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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 

 6 



142 

 

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 
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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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