e., step 

1< step 2<step 3<step 4<step 5; p<.001). No main effect of group or interaction 

between group and step were found in RTs and accuracy. Excluding suicidal 

attempters from suicidal group did not affect the results. 
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Figure 1. Behavior results. (A) Reaction time for faces task; (B) Accuracy for Tower 

of London task; (C) Reaction time for Tower of London task. HC, healthy controls. 
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Table 1. Clinical characteristics (n=155). 

Group Patient controls Suicidal patients HC F ta Chi-square p 

Sample size N 73 51 31     

Age Mean(SD) 35.96(10.4) 36.90(10.2) 38.29(8.8) .60 - - .55 

Years of education Mean(SD) 12.00(2.8) 11.84(3.0) 13.10(2.4) 2.21 - - .11 

Sex(male/female) N 24/49 19/32 16/15 - - 3.26 .20(.61a) 

Scan site 
(AMC/LUMC/UMCG) N 

14/29/30 8/22/21 10/15/6 - - 6.30 .18 

Childhood emotional maltreatment (yes/no) N 30/43 34/17 7/24 - - 16.33 <.01(.01a) 

IDS- Mean(SD) 23.29(10.5) 26.61(11.7) - - -1.64 - .10 

BAI Mean(SD) 13.70(9.9) 15.22(9.0) - - -.90 - .37 

Current diagnosis 
(MDD/MDD+/ANX) N 

27/31/15 18/27/6 - - - 2.10 .35 

Psychotherapy-use (yes/no) N 55/18 40/11 - - - .16 .69 

SSRI-use(yes/no) N 22/51 20/31 - - - 1.11 .29 

Other Anti-depressant(yes/no) N 3/70 4/47 - - - .79b .38 

Abbreviations: AMC, Amsterdam Medical Center; LUMC, Leiden University Medical Center; UMCG, University Medical Center Groningen; IDS
-
, Inventory of 

depressive symptomatology (self-report, minus  the suicide-related item (item 16) ; BAI, Becks Anxiety Inventory; MDD, patients with major depressive 

disorder; MDD
+
, patients with major depressive disorder with a comorbid anxiety disorder (Social Anxiety Disorder, Panic Disorder, and/or Generalized Anxiety 

Disorder); ANX, patients with an anxiety disorder (Social Anxiety Disorder, Panic Disorder, and/or Generalized Anxiety Disorder); HC, healthy control.  
a .

Direct comparison between the two patient groups (MDD control and MDD suicidal patients).
 

b.
 Likelihood ratio. 
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fMRI results 

Faces task   Table 2A provides a full listing of results for the main analysis. A main 

effect of group was found in the bilateral fusiform gyri, left inferior parietal lobe, left 

amygdala, and right lingual gyrus. Post hoc t-tests showed that suicidal patients (SP) 

had higher activation than patient controls (PC) in the left amygdala, extending to 

the hippocampus during all emotional expressions, though this only reached 

significance during neutral face processing (neutral>scrambled: pFWE=.025). During 

negative facial processing, effects were observed at p<.005, uncorrected, but did not 

survive multiple comparisons correction (angry>scrambled, pFWE=.34, Z=2.78; 

fear>scrambled, pFWE=.20, Z=3.01; sad>scrambled, pFWE=.08, Z=3.35), and no significant 

effects were observed during positive face processing. Suicidal patients also showed 

a trend for higher activation in the right amygdala than HC during neutral faces 

processing. Group effects in the other brain areas did not survive correction for 

multiple comparisons. A group × condition effect was observed in the putamen and 

calcarine regions.  

However, post hoc tests did not reveal any significant between-group 

differences in these areas. Our results did not change after including severity of 

suicidal ideation, depressive severity and treatment as covariates. The amygdalar 

effect became subthreshold after excluding suicidal attempters from the SP-group 

(Table 2B). 

Because of the group difference in reported childhood emotional maltreatment 

(CEM) and a previous report on effect of CEM on facial processing in the NESDA 

MDD sample (van Harmelen et al, 2013) compared to HC, we repeated the analysis 

(group × condition) only within patients by adding CEM as a covariate. This did not 

alter our between-patient group results of amygdalar hyperactivation in the SP 

compared to PC group (Table 3). 

 

ToL task   A main effect of group was found in the left hippocampus, left DLPFC, 

supermarginal area, paracentral gyrus, postcentral gyrus and right precuneus. Post 

hoc tests showed greater activation in the precuneus, postcentral gyrus and 

supramarginal area in SP than PC, and lower activation in the left posterior 

hippocampus and DLPFC at p<.005, uncorrected. However, no effects survived 

correction for multiple comparisons. Similar results were observed after excluding 

suicidal attempters. Adding suicidal ideation severity, depressive severity or 

treatment as covariates also did not change the effects. 
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Table 2A. Results from main analysis for faces task (n=155). 

Regions                                    MNI coordinates    

Main effect of group Ka Kb Side BA     x   y    z F Z p 

Fusiform gyrus 48 - L 19 -36 -79 -14 11.75 4.28 <.001 

Fusiform gyrus 27 - R 19 30 -76 -11 10.13 3.91 <.001 

Inferior parietal lobe 35 - L 40 -30 -46 43 9.06 3.65 <.001 

Lingual gyrus 14 - R 17 15 -64 4 7.22 3.61 <.001 

Amygdala 4 - L 35 -15 -13 -14 5.74 2.71 .003 

Interaction           

Putamen  10 - R 48 27 -7 19 3.87 3.58 <.001 

Calcarine 22 - R 30 15 -46 10 3.71 3.45 <.001 

Post hoc tests           

SP>PC_all Ka Kb Side BA x y z t Z pFWE 

Amygdala/hippocampus 51 26 L 35 -18 -16 -17 3.27 3.26 .107 

Amygdala 5 5 R 34 27 -1 -20 2.96 2.95 .233 

SP>PC_angry 

Amygdala/hippocampus 2 2 L 20 -27 -16 -23 2.78 2.78 .341 

SP>PC_fear 

Amygdala/hippocampus 19 15 L 30 -24 -22 -17 3.02 3.01 .204 

SP>PC_happy 

Amygdala/hippocampus 7 5 R 28 24 -1 -23 2.85 2.84 .297 

SP>PC_neutral 

Amygdala/hippocampus 76 44 L 35 -18 -16 -17 3.75 3.73 .025c 

SP>PC_sad 

Amygdala/hippocampus 45 23 L 35 -18 -13 -14 3.36 3.35 .083 

SP>HC_neutral 

Amygdala  20 13 R 34 24 2 -14 3.01 3.00 .208 

Amygdala 3 2 L 34 -24 -1 -11 2.67 2.66 .423 

Abbreviations: SP, suicidal patients; PC, patient controls; HC, healthy controls.  
a. Cluster size in whole-brain analysis;  
b. Cluster size after small volume correction; 
c. Significant at pFWE <.05. 
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Table 2B. Results from sensitivity analysis during faces task (n=142). 

Regions                                    MNI coordinates    

Main effect of group Ka Kb Side BA   x   y   z F Z p 

Fusiform gyrus 22 - L 19 -36 -79 -14 10.39 3.97 <.001 

Fusiform gyrus 13 - R 19 39 -43 -17 8.10 3.40 <.001 

Inferior parietal lobe 35 - L 40 -30 -46 43 9.20 3.69 <.001 

Lingual gyrus 20 - R 17 15 -64 4 7.46 3.23 <.001 

Inferior frontal gyrus 12 - R 45 51 29 25 5.97 2.79 .003 

Interaction           

Putamen  10 - R 48 27 -7 19 3.66 3.39 <.001 

Calcarine 28 - R 30 15 -46 7 3.91 3.60 <.001 

Post hoc tests           

SI>PC_all Ka Kb Side BA x y z t Z pFWE 

Amygdala/hippocampus 18 12 L 35 -18 -13 -14 2.88 2.87 .295 

SI>PC_neutral 

Amygdala/hippocampus 36 21 L 35 -18 -16 -17 3.24 3.23 .122 

SI>PC_fear 

Amygdala/hippocampus 4 3 L 30 -24 -22 -17 2.70 2.69 .418 

SI>PC_sad 

Amygdala/hippocampus 24 13 L 35 -18 -13 -14 3.01 3.00 .219 

SP>PC_happy 

Amygdala/hippocampus 5 5 R 20 27 -13 -20 2.66 2.65 .449 

SI>HC_neutral 

Amygdala  4 4 R 34 24 2 -14 2.77 2.76 .371 

Amygdala 14 1 L 34 -24 -4 -11 2.62 2.61 .478 

SI>HC_all 

Amygdala  7 7 R 34 24 2 -14   2.85 2.84 .313 

Amygdala 2 2 L 34 -27 -4 -11 2.72 2.71 .405 

Abbreviations: SI, suicidal ideators; PC, patient controls; HC, healthy controls. 
a. Cluster size in whole-brain analysis;  
b. Cluster size after small volume correction. 
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Table 3. Group × Condition model with CEM as covariate in patients. 

Regions                                    MNI coordinates    

Main effect of group Ka Kb Side BA x y z F Z p 

Fusiform 11 - R 19 30 -70 -8 11.39 3.16 .001 

Amygdala/hippocampus 11 - L 35 -15 -13 -14 10.66 3.05 .001 

Interaction            

Calcarine 35 - L 30 -18 -58 13 4.71 3.11 .001 

Post hoc tests           

SP>PC_all Ka Kb Side BA x y z t Z pFWE 

Amygdala/hippocampus 32 17 L 35 -18 -16 -17 3.19 3.17 .123 

SP>PC_neutral 

Amygdala/hippocampus 59 36 L 35 -18 -16 -17 3.71 3.69 .026* 

SP>PC_sad 

Amygdala/hippocampus 29 17 L 35 -18 -13 -14 3.34 3.33 .080 

Abbreviations: SP, suicidal patients; PC, patient controls. 
a. Cluster size in whole-brain analysis;  
b. Cluster size after small volume correction. 
 
 

Figure 2. Effect of group (main analysis) and 90% confidence intervals centered at 

the left amygdala/anterior hippocampus. 
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Discussion 

In the present study, we investigated the neural correlates of suicidality in MDD 

patients during emotion processing and non-emotional executive planning. As 

hypothesized, suicidal patients showed increased activation of the hippocampus-

amygdala formation during emotional processing, especially during neutral faces 

processing, which was accompanied by longer reaction times. However, suicidal 

patients did not differ from patient controls and healthy controls in the performance 

and activation during the execution of a non-emotional visuo-spatial planning task. 

Together, these findings suggest a general sensitivity to socioemotional expressions, 

especially information that is ambiguous. On the other hand, frontal involvement in 

planning ability under non-emotional conditions may be relatively intact in suicidal 

patients compared to non-suicidal patients. 

 Consistent with our hypothesis, depressive patients with suicidality (i.e., 

current ideation or past attempts) showed higher activation in the amygdalar-

hippocampal region during emotional face processing, suggesting that an increased 

reactivity to social-emotional information is related to suicidality. This finding of 

specific hippocampal/amygdalar abnormalities is in line with a previous study, 

which observed enlarged amygdala volume in suicidal patients (Monkul et al, 2007). 

Previous functional studies in suicidal patients found orbitofrontal and anterior 

cingulate cortex abnormalities during emotion processing (Jollant et al, 2008; Pan et al, 

2013). However, in these studies, the authors investigated mainly suicidal attempts, 

and only conducted analyses in small samples of males or adolescents. Moreover, 

Jollant et al. (Jollant et al, 2008) contrasted angry with neutral faces, which may have 

prevented them to observe responsiveness to neutral stimuli, which are more 

ambiguous and may be influenced to a stronger degree by attentional biases present 

in suicidal individuals. Indeed, abnormalities in the amygdala and hippocampus 

have been found in MDD during neutral stimuli processing (Tendolkar et al, 2007; 

Van Eijndhoven et al, 2011), which was explained by the fact that neutral stimuli 

were more negatively evaluated by patients with depression. Moreover, it was 

shown in healthy individuals that when judging neutral faces in a negative manner, 

amygdala responsivity was high (Blasi et al, 2009). Therefore, our finding regarding 

heightened amygdala responsivity to neutral emotional faces may suggest that 

depressive patients with current suicidal ideation tag the ambiguous neutral faces as 

more negative and salient (Maniglio et al, 2014). Moreover, our finding echoes the 

proposed model by Jollant et al. (Jollant et al, 2011) and suggests altered modulation 

of value attribution associated with abnormal amygdala activation might contribute 
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to the suicidal process. Of note, our results were not explained by childhood 

emotional maltreatment, medication use, suicidal severity or depressive severity. The 

fact that results were only observed subthreshold after excluding suicidal attempters 

might be explained by a drop of power, but do not suggest a distinct mechanism 

between suicidal ideators and attempters. It may also point to a possible trait-related 

characteristic, as the past attempters did not have current ideation, but contributed to 

the specific neural correlates. Notably, the limited number of included past 

attempters did not allow us to test this suggestion.  

No difference in executive function was found between suicidal MDD patients 

and patient controls or healthy controls. Previous studies on executive function have 

focused on suicidal attempters and consistently found frontal abnormality in these 

patients (Jollant et al, 2010; Marchand et al, 2012; Pan et al, 2011). Neuropsychological 

studies have found executive deficits in both patients with suicidal ideation (Marzuk 

et al, 2005) and suicidal attempts (Gujral et al, 2014). However, all these studies 

included small numbers of subjects. Moreover, Jollant et al (Jollant et al, 2010) studied 

risk-taking, which may not rely on similar constructs as executive control, and only 

found effects after extracting local signal of regions-of-interest and not in their voxel-

based analyses. Only one recent study directly investigated the neural correlates of 

executive function (i.e., verbal fluency) in depressive patients with suicidal ideation 

with near-infrared spectroscopic (NIRS), which suggested a reduced suicidal-related 

prefrontal activation (Pu et al, 2015). Contrary to this, our study did not show a 

similar prefrontal dysfunction during visual-planning, which might be due to the 

task difference. Suicidal patients might have more dysfunctions in ventrolateral-PFC 

dependent decision-making and inhibitory control, something that our visuo-spatial 

planning task might be less sensitive to. In contrast, a recent study has suggested that 

suicidal patients might even have better planning and initiation of behavior 

compared to other patients, which may contribute to the high risk of attempts and 

behavior (Burton et al, 2014). However, our results do not provide support for this 

hypothesis, as no superior planning capabilities were observe in SP compared to PC.  

To our best knowledge, our study is the first to study neural mechanisms 

during emotion processing and executive control simultaneously within a relatively 

large sample of suicidal MDD patients, MDD patient controls and healthy controls. 

However, our results should be understood within the context of the following 

limitations. Firstly, a semi-structured scale for suicidal ideation and one additional 

question on suicidal attempt only partly assessed the suicidality without the 

measurements of frequency and detailed suicidal thoughts. However, this approach 

allows to investigate the suicidal ideation without disrupting the rapport between 
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interviewer and patient, which ensure high data quality during the survey. Moreover, 

this approach is an improvement compared to studies using one item to assess 

suicidality. Secondly, our sample selection resulted in relatively small sample of 

attempters, which made it difficult to directly compare suicidal ideators and 

attempters. Nevertheless, our sensitivity approach does not suggest an aggravation 

of amygdala-based hypersensitivity to emotional faces, as the significance dropped 

only marginally after excluding attempters from the analyses. Next, the Tower of 

London task measured increasing load of task difficulty, which may have optimized 

the sensitivity to effects that related to increasing demands of complex planning, but 

not to more basic components of executive planning. Finally, by using a cross-

sectional design, it was not possible for us to study the long-term development of 

suicidality or predict the future course of it. To that end, further longitudinal 

prospective studies are necessary. 

Conclusion 

In summary, our findings contribute to our understanding of the neural 

underpinnings of suicidality, suggesting that primary evaluation of emotional 

stimuli may be affected to a stronger extent than executive control.  Within the 

depressive patients, suicidality was associated with stronger amygdala activation to 

neutral faces, which may qualify for a candidate marker of suicidal risk after 

thorough replication. Moreover, it suggests that the presence of suicidal ideation 

affects the neuropathology underlying MDD and therefore may have implications for 

treatment.  
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Abstract 

Background: Deficiencies in emotion regulation (ER) are characteristic of patients 

with bipolar disorder (BD) and schizophrenia (SZ). We investigated temporal aspects 

of recruitment of prefrontal brain areas in BD and SZ in order to determine whether 

these would be more prominent at initiation or during sustaining recruitment of 

activation. Considering temporal variations underlying dysfunctional ER may help 

understand the unique and shared neural correlates of BD and SZ. 

Methods: Forty-six participants were included during an ER-paradigm (SZ, 15; BD, 

16; controls, 15). The temporal dynamics of reappraisal were investigated using finite 

impulse response modeling. Multivariate modeling was used to test for group and 

group × time effects.  

Results: On the behavioral level, all participants reduced their negative affective 

response via reappraisal to a similar extent. Regarding neural responses, there was 

an interaction of group × time during ER in the ventrolateral prefrontal cortex and 

supplementary motor area: SZ patients showed normal initial recruitment of these 

areas, but failed to sustain the activation; BD patients generally showed blunted 

responses, with only late minimal recruitment. No effects of reappraisal were 

observed in limbic areas, though BD showed a constant hyper-activation of the insula 

when attending to negative pictures.  

Conclusion: In SZ patients the failure to sustain activation in prefrontal areas may 

underlie inappropriate modulation of emotional states, possibly relating to their 

psychosis-proneness. In BD patients, however, a general deficiency to recruit 

prefrontal areas together with insular hyper-activation during passive viewing of 

negative material may underlie the enhanced emotional reactivity characterizing BD. 

These unique temporal dynamics during emotion regulation in BD and SZ patients 

may help to further identify specific biomarkers for them.   
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Introduction 

Adequate emotion regulation (ER) is essential for personal well-being and 

satisfactory social functioning (Gross 2002). Problems in ER are part of various 

psychiatric disorders, including bipolar disorder (BD) (Rowland et al, 2013; 

Wolkenstein et al, 2014), and schizophrenia (SZ) (Livingstone et al, 2009; van der 

Meer et al, 2009; van der Meer et al, 2014). Reduced prefrontal control during ER has 

been indicated as a vulnerability factor for the occurrence of psychotic symptoms 

(Modinos et al, 2010), which is not only relevant for the development of SZ, but might 

also be important for BD, given that 20-50% of BD patients have accompanying 

psychotic symptoms (Keck et al, 2003). Because both SZ and BD patients have been 

associated with neural abnormalities during ER (Kanske et al, 2015; Morris et al, 2012; 

Townsend et al, 2013; van der Meer et al, 2014), this might constitute a shared 

pathology. On the other hand, BD and SZ are characterized by unique 

symptomatology, with strong fluctuations in affect during alternations of mood 

between manic/hypomanic, depressive and euthymic phases in BD, and a 

predominantly flat affect seen in SZ (e.g., Phillips et al, 2003). A direct comparison of 

ER between BD and SZ patients in a recent study indeed suggested a differential 

neural profile during effortful emotion regulation (Morris et al, 2012), leading to the 

hypothesis that dysfunctional ER is characterized by a failure to engage frontal areas 

in SZ patients and by inefficient frontal control in BD patients. However, whether 

abnormalities in SZ patients arise from a failure to engage frontal regulatory areas per 

se, or resulted from a failure to sustain initial normal frontal engagement during the 

full time of effortful regulation could not be investigated. Similarly, whether 

inefficient frontal control is an early, late or constant characteristic in BD is unknown. 

Therefore, elucidating the temporal dynamics of the complex response underlying 

effortful regulation is essential to understand the contributions of emotion regulation 

failures to the unique symptomatology of both disorders. 

The most frequently investigated strategy of effortful emotion regulation is 

cognitive reappraisal, which is a strategy to regulate the emotional intensity and 

connotation of a stimulus by using reinterpretation (Gross 2001; Gross 2002; Gross 

and John 2003). In healthy individuals, reappraisal relies on adequate interaction 

between the prefrontal cortex (including the ventrolateral prefrontal cortex (VLPFC), 

dorsolateral prefrontal cortex (DLPFC), and dorsomedial prefrontal cortex (DMPFC)) 

and limbic affective areas (including the amygdala and ventral striatum, Buhle et al, 

2014; Diekhof et al, 2011; Kalisch 2009; Ochsner et al, 2012; Rive et al, 2013). Goldin et 

al. (2008) demonstrated in healthy individuals that during reappraisal, frontal and 
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limbic areas do not show constant, but orchestrated involvement. More specifically, 

activation of the lateral and medial PFC regions peak at an early phase 

(approximately first 4.5 seconds after stimulus onset), followed by attenuation of the 

amygdala response at late stages of cognitive reappraisal (approximately 10.5 

seconds after stimulus onset). This indicates that averaging signal over longer 

periods of time, as done typically in fMRI analysis of ER-paradigms, might be 

insensitive to temporal characteristics of the blood-oxygen-level dependent (BOLD) 

signal. Temporal characteristics within emotion regulation areas (prefrontal areas 

and limbic areas) during reappraisal may contain essential information to 

understand the complex psychopathology related to deficiencies in ER and therefore 

deserve to be studied in more detail.  

Traditional analyses of ER experiments (with modeling the peak activation of 

the BOLD signal following effortful regulation cues typically at six seconds post-

stimulus presentation), indicated less activation of the DLPFC and VLPFC 

(Townsend et al, 2013), but also heightened activation of the VLPFC (Morris et al, 

2012), or no differences (Kanske et al, 2015) in BD patients compared to healthy 

individuals. Moreover, stronger activation of the amygdala during cognitive 

reappraisal compared to healthy individuals has been found (Kanske et al, 2015), 

suggesting inadequate frontal control. In SZ patients the results are more consistent 

and have shown hypo-activation of the VLPFC compared to healthy individuals 

(Morris et al, 2012; van der Meer et al, 2014). However, no study has yet been 

conducted on the temporal dynamics in both BD and SZ patients including direct 

comparison in the same experiment. 

We aimed to investigate the temporal dynamics underlying reappraisal in BD 

and SZ patients using Finite Impulse Response (FIR) modeling to study the temporal 

profiles of reappraisal by fitting a linear model to directly estimate the timing and 

shape of the BOLD response. Based on the differences in symptoms between BD and 

SZ patients, we hypothesized BD and SZ patients to show different temporal 

patterns within the prefrontal and limbic areas. Moreover, we compared BD and SZ 

patients with a group of healthy individuals, and hypothesized them both to be 

different from the normal temporal profile.  

Methods and materials 

Participants  

Participants were included from several mental health care centers in the North of 

the Netherlands. For patients, the following inclusion criteria were applied: 1) no 

change in medication at least one week before scanning; 2) no electroconvulsive 
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therapy in the year prior to scanning; 3) no other psychiatric disorders which may 

affect the central nervous system (e.g., substance use disorder); 4) No MRI-

incompatibilities such as metal implants; 5) for BD patients specifically, a history of 

psychotic symptoms was required, because these patients were recruited for a project 

aiming at comparing insight in psychosis. 

In total, 23 BD patients and 51 SZ patients were included. Additionally, 17 

healthy controls without a history of a psychiatric disorder (HC; 9 male) and no MRI-

incompatibilities were recruited. Because psychosis is strongly associated with a lack 

of illness insight (David 1999), we matched SZ and BD patients on insight scores (see 

below). For this reason, 31 SZ patients and 2 BD patients were excluded.  

This study was approved by the Medical Ethical Committee of the University 

Medical Center Groningen (Groningen, the Netherlands), and was performed 

according to the latest version of Helsinki Declaration. After full explanation of the 

whole procedure, all participants provided written informed consent. 

Clinical assessments 

To confirm the diagnosis of BD or SZ, and to exclude past or current psychiatric 

disorders in HC, the Mini International Neuropsychiatric Interview-Plus 5.0.0 (MINI-

Plus, Sheehan et al, 1998) was administered in all participants. Severity of current 

mood symptoms in BD and SZ patients was measured with the Quick Inventory of 

Depressive Symptomatology (QIDS-SR, Rush et al, 2003) and Young Mania Rating 

Scale (YMRS, Young et al, 1978). Severity of current positive and negative symptoms 

in the patient groups was measured with the Positive and Negative Syndrome Scale 

(PANSS, Kay et al, 1987). Intelligence was assessed in all participants using the Dutch 

Reading Test for Adults (DART, Schmand et al, 1991). Moreover, clinical insight and 

cognitive insight were measured with the Schedule of Assessment of Insight-

Expanded version (SAI-E, Kemp and David 1997) and Beck Cognitive Insight Scale 

(BCIS, Beck et al, 2004), respectively. The Emotion Regulation Questionnaire (ERQ, 

Gross and John 2003) was used to measure the preferred emotion regulation strategy 

used in daily life. The ERQ is composed of ten items, consisting of two subscales: 6 

items measure the cognitive reappraisal strategy (e.g., “I control my emotions by 

changing the way I think about the situation I am in”) and 4 items measure the 

suppression strategy (e.g., “I keep my emotions to myself”). Because the number of 

items measuring cognitive reappraisal and suppression was not equal, the total score 

for each subscale was divided by the number of items per subscale.    

 5 
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Emotion Regulation Task 

For the emotion regulation task, 88 negative pictures and 22 neutral pictures were 

selected from the International Affective Picture System (Lang et al, 2005; van der 

Meer et al, 2014), with negative valence and arousal levels of negative pictures being 

matched in regulation conditions involving negative pictures (i.e., attend negative 

and reappraise negative, see next paragraph for clarification). Briefly, after viewing a 

neutral or negative picture (view; 2 seconds [s]), participants were asked to either 

reappraise or attend to this picture for 4 seconds, leading to three experimental 

conditions: attend neutral, attend negative and reappraise. The presented picture 

was then replaced by a black screen (lingering; 2s), followed by affective rating in 

which participants indicated on a 4-point scale how negative they felt at the moment 

(1-not negative at all; 4-extremely negative) (rating; 3s). After the rating, a screen 

with the word “relax” was shown to allow participants to relax (relax; 4s). Finally, a 

black screen appeared in order to alert participants about the next coming trial (inter-

trial interval; 0.5s) (see Figure 1 for the procedure illustration).  

 

Figure 1. Illustration of the task procedure and time window. 

 

Prior to scanning, participants were trained with the experimental instructions. 

On “attend” trials (22 negative and 22 neutral pictures), participants were required to 

continue to view the picture naturally without changing the experienced emotion. 

The 22 neutral pictures were always paired with the attend condition. On 

“reappraise” trials, participants were instructed to use the reappraisal strategy to 

reinterpret negative pictures (22 negative pictures) in order to decrease the intensity 

of negative emotion (e.g., a women crying outside of a church may be attending a 

wedding rather than a funeral). The three conditions (attend negative/neutral, 

reappraise negative) were presented randomly in blocks consisting of nine or ten 

trials, separated by a fixation period lasting 20s for rest. To prevent fatigue, the whole 
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experiment was split into two runs, with a rest period in between during which the 

T1-weighted 3D anatomical scan was acquired.  

In the task, a suppression (i.e., to inhibit emotional expression behavior, such 

as keeping a poker face) and increase (i.e., to increase the intensity of negative 

emotion) condition were also included. However, in the present study we focused on 

the cognitive reappraisal which is the most investigated effortful regulation strategy, 

therefore we excluded the suppression and increase conditions from our current 

analyses.  

Data Acquisition  

fMRI data were collected using a 3.0 Tesla whole body scanner (Philips Intera, Best, 

NL) at the University Medical Center Groningen (Groningen, the Netherlands), 

equipped with an 8-channel SENSE head coil. The functional images were tilted 

approximately thirty degrees in order to avoid potential artifacts due to nasal cavities. 

Using T2-weighted echo planar images sequences, the functional images were 

acquired in the axial plane and were scanned in an ascending, interleaved order. 

Each functional image consisted of 37 slices (slice thickness = 3.5 mm, slice gap = 0 

mm; TR = 2.0 s; TE = 30 ms; flip angle = 70 º; FOV = 224.0, 129.5, 224.0; in-plane 

resolution 64×62 pixels; isotropic voxels of 3.5 mm). Additionally, a T1-weighted 3D 

anatomical image (170 slices; TR = 9 ms; TE = 3.54 ms; FOV 256 mm; isotropic voxels 

of 1 mm; flip angle = 8º) was acquired. 

Data analysis 

Clinical variables and behavioral data 

Demographics data, psychometric assessments and behavioral data were analyzed in 

IBM SPSS (v.22.0). One-way ANOVAs, t-tests and chi-square were conducted when 

appropriate. 

A repeated measures ANOVA was performed for the ratings of negative affect 

during the task, with condition (3; attend neutral, attend negative, reappraisal) as 

within-subject factor and group (3; HC, SZ, BD) as between-subject factor. 

Significance level was set to p<.05 (two-tailed) for all analyses. 

fMRI data pre-processing  

fMRI data were pre-processed with statistical parametric mapping (SPM12; 

Wellcome Trust Centre for Neuroimaging, London, UK) in Matlab 7.8.0 R2009a 

(MathworksNatick, MA USA). Both functional and anatomical images were 

manually reoriented to the anterior-posterior commissure plane before pre-
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processing. Preprocessing consisted of slice time correction, realignment, co-

registration of the functional images to the anatomical image, normalization to 

Montreal Neurological Institute (MNI) space and smoothing with a full-width half-

maximum (FWHM) Gaussian kernel of 8mm.  

Finite impulse response (FIR) modeling 

In order to identify the hemodynamic response (HR) during effortful regulation, a 

General Linear Model with a FIR basis set was applied to estimate condition-specific 

HR time course without a priori assumptions on its shape. Notably, this FIR modeling 

does not take into consideration the known delay of the HR-function. In order to 

catch all relevant ER related signal, the length of the time window was set to 10s 

following start of the experimental instruction (reappraise or attend). Each time 

window was divided into five bins of 2s each, corresponding to the TR  (see Figure 1 

for illustration of time window division). FIR estimates of the HR were calculated for 

each time bin and for each condition per participant. To explore the temporal 

characteristics specific to reappraisal, we specified the contrast reappraise 

negative>attend negative per time bin at first level.  

Whole-brain analysis examining the temporal dynamics during cognitive 

reappraisal (i.e., reappraise negative>attend negative) was conducted using 3dMVM 

(multivariate modeling), an AFNI-based multivariate modeling program (Chen et al, 

2014) (http://afni.nimh.nih.gov/sscc/gangc/MVM.html). A repeated measures 

ANOVA model was built with group (3; HC, BD patients, and SZ patients) as 

between-subject factor, and time bin (5; 1, 2, 3, 4, 5) as within-subject factor. We 

tested for a ‘group × time’ interaction effect, main effect of group and main effect of 

time. Moreover, because we were specifically interested in the differences in the 

temporal profile between BD and SZ and whether these deviated from healthy 

controls, we set planned comparisons to test for the group by time interaction in the 

two patient groups (BD vs. SZ) and to compare patient groups with HC (BD vs HC 

and SZ vs. HC). In addition, to provide a context in which these regulation 

abnormalities occurred, we explored potential group differences in the natural 

processing of negative stimuli compared to the processing of neutral stimuli. We 

therefore built an additional model for the contrast attend negative>attend neutral, 

with group (3; HC, BD patients and SZ patients) as between-subject factor, and time 

bin (5; 1, 2, 3, 4, 5) as within-subject factor. 

Because QIDS-SR scores differed between BD and SZ patients (Table 1), which 

could be considered as an indication of differences in emotion regulation success in 

daily life, we explored whether QIDS-SR scores affected the temporal profiles in 

http://afni.nimh.nih.gov/sscc/gangc/MVM.html
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patients. We set up a correlational model, with QIDS scores and group as between-

subjects factors and time bin as within-subjects factor. We tested this in BD and SZ 

patients separately to see if the temporal dynamics within group were influenced by 

QIDS scores.  

For all analyses, clusters were considered significant using a height threshold 

of p<.001 and an extent threshold based on nonstationary suprathreshold cluster-size 

distributions (computed by Monte Carlo simulations using the program ‘3d 

ClustSim’ in AFNI) to hold p<.05 after family-wise error correction at the cluster level 

(FWE) for multiple comparisons.  

Results 

Demographics  

Because of incomplete imaging or behavioral data, 1 HC, 5 BD, and 4 SZ patients 

were excluded. Further, 1 HC and 1 BD patient were excluded due to excessive head 

movements (more than 3 mm and/or 3° in any directions). In addition, in order to 

match on age across the three groups, one other BD patient was excluded. In total, 15 

HC, 15 BD and 16 SZ subjects were included in the final analyses.  

Groups were comparable on age, sex, handedness, intelligence (DART), level 

of education, insight scores (SAI-E and BCIS), and preferred regulation strategy in 

daily life (ERQ). Although patient groups differed on depression severity, all groups 

scored below the level of moderate depression (QIDS-SR score<10; http://www.ids-

qids.org/). Patients differed on positive, negative and general psychopathology 

symptoms (PANSS), but not on manic symptoms (YMRS). A full overview of 

demographics is given in Table 1. 

Behavioral results 

Across all participants, a main effect of condition was observed on emotional ratings 

(F(2,84)=132.38, p<.01), but no main effect of group was observed (F(2,42)=2.70, p=.08). 

Explorative post hoc t-tests revealed that all participants (BD, SZ and HC) rated their 

feeling as more negative after attending to negative pictures than following attending 

neutral pictures or reappraising negative pictures (all comparisons, p<.001). 

Moreover, participants rated their feeling after reappraisal of negative pictures more 

negative than after attending neutral pictures (p<.001). Post hoc tests following up the 

trend-wise main effect of group indicated that ratings of overall negative affect 

(following attend negative and reappraise negative) of SZ patients were higher than 

HC (t=.29, p=.04, one-tailed). No interaction between condition and group was found.  

 

 5 
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Table 1. Demographic characteristics. 

  HC SZ BD Likelih
ood 
ratio 

F ta p 

Group (N) 15 16 15     
Age, M (SD) 33.60(11.1) 31.75(8.7) 39.87(12.5) - 2.35 - 0.11(0.13a) 

Level of 
education, M 
(SD) 

5.60(0.9) 5.56(1.1) 6.07(0.7) - 1.50 - 0.24(0.37a) 

Gender(male/fe
male) (N) 

10/5 12/4 6/9 4.30 - - 0.12 

ERQ_reapprais
al, M (SD) 

4.87(1.0) 4.57(1.4) 4.21(1.5) - 1.01 - 0.37 

ERQ_suppressi
on, M (SD) 

2.66(1.2) 3.67(0.9) 3.38(1.5) - 2.35 - 0.12 

DART_correct, 
M (SD) 

40.93(6.6) 38.00(6.5) 42.73(3.9) - 2.64 - .08(.09a) 

QIDS-SR, M 
(SD) 

2.00(1.2) 9.13(4.5) 5.27(5.4) - 11.04 - <.01b 

SAI_E scores, 
M (SD) 

- 18.36(1.0) 18.64(1.4) - - -0.5 0.64 

BCIS_self 
certainty, M 
(SD) 

- 7.56(3.1) 7.4(2.5) - - 0.16 0.88 

BCIS_reflective
nes, M (SD) 

- 15.25(4) 14.73(3.9) - - 0.36 0.72 

BCIS_composit
e, M (SD) 

- 7.69(4.7) 7.33(4.6) - - 0.21 0.84 

PANSS_positive
, M (SD) 

- 12.38(4.8) 9.47(2.7) - - 2.06 .05b 

PANSS_negativ
e, M (SD) 

- 14.31(4.8) 8.93(2.3) - - 3.93 <.01b 

PANSS_general
, M (SD) 

- 26.69(7.1) 21.53(3.6) - - 2.53 .02b 

YMRS, M (SD) - 1.75(1.7) 1.40(1.5) - - .60 .55 

Abbreviations: BCIS, Beck cognitive insight scale; BD, bipolar patients; DART, Dutch Reading Test for 
Adults; ERQ, emotion regulation questionnaire; HC, healthy controls; M, mean; PANSS, Positive and 
Negative Syndrome Scale; QIDS, Quick Inventory of Depressive Symptomatology; SAI_E, Schedule 
of Assessment of Insight-Expanded version; SD, standard error; SZ, schizophrenia patients; YMRS, 
Young Mania Rating Scale. 
a 
Comparison between two patients groups (BD and SZ);  

b 
p<.05. 

 

FIR analyses results 

Group analyses during reappraisal of negative pictures   A main effect of time was seen in 

the ventrolateral prefrontal cortex (VLPFC), dorsolateral PFC (DLPFC), dorsomedial 

PFC (DMPFC), temporal pole, middle temporal gyrus (MTG), superior temporal 

gyrus (STG) and supplementary motor area (SMA) (Table 2). No main effect of group 

was observed. However, an interaction of group and time (Table 2; Figure 2) was 

observed in the left VLPFC, right lingual gyrus, mid-cingulate cortex (MCC) and 
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SMA. The time courses showed that SZ had normal engagement of the VLPFC, MCC 

and lingual gyrus in the early phases (time bin 1-3), with a drop in activation during 

the later phases (time bin 4 & 5) where HC showed a sustained activation of these 

areas (Figure 2A, C & D). For the SMA, SZ showed hyper-activation in the early 

phase compared to HC, and normalized levels of activation in the later phase of 

regulation (time bin 5; Figure 2B). BD failed to engage the VLPFC and SMA in the 

early phases, but showed minimal recruitment of these areas in the later time bins 

(from time bin 4; Figure 2A & B). In the MCC and lingual gyrus, BD was 

characterized by blunted recruitment of these areas (Figure 2C & D).  

 

Figure 2. Interaction effects between group and time in HC, BD and SZ. Effects were 

observed (A) in the ventrolateral prefrontal cortex (VLPFC), (B) supplementary motor 

area (SMA), (C) mid-cingulate cortex (MCC), (D) lingual gyrus. Areas within the 

orange box (A and B) were also found in the interaction effects between group and 

time within patients (BD vs SZ). Areas in the blue box (C & D) were only found when 

the three groups were included.  

Those time bins starts at the presentation of regulation cue (i.e., time bin 1: 0-2 

seconds post instruction; ). 

(BD, bipolar patients; HC, healthy controls; SZ, schizophrenia patients) 
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Direct (planned) comparison between BD and SZ patients (Table 2; Figure 3) 

confirmed differential time courses in the left VLPFC and right SMA, similar to what 

was described in the three group interaction with time (Figure 2A & B). Moreover, 

this direct comparison revealed differential responses in BD and SZ in the right 

DLPFC and right precuneus. In the DLPFC, there was a late response seen in BD 

patients (time bin 4), whereas SZ patients showed no response at all. Regarding the 

precuneus, both BD and SZ showed a decrease in activation for reappraisal 

compared to attend, with SZ patients showing this decrease much faster than BD 

patients (Figure 3A & B). 

To objectify deviations from normal, we compared SZ to HC, and BD to HC 

separately. Results showed that SZ had an abnormal time course in the right VLPFC, 

with early abnormal recruitment of this area in time bin 2, and left precuneus, with 

no clear group differences at any time bin. BD patients showed a trend for a different 

time effect compared to HC in the right VLPFC (BA 44), although this effect did not 

survive correction for multiple comparisons (Table 2 and Supplementary Figure S1).  
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Figure 3. Interaction effect between group and time in the two patient groups (BD vs 

SZ) from the three groups model . Interaction effects of group [BD,SZ,HC] × time [5] 

were observed in the (A) right dorsolateral prefrontal cortex (DLPFC), (B) right 

precuneus. To provide a reference of the normal course, temporal course in the HC 

was also included here. A line connecting the mean responses in each time bin was 

added for each group to visualize the temporal response.  

(BD, bipolar patients; HC, healthy controls; SZ, schizophrenia patients) 
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Table 2. Results from group comparisons for the emotion regulation task. 

Contrasts  K BA Side 
 MNI coordinates 

  x             y             z 
Peak intensity  

BD vs. SZ vs. HC 
Main effect of time        

Ventrolateral prefrontal cortex 1044 47 L -44 28 -8 10.70 

Dorsolateral prefrontal cortex 340 46 L -28 58 22 9.65 

Dorsomedial prefrontal cortex 312 24  0 26 40 8.09 

Temporal pole 82 38 L -50 10 -20 7.10 

Temporal pole 203 38 R 50 20 -14 10.67 

Middle temporal gyrus 292 21 L -56 -32 -2 14.49 

Superior temporal gyrus 369 39 L -54 -60 20 11.49 

Supplementary motor area 832 6 L -2 4 66 21.79 

Interaction: Group (BD,SZ,HC) × Time  

Ventrolateral prefrontal cortex 83 45 L -48 34 2 4.35 

Lingual gyrus 111 18 R 28 -92 -2 6.29 

Middle cingulate gyrus 56 24  0 4 42 4.55 

Supplementary motor area 126 6 R 2 14  50 4.54 
BD vs. SZ  
Main effect of group   

Ventrolateral prefrontal cortex 47 47 L -44 32 -4 8.57 

Dorsolateral prefrontal cortex 72 46 R 26 54 18 10.25 

SMA 51 6 R 2 2 62 10.65 

Precuneus 51 5 R 12 -48 68 11.67 

Interaction: Group (BD,SZ) × Time 

Ventrolateral prefrontal cortex 47 47 L -44 32 -4 8.57 

Dorsolateral prefrontal cortex 72 46 R 26 54 18 10.25 

Supplementary motor area 51 6 R 2 2 62 10.65 

Precuneus 51 5 R 12 -48 68 11.67 
BD vs. HC  
Main effect of group 

Middle temporal gyrus 81 21 R 58 6 -22 25.03 

Dorsolateral prefrontal gyrus 297 46 L -30 16 35 26.80 

Interaction: Group (BD,HC) × Time 
Ventrolateral PFC/precentral 
gyrus 39 44 R 56 8 14 13.31a 
SZ vs. HC  
Main effect of group  

Cerebellum 58 - L -42 -70 24 19.66 

Inferior occipital gyrus 186 19 R 36 -90 -4 22.85 

Middle occipital gyrus 46 18 L -36 -90 4 18.87 

Caudate 50 - R 12 -2 18 18.76 

Ventrolateral prefrontal cortex 102 45 L -52 28 14 20.91 

Interaction: Group (SZ,HC) × Time 

Ventrolateral prefrontal cortex 90 45 R 40 34 16 13.64 

Precuneus 58 17 L -10 -66 40 8.36 
Abbreviations: BD, bipolar patients; HC, healthy controls; SZ, schizophrenia patients 
a. 

uncorrected 
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Group analyses during attending negative pictures   A main effect of group was observed 

in the right insula and middle occipital gyrus. Plotting the effect showed that BD 

patients had a heightened response in the insula during all time bins compared to SZ 

patients and HC, and BD and SZ patients showed increased recruitment of the 

middle occipital gyrus during time bin 3-5, while there was no recruitment in HC 

(Supplementary Figure S2). Interaction between group and time was found in the left 

MTG, postcentral gyrus, MCC, paracentral lobe extending to the SMA, superior 

frontal gyrus (SFG) extending to the SMA and cerebellum (Supplementary Table S2 

and Supplementary Figure S3). Responses in the SMA, MCC and SFG, regions 

previously associated with ER, suggest a late hyper-responsivity in both SZ and BD 

that was not observed in HC.  

Correlation analyses  

QIDS by time interaction in the separate groups showed that only in BD patients 

there was an interaction present in the right precuneus and right angular gyrus, 

indicating that temporal responses in these regions in BD were modulated by 

severity of depressive symptomatology. The right precuneus was also implicated in 

the differences between BD and SZ patients (Table 3). 

Table 3. Correlation between depressive severity scores (QIDS) and temporal 

dynamics in patients 

Contrasts  K BA Side 
   MNI coordinates 

x             y           z 

Peak  

intensity 

All patients: QIDS × Time               

Precuneus 185 7 R 4 -46 52 8.20 

Precuneus 60 3 L -16 -40 70 8.03 

Precentral gyrus 46 4 R 42 -18 66 10.66 

QIDS × Time in BD        

Precuneus 70 5 R 2 -48 52 13.22 

Precuneus/calcarine   57 23 R 2 -60 18 10.14 

Angular gyrus 73 22 R 60 -56 26 11.88 

Superior parietal lobe/Angular gyrus 65 7 R 36 -76 44 12.63 
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Discussion 

In this study, we investigated the temporal dynamics underlying cognitive 

reappraisal in patients with bipolar disorder (BD) and schizophrenia (SZ). We 

demonstrated that BD and SZ patients were characterized by distinct temporal 

neural responses in the ventrolateral prefrontal cortex (VLPFC), dorsolateral 

prefrontal cortex (DLPFC), supplementary motor area (SMA) and precuneus during 

cognitive reappraisal. Most importantly, our results showed that SZ patients initially 

recruited the VLPFC (the first 6s after onset of regulation instruction), but failed to 

sustain this VLPFC activation (6-8s after onset of regulation instruction). Moreover, 

BD patients recruited the VLPFC to a lesser degree during reappraisal across the 

whole time period compared to SZ patients, with a late normalization of peak 

activation in a later phase (6-8s after onset of regulation instruction). A differential 

pattern of recruitment was also observed in the mid-cingulate cortex (MCC) and 

lingual gyrus, revealing a general blunted response in BD patients, and normal early 

recruitment in SZ patients. Altogether, these findings suggest that a failure to sustain 

regulatory control may underlie  emotion regulation  abnormalities in SZ patients, 

whereas a failure to recruit the regulatory area may underlie emotion regulation 

abnormalities in BD patients. 

The VLPFC is an important area for emotion regulation (Buhle et al, 2014; 

Frank et al, 2014; Phillips et al, 2008), with a suggested role in response selection and 

inhibition during reappraisal (Ochsner and Gross 2005; Ochsner et al, 2012) and top-

down control over primary processing of emotional information (Phillips et al, 2003; 

Phillips et al, 2008). However, it has been suggested that the VLPFC is not involved in 

cognitive control per se, but serves as a salience detector signaling the need for control 

(Kohn et al, 2014). Indeed, the VLPFC has shown involvement in emotion generation 

through modulation of the amygdala (Wager et al, 2008) during reappraisal. Of note, 

the VLPFC is also an area important for meta-cognition, especially related to self-

reflection which is emotional by nature (Murray et al, 2012; Van der Meer et al, 2010). 

Therefore, the VLPFC might be an important area for meta-cognitive representation 

of emotional information and serve as a detector for control during reappraisal. 

Previous studies have shown altered activation in this area during reappraisal both 

in SZ patients (Morris et al, 2012; van der Meer et al, 2014) and BD patients (Kanske et 

al, 2015; Morris et al, 2012; Townsend et al, 2013; Townsend and Altshuler 2012), as 

well as decreased connectivity between the VLPFC and amygdala in both patient 

groups (Morris et al, 2012; Townsend et al, 2013) and in psychosis prone individuals 

(Modinos et al, 2010). Interestingly, we showed that the temporal dynamics of the 
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VLPFC response in these patients were different, which may contribute, in part, to 

the different symptomatology seen in BD and SZ patients. SZ patients showed an 

initial normal response of the VLPFC, but were not able to sustain that response 

Interestingly, in SZ patients, hypo-activation of the VLPFC has been associated with 

blunted affect during emotional processing (Stip et al, 2005), and the VLPFC 

activation has shown a positive correlation with level of insight in SZ patients (Buchy 

et al, 2015). Therefore, the failure to sustain frontal engagement in SZ patients may 

contribute to their flat affect and the experience of psychotic symptoms. On the other 

hand, BD patients were not able to recruit the VLPFC in early phases, despite a small 

response in the late reappraisal phase. Given our proposed function of meta-

cognitive representation and control detector for the VLPFC during reappraisal, the 

disturbed engagement of the VLPFC in BD patients might be related to insufficient 

regulation of an abnormal affective response in these patients, which was signified 

by an increased response in the insula during processing of negative information 

(compared to neutral information). The insula is an important area for emotional 

processing and awareness, including the integration of bodily sensations and 

emotional information (Craig 2009; Modinos et al, 2009). Besides that, the insula has 

been regarded to be a key node for switching between task-based network and the 

default mode network (Menon and Uddin 2010; Sridharan et al, 2008).  Therefore, the 

enhanced insular response in BD patients might also reflect a difficulty in switching 

to reappraisal processing, leading to the delayed VLPFC response in these patients. 

BD and SZ patients also differed in temporal response of the right DLPFC, 

which has often been described as another key area for emotion regulation (Kohn et 

al, 2014; Ochsner et al, 2012; Phillips et al, 2003). The DLPFC is important for directing 

attention to relevant information maintaining reappraisal goals in working memory 

(Ochsner et al, 2012; Wager et al, 2004) and for executing control of reappraisal 

processing (Kohn et al, 2014; Ochsner and Gross 2005). Plotting of the temporal 

profiles indicated that healthy participants recruited this area only very late after the 

regulation cue (8-10 seconds), while BD patients recruited this area somewhat earlier 

(6-8s after instruction onset).  Although in the comparison with HC this area did not 

show a significant difference, this earlier DLPFC response in BD patients might 

reflect a need to call upon extra resources to regulate the emotional response and 

might serve as a functional compensation due to the failure of VLPFC recruitment. In 

contrast, the SZ patients did seem to recruit the DLPFC at all (or at least activation 

was not detected with the current scan- and task parameters). This is in line with the 

suggestions that emotion regulation problems in SZ relate to prefrontal hypo-

activation (Morris et al, 2012). 
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The VLPFC and DLPFC have been suggested to be part of a network of 

emotion regulation areas, including the SMA and MCC (Kohn et al, 2014; Ochsner et 

al, 2012). Interestingly, BD and SZ patients also showed differential temporal changes 

in these areas. SZ patients showed an increasing response in the SMA and MCC, 

peaking around 4-6s after onset of the regulation instruction followed by a gradual 

decrease. Also, the response in the SMA was higher in amplitude than in HC. In 

contrast, BD patients hardly activated these two areas (with a small late response). 

Although traditionally the SMA is thought to be involved in motor functioning 

(Eickhoff et al, 2011), this area has also been shown to activate during cognitive 

appraisal (Buhle et al, 2014; Kohn et al, 2014; Morawetz et al, 2015; Ochsner et al, 2012), 

and has been suggested to have a role in reconceptualization of the stimulus (Kohn et 

al, 2014). The MCC has originally been suggested to be involved in cognitive control 

and intentional motor control and selection (Hoffstaedter et al, 2013). However, Kohn 

et al. (2014) have shown that the MCC coactivates with several emotion generation 

and regulation areas (e.g., insula, VLPFC, SMA and thalamus). This suggests that the 

MCC serves as an intermediate unit of calling upon regulatory control from higher 

cognitive control areas (e.g., DLPFC) and relay top-down control to limbic areas. 

Taken together, these findings suggest that emotion regulation deficiencies in SZ 

patients are characterized by inefficient recruitment of multiple areas associated with 

ER, that may denote initial reappraisal efforts, but failed sustainment of regulatory 

processes. In BD patients, lack of recruitment of these intermediate units (i.e. , SMA 

and MCC) in combination with the decreased response in the VLPFC, despite 

untimely DLPFC recruitment, may contribute to a general regulation failure.   

In addition to the above-mentioned regulation areas, the right precuneus also 

showed disturbed temporal patterns in BD and SZ patients. Taking into 

consideration that the precuneus is involved in working memory (LaBar et al, 1999), 

constantly lower precuneus activation during reappraisal compared to passive 

attending in BD and SZ patients may suggest that both patient groups are disturbed 

in maintaining the reappraisal goal in working memory, associating with their 

difficulties in regulation. Indeed, disturbed working memory has been found in both 

patient groups (Glahn et al, 2006).  

Our results should be interpreted in light of some limitations. First, most 

patients were taking medication. Given the diversity of medication, it was not 

possible to control for this by standardizing the medication category and dose. 

However, medication has been reported to have little or ameliorative effects on 

functional abnormalities of emotion processing instead of worsening it (Hafeman et 

al, 2012; Phillips et al, 2008). Therefore, differences between BD and SZ patients might 
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have been obscured rather than induced by medication, but nevertheless better 

matching of the use of psychotropic medication (e.g., antipsychotics only) or 

studying drug-free populations is recommended. Second, our sample size was 

relatively small, partly due to our careful match of BD and SZ patients on insight 

scores. Replication of our findings is needed before strong conclusions can be drawn. 

Third, there was no main effect of condition (i.e., reappraise > attend negative) in the 

amygdala. This might be due to the late cueing paradigm (Ochsner et al, 2012), as the 

strongest amygdala response may be in the first moments of stimulus presentation 

(i.e., before instruction in our task) and automatic regulation processes may also play 

a role (but see Ochsner et al, 2002). Last but not least, reappraisal has shown different 

modulation effect for both positive and negative stimuli (Rive et al, 2015), whereas 

we only focused on the temporal dynamics of reappraisal of negative stimuli. 

Investigation of positive affect may further clarify the emotional disturbances in BD 

(e.g., problems with down-regulating positive affect during mania episode) and SZ 

patients (e.g., difficulty in up-regulating positive affect). Future research would be 

beneficial to shed light on this.    

Conclusion 

In conclusion, our findings of differential temporal responses between BD and SZ 

patients during reappraisal may indicate that SZ patients may predominantly show a 

failure of sustaining activation in areas needed for successful reappraisal; whereas 

BD patients may have a more general deficiency in initiating reappraisal. These 

differences in emotion regulation temporal dynamics between BD and SZ patients 

might be of potential interest as disorder specific biomarkers and should be 

investigated further as markers for personalized indication for treatment.   
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Supplementary materials  

Supplementary Table S1. Medication use in patients. 

  

SZ BD 

Psychopharmacological medication     

 Antipsychotics     

  Lithium N 0 11 

  Quetiapine N 2 4 

  Olanzapine N 5 2 

  Risperidone N 1 0 

  Aripiprazole N 6 0 

  Clozapine N 2 0 

 Benzodiazepine N 3 0 

 Antidepressants    

  Trazodone N 0 1 

  Bupropion N 0 1 

  Mirtazapine N 1 0 

  Valproic acid N 0 4 

  Venlafaxine N 3 0 

  SSRIs N 5 1 

 None  N 1 1 

Abbreviations: SSRIs, selective serotonin reuptake inhibitors; BD, bipolar patients; SZ, schizophrenia 

patients.
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Supplementary Table S2. Results from comparisons between attend 

negative>attend neutral 

Contrasts  

K BA Side 

MNI 

coordinates 

x        y        z 

Peak  

intensity 

Main effect of group               

Insula 80 48 R 42 -2 6 12.37 

Middle occipital gyrus 58 19 R 42 -74 12 11.35 

Main effect of Time               

Calcarine areas 5704 17 L -6 -82 6 17.93 

Cerebellum 170 - R 16 -72 -20 7.32 

Middle temporal gyrus 1253 37 R 50 -68 0 17.80 

Ventrolateral prefrontal cortex 240 45 L -56 24 4 8.97 

Ventrolateral prefrontal cortex 153 45 R 48 38 6 9.19 

Dorsolateral prefrontal cortex 168 46 L -46 48 6 8.77 

Dorsolateral prefrontal cortex 235 9 L -42 22 44 8.79 

Inferior parietal lobe 357 48 R 58 -30 24 12.05 

Inferior parietal lobe 367 2 L -52 -26 40 12.03 

Inferior parietal lobe 398 40 L -42 -54 56 12.24 

Middle cingulate cortex 194 24 L -6 2 38 7.59 

Interaction: Time × Group               

Cerebellum 59 - L -8 -74 -18 5.19 

Middle temporal gyrus  94 17 L -42 -62 10 6.96 

Postcentral gyrus  80 48 L -58 -22 32 5.80 

Middle cingulate cortex 109 23 L -4 -24 44 6.02 

Paracentral lobe extending to 

supplementary motor area 
80 4 L -2 -22 70 4.95 

Superior frontal gyrus extending to 

supplementary motor area 
60 6 L -18 0 70 5.28 

BD>HC: across time bins        

Insula 134 13 R 42 -2 6 4.97 

Abbreviations: BD, bipolar patients; SZ, schizophrenia patient; HC, healthy controls. 

 5 

 5 
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Supplementary figures 

Supplementary Figure S1. Temporal deviations in patients relative to HC. 

Interaction effects between group and time in SZ and HC groups were observed in (A) 

the right ventrolateral prefrontal Cortex (VLPFC) and (B) left precuneus. A 

subthreshold interaction effect between group and time in BD and HC groups was 

observed in (C) the right VLPFC. Green box presented results in SZ vs. HC 

comparison; red box presented results from BD vs. HC. (BD, bipolar patients; HC, 

healthy controls; SZ, schizophrenia patients) 
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Supplementary Figure S2. Main effect of group from comparisons attend negative > 

attend neutral in the insula and middle occipital gyrus. (A) BD patients showed a 

heightened response in the insula during all time bins compared to SZ patients and 

HC, (B) BD and SZ patients showed increased recruitment of the middle occipital 

gyrus during time bin 3-5, while there was no recruitment in HC. 
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Supplementary Figure S3. Interaction effects between group and time from comparisons attend negative > attend neutral in the (A) 

cerebellum, (B) middle temporal gyrus (MTG), (C) postcentral gyrus, (D) mid-cingulate cortex (MCC), (E) paracentral gyrus 

extending to supplementary motor area (SMA), (F) superior frontal gyrus extending to SMA.  
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In this thesis, functional neural underpinnings of multiple domains of affective 

dysfunction were studied in different psychiatric disorders. In chapters 2, 3, and 4, 

the neural profiles related to course, state, and presence of suicidality in major 

depressive disorder (MDD) were studied, respectively. In chapter 5, effortful 

emotion regulation in bipolar disorder and schizophrenia was studied. The main aim 

of chapter 2 and 3 was to enhance our understanding of affective psychopathology 

by investigating the association between the neural basis of memory biases and 

depressive course as well as symptomatology. With a cross-sectional prospective 

design, we followed patients with MDD for approximately two years in order to 

examine whether baseline regional brain activation is associated with the subsequent 

course of depression, i.e., remission, recurrence or non-remission. Next, we examined 

longitudinal brain activation changes during emotional memory in remitted and 

acutely depressed patients to elucidate the state-dependency of brain activation in 

depression. Moreover, we studied whether neural correlates of suicidal behavior 

(including ideation) were distinct from other depressive symptomatology. 

Furthermore, as affective abnormalities may also occur in other major psychiatric 

disorders, we investigated potential differential neural profiles of emotion regulation 

in bipolar disorder and schizophrenia. We specifically focused on differences in 

temporal profile of the neural response. In this chapter, the main results of the 

presented empirical studies will be summarized and discussed.  

Summary of findings 

Association between brain activation and subsequent course of MDD 

In chapter 2, we investigated whether there was an association between future 

naturalistic course of depression and regional brain activation during both positive 

and negative word encoding and recognition. We specifically aimed to test the 

importance of hippocampal hypoactivation during positive word encoding and 

hyperactivation of the hippocampus, amygdala and insula during negative word 

encoding for an unfavorable naturalistic course. As hypothesized, we found that 

higher activation of the left insula during negative word encoding was associated 

with a non-remitting course. MDD patients who did not remit during the two years 

of follow-up showed a trend for hyperactivation in the right hippocampus and left 

amygdala during negative encoding compared with healthy individuals. Adding to 

this finding, a linear association between higher hippocampal activation during 

negative word encoding and longer time to remission was observed, suggesting that 

hippocampal hyperactivation is proportional to the persistence of depressive 
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symptoms. Effects were unrelated to illness severity at baseline, although the 

association between time to remission and hippocampal activation was subthreshold 

after exclusion of SSRI-users. Memory performance or encoding behavior was not 

related to course. Taken together, these results indicate that compared to a behavioral 

index, the neural substrates in terms of insular and hippocampal activation during 

negative information processing are more sensitive measures to indicate subsequent 

depressive symptomatology and, after independent replication, could serve as 

markers of an unfavorable course in MDD.   

State-dependency of brain activation in MDD 

In chapter 3, we firstly aimed to elucidate whether activation of the amygdala and 

hippocampus during emotional memory encoding is dependent on depressive state 

in a naturalistic sample of MDD patients. We observed that symptom improvement 

over time was correlated to larger changes in hippocampal/amygdalar activation, 

especially during positive word encoding. This increase occurred in the direction of 

normalization of neural response. The second aim of the study presented in chapter 3 

was to test whether abnormal brain responsivity would persist or even increase with 

enduring course of the disorder. Therefore, we investigated whether changes in brain 

responsivity to emotional information measured at two time points with two-year 

interval were associated with duration of symptoms within this interval. Contrary to 

our expectation, no correlation between changes of brain activation over time and 

depressive load during the two-year interval was found. Moreover, our results were 

independent from anxiety severity change, medication-use and psychotherapy use. 

Thus, the hippocampal activation during positive processing might be a state-

dependent marker of depression and does not reflect a scarring effect after prolonged 

depressive course. 

Symptom-specific vulnerability in MDD: suicidality 

The goal of chapter 4 was to examine whether suicidal behavior in MDD has a 

unique neurocognitive profile. To this end, we investigated brain activation during 

both facial emotion processing and executive control in suicidal patients with MDD 

compared to non-suicidal MDD patients. We hypothesized that suicidal patients 

exhibit altered brain activation during both executive and emotional processing. 

Consistent with our hypothesis, suicidal patients showed abnormalities in the 

hippocampus-amygdala formation during the emotional faces task compared to non-

suicidal patients, especially during processing of neutral faces, which was 

accompanied by longer reaction times. However, suicidal patients did not show any 

impairment in performance and activation during the execution of a planning task 
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compared to patient controls and healthy controls. Of note, findings of this study 

were unrelated to suicidal severity, depression severity, medication use and 

childhood emotional maltreatment. Together, these findings suggest a general 

sensitivity to social-emotional information in suicidal patients compared to non-

suicidal patients, especially information that is ambiguous, but that frontal regulation 

capacity under non-emotional conditions may remain intact. 

Distinct temporal profiles of emotion regulation in bipolar disorder and 

schizophrenia 

In chapter 5, we aimed to study differential characteristics of the temporal profile of 

brain responsivity during cognitive reappraisal in bipolar disorder and 

schizophrenia by using finite impulse response modeling. We hypothesized that 

patients with bipolar disorder and schizophrenia would show distinct temporal 

patterns in prefrontal and limbic areas. In accordance with this hypothesis, bipolar 

and schizophrenia patients were characterized by distinct temporal neural responses 

in the ventrolateral prefrontal cortex (VLPFC), dorsolateral prefrontal cortex 

(DLPFC), supplementary motor area (SMA), mid-cingulate cortex (MCC) and 

precuneus during cognitive reappraisal. More specifically, schizophrenia patients 

initially recruited the VLPFC, MCC and SMA during an early phase of reappraisal, 

but showed a failure to sustain the activation in the VLPFC and MCC and a 

normalized response in the SMA. In contrast, bipolar patients had blunted responses 

in the same areas over the whole period of reappraisal compared to schizophrenia 

patients and had a normalization of peak activation in the VLPFC and SMA in a late 

phase of regulation. In addition, bipolar patients showed a late response in the 

DLPFC, whereas schizophrenia patients had no response in this area. A reduction of 

activation of the precuneus was observed over time in both patients groups, with a 

steeper decline in schizophrenia patients than in bipolar patients. These findings 

indicate that different temporal dynamics might be potential markers for disorder-

specific abnormalities: schizophrenia may be characterized by a failure of sustaining 

activation in areas needed for successful reappraisal, whereas bipolar disorder may 

be characterized by a general deficiency in initiating reappraisal. 

General Discussion 

Course prediction in MDD 

Depression is characterized by a heterogeneous course and it is difficult to identify 

patients at risk for an unfavorable course. It has been found that certain cognitive 

symptoms such as memory bias could be predictive of depressive course (Johnson et 
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al, 2007). Our study on depressive course suggests that activation in the insula and 

hippocampus during memory encoding of negative stimuli could predict an 

unfavorable course (chapter 2). Recently, insula activation has been posited as having 

predictive value with regard to depressive course (Heller 2015), given its important 

role in processing visceral and emotional experiences, and its rich interconnections 

with frontal, limbic and hypothalamic structures (Menon and Uddin 2010; Uddin 

2014). Our finding of higher activation of the left insula during negative word 

encoding in patients with a subsequent non-remitted course compared to remitted 

patients supports this suggestion. Enhanced insular activation might reflect increased 

sensitivity to negative stimuli (Surguladze et al, 2010), which may further lead to 

cognitive symptoms such as difficulty in disengaging from negative information (Fu 

et al, 2013; Herwig et al, 2007) and enhanced biased processing of negative 

information (Herwig, et al 2007), thereby hampering remission. Together with a 

previous finding from our group that elevated insula activation was associated with 

MDD independent of current symptomatic state (van Tol et al, 2012), our result 

suggests that insular function may indeed qualify as a neural marker of subsequent 

course of MDD that is not related to severity of depressive symptomatology, if it 

stands the test of independent replication. Moreover, a trend of higher amygdalar 

activation was also observed in non-remitters, indicating inhibition from insula 

together with amygdala to cortical areas. These findings are in support of the neural 

model of depression proposed by Phillips et al. (Phillips et al, 2003). In this model, 

increased activation of the amygdala and insula underlies enhanced attribution of 

emotional significance to negative stimuli and heightened negative affective states, 

which may result in the perpetuation of depression.   

Furthermore, our results of hyperactivation in the hippocampus in patients 

who are likely to suffer prolonged depression and the correlation between enhanced 

anterior hippocampal activation to negative memory encoding and delayed 

remission suggest a predictive role of this area. Over-responsiveness of the 

hippocampus during negative encoding in patients who will not remit implies a 

‘potentiation’ of negative information, which in turn may perpetuate course of 

depression and postpone remission. Moreover, the anterior hippocampus is richly 

interconnected with the amygdala, which has been found to facilitate memory 

processing of emotional stimuli by modulating hippocampal activation in healthy 

individuals (Davis and Whalen 2001). Therefore, hyperactivity in the anterior 

hippocampus might also reflect an additional modulation of the amygdala during 

mood-congruent memory.  
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In summary, although the depressive course is heterogeneous, it might be 

proposed that it is possible to predict the course with neurobiological markers. 

Adding to the findings of predictive value of neural response during emotional 

regulation (Heller et al, 2013) and processing of salient faces (Schmaal et al, 2015), our 

study provides  evidence that altered insular and hippocampal functioning during 

emotional memory formation might be associated with unfavorable course and 

prolonged time to remission. 

State-dependency in MDD 

The memory deficits in depression have been suggested as state-independent 

phenomena (Bhagwagar et al, 2004), which may underlie the vulnerability to 

depression. In addition, it could also reflect a scar effect of depressive duration 

(Elliott et al, 2010). Our longitudinal design (chapter 3) focused on memory encoding 

deficits during both positive and negative information and demonstrated that 

symptom improvement was associated with increased hippocampal activation 

during positive memory bias. This was substantiated by the observation of increased 

activation in the same region in remitted patients during positive memory formation 

compared to non-remitted patients. The hippocampus has been proposed as a 

treatment target and has shown different pattern of changes to unique pharmacology 

and cognitive treatments (Mayberg 2003; Seminowicz et al, 2004). Increased 

metabolism in the hippocampus has been found after cognitive behavioral treatment 

(Goldapple et al, 2004). In our study, a higher portion of remitted patients received 

psychological treatment than non-remitted patients during the interval. However, 

only half of the sample received psychotherapy and hippocampal change was not 

directly related to psychotherapy use. In light of this, our results suggest that 

hippocampal activation change during positive word encoding might be a joint effect 

of remission after psychological treatment and naturalistic remission which might 

relate to the normalization of a mood-incongruent (i.e., positive) -processing bias. 

Furthermore, when we investigated whether neural changes in depression 

reflect a scar effect of depressive load, we found that depressive load was not 

correlated with changes of activation in the hippocampus. Although studies on 

functional longitudinal characteristics of depressive state and course have to our 

knowledge not been conducted yet, previous cross-sectional and longitudinal studies 

regarding morphological changes of the hippocampus have shown divergent 

findings on its structural change and depressive course (Bremner et al, 2000; 

MacQueen et al, 2003; Sheline et al, 1999; Treadway et al, 2015). However, consistent 

findings have been published regarding the volumetric change of hippocampus and 
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depressive state (Arnone et al, 2012a; MacQueen and Frodl 2011). Together with our 

finding of state-dependency of hippocampus activation, we suggest that 

hippocampal functioning might be more related to the naturalistic depressive state 

rather than a scar effect of depressive load. 

Taken together, adding to the cross-sectional finding of state-dependent role 

of amygdala during processing of sad faces in depression (Arnone et al, 2012b), our 

longitudinal findings indicate that the change of hippocampal activation during 

positive memory encoding over time might serve as state-dependent marker but not 

load-marker of MDD. Altered hippocampal activation during negative memory 

encoding has been associated with depressive severity (van Tol et al, 2012) and has 

been highlighted in a memory bias model of MDD (Disner et al, 2011). In Disner’s 

memory bias model, the hyperactivation of hippocampus and amygdala is proposed 

in MDD patients, which lead to increased recall of negative but not positive 

information. However, we did not find any effect during negative encoding related 

to depressive state. Together with our observation that hippocampal hyperactivation 

during negative memory formation relates to delayed remission (chapter 2), we 

extend the memory-bias model by Disner and indicate that hippocampal activation 

during negative memory formation could predict the depressive course, whereas 

changes of hippocampal activation during positive encoding might be a state-

dependent marker for vulnerability of depression. 

Markers of suicidal risk in MDD 

Suicidality (ideation and behavior) frequently occurs in patients with MDD and in 

patients with other major forms of psychopathology, and has been relatively 

understudied (Aleman and Denys 2014). We aimed to unravel distinct affective and 

cognitive mechanisms in suicidal patients with MDD and found that suicidality was 

associated with increased activity for social-emotional information, represented by 

higher amygdalar/hippocampal activation during emotional facial processing 

(Chapter 4). Moreover, the presence of suicidality separated suicidal patients from 

patient controls with MDD in terms of amygdalar/hippocampal activation, most 

pronounced during processing of neutral faces, which might suggest that suicidal 

patients tend to tag the ambiguous neutral faces as more negative and salient 

(Maniglio et al, 2014). Indeed, a person staring at you with neutral expression can be 

interpreted as a sign of hostility (Hirosawa et al, 2015), which may be related to 

feelings of social exclusion in suicidal people. The observation that 

amygdalar/hippocampal response to emotional faces was different between MDD 
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patients with and without suicidal ideation suggests its potency to serve as a neural 

marker of suicidal risk, if replicated in independent samples. 

On the other hand, no differences were found in suicidal patients during the 

execution of a non-emotional planning task compared to patient controls or healthy 

controls, suggesting that executive planning in depressive patients with non-fatal 

suicidal behavioral (i.e., suicidal ideation or a history of attempt) might not be 

affected. Although abnormalities in the DLPFC have been revealed during planning 

in MDD patients (Fitzgerald et al, 2008; van Tol et al, 2011), it has been suggested by a 

recent study that suicidal patients might even have better planning and initiation of 

behavior, which may contribute to the high risk of attempts and behavior (Burton et 

al, 2014). However, this hypothesis could not be supported by our data, as we did not 

find behavioral evidence that our suicidal patients performed better during this 

executive task than patient controls. Nevertheless, our results indicate that frontal 

regulation capacity under neutral conditions might be relatively intact. 

Altogether, our study highlights that altered functioning in the limbic areas 

during affective processing rather than frontal abnormality during executive 

processing might be a potential marker of suicidal risk in MDD. Adding to the 

previous findings on altered morphological change in the amygdala (reviewed by 

van Heeringen and Mann 2014), our finding echoes the neurocognitive model of 

suicidality developed by Joallant et al. (2011), who posited that altered modulation of 

value attribution by the amygdala to social stimuli is affected in suicidal patients.  

Effortful regulation in bipolar disorder and schizophrenia 

Effortful emotion regulation refers to regulate emotion by reinterpreting the 

emotional in such a way that the affective response is modulated in content and 

emotional intensity (Gross, 2002). Abnormalities in emotion regulation may 

contribute to core characteristics of psychiatric disorders such as bipolar disorder 

and schizophrenia (Etkin et al, 2013; Khoury and Lecomte 2012). We observed that 

temporal dynamics of brain activation may differ in bipolar disorder and 

schizophrenia (chapter 5). Given the important roles of the DLPFC for effortful 

regulation on the emotional response and the VLPFC for automatic regulation and 

inhibition of emotional state in the context of emotion regulation (Ochsner et al, 2012), 

altered response of these areas has been proposed to differ between disorders 

(Phillips et al, 2003). Our finding of altered temporal dynamics supports this notion. 

Specifically, early recruitment and non-sustained response in the VLPFC and 

reduced recruitment of DLPFC in schizophrenia patients might reflect an inability in 

selecting and generating reappraisal to a negative stimulus and inhibiting an original 
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negative explanation. This may enhance the probability of psychotic symptoms and 

blunted emotion in those patients. In contrast, bipolar patients showed a lack of 

recruitment in the VLPFC and early recruitment of the DLPFC, which might imply a 

compensating mechanism in prefrontal control areas and insufficient inhibition of 

emotional responses that may influence the probability of manic and depressive 

episodes. However, this needs to be studied in greater detail in larger samples in 

order to explore the underlying mechanisms. 

In addition to temporal abnormalities in prefrontal cognitive control areas, 

bipolar and schizophrenia patients were also found to have a unique deviant 

temporal pattern during effortful regulation in the SMA and MCC. Next to consistent 

recruitment of these two areas during motor functioning (Eickhoff et al, 2011; 

Hoffstaedter et al, 2013), these regions have also been suggested to be involved in 

cognitive reappraisal and to serve as intermediate unit between frontal and limbic 

areas, with the SMA having a role in the reconceptualization of stimuli and the MCC 

in cognitive control (Kohn et al, 2014). Thus, our finding of early recruitment in these 

areas in schizophrenia patients may imply that they are inefficient in re-interpreting 

negative information, in spite of efforts made from the beginning of the reappraisal 

phase. Together with less of recruitment in the VLPFC, less activation of the MCC 

and SMA in bipolar patients may reveal a general failure of effortful regulation. 

Moreover, the two patient groups also showed a similar lower temporal pattern of 

activation in the precuneus, suggesting both groups of patients might have 

difficulties manipulating reappraisal information in working memory given the 

important function of this region in working memory (LaBar et al, 1999).  

In sum, given our findings of different temporal patterns of processing in 

cognitive control areas as well as other related areas, we suggest that schizophrenia 

might be characterized by a failure of sustained effortful regulation, whereas bipolar 

disorder is featured by general failure in initiating regulation. In the schematic 

neurobiological models of affective processing deficits in psychiatric disorders, 

Phillips et al. (2003) proposed a relationship between structural and activation 

abnormalities and the symptoms of schizophrenia and bipolar disorder. Adding to 

this, our study indicates that unique temporal dynamics of effortful regulation might 

also be related to symptomatology of schizophrenia and bipolar disorder and may 

represent distinct mechanisms. 

Clinical implications 

The functional neuroimaging studies in this thesis not only provide better 

understanding of affective processing in major psychiatric disorders, but may also 
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help to identify biomarkers of psychopathology that might potentially guide 

diagnosis and treatment choices. It should be emphasized, though, that such 

biomarkers can only be established after independent replication in large samples.  

First, our prospective study suggests that higher activation of the left insula 

during negative information processing may relate to the naturalistic course of MDD 

after controlling for the treatment effects (cf. Fu et al, 2013; McGrath et al, 2013). 

However, a biomarker for treatment response is not necessarily a predictor for 

naturalistic remission. Our results provide further evidence that the insula could not 

only be a predictor of treatment response, but also a predictor for naturalistic 

remission over a longer period. This might facilitate the early detection of patients 

with distinct course trajectories and thereby provide sufficient information for 

further effective treatment. 

Second, our longitudinal results reveal that change of activation in the 

hippocampus (extending to amygdala) during positive memory encoding over time 

is a state-dependent marker of depression. Longitudinal treatment studies have 

shown that hippocampal activation could be modulated by both cognitive and 

medication treatment in depression (Wise et al, 2014). Adding to this, our findings 

suggest that the change of activation in the hippocampus might reflect a joint effect 

of naturalistic remission and treatment response, which might confirm the role of the 

hippocampal area as a robust treatment target. 

Third, we demonstrate that suicidality in MDD is characterized by deficits on 

primary evaluation of social-emotional stimuli represented by altered amygdalar 

activation rather than impaired executive functioning, which may be indicated as a 

potential marker of suicidal risk.  

Finally, we distinguish unique temporal neural profiles underlying affective 

processing in bipolar disorder and schizophrenia from a novel perspective, which 

not only supports further identifications of distinct biomarkers of these disorders, 

but also sheds light on future investigations on temporal dynamics in psychiatric 

disorders. Notably, identifying biomarkers from both functioning and temporal 

perspectives will potentially help to improve the personalized treatment for different 

disorders and different patients. Our findings may also indicate different training 

strategies of emotion regulation capacity in patients, with more emphasis to 

schizophrenia on sustaining effortful regulation and more explanation to help 

bipolar patients to initialize and achieve effective regulation.  

In conclusion, findings from this thesis suggest that functional neuroimaging 

may be more accurate than clinical measures alone in establishing associations with 

subsequent course of mental disorders, identifying the state or trait effect of neural 

 6 
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abnormality and differentiating different psychiatric disorders or different 

symptomatology within certain psychopathology. Therefore, although the high costs 

and limited availability (only in large medical centers) of MRI techniques restrict 

their potential use as biomarkers in daily practice (Jentsch et al, 2015), identifying 

fMRI-marker might be suggested as a first step to facilitate diagnosis or treatment in 

clinical psychiatry.  

Methodological considerations  

Sample characteristics 

In this thesis, three samples of patients with psychiatric disorders were examined. A 

relatively large well-characterized sample of participants was included in our 

prospective study (n=108), suicidality study (n=155) and in the longitudinal study 

(n=69). Patients with bipolar and schizophrenia were matched for insight scores. 

Notwithstanding, some issue should be taken into consideration. 

Depressed patients in our study were included from the large-cohort multi-

site Netherlands Study of Depression and Anxiety (NESDA). NESDA recruited 

participants from community, general practice and mental healthcare centers to 

reflect a wide range of psychopathology and settings (Penninx et al, 2008). The 

heterogeneity of the sample may improve the generalization of our findings, but may 

also bring some confounding factors such as high comorbidity between depressive 

and anxiety disorders, medication use and psychological treatment. Although we 

have controlled for these factors in our naturalistic setting, a potential influence by 

these factors could not be excluded.  

Another possible limitation is that mostly mild to moderately depressed 

patients were included. Therefore, our studies cannot be directly compared to studies 

on in-patients with severe depression. In addition to this, suicidality has been found 

to be less present in out-patients than in in-patients with MDD. Therefore, it was not 

possible to group suicidal attempters as an independent group and directly compare 

different stages of suicidal behavior (suicide ideator: suicide attempter = 4: 1). Of note, 

despite that NESDA included participants without a life-time diagnosis of 

psychiatric disorders as healthy control group, some at-risk healthy participants were 

included as well, which could have led to underestimation of differences between 

patients and control group.  

Task-related remarks 

Different tasks were used in this thesis to study affective processing in affective 

psychopathologies. In the cross-sectional prospective and longitudinal studies, we 
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employed emotional word encoding and recognition paradigm in order to elucidate 

the predictive value and state-dependency of brain activation during memory bias. 

Because the number of error trials was too low to test for the true memory effects 

(remembered vs. forgotten words), we calculated our results in the context of 

emotional word evaluation for the purpose of later recognition. Caution should 

therefore be taken when comparing our study with others with regard to memory 

effects. In addition, we tested our effect by contrasting positive vs. neutral words, 

and negative vs. neutral words, which made it possible to detect valence-specific 

effects but precluded investigating possible activation effects of processing neutral 

stimuli (neutral vs. baseline).  

The emotional faces task and Tower of London task were used in our study to 

examine the unique neural underpinnings during primary emotional processing and 

executive control in suicidal patients with MDD. No performance difference for both 

tasks was found between suicidal MDD patients and non-suicidal MDD patients, 

suggesting behavioral performance might be less sensitive than the neural 

mechanism when detecting the specific symptomatology in depression. Alternatively, 

it could be argued that the task was not developed for behavioral discrimination, and 

it may be possible to construct more sensitive tasks in that regard. For the Tower of 

London task, we weighted the increasing load of the task, which may have optimized 

the sensitivity to effects that related to increasing demand of planning, but not to 

more basic components of executive planning.  

An emotion regulation paradigm was applied when we explored the temporal 

dynamics underlying reappraisal in bipolar disorder and schizophrenia. A late-

cueing design (i.e., the regulation information present after the presence of emotional 

picture) of this paradigm is more akin to the ‘real-life’ regulation, but may also make 

the affective limbic area (i.e., amygdala) less sensitive to effortful cognitive regulation 

(Ochsner et al, 2012). Besides, although our original task included different regulation 

conditions such as suppression, increasing and reappraisal, we only included the 

reappraisal condition given that this effortful component is most controlled. Due to 

the exclusion of other regulation conditions, only limited number of trials left for 

reappraisal, making the statistic less powerful. Therefore, our results only imply a 

potential marker that may distinguish bipolar disorder and schizophrenia and need 

to be further confirmed. 

Future perspectives 

With the whole-brain voxel-based analysis, we found altered activations in limbic as 

well as prefrontal areas during affective processing in main psychiatric disorders. 
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However, it has been indicated that abnormalities of affective processing might be 

associated with maladaptive functioning of brain networks rather than activation of 

discrete brain regions (Damasio 1997; Mayberg 2003; Mayberg 2007). Therefore, it 

would be interesting for future researches to detect the temporal correlation between 

spatially remote neurophysiological responses among brain regions during affective 

processing as neural markers of psychiatric disorders.  

Moreover, it should be noted that the neural substrates during affective or 

cognitive tasks might be different from the mechanisms during generating or 

maintaining spontaneously occurring affect in psychiatric patients. The operations of 

experiments are often within minutes or seconds, which are also different with the 

psychotic or depressive symptoms that may last for a longer period. Consequently, 

resting-state has been introduced in the study of psychiatric disorders and has 

proved to provide promising intrinsic neural substrates in a wide range of disorders. 

Therefore, future studies should combine the task-based fMRI and resting state MRI 

in order to get an integrated view of brain function. 

Furthermore, although neural markers have been identified in depression and 

could potentially distinguish different psychiatric disorders in current univariate 

approaches, there is still a long way to go before it could be of clinical use. It has been 

pointed out that neuroimaging findings need to be translated into clinical practice at 

an individual, case-by-case level due to the individual differences in psychiatric 

disorders (Phillips 2012). Therefore, it might be interesting for future studies to 

employ a multivariate machine learning approach, which use pattern recognition to 

classify individuals case by case, to predict the naturalistic course and distinguish 

symptomatologies in psychiatric disorders (Orrù et al, 2012). 

Concluding remarks 

Functional neuroimaging techniques were applied in this thesis to investigate 

affective processing in psychiatric disorders from prospective, longitudinal and 

temporal dynamics perspectives. Our studies may contribute to our knowledge of 

psychobiological pathology in psychiatric disorders, which synthesizes cognitive and 

neurobiological domains. This would not only help advance etiological models of 

psychopathologies, but could also aid the development of effective somatic and 

psychological treatments.  
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"De hersenen zijn het orgaan van de psyche. Waar anders zou het kunnen 

zijn als het niet in de hersenen zou liggen?”  

(Eric Kandel, Neuropsychiater, Nobelprijs laureaat)  

c.f. The roots of mental illness by Kirsten Weir 

 

 

 

 

 

 

Nederlandse Samenvatting 

 

 

Waarom? 

Psychische gezondheid is een essentieel deel van onze algemene gezondheid. 

Wereldwijd vormen psychische stoornissen in toenemende mate een uitdaging voor 

de algemene gezondheid. Psychische stoornissen, inclusief de depressieve stoornis, 

bipolaire stoornis en schizofrenie, hebben niet alleen hun uitwerking op de kwaliteit 

van het persoonlijke leven, maar leiden ook tot enorme sociale en economische 

kosten. Volgens de Wereldgezondheidsorganisatie vinden jaarlijks wereldwijd meer 

dan 800.000 zelfmoordpogingen plaats, waarvan de meeste herleid kunnen worden 

tot een psychische stoornis. Het hoge sterftecijfer en beperkingen in het dagelijks 

leven die samenhangen met psychische stoornissen, onderstrepen het belang van een 

nauwkeurige diagnose en effectieve behandeling van deze stoornissen. 

 

 

Anders dan bij de meeste lichamelijke ziekten, wordt de diagnose van 

psychische stoornissen hoofdzakelijk gebaseerd op observaties van psychiaters 

zonder dat enige biologische metingen worden verricht (zoals bijv. bloedonderzoek). 

Echter, psychische stoornissen zijn vergelijkbaar met lichamelijke ziekten  in dat zij 

beiden worden gekenmerkt door gedragsmatige en biologische componenten, 

waarbij ervan uit wordt gegaan dat psychische stoornissen grotendeels voortkomen 

door een verstoring in de hersenen. De afgelopen 20 jaar hebben doorbraken in de 

ontwikkeling van neuro-imagingtechnieken ons in staat gesteld de hersenen van 
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individuen met een psychische stoornis te herkennen en te begrijpen, wat 

vroegtijdige opsporing en interventie mogelijk maakt.  

Psychische stoornissen worden over het algemeen gekenmerkt door 

veranderingen in gedachten, waarnemingen, emoties en gedragingen. Eén van deze 

veranderingen is in de verwerking van gevoelens en emotionele informatie, wat een 

fundamenteel onderdeel is van de menselijke cognitie. Veranderingen hierin dragen 

bij aan de belangrijkste symptomen van psychische stoornissen. Personen met een 

depressie neigen bijvoorbeeld ernaar meer negatieve ervaringen (bijv. slechte 

feedback op het werk) te onthouden dan positieve ervaringen (bijv. een goed cijfer op 

school gehaald). Dit selectieve geheugen,  of bias in het geheugen, is een cognitief 

symptoom bij depressie dat verondersteld wordt een negatief effect te hebben op de 

stemming. Een andere vorm van verwerking van emotionele informatie, ook wel 

affectieve verwerking genoemd, dat een belangrijke rol speelt in het sociaal 

functioneren, is het verwerken van gezichtsuitdrukkingen. Patiënten met een 

depressieve stoornis ervaren meer gevoelens van vijandigheid dan gezonde 

individuen als ze worden geconfronteerd met een neutrale of boze 

gezichtsuitdrukking. Dit houdt mogelijk verband met een verminderd vermogen om 

controle te houden, wat in het uiterste geval kan  leiden tot suïcidaal gedrag. 

Bovendien veranderen psychische stoornissen het menselijk vermogen om hun eigen 

emoties op te merken, uit te drukken of te beïnvloeden. Geconfronteerd met een 

stressvolle situatie, zoals  het krijgen van kritische vragen van je baas over je werk, 

zal een gezond persoon dit waarschijnlijk als motiverend ervaren om beter te 

presteren, terwijl patiënten met een psychische stoornis zich eerder op de kritiek zal 

richten, en zich daardoor eerder verdrietig, overstuur of boos zal voelen.  

In dit proefschrift heb ik de werking van de hersenen tijdens affectieve 

verwerking onderzocht in drie psychiatrische stoornissen: de depressieve stoornis 

(MDD), bipolaire stoornis en schizofrenie. 

Hoe? 

Om de werking van de hersenen te onderzoeken, heb ik in de studies beschreven in 

dit proefschrift, gebruik gemaakt van functionele magnetische resonantie 

beeldvorming, ook wel fMRI (waarbij de I voor het Engelse Imaging staat). De 

menselijke hersenen hebben veel gespecialiseerde corticale gebieden die geassocieerd 

zijn met specifieke functies zoals zien, horen, taalverwerking en -productie, 

beweging en emotie. De activatie van zenuwcellen varieert gedurende verschillende 

activiteiten en verschillende gemoedstoestanden. Wanneer zenuwcellen in een 

hersengebied worden geactiveerd tijdens een bepaalde taak, is er meer vraag naar 
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zuurstof in dat gebied, wat betekent dat er meer bloedtoevoer naar dat gebied plaats 

vindt. Met gebruik van fMRI wordt op een veilige en niet invasieve manier 

hersenenactivatie bepaald door het verschil te meten in de mate van zuurstoftoevoer . 

Bovendien geeft fMRI sneller beeld van de verschillende hersenstructuren dan 

andere radiologische technieken (zoals Computer Tomografie, 

Positronemissietomografie (PET), Single Photon Emissietomografie (SPECT)). Door 

deze eigenschappen van fMRI, wordt fMRI niet alleen veel gebruikt om het normale 

functioneren van de hersenen te onderzoeken, maar ook om te begrijpen hoe het 

functioneren van de hersenen is veranderd bij patiënten met psychische stoornissen.  

Wat? 

Vraag 1: Waarom is de ene persoon 3 maanden depressief, terwijl de 

ander dit drie jaar is? 

De depressieve stoornis (MDD-Major depressive disorder) wordt gekenmerkt door een 

sombere stemming, verlies aan plezier, gevoelens van schuld en minderwaardigheid, 

vermoeidheid, verminderde concentratie en suïcidale gedachten. Depressie kent veel 

verschillen in beloop: sommige patiënten herstellen snel, anderen hebben 

terugkerende symptomen, of langdurige klachten. We hebben geprobeerd de vraag 

te beantwoorden of het beloop van depressie kan worden voorspeld. 

Hiervoor hebben we in Hoofdstuk 2, 74 depressieve patiënten en 45 gezonde 

individuen gescand tijdens een emotionele geheugentaak en daarna hebben we hen 

twee jaar lang gevolgd. Tijdens de twee jaar tussen de metingen lieten de patiënten 

verschillen zien in beloop: sommige patiënten waren hersteld, terwijl dit bij anderen 

niet het geval was. We hebben getest of de hersenactivatie in gebieden die 

gerelateerd  zijn aan het emotionele geheugen zoals de hippocampus, amygdala en 

insula het natuurlijk beloop (namelijk zonder specifieke interventie) van depressie 

konden voorspellen. Patiënten  waarbij de klachten niet waren verminderd 

gedurende de twee jaar toonden bij de start van de studie een hogere activiteit van 

de insula, hippocampus en amygdala tijdens het herinneren van woorden met een 

negatieve betekenis vergeleken met gezonde individuen. Bovendien werd gevonden 

dat een hogere activatie in de hippocampus bij de start van de studie was 

geassocieerd met een vertraagd herstel. Opmerkelijk was  dat de effecten niet waren 

gerelateerd aan de ernst van de ziekte en de behandeling die gedurende de follow-up 

periode was gegeven. Ook werd de prestatie op de geheugentaak onderzocht bij alle 

onderzoeksdeelnemers. Echter, de prestatie op de geheugentaak was niet gerelateerd 

aan het beloop van de depressie gedurende de follow-up periode. 
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Samenvattend geven onze resultaten aan dat het beloop van een depressie 

mogelijk te voorspellen is op basis van de activatie van hersengebieden die 

verantwoordelijk zijn voor affectieve verwerking en geheugenwerking. Vergeleken 

met een gedragsindex (i.e. de geheugenprestatie) blijkt een neurobiologische index, 

(i.e. de activatie van insula en hippocampus tijdens het verwerken van negatieve 

informatie), sensitiever te zijn om het beloop van de depressie te voorspellen. 

Neurale activatie van hersengebieden die verantwoordelijk zijn voor affectieve 

verwerking en geheugencodering zou in de toekomst dienst kunnen doen als 

aanduiding voor een ongunstig beloop van depressie. Deze resultaten moeten echter 

eerst nog in een onafhankelijk onderzoek worden gereproduceerd. 

Vraag 2: Herstelt hersenactivatie tijdens affectieve verwerking wanneer 

je niet meer depressief bent of vormt het een langdurig ‘litteken’ van 

depressie? 

Een beter geheugen voor negatieve levensgebeurtenissen en een minder goed 

geheugen voor positieve levensgebeurtenissen zijn belangrijke factoren voor de 

ontwikkeling en instandhouding van depressie. Deze geheugenbias is zowel bij acuut 

depressieve patiënten als bij herstelde patiënten waargenomen, wat suggereert dat 

de bias niet afhangt van hoe ernstig je depressief bent. De bias kan misschien wel 

verklaren dat je depressief wordt en vormt wellicht dus eerder een stabiele 

kwetsbaarheidsfactor. Ons doel was om voor het eerst te onderzoeken of ook 

hersenactivatie gedurende geheugenverwerking wel of niet verandert bij een 

verandering in de ernst van de depressie. Bovendien vroegen wij ons af of een 

langere periode van depressieve klachten geassocieerd is met blijvende 

veranderingen in hersenactivatie. Dit zou kunnen verklaren waarom iemand die 

vaker depressief is geweest een nog grotere kans heeft om opnieuw depressief te 

worden dan iemand die maar eenmalig depressief is geweest. 

In Hoofdstuk 3 beschrijven we een studie waarin we 40 patiënten met 

depressie en 29 gezonde personen tweemaal hebben gescand, eenmaal op ‘baseline’ 

en eenmaal na twee jaar. Gedurende de follow-up waren 21 patiënten hersteld van 

hun depressieve klachten en 19 hadden nog steeds klachten. Bij elk bezoek voerden 

de deelnemers tijdens de fMRI- scan een emotionele geheugentaak uit. We ontdekten 

dat vermindering van symptomen was geassocieerd met veranderingen over tijd in 

activatie van de hippocampus en amygdala, met name gedurende het onthouden 

van positieve gebeurtenissen. Deze verandering gaf een herstel van activatie aan in 

opgeknapte patiënten: bij herstel leken patiënten weer normale activiteit te hebben in 

de hippoccampus en amygdala tijdens het onthouden van positieve stimuli. Er werd 
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geen verband gevonden tussen de veranderingen in hersenactivatie over tijd en de 

duur van de depressieve symptomen tijdens de twee jaar. Bovendien bleken onze 

resultaten onafhankelijk te zijn van veranderingen in de mate van angst, 

medicijngebruik of psychotherapie.  

We concluderen dat de activatie van de hippocampus tijdens het onthouden 

van positieve gebeurtenissen mogelijk terugkeert op het niveau van voor de 

depressieve episode, en dat dit geen blijvend effect is na een langdurige depressieve 

periode. 

Vraag 3: Kunnen we depressieve patiënten met of zonder suïcidaal 

gedrag onderscheiden op basis van hersenactivatie tijdens de verwerking 

van sociaal-emotionele informatie en tijdens plannen? 

In de meest extreme situatie kan depressie (MDD) leiden tot suïcide. Suïcidale 

patiënten hebben, net als depressieve patiënten in het algemeen, problemen met 

emotionele en cognitieve processen. Echter, niet alle MDD patiënten denken aan 

suïcide, doen een poging of plegen suicide. Het is lastig om depressieve patiënten 

met een risico voor suïcide te identificeren op basis van het klinische beeld. We 

stelden onszelf daarom de vraag:  Verschillen depressieve patiënten met of zonder 

suïcidaal gedrag (gedachten, plannen, of een poging in het verleden) in de  neurale 

respons tijdens het verwerken van sociaal-emotionele informatie en tijdens 

cognitieve controle ? 

In Hoofdstuk 4 rapporteren we een studie waarin  we hersenactivatie hebben 

onderzocht tijdens het impliciet verwerken van sociaal relevante emotionele 

informatie (namelijk het verwerken van emotionele gezichtsuitdrukkingen) en een 

planningstaak (Tower of London taak) bij patiënten met of zonder suïcidaliteit 

(huidige suïcidale gedachten, of een poging in het verleden). Vergeleken met 

patiënten zonder suïcidaliteit toonden suïcidale patiënten afwijkingen in de activatie 

van de hippocampus-amygdala tijdens het kijken naar emotionele 

gezichtsuitdrukkingen, met name bij het kijken naar neutrale gezichtsuitdrukkingen. 

Dit ging samen met een wat langere reactietijd. Vergeleken met niet-suïcidale 

patiënten en gezonde proefpersonen hadden suïcidale patiënten echter geen moeite 

met de uitvoering en hersenactivatie van een planningstaak. De resultaten waren niet 

gerelateerd aan de mate van suïcidaliteit, de ernst van de depressie, medicijngebruik 

en emotionele mishandeling tijdens de kindertijd. 

Samenvattend suggereren deze bevindingen dat depressieve suïcidale 

patiënten kunnen worden onderscheiden van niet-suïcidale patiënten op basis van 

hun neurale responses tijdens emotionele verwerking. Dit onderscheid duidt een 
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algemeen hogere gevoeligheid aan voor sociaal-emotionele informatie, met name als 

de informatie ambigue is. Daarnaast lijken suïcidale patiënten relatief intacte 

executieve controlefuncties te hebben in een niet-emotionele context. Deze resultaten 

kunnen mogelijk een waardevolle bijdrage leveren aan klinisch onderzoek en 

interventie. Wel moeten hiervoor de resultaten eerst gerepliceerd worden in een 

onafhankelijk onderzoek. 

Vraag 4: Kunnen psychiatrische stoornissen worden onderscheiden op 

basis van de vorm van hun neuronale respons tijdens emotie regulatie? 

Depressie is ook een belangrijk kenmerk van een andere stemmingsstoornis, namelijk 

bipolaire stoornis. De bipolaire stoornis wordt gekenmerkt door wisselingen tussen 

manisch/hypomanische en depressieve periodes, met tussendoor periodes met een 

normale geestesgesteldheid. Manische periodes zijn typisch voor de bipolaire type I 

stoornis, die bestaan uit een extreem verhoogde of prikkelbare gemoedstoestand, 

hyperactiviteit, drang om te blijven praten, een verhoogd gevoel van eigenwaarde en 

een verminderde behoefte aan slaap. De bipolaire type II stoornis wordt gekenmerkt 

door hypomanische perioden, wat minder zware manische perioden inhoudt. De 

bipolaire stoornis wordt in de DSM-5, het handboek met de diagnostische criteria 

voor psychiatrische stoornissen, beschreven als een stoornis die mogelijk op het 

continuüm ligt tussen schizofrenie en MDD. Schizofrenie is een zeer ernstige stoornis 

met psychotische symptomen zoals hallucinaties (horen, zien of dingen voelen die er 

niet zijn), wanen (onjuiste overtuigingen die niet weerlegbaar zijn, zelfs als er 

tegenstrijdig bewijs voor is), negatieve symptomen zoals verminderde emotionele 

expressie en apathie (verminderd zelf-geïnitieerd en doelgericht gedrag wat 

resulteert in bijvoorbeeld een verminderde neiging om aan werk of sociale 

activiteiten deel te nemen).  

Hoewel de bipolaire stoornis en schizofrenie verschillende affectieve 

afwijkingen en problemen in emotieregulatie laten zien, wordt gedacht dat beiden 

stoornissen verstoringen hebben in een prefrontaal netwerk van hersengebieden. Het 

is echter onduidelijk of regulatieproblemen in deze patiënten komt door het niet 

kunnen volhouden van de frontale controle tijdens de hele periode van bewuste 

regulatie of dat de oorzaak ligt in het überhaupt niet activeren van de frontale 

gebieden. Het is ook niet duidelijk of het mogelijk is dat deze stoornissen te 

onderscheiden zijn op basis van die verschillen in de vorm van de respons (hierna 

temporele dynamiek of profielen genoemd) in neurale netwerken onderliggend aan 

verschillende emotionele disfuncties. 
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In Hoofdstuk 5 onderzochten we de temporele profielen van hersenreacties bij 

16 patiënten met schizofrenie en 15 patiënten met een bipolaire stoornis terwijl zij 

een emotieregulatie taak uitvoerden. Tijdens deze taak werden patiënten gevraagd 

om negatieve situaties te herinterpreteren om zo hun negatieve emoties te 

verminderen en een meer positieve gemoedsgesteldheid te krijgen (cognitieve 

herinterpretatie). Voor de analyse van de fMRI-signalen werd de exacte vorm van de 

hersenrespons over tijd  weergegeven door een specifieke temporele 

modelleringstechniek (finite impulse response modeling). Er werden stoornis-specifieke 

hersenactivatiepatronen gevonden tijdens de totale tijdspanne van cognitieve 

emotieregulatie: schizofrenie werd gekarakteriseerd door het niet kunnen 

vasthouden van de activatie in de prefrontale-limbische gebieden, terwijl bipolaire 

stoornis werd gekenmerkt door een algemeen gebrek aan betrokkenheid van deze 

gebieden tijdens het herinterpreteren. Onze bevindingen kunnen mogelijk meer 

helderheid geven over verschillende strategieën van emotieregulatie bij patiënten. 

Deze resultaten suggereren dat de nadruk van cognitieve training bij schizofrenie 

zou moeten liggen in het voortzetten van bewuste regulering, terwijl bij bipolaire 

patiënten de nadruk meer zou moeten liggen op het activeren en realiseren van 

effectieve regulatie.  

Toekomst… 

Samenvattend suggereren de bevindingen in dit proefschrift dat functionele 

neuroimaging mogelijk gebruikt kan worden als 1) aanvulling op klinische metingen 

door het verloop te voorspellen van psychische stoornissen, 2) voor het identificeren 

van processen die afhankelijk zijn van de depressieve stemming en mogelijk een 

aanduiding van succes van een therapie kunnen zijn, 3) het onderscheiden van 

verschillende psychopathologie of psychiatrische stoornissen. Ondanks dat de hoge 

kosten en beperkte beschikbaarheid van MRI technieken (alleen in grote medische 

centra) het gebruik van biomarkers in de dagelijkse praktijk beperkt, kan het 

identificeren van fMRI-markers een eerste stap zijn om risico inschatting mogelijk te 

maken of een behandeling te kiezen binnen de klinische psychiatrie.  

Voor klinisch gebruik is het voor toekomstige neuroimaging onderzoekers 

nodig om individuele klassificatie benaderingen te gebruiken voor het bepalen van 

patronen in hersenactiviteit om zo functionele MRI-data te vertalen naar 

betekenisvolle informatie op het niveau van de individu. Een individuele benadering 

is van groot belang  gezien de grote individuele verschillen die bij patiënten die 

lijden aan psychiatrische stoornissen worden aangetroffen. 
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"The brain is the organ of the mind. Where else could [sic] be if not in the 

brain?" (Eric Kandel, Neuropsychiatrist, a Nobel Prize laureate)  

c.f. The roots of mental illness by Kirsten Weir 

 

 

 

 

 

 

English Summary 

 

 

Why? 

Mental health is an essential part of human health. It is increasingly acknowledged 

that mental disorders pose a challenge to public health all over the world. Mental 

disorders including major depressive disorder, bipolar disorder and schizophrenia 

not only impact the quality of personal life, but also lead to huge social and economic 

costs. According to the World Health Organization, over 800,000 suicides occur each 

year globally, with most of them being associated with mental disorders. The high 

rate of death and disability underscores the importance of providing precise 

diagnosis and effective treatment of mental disorders.  

    

 

Unlike diagnoses of most physical diseases, the diagnosis of mental disorders 

is mainly based on observations and the psychiatrists’ subjective experiences without 

any biological measurements (e.g., blood tests). However, mental disorders are 

similar to physical diseases in that they both are characterized by behavioral and 

biological components, whereby it is thought that the brain is affected predominantly 

in mental disorders. The breakthroughs of neuroimaging techniques in the last two 

decades enable us to recognize and understand the brains of individuals with mental 

disorders, which could potentially facilitate early detection and intervention. 

Mental disorders are generally characterized by abnormalities in thoughts, 

perceptions, emotions and behaviors. One of these abnormalities is notable in 

affective processing, which is a fundamental part of human cognition and its 
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disturbance contributes to the core symptomatology of mental disorders. For 

example, individuals with depression tend to recall more negative events (e.g., being 

downgraded at work) than positive events (e.g., getting a good grade in school). This 

‘recall abnormality’ or memory bias constitutes a cognitive symptom in depression 

that has a negative effect on mood. Another form of affective processing which plays 

a vital role in social functioning is processing of facial expressions. However, unlike 

healthy individuals, MDD patients have more feelings of hostility when they are 

confronted with a neutral or angry face, which might relate to their deficits in 

inhibiting control and lead to further suicidal behaviors. Moreover, mental disorders 

also alter people’s ability to perceive or express their emotions, namely emotion 

regulation. When faced with a stressful situation such as being questioned by the 

boss on the ability of a work related task, healthy people may be able to flexibly 

perceive that as a motivation to do a better job, whereas patients with a psychiatric 

disorder will mostly focus on the critique and will feel more easily sadness, get upset 

of angry. 

In this thesis, I sought to explore the brain mechanisms of affective processing 

in three major psychiatric disorders: major depressive disorder, bipolar disorder and 

schizophrenia. 

How? 

With the aim of investigating brain function, we used functional magnetic resonance 

imaging (fMRI) in the experimental studies included in this thesis. The human brain 

has many specialized cortical areas, which are associated with particular functions 

such as vision, language, motor control and emotion. Activation of the nerve cells 

varies during different activities and states of mind, from simply moving the fingers 

to reading a book to having a sad mood. When activation of nerve cells in a brain 

region increases in relation to a certain task, there is an increased demand for oxygen, 

which means more blood flows through this region. Using fMRI, the brain activation 

can be detected in terms of differences in degree of oxygenation and measured in a 

safe and non-invasive way. Moreover, fMRI can assess the broader range of 

structures more quickly than other radiology techniques (i.e., Computed 

Tomography, Positron Emission Tomography, and Single Photon Emission 

Tomography). With its incredible capabilities, fMRI is not only widely used to study 

the normal functioning of the human brain, but also used to understand how 

functioning of the brain is altered in patients with mental disorders.  

What? 
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Q1: Why is one person depressed for three months, while the other is 

depressed for three years? 

Major depressive disorder (MDD) is characterized by sad mood, loss of pleasure, 

feelings of guilt and self-worthless, fatigue, impaired concentration and suicidal 

thoughts. Patients suffering from depression show diverse courses: some recover 

quickly, some have recurrent symptoms, others have long-lasting complaints. We 

attempted to answer the question whether the course of depression is predictable. 

In chapter 2, we therefore included 74 depressed patients and 45 healthy 

individuals who were scanned during an emotional memory task and followed them 

for two years. During the two-year follow-up, patients showed different courses: 

some of them remitted, while others did not. We specifically tested whether brain 

activation in areas related to emotional memory such as the hippocampus, amygdala 

and insula could predict the naturalistic course (i.e., without a specific intervention) 

in depression. Compared to healthy individuals, MDD patients who did not remit 

during the two years of follow-up showed higher activation at the start of the study 

in the insula, hippocampus and amygdala during memory formation of negative 

words. Furthermore, more activation in the hippocampus at the start of the study 

was associated with delayed remission. Notably, effects were unrelated to illness 

severity in patients at scan time and received treatment during the follow-up period. 

Also, we investigated the behavioral performance during the memory task for all 

participants. However, memory performance was not related to subsequent course of 

MDD.  

Taken together, our results indicate that the subsequent course of depression 

may be predictable by activation of areas in the brain that are responsible for 

affective processing and memory processing. Compared to a behavioral index, the 

neurobiological index in terms of insular and hippocampal activation during 

negative information processing is more sensitive in predicting depressive course. In 

the future, neural activation of brain areas responsible for affective processing and 

memory encoding may serve as markers of an unfavorable course in MDD. However, 

these results should first be replicated in an independent sample. 

Q2: Does brain activation during affective processing change over time 

as a result of recovery or does it represent a long-term scar in depression? 

Better memories for negative life events and worse memory for positive life events 

are key factors for the development and maintenance of MDD. This memory bias has 

been found in acutely depressed patients as well as remitted patients, making it a 

potential trait-like effect. We aimed to investigate whether brain activation during 
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memory processing changes does or does not change with a change in depressive 

state. Additionally we asked the question whether a longer duration of depression is 

associated with changes in brain activation.   

In chapter 3, we described how we scanned 40 depressed patients and 29 

healthy individuals twice, once at baseline and once at two year follow-up. During 

the two year follow-up, 21 patients showed symptom remission and 19 were still 

symptomatic. At each visit, participants performed an emotional memory task 

during fMRI scanning. We found that symptom remission was associated with larger 

changes of activation over time in the hippocampus extending to the amygdala, 

especially during positive memory formation. This change indicated a normalization 

of activation, so that upon remission depressed patients seemed to show normal 

hippocampal and amygdala responses during positive memory encoding. No 

correlation was found between changes of brain activation over time and duration of 

depressive symptoms in the two-year interval. Moreover, our results were observed 

to be independent of changes in severity of anxiety, medication use or participation 

in psychotherapy.  

To conclude, we suggest that the neural substrate of positive memory 

processing in terms of hippocampal activation might be a state-dependent marker of 

depression, which does not reflect a scarring effect after a prolonged depressive 

course. 

Q3: Can we differentiate depressed patients with or without suicidal 

behavioral based on brain activation in response to social emotional 

information and during planning? 

MDD can lead to suicide in its most extreme situation. Similar to MDD patients in 

general, suicidal patients have problems with emotional and cognitive processes. 

However, not all MDD patients show signs of suicidal ideation, attempts or commit 

suicide. Importantly, it is difficult to identify MDD patients at risk for suicide only by 

a psychiatrist’ subjective diagnosis. We therefore posed the following question: does 

the neural response during processing of social emotional information and during 

cognitive control help to distinguish MDD patients with or without suicidal 

disposition?  

In chapter 4, we reported how we examined brain activation during implicit 

processing of socially relevant emotional information (i.e., emotional faces task) and 

executive functioning (i.e., Tower of London task) in depressed patients with or 

without suicidality (i.e., current suicidal ideation or a history of attempt). Compared 

to patients without suicidal thoughts or behaviors, suicidal patients showed 
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abnormalities in activation of the hippocampus-amygdala formation when viewing 

emotional faces, especially when viewing neutral faces, which was accompanied by 

somewhat longer reaction times. However, suicidal patients did not show any 

impairment in performance and brain activation during the execution of a planning 

task compared to patients without suicidality or healthy individuals. Results were 

not related to suicidal severity, depression severity, medication use and childhood 

emotional maltreatment.  

In sum, these findings suggest that MDD patients with suicidality can be 

differentiated based on their neural responses during emotional processing from 

patients without suicidality. This differentiation represented a higher general 

sensitivity to social-emotional information compared to non-suicidal patients, 

especially when the information was ambiguous. However, suicidal patients were 

suggested to have relatively intact capacity in their executive control functions in a 

non-emotional context. Although it is initial evidence that needs replication, our 

study may provide valuable information to guide clinical assessment and 

intervention.  

Q4: Can psychiatric disorders be distinguished based on their temporal 

profiles during emotion regulation? 

Apart from MDD, depression is a prominent feature of another mood disorder, 

namely bipolar disorder. It is characterized by shifts in episodes of manic/hypomanic 

and depressive states, with periods of normal mood in between. Manic episodes are 

typical in bipolar I disorder, consisting of extreme elevated or irritable mood, over-

activity, pressure of keep talking, inflated self-esteem and a decreased need for sleep. 

A less severe form of manic episode is hypomanic episode, which is typical in bipolar 

II disorder. In the latest diagnostic criteria of psychiatric disorders [DSM-5 criteria], 

bipolar disorder is recognized as a disorder that may lie at the continuum between 

schizophrenia and MDD. Schizophrenia is a severe disorder involving psychotic 

symptoms such as hallucinations (hearing, seeing or feeling things that are not there), 

delusions (false beliefs that are not amenable even if there is conflicting evidence), 

and negative symptoms such as reduced emotional expression and apathy 

(diminished self-initiated goal-directed behavior which results in e.g., a low tendency 

to participate in work or social activities).  

Although bipolar disorder and schizophrenia show distinct overt affective 

abnormalities and emotion dysregulation, they have both been suggested to share 

dysfunctions in the prefrontal inhibitory brain circuit. However, it is unclear whether 

inefficient regulation in those patients are due to the disability to perpetuate the 
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frontal-control during the full time of effortful regulation, or due to a failure to 

engage frontal regulatory areas per se. Also, it is unclear whether it is possible to 

distinguish these disorders based on the temporal dynamics in neural circuits 

underlying distinct overt emotion dysfunctions. 

In chapter 5, we estimated the temporal profiles of brain responses for 16 

schizophrenia patients and 15 bipolar patients when they performed an emotion 

regulation task, during which patients were instructed to reinterpret suggested 

negative situations in order to reduce their negative emotions and get a more 

positive mood state (i.e., cognitive reappraisal). During analysis of the fMRI signal, 

the exact shape of the time related features were captured by a specific temporal 

modeling technique (i.e., finite impulse response modeling). Disorder-specific brain 

activation patterns over the full time window during which cognitive emotion 

regulation was exerted were found: schizophrenia was characterized by a failure to 

sustain activation in prefrontal-limbic areas, whereas bipolar disorder was 

characterized by a general deficiency in initiating reappraisal. Our findings may shed 

light on different strategies of emotion regulation abnormalities in patients. These 

results suggest that the emphasis of cognitive training in schizophrenia should be 

sustaining effortful regulation, whereas in bipolar patients the emphasis should be 

on initializing and achieving effective regulation. 

Future… 

In summary, findings from this thesis suggest that functional neuroimaging may be 

used in addition to clinical measures in predicting the subsequent course of mental 

disorders, identifying state or trait effects processes promoting a depressive state and 

in distinguishing different symptom specificities or different psychiatric disorders. 

Therefore, although the high costs and limited availability (only in large medical 

centers) of MRI techniques restrict their potential use as biomarkers in daily practice, 

identifying fMRI-markers might be a first step to facilitate risk assessment or 

treatment selection in clinical psychiatry. 

To be of clinical use, future neuroimaging researchers need to employ new 

approaches for decoding distributed patterns of brain activity in order to translate 

functional MRI data into meaningful information at the individual level, which is 

especially important considering the large individual differences found in psychiatric 

disorders. 
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“大脑是心灵的载体。(精神疾病)如果不是发生在大脑，还

会发生在哪儿呢？”（爱瑞克·坎得尔，神经精神病学家，诺贝尔

奖获得者）——引自 克瑞斯特·威尔《精神疾病的根源》 
 

 

 

 

 

 

中文概要 

 

 

为什么研究？ 

精神健康是个体健康不可或缺的一部分。近年来精神疾患发病率在全

世界各个国家持续增加，为公共健康带来了压力和挑战。抑郁症、双相情

感障碍、精神分裂症等精神疾病不仅仅对个体生活质量造成重大影响，还

给社会和经济带来巨大负担。世界卫生组织资料表明，全球每年有超过八

十万人自杀身亡，而其中大部分自杀都与精神疾患有关。精神疾患的高发

病率和高死亡率都显示了进行精确诊断和有效治疗的重要性。 

  

 

 

 

精神疾病与其他大部分躯体疾病的不同之处在于，它的诊断主要依赖

精神科医生的主观经验判断而非客观生理指标的测量（比如验血）。然而

与躯体疾病相同的是，精神疾病同样具有行为表现和生理表现，只不过精

神疾病的病灶是大脑。近二十年来神经成像技术的快速发展使得认识和理

解精神病人的大脑成为了可能，并且为及早治疗和发现提供了帮助。 

精神疾患的一般特点是思维异常，感知觉失调，情绪障碍和行为失常

等。情绪是人类行为活动的基石，情绪功能产生障碍也就构成了精神疾患

的核心症状。例如在抑郁症中，患者倾更向于回忆消极的事件（如工作被

降级）而非积极的事情（如在学校获得好成绩）。这种“消极回忆”或者
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记忆的负性偏向是一种典型的认知失调，并会对情绪产生不良影响。另一

种对社交功能很重要的情绪功能是对面部表情的认知。然而相对于常人来

说，抑郁症患者往往会在看到生气的面孔或者无表情的面孔时，产生更多

的反抗情绪。这一认知失调与这些患者的控制力受损伤有关，并有可能导

致进一步的自杀行为。此外，精神疾病患者的情绪调控能力也异于常人。

在遇到压力比如工作受到上司的质疑时，一般人往往可以从压力情境中快

速恢复并灵活地将压力转化为动力从而更好地完成工作，而精神分裂症患

者却会出现极端情绪反应，并且很难从极端愤怒中恢复平静。 

本书的主要目的就是探讨几种主要精神疾病（抑郁症、双相情感障

碍、精神分裂症）中情绪功能障碍的脑机制。 

如何研究？ 

为了研究大脑的功能，本书的实验研究全部采用功能性核磁共振成像

技术。我们的大脑是由各司其职的不同脑区组成，这些脑区分别掌管着视

觉、语言、动作控制以及情绪功能。从简单地动动手指，到阅读一本书，

到沉浸在悲伤情绪中…脑神经细胞的活动在不同的行为和心理状态下都不

尽相同。当脑神经细胞的活动在执行某项任务变得活跃时，对氧气的需求

也就更高，这就意味着更多的血液会流向这一脑区。使用功能性核磁共振

成像技术能够安全无创地探测到这种脑血氧含量的变化。此外，相比于较

早的放射成像技术（如 CT 检查，正电子发射断层扫描，单电子发射断层

扫描等），磁共振技术能够更加精确快速地扫描大脑的各个区域。功能核

磁共振凭借巨大的研究潜力，已不仅仅广泛应用于研究正常人脑的功能，

还被致力应用于探求精神疾病患者脑机制的临床研究中。 

有何发现？ 

问题一：为什么有些抑郁患者的病程持续了三个月，而另一些患者的病程

持续了三年之久？ 

抑郁症的特点是持续感到悲伤，丧失兴趣，不断地自我否定和负疚

感，疲倦感，睡眠紊乱，难以集中注意力以及具有自杀念头等。抑郁症可

能持续困扰患者多年，也可能在短期内恢复或者反复发作。问题在于，抑

郁症的病程可预测吗？ 

本书第二章详细阐述了这个问题。研究中我们用功能性核磁共振技术

扫描了 74 名抑郁症患者和 45 名正常人在完成情绪记忆任务时的脑活动，
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并在此后对他们进行了为期两年的追踪研究。这两年间，抑郁患者显示出

了不同病程：有的已经恢复，有的病情反复，还有的一直没有恢复。我们

有针对性地研究了大脑负责情绪记忆的关键脑区如海马、杏仁核以及脑岛

等区域的活动是否能够预测两年间抑郁症的自然（即未给予任何特殊治疗

或者临床干预）发展病程。结果发现，相较于正常人，两年之后仍未恢复

的抑郁患者在此前的消极情绪记忆任务中表现出了脑岛、海马以及杏仁核

的显著激活。此外，研究初始时海马的显著活动与持久的抑郁病程有关。

这些结果均不受患者的抑郁程度以及用药情况的影响。另一方面，我们还

对情绪记忆任务的行为指标进行了分析。然而记忆的行为表现并未显示出

对抑郁症的病程具有任何预测效果。 

总的来说，我们的研究结果表明情绪和记忆的一些关键脑区的活动可

能会对抑郁症的病程起到预测作用。并且，以脑岛和海马活动为代表的神

经生物学指标能够比行为指标更为敏感地预测抑郁病程。今后的研究如果

能够独立重复出相同的结果，那么负责情绪和记忆功能的脑区活动也许有

望应用于临床，成为预测抑郁症病程的生物指标。 

问题二：抑郁患者情绪脑区活动随着时间推移产生的变化是疾病恢复的结

果还是长期疾病创伤的表现？ 

对消极生活事件的记忆不断增加和积极生活事件的记忆缺失是抑郁症

产生或者持续恶化的重要因素。记忆的这一负性偏向行为不仅仅存在于抑

郁患者中，也存在于抑郁恢复者中，因而被认为与抑郁特质而非抑郁状态

有关。我们的问题是，记忆负性偏向相关的脑活动是否与抑郁状态或者特

质有关？具体来说，与情绪记忆有关的脑活动的变化是否与抑郁状态的改

变有关？此外，抑郁的病程长短是否与相关脑活动的变化有关？ 

本书第三章的研究中，我们详细描述了如何对 40 名抑郁症患者和 29

名正常人在执行情绪记忆任务时的脑活动进行时隔两年的两次扫描。在两

年之后的第二次扫描中，其中 21 名抑郁患者表现出状态的恢复，而另外

19 名患者仍然处于抑郁状态。实验结果显示，抑郁状态的恢复与积极情绪

记忆时海马（延伸至杏仁核）活动的大幅变化有关。我们进一步发现，在

抑郁状态恢复者执行积极情绪记忆任务时，该脑区活动也显示出相似的上

升趋势，因此这也就意味着海马活动随着抑郁状态的恢复而趋向正常。但

是实验并未发现抑郁时间长短与情绪相关脑区的活动在两年内的变化有

关。此外，这些效应均不受患者抑郁严重程度、用药情况和参与心理治疗

情况的影响。 
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总而言之，我们的研究认为积极情绪记忆加工时的海马活动也许会成

为与抑郁状态相关的生物指标，而并非长期持续抑郁的创伤表现。 

问题三：抑郁患者的自杀倾向能否通过他们在社会情绪行为或者计划行为

时的脑活动来辨别？ 

抑郁症在最严重的情况下会导致自杀。自杀病人与其他抑郁病人同样

存在情绪和认知功能的障碍。然而，并非所有的抑郁患者都会出现自杀的

念头、企图或者行为。在临床上，仅仅根据精神科医生的主观诊断也很难

辨别抑郁患者是否有自杀倾向。因此，我们的研究问题是：能否通过抑郁

患者在社会情绪加工和认知控制加工中的脑活动来辨别他们是否存在自杀

倾向？ 

本书第四章详细报告了我们是如何扫描抑郁患者在完成社会情绪任务

（面孔情绪加工任务）和执行控制任务（伦敦塔任务）时的脑活动，并如

何对其中具有自杀倾向（即具有自杀念头或者有过自杀企图）和非自杀倾

向患者的脑活动进行比较的。研究结果发现，与没有自杀倾向的抑郁患者

相比，具有自杀倾向的患者在情绪面孔加工特别是看到中性面孔时显示出

海马-杏仁核区域的活动异常以及反应时间的延长。然而，具有自杀倾向

的抑郁症患者在完成认知控制任务时却未表现出任何行为或者脑功能的异

常。这些结果均不受自杀念头的严重程度、抑郁严重程度、药物使用以及

童年情绪虐待经历的影响。 

总之，这些研究结果表明通过社会情绪加工过程中的脑活动来辨别具

有自杀倾向的抑郁症患者是有可能的。这部分患者往往比非自杀倾向患者

对社会情绪信息更加敏感，特别是当情绪信息十分模糊时。然而，他们的

对非情绪相关信息的认知能力却相对而言没有受损。尽管我们的研究仅仅

提供了一些初步证据，结果还需要进一步的重复，但是这也许能够为临床

诊断和自杀干预提供一些有效信息。 

问题四：可以根据情绪调节过程中脑活动的不同时间进程特征来区分不同

精神疾病吗？ 

抑郁情绪不仅仅是抑郁症的主要症状，也是另一种情绪疾病双相情感

障碍的重要特征。双相情感障碍通常包括躁狂期或轻躁狂期和抑郁期，以

及中间的情绪正常期。躁狂是一型双相情感障碍的典型特征，表现为极端

亢奋或者易怒、精力过剩、急于表达、自尊心膨胀以及睡眠需求减少。轻

躁狂则是二型双相情感障碍的典型表现，比躁狂症状稍轻。在最新的精神
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疾病诊断标准【DSM-5】中，双相情感障碍被认为是介于抑郁症和精神分

裂症之间的精神疾病。精神分裂症是一种严重的精神疾病，其症状包括正

性症状如幻觉（幻听、幻视等），妄想（与现实不符却坚定不移的错误信

念），负性症状如情绪表达减退、情感淡漠（兴趣消退，如回避参加工作

或者社交活动）。 

尽管双相情感障碍和精神分裂症各自表现出了不同的情绪功能障碍和

情绪调控障碍，但它们同样具有前额叶抑制区域的功能损伤。然而，关于

这些病人的情绪调控障碍到底是由于他们不能维持前额叶在整个调节进程

中的执行控制，还是由于不能够有效激活前额叶的调控功能的机制尚不清

楚。此外，我们也并不清楚是否能够通过情绪调控加工中的不同时间进程

来区分不同的精神疾病。 

本书第五章中，我们扫描了 16 名精神分裂症患者和 15 名双相情感障

碍患者在情绪调控过程中的脑活动，并对这一过程中脑活动的时间进程进

行了测算。在情绪调控任务中，病人需要对看到负面刺激后产生的消极情

绪进行重新阐释，进而降低他们的消极情绪并达到一个比较积极的情绪状

态（即认知重评）。在对大脑功能像的数据分析过程中，我们利用了专门

的时间计算模型（即有限脉冲响应模型）来对脑活动的时间特征进行建模

运算。研究结果显示，精神分裂症和双相情感障碍患者在认知重评过程中

的脑活动表现出了不同的时间特征：前者能够激活前额叶控制区但是不能

持续至调节结束，而后者则在情绪认知调节过程中未能激活前额控制区。

我们的研究揭示了这两类患者的情绪调控中存在着不同的神经障碍。研究

结果对精神疾病患者情绪调控能力的训练有一定的指导意义：对于精神分

裂患者来说，重点在于训练他们努力维持认知调控这一过程直到情绪平

复；而训练双相情感障碍患者的情绪调控能力重点则在于激发他们的调控

能力，引导他们有效进行认知重评。 

研究展望… 

综上所述，本书研究发现脑功能成像可以作为临床测量的辅助手段，

用于预测精神疾病的病程，辨别抑郁的状态特征，以及区分同一精神疾病

的不同表现症状或者区分不同的精神疾病。因此，即使昂贵的测查费用和

有限的可用性（只有大型医院才配备）限制了磁共振技术在临床治疗中的

应用潜力，但是运用该技术对于脑功能这一生物指标的识别却是提高临床

评估准确性和选择有效治疗手段的第一步。 
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鉴于精神疾病存在巨大的个体差异，未来的脑成像研究需要采用新方

法来解码脑活动的各种模式特征，从而将功能性核磁共振数据转化成有利

于临床诊断的个体水平上的信息。 

 

 

作者注：本文中所提及的精神疾病症状只涉及这些疾病的一般特点，

并非诊断标准。疾病的诊断和治疗请咨询精神疾病专科医生。 
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