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1. GENERAL INTRODUCTION 

“Sadness flies away on the wings of time” – Jean de la Fontaine 

 

Transient sadness is a natural part of life. However, for some individuals sad mood is 

more intense and refuses to dissolve. Numerous individuals suffer from depression and 

feel that they are ill and in need of treatment. In fact, depression is one of the leading 

causes of disability worldwide. Despite major research efforts, it remains unknown what 

the driving force behind depression is. 

 

1.1. Depression: a definition 

The Diagnostic and Statistical Manual of Mental Disorders (DSM) provides a solution to 

the question: what is clinical depression? This solution is used as a working definition for 

research into depression. According to this international standard, depression consists of a 

constellation of symptoms related to lowered mood. The DSM-IV Text Revision 

(American Psychiatric Association, 2000) recognizes sad mood and demotivation or loss 

of pleasure (anhedonia) as core symptoms of depression. Next to the core symptoms, 

somatic correlates of a negative mood state are included as symptoms. The somatic 

symptoms of depression include aberrant levels of energy, sleep, movement and weight 

or food intake. Cognitive correlates of a negative mood state are also recognized. The 

cognitive symptoms of depression include subjective impairments in concentration and 

decision-making as well as thought patterns dominated by ideas of guilt, worthlessness, 

and suicidal ideation. 

These symptoms are used as diagnostic markers for a clinical depression that requires 

treatment. The DSM-IV diagnosis of major depression is based on the number (i.e., 

minimum of 1 core symptom and minimum of 5 out of 9 symptoms in total) and the 

duration of symptoms (i.e., minimum of 2 continuous weeks). In addition, the symptoms 

should be accompanied by marked distress and suffering, or impairments in role 

functioning, for instance in the vocational or psychosocial domain. There is debate on the 

construct validity of depression as a categorical illness that is either present or absent in 

episodes or as a dimensional phenomenon that can be present in gradations. This debate is 

currently reflected in DSM definitions, since depression is also recognized in lighter 

1 



3 

forms (minor depression: 2-4 symptoms with duration of 2 weeks or dysthymia: 4 

symptoms with duration of 2 years). 

The assumption that depression is an on-or-off illness that is marked by a clinical cut-

off point has the practical advantage of allowing relatively straightforward research into 

prevalence, onset and history of disease. A number of large population studies have 

generated these statistics for major depression. In the United States, the National 

Comorbidity Survey (original: N=8,089 in 1990-1992; Blazer et al., 1994, replication: 

N=9,090 in 2001-2002; Kessler et al., 2003) gave lifetime prevalence estimates of 15-20% 

and one-month prevalence estimates of 5% for adults. The Netherlands Mental health 

Survey and Incidence Study (NEMESIS: N=7,076 in 1996; Bijl et al., 1998) reported 

comparable figures. The median age at onset for major depression is around 20-25 

(Andrade et al., 2003). Estimates of recurrence range from 50-90%, with increasing odds 

of recurrence and chronicity with each new episode (Judd et al., 1998; Solomon et al., 

2000). These findings substantiate that major depression has a very large burden of 

disease (i.e. is very expensive for society), mainly due to healthcare costs and loss of 

productivity (WHO, 2008). 

 

1.2. Depression: advancing the definition 

The definition of depression provided by the DSM-IV serves as an instrument for 

clinicians and a working definition for researchers, and is particularly useful for 

standardized sample selection for clinical studies. In healthcare, it consequently serves as 

foundation for evidence-based treatment for depression. However, the DSM definition of 

depression gives a false sense of scientific objectivity regarding the classification of who 

is ill and who is not. Population studies show that up to half of DSM-IV depressed  

individuals do not seek treatment (Kessler et al., 2003). Mild depression is more likely to 

remit spontaneously (Kirsch et al., 2008), and therefore a concern for overdiagnosis has 

been voiced (Dowrick & Frances, 2013). In clinical practice, diagnostic classification 

often requires clinical judgment and thus still has a subjective element. Finally, it is 

important to note that the definition of depression is evolving over time. 

The first manuals, DSM-I and DSM-II, took a prototypical approach to classifying 

mental illness by matching disease presentation to the most similar prototype. This 
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system was deemed unreliable, because similar patients were frequently classified as 

having different disorders (Spitzer et al., 1978). The symptom-based or checklist 

approach was adopted in DSM-III and greatly increased reliability. However, symptom 

selection was subject to debate and decisions on which symptoms to include for 

depression diagnoses were acknowledged to be somewhat arbitrary. For instance, there 

was a debate on whether to include anhedonia (loss of motivation/pleasure) and anxious 

(fearful/worried) mood as core symptoms of depression (Feighner et al., 1972; Spitzer et 

al., 1978). A case classified as anxious in the current system might have been classified as 

depressed in an alternative system. It appears that the validity of diagnosis is still under 

construction as we enter the DSM-V era today. 

In medical science there often is a biological substrate for the observed symptoms 

(nosology on the basis of etiology). The classification of psychiatric conditions does not 

yet rely on a clear biological or psychological substrate. Antidepressant medication is 

advertised to solve a chemical imbalance in the depressed brain, however the evidence for 

a clear-cut chemical imbalance is rather weak (Lacasse & Leo, 2005). The mechanisms of 

action of psychological therapies are debated as well (Garratt et al., 2008). Although 

results from family studies suggest that depression is partly heritable (35-40%; Fava & 

Kendler, 2000; higher in early-onset and clinical groups), genetic association studies have 

not found any loci consistently implicated in depression (Bosker et al., 2011). Thus, the 

diagnostic entity is subjected to clinical, psychological and biological validators with at 

best varying degrees of success. This raises the question whether depression truly is a 

unitary construct. 

There is an increasing recognition that multiple etiological pathways play a role in 

depression (Lichtenberg and Belmaker, 2010; Kendler, 2012). It is less clear whether 

etiological factors are uniformly or randomly distributed across depressed individuals 

(providing validity for depression as multifactorial disorder), or whether subgroups exist 

that show dominance of particular pathways. For example, neural and clinical alterations 

might be more prominent for groups that show particular risk factors for depression. This 

thesis therefore takes the approach to relate several risk factors for depression to the 

neural and clinical expressions of depression. This approach could further elucidate the 

functional significance of neuroimaging findings, testing validity for different 

conceptualizations of depression, and by this means develop our understanding of the 
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multiple pathways to depression. Vascular and cognitive vulnerability are selected as the 

main risk factors of interest, because there are indications that they are associated with a 

detrimental course of depression, and well-developed theories exist regarding 

pathophysiological mechanisms that allow hypothesis-driven research (e.g., Alexopoulos 

et al., 1997; Abramson et al., 1989).  

 

1.3. Risk factors for depression 

“A risk factor is any attribute, characteristic or exposure of an individual that increases 

the likelihood of developing a disease or injury” – World Health Organization 

 

Stress is perhaps the most studied risk factor for depression. Exposure to early life stress 

is a distal risk factor that is mainly predictive of depression with an onset in adolescence 

or early adulthood. Major life events such as job loss, divorce, or widowhood often 

precede depressive episodes later in life (Kessler, 1997). This concerns up to 80% of the 

episodes observed in the general population (Hammen, 2005). Virtually anyone will 

experience major negative life events, yet only 20% of the population suffers from 

depression at some point in their lives. Predisposing factors that render an individual 

more vulnerable for the effects of these events presumably play a significant role 

(Monroe & Simons, 1991), and even further sensitization to stress  may occur as the 

disorder progresses (Post, 1992; Kendler et al., 2000; Monroe & Harkness, 2005). 

 Cognitive vulnerability or a persistent negative thinking style regarding oneself, 

the world and the future is a well-established risk factor for depression (Alloy et al., 

1999). After initial conceptualizations of cognitive distortions by Beck in 1963, additional 

facets have been highlighted such as appraisals of low experienced control in stressful 

situations (helplessness theory; Abramson et al., 1978), and feelings of hopelessness for 

the future and a resulting negative self-image (hopelessness theory; Abramson et al., 

1989). Cognitive vulnerability is thought to explain individual differences in stress 

sensitivity, because stress experience results in activation of negative schemas that 

facilitate appraisal and processing of incoming information in accordance with the 

schema. Accordingly, cognitive vulnerability is considered to enhance the odds of 

developing depression after experiencing a negative life event (Scher et al., 2005). 
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Cardiovascular disease (CVD) is another risk factor for depression, although the 

relationship between CVD and depression is clearly bidirectional. Depression predicts the 

onset and accelerates the progression of CVD (Nemeroff & Goldschmidt-Clermont, 

2012). Conversely, CVD and CVD risk factors such as hypertension, diabetes, and 

myocardial infarction (Meng et al., 2012; Valkanova & Ebmeier, 2013) also predict onset 

of depression. Responsivity of the cardiovascular system is a relevant factor for 

individual differences in stress reactivity that may be associated with depression in 

individuals with CVD or CVD risk factors (McEwen, 2012). Alternatively, 

cardiovascular disease in itself could be such a severe stressor that individuals with a low 

pre-existing vulnerability for depression become depressed (Ormel & De Jonge, 2011). 

 

1.4. Depression and the brain 

At present, the origins of disordered mood are not fully understood. However, it is likely 

that alterations in emotional brain circuits are involved (Sheline, 2003). Emotional 

responses are orchestrated in the brain after the integration of sensory input from 

perceived stimuli in the external (e.g. sounds) and the internal milieu (e.g. heart rate). 

There is also a central cognitive component to emotion (e.g. expectancies and 

interpretation). Emotional brain circuits receive sensory input and give output to the stress 

axes, which generate the bodily emotional response. These functions are all integrated to 

produce motivated behavior. Convergent results from lesion studies in animals and 

humans established a critical role for frontolimbic brain areas in motivated behavior 

(Feinstein, 2013; Cardinal et al., 2013). The important role of these circuits was 

confirmed by meta-analysis of studies examining brain activation in response to 

emotional cues (Lindquist et al., 2012). 

Depressed individuals show fundamental abnormalities in the processing of 

emotional cues, surpassing the mere correlates of emotional experience. The clinical 

picture tells that it is difficult to look at the bright side for someone in a depressed state. 

In a figurative manner, this can be attributed to dysfunction in appraisal and interpretation 

(e.g. increase in negative over positive interpretations, increase in self-relevance and self-

blame appraisals; Beck, 1963; Scher et al., 2005). In addition, the negative outlook might 

be more literally true than one would initially expect. Visual attention is directed towards 

1 



7 

negative information in a prolonged and involuntary manner, because it is more difficult 

to disengage from negative information for someone who is depressed. In addition, 

negative information appears to be preferentially recalled from memory. These processes 

could contribute to the development and maintenance of low mood (De Raedt & Koster, 

2010).  

Research has therefore been directed at identifying the neural correlates of 

abnormalities in emotional processing in depressed patients. The main areas of interest 

are part of the frontolimbic system [box 1]. The amygdala is an important component that 

receives direct sensory input and is involved in emotional learning and memory. It is 

thought of as a relevance detector (Sander et al., 2003), and therefore is involved in 

appraisal. The amygdala is closely connected to the anterior cingulate cortex (ACC). 

These areas together are involved in generating the bodily response to emotion and stress. 

The lateral prefrontal cortex is involved in affective state monitoring and cognitive 

control processes. It does not have direct connections with the amygdala, but the ACC 

acts as an intermediary station to connect emotional and cognitive processes. The 

frontolimbic network has been implicated in depression by dysfunctions at the appraisal, 

monitoring and response levels (Mayberg, 1997; Phillips et al., 2003).  

 

1.5. Neural correlates of cognitive and vascular vulnerability 

Many studies investigating the neural correlates of depression – such as activation 

abnormalities during the processing of emotional information, network organization and 

volumetric brain alterations - confirm the involvement of frontolimbic brain areas. 

However, results from these studies are difficult to interpret, because there is a large 

heterogeneity of findings and it is uncertain what the functional significance of the 

findings is. Experimental design is one potential explanatory factor for differential results. 

For instance, the activation abnormalities might be more pronounced for or restricted to 

particular experimental characteristics, such as negative valence and self-relatedness of 

emotional cues. Moreover, an individual differences approach could identify sources of 

heterogeneity within groups of depressed individuals, by investigating whether distinct 

risk factors are associated with more pronounced brain alterations. Combining data from 

multiple sources in such a fashion would achieve an integration of different levels of 

explanation (i.e. psychological/physiological and neural explanation levels). 

1 
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There is some overlap in the conceptualization of cognitive vulnerability and the 

theoretical models of neural abnormalities in depression. A persistent negative thinking 

style and interpretation imply deviances in appraisal and impaired affective state 

monitoring. An association between self-reported cognitive vulnerability and a 

frontolimbic imbalance in activation (higher amygdala/anterior cingulate and less lateral 

prefrontal) would support this line of reasoning (Beck, 2008; Disner et al., 2011). Still, 

Box 1: Frontolimbic brain areas Ochsner & Gross, 2005; Phillips et al., 2008 

 
 

The frontolimbic system is a collection of brain areas that give rise to emotional 

responses. The exact definition in terms of brain areas is variable in the literature, 

however the main areas as described in this thesis are depicted from left 

(medial/central) to right (lateral): 

 

The anterior cingulate cortex (green)  has been related to emotional experience and 

response, particularly sadness. The location in the brain is very central and it is highly 

connected to other areas, most prominently to the amygdala, with which it works in 

concert to generate emotional responses. It is also thought to be involved in automatic 

emotion regulation. 

 

The hippocampus (light blue) is a subcortical brain structure named after a seahorse, 

due to the distinct curly shape that follows the wall of the ventricle. Functionally the 

hippocampus and adjacent parahippocampal areas are related to memory and inhibition 

of one of the stress axes. 

 

The amygdala (red) is almond-shaped and located at the utmost tip of the 

hippocampus in the medial temporal lobe, subserving emotional memory and learning, 

amongst others. Traditionally, the amygdala was viewed as a fear circuit, but it is now 

known to be involved in a variety of socio-emotional processes. 

 

The lateral prefrontal cortex (dark blue) is mainly involved in higher cognitive 

functions such as inhibition, attention, and executive control. Regarding emotional 

processing, it is implicated in voluntary and strategic emotion regulation. The 

ventral/lower part is thought to have an inhibitory role whereas the dorsal/higher part is 

thought to be more strongly involved in reappraisal. 
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the first level of explanation focuses on trait-like content of thought as recollected by the 

individual, whereas the second level focuses on information processing from incoming 

emotional stimuli to ultimate emotional response in real-time. It is unknown whether 

cognitive vulnerability is associated with brain activation patterns in a continuous fashion, 

and whether associations can be found in individuals with and without a current diagnosis 

of depression. 

 

Vascular depression has been proposed to be a subtype that constitutes a substantial part 

of late-onset depression (onset>65 years), and earlier-onset depression of which the 

course is affected by the consequences of incident vascular disease such as hypertension, 

myocardial infarction, and stroke (Alexopoulus et al., 1997). In the original 

conceptualization, emphasis was placed on white matter lesions that contributed in a 

singular or cumulative way to disconnection and dysregulation of frontolimbic circuits. 

However, other structural and perfusion abnormalities as a consequence of vascular 

disease might also play a role. Vascular disease is associated with volumetric reductions 

in frontolimbic gray matter areas, already in an early stage of disease (Beauchet et al., 

2013). Since the brain regulates somatic stress reactivity (e.g. changes in blood pressure 

and heart rate after stress) and emotional reactivity, alterations in shared brain circuits 

may also predispose to both cardiovascular disease and depression (Thayer & Lane, 2009; 

Jennings & Zanstra, 2009). Most research into vascular depression has focused on 

separate vascular and late-life depression subgroups. It is still unknown whether 

comorbidity of vascular disease and depression shows specific structural brain alterations. 

 

1.6. Clinical correlates of vascular and cognitive vulnerability 

Further investigation of the associations between predisposing risk factors and the 

phenomenology, course and treatment responsiveness of depression may improve our 

understanding of the pathways towards depression and may help to identify clinically 

relevant depression subtypes. For instance, there is accumulating evidence that risk 

factors have different weights for early-onset and late-onset depression, as predicted by 

the vascular depression hypothesis (Alexopoulos, 2005). The definition of depression as 

listed in the DSM allows for many possible combinations of symptoms and in this way 
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may contribute to the heterogeneity in research findings. If subgroups of depressed 

patients could be distinguished on the basis of depression symptomatology, this could 

improve diagnostic validity. 

A well-established questionnaire for measuring depression introduced cognitive 

and somatic symptom dimensions of depression (Beck et al., 1996). Both theory-driven 

and data-driven analyses confirm this distinction, although there are conceptual 

differences between samples and measures (e.g. compare Wardenaar et al., 2010 and 

Hegeman et al., 2012). Clinically it has been observed that vascular patients report less 

cognitive symptoms (e.g. less feelings of guilt; Alexopoulus et al., 1997). It has further 

been suggested that illness-related factors such as inflammatory processes contribute to 

the development of somatic symptoms in patients with vascular disease. Excessive 

fatigue is a good example of a somatic symptom that can arise from a number of 

processes, including lack of sleep, job stress, or an inflammatory process. Research in 

cardiac patients showed that particularly somatic symptoms of depression are associated 

with illness severity and cardiovascular prognosis (Azavedo et al., 2014). However, there 

have been few systematic comparisons of symptom profiles between depressed patients 

with and without cardiovascular disease. 

Clinical validators have demonstrated stronger associations with the cognitive 

than somatic symptom dimension of depression, amongst others for psychiatric 

comorbidities, duration of illness, personality characteristics, and childhood trauma (Lux 

& Kendler, 2010). Although cognitive vulnerability has been related to these clinical 

validators, it has not been studied whether cognitive vulnerability is more strongly related 

to the cognitive dimension of depression (either cross-sectionally or prospectively). 

Cognitive vulnerability increases after depression onset and decreases after a depressive 

episode remits. Thus, self-reported cognitive vulnerability levels presumably to a certain 

extent reflect schema activation by negative mood state or stress rather than the intended 

vulnerability trait. Cognitive reactivity (i.e. the increase in negative thinking style after 

schema activation) is likely to be more trait-like and a better predictor of depressive 

symptom levels than cognitive vulnerability (Scher et al.,2005). It is uncertain whether 

cognitive vulnerability predicts depressive symptom levels when the schema is not 

activated (e.g., in non-depressed individuals that do not experience significant stress). 

1 
1
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[Type a quote from the document or the summary of an interesting point. 

You can position the text box anywhere in the document. Use the Text Box 

Tools tab to change the formatting of the pull quote text box.] 

Box 2: Aims and outline of the thesis 

In summary, this thesis seeks to explore whether cognitive and vascular risk 

factors for depression are associated with the neural and clinical expression of 

depression. The individual studies test pathophysiological pathways from 

cognitive and vascular risk factors for depression to the brain (activation 

imbalance and volumetric reductions in frontolimbic circuits) and to symptom 

profiles (the cognitive and somatic dimensions). By this means, the individual 

studies examine whether studying depression subgroups may hold more promise 

than studying depression as a unitary construct. 

The first part of the thesis focuses on task-related modulation of the neural 

correlates of depression. The second part of the thesis concerns the neural 

correlates of cognitive and vascular risk factors for depression. The third part of 

the thesis examines whether subgroups based on cognitive and vascular risk 

factors are associated with differences in the clinical expression of and recovery 

from depression. 

Although depressive symptoms and cognitive vulnerability show prospective 

associations, stronger evidence for causal relations would result from experimental 

manipulation of a risk factor in a randomized clinical trial. Psychological treatments for 

depression with a cognitive component are centered on challenging dysfunctional 

cognitions and depressogenic schemas. Many studies have confirmed associations 

between improvements in depression and cognitive vulnerability after therapy with a 

cognitive component. However, reductions in depression and cognitive vulnerability 

appear not to be at all specific for treatments that explicitly target cognitive processes and 

therefore inferences regarding causality are inconclusive (Garratt et al., 2007). It remains 

uncertain whether different treatment types impact the association between depression 

course and vulnerability reductions, whether associations are different for treatment-

responsive and treatment-unresponsive patients, and what the time window of the effects 

is. 

  

1 
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Part 1: Task-related modulation of the neural correlates of depression 

Chapter two examines emotional valence as a modulator of brain functional abnormalities 

during emotion processing in depressed patients. Most models have focused on the 

processing of negative emotional stimuli, but it is still unclear how the processing of 

positive emotional stimuli is altered. A meta-analysis was conducted on 44 imaging 

studies with a total of 795 depressed and 792 control participants. 

Chapter three examines self- related processing as a modulator of brain functional 

abnormalities in depressed patients. Moreover, this paper takes a network approach to test 

whether the alterations are more pronounced at a network level than at a regional level. 

Data were derived from a self-reflection task in 24 depressed and 24 matched non-

depressed participants from the Depression In the Picture (DIP) study. 

 

Part 2: Neural correlates of cognitive and vascular risk factors for depression 

The functional significance of a frontolimbic imbalance in activation in depression is 

unclear. The fourth chapter examines whether alterations in brain activation during 

emotional processing are associated with the cognitive vulnerability and life stress risk 

factors for depression, separately for negative and positive emotional cues. Functional 

imaging data from an emotional faces task in 112 participants were derived from the 

Netherlands Study of Depression and Anxiety (NESDA). 

The fifth chapter tests the prediction that structural brain abnormalities are involved in 

the comorbidity of hypertension and depression. Specifically, the hypothesis is tested that 

regional volumetric differences are most pronounced for a vascular depression subgroup. 

Data from the T1-weighted anatomical scans of 301 NESDA participants were analyzed. 

 

Part 3: Clinical correlates of cognitive and vascular risk factors for depression 

In chapter six it was examined whether depression in myocardial infarction patients has a 

different phenomenology than depression in primary and secondary mental health care, 

with a focus on the cognitive and somatic symptom dimensions of depression. Data were 

combined from 194 depressed myocardial infarction patients from the Myocardial 

Infarction and Depression – Intervention Trial (MIND-IT), 214 primary care patients and 

326 secondary mental health care patients from NESDA. 
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Chapter seven concerns putative associations between the cognitive vulnerability and 

life stress risk factors and the cognitive and somatic symptom dimensions of depression, 

testing the hypothesis that cognitive vulnerability differentially predicts higher cognitive 

symptom levels over time. Baseline and 12-months follow-up data were derived from 

2981 NESDA participants. 

Chapter eight examines whether the long-term associations between cognitive 

vulnerability levels and depression course are modified by enhanced treatment for 

depression in primary care. The associations are tested at 12-months and 24-months 

follow-up, to investigate the duration of effects. Data were derived from 265 depressed 

primary care patients from a randomized controlled trial. 
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Abstract 

Models describing the neural correlates of biased emotion processing in depression have 

focused on increased activation of anterior cingulate and amygdala and decreased 

activation of striatum and dorsolateral prefrontal cortex. However, neuroimaging studies 

investigating emotion processing in depression have reported inconsistent results. This 

meta-analysis integrates these findings and examines whether emotional valence 

modulates such abnormalities. A systematic literature search identified 26 whole-brain 

and 18 region-of-interest studies. Peak coordinates and effect sizes were combined in an 

innovative parametric meta-analysis. Opposing effects were observed in the amygdala, 

striatum, parahippocampal, cerebellar, fusiform and anterior cingulate cortex, with 

depressed subjects displaying hyperactivation for negative stimuli and hypoactivation for 

positive stimuli. Anterior cingulate activity was also modulated by facial versus non-

facial stimuli, in addition to emotional valence. Depressed subjects also showed reduced 

activity in left dorsolateral prefrontal cortex for negative stimuli and increased activity in 

orbitofrontal cortex for positive stimuli. Emotional valence is a moderator of neural 

abnormalities in depression, and therefore a critical feature to consider in models of 

emotional dysfunction in depression. 

1.  

2. 2.  
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2.1. Introduction 

Major depressive disorder is characterized by maladaptive and persistent emotional 

responses to stressors (Hammen, 2005). Such an emotional response has the potential to 

interfere with functioning in all aspects of daily life. Therefore, depression is likely to be 

associated with fundamental abnormalities in emotional processing, which continuously 

influence the processing of incoming sensory information (Harmer et al., 2009). Research 

has indeed demonstrated preferential processing of negative compared to positive 

information in depressed patients for multiple cognitive domains, such as perception, 

attention and memory (Disner et al., 2011, Roiser et al., 2012). Neuroimaging research 

provides a tool to visualize the core of the emotional dysfunction that  occurs in the brain 

of depressed patients.  

Several models of emotion processing in the depressed brain have been proposed, 

in which several brain regions are hypothesized to play a key role, with models differing 

in their emphases regarding the functions involved (for instance compare (Drevets et al., 

2008, Krishnan and Nestler, 2008, Leppanen, 2006, Mayberg, 1997, Phillips et al., 2003). 

Emotion identification is generally attributed to subcortical structures such as the ventral 

striatum and amygdala, integration of somatic responses is subserved by the insula and 

anterior cingulate cortex (ACC) and affective state monitoring is related to medial and 

dorsolateral prefrontal cortex (DLPFC) function. However, the predictions arising from 

these models have not been systematically evaluated in the light of recent literature. 

Moreover, the models do not make clear predictions regarding interactions between 

activation abnormalities and emotional valence. 

Emotional processing could be abnormal in depressed patients at different levels 

of processing. The initial appraisal of incoming information may be biased, leading to 

preferential processing of negative information and an amplified emotional response. In 

particular, it has been suggested that the amygdala may be highly sensitive to negative 

information (Murray et al., 2011), whereas the ventral striatum, an area predominantly 

involved in processing positive information, has been hypothesized to be less sensitive in 

depressed patients (Diekhof et al., 2008). Monitoring of the affective state may also be 

compromised by reduced cognitive control from the DLPFC and ACC, leading to 

insufficient capacity to downregulate the response of the amygdala (Beck, 

2008,Pizzagalli, 2011). Although these general models of emotional dysfunction in 
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depression lead to specific predictions, empirical studies investigating the neural 

correlates of emotional dysfunction in depressed patients have produced inconsistent 

results. It is still insufficiently known which levels are affected during the basic 

processing of emotional stimuli in emotion perception tasks and whether activation 

abnormalities are modulated by emotional valence at different levels of processing. 

Meta-analysis of functional magnetic resonance imaging (fMRI) studies in 

depressed patients is critical to validate and advance models of emotional dysfunction in 

depression. To date, two such meta-analyses have been performed (Diekhof et al., 2008, 

Fitzgerald et al., 2008). Their findings however were not fully consistent. In particular, 

while Fitzgerald and colleagues found that processing negative stimuli resulted in 

hypoactivation in depressed patients in pregenual anterior cingulate, Diekhoff and 

colleagues found that negative stimuli resulted in hyperactivation of the same area. 

Similarly, the amygdala is identified as hyperactive during negative emotional processing 

in one of the meta-analyses (Fitzgerald et al., 2008), but not the other one. This variation 

in results is probably due to methodological limitations, as these previous meta-analyses 

included a limited sample of studies (6 in Fitzgerald et al., 2008; 10 in Diekhof et al., 

2008), and employed a potentially biased fixed-effects meta-analytical approach  that 

does not adequately incorporate between-study variance , and as a consequence has since 

been superseded (Eickhoff et al., 2009). Furthermore, these studies did not take into 

account negative findings or region-of-interest studies, and thereby introduced bias in 

their selection of study samples. 

In the present work, the brain activation patterns of depressed patients were 

compared to healthy subjects in a meta-analysis on the processing of negative and 

positive emotion. An up-to-date systematic literature search was conducted to identify a 

larger number of studies relative to previous meta-analyses. In addition, an innovative 

analytical procedure for the pooling of results was employed. This approach employs not 

only the locations of significant effects, but also their effect size. Because statistical 

thresholds are taken into account during this analysis, this method allows for the 

combination of results from studies investigating the whole brain and specific regions of 

interest. It was hypothesized that depressed patients would show greater activation in 

amygdala and anterior cingulate cortex and less activation in ventral striatum and 
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prefrontal areas. Furthermore, the consistency of results across emotional valence and 

stimulus type was explored. 

 

2.2. Methods 

2.2.1.  Literature search 

A literature search was performed to identify relevant fMRI studies investigating 

processing of emotional information in depressed patients. The search was conducted 

using standardized search strings capturing the key elements “(f)MRI AND depression 

OR MDD AND emotion(*) OR affect(*) OR reward”. Articles were retrieved from the 

electronic databases PubMed, EMBASE and Web of Science until September 1, 2011. 

The search string was constructed to comprise the following Medical Subject Headings 

(MeSH terms): “magnetic resonance imaging”, “depressive disorder”, “emotions” and 

“affect”. After completing the database search, reference lists from eligible articles and 

major reviews were examined for additional relevant articles. 

 

2.2.2. Study selection 

A two-step procedure was used to identify articles eligible for inclusion. First, articles 

were assessed by reviewing their titles and abstracts for matching the following inclusion 

criteria: written in English language; reported as an empirical article; making use of fMRI; 

including a patient group with a primary diagnosis of current major depressive disorder 

(MDD); including a healthy control group. Articles were excluded when a diagnosis of 

depression was secondary to a somatic condition such as temporal lobe epilepsy or 

multiple sclerosis. Articles were also excluded when depression was investigated solely 

as a comorbid psychiatric condition or as post-partum depression. In case the abstract 

provided insufficient information to make a final decision, the study was selected for full-

text review. The title/abstract review was conducted by two independent assessors (NG 

and EO) and inconsistencies were resolved by asking a third independent assessor (AA). 

Next, the methodology of the selected articles was critically examined in a full-

text review. Only data from adult participants (age >18) were included, to ensure a 

homogeneous sample. The minimal sample size for inclusion was 5 participants in each 

group. Experimental paradigms had to contain a visual emotional element, such as 

displaying emotional faces or words. This criterion was adopted to promote homogeneity 
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in the included data, as auditory emotional tasks have been shown to recruit different 

neural systems than primary visual emotional tasks (Phan et al., 2002). Moreover, visual 

emotional paradigms are commonly employed. The contrasts of interest were positive or 

negative emotion versus non-emotional control condition. This had to be an active 

experimental condition, in order to adequately control for task effects. The full-text 

review was conducted by two assessors (NG and EO). Studies making a whole-brain or a 

region-of-interest comparison between depressed patients and healthy controls in at least 

one of the contrasts of interest were included in the first stage of the meta-analysis. It was 

ensured that the same study sample was not included twice after repeated analysis in 

separate articles. In the next step, studies using a Region-Of-Interest (ROI) approach were 

omitted from the analysis to investigate the robustness of the results. Finally, the analyses 

were repeated separately for studies presenting facial and non-facial task paradigms, to 

examine whether the activation differences between depressed and controls were similar 

across tasks. 

 

2.2.3. Statistical analysis 

A modified version of parametric voxel-based meta-analysis (PVM; (Costafreda 

et al., 2009a) was employed allowing the pooling of both ROI-based and coordinate-

based findings from individual studies. These modifications are summarized in the 

following paragraphs, and further details on the original method can be found in the 

original publications (Costafreda et al., 2009a, 2012). From the studies included in the 

functional meta-analysis, the coordinates of activation, their associated effect size, the 

statistical threshold below which findings were considered non-significant in that study 

(e.g. p < 0.001 uncorrected) and the anatomical labels as provided in the paper were 

extracted, for both whole-brain and ROI contrasts. When appropriate, coordinates were 

transformed from Talairach to the Montreal Neurological Institute coordinate system by 

using a non-linear transformation (Brett et al., 2001). Effect sizes were also converted 

from Z, T or P values to Z-scores, using as appropriate the cumulative probability 

function for the T distribution and the cumulative distribution function for the standard 

normal distribution. Both the total sample size as well as the number of subjects in each 

diagnostic group were used to compute the degrees of freedom, resulting in exact 

transformations. 
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Summary maps for each study were then created by convolving the effect sizes 

for each focus with a uniform kernel (radius 20 mm). This radius size was selected on the 

basis of previous empirical evidence suggesting that kernels of 15 – 25 mm offer optimal 

sensitivity without loss of specificity, when evaluated against a gold standard of image-

based meta-analysis. Optimizing sensitivity is of particular importance when using a 

conservative analytical approach (Radua and Mataix-Cols, 2009,Salimi-Khorshidi et al., 

2009). The effect of this convolution was that for brain locations located within radial 

distance of a focus, the effect size was estimated to be the same Z-value as at the focus 

(referred as “exact observations”). For areas located outside radial distance of a focus in 

whole-brain contrasts, the effect size estimate was an interval, determined by the 

statistical threshold (e.g. a nonsignificant finding with threshold p < 0.001 implies |Z| < 

3.09; these are further referred as “interval observations”). ROI contrasts contributed 

effect size estimates only for the relevant region of interest, as determined after 

conversion of anatomical labels as described by the study’s authors to the standard 

labelling system of the automated anatomical labelling (AAL) scheme described by 

(Tzourio-Mazoyer et al., 2002). When a study reported whole brain and ROI contrasts, 

the most precise measurement available (i.e. either an exact measurement for a significant 

finding or the most conservative threshold for a null result) was used in the summary map 

for that study. Significant findings from contrasts of greater brain activity in depressed 

patients than in healthy controls were represented by positive Z-values, while findings 

from greater activity in controls than depressed patients resulted in negative Z-values. 

In the estimating procedure, it was assumed that the voxelwise exact and interval 

Z-values were independently and identically distributed across studies, and generated by 

a Normal overarching distribution. The hypothesis to be tested was whether the mean of 

this distribution is significantly different from zero. Statistical inference therefore 

required integration of exact and interval data, precluding standard methods of model 

fitting such as least squares which require exact inputs. Therefore, maximum likelihood 

estimates of the population mean and standard deviation under normality distributional 

assumptions were obtained by direct (numerical) optimisation of the likelihood function 

(Nelder and Mead, 1965). In the likelihood function, the contributions from exact 

observations were represented by their exact (point) probability value according to the 

probability density function of the normal distribution, while interval observations 
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contributions were represented by the corresponding integral under the same normal 

probability density function. This procedure allowed valid inference on the parameters 

that maximise the likelihood of obtaining the observed results (both exact and interval 

values) given the data and our assumption of a normal distribution of the Z values. That is, 

this procedure resulted in the value of a mean effect most compatible with the available 

data. 

Statistical tests on the estimated mean of this distribution of Z values across 

studies for each voxel were then conducted based on normality assumptions, with a 

voxelwise null hypothesis H0: ||=0. The assumption of normality is common in 

neuroimaging, and underpins many analytical approaches, such as Gaussian random field 

theory as implemented in SPM. As a correction for multiple comparisons, we employed 

the false discovery rate (Benjamini and Hochberg, 1995). Voxels with a p-value in this 

test below the FDR threshold were deemed to show significant evidence for the 

alternative hypothesis  ||>0, i.e. evidence of differential brain activation between 

depressed patients and healthy controls. The template employed was the Montreal 

Neurological Institute (MNI) atlas, with dimensions 2 mm x 2 mm x2 mm. The software 

was implemented using the R statistical software (http://www.r-project.org) and is 

available upon request. 
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2.3. Results 

2.3.1. Study selection 

The initial database search elicited 2896 results (search strategy depicted in Figure 1). In 

the title-abstract review 197 articles were selected that fulfilled the inclusion criteria. The 

inter-rater reliability of the two independent observers was good (Cohens κ = 0.90). In 

total, 44 studies met our inclusion criteria (described in Table 1), including data from a 

total of 795 depressed patients and 792 healthy controls (HC). A variety of emotional 

tasks was represented in every contrast. The tasks consisted of paradigms involving 

reward or loss feedback and the presentation of emotional faces, words or pictures. Most 

studies presented a neutral stimulus well-matched to the active stimuli except for 

emotional valence (e.g., faces with neutral expressions compared to faces with negative 

expressions), however some studies used low-level baseline tasks, such as comparing 

emotional faces to geometrical shapes or a scrambled face. The reported smoothing 

parameters ranged from 4 mm to 10 mm. Some studies did not report the smoothing 

procedure. There were 18 studies that examined the contrasts in a region-of-interest (ROI) 

analysis. Seven studies performed a ROI analysis next to a whole-brain analysis. 

  

2 
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Figure 1: Schematic representation of the selection procedure for articles to be included in 

the final analyses on whole-brain (WB) comparisons and region of interest (ROI) 

comparisons.  

 

 

Literature search in Embase, Pubmed,  

Web of Science: 

2885 unique titles (1111 duplicates) 

Title/abstract review: 

2896 unique titles 

Full text review: 

197 unique titles 

References from articles included in 

full text review and review articles:  

11 additional unique titles 

Excluded after title/abstract review: 

2699 unique titles 

 

Not meeting inclusion critera; English, 

empirical study, fMRI, patient group 

primary depression, control group. 

Excluded after full text review: 

153 unique titles 

 

Not meeting inclusion criteria;  

1. sample size >5 each group (1), 

2. adults (12), 

3. current depression group (20), 

4. control group (16), 

5. visual emotional task (45),  

6. testing contrasts of interest (59). 

2 

Included in WB analysis: 

18 unique titles 
WB + additional ROI data: 

8 unique titles 
Included in ROI analysis: 

18 unique titles 
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Table 1. (a) Study characteristics extracted from articles reporting whole-brain results 

included in the combined meta-analyses for the four contrasts of interest. 
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Table 1. (b) Study characteristics extracted from articles reporting region-of-interest 

results included in the combined meta-analyses for the four contrasts of interest. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Note: For clarity purposes, the amygdala and anterior cingulate cortex are shown as regions of 

interest. Other regions were included in the meta-analysis as well. Abbreviations: ROI: region 

of interest; HC: healthy control group; DP: depressed group; AMG: amygdala; ACC: anterior 

cingulated cortex; IFG: inferior frontal gyrus; PFC: prefrontal cortex; SVC: small volume 

correction. 
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2.3.2. Meta-analysis on both whole-brain and region-of interest studies 

Meta-analysis including both studies using a whole-brain method and studies using a 

region-of-interest method showed differences between patients and HC in several areas 

(Figure 2). Full results for the contrasts of interest including coordinates, Brodmann 

Areas (BA) and Z-scores are presented in Table 2. 

 

Figure 2. Group differences in activation from the combined meta-analyses on whole-

brain and region-of interest-studies; presented separately for negative and positive 

emotion. 

Top Row: Negative emotions (MDD>HC in red, HC>MDD in blue). From left to right: Sagittal 

section at X = +3 mm showing increased activation in patients during negative emotional 

processing in mid and anterior cingulate cortex; Rendering of the basal brain showing increased 

activation in patients in basal temporal lobes and limbic areas; Rendering of increased left dorsal 

prefrontal activations in controls relative to patients during negative emotional processing.  

 
Bottom Row: Positive emotions (MDD>HC in red, HC>MDD in blue). From left to right: Sagittal 

section at X = +1 mm showing increased activation in patients in orbitofrontal cortex, with 

relatively reduced activation in patients relative to controls in dorsal cingulate and cerebellum; 

Axial section at Z = 0 mm showing increased activation in controls relative to patients in right 

insula, striatum and thalamus, and left lingual gyrus; Coronal section at Y = +30 mm showing 

increased activation in orbitofrontal cortex and decreased activation in anterior cingulate cortex. 

MNI Space. Results corrected at FDR p<0.05.   
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In response to negative emotions versus a neutral baseline, there was more 

activity in patients than in HC in bilateral basal temporal areas (including 

parahippocampal gyrus and amygdala), cingulate gyrus (dorsal anterior BA24/32 and 

middle BA24), right cerebellum, left putamen and left fusiform gyrus. In addition, 

patients showed less activity in the left dorsolateral prefrontal cortex (superior frontal 

gyrus).  

Processing of positive emotions compared to a neutral baseline resulted in more 

activity in patients than in HC in the lingual gyrus and orbitofrontal cortex. Patients had 

less activity in the left cerebellum, a cluster in left temporal/parietal area (including 

superior temporal gyrus, supramarginal gyrus and insula), cingulate gyrus (dorsal anterior 

BA24 and pregenual BA25), fusiform gyrus, and a cluster including right insula, striatum, 

amygdala and hippocampus, bilateral parahippocampal gyrus. 

 

2.3.3. Meta-analysis on whole-brain studies only 

To investigate the robustness of results after excluding region-of-interest studies, the 

meta-analysis was repeated on whole-brain studies only. This analysis showed a 

comparable pattern of findings as the meta-analysis on both whole-brain and region-of-

interest studies (supplementary table 1), but the amount of significant differences between 

patients and HC was less in this second analysis. This may be due to a loss of power 

especially in basal temporal regions, as the amygdala in particular was investigated by a 

number of ROI studies. 

In response to negative emotional stimuli compared to a neutral baseline, patients 

had more activity than HC in left basal temporal/occipital clusters, the left putamen and 

insula. These clusters included the middle occipital and middle temporal gyrus. A third 

cluster showing more activity in patients than in HC was seen in the right cerebellum. 

Patients showed less activity in the left dorsolateral prefrontal cortex (DLPFC).   

In addition, during processing of positive stimuli compared to a neutral baseline, 

patients showed more activity in regions of the right lingual gyrus, left hippocampus and 

bilateral orbitofrontal cortex. Less activity was seen in patients than in HC in bilateral 

cerebellum, the anterior cingulate cortex (ACC; BA 24), a cluster including the regions 

left insula, superior temporal gyrus and supramarginal gyrus and in a cluster including the 

right amygdala, insula, putamen and caudate nucleus. 
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2.3.4. Meta-analysis on tasks presenting facial stimuli and non-facial stimuli separately 

To investigate potential task-specific effects, the analyses were repeated separately on 

data from studies using facial stimuli (23 studies included for the negative emotion 

contrast and 11 studies for the positive emotion contrast) and on combined data from the 

tasks using non-facial stimuli (19 studies included for the negative emotion contrast and 

13 studies for the positive emotion contrast). 
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Table 2. Peak coordinates of significant group differences in activation for negative and 

positive emotional stimuli from the combined meta-analysis on whole-brain and region-

of-interest studies. 

Anatomical label BA Volume  MNI coordinates mean  

      # voxels x.max y.max z.max Z-score  

Negative emotion versus neutral 

baseline 

     Areas of increased activity in patients 

     Left basal temporal 

      

 

Fusiform Gyrus 20 263 -36 -26 -28 2,44 

 

Superior Temporal Pole 38 82 -36 10 -20 2,43 

 

Cerebellum - 10 -24 -24 -30 2,31 

 

Middle Temporal Pole 35 71 -22 -2 -36 2,34 

 

Parahippocampal Gyrus 36 86 -20 -10 -34 2,30 

 

Inferior Temporal Gyrus 20 172 -38 -24 -28 2,33 

 

Middle Temporal Gyrus 20 13 -48 -16 -20 2,29 

 

Insula 48 9 -36 8 -12 2,25 

Right basal temporal 

      

 

Parahippocampal Gyrus 35 212 26 0 -32 2,18 

 

Olfactory cortex 48 31 26 12 -18 2,04 

 

Superior Temporal Pole 34 17 26 6 -22 2,09 

 

Fusiform Gyrus 20 14 28 -4 -38 2,12 

 

Insula 48 1 28 12 -18 1,90 

 

Hippocampus 28 9 24 -2 -22 2,06 

 

Amygdala 28 41 24 0 -22 2,07 

Medial cingulate gyrus 

      

 

Middle Cingulate Cortex 24 115 -6 24 34 2,32 

 

Middle Cingulate Cortex 24 173 2 28 34 2,29 

 

Dorsal Anterior Cingulate  24 47 -8 4 32 2,11 

 

Superior Medial Frontal 

Gyrus 32 4 0 30 36 2,15 

Right cerebellum - 29 22 -70 -38 2,15 

Left occipital / temporal 

      

 

Middle Occipital Gyrus 39 46 -34 -62 24 2,23 

 

Middle Temporal Gyrus 37 3 -36 -62 14 2,28 

Left putamen 48 68 -30 6 6 2,18 

Left fusiform gyrus 37 39 -30 -42 -18 2,05 

        Areas of decreased activity in patients 

     Left superior frontal gyrus 8 24 -22 26 58 -2,54 

Left superior/middle frontal 

gyrus 9 47 -22 38 32 -2,52 

Abbreviations: BA: Brodmann Area; MNI: Montreal Neurological Institute (MNI) atlas. 
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Table 2. Peak coordinates of significant group differences in activation for negative and 

positive emotional stimuli from the combined meta-analysis on whole-brain and region-

of-interest studies. 

Anatomical label BA Volume  MNI coordinates mean  

      # voxels x.max y.max z.max  Z-score 

Positive emotion versus neutral 

baseline 

     Areas of increased activity in patients 

     Right occipital / temporal 

      

 

Lingual Gyrus 18 135 26 -92 -14 2,54 

 

Calcarine Sulcus 18 7 22 -96 -6 2,36 

 

Inferior Occipital Gyrus 18 38 28 -92 -8 2,36 

Medial orbitofrontal cortex 

      

 

Olfactorius Cortex 11 4 4 22 -14 2,55 

 

Rectus 11 78 2 30 -24 2,55 

 

Rectus 11 58 0 24 -24 2,55 

        Areas of decreased activity in patients 

     Left cerebellum and occipital 

      

 

Cerebellum - 2837 -22 -76 -28 -2,93 

 

Lingual gyrus 18 988 -18 -62 -6 -2,91 

 

Fusiform gyrus 18 184 -22 -74 -14 -2,79 

 

Calcarine Sulcus 19 106 -20 -54 4 -2,71 

Left temporal / parietal 

      

 

Rolandic opperculum 48 141 -40 -24 20 -2,74 

 

Superior Temporal Gyrus 41 8 -40 -36 12 -2,74 

 

Heschl Gyrus 48 1 -46 -16 12 -2,72 

 

Postcentral Gyrus 48 55 -50 -18 18 -2,69 

 

Supramarginal Gyrus 48 26 -50 -22 18 -2,66 

 

Insula 48 37 -34 -30 22 -2,18 

Medial cingulate gyrus 

      

 

Anterior Cingulate Cortex 24 60 -6 32 12 -2,83 

 

Anterior Cingulate Cortex 25 15 4 30 12 -2,81 

Right subcortical / basal 

temporal 

      

 

Putamen 48 517 28 -4 8 -2,55 

 

Pallidum 48 170 18 0 -4 -2,58 

 

Thalamus - 37 14 -12 0 -2,52 

 

Insula 48 84 38 10 -12 -2,07 

 

Hippocampus 35 16 16 -6 -14 -1,96 

Left parahippocampal gyrus 28 21 -14 -2 -26 -2,42 

Left angular gyrus 39 24 -38 -56 26 -2,41 

Right parahippocampal areas 

      

 

Parahippocampal gyrus 36 124 24 -14 -30 -2,20 

 

Fusiform gyrus 36 22 28 -10 -34 -2,20 

Right fusiform gyrus 37 31 44 -62 -20 -2,17 

Abbreviations: BA: Brodmann Area; MNI: Montreal Neurological Institute (MNI) atlas. 
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Both analyses showed a comparable pattern of findings to the previous meta-analyses, 

particularly for negative facial stimuli (supplementary table 2). For positive facial stimuli 

some previously significant clusters did not reach significance after correction for 

multiple comparisons, possibly due to reduced power as relatively few studies 

investigated these contrasts. Noteworthy, task-specific differential activation between 

groups was found in the pregenual ACC (BA24/25). In this area, patients demonstrated 

increased activation relative to controls during processing of facial stimuli and reduced 

activation during processing of non-facial stimuli. This effect was found for both the 

negative and positive emotion contrasts, although for positive facial stimuli the effect did 

not survive multiple comparison correction (Figure 3). There was no further evidence for 

task-specific effects.   

 

Figure 3. Group differences in anterior cingulate cortex activation from the combined 

meta-analyses on facial and non-facial stimuli; presented separately for negative and 

positive emotion. 

Top row: Negative emotions (MDD > HC in red, HC > MDD in blue). Left side: Decreased 

activation for non-facial stimuli in patients compared to controls in anterior cingulate cortex 

(BA25). Right side: Increased activation for facial stimuli in patients compared to controls in 

anterior cingulate cortex (BA25), accompanied by increased dorsal anterior cingulate activation 

(BA24/32). 

 
Bottom row: Positive emotions (MDD > HC in red, HC > MDD in blue). Left side: Decreased 

activation for non-facial stimuli in patients compared to controls in anterior cingulate cortex 

(BA24/25). Right side: Increased activation for facial stimuli in patients compared to controls in 

pregenual anterior cingulate cortex (BA25). All maps corrected at FDR p < 0.05, except for 

positive facial stimuli, which is p < 0.001 uncorrected.  
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2.4. Discussion 

A meta-analysis of neuroimaging studies on emotion processing in major depression was 

conducted to test predictions from models about the brain areas involved in dysfunctional 

emotion processing and to examine whether emotional valence modulates activation 

abnormalities. We were able to include 44 studies that contrasted MDD patients to 

healthy controls performing tasks with emotional stimuli during fMRI measurements. For 

the processing of negative emotion, depressed patients showed more activation in the 

right amygdala, left striatum, dorsal anterior cingulate and parahippocampal areas than 

healthy controls. In contrast, during processing of positive emotion these same areas 

(including right instead of left striatum) showed less activation in depressed patients 

compared to healthy controls. Moreover, depressed patients demonstrated less activity in 

the left dorsolateral prefrontal cortex (DLPFC) during processing of negative emotion and 

more activity in the medial orbitofrontal cortex (OFC) during processing of positive 

emotion. In summary, opposing effects of emotional valence were found in limbic and 

visual brain areas, accompanied by valence-specific effects in the prefrontal cortex. 

 

2.4.1. Opposing effects of emotional valence in limbic brain areas: negativity bias 

The current meta-analysis showed abnormal activation in the amygdala and striatum, 

subcortical structures which have been implicated in emotion identification by models 

describing the neural correlates of emotional dysfunction in depression (e.g. Leppanen, 

2006, Phillips et al., 2003). The amygdala is involved in directing attention at emotional 

information, facilitating emotional memory and generating an autonomic emotional 

response (Pessoa, 2010). Amygdala activation has been associated with the processing of 

both negative and positive emotions (Costafreda et al., 2008, Murray, 2007), and is 

involved in relevance detection in the brain, i.e. responding to stimulus features relevant 

for the subject’s interests (e.g. survival), and prioritizing processing in other brain areas 

(Jacobs et al., 2012,Sander et al., 2003). According to a review by Haber and Knutson 

(2010), the ventral striatum receives input from and interacts with the amygdala, but is 

more often associated with the processing of positive emotion. As a central part of the 

reward circuit it is sensitive to the anticipation and receipt of reinforcers, and in this way 

contributes to emotional learning. Stronger activation for negative emotional stimuli and 

less activation for positive emotional stimuli in amygdala and striatum might contribute 
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to the negativity bias often reported in depression (Harmer et al., 2009, Roiser et al., 

2012), by stimulating negative information and inhibiting positive information for further 

processing. 

The evidence for negativity bias given by the opposing effects of emotional valence 

in limbic brain areas was complemented by similar mirroring effects in the fusiform 

region, a secondary visual area linked to face processing. Facial stimuli depicting specific 

emotions were used by over half of the studies in this meta-analysis, and the activation in 

the fusiform areas was substantially more extensive for the studies presenting facial 

stimuli than for the studies presenting non-facial stimuli. Patients with depression showed 

increased activation relative to healthy controls in left fusiform cortex during the 

processing of negative emotional stimuli, and, conversely, decreased activation during 

positive emotional processing. This finding suggests that the negativity bias may be 

initiated as a perceptual bias towards negative, and away from positive stimuli, early in 

the perceptual processing stream as has been proposed before (Fales et al., 2008, 

Leppanen, 2006, Poulsen et al., 2009). This modulation of fusiform activity may be 

understood as part of a visual-limbic feedback loop that is biased in depression, given a 

strong bidirectional interaction between amygdala and fusiform gyrus during emotional 

facial processing (Herrington et al., 2011, Morris et al., 1998). 

A similar modulating effect of emotional valence was observed in the anterior 

cingulate cortex (ACC). During processing of negative emotion, depressed patients 

showed stronger activation than HC in a cluster in the dorsal ACC (with the peak located 

at the intersection of  BA24 and BA32), extending to the dorsomedial prefrontal cortex. 

In contrast, the dorsal perigenual ACC (BA24/25), a cluster located slightly more rostral 

than the cluster for negative emotion, was less active during processing of positive 

emotion. The dorsal ACC has been associated with attention and learning from negative 

feedback (Shackman et al., 2011). Furthermore, the dorsal ACC is thought to work in 

concert with the amygdala to generate the bodily response to emotion (Etkin et al., 2011). 

It has been suggested that the ACC, as part of the default-mode network, plays an 

important role in rumination and self-associations (Pizzagalli, 2011). Hence, abnormal 

dorsal ACC functioning could contribute to a multitude of depressive symptoms, ranging 

from biased attention to negative stimuli and rumination to increased sensitivity to stress.  
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Interestingly, when investigating whether the activation differences between 

depressed patients and controls were related to the type of stimulus used, an effect of 

stimulus type was found in the pregenual ACC (BA25). This area showed increased 

activation to facial stimuli and decreased activation to non-facial stimuli in depressed 

patients, irrespective of emotional valence. It is noteworthy that the large majority of 

studies included a neutral stimulus as control condition, so the activation differences 

could be associated with hyperresponsivity to emotional faces and hyposensitivity to non-

facial emotional stimuli. It would be interesting to examine the effects of other social cues 

for emotional states such as body language, to investigate whether the hyperresponsivity 

applies to social stimuli in general. Moreover, it is interesting that this area has been 

proposed to play a central role in integrating cognitive and emotional processes (Mayberg, 

1997). The presentation of facial stimuli depicting emotional states might elicit more 

integration of cognitive and emotional processes than the presentation of non-facial 

stimuli in depressed patients. 

Almost all the differences identified in medial frontal regions concerned pregenual 

and dorsal ACC. While precise location of findings is arduous in meta-analysis, it is 

striking that we did not find differences in the subgenual part of the ACC, because this 

structure is thought to play a prominent role in depression (Drevets and Savitz, 2008, 

Hamani et al., 2011, Mayberg, 1997). One possible explanation for this negative finding 

is that most tasks did not target processes that are deviant in the subgenual ACC of 

depressed patients. For instance, the subgenual ACC has been associated more with the 

experience rather than perception of emotion, and may be targeted by explicit mood 

induction (Berna et al., 2010) or self-referential instructions (Lemogne et al., 2009). On 

the other hand, the differences may be more pronounced in resting state activity rather 

than reactivity to emotional stimuli (Drevets and Savitz, 2008, Mayberg, 1997). It should 

be noted that considering the conservative analytical procedure, it remains possible that 

there are modest effects of emotional processing that went undetected. Future research 

should investigate the conditions under which there are abnormalities in subgenual ACC 

functioning in depression. 

  

2 

1



36 

2.4.2. Valence-specific effects in prefrontal areas: impaired affective state monitoring 

The left DLPFC was less active in depressed patients than in HC during processing of 

negative emotion. This is consistent with the hypothesis of impaired affective state 

monitoring in depression (e.g. Beck, 2008, Phillips et al., 2003). This finding also 

supports the rationale for use of transcranial magnetic stimulation over the left DLPFC to 

enhance cortical activation of this region in patients with MDD (George and Post, 2011). 

The left DLPFC is thought to inhibit amygdala activity during voluntary emotion 

regulation using suppression, attention redirection or reappraisal strategies. These 

voluntary strategies have been contrasted with automatic emotion regulation by medial 

prefrontal structures (Phillips et al., 2008). Accordingly, depressed patients might make 

limited use of emotion regulation strategies during emotional perception. The studies 

included in the present meta-analysis did not instruct the participants to regulate their 

emotions. However, active emotion regulation might be part of typical emotional 

functioning.  

During processing of positive emotion, the medial OFC was more active in 

depressed patients than in HC. The OFC is thought to code an abstract representation of 

value that is sensitive to change. Therefore, it acts as a complex dynamic system that is 

involved in different stages of affective state monitoring (Rolls and Grabenhorst, 2008). 

Neurons in the OFC have been shown to compute and compare values between stimuli 

before decision making occurs, compute the actual outcomes after stimulus presentation, 

compare the outcome to the prediction and adjust the value of the stimulus accordingly 

(Peters and Buechel, 2010). Therefore the temporal pattern of activation is crucial for the 

interpretation of activation differences. Higher activation in depressed patients might 

represent the drive that projects a correct value representation to the striatum and other 

limbic areas. Decreased feedback from the striatum might induce prediction errors in the 

OFC. 

 

2.4.3. Comparing results to predictions from models on emotion processing in 

depression 

Previous models describing the neural basis of emotion processing in depression have 

hypothesized three processes to be critical to depression; namely emotional appraisal, 

integration of the somatic response and affective state monitoring. The models have 
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mapped these processes to neural systems. The results from our meta-analysis are mostly 

supportive of abnormalities in structures thought to be involved in appraisal and affective 

state monitoring, but less supportive of abnormalities in the integration of the somatic 

response. At the appraisal level, the fusiform areas is suggested to project to the amygdala 

and striatum, and these areas are thought to work in concert to generate a negative bias in 

emotion recognition (Leppanen, 2006). This bias might be operational for the processing 

of both negative and positive emotional information.  

Decreases in activity in the left DLPFC in response to negative stimuli and 

increases in the OFC in response to positive stimuli might both reflect impaired affective 

state monitoring (Johnstone et al., 2007, Murray et al., 2011, Phillips et al., 2008). Some 

authors have described the OFC as part of the somatic response network together with the 

subgenual ACC (Leppanen, 2006, Phillips et al., 2003). Indeed, an increase in OFC 

activity during processing of positive emotional stimuli could be associated with lower 

somatic responsivity through inhibitory pathways. On the other hand, the findings are 

also in line with the hypothesis that OFC activity reflects affective state monitoring, as 

has been suggested by other authors (Beer et al., 2003, Krishnan and Nestler, 2008, Rolls 

and Grabenhorst, 2008) and in a later publication by Phillips and colleagues (2008). In 

summary, the role of the OFC appears to be broader than somatic integration alone, as it 

has also been associated with more complex functions such as decision making and 

motivated behavior. Unfortunately, there is a paucity of research on the monitoring of 

positive affective states in depressed patients. 

The dorsal ACC was hypothesized to be less active in depression as a part of the 

affective state monitoring network. Instead, we found increased dorsal ACC activity for 

processing negative emotion and decreased activity in dorsal pregenual ACC for 

processing positive emotion. This may be associated with decreased input from the 

DLPFC and increased output to the amygdala, providing a link between the dorsal and 

ventral networks as proposed by Mayberg (1997) for the pregenual ACC. Future research 

should test this hypothesis. On the other hand, the dorsal ACC may be involved in 

appraisal or generating an emotional response.  

The results of the meta-analysis are not fully consistent with the predictions from 

the models. Some important areas were not consistently found, most notably the 

subgenual ACC implicated in generating the emotional response (Drevets et al., 2008, 
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Krishnan and Nestler, 2008, Mayberg, 1997, Phillips et al., 2003). However, the 

outcomes do grossly resemble the model by Leppanen (2006) that was specifically 

developed to reflect biased processing of emotional information in depressed patients and 

takes emotional valence into account. Our results suggest two potential modifications to 

the network proposed by Leppanen. The first is related to the frontal areas involved in 

emotion regulation. The involvement of OFC and DLPFC might be valence-specific, the 

OFC mostly involved in positive and DLPFC in negative emotion. The dorsal ACC and 

dorsomedial PFC might provide a link between the frontal and subcortical areas. The 

second potential modification concerns the evidence for a role of the cerebellum and 

parahippocampal areas. Both areas have been consistently implicated in typical emotion 

processing (Lindquist et al., 2012, Phan et al., 2002, Schutter and Van Honk, 2005). The 

hypothesized role of the parahippocampal areas is to establish contextual information 

(Bar and Aminoff, 2003), and the cerebellum might  play an integrative and regulatory 

role in emotion processing (Schmahmann, 2000), comparable to the ACC. These areas 

deserve more investigation to determine which processes are altered in depression and 

how this translates to the Leppanen (2006) model.  

 

2.4.4. Comparison to the previous meta-analyses on emotion processing in depression 

The results of the current meta-analysis corroborate and extend the results from two 

previous meta-analyses on emotion processing in depression (Diekhof et al., 2008, 

Fitzgerald et al., 2008) in demonstrating lower activation in prefrontal and higher 

activation in limbic areas for the processing of negative emotion. We demonstrated higher 

activity in the dorsal ACC (BA32) in accordance with Diekhof and colleagues (2008), 

whereas Fitzgerald and colleagues (2008) found lower activity. However, we found 

stronger activity in the left amygdala, whereas Fitzgerald and colleagues (2008) found 

higher activity in the right amygdala and Diekhof and colleagues (2008) did not report 

any differences in the amygdala. It is noteworthy that the 16 region-of-interest studies 

investigating the amygdalae did report stronger activation for depressed patients fairly 

consistently. Therefore, the results remain inconclusive with respect to amygdala 

activation. For positive emotion, the main results were consistent as well (Fitzgerald et al., 

2008). However, the other meta-analyses did report a large number of additional 

activation differences that could not be replicated even though 41 studies were included 
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in the current meta-analysis compared to 6 (Fitzgerald et al., 2008) and 10 (Diekhof et al., 

2008) in the others. Therefore, the current meta-analysis is higher in power and has less 

sensitivity to outliers. Moreover, both previous meta-analyses employed an approach 

designed to test for above-chance clustering of individual foci rather than consistency of 

results across studies. This may result in summaries biased towards those studies 

artificially reporting more activations, for example by employing a more lenient statistical 

threshold. This source of bias has been corrected in later versions of the method (Eickhoff 

et al., 2009). 

 

2.4.5. Robustness of results when including only whole-brain studies in the meta-

analyses 

To examine the robustness of the results, the meta-analyses were repeated including only 

the 26 studies using a whole-brain rather than a region-of-interest (ROI) approach. The 

results were comparable to the main analyses, although for processing of negative 

emotions three important clusters of stronger activation in depressed patients did not 

reach significance. The clusters were located in the bilateral temporal areas surrounding 

hippocampus and amygdala and ACC. These areas were repeatedly investigated in ROI-

studies, where for the left amygdala 9 additional peaks and for the ACC 5 additional 

peaks were recorded. Similarly, two clusters in the parahippocampal areas disappeared 

for the positive emotion contrast, although the pre-existent limbic cluster came to include 

a peak in the amygdala. Presumably, this is also due to the large number of ROI studies 

examining the amygdala.  

The discrepant findings between whole-brain and ROI approaches may be 

explained by the smaller search volume and therefore higher sensitivity to small effect 

sizes in ROI studies. The consistency in results from whole brain studies was remarkably 

low. This could indicate that the true effect sizes are relatively small and need more 

power and thus larger sample sizes to be detected. Relatively weak but widespread 

functional abnormalities during negative emotional processing have been shown to have 

diagnostic value when classifying patients with depression versus healthy controls, 

further suggesting that small but real effects exist in areas beyond those usually 

associated with depression (Costafreda et al., 2009b, Fu et al., 2008, Nouretdinov et al., 

2011). Increased power for meta-analysis would be achieved through the integration of 
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the full measurements (i.e. before statistical thresholding), as provided in statistical 

parametric images (Salimi-Khorsidi et al., 2009). 

 

2.4.6. Strengths and limitations 

This meta-analysis is characterized by substantial methodological strengths. First, a major 

strength is the combination of ROI and whole-brain studies. Since most ROI studies 

targeted the amygdala, this approach generated a lot of additional power to investigate the 

limbic areas. Furthermore, the sensitivity analysis demonstrated that the ROI studies 

provided valuable information that was not revealed in whole-brain studies. Second, the 

parametric testing provided information about effect sizes that is lacking in classic 

neuroimaging meta-analysis approaches. Testing was performed conservatively by 

treating study as a random factor and applying a false-discovery rate correction. The 

systematic search strategy was standardized and the independent assessment of eligibility 

showed good inter-rater reliability. Finally, heterogeneity according to facial versus non-

facial stimuli was investigated through separate analyses, which suggested that the 

presence of faces in the visual stimuli was a substantial moderator of activation, 

particularly in anterior cingulate cortex. 

 Even after taking this factor into consideration, substantial sources of 

heterogeneity are likely to remain that we did not test for. There was for instance 

substantial task heterogeneity, however unfortunately there was not enough power to 

investigate all the tasks separately. The activation abnormalities might not be 

generalizable to all the different tasks. A potential influential factor that we did not take 

into account is differences in the control condition. However, only faces tasks showed a 

plurality of control conditions. Most of the results were replicated in the non-faces tasks, 

suggesting that the influence of control condition was limited. Furthermore, the contrasts 

were structured by valence of emotion. While this stratification allowed for data pooling 

across a sufficiently large number of studies, it may obscure differences associated to 

specific emotions, such as anger or disgust. Similarly, it would be informative to 

investigate the effects of arousal irrespective of valence, however arousal scores are 

rarely reported. The analysis could be biased by underrepresentation of unpublished 

negative results, although the innovative method presented here allows for the integration 

of null results in the meta-analytical summary. Smoothing may have influenced the 
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results as well, although the smoothing parameter of 20mm applied to the data before 

meta-analysis has been reported to give accurate results for the range of smoothing 

kernels that were used in the included studies (Salimi-Khorsidi et al., 2009). The studies 

that did not report smoothing may have resulted in an underestimation of the effect. 

To examine a homogeneous depressed state, studies investigating depressed 

children, remitted depressives and groups at risk for depression were excluded. It would 

be very interesting to see if the activation abnormalities that were identified are 

generalizable to these groups. Moreover, several studies were identified that did collect 

data in which the contrasts of interest could be investigated, yet opted for a different 

analysis such as testing for functional connectivity, interaction effects and combinations 

of negative and positive emotion. From the perspective of facilitating future meta-

analyses, we would recommend the analysis of basic contrasts including full reports of 

statistical thresholds, effect sizes and coordinates, as these data would allow the 

application of more advanced meta-analysis techniques, as well as ensuring potential 

replication of findings.  

 

2.4.7. Conclusions 

In conclusion, this extensive meta-analysis showed that depressed patients display 

activation abnormalities in brain areas implicated in emotion identification, affective state 

monitoring and generation of autonomic emotional responses. These brain areas were 

generally consistent with predictions from models on emotional dysfunction in the 

depressed brain. The processing of incoming emotional information appears to be 

strongly altered in depressed patients at multiple levels of processing. This includes 

multiple emotional networks, with nodes at the amygdala and striatum at the early stages 

of processing, and cognitive control networks in prefrontal areas subserving affect 

monitoring and regulation. The direction of effects in limbic areas was opposite across 

emotional valence, demonstrating the pertinence of taking emotional valence into account 

when investigating emotion processing. Considering the large body of work on emotion 

perception tasks in depression, further research should be aimed at explicating functional 

mechanisms by innovative experimental manipulation. Advanced connectivity analyses 

and longitudinal designs which allow for investigation of the temporal dynamics of 
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activation abnormalities will further advance our understanding of emotional dysfunction 

in depression. 
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Supplements 

 

Supplementary Table 1. Peak coordinates of significant group differences in activation 

for negative and positive emotional stimuli from the meta-analysis including selectively 

whole-brain studies. 

 

Anatomical label BA Volume MNI coordinates mean Z-score 

      # voxels x.max y.max z.max   

Negative emotion versus neutral baseline 

     Areas of increased activity in patients 

     Left striatum and insula 

      

 
Insula 48 338 -32 8 8 2,48 

 

Putamen - 68 -30 6 6 2,48 

Left occipital / temporal / parietal 

      

 

Middle Temporal Gyrus 37 54 -36 -62 14 2,54 

 
Middle Occipital Gyrus 39 46 -34 -62 24 2,53 

Right cerebellum - 29 22 -70 -38 2,35 

        Areas of decreased activity in patients 

     Left dorsolateral prefontal cortex 
      

 

Superior Frontal Gyrus 9 48 -22 38 32 -2,52 

 

Middle Frontal Gyrus 46 225 -26 32 32 -2,52 

        
Anatomical label BA Volume  MNI coordinates mean Z-score 

      # voxels x.max y.max z.max   

Positive emotion versus neutral baseline 

     Areas of increased activity in patients 

     Right lingual gyrus 18 107 26 -92 -14 2,54 

Medial orbitofrontal cortex 

      

 

Olfactorius Cortex 11 4 4 22 -14 2,55 

 

Middle Orbitofrontal 11 6 2 26 -14 2,55 

 
Rectus 11 78 2 30 -24 2,55 

 
Middle Orbitofrontal 11 1 0 26 -12 2,55 

 

Rectus 11 58 0 24 -24 2,55 

        Areas of decreased activity in patients 
     Left cerebellum and occipital 

      

 
Cerebellum - 1551 -16 -74 -28 -2,83 

 
Lingual Gyrus 18 988 -18 -62 -6 -2,82 

 

Fusiform Gyrus 18 184 -22 -74 -14 -2,79 

 

Inferior Occipital Gyrus 19 2 -30 -80 -12 -2,51 
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Supplementary Table 1. (Continue)   

 

Left temporal / parietal 

      

 
Rolandic Operculum 48 141 -40 -24 20 -2,75 

 

Insula 48 37 -36 -24 22 -2,75 

 

Superior Temporal Gyrus 48 8 -40 -36 12 -2,74 

 

Heschl Gyrus 48 1 -46 -16 12 -2,71 

 
Postcentral Gyrus 48 55 -50 -18 18 -2,69 

 

Supramarginal Gyrus 48 25 -50 -22 18 -2,66 

Medial cingulate gyrus 

      

 

Anterior Cingulate Cortex 24 81 -2 28 16 -2,84 

 
Anterior Cingulate Cortex 24 17 4 32 14 -2,83 

Left cerebellum and occipital 

      

 

Lingual Gyrus 19 431 -18 -62 -6 -2,63 

 

Cerebellum - 144 -6 -58 -4 -2,49 

 
Calcarine Sulcus 19 55 -20 -54 4 -2,43 

 

Fusiform Gyrus 19 39 -26 -58 -12 -2,27 

 

Precuneus 19 1 -20 -52 2 -2,16 

Right basal temporal 

      

 
Pallidum 48 170 18 0 -4 -2,58 

 

Putamen 48 514 28 -4 8 -2,56 

 

Thalamus - 37 14 -8 0 -2,52 

 

Insula 48 25 38 10 -12 -2,28 

 

Amygdala 34 26 30 -2 -12 -2,40 

 

Caudate - 80 16 26 6 -2,28 

Right cerebellum and occipital 

      

 

Fusiform 37 27 44 -62 -20 -2,16 

  Crus Cerebellum 19 4 44 -64 -20 -2,16 

 

Supplementary Table 2. Peak coordinates of significant group differences in activation 

for negative and positive facial stimuli from the combined meta-analysis on whole-brain 

and region-of-interest studies. 

 

Anatomical label BA Volume  MNI coordinates mean Z-score 

      # voxels x.max y.max z.max   

Negative emotion versus neutral baseline 

     Areas of increased activity in patients 

     Medial cingulate gyrus 
      

 
Middle Cingulate Cortex 24 462 -8 10 32 2,66 

 

Anterior Cingulate Cortex 24 95 -2 22 28 2,46 

 

Supplemetary Motor Area 6 81 2 -4 48 2,44 

Anterior cingulate cortex 25 95 -4 32 10 2,39 
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Supplementary Table 2. (Continue)  

 

Left striatum and insula 

      

 

Putamen - 187 -28 4 6 2,66 

 

Insula 48 65 -32 8 8 2,59 

Left basal temporal 
      

 

Putamen - 151 -28 -12 2 2,64 

 

Superior Temporal Gyrus  48 147 -46 0 -12 2,62 

 

Insula 48 294 -36 -4 8 2,56 

 
Superior Temporal Pole 38 168 -30 10 -22 2,50 

 

Pallidum - 45 -24 -8 -2 2,48 

 

Parahippocampal Gyrus 28 563 -20 4 -22 2,47 

 

Middle Temporal Pole 36 74 -24 4 -36 2,43 

 
Middle Temporal Gyrus 20 79 -46 -14 -12 2,40 

 

Fusiform Gyrus 20 502 -36 -14 -26 2,37 

 

Inferior Temporal Gyrus 20 408 -40 -12 -30 2,37 

 

Amygdala 28 170 -22 4 -22 1,96 

Right basal temporal 
      

 

Putamen 48 61 32 8 -6 2,45 

 

Insula 48 22 38 12 -12 2,41 

 

Olfactorius Cortex 48 52 28 12 -12 2,29 

 
Parahippocampal Gyrus 28 338 20 12 -26 2,28 

 

Fusiform Gyrus 20 39 28 -4 -38 2,16 

 

Middle Temporal Pole 36 25 24 4 -36 2,16 

 

Superior Temporal Pole 28 38 26 10 -26 2,16 

 
Hippocampus 28 9 24 -2 -22 2,02 

 

Amygdala 28 52 24 0 -22 1,78 

        Areas of decreased activity in patients 

     Left inferior frontal gyrus 47 321 -36 34 -4 2,60 

        
Anatomical label BA Volume  MNI coordinates mean Z-score 

      # voxels x.max y.max z.max   

Positive emotion versus neutral baseline 

     Areas of increased activity in patients 

     Medial cingulate  / orbitofrontal 
      

 
Anterior Cingulate Cortex 32 187 -6 40 6 3,52 

 

Anterior Cingulate Cortex 25 544 2 34 0 3,47 

        Areas of decreased activity in patients 
     No significant results.             
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Supplementary Table 3. Peak coordinates of significant group differences in activation 

for negative and positive non-facial stimuli from the combined meta-analysis on whole-

brain and region-of-interest studies. 

 

Anatomical label BA Volume  MNI coordinates mean Z-score 

      # voxels x.max y.max z.max   

Negative emotion versus neutral baseline 

     Areas of increased activity in patients 

     Left basal temporal 

      

 

Inferior Temporal Gyrus 20 7 -42 -40 -28 2,61 

 

Fusiform Gyrus 37 75 -38 -46 -24 2,26 

        Areas of decreased activity in patients 
     Anterior Cingulate Cortex 25 410 6 28 4 2,84 

        
Anatomical label BA Volume  MNI coordinates mean Z-score 

      # voxels x.max y.max z.max   

Positive emotion versus neutral baseline 

     Areas of increased activity in patients 

     No significant results. 
      

        Areas of decreased activity in patients 

     Medial cingulate gyrus 

      

 
Anterior Cingulate Cortex 24 370 -6 36 6 -2,51 

 

Anterior Cingulate Cortex 25 167 4 34 4 -2,51 

 

Superior Medial Frontal Gyrus 10 21 8 46 2 -2,86 

Left occipital and cerebellum 

      

 
Lingual gyrus 18 117 -6 -58 -4 -3,00 

 

Lingual gyrus 18 96 -12 -68 -8 -2,88 

 

Cerebellum - 12 -4 -70 -6 -2,88 

Left cerebellum and occipital 

      

 
Lingual Gyrus 18 46 -32 -76 -18 -2,88 

 

Crus Cerebellum 19 219 -20 -68 -30 -2,88 

 

Cerebellum - 275 -26 -66 -28 -2,88 

Right subcortical / basal temporal 

      

 
Pallidum - 81 26 -6 2 -2,82 

 

Putamen - 217 26 2 2 -2,82 

  Thalamus - 17 14 -12 0 -2,82 
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Part 1 

 

Chapter 3 

The neural correlates of self-reflection in 

depression: 

activation and network connectivity 
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Abstract 

It has been proposed that depression involves an imbalance in default-mode and control 

networks, which may be associated with facilitated self-reflective processing. Activation 

abnormalities during self-reflection have been reported in the medial prefrontal cortex of 

depressed patients, which is an important default-mode area. However, the involvement 

of intrinsic connectivity networks has not yet been investigated. Activation during a self-

reflection task was compared between 24 depressed and 24 matched non-depressed 

participants, both in voxel-wise and network-level analyses. Independent component 

analysis was used to delineate intrinsic connectivity networks, in order to investigate 

group differences in connectivity within and between networks during self-reflection task 

performance. The networks of interest were the default mode, salience and frontoparietal 

control networks. Depressed participants showed higher activation in the dorsomedial 

prefrontal cortex compared to non-depressed participants during reflective processing 

(cluster-level pFWE<0.05 after small-volume correction). In the whole sample, the 

anterior default-mode network was deactivated during semantic but not reflective 

processing, and showed positive connectivity with the task-positive control network. No 

network-level group differences in activation or connectivity emerged. Increased 

activation in the dorsomedial prefrontal cortex during self-reflection might be associated 

with impairments in self-evaluation and decision-making in depression. However, 

contrary to expectations, depressed patients recruited networks of interest in a similar way 

as non-depressed participants during self-reflection task performance. The results suggest 

that node-level activation abnormalities during self-reflection may be more characteristic 

for depression than network-level abnormalities. 

  

3 

1



  

49 

3.1. Introduction 

Increased self-focused attention is an important characteristic of depression. A meta-

analysis has demonstrated that the experience of negative affect is consistently associated 

with an increase in self-focused attention (Mor and Winquist, 2002). Sustained self-

focused attention in a negative context can contribute to the onset and maintenance of 

depressed mood and other depressive symptoms such as feelings of guilt and a negative 

self-image (Pyszczynski and Greenberg, 1987). Reciprocally, the continuous experience 

of low mood may lead to an inability to escape the self-evaluation process. In line with 

this reasoning, depressed patients appear to be characterized by facilitated processing of 

self-related information (Northoff, 2007; Phillipi and Koenigs, 2014). 

 At the level of brain functioning, self-related processing is often investigated with 

a self-reflection task, in which participants judge the self-relevance of presented stimuli. 

A meta-analysis has demonstrated cortical midline structures to be key regions that are 

activated during self-reflection (Van der Meer et al., 2010). Specifically, the medial 

prefrontal cortex is more activated by self- than other-reflection (Van der Meer et al., 

2010; Murray et al., 2012). Previous studies have shown that, during self-reflection, 

depressed patients may show subtle activation abnormalities in the medial prefrontal 

cortex (Grimm et al., 2009; Johnson et al., 2009; Sarsam et al., 2013). The direction of 

effects may be dependent on the reference condition. Although self-reflection was not 

contrasted with reflection on close others, depressed patients did show more dorsal 

activation for self compared to semantic processing, yet less ventral activation for self 

compared to passive processing of stimuli. Lemogne and colleagues (2012) have 

proposed that these conflicting findings are due to impaired deactivation of default mode 

areas. 

 The default mode network is a unique collection of brain areas that are typically 

more active at rest than during task performance (Gusnard et al., 2001). These areas are 

functionally connected during rest, which means they show correlated time-courses of 

activation. Subsequent connectivity analysis of task data has demonstrated that the default 

mode network is still functionally connected during task execution, despite the absolute 

decrease in activation. Therefore, it has been defined as an intrinsic connectivity network 

of the brain (Smith et al., 2009). Partial spatial overlap has been demonstrated between 

the cortical midline structures (active during self-reflection) and the default mode 
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network  (active during rest) in a meta-analysis of healthy subjects (Qin and Northoff, 

2011). It is remarkable that self-reflection elicits activation in these areas, because the 

default mode network is generally deactivated during task execution. This suggests that 

the default mode network may be deactivated to a lesser extent during self-reflection than 

during other tasks. 

The frontoparietal control and salience networks are other intrinsic connectivity 

networks that may be relevant for self-reflection. Both networks are functionally 

connected during both rest and task execution, yet are more active during task execution 

and less active during rest (Fox et al., 2006). The salience network is thought to be 

sensitive to salient and emotional stimuli (Seeley et al., 2008). Sometimes it is classified 

as a control network (eg. Allen et al., 2011), although it is also thought to modulate 

switching between dominance of the default mode and frontoparietal control networks 

(Sridharan et al., 2008).Their complex interplay may be involved in the distribution of 

attention between internal (i.e. self) and external (i.e. environmental) stimuli (Buckner et 

al., 2008; Vanhaudenhuyse et al., 2011). The “dorsal nexus” is a hub node that connects 

the default mode, salience, and control networks together, and shows increased 

connectivity during rest in depressed patients (Sheline et al., 2010). The activation 

abnormalities observed in the dorsomedial prefrontal cortex during self-reflection in 

depressed patients is close to the dorsal nexus. Therefore, the interplay between these 

three networks may be relevant for self-reflection abnormalities in depression (Sheline et 

al., 2009, Marchetti et al., 2012). 

In resting state studies, depressed patients have shown stronger connectivity in 

anterior parts of the default mode network (Zhu et al., 2012; Li et al., 2013) and posterior 

parts of the salience network (Veer et al., 2010; Manoliu et al., 2014), and weaker 

connectivity in the frontoparietal control network (Zhu et al., 2012; Veer et al., 2010). 

Moreover, stronger connectivity between the default mode and salience networks, and 

weaker connectivity between the control and salience networks in rest have been found 

(Hamilton et al., 2013, Tahmasian et al., 2013, Manoliu et al., 2014). Seed-based 

connectivity studies on self-reflection in depressed participants have found deviances that 

are spatially consistent with these networks. However, connectivity was mostly increased 

in depressed patients for a range of brain areas, including control areas (Lemogne et al., 

2009, Yoshimura et al., 2010). Therefore, it is still uncertain whether the alterations in 
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connectivity that are observed during rest also occur during self-reflection task 

performance. 

Intrinsic connectivity networks offer a modular perspective to functional brain 

organization, that is conceptually parsimonious and reduces the multiple testing problem. 

Alterations in intrinsic connectivity networks may explain the distributed pattern of 

activation abnormalities observed in a range of psychopathological conditions, including 

depression (Barrett and Satpute, 2013). The advocated network approach has not yet been 

used to directly test the involvement of default mode, salience and frontoparietal control 

networks in self-reflection in general, or to investigate network level abnormalities during 

self-reflection in depressed participants in particular. 

 Therefore, the current study aims to replicate results from previous studies using a 

voxel-wise approach to test activation abnormalities during self-reflection in depression 

and extend these findings by 1) examining average activation levels of the default mode, 

salience and frontoparietal control networks during self-reflection, other-reflection and 

semantic processing, and 2) examining whether depressed patients have abnormal 

activation and/or connectivity within and connectivity between these networks during 

self-reflection.  

 

3.2. Materials and methods 

3.2.1. Participants and study procedure 

Data were derived from the study “Depression in the Picture”, which aimed to investigate 

the neural correlates of depression by comparing depressed outpatients (N=24) to control 

participants (N=24). Depressed outpatients were recruited from specialized mental health 

care institutions in Groningen, the Netherlands (Lentis N=11 and University Center of 

Psychiatry N=7). Clinicians were asked to screen their caseloads for depressed patients 

that fulfilled the major in- and exclusion criteria of the study. Clinicians provided eligible 

patients with written information about the study. Five additional depressed participants 

responded to advertisements at the participating institutions, and one depressed 

participant responded to an advertisement at a depression research website and received 

treatment at a different mental health care institution. Control participants were recruited 

by means of advertisements at public places and in local newspapers. The researchers 
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provided these participants with written information about the study. A subsample of 

control participants also served as controls for a study in renal patients. 

General exclusion criteria were: age younger than 18 years, neurological 

problems that may influence task performance, medication use that may interfere with 

task performance, inadequate comprehension of Dutch language, concrete suicidal plans, 

and general MRI-contraindications such as metal implants or pregnancy. For the current 

research groups, end-stage renal disease, cerebro-, and cardiovascular disease (consistent 

with the substudy on renal disease patients) and psychotropic medication use other than 

SSRI/SNRI/TCA or infrequent benzodiazepine were additional exclusion criteria. 

Moreover, participants were excluded when meeting criteria for any other psychiatric 

diagnosis than depressive or anxiety disorder in the patient group, and any other than 

current nicotine dependence or history of substance dependence/abuse in both groups. 

The healthy control participants were matched with the depressed participants on sex, age, 

education level and self-reported handedness. 

Initial screening was performed with the second edition of the Beck Depression 

Inventory (BDI-II; Beck et al., 1996). Depressed participants were included when 

reporting at least mild depressive symptoms (BDI-II score >13). The control group was 

selected on low depressive symptom levels (BDI-II score <9). A telephonic interview was 

conducted to screen for lifetime psychiatric comorbidity, somatic health and current 

medication use. Adapted screening questions from the shortened version of the Schedules 

for Clinical Assessment in Neuropsychiatry (mini-SCAN; Nienhuis et al., 2010) were 

used to screen for psychiatric diagnoses and the information was cross-checked with 

medical records when necessary. The study protocol was approved by the local Medical 

Ethics Committee and all participants gave written informed consent before entering the 

study. The first session consisted of establishing current (past-month) psychiatric 

diagnosis by a full mini-SCAN interview, several neuropsychological tasks and 

questionnaires. The second session consisted of instructions, an MRI protocol that 

comprised several structural and functional scans (duration: 75 minutes, task order 

counterbalanced between subjects) and questionnaires. 
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3.2.2. Measures 

Depression severity was measured with the BDI-II. The BDI-II consists of 21 questions 

addressing cognitive and somatic-affective symptoms of depression that were present in 

the past two weeks (Beck et al., 1996). The questions are scored by the participant on a 4-

point rating scale (range total score: 0-84). Higher ratings reflect higher frequency and 

severity of the experienced symptoms. The BDI-II is well-validated and has a high 

internal consistency (Cronbach’s α ≈ 0.90; Beck et al., 1996). The BDI-II was used at the 

initial screening procedure and was administered again after the MRI scan. As an 

additional characteristic, self-esteem was measured with the Rosenberg Self-Esteem 

Scale (RSES, Rosenberg, 1965) containing 10 items scored on a 4-point rating scale, 

summed up to a total score with range 0-30.  

Psychiatric diagnoses were established with the MINI-SCAN according to 

criteria from the Diagnostic and Statistical Manual of mental disorders, fourth edition, 

text revision (DSM-IV-TR; APA, 2004) during a face to face interview. The MINI-

SCAN is a semi-structured interview that was developed as a more practical and shorter 

version of the SCAN. The MINI-SCAN has demonstrated good psychometric properties 

and validity has been confirmed by comparisons with the longer version of the SCAN 

(Nienhuis et al., 2010). In the current study, two trained interviewers conducted the 

interviews with depressed patients (NG and MM). 

 The self-reflection task that was performed during the MRI-scan was adapted 

from Modinos and colleagues (2009). Prior to the scan, participants received elaborate 

task instructions and chose the name of a close-other that would be presented to them in 

the other-condition of the task. The close-other was restricted to be a relatively less-

familiar other (not a partner or first-degree family). The restriction was chosen to 

guarantee similar episodic memory retrieval processes in the self- and other-conditions of 

the task, whilst optimizing the difference in self-relatedness between the self- and other-

conditions (for a discussion of self-relatedness see Murray et al., 2012). The task 

contained three main conditions: self-reflection (“I am trustworthy”), other-reflection 

(“Other is friendly”), and semantic (“Snow is black”) that consisted of 60 sentences each. 

Stimuli in the self and other conditions comprised traits balanced on valence and quality 

(mental vs physical), whereas stimuli in the semantic condition were balanced on verity, 

as reported by Van der Meer and colleagues (2013).The stimuli were presented in E-
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prime 2 (Psychology Software Tools Inc., Pittsburgh, PA). For each sentence, participants 

were asked to indicate the level of agreement on a 4-point rating scale, from 1-fully 

disagree to 4-fully agree, with an MRI-compatible button box. Stimuli were presented in 

blocks of five sentences per main condition. The order of conditions was initially 

randomized and thereafter fixed for each participant. Sentence presentation took 4000ms 

followed by a 500ms fixation cross. Condition blocks were interspersed with 7 blocks of 

20s fixation cross. 

 

3.2.3. Image acquisition 

Images were acquired with a 3.0 Tesla whole body scanner and a 32-channel coil (Philips 

Intera, Best, NL). Head position was fixed with foam cushions on each side of the head 

and participants were instructed to lie still during image recording. Functional images 

consisted of 475 T2*-weighted  echo planar images that were acquired for each 

participant. Images were tilted to approximately a 25-30° angle from the anterior 

commissure - poster commissure (AC-PC) plane. Additional local shimming was 

performed in the preparation phase to minimize artefacts in the orbitofrontal cortex 

(Weiskopf et al., 2007).  Each image consisted of 37 descending axial slices (slice gap = 0 

mm; TR = 2.00s; TE = 20ms; FOV = 224,  224, 130 mm; 64×61 matrix of 3.5×3.5×3.5 

mm voxels).  A T1-weighted 3D fast-field echo (FFE) image was acquired parallel to the 

AC-PC plane (170 slices; TR = 9ms; TE = 3.6ms; FOV = 256, 232, 170 mm; 256x231 

matrix of 1×1×1 mm voxels) for anatomical reference. 

 

3.2.4. Statistical analysis: Behavioral data 

Behavioral data from the self-reflection task were analyzed in SPSS package version 20. 

To ensure reliability of the data, reaction times (RT) and associated responses were 

considered missing if RT < 500ms and the previous sentence showed no response. 

Responses were dichotomized into agree and disagree responses. Repeated measures 

analysis of variance (ANOVA) was used to examine main and interaction effects of group, 

condition, and valence separately for RT and percentage agreed responses. 

 

3.2.5. Statistical analysis: Preprocessing 
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After converting images from Philips PAR to NIFTI format, data were preprocessed in 

the Statistical Parametric Mapping package (SPM8; www.fil.ion.ucl.ac.uk), run in 

Matlab7 (The MathWorks Inc., Natick, MA). First, anatomical images were manually 

aligned and functional images were reoriented towards the AC-PC plane. Functional 

images were realigned and then coregistered to the anatomical image. After visually 

checking and manually correcting coregistrations, images were spatially normalized using 

a template combining data from all participants generated with Diffeomorphic 

Anatomical Registration Exponentiated Lie algebra (DARTEL) towards MNI space, 

resampled into a 3x3x3 mm grid and smoothed with a 10mm full-width/half-maximum 

Gaussian kernel.  

 

3.2.6. Statistical analysis: Voxel-wise general linear model 

For first level analyses, a canonical hemodynamic response function was applied to the 

task condition regressors in a general linear model. Onset and duration of task condition 

blocks were modeled at the voxel level. When realignment parameters indicated the 

presence of motion spikes, high-motion data points (Framewise Displacement>0.5, in 

accordance with Power et al., 2012) were censored by adding these volumes as regressors 

to the model. Hereafter, contrast maps were created for self compared to semantic and 

other compared to semantic blocks. 

 For voxel-wise second level analyses, the contrast maps were entered into a 2-by-2 

analysis of variance (ANOVA) model with group and valence as factors. Considering the 

anticipated strong task effects, within the ANOVA model T-tests were created for self 

versus semantic, other versus semantic, and self versus other comparisons at voxel-wise 

pFWE<0.05 and k>10 for task validation. Then, the interaction of group (between-

subjects: depressed versus controls) and condition (within-subjects: self>semantic versus 

other>semantic) was tested, followed by the main effect of group. These results were 

evaluated against a threshold of pFWE<0.05 at cluster level, with an initial voxel-wise 

threshold of p<0.001 uncorrected. Small-volume correction was applied to the medial 

prefrontal cortex (region-of-interest derived from the automated anatomic labeling 

scheme (AAL; Tzourio-Mazoyer et al., 2002) implemented in the Wake Forest University 

Pickatlas toolbox: superior medial frontal gyrus and medial orbitofrontal cortex). The 
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ANOVA model was estimated with and without censoring of high-motion data points in 

order to visualize the impact of motion on the main outcomes. 

 

3.2.7. Statistical analysis: Group independent component analysis 

Next, preprocessed functional data were decomposed into functional networks with 

group-level spatial independent component analysis (ICA; Calhoun et al., 2001) using the 

GIFT toolbox (v3.0a, available at http://mialab.mrn.org/software/gift). The number of 

estimated components was based on the mean minimum description length (MDL; Li et 

al., 2007). Components were selected to visually resemble the default mode, 

frontoparietal control, and salience network as described by Laird and colleagues (2011). 

Visual inspection of the spatial maps was performed by two independent researchers (NG 

and EO) to exclude potential artifacts, based upon localization predominantly in grey-

matter and low spatial overlap with known artifacts. The robustness of the decomposition 

was confirmed by means of 10 consistent repetitions of the algorithm with random 

starting points using the ICASSO toolbox (Himberg et al., 2004) in GIFT. Next, GICA3 

back-reconstruction (Erhardt et al., 2011) was applied to the components in order to 

generate subject-specific spatial maps and time-courses, scaled in Z-scores to facilitate 

interpretation of the outcomes. Finally, the previously identified high-motion data points 

were removed from the time-course and interpolated using a spline function.To determine 

group differences in connectivity within the networks of interest, subject-specific spatial 

maps generated by independent component analysis were compared in SPM8. An F-test 

was used (pFWE<0.05) to create spatial masks for the components of interest, which were 

subsequently used for small-volume correction. Group differences were tested with a 

two-sample t procedure and results were tested against a cluster-level pFWE<0.05, with an 

initial threshold of p<0.001 uncorrected. 

To determine group differences in connectivity within the networks of interest, 

subject-specific spatial maps generated by independent component analysis were 

compared in SPM8. An F-test was used (pFWE<0.05) to create spatial masks for the 

components of interest, which were subsequently used for small-volume correction. 

Group differences were tested with a two-sample t procedure and results were tested 

against a cluster-level pFWE<0.05, with an initial threshold of p<0.001 uncorrected. 
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In order to relate time-courses of the components to the task conditions, temporal 

regression was performed in GIFT with the design matrices from uncensored first-level 

analyses. First, beta weights for the self, other and semantic conditions were compared 

against the fixation cross resting baseline. Then, group differences in task relatedness 

were tested. For temporal regression analyses, thresholds for significance were adjusted 

(α=0.05 / K components of interest) to take the number of multiple comparisons into 

account. Both original and interpolated time-courses were analyzed to visualize the 

impact of motion.  

Functional connectivity between the networks was analyzed with the MANCOVAN 

toolbox in GIFT (Allen et al., 2011). Because “spikes” in the time-course greatly affect 

connectivity measures, and the interpolation of high-motion data points did not remove 

all spikes from the data, subject-specific timecourses were preprocessed with the default 

detrending, filtering and despiking steps implemented in GIFT. The components of 

interest were pairwise correlated, and group was added as a predictor. Overall 

connectivity was determined and group differences in connectivity were tested against a 

false-discovery rate (FDR) corrected p<0.05, which is the MANCOVAN default. Results 

were presented for the original and interpolated time-courses. 

 

3.2.8. Statistical analysis: Post-hoc connectivity analysis based on activation results 

To examine whether focal activation differences in depressed patients were accompanied 

by altered connectivity, connectivity analysis was performed between the timecourses of 

the activation foci and timecourses of the components of interest. First, timecourses were 

extracted from activation foci from the voxel-wise GLM analysis, and preprocessed 

(motion-corrected, detrended, and filtered – similar to the GIFT procedure). Pairwise 

correlations with the component timecourses were calculated for each condition for each 

individual. A Fisher r-to-z transformation was applied to the data and the data were 

analyzed with repeated measures ANOVA (group, condition, group-by-condition) in 

SPSS. 
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3.3. Results 

3.3.1. Descriptives 

In total, 24 depressive en 24 healthy control participants were included for analysis. The 

groups were matched on age, sex, education level and handedness (Table 1). Depressed 

patients reported lower self-esteem than controls (T=-11.4, p<0.001). Three participants 

fulfilled the criteria for depression not otherwise specified rather than major depressive 

episode in the month before the diagnostic interview, but still received treatment for 

depression in mental health care. On average, depression severity was moderate at the 

time of scanning. Ten depressed participants used antidepressant medication. 

 

Table 1. Demographic and clinical characteristics for depressed and healthy control 

groups. 

Variable  Depressed (N=24) Healthy Control (N=24) 

Demographics 

Age (M,sd) 

Female sex (N, %) 

Left handedness (N, %) 

Education (N, %) 

  Low 

  Middle 

  High 

 

Clinical characteristics 

Severity (BDI-II:M,sd) 

Diagnosis (N, %) 

  Depression NOS 

  First MDE 

  Recurrent MDE 

Comorbid anxiety* (N, %) 

Antidepressant use (N, %) 

  SSRI 

  SNRI 

  TCA 

 

44.3  (13.8) 

18  (75.0) 

5  (20.8) 

 

0    (0.0) 

8  (33.3) 

16  (66.7) 

 

 

24.5    (9.9) 

 

  3  (12.5) 

  6  (25.0) 

15  (62.5) 

6  (25.0) 

 

  6  (25.0)  

  2    (8.3) 

  2    (8.3) 

 

43.8  (14.9) 

17  (70.8) 

 5  (20.8) 

 

1    (4.2) 

7  (29.2) 

16  (66.7) 

 

 

   1.4    (1.8) 

 

- 

- 

- 

- 

 

- 

- 

- 

*Comorbid anxiety in past month: 4x generalized anxiety disorder, 1x social phobia, 1x 

agoraphobia. Abbreviations: BDI-II=Beck Depression Inventory-2
nd

 edition, NOS=not otherwise 

specified, MDE=major depressive episode. 

  

3 

1 

3 

1



  

59 

3.3.2. Task performance  

The repeated measures ANOVA for reaction times revealed a group by condition 

interaction (F(2,45) = 5.30, p=0.01), without group or condition main effects (p>0.05). 

Post-hoc group comparisons showed that depressed patients responded slower than 

control participants in the self-condition (T=-2.2, p=0.03), but not in the other (T=-1.7, 

p=0.1) and semantic  (T=-0.3, p=0.8) conditions.  

Since valence was not included in the semantic condition, valence effects were 

explored solely in the self and other conditions with another repeated measures ANOVA. 

There was a main effect of valence (F(1,46) = 6.16, p=0.02) for RT, but no interactions 

(p>0.05). Participants responded more slowly to positive than to negative statements in 

both groups (Table 2). 

Finally, percentage of items agreed showed a valence by group by condition 

interaction (F(1,46) = 37.54, p<0.01). Participants in the control group more often agreed 

with positive statements than with negative statements (F(1,23) = 375.74, p<0.01), to a 

similar extent for themselves and others (valence by condition: p=0.87). In contrast, 

depressed participants evaluated themselves more negatively compared to others (valence 

by condition: F(1,23) = 59.49, p<0.01). 

 

Table 2. Behavioral results - ratings and reaction times for the depressed and healthy 

control groups.  

Condition Depressed (N=24) Healthy Control (N=24) 

 % Items 

Agreed 

Mean RT 

Seconds 

(SD) 

% Items 

Agreed 

Mean RT 

Seconds 

(SD) 

Self  

Other  

Semantic 

   

Self - Negative 

Self - Positive 

Other - Negative 

Other - Positive 

- 

- 

- 

 

33 

55 

12    

76 

2.30 (0.4) 

2.26 (0.4) 

2.17 (0.4) 

 

2.28 (0.4) 

2.33 (0.4) 

2.21 (0.4) 

2.31 (0.4) 

- 

- 

- 

 

12    

77  

12 

77 

2.07 (0.3) 

2.08 (0.3) 

2.14 (0.3) 

 

2.04 (0.3) 

2.10 (0.4) 

2.07 (0.3) 

2.10 (0.4) 
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3.3.3. Task activation in voxel-wise analyses: full-factorial  ANOVA  

There were widespread activation differences between the self-reflection and semantic 

conditions, with the most prominent clusters located in the medial orbitofrontal cortex 

(BA10) and precuneus (BA7). These clusters were also most prominent for the other-

reflection and semantic comparison. Other task activations shared by self- and other-

reflection were located in the bilateral cerebellum, inferior temporal gyri, left 

temporoparietal junction and left fronto-insular cortex (Supplementary Tables 1-2). 

Visualization revealed a pattern that resembled a default-mode network (Figure 1A/B). 

 Several frontal areas were more active for self- compared to other-reflection, 

including the dorsomedial prefrontal cortex (BA6), dorsal anterior cingulate cortex 

(BA32) and right dorsolateral prefrontal cortex (BA46). In contrast, other-reflection more 

strongly activated posterior areas such as the precuneus, bilateral middle temporal gyri 

and temporoparietal junctions (Supplementary Table 3).    
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3.3.4. Group differences in task activation in voxel-wise analyses 

The full factorial model did not reveal any significant group-by-condition interactions, 

indicating similar group differences in brain activation for the self versus semantic and 

other versus semantic comparisons. For the reflective conditions, depressed participants 

showed more activation than healthy control participants in the dorsomedial prefrontal 

cortex (BA8: k=57, cluster-level pFWE=0.03 after small-volume correction). The cluster 

contained three peaks (MNI coordinates x=-6, y=36, z=60, T=3.94; x=3, y=33, z=51, 

T=3.51; x=-6, y=33, z=42, T=3.22). Post-hoc comparisons with the fixation cross 

baseline (rest) showed that depressed participants displayed more task activation in this 

area compared to rest, with strongest effects observed for the self-reflection condition 

(Figure 1C). Furthermore, there was a subthreshold trend towards more activation in 

depressed patients in the left inferior frontal gyrus (BA44: k=40, peak MNI coordinates 

x=-33, y=21, z=21, T=4.91, punc<0.001). 

 

Figure 1. Task activation differences 

 

Activation differences for the self >semantic (panel A) and other>semantic (panel B) comparisons 

showed a default-mode network pattern in the whole group of participants. Depressed participants 

showed more activation than controls in the dorsomedial prefrontal cortex (medial BA8). 

Parameter estimates and 90% confidence intervals of post-hoc comparisons of task conditions 

against a resting baseline are shown in arbitrary units (panel C: left = depressed, self>rest, 

other>rest, semantic>rest, and right = healthy control, self>rest, other>rest, semantic>rest).  
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3.3.5. Component selection after group independent component analysis 

The minimum description length indicated that 33 independent components could be 

estimated from the data. The ICASSO runs demonstrated a good stability for this number 

of components. After performing the group independent component analysis, the 

resulting 33 components were classified. Two default-mode, one salience and two 

frontoparietal control components were identified. The default-mode and frontoparietal 

control networks were separated into an anterior and posterior component. Of note, the 

posterior default mode component comprised the precuneus and posterior  cingulate 

cortex. Importantly, there were no group differences in connectivity within the spatial 

maps of the networks of interest. The five networks are depicted in Figure 2. 

 

Figure 2. Intrinsic Connectivity Networks 

 
Visualization of the default mode networks (panel A: posterior and anterior DMN), salience 

network (panel B), and the frontoparietal control networks (panel C: posterior and anterior FPCN) 

that were identified after group independent component analysis. 
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3.3.6. Task effects in networks derived from independent component analysis 

Several of the selected networks showed modulation of activation levels by the task 

conditions. The anterior DMN showed lower activation levels for semantic stimuli 

compared to rest. However, there were no differences in activation for the self and other 

stimuli compared to rest. The posterior DMN on the other hand was less active for each 

task condition, whereas the posterior frontoparietal control network was more active for 

each task condition compared to rest. Activation in the salience and anterior frontoparietal 

control networks was not strongly modulated by the task paradigm (Table 3). Importantly, 

there were no group differences in task-relatedness of the networks. Results were highly 

similar for the original and motion-corrected timecourses (Supplementary Table 4). 

 

Table 3. Component activation differences for self>rest, other>rest, and semantic>rest 

(results based on original timecourses of posterior/anterior DMN, salience, and 

posterior/anterior FPCN). 

Component Self Other Semantic 

 T punc T punc T punc 

pDMN  -4.655 <0.01 -2.574 0.01 -4.684 <0.01 

aDMN -0.169 0.86 0.945 0.35 -4.407 <0.01 

SAL -0.168 0.87 -2.031 0.05 -1.626 0.11 

pFPCN 3.453 <0.01 3.539 <0.01 4.325 <0.01 
aFPCN -0.734 0.47 -1.740 0.09 -2.252 0.03 

 

3.3.7. Functional connectivity between networks derived from independent component 

analysis 

The salience network showed connectivity with each of the other networks (Figure 3). 

Associations with the anterior DMN and posterior FPCN were positive, although the 

association with the posterior FPCN was largely diminished after motion correction 

(Supplementary Figure 1). Of note, the anterior DMN and posterior FPCN also showed 

very strong positive connectivity with each other (r>0.5). On the other hand, the salience 

network showed negative connectivity with the posterior DMN and anterior FPCN. The 

anterior FPCN showed negative connectivity with both of the DMN components. 

Importantly, there were no group differences in functional connectivity between the 

networks in the original and motion-corrected timecourses. 
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Figure 3. Correlation matrix of functional network connectivity between default mode 

(top rows), salience (middle row) and frontoparietal control networks (bottom rows). 

Yellow-red denotes positive connectivity, blue denotes negative connectivity. 

Abbreviations: a = anterior, p = posterior.  

 

 

3.3.8. Post-hoc exploration of group differences in connectivity between the 

dorsomedial prefrontal cortex and networks derived from the independent component 

analysis 

The post-hoc exploration showed positive connectivity between the dorsomedial 

prefrontal cortex and the anterior default mode (r=0.21), salience (r=0.24), anterior 

(r=0.20), and posterior frontoparietal control (r=0.13) networks in the total sample 

(p<0.001). However, no significant group-by-condition interactions, nor main effects of 

group (p>0.05) were found. Thus, there were no group differences in connectivity 

between the dorsomedial prefrontal cortex and the networks of interest. 
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3.4. Discussion 

The aim of this study was to examine neural correlates of self-reflection in depressive 

patients by investigating focal regional activation and task-related modulation of 

activation in the default mode network (DMN), salience network (SAL) and 

frontoparietal control network (FPCN). More specifically, we investigated activation and 

connectivity within and between these networks during self-reflection processing. The 

behavioral results indicated lower self-esteem and more negative self-evaluations in 

depressed patients compared to controls. In terms of activation, we observed a focal 

increase in the dorsomedial prefrontal cortex during self-reflection in depressed patients, 

replicating previous studies. We also confirmed task-related modulation in the DMN and 

FPCN. The anterior DMN deactivated during semantic processing, but not during self- 

and other-reflection, whereas the posterior FPCN was activated during all task conditions 

compared to rest. Notably, we did not find alterations in activation or connectivity in 

depressed patients at the network level.  

 The dorsomedial prefrontal cortex (dmPFC; medial BA8) was more strongly 

activated during self- and other-reflection (compared to a semantic baseline condition) in 

depressed participants than in non-depressed participants. This is a replication of previous 

studies using a similar self-reflection task (Lemogne et al., 2009; Yoshimura et al., 2010). 

One study reported increased dmPFC activation for self in comparison to a distant other 

(Sarsam et al., 2013). Of note, post-hoc visualization showed that activation levels for 

reflection on a close other were intermediate between self-reflection and semantic 

processing. Increased dmPFC activation during self-reflection could be interpreted as the 

neural substrate of excessive self-focus in depression, possibly signaling the discrepancy 

between actual and ideal self. This interpretation fits with theoretical models of self-

reflection in the brain, which relate the dmPFC to evaluation and decision making 

processes (e.g. van der Meer et al., 2010). It is also in line with our behavioral data, 

demonstrating lower self-esteem, negative self-evaluations and slowed decision making 

during self-evaluation in depressed patients. 

It is somewhat counterintuitive that the dmPFC was not differently activated 

between self- and other-reflection in depressed patients. However, reflection on close 

others is likely to involve self-conceptualizations and self-comparisons (and thus is 

intricately linked to self-reflection). Indeed, recent studies suggest that close other 
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reflection may result in highly comparable activations as self-reflection (Murray et al., 

2012). Some studies therefore choose a more distant other for this task condition, which 

may also have drawbacks (i.e., less familiarity may then become a confounder). An 

alternative account for the findings is the emotional content of the sentences, which may 

elicit activation increases in depressed patients. However, sentences were balanced on 

emotional valence and emotional tasks do not elicit consistently increased activation in 

the dmPFC in depression (Groenewold et al., 2013). The subthreshold activation increase 

in the left inferior frontal gyrus was reported previously in a study with a similar task-

design. We found no group differences in the ventromedial prefrontal areas, however this 

has solely been reported in event-related task designs contrasting self with a passive 

reference condition (Lemogne et al., 2009). 

 Task-related modulation of activation was observed in several intrinsic 

connectivity networks. Consistent with our hypotheses, there was an absence of task-

induced deactivation during self and other reflection conditions in the anterior DMN. 

Task-induced deactivation was observed during the semantic condition, providing 

evidence that the selected network was indeed part of the DMN. These findings support 

the notion that the DMN should not be conceptualized as a task-negative network per se 

(Spreng, 2012), as it is involved in internally focused and social evaluative processing 

(Amft et al., 2014). A meta-analysis indeed showed overlapping activation for self-related 

processing and resting state activation in anterior DMN areas (Qin and Northoff, 2011). 

Our study adds to these findings, by demonstrating for the first time that one intrinsic 

functional connectivity network shows comparable activation levels across self-reflection, 

other-reflection and fixation cross resting periods. 

 The posterior DMN component comprising precuneus and posterior cingulate 

cortex was deactivated during all task conditions. Of note, this posterior part of the DMN 

has been found to be the most active area of the brain during rest (Gusnard and Raichle, 

2001) and is considered a central part of the DMN (Fransson and Marrelec, 2005). The 

posterior FPCN was activated during all task conditions, whereas activation of the 

anterior FPCN component was not strongly dependent on task condition. Thus, the 

independent component analysis appeared to split the DMN and FPCN into separate 

components that differed on degree of task-modulation. The posterior networks followed 

the pattern of task-negative (DMN) and task-positive results (FPCN) that was previously 
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reported in the literature (Marchetti et al., 2012). Other factors might influence activation 

in the anterior FPCN component such as sustained attention (Dosenbach et al., 2008). 

 In addition, we investigated whether there was connectivity between the networks 

during the task. The salience network was confirmed to be the central network that is 

connected to both DMN and FPCN components (Sridharan et al., 2008). The connectivity 

with task-involved networks was positive, suggesting that the salience network plays a 

role in selecting and recruiting networks during self-reflection task performance. Of note, 

connectivity between the salience network and posterior FPCN was diminished in the 

motion-corrected interpolated timecourse. Surprisingly, the strongest positive 

connectivity was observed between the anterior DMN and posterior FPCN. This is 

contrary to expectations based on resting state studies and the conceptualizations as task-

negative and task-positive networks (Marchetti et al., 2012). However, positive 

connectivity between DMN and FPCN has also been reported during a future planning 

task (Gerlach et al., 2014). The positive connectivity may reflect the integration of 

cognitive control and reflective capacity required to meet task demands, by directing 

attention inwards. 

Depressed participants showed no differences in connectivity within or between 

networks compared to healthy participants, in contrast to results from independent 

component analyses in resting state studies (e.g. Zhu et al., 2012; Tahmasian et al., 2013; 

Manoliu et al., 2014). One recent study in depressed patients did not find connectivity 

differences during internal-focus, but only during external-focus (Belleau et al., 2014). 

Thus, irregular connectivity between default-mode and control networks might be more 

important for impairments in the suppression of self-reflection (requiring negative 

connectivity) rather than the process of self-reflection itself (requiring positive 

connectivity). In line with this reasoning, connectivity alterations during rest have also 

been proposed to indicate an increased tendency to engage in self-reflective or ruminative 

processing in depressed patients (Berman et al., 2011).  According to this viewpoint, 

impairments in suppression of self-reflection could be of such a severity that depressed 

patients are unable to truly rest when they receive resting instructions. 

 The focal result in the dorsomedial prefrontal cortex suggests that node-level 

abnormalities are more important than network-level abnormalities during self-reflection 

in depression. The focus of activation was spatially consistent with the dorsal nexus and it 
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showed connectivity with the default-mode, salience and frontoparietal control networks, 

indicating that the activation focus serves as a hub node between these networks. 

However, no group differences in connectivity emerged. Notwithstanding, increased 

connectivity may be more readily observed during rest due to fundamental differences in 

the way depressed participants experience a resting period. Moreover, connectivity 

differences may be more localized and more readily observed at the node-level than the 

network-level.  

 This study is characterized by several methodological strengths. The primary 

value lies in the combination of voxel-wise analyses using a general linear model, and 

network-level analyses using independent component analysis on the same dataset. The 

voxel-wise activation analyses built on hypotheses from previous studies, and used a 

slightly more stringent threshold. Motion correction was applied to the time-courses, 

which is particularly important for connectivity analyses. Limitations are the moderate 

depression severity, and relatively large proportion of depressed patients (42%) taking 

antidepressant medication. Antidepressants have been shown to normalize activation and 

connectivity abnormalities to a certain extent (Harmer et al., 2009; Schaefer et al., 2014). 

Thus, group differences may have been underestimated. In addition, no resting state scan 

was performed, so we were unable to compare connectivity patterns in a true resting 

period. Increasing the number of components may increase sensitivity to detect more 

fine-grained group differences. However, the estimated number of components was based 

upon the MDL, which is a data-driven statistic. 

 

3.5. Conclusion 

To conclude, this study replicated heightened focal activation in the dorsomedial 

prefrontal cortex of depressed patients during self-reflection. This focus of activation 

demonstrated connectivity with default mode, salience and frontoparietal networks, and 

thus might be seen as a hub node that corresponds to the previously identified “dorsal 

nexus”. Contrary to expectations, depressed patients recruited networks of interest in a 

similar way as non-depressed participants during self-reflective processing. These 

findings suggest that the previously reported increases in connectivity within the DMN 

and reduced connectivity between the DMN and FPCN in depressed patients do not 

generalize to self-reflective processing. Future research should address the relevant 
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context in which abnormal connectivity between networks arises, and study the role of 

node-level abnormalities such as those observed in the dorsal nexus. 
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Supplements 

 
Supplementary Table 1. Task activation for the self-reflection condition 

 
Location Cluster Peak MNI 

Label BA pFWE # 

voxels 

PFWE T Z punc x 

(mm) 

y 

(mm) 

z  

(mm) 

OFC/dmPFC 10 <0.001 3913 <0.001 13.48 Inf <0.001 0 57 9 

 
10 

  
<0.001 10.48 Inf <0.001 -3 60 27 

 
9 

  
<0.001 9.14 7.69 <0.001 -21 51 36 

Prec / Par 7 <0.001 2269 <0.001 12.96 Inf <0.001 -6 -60 36 

 
40 

  
<0.001 8.56 7.32 <0.001 39 -36 45 

 
40 

  
<0.001 8.33 7.17 <0.001 45 -30 42 

Cerebellum - <0.001 595 <0.001 10.92 Inf <0.001 27 -78 -36 

 
- 

  
<0.001 10.29 Inf <0.001 48 -63 -39 

 
- 

  
0.017 4.94 4.64 <0.001 9 -87 -18 

Cerebellum - <0.001 796 <0.001 9.47 Inf <0.001 -45 -63 -39 

 
- 

  
<0.001 8.35 7.19 <0.001 -30 -81 -39 

 
- 

  
<0.001 7.6 6.68 <0.001 -33 -51 -36 

TPJ 39 <0.001 262 <0.001 8.32 7.17 <0.001 -51 -63 39 

 
39 

  
<0.001 8.1 7.02 <0.001 -48 -57 30 

ITG 20 0.001 52 <0.001 8.21 7.09 <0.001 -48 3 -33 

DLPFC 46 <0.001 111 <0.001 7.2 6.39 <0.001 -39 21 42 

Striatum - <0.001 215 <0.001 7.11 6.33 <0.001 -12 6 3 

 
- 

  
<0.001 6.25 5.69 <0.001 0 12 -12 

SFG 6 <0.001 84 <0.001 6.64 5.99 <0.001 -27 -9 54 

ITG 20 0.002 39 <0.001 6.48 5.87 <0.001 48 6 -33 

Insula/IFG 47 <0.001 77 <0.001 6.2 5.65 <0.001 -33 18 -12 

 
45 

  
0.005 5.27 4.91 <0.001 -51 18 0 

Midbrain - 0.004 26 0.001 5.61 5.19 <0.001 0 -21 -18 

Parietal 40 0.001 40 0.010 5.1 4.78 <0.001 -45 -30 45 
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Supplementary Table 2. Task activation for the other-reflection condition 

Other > Semantic 

Location Cluster Peak MNI 

Label BA pFWE # 

voxels 

PFWE T Z punc x 

(mm) 

y 

(mm) 

z  

(mm) 

Precuneus 7 <0.001 1737 <0.001 18.22 Inf <0.001 -6 -60 36 

OFC 10 <0.001 2740 <0.001 12.96 Inf <0.001 3 60 9 

 
10 

  
<0.001 12.8 Inf <0.001 -3 60 27 

 
10 

  
<0.001 12.49 Inf <0.001 3 63 21 

ITG / MTG 20 <0.001 354 <0.001 11.94 Inf <0.001 -48 6 -33 

 
21 

  
<0.001 10.84 Inf <0.001 -60 -6 -18 

 
21 

  
<0.001 9.28 7.77 <0.001 -57 -12 -12 

Cerebellum - <0.001 294 <0.001 11.56 Inf <0.001 27 -78 -36 

 
- 

  
<0.001 7.84 6.84 <0.001 48 -63 -42 

ACC 25- <0.001 193 <0.001 11.33 Inf <0.001 0 12 -12 

TPJ - <0.001 396 <0.001 11.22 Inf <0.001 -48 -60 30 

ITG / MTG 21 <0.001 240 <0.001 11.16 Inf <0.001 60 -6 -21 

 
20 

  
<0.001 9.52 Inf <0.001 48 6 -33 

TPJ 39 <0.001 343 <0.001 9.78 Inf <0.001 48 -60 30 

Cerebellum - <0.001 219 <0.001 8.64 7.37 <0.001 -27 -81 -36 

Cerebellum - <0.001 131 <0.001 6.96 6.22 <0.001 -9 -57 -48 

 
- 

  
<0.001 6.44 5.83 <0.001 3 -60 -48 

Insula 47 0.006 19 0.005 5.3 4.93 <0.001 -33 18 -15 
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Supplementary Table 3. Activation differences between the self- and other-reflection 

conditions 

 

 

  

Self > Other 

Location Cluster Peak MNI 

Label BA pFWE # 

voxels 

PFWE T Z punc x 

(mm) 

y 

(mm) 

z  

(mm) 

dmPFC 6 <0.001 151 <0.001 6.45 5.84 <0.001 12 9 54 

 
6 

  
<0.001 5.94 5.45 <0.001 21 12 57 

Parietal 40 0.001 49 0.001 5.72 5.28 <0.001 54 -30 42 

DLPFC 46 <0.001 74 0.002 5.57 5.16 <0.001 33 45 24 

 
45 

  
0.015 4.98 4.68 <0.001 42 45 9 

ACC 32 0.001 50 0.003 5.44 5.06 <0.001 6 21 36 

Insula 48 0.007 16 0.004 5.34 4.97 <0.001 -33 21 9 

Cerebellum - 0.009 13 0.013 5.03 4.71 <0.001 -33 -54 -33 

Cerebellum - 0.011 11 0.016 4.95 4.65 <0.001 36 -54 -33 

           
Other > Self 

Location Cluster Peak MNI 

Label BA pFWE # 

voxels 

PFWE T Z punc x 

(mm) 

y 

(mm) 

z  

(mm) 

MTG 21 <0.001 139 <0.001 8.83 7.50 <0.001 -60 -3 -21 

    
<0.001 8.07 7.00 <0.001 -57 -9 -15 

MTG 21 <0.001 131 <0.001 8.78 7.46 <0.001 60 -6 -21 

Precuneus 7 <0.001 365 <0.001 7.61 6.69 <0.001 0 -60 33 

ACC 25 0.003 27 <0.001 6.72 6.05 <0.001 0 15 -12 

TPJ 39 <0.001 99 <0.001 6.27 5.71 <0.001 45 -60 27 

ITG 20 <0.001 60 <0.001 6.20 5.65 <0.001 -45 9 -33 

TPJ 39 0.001 46 0.002 5.52 5.12 <0.001 -45 -63 27 
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Supplementary Table 4. Component activation differences for self>rest, other>rest, and 

semantic>rest (results motion-corrected timecourses of posterior/anterior DMN, salience, 

posterior/anterior FPCN). 

Component Self Other Semantic 

 T punc T punc T punc 

pDMN -4.656 <0.01 -2.641 0.01 -4.685 <0.01 

aDMN -0.242 0.81 0.855 0.40 -4.559 <0.01 

SAL -0.234 0.82 -2.106 0.04 -1.721 0.09 

pFPCN 3.504 <0.01 3.588 <0.01 4.306 <0.01 

aFPCN -0.637 0.53 -1.618 0.11 -2.154 0.04 

 

Supplementary Figure 1. Correlation matrix of functional connectivity between default 

mode (top rows), salience (middle row) and frontoparietal control networks (bottom 

rows). Yellow-red denotes positive connectivity, blue denotes negative connectivity. 

Abbreviations: a = anterior, p = posterior. 
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Abstract 

It has been proposed that the neural basis for cognitive vulnerability to depression 

involves an imbalance in frontolimbic activity during the processing of cues with a 

negative affective value. Although the question is central to cognitive theory, whether this 

association is amplified by diagnosis of an affective disorder or recent life stress has not 

been investigated. A composite cognitive vulnerability score based on questionnaire 

assessment was used to predict neural responses to negative emotional stimuli in N = 112 

participants. Potential moderating effects of psychiatric diagnosis and negative life events 

were examined. Main and interaction effects were tested against a threshold of p < .05, 

family-wise error (FWE) corrected at the cluster level, and the results were small-volume 

corrected in regions of interest. Cognitive vulnerability predicted higher activation of 

superior parietal areas (pFWE < .01) for negative than for positive faces. The association 

was significantly stronger in healthy participants. For negative versus control stimuli, 

cognitive vulnerability predicted higher ventrolateral prefrontal and subgenual anterior 

cingulate activation (pFWE < .05) to equal extents in both groups. We found no evidence 

for an association with amygdala activation. Life events did not moderate the findings. 

We concluded that cognitive vulnerability was associated with higher activation of 

frontoparietal areas during an implicit emotional task. These higher levels of activation 

may potentially reflect increased effort being required to ignore irrelevant negative 

emotional information in vulnerable populations. 
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4.1. Introduction 

A schema of expectancies that give rise to persistent negative cognitions about oneself, 

the world and the future is considered to be an important risk factor for depression (Alloy 

et al., 1999; Beck, 1963; Scher et al., 2005). This form of cognitive vulnerability is 

generally embedded in a causal diathesis-stress framework (Monroe and Simons, 1991) in 

which negative cognitions can be stimulated by significant stressors or by a negative 

mood challenge (Lau et al.,, 2004; Van der Does, 2002). Epidemiological studies have 

demonstrated that stressful life events (Hammen, 2005) and a current negative mood state  

(Scher et al., 2005) enhance the predictive power of cognitive vulnerability. The results 

from a large longitudinal study have confirmed that the self-reported vulnerability factors 

of cognitive reactivity, negative attribution style, and negative self-evaluations predict 

future depressive symptom levels over and above current depressive symptom levels, 

especially when a major negative life event has been faced in the interim (Struijs et al., 

2013). 

Cognitive vulnerability does not affect mood in isolation, but is thought to fuel 

the automatic activation of negatively biased information processing (Beck, 2008). By 

definition, negative thoughts influence the appraisal of stimuli and therefore guide 

perception (Kircanski et al., 2012). It has been proposed that cognitive vulnerability is 

also related to difficulties with disengaging attention from negative information. This 

hypothesis is based upon studies in depressed patients that have reported interference 

effects from emotional stimuli at relatively late stages of processing, which may be most 

pertinent for negative self-relevant information, such as facial expressions (De Raedt and 

Koster, 2010).Therefore, emotional valence is critical to consider when investigating 

altered information processing in affective disorders (Browning et al., 2010; De Raedt 

and Koster 2010). 

 Neural models of depression vulnerability have attributed negatively biased 

appraisal (bottom-up) to the amygdala, and deficient control over negative information 

(top-down) to the lateral prefrontal cortex, with the rostral anterior cingulate cortex (Beck, 

2008; Disner et al, 2011; Roiser et al., 2012) serving as an intermediary between emotion 

and cognition. These areas have been consistently implicated in functional neuroimaging 

studies with emotional tasks in healthy individuals (Lindquist et al., 2012). Furthermore, 

depressed patients show diametrically opposed activation abnormalities for negative and 
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positive stimuli, with higher activation in limbic areas and lower activation in lateral 

prefrontal areas for negative stimuli (Groenewold et al., 2013). A few empirical studies 

have additionally investigated whether these activation differences are exclusively present 

in the depressed state, or may also reflect vulnerability for depression. 

 Specifically, it has been found that patients in remission from depression exhibit 

higher activation in the left dorsolateral prefrontal cortex (dlPFC) when disengaging from 

negative stimuli and lower activation in the right dlPFC when disengaging from positive 

stimuli (Kerestes et al., 2012). Moreover, an association has been reported between trait 

rumination and higher activation in right dlPFC for disengaging from negative as 

compared to positive stimuli (Vanderhasselt et al., 2011). Of note, this direction of effects 

is opposite to what is observed in the depressed state. Trait rumination and cognitive 

vulnerability have been associated with higher amygdala (AMG), anterior cingulate 

cortex (ACC) and ventrolateral prefrontal cortex (vlPFC) activation during the perception 

of negative emotional information in nondepressed participants (Ray et al., 2005; Thomas 

et al., 2011; Zhong et al., 2011), although one of the studies found associations in 

participants with a history of depression only. The results from studies investigating 

vulnerability have shown mixed results for the lateral prefrontal areas, indicating that the 

alterations found in depressed patients may not be generalizable to vulnerable populations. 

In summary, there is empirical evidence that depression is associated with altered 

activity in limbic areas (AMG and ACC)  and in lateral prefrontal areas (vlPFC and 

dlPFC) for processing negative stimuli. However, the nature of the association between 

cognitive vulnerability and brain activation is still unclear. Although the question is 

central to the cognitive theory of depression whether the association between cognitive 

vulnerability and brain activity is amplified in the context of negative life events or the 

diagnosis of an affective disorder has not been investigated. Therefore, in the present 

study we aimed to investigate the effects of cognitive vulnerability on brain activation in 

interaction with negative life events and a current diagnosis of depression or anxiety. The 

AMG, ACC, vlPFC, and dlPFC were selected as a priori regions-of-interest. 

  

4 

1



  

79 

4.2. Method 

4.2.1. Sample 

To examine the neural correlates of cognitive vulnerability, data were derived from the 

Netherlands Study of Depression and Anxiety (NESDA). This multicenter, naturalistic, 

longitudinal cohort study was designed to examine the psychosocial and neurobiological 

factors associated with depressive and anxiety disorders. NESDA included patients 

meeting diagnostic criteria for a current or lifetime depressive and/or anxiety disorder (N 

= 2,329), along with control participants who had never met the diagnostic criteria (N = 

652).  All participants provided written informed consent in accordance with the 

declaration of Helsinki before inclusion. The protocol was approved by the ethical review 

boards of the collaborating institutions (University Medical Center Groningen [UMCG], 

Leiden University Medical Center [LUMC] and VU Medical Center [VUMC]) and has 

been described in more detail elsewhere (Penninx et al., 2008). 

A subsample of participants (N = 267) performed an emotional faces task during 

functional magnetic resonance imaging (fMRI) scanning at the baseline measurement. 

Participants with a lifetime but not a current (6-month) diagnosis were not invited for the 

scan. Scanning was performed at the three different institutions. For the present study, 

patients who reported antidepressant medication use at baseline were excluded from the 

analyses (N = 71). Participants were also excluded due to missing questionnaire data (N = 

21), a >13-week interval between baseline interview and scan (N = 39), or technical 

problems that became evident after visually checking the raw data and preprocessing 

parameters (N = 24). For seven of these participants the faces task could not be completed 

during the scanning session. For five participants movement resulted in incomplete 

coverage of the amygdala. Furthermore, for 12 participants, the data were of insufficient 

quality to be analyzed (missing logfiles, signal loss in other regions of interest, 

movement >3 mm, failed normalization). The final sample consisted of N = 112 

participants. 

 

4.2.2. Cognitive vulnerability 

Three self-report questionnaires were selected to measure cognitive vulnerability, on the 

basis of  good psychometric properties and convergent validity.  The questionnaires 

capture the well-known and often studied domains of cognitive reactivity, negative 
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attribution style, and negative self-evaluations (Alloy et al., 1999; Beck, 1963; Scher et 

al., 2005). Moreover, all three measures have been found to interact with negative life 

events to predict longitudinal changes in depressive symptom levels (Struijs et al., 2013). 

The Leiden Index of Depression Sensitivity - Revised (LEIDS-R; Van der Does and 

Williams, 2003) measures cognitive reactivity with 34 items (e.g. When I feel down, I 

more often feel hopeless about everything). The Mastery Scale (Pearlin and Schooler, 

1978) measures attributions about stressful events with five items (e.g. I have little 

control over the things that happen to me). Attributes from an Implicit Association Task 

(IAT; Glashouwer and De Jong, 2010) were used to measure explicit self-depressive 

associations in an Explicit Association Task (EAT). It contained five depressed attributes 

and five elated attributes that were combined in a total score. All questionnaires used 5-

point rating scales with higher scores indicating higher vulnerability. To statistically 

optimize the multidimensional measurements of cognitive vulnerability, a principal 

components analysis was performed on total scores of the three questionnaires. The 

continuous factor score (eigenvalue > 1) was used as the predictor in the analyses. 

 

4.2.3. Moderating variables 

The List of Threatening Experiences (LTE; Brugh et al., 1985) instrument was 

administered by a trained interviewer to record serious negative life events in the past 

year, such as the death of a loved one. A dichotomous variable (any event in the past year, 

yes/no) was constructed, because this resulted in evenly distributed groups and facilitated 

the interpretation of the interaction effect. Lifetime and current (6-months) diagnosis was 

assessed by a structured clinical interview, the Composite Interview Diagnostic 

Instrument (CIDI version 2.1; Kessler and Ustun, 2004). The questions corresponded 

directly to the symptoms of axis-I psychiatric disorders listed in the Diagnostic and 

Statistical Manual of mental disorders (DSM-IV-TR; APA, 2004). The moderator 

psychiatric diagnosis was defined as meeting DSM-IV criteria for major depression or 

any anxiety disorder in the past six months. Affective disorders were combined into one 

group, because of partial overlap in cognitive biases (Browning et al., 2010) and high 

comorbidity rates between the disorders. According to the NESDA design, participants 

with a current anxiety disorder may have experienced depression in the past. Moreover,  

they are at greater risk of developing depression in the future (Penninx et al., 2008). 
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4.2.4. Covariates 

Education level at baseline was used as a continuous covariate, measured in years of 

education. The Inventory of Depressive Symptomatology Self Report (IDS-SR; Rush et 

al., 1996) was used to measure depression severity at the time of scanning. The IDS-SR 

has demonstrated satisfactory psychometric qualities and high sensitivity to change in 

previous research (Rush et al., 1996). Both current psychiatric diagnosis and depression 

severity were used as covariates when assessing the main effect of cognitive vulnerability, 

in order to examine potential confounding effects of the depressed state. Finally, since 

negative life events may predict both psychiatric diagnosis and cognitive vulnerability 

levels, this variable was included as a covariate in analysis of the main effects of 

cognitive vulnerability and the interaction effect between cognitive vulnerability and 

psychiatric diagnosis. 

 

4.2.5. Emotional faces task 

The event-related task paradigm took approximately 12 min. The stimuli consisted of 

color photographs from the Karolinska Directed Emotional Faces System (Lundqvist et 

al., 1998) depicting 12 male and 12 female faces with angry, fearful, sad, happy, and 

neutral facial expressions. Furthermore, a scrambled face was presented 80 times as 

control condition. The stimuli were presented in E-prime (Psychological Software Tools, 

USA) for 2.5 s in pseudorandomized order, interspersed with a black screen that was 

displayed over a variable interstimulus interval of 0.5 to 1.5 seconds. The participants 

were instructed to make a gender judgment for the emotional faces or to indicate the 

direction of an arrow for the scrambled faces. 

 

4.2.6. MRI data acquisition 

Scanning was performed on a Philips Intera 3 T MR scanner in all three institutions. A 

T1-weighted anatomical image (TR = 9 ms, TE = 3.5 ms, matrix size 256 × 256, voxel 

size 1 × 1 × 1 mm) was acquired for spatial reference. During the task, 310 T2*-weighted 

echo planar imaging volumes (TR=2,300 ms, UMCG: TE = 28 ms, AMC and LUMC: TE 

= 30 ms, flip angle 90°) were obtained. At the UMCG 39 slices and at the AMC and 

LUMC 35 slices were acquired in interleaved order with no gap and a 3-mm thickness. 

All images were acquired parallel to the anterior commissure – posterior commissure 
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plane. The heads of the participants were fixated with cushions to prevent movement 

during scanning. The procedure was described in further detail in a previous report 

(Demenescu et al., 2011). 

 

4.2.7. Statistical analysis 

The fMRI data analysis was performed with SPM5, implemented in Matlab 7.1.0 (The 

MathWorks Inc., USA). Preprocessing consisted of slice-timing to correct for interleaved 

acquisition, realignment of functional images, and coregistration of the anatomical image 

to the functional images, followed by spatial normalization to the Montreal Neurological 

Institute (MNI) space, resampling into a 3 × 3 × 3 mm voxel grid. Coregistration and 

normalization were visually checked and manually corrected, if necessary. The data were 

spatially smoothed with an 8 mm full-width at half-maximum Gaussian kernel. At first 

level, a canonical hemodynamic response function was applied in a general linear model. 

The onset and total duration of stimulus presentation were modeled at the voxel level for 

all experimental conditions. Next, contrast maps were created for the comparisons of 

negative (angry, fearful, sad) to happy faces, negative to scrambled faces, and positive to 

scrambled faces. Negative facial expressions were combined, because previous studies 

that combined multiple categories of negative facial expressions had reported comparable 

results across categories (Stuhrmann et al., 2011). Since the contrast negative > positive 

faces was deemed most powerful to examine negativity bias, these contrast images were 

entered as dependent variable into a general linear model for the primary analysis. Finally, 

to increase comparability with previous studies two post-hoc analyses were performed 

with the contrast values for negative>scrambled faces and positive > scrambled faces as 

dependent variables. 

Cognitive vulnerability was entered as a continuous regressor to examine linear 

associations with brain activation. The interactions between cognitive vulnerability and 

the moderators were statistically modeled by entering two entering two separate 

continuous regressors stratified by level of the moderator. So, we created two cognitive 

vulnerability regressors in a first general linear model for participants with and without 

psychiatric diagnosis, and in a next model for participants with and without negative life 

events (NLE). Cognitive vulnerability was centered for each group, to statistically 

separate the effects of vulnerability from differences between diagnostic groups and 
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between stress groups. The main effect of the moderator was also included. Interaction 

effects were examined by testing whether the regression coefficients for cognitive 

vulnerability were significantly different between the groups. Main and interaction effects 

were tested with t-contrasts and initially thresholded at p < .001 uncorrected k > 5 and 

evaluated against a predefined threshold of pFWE  < .05 cluster-level family-wise error 

(FWE) correction for multiple comparisons. Relevant interaction effects were followed 

up by visualization of the main effects in each group separately.  

One composite mask was created combining the following a priori regions of 

interest (ROIs) in the Wake Forest University Pickatlas: bilateral amygdala, rostral ACC 

Brodmann’s Area (BA)25, bilateral vlPFC BA45, bilateral dlPFC BA46. These 

anatomical ROIs were selected on the basis of task activations from a previous study 

(Wolfensberger et al., 2008) using the same task to avoid circular analysis (Kriegeskorte 

et al., 2009). Small-volume correction was applied in SPM5 to results that fell within the 

composite ROI mask. In all models, covariates associated with cognitive vulnerability 

levels were entered to examine potential confounding effects.  
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4.3. Results 

4.3.1. Sample characteristics 

A principal components analysis was performed to generate a composite cognitive 

vulnerability score from the LEIDS-R, Mastery, and EAT total scores. A one-factor 

solution with an eigenvalue of 2.390 explaining 79.7 % of variance was considered 

optimal. The Kaiser-Meyer-Olkin (0.74) and Bartlett’s tests (χ
2 
= 

 
164.3, df = 3, p < .001) 

confirmed a good fit. Next, continuous factor scores were extracted for each participant. 

A median split was performed on the cognitive vulnerability scores to summarize the 

sample characteristics for participants with high and low cognitive vulnerability (Table 1). 

Participants with high cognitive vulnerability had received less education (t = 

2.05, p = .04), reported more negative life events (χ 
2
= 8.02,  p= .005), and more often 

met diagnostic criteria for an affective disorder (χ
2 

= 74.3, p < .001). We found no 

differences in age, sex, handedness or scanning center. The mean reaction times for 

negative, positive, and scrambled stimuli indicated that cognitive vulnerability levels did 

not predict task performance. However, responses were generally faster for scrambled 

faces than for emotional faces. Cognitive vulnerability was used as a continuous predictor 

in the subsequent analyses. 

 

4.3.2. Task effects 

Previous analyses of the data demonstrated consistent activation of bilateral fusiform 

areas and bilateral amygdala for emotional versus scrambled faces (Demenescu et al., 

2011). All emotional conditions were associated with this activation pattern. The contrast 

of negative versus positive faces showed more activation in the bilateral middle temporal 

gyrus (left: x=-54, y=57, z=9, T=4.44, cluster-level pFWE=.05); right: x = 63, y = -39, z = 

6, t = 4.95, cluster-level pFWE < .001). Furthermore, the ROI mask showed that the left 

ventrolateral prefrontal cortex (BA45) was more active for negative than for positive 

faces (x =  

-48, y = 24, z = 9, t = 4.67, cluster-level pFWE = .032). In contrast, visual areas (BA17: x = 

-18, y = -96, z = 12, t = 6.62, cluster-level pFWE = .002), orbitofrontal cortex (BA10: x = -

9, y = 60, z = 0, t = 4.58, cluster-level pFWE = .006), and dorsomedial prefrontal cortex 

(BA32: x = -3, y = 21, z = 48, t = 3.97, cluster-level pFWE = .001) were more active for 

positive than for negative faces. 
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Table 1. Sample characteristics presented separately for participants with low and high 

cognitive vulnerability. 

Variable  Low vulnerable 

(N=56) 

High vulnerable 

(N=56) 

Test statistics 

Education, M (sd) 

Age, M (sd) 

Female sex 

Handedness, left 

UMCG 

AMC 

LUMC 

NLE past year 

Diagnosis DEP (6 month) 

Diagnosis ANX (6 

month) 

Diagnosis CAD (6 month) 

RT negative, M (sd) 

RT positive, M (sd) 

RT scrambled, M (sd) 

13.89   (2.85) 

37.63 (10.19) 

62.5 % 

10.9 % 

17.9 % 

26.8 % 

55.4 % 

42.9 % 

14.3 % 

10.8 % 

  0.0 % 

830.9 (142.1) 

859.8 (134.4) 

751.2 (147.9) 

12.75   (3.04) 

35.34 (10.40) 

67.9 % 

  8.9 % 

21.4 % 

28.6 % 

50.0 % 

67.9 % 

39.3 % 

23.2 % 

37.4 % 

820.6 (116.0) 

855.2 (126.1) 

739.4 (144.4) 

T=2.05,  p=0.04 

T=1.18,  p=0.24 

χ
2
=0.35, p=0.55 

χ
2
=0.12, p=0.73 

χ
2
=0.37, p=0.83 

 

 

χ
2
=7.08, p<0.01 

χ
2
=67.2, p<0.01 

 

 

T=0.416, p=0.68 

T=0.187, p=0.85 

T=0.424, p=0.67 

Note. Group differences are tested with χ
2
 and two-sample T-tests as appropriate. Education and 

age are measured in years, reaction time in milliseconds. Abbreviations: UMCG = University 

Medical Center Groningen, AMC = Amsterdam Medical Center, LUMC = Leiden University 

Medical Center, NLE = negative life event, DEP = depression, ANX = anxiety, CAD = combined 

anxiety and depression, RT = reaction time. 

 

4.3.3. Primary analysis: cognitive vulnerability and brain activation for negative as 

compared to positive faces 

For negative versus positive faces, we found no interaction between negative life events 

and cognitive vulnerability. However, the interaction between vulnerability and 

psychiatric diagnosis was significant. Therefore, results are presented for a model 

including this interaction (Table 2). The whole-brain analysis showed a trend towards an 

overall association of cognitive vulnerability with higher activation in the right dlPFC 

(cluster-level pFWE < .10 small-volume corrected) and left dlPFC (p < .001 uncorrected). 

No association was apparent between vulnerability and activation levels in the 
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hypothesized limbic areas. Cognitive vulnerability was positively associated with a 

cluster of activation in superior parietal areas and precuneus (t = 4.08, cluster-level pFWE = 

.011). This association was weaker for participants with a psychiatric diagnosis than for 

healthy controls (negative interaction superior parietal areas t = 4.56, pFWE = .001). Post-

hoc separation of the groups revealed that the association was only present in participants 

without a psychiatric diagnosis (t = 4.83, cluster-level pFWE = .003), and did not reach 

significance in participants with a psychiatric diagnosis (no peak voxels in the area at p < 

.001 uncorrected). The correlations between activation and vulnerability are depicted 

separately for the diagnostic groups in Figure 1. These findings did not change 

substantially after adding relevant covariates (education and negative life events) to the 

model.  

 

Table 2. Peak Coordinates of Activation Differences between Negative>Positive Faces 

for the Main Effect of Cognitive Vulnerability and the Cognitive Vulnerability x 

Diagnosis Interaction. 

Cluster label BA Volume 

(# voxels) 

X.max Y.max Z.max T-value P-value 

(FWE-cluster) 

Main effect cognitive vulnerability 

Parietal 7 71 21 -60 42 4.08 .011  

Precuneus 7  6 -60 42 3.88  

Right DLPFC 46 12 48 36 24 3.66 .095  

Left DLPFC 46 11 -42 27 33 3.64 n.s.  

Interaction cognitive vulnerability x diagnosis  

Parietal 7 114 21 -60 42 4.56 .001  

 7  33 -63 39 4.11  

 40  42 -51 42 3.47  

Precuneus 7 10 6 -60 42 3.66 n.s. 

Abbreviations: BA = Brodmann’s Area, FWE = family wise error, DLPFC = dorsolateral 

prefrontal cortex. For completeness, results are presented at p < .001 k > 10. The p-values for 

regions of interest are small-volume corrected. 
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Figure 1. The Association between Cognitive Vulnerability and Brain Activation in the 

Negative > Positive Contrast Presented Separately for Participants without and with 

Psychiatric Diagnosis. 

 

Top row: Activation in superior parietal lobule (Y-axis: eigenvariate 114 voxels with FWE-

significant vulnerability x diagnosis interaction). Bottom row: Activation in right dorsolateral 

prefrontal cortex (Y-axis: eigenvariate 12 voxels with main effect of vulnerability at p < .001 

uncorrected in BA46). 

 

 

4.3.4. Post-hoc analysis: Cognitive vulnerability and brain activation for negative as 

compared to scrambled faces 

Previous studies had generally compared negative stimuli to neutral control stimuli, with 

negative faces eliciting robust amygdala activation relative to scrambled faces. Therefore, 

a post-hoc analysis was performed to test whether this contrast would show associations 

between cognitive vulnerability and activation in limbic areas. For the contrast of 

negative versus scrambled faces, we observed no interactions between cognitive 
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vulnerability and negative life events or psychiatric diagnosis. However, cognitive 

vulnerability was associated with higher activation in the left vlPFC (t = 4.71, cluster-

level pFWE = .043 after small-volume correction) and ventral ACC (t = 4.19, cluster-level 

pFWE = .047 after small-volume correction). The foci of activation are depicted in Table 3 

and Figure 2. The findings did not change after adding relevant covariates to the model. 

 

Table 3. Peak Coordinates of Activation Differences between Negative>Scrambled Faces 

for the Main Effect of Cognitive Vulnerability within the Regions of Interest. 

Cluster label BA Volume 

(# voxels) 

X.max Y.max Z.max T-value P-value SVC 

(FWE-cluster) 

Left VLPFC 45 19 -51 15 9 4.71 0.043 

ACC 25 18 -3 6 -6 4.19 0.047 

Abbreviations: BA Brodmann Area, SVC small volume correction, FWE family wise error, 

VLPFC ventrolateral prefrontal cortex, ACC anterior cingulate cortex. Note: For completeness, 

results are presented at p<0.001 k>10. P-values are small-volume corrected. 

 

Figure 2. Association Between Cognitive Vulnerability and Brain Activation in the 

Negative > Scrambled Contrast in Anterior Cingulate Cortex (left panel: BA25) and Left 

Ventrolateral Prefrontal Cortex (right panel: BA45). 

 
 

To examine whether the results could be explained by the current depressed state, 

psychiatric diagnosis was added to the model. A minor reduction in effect size was 

observed (vlPFC: t = 4.20, pFWE = .052 and ACC: t = 3.57, pFWE = .23). Next, cognitive 
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vulnerability was replaced by IDS score to avoid multicollinearity, in the model with 

covariates and without psychiatric diagnosis. Severity of depression as measured by the 

IDS-score predicted brain activation in the same area of the ventral ACC as cognitive 

vulnerability. However, cognitive vulnerability was a better predictor of brain activation 

in the ACC (t = 4.19, cluster-level pFWE = .047) than was psychiatric diagnosis (punc > .005) 

or IDS-score (t = 3.95, pFWE > .05). Finally, there was no association between cognitive 

vulnerability and amygdala activation. 

 

4.3.5. Post-hoc analysis: Cognitive vulnerability and brain activation for positive 

compared to scrambled faces 

We found no interactions between cognitive vulnerability and negative life events or 

psychiatric diagnosis. Moreover, cognitive vulnerability was not associated with brain 

activation in this contrast (no clusters present in any region of interest at the initial 

threshold of p < .001 and k > 5). 

 

4.4. Discussion 

In this study, we aimed to identify the neural correlates of cognitive vulnerability for the 

processing of negative emotional stimuli. In addition, we examined whether these 

associations were amplified by recent life stress or diagnosis of an affective disorder. 

Cognitive vulnerability was associated with higher activation of superior parietal areas 

and precuneus, as well as a positive trend in dlPFC, for negative as compared to positive 

faces. The association with parietal activation was present in healthy participants, yet not 

in participants with a psychiatric diagnosis. In addition, overall cognitive vulnerability 

was associated with higher vlPFC and subgenual ACC activation for negative as 

compared to scrambled faces. No associations with amygdala activation were apparent. 

The experience of recent life stress did not moderate the associations between cognitive 

vulnerability and brain activation. 

 For the negative versus positive emotion contrast, vulnerability was associated 

with increased activation in parietal areas, with a trend in the dorsolateral prefrontal 

cortex. Unaffected first-degree relatives of depressed patients have demonstrated higher 

activation in parietal and frontal areas when shifting attention away from negative stimuli 
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relative to controls (Lisiecka et al., 2013). Similar findings were reported for remitted 

patients in the dlPFC (Kerestes et al., 2012; Norbury et al., 2010, however see also 

Mannie et al., 2011). These studies all included an emotional valence component, 

indicating that the reported association may be most prominent for negative relative to 

positive stimuli. It is interesting that frontoparietal areas have been found to be 

functionally connected in the dorsal frontoparietal attention network (Banich et al., 2009; 

Greenberg et al., 2010). Therefore, one could speculate that cognitive vulnerability may 

be associated with difficulties in top-down control. The findings suggest that if blocking 

task-irrelevant information is more difficult for negative than for positive stimuli, this 

may constitute a vulnerability for depression. 

 Cognitive vulnerability was associated with higher activation in left vlPFC and 

subgenual ACC (BA25) for negative relative to scrambled faces. VlPFC activation has 

been related to the inhibition of responses to emotional information (Schulz et al., 2009). 

Deficits in the inhibition of negative stimuli may lead to a higher exposure to negative 

information in daily life. This is particularly relevant for negative facial expressions, 

being important social cues that signal potential conflicts. The VlPFC also plays a role in 

voluntary emotion regulation (Rive et al., 2013), presumably in concert with the ACC 

(Phillips et al., 2008). Higher activation in these areas may reflect an increased 

representation of negative stimuli in regulatory circuits. The previously reported 

association with higher rumination levels (Ray et al., 2005, Thomas et al., 2011) further 

supports a linear association with vulnerability.  

The subgenual ACC is thought to play a central role in depression (Drevets and 

Savitz, 2008; Hamani et al., 2011). This area projects to the amygdala and hypothalamus 

and is associated with autonomic and glucocorticoid stress responses. Therefore, it has 

been proposed that abnormal functioning of this brain area contributes to emotional 

reactivity in depression (Drevets and Savitz, 2008). Subgenual ACC activation has 

previously been related to depression severity (Matthews et al., 2009). In the present  

study, cognitive vulnerability was a stronger predictor than depression severity, even 

though the latter was assessed more proximal to the scanning session. Depressed patients 

show higher activation in this area for the processing of emotional faces irrespective of 

valence (Groenewold et al., 2013). In contrast, in the present study we found that 

cognitive vulnerability was specifically associated with activation to negative expressions. 
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Of note, both subgenual ACC and vlPFC activation were related to vulnerability in all 

participants, indicating a general susceptibility to interference from negative stimuli. 

 The hypothesis that stress and diagnosis would amplify the associations between 

cognitive vulnerability and brain activity was not confirmed by our data. Rather, 

frontoparietal areas were only activated by participants with high vulnerability levels 

without an affective disorder. Considering the intact task performance, this surplus 

recruitment may be functional, allowing these participants to effectively ignore irrelevant 

negative  information. It has been proposed that compensatory frontal activation in 

remitted depression may contribute to maintaining a healthy status (Thomas et al., 2011), 

whereas in depressed patients, compensation may break down. However, the findings for 

lateral frontal areas are mixed, with both decreased and increased activation in depressed 

individuals. The direction of effects may be modulated by the extent to which regulatory 

capacity is challenged (Groenewold et al., 2013; Rive et al., 2013), which is an interesting 

avenue for further research.  

Although all findings can be linked to attentional processes and cognition-

emotion interactions (Cromheeke and Mueller, 2013), results differed between the 

primary and post-hoc analysis. Several possible explanations can be raised. Emotional 

valence was the main contrasting factor in the primary analysis, while task demands were 

equal across conditions. Instead, the post-hoc analyses maximized power for detecting 

emotional face processing and interference effects. The emotional conditions included an 

inhibition and interference component due to the more complex stimulus set and task 

instructions (focus on gender instead of emotion vs. direct focus on an arrow), which is 

also supported by the greater reaction times for the emotional conditions. However, the 

post-hoc analyses demonstrated that the associations between brain activation and 

cognitive vulnerability were specific for negative stimuli. The results from the primary 

analysis are most relevant and compelling in demonstrating a relationship between 

cognitive vulnerability and supplementary recruitment of frontoparietal areas in an 

implicit emotional task. 

When comparing the results to neurobiological models of cognitive vulnerability, 

our findings mainly support the involvement of top-down processes. Although it was 

hypothesized that cognitive vulnerability would predict increased stimulus-driven 

processing in the amygdala, this was not supported by our data. Of note, in our sample 
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depression and anxiety diagnoses were not associated with increased amygdala activation 

either (Demenescu et al., 2011).  A previous study did report an association between 

amygdala activation and vulnerability levels (Zhong et al., 2011), yet it employed an 

explicit emotional task. This discrepancy in results may be explained by the lack of 

regulatory challenge (Costafreda et al., 2008; Rive et al., 2013) in the task used in the 

previous study. In at-risk groups diverging amygdala findings have been reported (Barch, 

2014), for which the direction of effects may depend on the nature of the emotional task. 

Integration of results could be established by taking the perspective of  frontolimbic 

imbalance during emotional challenge, rather than by solely focusing on higher amygdala 

activation. Frontal hyperactivation accompanied by normal amygdala activation could be 

considered a frontolimbic imbalance in tasks that subtly challenge regulatory capacity 

(Beevers et al., 2010). 

 The present study was characterized by several strengths. It is, as of yet, the 

largest study to investigate the association between vulnerability for depression and brain 

activations, providing sufficient power to examine linear associations. The sample was 

highly variable in cognitive vulnerability and included never-depressed participants, 

allowing for testing of relevant interaction effects. Never-depressed individuals are 

particularly interesting, since findings cannot be attributed to scar effects from previous 

depressive episodes, as in remitted depressives. The study used a multifaceted and 

statistically optimized measure of cognitive vulnerability. Patients reporting 

antidepressant use at baseline were excluded, reducing possible medication effects 

(Harmeret al., 2009). However, the study also had several limitations. Because diagnostic 

status and life events in the past  months could have influenced the vulnerability score, 

potential interactions might be (mis)attributed to the main effect of cognitive vulnerability. 

Although a maximum interval between interview and scan was set, life events or changes 

in diagnostic status during this interval were not taken into account. The analyses were 

not adjusted for scanning center, however, differences in image acquisition between the 

locations were unrelated to activation levels in the contrasts of interest (see supplement 1). 

Finally, we did not include neuroticism as a covariate. Neuroticism overlaps with 

cognitive vulnerability conceptually, yet is a more distal risk factor for depression. 

Previous findings in the healthy participants from NESDA suggest that neuroticism is 
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more closely related to amygdala-ACC connectivity than to activity in frontoparietal 

areas (Cremers et al., 2010).  

 In conclusion, this study has demonstrated that cognitive vulnerability predicts 

higher frontoparietal activation during an implicit emotional task, particularly in 

nondepressed participants. The surplus activation may reflect increased effort being 

required to ignore irrelevant negative information and an increased representation of 

negative stimuli in regulatory circuits. Moreover, higher activation in subgenual ACC 

may be indicative of a general depression vulnerability that surpasses current levels of 

symptomatology. Neurobiological models of depression vulnerability cannot simply 

extend findings in depressed patients, because vulnerability may be associated with 

additional compensatory activation. However, it can be concluded that cognitive 

vulnerability for depression predicts altered activation patterns in frontolimbic brain areas 

where cognitive control impacts emotional perception. 

 

Acknowledgments 

We are very grateful for the contributions of all the participants and the staff of the 

participating institutions. The infrastructure for the NESDA study (available at 

www.nesda.nl) is funded, in part, by the Geestkracht program of the Netherlands 

Organization for Health Research and Development (ZonMw, Grant 10-000-1002) and is 

supported, in part, by participating universities and mental health care organizations: VU 

University Medical Center, GGZ inGeest, Arkin, Leiden University Medical Center, 

GGZ Rivierduinen, University Medical Center Groningen, Lentis, GGZ Friesland, GGZ 

Drenthe, Scientific Institute for Quality of Health Care (IQ Healthcare), Netherlands 

Institute for Health Services Research (NIVEL), and Netherlands Institute of Mental 

Health and Addiction (Trimbos). NG was partly supported by a personal grant from the 

Gratama Stichting. The authors do not have any potential conflicts of interest to disclose.  

4 

1



94 

Supplements 

Supplement 1. Differences across scan sites 

There were no notable differences between sites in characteristics of the recruited 

participants, except for a smaller number of life events reported by participants from the 

LUMC (Table 1). The UMCG differed from the other sites in terms of scanning 

parameters, and contributed the smallest number of participants. Of note, there were no 

activation differences between scan sites for the contrasts of interest, negative > positive, 

negative > scrambled and positive > scrambled faces (no significant results at pFWE 

<0.05 or in regions of interest at punc < 0.001 and k>5). Therefore the differences across 

scan sites did not influence the findings in the current study. 

Supplementary Table 1. Differences in key variables across scan sites 

Variable UMCG (N=22) AMC (N=31) LUMC (N=59) Test statistics 

Descriptives 

 Age, M (sd) 33.41 (11.16) 37.03 (9.13) 37.34 (10.53) F=1.23, p=0.30 

 Female sex 63.6 % 64.5 % 66.1 % χ
2
=0.05, p=0.98 

Moderators 

 NLE past 

year 

68.2 % 67.7 % 44.1 % χ
2
=6.43, p=0.04 

 Diagnosis 81.8 % 58.1 % 57.6 % χ
2
=67.2, p=0.11 

EPI acquisition 

 TR (ms) 2300 2300 2300  

 TE (ms) 28 30 30  

 # slices 39 35 35  
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Part 2 

 

Chapter 5 

The associations of depression and hypertension 

with brain volumes: independent or interactive? 
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Abstract 

Independent studies on major depressive disorder (MDD) and hypertension, suggest 

overlapping abnormalities in brain regions associated with emotional and autonomic 

processing. However, the unique and interactive effects of MDD and hypertension have 

never been studied in a single sample. Brain volume in these areas may be an explanatory 

link in the comorbidity between MDD and hypertension. Voxel-based morphometry was 

used to test for main effects of MDD (N=152) and hypertension (N=82) and their 

interactions on gray and white matter volumes. Voxel-wise results are reported at p<.05 

FWE corrected for the spatial extent of the whole brain and a priori regions of interest 

(ROIs: hippocampus, anterior cingulate cortex (ACC) and inferior frontal gyrus (IFG)). In 

addition, analyses on the extracted total volumes of our ROIs were performed. Interactive 

effects in the mid cingulate cortex (MCC) (pFWE=.01), cerebellum (pFWE=.01) and in the 

ACC total ROI volume (p=.02) were found. MDD in the presence, but not in the absence 

of hypertension was associated with lower volumes in the ACC and MCC, and with a 

trend towards larger gray matter volume in the cerebellum. No associations with white 

matter volumes were observed. Results suggest that the combination of MDD and 

hypertension has a unique effect on brain volumes in areas implicated in the regulation of 

emotional and autonomic functions.  Brain volume in these regulatory areas may be an 

explanatory link in the comorbidity between hypertension and MDD. 
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5.1. Introduction  

The incidence of hypertension is increased in depressed patients compared to the general 

population (Meng et al., 2012). Moreover, both hypertension and depression increase the 

risk of incident cardiovascular disease (CVD) and accelerate the progression of CVD 

(Nemeroff et al., 2012; Thayer and Lane, 2007). Multiple biological factors have been 

proposed to play a role in the association between depression and vascular related 

diseases (de Jonge et al., 2010), including inflammation, hypothalamus-pituitary-adrenal 

(HPA) axis dysregulation, and autonomic dysfunction, reflected by decreased heart rate 

variability. Although both depression and hypertension have independently been 

associated with abnormalities in brain structure and function, regional brain morphology 

as shared biological link has rarely been studied.  

Depression has been associated with gray matter (GM) volume loss predominantly in 

prefrontal-limbic networks, such as the anterior cingulate cortex (ACC), hippocampus, 

and inferior frontal gyrus (IFG) (Arnone et al., 2012; Bora et al., 2012; Du et al., 2012; 

Lai, 2013), which have been implicated in processing of emotional information 

(Groenewold et al., 2013). It is not fully clear whether alterations in regional brain 

volumes are a cause or consequence of depression, or both. Conceivably, pre-existing 

abnormalities in brain regions involved in emotion processing may render individuals 

vulnerable to depression. Alternatively, excessive stress during depressive episodes could 

have damaging effects on the brain. The association between white matter (WM) volumes 

and depression has been studied less extensively and has resulted in inconsistent findings 

(Abe et al., 2010; Kim et al., 2008; Steingard et al., 2002).  

Like depression, hypertension is also an established risk factor for brain abnormalities 

such as WM lesions and decreased GM volumes in prefrontal-limbic areas (Beauchet et 

al., 2013; Gianaros et al., 2006; Jennings et al., 2012; Jennings and Ydwine Zanstra, 

2009; Maillard et al., 2012; Raz et al., 2003). In addition to damaging effects of 

hypertension on the brain, it has been proposed that alterations in regional brain volume 

may predispose individuals to develop hypertension and cardiovascular disease, due to 

reduced regulatory control on blood pressure and heart rate during stressful situations 

(Jennings and Zanstra, 2009). According to this theory, subclinical hypertension would be 

associated with similar alterations in brain structure as found in clinical hypertension and 

CVD. Of interest, GM abnormalities in persons with hypertension are reported in 
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structures that correspond to the ‘emotional’ areas implicated in depression, i.e. in 

prefrontal-limbic areas such as the prefrontal cortex, the ACC, and the hippocampus 

(Beauchet et al., 2013; Gianaros et al., 2006; Jennings and Zanstra, 2009; Maillard et al., 

2012; Raz et al., 2003). In addition to emotion processing, these regions have also been 

found to play a role in regulating autonomic functions, such as heart rate and blood 

pressure (Critchley et al., 2011; Gasquoine, 2013; Gianaros et al., 2005; Parvizi et al., 

2013; Williamson et al., 2006).   

There may be several explanations for this overlap in brain abnormalities, such as a 

shared vulnerability for depression and hypertension, in which the same brain regions 

could be involved in multiple (i.e. both emotional and cardiovascular) processes. In 

addition, stress is a shared risk factor for the development of high blood pressure, CVD, 

and depression, and could potentially also impact brain volumes (Baune et al., 2012; 

Brotman et al., 2007; Grippo and Johnson, 2002; Harrison et al., 2013). Furthermore, it 

has been suggested that depression in the absence and presence of cardiovascular and 

metabolic conditions are distinctive subtypes, in terms of genetic predisposition (Kendler 

et al., 2009), time of onset(Alexopoulos et al., 1997), and symptomatology(Ormel and de 

Jonge, 2011). Possibly, these subtypes may be associated with distinctive brain 

morphology. Alternatively, the vascular depression hypothesis posits that brain structural 

abnormalities, such as WM lesions, as a result of vascular pathology may give rise to 

depressive symptoms (Alexopoulos et al., 1997; Krishnan et al., 2004; Thomas et al., 

2002).  

Despite the suggested overlap of brain abnormalities in depression and hypertension, 

volumetric brain differences associated with hypertension and depression have never 

been studied simultaneously. The current study investigated whether hypertension and 

depression share regional volumetric alterations in a whole brain voxel-wise comparison, 

and in specific regions of interest (ROIs): the hippocampus, inferior frontal gyrus (IFG) 

and anterior cingulate cortex (ACC). The comorbidity of MDD and hypertension has 

never been taken into account in previous MRI research. As comorbid depression is 

associated with accelerated CVD progression (Nemeroff and Goldschmidt-Clermont, 

2012), comorbid depression and hypertension may have more advanced vascular 

pathology, potentially leading to more pronounced volumetric brain alterations. 

Alternatively, comorbid depression and hypertension may be a vulnerable subgroup 
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characterized by distinctive brain morphology. Therefore, the effects of hypertension and 

MDD may not be independent, but rather interactive.  

 

5.2. Materials and Methods  

5.2.1. Participants 

For this study we used data from the Netherlands Study of Depression and Anxiety 

(NESDA), a multicenter longitudinal cohort study. This study was approved by the 

ethical review board of each participating center and all of the participants signed 

informed consent before inclusion. The design has been described in detail elsewhere 

(Penninx et al., 2008). Out of 2981 NESDA respondents, 301 native Dutch-speaking 

participants aged between 18-57 years were asked to participate in the NESDA 

neuroimaging study if they met the following inclusion criteria: DSM-IV criteria for a 

diagnosis of MDD and/or anxiety disorder (panic disorder, social anxiety disorder , 

generalized anxiety disorder) in the past six months, or no life-time DSM-IV diagnosis 

(except for life-time alcohol and/or drugs dependency or abuse) (control group).  

Exclusion criteria were 1) the presence of axis-I lifetime disorders other than 

MDD or anxiety disorder; 2) use of psychotropic medication other than SSRIs or 

infrequent benzodiazepine use (i.e., equivalent to 2x10 mg oxazepam; 3 times a week, or 

use within 48 hours prior to scanning) 3) presence of major internal and/or neurological 

disorders  (e.g. type 1 diabetes, CVA/TIA); 4) systolic blood pressure > 180 mmHg 

and/or diastolic blood pressure > 120 mmHg (because this can affect the brain's 

hemodynamics and thereby potentially confound functional MRI measurements, which 

was also part of the NESDA neuroimaging scan-protocol); 5) dependency or recent abuse 

(past year) of alcohol and/or drugs; 6) use of beta-blockers that may affect the brain's 

hemodynamics (Carvedilol, Oxprenolol, Pindolol, Bisoprolol, and Nebivolol); 7) general 

MRI contra-indications.  

In total, 301 participants underwent MRI in one of three participating centers (i.e. 

Leiden University Medical Center (LUMC), Academic Medical Center Amsterdam 

(AMC), and University Medical Center Groningen (UMCG). Data from patients with 

CVD (self-reported diagnosis of coronary disease, cardiac arrhythmia, angina, heart 

failure, or myocardial infarction) was excluded (N=6), because in this study we 
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specifically examined hypertension. In addition, data from 10 participants was excluded 

because of poor image quality. Therefore the final sample consisted of 285 participants.  

 

5.2.2. Hypertension 

To assess hypertension, systolic and diastolic blood pressure was measured during supine 

rest on the right arm, using an OMRON M4 IntelliSense digital blood pressure monitor 

(HEM-752A, Omron Healthcare, Inc., Bannockburn, Illinois, USA). Participants were 

classified as hypertensive when one of the following conditions was met: 1) they reported 

to have hypertension or to receive medication for hypertension, or 2) when the average of 

two consecutive baseline measures (at intervals of at least 1 minute) for blood pressure 

exceeded a systolic value of 140 mmHg, or 3) when blood pressure exceeded a diastolic 

value of 90 mmHg, which are commonly used thresholds for hypertension(Pickering et 

al., 2005). For interpretation purposes, we used hypertension as categorical measure, as 

descriptive variables and brain volumes can then be compared across groups. Moreover, 

we were specifically interested in a clinically relevant measure, that also included 

currently normotensive participants with treated hypertension. Furthermore, we chose to 

incorporate systolic and diastolic blood pressure in one measure, as these were highly 

correlated in the current sample (r=.75). 

 

5.2.3. Depressive disorder 

All participants were interviewed with the Composite International Diagnostic Interview 

(CIDI) version 2.1 to establish the presence of depressive and anxiety disorders according 

to the Diagnostic and Statistical manual of Mental disorders fourth edition (DSM-IV) 

(Kessler and Ustun, 2004), administered by trained interviewers. In the current study 

analyses were focused on Major Depressive Disorder (half-year recency), while anxiety 

(Social Anxiety Disorder, Panic Disorder with or without Agoraphobia, and/or 

Generalized Anxiety Disorder; half year recency) was accounted for by including it as a 

covariate. 

 

5.2.4. Other variables 

Information about baseline characteristics was obtained from interviews, clinical 

measurements, and questionnaires. Age, sex, years of education, presence of type 2 
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diabetes, and medication use were determined during an interview. Measures of weight 

and length were used to calculate body mass index and Doppler measures of blood 

pressure of the arm and ankle were used to calculate ankle-brachial index (ABI), a 

measure of peripheral arterial disease. Metabolic syndrome was defined according to the 

revised guidelines of the National Cholesterol Education Program (NCEP) Adult 

Treatment panel III (ATP III) (Expert Panel on Detection, Evaluation, and Treatment of 

High Blood Cholesterol in Adults, 2001; Grundy et al., 2005), described in detail 

previously (Klabbers et al., 2010). In short, metabolic syndrome was defined when 3 of 

the following abnormalities were present: increased waist circumference, (treatment for) 

increased triglycerides, (treatment for) reduced high-density cholesterol, increased blood 

pressure or treatment for hypertension, and (treatment for) elevated glucose levels. A 

questionnaire was used to verify smoking status. The severity of depression was assessed 

by the Inventory of Depressive Symptoms (IDS). In addition, the groups with MDD 

might be characterized by different depressive symptom profiles. Therefore, the IDS was 

divided into two depressive symptom dimensions: a mood-cognition subscale and an 

anxiety-arousal subscale, which were identified previously in this sample by principal 

component analysis and confirmatory factor analysis (Wardenaar et al., 2010). 

 

5.2.5. MRI data acquisition 

Participants were scanned in Philips 3-Tesla MRI scanners located at each of the three 

participating centers, equipped with either a SENSE-6 or a SENSE-8 channel head coil. 

Anatomical images were acquired by using a 3-dimensional gradient-echo T1-weighted 

sequence with the following parameters: 170 slices; repetition time = 9 milliseconds; 

echo time =3.5 milliseconds; matrix: 256x256; voxel size: 1x1x1 mm; scan duration = 4.5 

minutes. 

 

5.2.6. Data preprocessing 

Imaging data were analyzed with Statistical Parametric Mapping software (SPM 12), 

implemented in Matlab 7.8.0.  The images were manually reoriented to the anterior 

commissure and segmented into GM, WM, cerebrospinal fluid, skull, and soft tissue 

outside the brain, using the standard segmentation option in SPM 12, including the ‘light 

clean-up’ setting. Diffeomorphic Anatomical Registration Trough Exponentiated Lie 
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algebra  (DARTEL) was used for normalization and modulation of the images. DARTEL 

is a recommended method to increase the accuracy of inter-subject alignment by 

modeling the shape of each brain (Ashburner, 2007). First, a DARTEL template was 

created based on the deformation fields that are produced during the segmentation 

procedure. Next, all individual deformation fields were registered to this template. After 

this, the obtained deformed images were used to generate smoothed, spatially normalized, 

and Jacobian scaled gray and white images in MNI space. To increase the signal to noise 

ratio, the GM and WM images were smoothed using an 8 mm full-width-half-maximum 

Gaussian kernel. 

 

5.2.7. Statistical analyses 

Voxel-Based Morphometry (VBM) analyses were masked to exclusively select true 

positive gray and white matter voxels and to optimize sensitivity, by using the Masking 

toolbox (Ridgway et al., 2009). In this study a 2x2 ANOVA analysis was performed to 

test for main and interaction effects of hypertension and MDD. Scan location, age, sex, 

and current presence of anxiety disorder were entered as covariates in each comparison, 

as these might confound the findings. Furthermore, we examined whether adding 

selective serotonin/norepinephrine re-uptake inhibitors (SSRI/SNRI) use as a covariate 

would change the results, as SSRIs and SNRIs might affect brain volumes.  

 For effects occurring in our a-priori regions of interest (ROIs: i.e. the anterior 

cingulate cortex (ACC), the inferior frontal gyrus (IFG) and the hippocampus; based on 

previous meta-analyses on volumetric differences in MDD (Arnone et al., 2012; Bora et 

al., 2012; Du et al., 2012; Lai, 2013)), a composite mask was created using the WFU 

pickatlas and encompassed these regions as defined by the corresponding automated 

anatomical labeling (AAL) system labels. Volumetric studies in the hypertension 

literature often analyzed total ROI volumes instead of employing voxel-based analyses 

(Beauchet et al., 2013; Jennings et al., 2012; Woo et al., 2009), which is more common 

for the depression literature. To be able to compare our results to both fields we analyzed 

our ROIs as total volumes as well as voxel-based. For the total ROI-based analyses, we 

extracted GM volumes of the individual bilateral ROIs (i.e. full spatial extent of the AAL 

labels) and exported these ROI volumes to SPSS 20.0 to perform ANCOVA. The VBM 

ROI analyses were performed in SPM, in which multiple comparison correction was 
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restricted to the spatial extent of composite mask of the ROIs. Effects occurring outside 

these ROIs had to meet whole-brain correction for multiple comparisons. All VBM 

results are reported at p<.05 FWE cluster-corrected, with the initial voxel threshold at 

p<0.005 and a spatial cluster extent threshold of k>50. Non-stationarity correction was 

applied to correct for non-uniformity in image smoothness 

(http://fmri.wfubmc.edu/cms/software#NS) in all analyses.  

 VBM analyses were corrected for total gray and white matter volume (i.e. Total 

Brain Volume (TBV)), by using the global values to proportionally scale the original 

voxel values. In the SPSS ROI analyses, TBV was included as covariate. SPSS was also 

used to analyze the demographic and clinical data, using ANOVA and Chi-square with 

alpha set at p<0.05. 
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5.3. Results 

Table 1. Baseline characteristics 

 HT- 

MDD- 

N=92 

HT- 

MDD+ 

N=111 

HT+ 

MDD- 

N=41 

HT+ 

MDD+ 

N=41 

p-value 

Age (SD) 36.5 (9.3) 35.0 (10.1) 41.1 (9.8) 42.6 (9.5) <.001 

Female (%) 74 (80%) 82 (74%) 18 (44%) 19 (46%) <.001 

Education years (SD) 13.7 (2.9) 12.3 (3.0) 13.2 (3.5) 12.1 (3.1) .003 

Scan site (%AMC/LUMC/UMCG) 28/41/30 28/41/31 34/39/27 32/32/37 .92 

Handedness (% left-handed) 7 (7.6%) 10  (9.0%) 3 (7.3%) 2 (4.9%) .87 

SRRI/SNRI (%) 12 (13%) 39 (35%) 9 (22%) 17 (42%) .001 

Current anxiety disorder (%) 46 (50%) 64 (58%) 20 (49%) 23 (56%) .64 

Systolic blood pressure (SD) 124 (9) 123 (10) 152 (12) 146 (13) <.001 

Diastolic blood pressure (SD) 76 (7) 75 (8) 90 (10) 88 (8) <.001 

Self-reported treatment for HT (%) - - 12 (29%) 10 (24%) .62 

Age at onset depression - 22 (10) - 29 (12) <.001 

Age at onset hypertension - - 38 (10) 38 (7) .95 

Diabetes (%) 0 (0.0%) 3 (2.7%) 1 (2.4%) 3 (7.3%) .09 

Body mass index (SD) 24.0 (4.1) 24.8 (4.2) 25.7 (5.1) 27.4 (5.1) .001 

Metabolic syndrome (%) 3 (3.3%) 6 (5.5%) 7 (17.1%) 13 (31.7%) <.001 

Ankle-brachial index<=0.9 (%) 1 (1.1%) 4 (3.6%) 2 (5%) 1 (2.5%) .60 

Current smoker (%) 23 (25%) 39 (35%) 16 (39%) 17 (42%) .18 

Depression severity IDS score (SD) 13.1 (11.7) 29.7 (10.6) 15.5 (13.2) 34.5 (11.3) <.001 

Cognitive-mood factor (SD) 3.8 (4.0) 9.6 (3.1) 4.7 (4.5) 10.3 (3.1) <.001 

Anxiety-arousal factor (SD) 3.3 (2.6) 6.1 (2.0) 3.5 (3.0) 6.4 (2.0) <.001 

HT=hypertension; MDD= major depressive disorder SD= standard deviation; AMC= Amsterdam 

medical Center; LUMC= Leiden University Medical Center UMCG= University Medical Center 

Groningen; SSRI/SNRI= selective serotonin/norepinephrine re-uptake inhibitors (SSRI/SNRI). P-

values are based on F-test and chi square. 
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5.3.1. Baseline characteristics 

The total sample consisted of 285 participants (mean age: 37; SD: 10). The baseline 

characteristics are listed in table 1 for 4 groups: 1) no hypertension and no MDD (N=92); 

2) no hypertension and MDD (N=111); 3) Hypertension and no MDD (N=41); 4) both 

hypertension and MDD (N=41) (table I).  

Participants with hypertension were significantly older and less likely to be 

female, and had a higher BMI than participants without hypertension. Participants with 

MDD had less years of education and were more likely to use SSRIs and SNRIs. 

Furthermore, depressed participants with comorbid hypertension had a later age at onset 

of depression, and a more severe depression, but did not differ on symptom dimensions 

compared to depressed participants without hypertension. Hypertensive participants with 

comorbid depression had a lower average systolic blood pressure compared to 

hypertensive participants without depression. 

 

Figure 1: Location ROI anterior cingulate cortex and total GM volumes per group 

(estimated marginal means).  

 

Post hoc stratification analyses on hypertension showed that only MDD with hypertension was 

significantly associated with reduced GM volume in the ACC (F=7.1; p=0.01), but not MDD 

without hypertension (p=0.83). 
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Table 2A. SPSS ANOVA results of total region of interest volumes for gray matter; 

Regions of interest tested: anterior cingulate cortex, inferior frontal gyrus, and 

hippocampus. 

Anterior Cingulate Cortex F p 

HT
- 
= HT

+ .008 .930 

MDD
- 
 > MDD

+ 6.3 .012 

HT*MDD 5.5 .020 

HT = hypertension; MDD = major depressive disorder. Comparisons in the analyses: 

main effects of HT and MDD and interaction effects of HT*MDD were tested in 1 model, 

adjusted for scan location, age, sex, anxiety disorder, and whole brain volume (df=1,276). 

 

5.3.2. ROI-based analyses 

We did not observe main effects for hypertension in the SPSS total ROI volume analyses, 

in which mean volumes of each of the total ROIs were analyzed. There was a main effect 

for MDD, in which persons with MDD had lower total GM in the ACC (p=0.01). In 

addition, there was an interaction effect in this region (p=0.02) (table 2A and figure 1).  In 

order to be able to interpret the effect of MDD in the context of an interaction with 

hypertension, the effect of MDD was stratified on hypertension; MDD with hypertension 

was significantly associated with lower GM volume in the ACC (p=0.01), but not MDD 

without hypertension (p=0.83). From figure 1 it can be observed that the comorbid group 

had the lowest ACC volume of all groups. There were no significant findings for the 

hippocampus and IFG total volumes. 

 

5.3.3. VBM results 

In contrast to the ROI-based analyses in SPSS, there were no significant effects in any of 

the ROIs in the VBM analyses after family-wise error correction. Only subthreshold 

explorations at p<.005 uncorrected in the ROIs, suggested that MDD was associated with 

lower GM volume in clusters in the IFG and ACC (table 2B). In addition, there was a 

marginal interaction effect in the ACC (table IIB), in which a similar pattern was 

observed for the ACC in the ROI based analyses (figures not shown). To a lesser extent, 

this was also the case for the hippocampus (table2). 
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Furthermore, whole-brain voxel-based analyses (table 2B) did not reveal 

significant main effects for hypertension, nor for MDD. However, there were significant 

interaction effects in the posterior mid-cingulate cortex (MCC) (k=2247; F= 25.1; 

pFWE=0.01) and in the cerebellum (k=2138; F=13.6; pFWE=0.01) (figure 2 and table 2B). 

Figure 3A shows a similar pattern for the MCC as was found for the ACC, in which 

MDD in the presence, but not in the absence of hypertension shows a lower GM volume. 

Stratifying the effect of MDD on the presence and absence of hypertension, confirmed 

this observation. Namely, MDD in the presence of hypertension was associated with 

significantly less GM volume in clusters located in the MCC (pFWE=0.003; k=3526; 

T=4.55); there was no effect of depression in the absence hypertension (pFWE=0.93), 

neither a subthreshold effect (cluster level puncorr>0.05). Furthermore, figure 3A shows 

that the comorbid group was associated with the lowest MCC volume of all groups. 

 

Table 2B: Results for SPM whole brain analyses for gray and white matter volumes; and 

for small volume corrected ROIs, which passed the initial threshold, but were not 

significant after FWE-cluster correction. 

   MNI-

coordinate 

  p-value 

FWE-

cluster 

corrected 
Comparison Region k x y z F-peak Z-peak 

Whole brain        

HT * MDD MCC 2247 9 -31 45 25.1 4.75 .011 

HT * MDD Cerebellum 2138 -28 -69 -50 13.6 3.37 .014 

Small-volume corrected        

MDD
-
 > MDD

+ 

MDD
-
 > MDD

+
 

IFG 56 

31 

-52 

54 

27 

17 

30 

0 

12.07 

9.44 

3.24 

2.83 

.740 

.811 

MDD
-
 > MDD

+
 

HT * MDD 

ACC 241 

467 

-2 

-3 

38 

36 

10 

10 

11.07 

13.58 

3.09 

3.45 

.370 

.163 

HT * MDD Hippocampus 13 -14 -4 -21 9.29 2.80 .868 

FWE-cluster corrected p<.05 at initial threshold p<.005; k>50. GM = gray matter; HT = 

hypertension;  MDD = major depressive disorder; MCC = mid cingulate cortex; IFG = inferior 

frontal gyrus; ACC = anterior cingulate cortex; k = cluster size; MNI-coordinate = coordinates of 

the voxel showing peak significance in mean MNI-space (Montreal Neurological Institute). 

Comparisons in the analyses: main effects of HT and MDD and interaction effects of HT*MDD, 

adjusted for scan location, sex, age and anxiety. ‘HT * MDD’ = interaction effect; ‘MDD
-
 > 

MDD
+’

 = lower GM for participants with MDD. 
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 For the cerebellum, a different pattern was observed (figure 3B); MDD in the 

presence of hypertension seemed to be associated with an increased volume in the 

cerebellum, while MDD in the absence of hypertension seemed to be associated with a 

decreased volume. Stratifying the effect of MDD on the presence and absence of 

hypertension showed only subthreshold effects. MDD in the presence of hypertension 

was associated with subthreshold increased GM volume (cluster level puncorr=0.05; 

k=727; T=3.01), and MDD in the absence of hypertension was associated with 

subthreshold decreased GM volume (cluster level puncorr=0.01; k=1202; T=3.44). 

Furthermore, participants with hypertension were on average 6 years older compared to 

the participants without hypertension. In order to exclude the possibility of a confounding 

effect of age, we age-matched the hypertension and non-hypertension groups by 

randomly excluding 60 younger individuals from the non-hypertension groups. However, 

this did not substantially affect the results (data not shown).  

 

Figure 2. Whole brain interaction effects of hypertension and MDD in A. the posterior 

mid cingulate cortex (MCC) and B. the cerebellum (images neurological convention). 

Color intensities reflect F-values. 
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Figure 3. Pairwise comparison of voxel-based gray matter volumes in the posterior MCC  

(A) and cerebellum (B).. 

 

HT=hypertension; MDD= major depressive disorder. **: significantly different in FWE-corrected 

t-test; *: significantly different in uncorrected t-test; ns: not significant 

 

5.4. Discussion  

In this structural imaging study we examined whether hypertension and MDD are 

associated with volumetric differences in overlapping brain areas, and whether effects are 

independent or interactive. There were no independent effects for hypertension and MDD 

for gray and white matter volumes. However, we did observe an interaction effect for GM 

volumes in areas implicated in the regulation of emotional and autonomic functions: the 

ACC and in the posterior MCC. This interaction indicated that only depression in the 

presence, but not in the absence of hypertension was associated with lower volumes. 

Persons with comorbid hypertension and MDD had lowest GM in these areas compared 

to the other groups. Furthermore, an interaction effect for GM volume in the cerebellum 

was observed, which showed the opposite pattern; depression in the presence of 

hypertension was associated with marginally higher volumes, whereas depression in the 

absence of hypertension was associated with marginally lower volumes. These findings 

suggest that MDD is differently associated with brain volumes in the presence or absence 

of hypertension.  

  

A: posterior mid cingulate cortex (MCC) B: cerebellum 
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5.4.1. Interaction effects  

The most important finding of this study was the interaction effect of hypertension and 

MDD on GM volumes in the ACC and MCC. Brain volumes in these areas have 

previously been associated with hypertension and depression in studies examining these 

conditions separately (Arnone et al., 2012; Beauchet et al., 2013; Bora et al., 2012; Du et 

al., 2012; Gianaros et al., 2006; Jennings et al., 2012; Jennings and Zanstra, 2009; Lai, 

2013; Maillard et al., 2012; Raz et al., 2003). The ACC and MCC were previously found 

to be involved in a variety of emotional and cognitive processes, but also in autonomic 

functions such as cardiovascular modulation (Critchley et al., 2011; Gasquoine, 2013; 

Parvizi et al., 2013; Williamson et al., 2006). Stressor-evoked blood pressure reactivity 

has been associated lower gray matter volume and increased activation in the ACC 

(Gianaros et al., 2008). The ACC is part of the central autonomic network (CAN), in 

which the output is under tonic inhibitory control (Thayer and Lane, 2007). Disruption of 

this inhibitory pathway may result in increased heart rate and decreased HRV, as well as 

hypertension (Thayer and Lane, 2007).  

According to the allostatic load theory (McEwen, 2006), prolonged periods of 

psychosocial stress (often occurring in depression) can lead to chronic frontal 

hypoactivity and sympathetic disinhibition, increasing risk for cardiovascular diseases. In 

line with this, prolonged stress has been associated with damage to brain structures 

including the ACC (Baune et al., 2012; Brotman et al., 2007; Grippo and Johnson, 2002; 

Harrison et al., 2013). Besides the cardiovascular system, the ACC is also part of 

emotional and stress networks (Gianaros et al., 2005; Phillips et al., 2003). Considering 

its role in emotion, the ACC has been implicated in monitoring of emotional salience 

(pleasant/averseness) and initiating changes in behavior in reaction to challenging 

physical and cognitive states (Gasquoine, 2013; Parvizi et al., 2013). Taken together, 

findings of previous studies and the current findings of the interaction effect of depression 

and hypertension on cingulate cortex volumes, support the hypothesis that abnormalities 

in these regions may be one of the explanatory factors for the comorbidity of 

cardiovascular problems and depression depression (Gilbert et al., 2010). Multimodal 

neuroimaging, examining structure and function concurrently, may give more insight in 

the mechanisms underlying the previous and current findings for the ACC. Although this 

cross-sectional study precludes inferences regarding causality, it may be that the 
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identified brain volumetric differences predispose for MDD and hypertension, whether or 

not due to prolonged stress exposure.  

Interestingly, the current study also showed an interaction effect of hypertension 

and depression in the cerebellum. The cerebellum is not only involved in motor 

coordination but is also suggested to play a role in cognitive and emotional functioning 

(Baumann and Mattingley, 2012). However, the current findings may be spurious, as the 

unexpected pattern of increased volume of the cerebellum that was observed for MDD in 

the presence of hypertension, and decreased volume for MDD without hypertension, were 

no longer statistically significant after adjustment for multiple testing. Nevertheless, as 

the cluster size was substantial, we cannot as yet discard this finding.   

 

5.4.2. Integrating findings with existing theories on depression subtypes 

In line with existing theories (Alexopoulos et al., 1997; Kendler et al., 2009; Ormel and 

de Jonge, 2011), persons with comorbid depression and hypertension differed on a 

number of characteristics with respect to the comparison groups. The comorbid group had 

a higher age of depression onset, and a higher severity of depressive symptoms than the 

group of depressed participants without hypertension. This could not explain the GM 

findings in the cingulate cortex, since depression severity was not associated with GM 

volumes, whereas a higher age of depression onset was associated with larger instead of 

smaller volumes (van Tol et al., 2010). On the other hand, the comorbid group was 

associated with a lower average systolic blood pressure compared to hypertension without 

depression, despite the observed lower GM volume for this group. Furthermore, 

metabolic syndrome was twice more prevalent in the comorbid group compared to the 

hypertension group without depression. Including metabolic syndrome as an additional 

covariate did not substantially change the results. Nonetheless, GM volumetric 

abnormalities may predispose towards a broader array of cardiovascular and metabolic 

alterations, surpassing hypertension (Onyewuenyi et al., 2014). Thus, our findings 

support the idea that the presence of comorbidity between depression and hypertension 

may indicate a vulnerability that can be visualized in specific brain structures. 

Another possibility is that persons with comorbid hypertension and MDD are 

more vulnerable for developing regional brain abnormalities than persons with either one 

condition. This might explain why in this young subclinical sample associations were 
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only visible in patients with comorbid MDD and hypertension, and not (yet) in patients 

with hypertension or MDD only. In addition, the findings are consistent with the vascular 

depression hypothesis, in which a subtype of depression is postulated with specific 

structural brain alterations in areas of emotion regulation, as a result of vascular 

pathology (Alexopoulos et al., 1997; Thomas et al., 2002). Thus, the current findings are 

in line with several theories, which do not have to be mutually exclusive. 

 

5.4.3. Absence of independent effects 

We hypothesized to find lower brain volumes for hypertension and MDD in overlapping 

brain regions. Unexpectedly, the current study found no independent effects for either 

hypertension or MDD. The current sample may differ from previous hypertension 

samples, because participants with systolic blood pressure >180 mmHg and/or diastolic 

blood pressure >120 mmHg and participants using beta-blockers potentially influencing 

brain hemodynamics were excluded from the current study. Also, the relatively young 

age (mean age=42) of the participants with hypertension in this sample, and the short 

duration of the self-reported hypertension (mean age at onset=38) may be relevant 

factors, as GM volume reductions observed in participants with high blood pressure may 

aggravate with increasing age (Beauchet et al., 2013). Nevertheless, in another large 

study of young individuals (mean age=39), high blood pressure was correlated with lower 

GM volumes in the temporal lobe (Maillard et al., 2012). Considering the current 

tentative findings, future research should focus on the nature of volumetric differences in 

early and prodromal stages of disease. 

As previous studies on hypertension and MDD independently reported lower 

brain volumes in frontal-limbic brain areas, we selected the hippocampus, ACC and IFG 

as ROIs. However, we only observed significant effects of MDD in the ACC. Of note, a 

previous study in the same sample found that depression was associated with lower 

volumes in clusters in the IFG and ACC, compared to healthy controls (van Tol et al., 

2010). However, in our analyses we used a more stringent threshold, patients with anxiety 

without comorbid MDD were pooled within the control group, and anxiety was taken into 

account by including it as covariate instead of analyzing it as an isolated group. Since 

anxiety was equally distributed across the four groups in the present study, it could not 
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influence the interaction findings. Nevertheless, in the FWE-uncorrected analyses, MDD 

was associated with clusters of reduced GM volume in the IFG and ACC.  

The current study found no main or interaction effects for depression and 

hypertension for WM volume analyses. So far, the association between WM volumes and 

depression has not been studied extensively and results have been inconsistent (Abe et al., 

2010; Kim et al., 2008; Steingard et al., 2002). One volumetric MRI study found that 

blood pressure did not correlate with regional WM volumes (Gianaros et al., 2006). 

Furthermore, research on the effect of hypertension on WM has focused predominantly 

on WM lesions  and WM integrity instead of WM volumes. One study found that after 50 

years of age, but not before, comorbid hypertension, obesity, and diabetes mellitus were 

associated with significantly larger WM lesion volumes compared to an age matched 

group without these conditions (King et al., 2014).  

 

5.4.4. Strengths and limitations 

Our findings should be considered in light of the following strengths and limitations. The 

first major strength is that this is the first study that examined the neural correlates of 

hypertension and depression in one sample. Another strength of this study is that the size 

of the sample was  sufficient to test for interaction effects of hypertension and MDD. 

Furthermore, a strength is the use of a diagnostic interview to assess depression. A 

limitation is that blood pressure was only measured twice at one visit, which might not 

indicate a chronic high blood pressure. Another limitation is that the use of particular 

types of beta-blockers, which are commonly used in the treatment of hypertension, was 

an exclusion criterion, making the findings potentially less generalizable to a more 

clinical population.  

 

5.5. Conclusion 

In the current study hypertension and MDD were not independently, but only 

interactively associated with altered GM volumes. The results suggest that in a relatively 

young sample, the combination of MDD and hypertension is uniquely associated with 

lower brain volumes in areas implicated in the regulation of emotional and autonomic 

functions. The observed interaction effect implies that future volumetric neuroimaging 

studies in depression should take into account the presence of comorbid hypertension. 
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Moreover, further research should be undertaken to replicate these findings in a sample 

with more advanced vascular disease. In addition, longitudinal research is needed to 

clarify whether comorbid vascular disease and MDD may be a subgroup with specific 

brain abnormalities, and/or whether hypertension and MDD reinforce each other’s impact 

on brain volumes. 
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Abstract 

Depression in myocardial infarction patients is often a first episode with a late age of 

onset. Two studies that compared depressed myocardial infarction patients to psychiatric 

patients found similar levels of somatic symptoms, and one study reported lower levels of 

cognitive/affective symptoms in myocardial infarction patients. We hypothesized that 

myocardial infarction patients with first depression onset at a late age would experience 

fewer cognitive/affective symptoms than depressed patients without cardiovascular 

disease. Combined data from two large multicenter depression studies resulted in a 

sample of 734 depressed individuals (194 myocardial infarction, 214 primary care, and 

326 mental health care patients). A structured clinical interview provided information 

about depression diagnosis. Summed cognitive/affective and somatic symptom levels 

were compared between groups using analysis of covariance, with and without adjusting 

for the effects of recurrence and age of onset. Depressed myocardial infarction and 

primary care patients reported significantly lower cognitive/affective symptom levels than 

mental health care patients (F (2,682) = 6.043, p = 0.003). Additional analyses showed 

that the difference between myocardial infarction and mental health care patients 

disappeared after adjusting for age of onset but not recurrence of depression. These group 

differences were also supported by data-driven latent class analyses. There were no 

significant group differences in somatic symptom levels. Depression after myocardial 

infarction appears to have a different phenomenology than depression observed in mental 

health care. Future studies should investigate the etiological factors predictive of 

symptom dimensions in myocardial infarction and late-onset depression patients. 
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6.1. Introduction 

Research on myocardial infarction (MI) has demonstrated that dysfunction of the heart 

and dysfunction of emotion are closely related. Depression is a risk factor for both the 

onset and progression of cardiovascular disease (Nicholson et al., 2006). Moreover, the 

12-month prevalence of major depression is approximately two to four times higher in MI 

patients than in the general population (Andrade et al., 2003, Thombs et al., 2006, Van 

Melle et al., 2006). A possible explanation for the high prevalence of depression is that 

somatic complaints as a consequence of the MI confound depression scores (Sorensen et 

al., 2005, Thombs et al., 2008). Alternatively, symptoms of depression may be 

misattributed to the cardiac disease and go unnoticed (Martens et al., 2006). Severe 

physical and psychological stress associated with MI might trigger the onset of depressive 

symptoms in individuals that have no pre-existing vulnerability for depression (Ormel 

and De Jonge 2011, Spijkerman et al., 2005). This raises the question whether depression 

in MI patients is similar to depression as it is observed in psychiatric care. Several studies 

have therefore investigated the presentation and disease characteristics of depression in 

MI patients, or the phenomenology of post-MI depression. 

In general depressed populations, studies support a distinction between somatic 

symptoms (e.g. fatigue, psychomotor abnormalities) and cognitive/affective symptoms of 

depression (e.g. feelings of guilt, depressed mood; Beck et al., 1996, Lux and Kendler, 

2010). These symptom dimensions have also been reported in post-MI depression 

(Thombs et al., 2008, De Jonge et al., 2006a, Martens et al., 2010). Two studies compared 

the symptom profiles of depressed MI patients and psychiatric patients. The first study 

reported comparable somatic symptom levels, but a lower number of cognitive/affective 

symptoms and depressive cognitions in a sample of 40 depressed MI patients compared to 

40 depressed patients from psychiatric care (Martens et al., 2006). Another study found 

comparable somatic symptom levels after adjusting for the number of cognitive/affective 

symptoms (Thombs et al., 2010). These results do not necessarily suggest an increase in 

somatic symptoms as the driving force of post-MI depression. Depression in MI patients 

might have a different phenomenology as depression in psychiatric care patients, but the 

difference is in cognitive/affective symptoms rather than in somatic symptoms.  

Moreover, the developmental course of depressive symptoms may be different in 

MI patients than in psychiatric care patients. In the majority of cases, post-MI depression 
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is reported to be a  first episode (e.g. De Jonge et al., 2006b). The age of onset in post-MI 

depression consequently is relatively high, considering the median age of onset of major 

depression in the general population is around 25 years (Andrade et al., 2003). This 

provides further support for a different phenomenology of depression in MI patients. In 

return, the symptom profile of depression may be associated with these characteristics. 

First, MI patients experiencing recurrent depression may have been previously treated for 

their depression in psychiatric care, and therefore their symptom profile might be more 

comparable to psychiatric care patients (Ormel and De Jonge 2011). Second, a 

relationship between higher age of depression onset and fewer cognitive/affective 

symptoms has been previously established in depressed patients (Korten et al., 2012). 

Therefore, characteristics of depression history may have influenced the results in 

previous studies on the symptom profile of depression in MI patients. 

The primary aim of this study was to investigate whether MI patients have 

different levels of cognitive/affective and somatic symptoms than depressed patients 

without cardiovascular disease. Secondly, the effects of recurrence and age of depression 

onset on the symptom profile were examined. The hypothesis was that MI patients with a 

first episode of depression would report less cognitive/affective symptoms than depressed 

patients from primary and mental health care, and that this would be associated with a 

late onset of depression. 

 

6.2. Materials and Methods 

6.2.1. Study design and participants 

To contrast the symptom profiles of depressed MI patients and depressed outpatients 

from primary care and mental health care, data from two large multicenter studies on 

depression conducted in the Netherlands were combined.  

The Myocardial Infarction and Depression–Intervention Trial (MIND-IT) is a 

randomized clinical trial that was previously described in detail (Van den Brink et al., 

2002). The goal of this study was to investigate the effects of psychiatric treatment on 

cardiac prognosis in MI patients with major depression. Recruitment took place between 

1999 and 2002. In total, 2177 patients were screened with the Beck Depression Inventory 

(BDI; Beck et al., 1961) at 3, 6, 9 and 12 months after MI. At each time point, a BDI 

score ≥ 10 was followed by a structured diagnostic interview, the Composite Interview 
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Diagnostic Instrument (Kessler and Ustun, 2004) (total n = 799). MI patients with a 

diagnosis of major depressive disorder were included in the intervention trial and no 

longer took part in the screening procedure. The screening procedure continued three 

months later with the MI patients without a diagnosis of major depressive disorder.  

For the current study, data from all time points were combined. All patients that 

experienced a major depressive episode in the month before the diagnostic interview were 

identified (n = 211). Only patients with complete data on baseline descriptive 

characteristics were included in the final analyses (n = 194). Of these patients, 76% 

experienced a first episode of depression (n = 147).  

The Netherlands Study of Depression and Anxiety (NESDA) is a longitudinal cohort 

study that is described in detail elsewhere (Penninx et al., 2008). NESDA investigated 

psychosocial and biological factors that influence the course of depressive and anxiety 

disorders. Recruitment took place between 2004 and 2007. In total, 2,981 participants 

were recruited from three different settings: the community (n = 564), primary care (n = 

1,610) and specialized mental health care (n = 807). In primary care, patients were 

included through a screening procedure using the extended Kessler-10 (Donker et al., 

2010). Patients from mental health care were included when newly enrolled. All 

participants completed a structured diagnostic interview, the Composite Interview 

Diagnostic Instrument  (Kessler and Ustun, 2004).  

For the current study, only patients from primary care (PC) and specialized mental 

health care (MHC) were included, as the group of depressed people from the community 

was too small to consider separately (n = 33 participants meeting diagnostic criteria in the 

past month). Moreover, the community sample was selected to be an at-risk group and 

because of the different recruitment procedure, this group was not comparable with the 

other care groups. The mental health care group would be most comparable to previous 

studies on symptom profiles that included a psychiatric group. In addition, it was 

investigated whether the differences in cognitive/affective symptom levels would 

generalize to a primary care group. Similar to the MIND-IT sample, all patients that 

experienced a major depressive episode in the month before the interview were identified 

(primary care: n = 230; mental health care: n = 342). Finally, 7% of patients from PC and 

5% of patients from MHC were excluded because of self-reported history of cardiac 

disease, i.e. myocardial infarction, coronary disease, angina pectoris, heart failure, cardiac 
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arrhythmia, artery stenosis, or valvular disease. This selection was performed without 

verification of medication use, to be conservative in excluding all potential cardiac 

patients. This resulted in a sample of 214 depressed patients from PC and 326 patients 

from MHC. 

 

6.2.2. Ethics statement 

Both studies were conducted according to the principles expressed in the declaration of 

Helsinki. The study protocols from MIND-IT and NESDA were approved by ethical 

review boards on human research of the collaborating institutions. All participants were 

provided with full written and oral information about the study procedure before written 

informed consent for study participation was obtained.  

 

6.2.3. Diagnostic measures 

Both studies used the Composite Interview Diagnostic Instrument (CIDI version 2.1; 

Kessler and Ustun, 2004) as diagnostic instrument. This interview was developed by the 

World Health Organization (WHO) in 1990. It is a structured clinical interview that 

contains questions directly corresponding to the symptoms of axis I psychiatric disorders 

listed in the Diagnostic and Statistical Manual of mental disorders (DSM-IV-TR; APA, 

2000), for example: “In the past month, have you had two weeks or longer when nearly 

every day you felt sad, empty or depressed for most of the day?”, and “In the past month, 

have you had two weeks or longer when you lost interest in most things like work, 

hobbies and other things you usually enjoyed?”. The participant was asked to answer the 

questions with yes or no. Symptoms and the resulting disability were assessed to establish 

lifetime and current psychiatric diagnoses. The reliability of the CIDI is good and the 

validity is satisfactory for research purposes (Kessler and Ustun, 2004). 

For this study, current depression was defined as meeting DSM-IV criteria for 

major depressive episode in the past month. Because of the special interest in 

cognitive/affective and somatic symptoms of depression, sum scores for each dimension 

were calculated from the relevant CIDI symptoms. The partitioning of depressive 

symptoms was based upon the factor analysis performed on the Patient Health 

Questionnaire 9 by De Jonge and colleagues (2007), which includes the same 9 

depression symptoms as the CIDI (PHQ-9; Kroenke et al., 2001). The cognitive/affective 
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sum score included symptoms of depressed mood, anhedonia, feelings of guilt, 

concentration difficulties and thoughts of death (range: 1-5). The somatic sum score 

included symptoms of appetite/weight change, sleep abnormalities, psychomotor 

abnormalities and fatigue (range: 0-4). The standard questions from the CIDI provided 

additional data on the number of previous episodes of depression and age at onset. 

History of depression was determined retrospectively in both groups, as is common in 

post-MI depression studies (De Jonge et al., 2006, Zuidersma et al., 2011). Demographic 

information was available from the interviews. Age and sex were selected as covariates. 

In MIND-IT, information about vascular risk factors was taken from the medical records 

during hospitalization. In NESDA it was assessed by means of self-report. Hypertension 

and diabetes were only regarded to be present when medication was necessary. In 

addition, history of cerebrovascular disease, current smoking and a high Body Mass 

Index (BMI; kg/m
2
) were considered to be vascular risk factors.  

 

6.2.4. Statistical analyses 

Statistical analyses were performed in SPSS for Windows, PASW Statistics 18 (SPSS 

Inc., Chicago, MA, USA). For the NESDA participants, all data on sex, age and CIDI 

symptoms were complete. There were 20 MI patients (13.6% of sample) with missing 

data on one or more CIDI depressive symptoms. For appetite or weight change, 5.4% of 

data was missing. For sleep abnormalities, 3.4% of data was missing. For fatigue and 

feelings of guilt, 2.7% of data was missing. For anhedonia, psychomotor abnormalities, 

concentration difficulties and thoughts of death only one observation was missing (< 

0.1%). A multiple imputation approach (Rubin, 1987) was adopted to replace these 

missing values. The automated logistic regression approach in SPSS 18 was used to 

create an imputation model including the 9 DSM-IV symptoms of depression, sex and 

age. Missing values were replaced by imputed values estimated from the observed values 

on the predictor variables. Statistical analyses were performed on ten imputed datasets. 

The results from the individual datasets were combined according to Rubin’s rules (1987) 

implemented in SPSS. All results were replicated in the original non-imputed dataset. 

Differences between groups in descriptive characteristics, vascular risk factors 

and depression characteristics were analyzed using χ
2
 tests for categorical variables and 

one-way analysis of variance (ANOVA) for continuous variables. The association 
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between vascular risk factors and depressive symptom levels was examined to rule out 

any confounding of subclinical vascular disease in the primary and mental health care 

groups. To test the primary hypothesis of the study, we first evaluated whether groups 

differed on a theory-driven distinction between cognitive/affective and somatic symptoms. 

For this purpose, group differences between the different patient samples were tested with 

analysis of covariance (ANCOVA), adjusted for age, sex, and levels of the other 

symptom dimension, respectively the somatic or cognitive/affective dimension. Because 

Rubin’s rules were not available for analysis of covariance, the median F-value from the 

imputed datasets was reported here. Significant results were followed up by Bonferroni 

adjusted pairwise comparisons to examine which groups were different from each other. 

Next, the effects of recurrence and age of onset on symptom levels were examined by 

adding these as covariates to the analyses. In addition, we examined heterogeneity in 

symptom profiles using a data-driven approach. For this purpose, latent class analysis was 

performed in MPLUS 5 (Muthén and Muthén, 2007). The endorsement of all 9 DSM-IV 

symptoms (yes/no) by the participants from all three care groups were combined as input 

to the analysis. One to five latent class models were explored. The final model was 

selected based upon the parsimony indexes Bayesian information criteria (BIC) and 

Akaike information criteria (AIC), complemented by results from the Lo – Mendell – 

Rubin adjusted likelihood-ratio test (LRT). Next, differences between groups in the 

proportions of class assignment were compared by means of logistic regression analysis. 

Binary variables were created to code for class membership. Next, class membership was 

selected as outcome variable and care group as predictor with MI patients as a reference 

group, taking sex and age into account as covariates. Analyses were repeated for every 

class separately. The previously established effects of depression history on symptom 

profile from the theory-driven approach were additionally examined in the data-driven 

approach. 

 

6.3. Results 

6.3.1. Group characteristics 

A comparison of group characteristics showed substantial differences in demographics, 

vascular risk factors and depression characteristics (Table 1). As expected, MI patients 

were older and more often male than the other depressed patients. Depressed MI and PC 
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patients presented with a lower total number of depressive symptoms than depressed 

patients from MHC, indicating a less severe type of depression. Depressed MI patients 

reported a higher age of depression onset and more often reported a first episode than the 

other depressed patients. Depressed MI patients with a first episode reported an average 

of 3.52 cognitive/affective symptoms compared to 3.70 for MI patients with a recurrent 

episode (t = -1.065, df = 185, p = 0.29). Vascular risk factors were not associated with 

depressive symptom levels (all p>0.10). 

 

Table 1. Group description – demographic characteristics, vascular risk factors and 

depression characteristics for depressed myocardial infarction, primary care and mental 

health care patients. 

Variables of interest 

MIND-IT NESDA NESDA 

P-

value 

Posthoc 

all PC MHC Tukey HSD 

N=194 N=214 N=326 p<0.05 

Female gender                   % 25.3 
 

69.6 
 

66.0 
 

<.001   

Age at testing        m (SD) 56.7  (11.1) 45.5   (12.2) 38.8 (11.0) <.001 
MI>PC>MH

C 

CVD  % 5.7 
 

 3.7 
 

0.9 
 

0.006   

Diabetes mellitus % 13.0 
 

4.2 
 

4.0 
 

<.001   

Hypertension % 36.3 
 

14.5 
 

6.4 
 

<.001   

Current smoker % 56.0 
 

44.9 
 

48.5 
 

 0.032   

Previous smoker % 23.8 
 

32.2 
 

23.3 
 

-   

BMI m (SD) 26.9    (4.1) 26.5   (5.2) 26.1 (5.8) 0.244   

CIDI symptoms m (SD) 6.4      (1.2) 6.7     (1.3) 7.1 (1.3)  <.001 
MI=PC<MH

C 

1. Sadness % 91.8 
 

81.8 
 

83.7 
 

0.010   

2. Anhedonia % 77.7 
 

86.4 
 

94.2 
 

<.001   

3. Appetite % 45.7 
 

63.6 
 

64.4 
 

<.001   

4. Sleep % 84.0 
 

87.4 
 

86.2 
 

0.622   

5. Psychomotor % 75.1 
 

66.8 
 

71.5 
 

0.178   

6. Fatigue  % 86.8 
 

89.7 
 

93.3 
 

0.050   

7. Guilt feelings % 52.6 
 

57.5 
 

66.6 
 

0.005   

8. Concentration % 83.4 
 

95.8 
 

98.5 
 

<.001   

9.Thoughts death % 51.0 
 

43.0 
 

50.6 
 

0.159   

Age of onset  m (SD) 54.0 (11.6) 28.8 (12.8) 26.4 (10.9) 0.145 
MI>PC=MH

C 

Recurrence       % 24.2   53.8   47.4        <.001   

Abbreviations:  PC primary care, MHC mental health care, HSD honestly significant difference, 

CVD cerebro vascular disease, BMI body mass index, CIDI total number of depressive symptoms 

(range: 5-9) as established by composite interview diagnostic instrument, COG cognitive/ affective, 

SOM somatic.  Group differences were tested by means of ANOVA and χ
2
-test as appropriate.  
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6.3.2. Group differences in cognitive/affective and somatic symptom levels (theory-

driven approach) 

Analysis of covariance (ANCOVA) adjusting for differences in age, sex and somatic 

symptom levels revealed a group difference in the number of cognitive/affective 

symptoms (F (2,681) = 5.821, p = 0.003). Bonferroni corrected pairwise comparisons 

confirmed that MI patients experiencing a first episode of  depression reported fewer 

cognitive/affective symptoms than MHC patients (3.590 ± 0.093 and 3.906 ± 0.057, p = 

0.02) but not than PC patients (3.590 ± 0.093 and 3.649 ± 0.066, n.s.). Moreover, PC 

patients also reported fewer cognitive/affective symptoms than MHC patients (p = 0.01). 

There were no significant differences in somatic symptom levels (F (2,681) = 2.519, p = 

0.08). Similar results were obtained without adjusting for the other symptom dimension, 

with a group difference for cognitive/ affective symptom levels (F (2,682) = 6.115, p = 

0.002) but not somatic symptom levels (F (2,682) = 2.644, p = 0.07). The group 

differences in symptom levels are depicted in Figure 1, by means of adjusted means and 

standard errors. The results were highly comparable for the original and imputed datasets. 

 

Figure 1. Group differences in cognitive/affective and somatic symptoms, comparing MI 

patients with first onset depression, depressed primary care and mental health care 

patients. 

 

* Means adjusted for age, sex and somatic symptom levels different at p < 0.05, Bonferroni 

corrected. 
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6.3.3. Effects of depression history on depressive symptom levels (theory-driven 

approach) 

Subsequent sensitivity analyses were conducted to further examine the effects of 

recurrence and age of depression onset on cognitive/affective symptom levels. First, we 

repeated the ANCOVA on cognitive/affective symptoms including only the patients from 

PC (n = 96) and MHC (n = 170) experiencing a first episode of depression as control 

groups. The group differences were fully explained by age (Fgroup (2,407) = 0.704, p = 

0.50 and Fage (1,407) = 6.391, p = 0.01). This is in contrast with the original analysis 

including patients with  recurrent episodes of depression in the PC and MHC groups, 

where group was predictive of cognitive/affective symptom levels, but age was not (Fage 

(1,681) = 2.107, p = 0.15).  

Next, we repeated the ANCOVA including depressed patients with first and 

recurrent episodes from the MI, PC and MHC groups. This analysis yielded a significant 

effect of group (Fgroup (2,728) = 5.075, p = 0.01), however not of age (Fage (1,728) = 3.165, 

p = 0.08). Indeed, when age of onset was included as a covariate, there was a significant 

effect of both group (Fgroup (2,722) = 4.934, p = 0.007) and age of onset (Fageons (1,722) = 

13.529, p < 0.001). Therefore, age of onset was a stronger predictor of cognitive/affective 

symptom levels than recurrence or age. The contrasts between the groups showed that the 

difference between depressed MI and MHC patients was no longer significant (3.754 ± 

0.088 and 3.865 ± 0.058, n.s.). The PC group displayed the lowest levels of 

cognitive/affective symptoms (3.593 ± 0.068), which was significantly lower than the 

MHC group (p = 0.005). 

 

6.3.4. Heterogeneity in symptom profiles established by latent class analysis (data-

driven approach) 

A three-class solution provided the best model fit (AIC = 6382, sample-size adjusted BIC 

= 6424, compared to AIC = 6414, sample-size adjusted BIC = 6441 for a two-class 

solution). The LRT confirmed that a four-class solution did not have additional 

explanatory value to a three-class solution (p = 0.10 compared to a previous p = 0.03). 

The first class was a class with severe depression, characterized by a high probability of 

endorsement of each DSM-IV symptom. The other two classes were of moderate severity, 

having a lower probability of reporting three cognitive/affective symptoms (i.e. one of the 
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core symptoms, feelings of guilt and thoughts of death) and one somatic symptom 

(appetite changes). Furthermore, the low cognitive classes could be distinguished by the 

core symptoms of depression. Class 2 reported more sadness than class 3, whereas class 3 

reported more anhedonia than class 2. The symptom profiles of the three classes are 

depicted in Figure 2. 

 

Figure 2. The three different symptom profiles of depression established by latent class 

analysis. 

 

.  

Next, the individual participants were assigned a most likely class membership. The 

frequencies of class assignment for the different depression groups are depicted in Figure 

3. Logistic regression analyses were performed to compare class assignment in depressed 

MI patients to depressed patients from primary and mental health care, adjusting for age 

and sex. MI patients had lower odds of being classified as having a profile of severe 

depression than MHC patients (OR = 0.519, p = 0.046). The severe class was equally 

represented in the MI and PC groups. The odds of low cognitive – high sadness class 

assignment were higher in the MI group than in the PC (OR = 1.649, p = 0.056) and 

MHC group (OR = 2.201, p = 0.002), although the difference with the PC group was only 

marginally significant. The odds of low cognitive – high anhedonia class assignment 
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tended to be lower in the MI group than in the PC (OR = 0.426, p = 0.013) and MHC 

group (OR = 0.509, p = 0.054). The results are summarized in Table 2. 

 

Table 2. Odds ratio of symptom profile class membership in depressed MI patients 

compared to patients from primary and mental health care, controlled for age and sex. 

Symptom profile 

 

Comparison group 

 

Odds 

ratio 

95% Confidence 

Interval 

P-value 

 

Severe depression                   Primary Care 1.002 0.508 – 1.976 0.996 

 Mental Health Care  0.519   0.273 – 0.988 0.046 

Low cognitive- high 

sadness 
Primary Care  1.649 0.988 – 2.751 0.056 

 Mental Health Care 2.201 1.324 – 3.659 0.002 

Low cognitive-high 

anhedonia 
Primary Care 0.426 0.217 – 0.837 0.013 

 Mental Health Care 0.509 0.256 – 1.013  0.054 

 

 

Figure 3. Percentage of class assignment for depressed myocardial infarction, primary 

care and mental health care patients. 

N.B. Class 1: Severe, Class 2: Low cognitive – high sadness, Class 3: Low cognitive – high 

anhedonia. 
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Because age of onset was the best predictor in the theory-driven analyses, age of onset 

was included as an additional predictor in the logistic regression models. A higher age of 

onset showed a substantial, however only marginally significant association with the low 

cognitive – high anhedonia class (OR = 1.020, p = 0.057). Age of onset was not 

predictive for the severe or low cognitive – high sadness classes (p > 0.2). For the severe 

class, the difference between the MI and MHC groups was slightly attenuated (OR = 

0.547, p = 0.086) after including age of onset as a predictor. For the low cognitive – high 

sadness and low cognitive – high anhedonia classes,  the MI group was now significantly 

different from the PC and MHC groups (all p < 0.05). 

 

6.4. Discussion 

This is the first study to investigate differences in symptom profile between depressed MI 

patients and depressed patients from primary and mental health care, and to examine the 

effects of characteristics of depression history. Overall, MI and PC patients reported 

fewer depressive symptoms than MHC patients. The hypothesis that MI patients would 

show fewer cognitive/affective symptoms than patients from MHC was confirmed. In 

addition, patients from PC also reported fewer cognitive/affective symptoms than patients 

from MHC. A later age of depression onset was related to lower cognitive/affective 

symptom levels. The differences between the MI and MHC groups were explained by 

differences in age of onset but not by recurrence of depression. The results from the 

theory-driven analyses on symptom dimensions were supported by the data-driven latent 

class analyses. MI patients more often demonstrated a low cognitive – high sadness 

profile than PC and MHC patients. This difference could not be explained by age of onset.  

This is the first study to compare symptom profiles of depressed MI patients and 

depressed patients from PC and MHC with a large sample size (687 depressed 

individuals), providing adequate statistical power. In addition, the study used a structured 

clinical interview, which is a reliable measure of clinically relevant symptoms. More 

importantly, the analyses on symptom dimensions were hypothesis-driven, following a 

theoretical framework (Ormel and De Jonge, 2011). These analyses were complemented 

by a data-driven approach. Another strength of this study is the nature of the samples. MI 

is a cardiac condition with an unambiguous onset time, offering the opportunity to look at 

depressive symptoms experienced after the cardiac event. Two control groups of 
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depressed patients were included in the analyses to investigate the generalizability of the 

differences in symptom profile.  

There are also several limitations to this study. The most important limitation is 

its cross-sectional design. As a consequence, this study does not allow for any 

conclusions on the etiology of depressive symptoms. In addition, it was not possible to 

look at the development of symptom profiles over time. As history of depression was 

assessed retrospectively in both groups, recall bias might have influenced the results; 

however as the same method was used for all participants it would be present in all 

groups. The analyses were adjusted for sex and age, and sensitivity analyses were 

conducted to look at the effects of history of depression. Nevertheless, there may be other 

confounding factors that were not included in the analyses. Therefore it is important to 

examine the generalizability of the findings to patient samples with other cardiovascular 

problems or late-onset depression before definite conclusions can be drawn. The most 

evident confounding factor would be severity of depression. Unfortunately the two 

studies did not use the same instrument to measure depression severity (MIND-IT used 

the Beck Depression Inventory (Beck et al., 1961) and NESDA used the Inventory of 

Depressive Symptoms (Rush et al., 1996)). An alternative would be to adjust for the total 

number of symptoms. However, it is noteworthy that the number of cognitive/affective 

symptoms is part of, and therefore dependent upon, the total number of depressive 

symptoms. Accordingly, including severity as a covariate when looking at 

cognitive/affective symptom levels would lead to an unstable regression model and would 

by definition lead to overcorrection. As an alternative, we decided to adjust for the 

contrasting symptom dimension as a more independent measure, as was done previously 

(Thombs et al., 2010). 

The results of this study are complementary to previous findings. A lower 

prevalence of cognitive/affective symptoms with equivalent somatic symptoms in post-

MI depression compared to depressed patients in mental health care is a direct replication 

of the findings of Martens and colleagues (2006), but this time in a much larger sample. 

Similarly, equivalent somatic symptom levels have been reported comparing MI patients 

and a heterogeneous sample of psychiatric patients, matched on cognitive/affective 

symptom levels (Thombs et al., 2010). The current study confirms that somatic symptoms 

are not elevated in MI patients compared to other depressed patients. Moreover, the 
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results from the latent class analysis suggest that cognitive and somatic symptom levels 

might be lower in MI and PC patients, possibly reflecting a general effect of severity. 

However, somatic complaints may still influence the somatic symptom levels in 

depressed MI patients. Whether the etiology behind the somatic symptoms is the same in 

depressed MI patients as in psychiatric patients remains to be determined. 

Surprisingly, PC patients reported fewer cognitive/affective symptoms than 

patients from MHC. Therefore, the extra control group of depressed PC patients provided 

crucial information that was lacking in the previous studies. Not the MI group but the 

MHC group appears to be different from the others. There are several potential 

explanations for this finding. For instance, patients seeking treatment for their depression 

might be characterized by relatively high levels of cognitive/affective symptoms. 

Alternatively, MHC patients might have increased cognitive vulnerability for depression. 

It is important to note that the prevalence of depression in primary care may be equally 

high as the prevalence in MI patients (Donker et al., 2010). Therefore, it might be 

interesting to examine the etiological factors predicting symptom dimensions in these 

patients as well. For instance, somatic complaints could contribute to the development of 

somatic symptoms in PC and MI patients. New studies on the symptom profiles of 

depression should take these findings into account and carefully consider which control 

groups need to be included. 

The results regarding lower cognitive/affective symptoms in MI and PC patients 

were confirmed and complemented by data-driven symptom profile classification. The 

latent class analysis demonstrated that the most severe class was most prevalent in the 

MHC group. In addition, MI patients more often displayed the high sadness – low 

cognitive symptom profile and PC patients more often displayed the high anhedonia – 

low cognitive symptom profile. This remarkable shift in affective symptoms was also 

clearly present in the frequency of symptom endorsement (Table 1), and to our 

knowledge has not been reported before. Sadness appears to be the most important 

cognitive/affective symptom in MI patients. More sadness in MI patients might reflect a 

reactive emotional response to a major life event and deserves further investigation. 

Feelings of guilt, thoughts of death, and appetite changes were less prevalent in MI and 

PC patients. Factor analyses of depressive symptoms in MI patients have reported a 

separate factor of appetite changes (De Jonge et al., 2006a), so it may not be very well 
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classified within the cognitive or somatic symptom dimension. Less feelings of guilt were 

previously reported in a study in heart failure patients (Holzapfel et al., 2008) but also in 

late-onset depression in the general population (Corruble et al., 2008, Gallagher et al., 

2010. 

As expected, MI patients reported a higher age of onset and less recurrence than 

PC and MHC patients. A lower age of onset rather than recurrence of depression was 

associated with higher cognitive/affective symptom levels. Adjusting for age of onset 

differences eliminated the difference between the MI and MHC groups. Previously, it has 

been proposed that low levels of cognitive/affective symptoms are associated with a 

relatively low pre-existing cognitive vulnerability for depression in patients with 

cardiovascular disease (Bus et al., 2011, Ormel and De Jonge, 2011). One possible 

explanation for our findings is that pre-existing cognitive vulnerability might be less 

pronounced in depressed MI patients with a high age of onset, since these patients did not 

develop depression after stressors encountered prior to MI. Cognitive vulnerability is a 

well- established risk factor for early-onset depression (Alloy et al., 2006, Hankin et al., 

2009). Interestingly, it has been found that late-onset depression is associated with lower 

levels of neuroticism and higher levels of stress than early-onset depression (Ormel et al., 

2001, Sneed et al., 2007). Hence, patients who develop a first episode in late life may 

have a relatively low cognitive vulnerability for depression, irrespective of cardiovascular 

disease. The hypothesized associations between MI, age of onset and cognitive/affective 

symptoms are depicted in Figure 4. 
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Figure 4. The hypothesized associations between age of depression onset, myocardial 

infarction and cognitive/affective symptom levels in depressed patients. 

 

N.B. White arrows denote a positive association and black arrows denote a negative association. 

Cognitive vulnerability is included as a potentially influential but in our study unmeasured factor. 

 

Our study established similar levels of somatic symptoms between MI, PC and MHC 

patients and lower levels of cognitive/affective symptoms in MI and PC compared to 

MHC patients. Thereby, the MI and PC groups showed differences in affective symptom 

endorsement. We confirmed that post-MI depression has a different phenomenology than 

depression as it is observed in mental health care. Future research should investigate 

whether the etiological factors predicting depression are different as well.  A possible 

explanation for the findings is that MI is such an influential stressor that even people with 

a low predisposing cognitive vulnerability become depressed. These findings may be the 

impetus for further research on the role of cognitive vulnerability and stress in late-onset 

depression. Furthermore, additional neurobiological processes might be influential (e.g. 

Alexopoulos, 2006, De Jonge et al., 2010). Future studies should consider biological 

markers associated with somatic and cognitive/affective symptoms of depression, such as 

the physiological stress response, inflammation and brain abnormalities. For now, the 

idea of low cognitive vulnerability sheds a positive light on a complex disorder and may 

inspire research on protective factors as well as risk factors for depression. 
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Abstract 

We examined the association of cognitive vulnerability to depression with changes in 

homogeneous measures of depressive symptoms. Baseline and 1-year follow-up data 

were obtained from 2981 participants of the Netherlands study of depression and anxiety. 

Multivariate regression analyses were carried out on cognitive reactivity, locus of control 

and implicit and explicit self-depressive associations in combination with negative life 

events. The purpose of this analysis was to predict changes on the mood/cognition and 

anxiety/arousal subscales of the inventory of depressive symptomatology - self report. 

Cognitive reactivity, locus of control and explicit self-depressive associations were 

independently associated with changes in depressive symptoms after adjustment for 

covariates and baseline severity (all p < 0.01). Negative life-events interacted with 

cognitive vulnerability to depression to predict depressive symptoms. Locus of control (b1 

= 0.16, SE = 0.02, η
2 

= 0.01; b2 = 0.10, SE = 0.02, η
2 

= 0.004, F = 8.69, p < 0.01) and 

explicit self-depressive associations (b1 = 0.10, SE = 0.03, η
2 
= 0.02; b2 = 0.02, SE = 0.04, 

F = 7.50, p < 0.01) were more strongly associated with the cognitive (b1) than the somatic 

(b2) symptom dimension of depression. The study sample is over-inclusive of depressed 

patients. Therefore it might be problematic generalizing the findings to the general 

population. Cognitive etiological factors may play a role in a “cognitive” subtype of 

depression. The findings strengthen the notion that homogeneous measures of depressive 

symptoms enable a greater degree of discrimination between subtypes than a 

multidimensional conception of depression. 
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7.1. Introduction 

Major depressive disorder (MDD) causes a major burden for modern society and it is 

predicted that the burden of MDD will be the largest of all diseases by 2030 (World 

Health Organization, 2008). In recent years,  pharmacological (Kirsch, et al., 2008) and 

psychotherapeutic (Cuijpers, et al., 2010) interventions have reported disappointing 

results. The complex and heterogeneous nature of the construct major depression may 

contribute to these modest results (Kendler and Gardner, 1998; Lichtenberg and 

Belmaker, 2010; Lux and Kendler, 2010; Parker, 2005). Treatments that work for one 

specific individual might not work for another individual, resulting in an attenuated 

treatment effect. Therefore, unaccounted heterogeneity in symptoms of depression may 

arrest our knowledge about the etiology and the effective treatment of MDD. 

Heterogeneity in depressive symptoms has particularly gained attention in psychosomatic 

research (de Jonge, 2011). In the field of general psychology thereis a recent movement 

to address syndrome heterogeneity by assessing intermediate phenotypes across current 

diagnostic criteria (Insel and Cuthbert, 2009; Sanislow, et al., 2010).  

Heterogeneity in depression leads to decreased clinical specificity and a loss of 

statistical power. Dichotomizing results in  the dismissal of valuable information, which 

may lead to biased results (Shorter and Tyrer, 2003). A dimensional model of 

psychopathology resolves both issues by assuming that symptom severity follows a 

continuum rather than a dichotomy. Furthermore, dimensional models assume that 

psychopathology consists of several co-existing symptom domains, thereby allowing for 

multidimensionality (Watson, 2005).   

Accordingly, two factors of the IDS-SR have been optimized with Rasch analysis 

to serve as homogeneous measures of depressive symptom dimensions (Wardenaar, et al., 

2010). The mood/cognition subscale of the IDS-SR contains symptoms of depressed 

mood, affect and cognition, e.g. ‘sad mood’ (referred to in this document as the cognitive 

symptom dimension of depression). The anxiety/arousal subscale of the IDS-SR contains 

symptoms of anxiety, somatic arousal and somatic complaints, e.g. sympathetic arousal 

(referred to in this document as the somatic symptom dimension of depression). These 

homogeneous measures of depressive symptom dimensions may be useful to identify 

multiple etiological pathways that lead to depression (Parker, 2005). 
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Cognitive vulnerability to depression plays an important role in the etiology of 

MDD (Alloy, et al., 1999). The concept of a negative thinking style regarding oneself, the 

world and the future was first introduced by Beck (1963) and had a major impact in 

clinical and research settings. Hereafter, several cognitive themes have been highlighted 

in influential theories such as experienced control in stressful situations (helplessness 

theory; Abramson, et al., 1978) and negative predictions about future consequences of 

one’s behavior and a resulting negative self-image (hopelessness theory; Abramson, et al., 

1989). The Temple-Wisconsin cognitive vulnerability to depression project (Alloy, et al., 

2000) and the Oregon Adolescent Depression Project (Lewinsohn, et al., 1998) have 

previously examined the effect of cognitive vulnerability in a longitudinal design using 

multiple measures, demonstrating that cognitive vulnerability is multifaceted. These 

measures assessed participant's explicit negative self-evaluations, attitudes and inferential 

style. It was not assessed whether vulnerability measures relating to implicit associations 

provide incremental risk in developing depressive symptoms. More importantly, it is 

unknown whether cognitive vulnerability to depression is differentially predictive of 

more homogeneous symptom dimensions of depression. Recently, Iacoviello and 

colleagues (2010) argued that prodromal and residual symptoms of depression represent 

the core of the disorder. These primary symptoms (e.g. sad mood, concentration loss) 

resemble symptoms from the cognitive symptom dimension. Therefore, cognitive 

vulnerability to depression is expected to be more predictive of cognitive symptoms. The 

diathesis-stress model of depression states that vulnerability predisposes individuals to 

experience psychopathology, particularly when activated by stress (Monroe and Simons, 

1991). This is why cognitive vulnerability is expected to put individuals at risk for the 

development of depressive symptomatology when they are faced with a stressful life 

event.  

The aims of this project are twofold: (1) to examine whether different measures of 

cognitive vulnerability are independently predictive of depressive symptoms and (2) to 

examine the impact of cognitive vulnerability on the development of homogeneous 

symptom dimensions of depression. We expect that: (1) all measures of cognitive 

vulnerability to depression are independently positively associated with the development 

of overall symptoms of depression; (2) these associations are moderated by negative life 

events; (3) the prospective association of cognitive vulnerability with the cognitive 
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symptom dimension is significantly larger than with the somatic symptom dimension of 

depression.  

 

7.2. Methods 

7.2.1. Study Design 

The Netherlands study of depression and anxiety. Data were derived from the 

baseline and 1-year follow-up assessment of The Netherlands Study of Depression and 

Anxiety (NESDA), an ongoing longitudinal cohort study designed to study the long term 

course and consequences of depression and anxiety. Baseline data were used as predictor 

variables and covariates; the 1-year follow-up data were used as moderators and outcome 

variables. A detailed description of the NESDA design and sampling procedure is 

provided elsewhere (Penninx, et al., 2008). 

Sample. The baseline assessment was completed by 2981 participants, of which 

2455 (82%) completed the 1 year follow-up assessment. Subjects were recruited from 

three different settings: the community, primary care and mental health care. At the 

baseline assessment 2329 participants had a lifetime depressive and/or anxiety disorder 

and 652 participants had no history of any depressive and/or anxiety disorder. 

Procedure. Recruitment maintained the following inclusion and exclusion criteria: 

an age of 18 through 65, proficiency in the Dutch language and no diagnosis of a 

psychotic disorder, obsessive compulsive disorder, bipolar disorder or severe addiction 

disorder. The study protocol was approved by the ethical review board of each 

participating center. All subjects signed an informed consent before participating in the 

study. The baseline assessment started in September 2004 and ended in February 2007 

The lifetime version of the composite international diagnostic interview was used to 

establish diagnoses of  (current) mood and anxiety disorders. The 1-year follow-up 

assessment started in September 2005 and ended in February 2008. 

 

7.2.2. Measures 

Depressive symptom dimensions. The Inventory of Depressive Symptomatology 

Self Report (IDS-SR; Rush, et al., 1996) was used to assess depressive symptom 

dimensions at baseline and 1-year follow-up. The 1-year follow-up measures were used 

as outcome variables and the baseline measure were used as covariates. The IDS-SR 
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contains all symptoms of depression as defined by the Diagnostic and Statistical Manual 

of Mental Disorders, 4th edition (American Psychiatric Association, 2000) and symptoms 

commonly associated with depression. The IDS-SR has demonstrated satisfactory 

psychometric qualities with good internal consistency (α = 0.92 - 0.94), good convergent 

validity and high sensitivity to change in previous research (Rush, et al., 1996; Trivedi, et 

al., 2004). Principal component analysis and confirmatory factor analysis of the IDS-SR 

in the NESDA sample have indicated a three-factor model of which two factors (the 

mood/cognition factor and the anxiety/arousal factor) have been optimized with Rasch 

analyses to function as homogeneous measures of depressive symptoms dimensions 

(Wardenaar, et al., 2010). 

Cognitive symptom dimension of depression. The mood/cognition subscale of 

the IDS-SR comprises 11 equally-weighted items rated on a three-point scale, containing 

symptoms of depressed mood, affect and cognition. The sum score (range 0 - 22) of this 

subscale was used as a measure of cognitive symptoms of depression. Internal 

consistency was α = 0.86 at baseline and α = 0.88 at follow-up. 

Somatic symptom dimension of depression. The anxiety/arousal subscale of the 

IDS-SR comprises 8 equally-weighted items rated on a three-point scale, containing 

symptoms of anxiety, somatic arousal and somatic complaints. The sum score (range 0 - 

16) of this subscale was used as a measure of somatic symptoms of depression. Internal 

consistency was α = 0.78 at baseline and follow-up. 

Cognitive reactivity. Cognitive reactivity is the activation of depressive cognitions 

during periods of low moods (Scher, et al., 2005). The Leiden Index of Depression 

Sensitivity-Revised (LEIDS-R) is a questionnaire that intents to measure such 

dysfunctional attitudes during low mood without a mood-induction procedure (van der 

Does and Williams, 2003; Van der Does, 2002). The LEIDS-R is a self-report 

questionnaire that contains 34 equally weighted items rated on a five-point scale. Results 

from previous studies support the notion that the LEIDS-R measures cognitive reactivity 

(Antypa, et al., 2010; Booij and Van der Does, 2007; Moulds, et al., 2008). The items are 

divided among 6 different subscales: Hopelessness/Suicidality; Acceptance/Coping; 

Aggression; Control/Perfectionism; Harm Avoidance and Rumination. The sum score 

(range 0 - 136) of the LEIDS-R was used as measure of cognitive reactivity with higher 

scores indicating stronger cognitive reactivity. Internal consistency was α = 0.93. 

7 

1



  

143 

Locus of control. The Mastery Scale was used to measure locus of control, the 

degree in which the individual experience that s/he has control over his or her life (Pearlin 

and Schooler, 1978). An external locus of control is a negative thinking style that is 

related to an increased incidence of MDD (de Graaf, et al., 2002). The Mastery Scale is a 

self-report questionnaire containing 5 equally weighted items  rated on a five-point rating 

scale. The sum score (range 5 - 25) of the Mastery Scale was used a measure of locus of 

control, with lower scores indicating stronger personal control. Internal consistency was α 

= 0.87. 

Implicit self-depressive associations. The Implicit Associations Test (IAT) was 

used to measure implicit self-depressive associations. The IAT is a computerized reaction 

time task (Greenwald, et al., 1998). The strength of association between concepts and 

attributes is measured by reaction times (with faster reaction times indicating a stronger 

association between attribute and concept). Implicit self-depressive associations are 

derived from the relative strength of associations between the concept ‘self’ and attribute 

‘depressed’ versus the concept ‘self’ and attribute ‘elated’. A more detailed description of 

how the IAT was operated in the NESDA is provided elsewhere (Glashouwer, et al., 

2010). The algorithm developed by Greenwald and colleagues was used to calculate the 

IAT-effect, with higher scores indicating stronger self-depressive associations 

(Greenwald, et al., 2009).  

Explicit self-depressive associations. The attributes from the IAT were used to 

measure explicit depressive associations in the form of a self-report questionnaire. The 

explicit association questionnaire contained 5 equally weighted depressed attributes and 5 

equally weighted elated attributes from the IAT rated on a five-point scale. To compute 

explicit self-depressive associations, the scores of the elated attributes were reversed and 

the scores on all items were summed (range 0 - 40). Therefore, a higher score indicates 

stronger explicit self-depressive associations. Internal consistency was α = 0.95. 

Negative life events. The List of Threatening Experiences (LTE) was assessed at 

the 1-year follow-up measurement. The LTE was used to measure negative life events in 

the past year. The LTE is a self-report questionnaire that assesses the exposure to one or 

more serious negative life events such as the death of a loved one or the loss of a job 

(Brugha, et al., 1985).  For ease of interpretation, we transformed negative life events into 

a dichotomous variable.  
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Demographic characteristics and confounders. Sociodemographic 

characteristics included age, sex, years of education, partner status and smoking status. 

Drinking behavior was measured with the alcohol use disorders identification test (Babor, 

et al., 1989). Drinking behavior and smoking status are associated with depression (Grant, 

et al., 2004; Hasin, et al., 2005) and were therefore used as covariates in the analyses. 

Since it can reasonably be argued that somatic illness is more strongly associated with 

somatic than cognitive symptoms of depression, the presence of sixteen self-reported 

somatic conditions were summed and used as a covariate in the analyses. 

 

7.2.3. Data Analysis 

The baseline and follow-up sum scores of the cognitive and somatic symptom dimension 

of the IDS-SR were calculated using the description provided by Wardenaar and 

colleagues (2010). The scores on the cognitive and somatic symptom dimensions of the 

IDS-SR at the baseline and 1-year follow up assessments, and the scores on all cognitive 

vulnerability to depression measures, were standardized because of different units of 

measurement and scale length. Missing data were multiply imputed by chained equations 

using Stata’s user-written package ICE (Royston, 2005). All variables and interaction 

terms that were used in the analyses were also included in the imputation model. 

Neuroticism and conscientiousness at baseline and depressive symptoms at the two-year 

follow-up assessment were added to the imputation model as auxiliary variables (these 

variables are not used in the main analyses). From this model 10 imputed datasets were 

created in 1000 cycles while bootstrapping all variables. Analyses on the imputed datasets 

were conducted taking in to account the within and between imputation variance (Rubin, 

1987). 

To determine the association between cognitive vulnerability to depression and 

changes in overall depressive symptoms, a multivariate regression model was built. This 

utilized both the cognitive and somatic symptom dimensions of the 1-year follow-up 

assessment as outcome measures and the same measures at baseline as covariates. The 

adjusted follow-up score was preferred to the difference score as outcome measure for 

several reasons: (1) with the baseline score included as predictor variable, it is possible to 

examine the influence and stability of the measure over time; (2) the error term of the 

adjusted model is smaller than when the difference score is analyzed and (3) the 
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reliability of the difference score becomes compromised when the correlation between the 

two measures approaches the average reliability of the two measures (Stevens, 2009).  

Measures of cognitive vulnerability and stress were added to the model as predictor 

variables. Demographics, somatic diseases, smoking status and drinking behavior were 

added as covariates. Measures of cognitive vulnerability multiplied with stress were 

added as interaction variables. The first model contained all main effects of the predictor 

variables and covariates, as well as all interaction effects. Because non-significant 

interaction effects indicate that the main effect parameters for different groups are similar, 

the weakest interaction effects were sequentially eliminated until only significant 

interaction effects remained. Although the analyses are based upon a dimensional 

framework, it is possible that the associations are dependent on a depressive or anxious 

state. Furthermore, the use of antidepressant medication can influence cognitive biases 

(Harmer, et al., 2004). Therefore, interaction terms of diagnostic status and antidepressant 

use were also added as covariates to the model.  

Wald tests were used in the final model to determine the association of cognitive 

vulnerability to depression with cognitive and somatic depressive symptoms combined. 

Next, Wald tests were used to determine the association of cognitive vulnerability to 

depression with homogeneous symptom dimensions of depression separately.  We report 

F-ratios with corresponding p-values of all Wald tests. As a measure of effect size η
2 
was 

calculated. Variance inflation factors were calculated for every variable to examine 

potential  multicollinearity. All analyses were carried out by Stata (version 11.2, special 

edition) and the significance level was set at p < 0.05.     
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Table 1: Demographic and clinical characteristics of participants 

Characteristic 

 

Complete cases  

(n=2180) 

Complete cases after 

imputation (n=2981) 

Mean  Sd Mean  Sd 

Age 42.6 (13) 41.9 (13) 

Female (%) 67.6  66.4  

Years of education 12.4 (3.3) 12.2 (3.3) 

Partner (%) 70.7  69.3  

Smoking (%)     

 - Current 32.8  38.5  

 - Past 37.1  33.4  

 - Never 30.1  28.0  

Drinking behavior 4.69 (4.5) 4.81 (4.8) 

Number of somatic diseases 0.89 (1.1) 0.89 (1.1) 

Mood disorder at baseline (%) 24.5  26.9  

Cognitive symptoms at baseline 6.01 (4.5) 6.38 (4.5) 

Somatic symptoms at baseline 4.57 (2.7) 4.78 (2.8) 

Cognitive reactivity 33.2 (19.6) 34.4 (19) 

Locus of control 7.60 (4.6) 7.90 (4.6) 

Implicit self-depressive associations −0.243 (0.39) −0.227 (0.39) 

Explicit self-depressive associations 2.60 (1.7) 2.67 (1.7) 

Negative life event experienced (%) 61.5  62.1  

Cognitive symptoms at follow-up 4.96 (4.1) 5.20 (4.1) 

Somatic symptoms at follow-up 3.82 (2.6) 3.97 (2.7) 

Note: Sd = Standard deviation. 

 

7.3. Results 

The analyses were performed twice, using the complete data after listwise deletion of 

missing cases and the complete data after imputation. No differences in patterns of 

significance emerged. The results of the imputed data analyses are reported, because they 

give a less biased estimate of the effects in the original sample. 

 

7.3.1. Sample Description 

Of the total 2981 participants from the baseline assessment of the NESDA, 2445 

participated in the 1 year follow-up assessment. Complete data were available from 2180 

(89%) participants. The mean age of participants was 42.6 years (Sd = 13.1) and 67.6% 

were female. 24.5% of the participants were diagnosed with a current (within the last 

month) mood disorder at baseline. Demographic and clinical characteristics of the sample 
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with complete data and of the sample with complete data after imputation are provided in 

table 1. 

 

7.3.2. Combined outcomes 

The final multivariate regression model contained all main effects of the predictor 

variables, covariates and the interaction effect of NLE*explicit self-depressive 

assumptions. It must be noted that the interaction effects of NLE*locus of control did 

achieve significance when the interaction effects were allowed to enter the model 

separately. Results from multivariate multiple regression analysis examining the 

associations of predictor variables with both the cognitive and somatic symptom 

dimensions are presented in table 2. Cognitive reactivity, F(2, 160.9) = 19.20, p < 0.001, 

locus of control, F(2, 239.8) = 28.25, p < 0.001, explicit self-depressive associations, F(2, 

130.8) = 5.79, p < 0.01, and NLE*explicit self-depressive associations, F(2, 257.1) = 4.76, 

p < 0.01, were all predictive of overall depressive symptoms at follow-up after adjustment 

for baseline severity of depressive symptoms and covariates. Implicit self-depressive 

associations were not predictive, of depressive symptoms at follow-up F(2, 184.1) = 0.98, 

p = 0.38, even after removing the other measures of cognitive vulnerability from the 

model. The strongest predictors of depressive symptoms at follow-up were depressive 

symptoms at baseline: cognitive symptoms, F(2, 193.7) = 101.58, p < 0.0001 and somatic 

symptoms, F(2, 209.5) = 359.55, p < 0.0001.   

We checked whether there were significant interaction effects between diagnostic 

status at baseline with cognitive vulnerability and the use of antidepressants with 

cognitive vulnerability. After sequential discarding of insignificant interaction effects 

from the model, none remained significant (all p < 0.05). The effect of cognitive 

vulnerability on the development of depressive symptoms is therefore not dependent on a 

depressive state, an anxious state nor the use of antidepressants. 
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Table 2. Results from Wald tests assessing the overall association of predictor variables 

with both the cognitive and somatic symptom dimensions of depression after multivariate 

multiple regression analysis (n=2981). 

Variable F-ratio Probability 

Sex 1.07 0.34 

Age 1.03 0.36 

Education 3.18 <0.05 

Partner 4.69 <0.01 

Smoking 0.81 0.44 

Drinking behavior 0.37 0.69 

Somatic diseases 7.36 <0.001 

Cognitive symptoms at baseline 101.58 <0.001 

Somatic symptoms at baseline 359.55 <0.001 

Negative life event experienced 2.21 0.11 

Cognitive reactivity 19.20 <0.001 

Locus of control 28.25 <0.001 

Implicit self-depressive associations 0.98 0.38 

Explicit self-depressive associations 5.79 <0.01 

Explicit self-depressive associations times 

negative life events experienced 

4.76 <0.01 

 

7.3.3. Separate outcomes 

The multivariate regression model was used to examine the effects of cognitive 

vulnerability on the symptom dimensions separately. No variable showed problematic 

multicollinearity (VIF < 6 for all variables). Wald tests were performed to assess the 

differential association of the predictor variables with the outcome measures. The 

coefficients from the multivariate regression analysis and their corresponding F-ratio’s 

assessing the differential association with the cognitive and somatic symptom dimensions 

for all predictor variables and depressive symptoms at baseline are presented in table 3. 
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Table 3. Tests of equality between standardized regression coefficients of the multivariate 

multiple regression model (n=2981), regressing cognitive and somatic symptom 

dimensions of depression on measures of cognitive vulnerability adjusted for baseline 

severity and covariates. 

Variable 

 

Cognitive Somatic Difference 

b Sd b Sd F p 

Cognitive symptoms at baseline 0.33 0.03 0.00 0.03 178 <0.001 

Somatic symptoms at baseline 0.08 0.02 0.54 0.02 483 <0.001 

Cognitive reactivity 0.12 0.02 0.11 0.02 0.54 0.46 

Locus of control 0.16 0.02 0.10 0.02 8.69 <0.01 

Explicit self-depressive associations 0.10 0.03 0.02 0.04 7.50 <0.01 

Explicit self-depressive associations 

times negative life events experienced 

0.09 0.03 0.02 0.03 5.92 <0.05 

Note: Sd = Standard deviation. 

 

Locus of control (b1 = 0.16, SE = 0.02, η
2
 = 0.01; b2 = 0.10, SE = 0.02, η

2
 = 0.004), 

explicit self-depressive associations (b1 = 0.10, SE = 0.03, η
2
 = 0.002; b2 = 0.02, SE = 

0.04) and explicit self-depressive associations*NLE (b1 = 0.09, SE = 0.03, η
2
 = 0.001; b2 

= 0.02, SE = 0.03) were significantly more strongly associated with the cognitive 

symptom dimension (b1) than the somatic symptom dimension (b2) of depression, F(1, 

210.6) = 8.69, p < 0.01,  F(1, 198.9) = 7.50, p < 0.01 and F(1, 321.6) = 5.92, p < 0.05 

respectively.  

Cognitive reactivity (b1 = 0.12, SE = 0.02, η
2
 = 0.007; b2 = 0.11, SE = 0.02, η

2
 = 

0.005) and implicit self-depressive assumptions (b1 = 0.00, SE = 0.01; b2 = 0.01, SE = 

0.01) were not differentially associated with the cognitive (b1) versus the somatic 

symptom dimension (b2) F(1, 160.5) = 0.54, p = 0.46 and F(1, 94.3) = 1.81, p = 0.18, 

respectively.  

The baseline cognitive (b1 = 0.33, SE = 0.03, η
2
 = 0.02; b2 = 0.00, SE = 0.03) and 

somatic symptom dimensions (b1 = 0.08, SE = 0.02, η
2
 = 0.002; b2 = 0.54, SE = 0.02, η

2
 = 

0.11) were significant differently associated with the cognitive (b1) versus the somatic 

symptom dimension (b2) of depression at the 1 year follow-up assessment F(1, 380.8) = 

178.83, p < 0.0001, F(1, 122.8) = 483.23, p < 0.0001.   

 

7.3.4. Post-hoc analysis of the LEIDS-R-subscales 

Cognitive reactivity was associated with overall symptoms of depression at the follow-up 

assessment, yet it did not differentiate between the cognitive and somatic symptom 
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dimensions. The subscales of the Leiden Depression Sensitivity Index-Revised (LEIDS-R) 

might have opposing effects and therefore level out the effects of differentiation. A post-

hoc analysis was performed to test this hypothesis.  

 

Table 4. Tests of equality between standardized regression coefficients of the post-hoc 

multivariate multiple regression model (n=2981), regressing cognitive and somatic 

symptom dimensions of depression on subscale scores of the LEIDS-R, adjusted for 

baseline severity of depressive symptoms, covariates and measures of cognitive 

vulnerability to depression. 

Subscale 

 

Cognitive Somatic Difference 

b Sd b Sd F p 

Hopelessness/suicidality 0.05 0.02 −0.01 0.02 10.5 <0.001 

Acceptance/coping 0.01 0.02 0.02 0.02 0.75 0.39 

Aggression 0.03 0.02 0.01 0.02 1.83 0.18 

Control/perfectionism −0.01 0.02 −0.03 0.02 1.31 0.26 

Risk aversion −0.01 0.03 0.06 0.03 8.77 <0.01 

Rumination 0.08 0.03 0.08 0.03 0.00 0.98 

Note: LEIDS-R=Leiden Index of Depression Sensitivity-Revised. Sd=standard deviation. 

 

The same statistical model was used as before, with the sum-score of the LEIDS-R 

replaced by the scores on the 6 subscales of the LEIDS-R. Because multiple testing 

without previously defined hypothesis inflates the overall type-I error rate we applied a 

Bonferroni-correction to the significance level (β = α/n = 0.05/6 = 0.008). The results of 

the post-hoc analysis are presented in table 4. The hopelessness/suicidality subscale (b1 = 

0.05, SE = 0.02; b2 = -0.01, SE = 0.02) was significantly more strongly associated with 

the cognitive (b1) than the somatic (b2) symptom dimension F(1, 1046.9) = 10.48, p < 

0.002). The risk aversion subscale (b1 = -0.01, SE = 0.03; b2 = 0.06, SE = 0.03) was 

significantly more strongly associated with the somatic (b2) than the cognitive (b1) 

symptom dimension F(1, 85) = 8.77, p < 0.004). All other subscales had similar 

associations with both symptom dimensions (all p < 0.008). 

 

7.4. Discussion 

This study is the first to prospectively examine the differential association of multiple 

measures of cognitive vulnerability to depression with cognitive and somatic symptom 

dimensions of depression. We found that cognitive reactivity, external locus of control 
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and explicit self-depressive associations were independently associated with an increase 

in depressive symptoms over a one year period. The association of explicit self-

depressive associations with depressive symptoms was strengthened by the effect of 

negative life events. All measures of cognitive vulnerability to depression that were 

associated with depressive symptoms were more strongly associated with the cognitive 

than with the somatic symptom dimension of depression. Our hypotheses that (I) 

cognitive vulnerability is associated with depressive symptoms, (II) negative life events 

moderate these associations and (III) cognitive vulnerability is more associated with the 

cognitive than the somatic symptom dimension of depression, were largely supported by 

the findings.   

 

7.4.1. Cognitive vulnerability is more strongly associated with the cognitive than the 

somatic symptom dimension of depression 

Cognitive vulnerability to depression differentially predicts cognitive and somatic 

symptom dimensions of depression. This differentiating effect is reflected by the finding 

that hopeless reactions to sad moods, external locus of control and explicit self-depressive 

associations were significantly more strongly associated with the cognitive versus the 

somatic symptom dimension of the Inventory of Depressive Symptomatology-Self Report 

(Wardenaar, et al., 2010). It has been shown that the measures of cognitive vulnerability 

to depression that were used in this study are predictive of general depressive symptoms 

(Scher, et al., 2005; Taylor and Stanton, 2007; Wisco, 2009). However, the longitudinal 

relationship between multiple measures of cognitive vulnerability to depression and 

different homogeneous symptom dimensions of depression has not been studied before. 

Still, it is important to do so because the heterogeneity in symptoms of depression may 

obscure research into the etiology and the effective treatment of depression. Our results 

support the notion that the concept of major depression as maintained by the DSM-IV 

might not be sustainable (Lux and Kendler, 2010; Parker, 2005; Zimmerman, et al., 2006). 

They support the notion that a dimensional approach is preferred to a categorical 

approach when studying the etiology of depression (Hyman, 2007; Kendler and Gardner, 

1998). Our findings indicate that cognitive vulnerability to depression plays a role in the 

etiology of a more “cognitive subtype” of depression in a continuous linear fashion. This 

is especially relevant since cognitive symptoms of depression are consistently stronger 
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predictors of clinical validators than somatic symptoms of depression (Lux and Kendler, 

2010).  

Cognitive reactivity was associated with overall depressive symptoms at the 

follow-up assessment. Contrary to our expectation it did not discern between symptom 

dimensions of depression. The Leiden index of depression sensitivity consists of six 

different subscales. The post-hoc analysis showed that the association of the subscales 

with symptom dimensions of depression leveled out the differentiating effect. The 

hopelessness/suicidality subscale was more associated with the cognitive symptom 

dimension of depression, while the risk aversion subscale was more associated with the 

somatic symptom dimension of depression. Although not directly comparable, our results 

resemble results in studies on the hopelessness theory of depression, showing that a 

negative inferential style in interaction with negative life events, will predict the 

occurrence of the hopelessness cluster of symptoms (Abramson et al., 1989 and Hankin et 

al., 2001). Avoidance may be more typical for both depressed and anxious individuals 

who display symptoms of anxiety and arousal (Trew, 2011).  

 

7.4.2. Cognitive vulnerability is predictive of depressive symptoms 

Cognitive reactivity, external locus of control and explicit self-depressive associations 

were predictive of depressive symptoms over a one year period. These measures 

predicted depressive symptoms over and above the other effects of cognitive vulnerability 

to depression. This indicates that the vulnerability traits independently predict the 

development of depressive symptoms over time. Baseline depressive symptoms had the 

largest effect on depressive symptoms at follow-up, underlining the stability of depressive 

symptoms over time.   

This study provides the first evidence that cognitive reactivity as assessed by the 

LEIDS-R is also associated with depressive symptoms over a 1 year period. The findings 

of the current study are in line with previous studies that show an association between  

external locus of control and explicit negative self-associations with increased MDD 

incidence (de Graaf, et al., 2002; Ernst, et al., 1992; Wisco, 2009). The measure we used 

to assess explicit self-depressive associations was internally consistent and it appears to 

be valid. However, it is not validated yet, so results need to be interpreted with caution. 
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Implicit self-depressive associations were not associated with depressive 

symptoms at the follow-up assessment. When we removed all other measures of cognitive 

vulnerability from the model, implicit self-depressive associations were still not 

significantly associated with depressive symptoms. An average effect size of r = 0.15 was 

found in a meta-analysis examining the association between implicit depressed cognitions 

and depression in sixteen studies (Phillips, et al., 2010). However, fifteen of those studies 

were cross-sectional. It is possible that depression increases implicit depressive 

cognitions and not the other way around, i.e. reversed causality. To our knowledge, there 

is only one study that prospectively examined the effects of implicit self-depressive 

associations on the development of depressive symptoms. In this study with a follow-up 

time of five weeks, implicit self-worth cognitions were predictive of depressive 

symptoms after adjustment for baseline depressive symptoms and explicit self-depressive 

associations (Haeffel, et al., 2007).  

 

7.4.3. Negative life events moderate the associations between cognitive vulnerability 

and depressive symptoms  

The presence of a negative life event strengthened the association between explicit 

depressive self-associations and depressive symptoms. The interaction effect of locus of 

control was significant when it was entered in the model separately, but not when the 

interaction effect of explicit self-depressive associations was added. This implies that the 

effect of stress on the association between cognitive vulnerability and depression is non-

specific for explicit self-depressive associations and locus of control, but may reflect 

common explained variance. Cognitive reactivity did not interact with stress. Most 

support for the interaction of cognitive reactivity with stress to predict depression is 

derived from priming studies. When this interaction was studied in longitudinal study 

designs, results were mixed (Scher, et al., 2005). It is possible that some forms of stress 

that are more acute than negative life events per se are more useful for evaluating the 

diathesis-stress model of depression (Hammen, 2005). 

 

7.4.4. Strengths and limitations 

Our findings have to be viewed in light of some limitations. Although the sensitivity 

analysis we performed showed that our findings are similar for depressed and not 
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depressed individuals at baseline, there might still be a problem regarding the 

generalizability of the findings to the general population. The list of threatening 

experiences may not provide enough information to capture the complex diatheses-stress 

interaction, although recent research underlines the sufficient validity and stability of this 

measure (Rosmalen, et al., 2012). It was beyond the scope of this study to examine the 

association of biological risk factors for depression with the symptom dimensions. This 

could be of interest for future research.    

Our study has some important strengths. The sample used in this study is over-

inclusive of depressed and anxious patients. The large number of participants that were 

included in the study provides the analysis on which the results are based with substantial 

statistical power. The model that was used to analyze the data allowed a direct 

comparison of the effects of predictor variables on different outcome variables. The 

longitudinal design of the study allowed inferences about the impact of cognitive 

vulnerability on  depressive symptoms over time. Multiple risk factors for depression 

were analyzed simultaneously, which confirmed that different measures of cognitive 

vulnerability to depression each show unique predictive validity.    

 

7.4.5. Conclusion 

As epidemiologic research shows that depression is a complex and heterogeneous 

disorder, concerns about the validity of the depression concept as it is defined today are 

deserved and warranted. The results of this study indeed strengthen the notion of 

depression as a heterogeneous disorder. More importantly, homogeneous measures of 

depressive symptoms provide more information about the patient then a heterogeneous 

measure of depression. This information can be used to more specifically monitor a 

patient's progress or prognosis, allowing for possible treatment adjustment. As the results 

of our study indicate, they can also be more informative regarding the risk factors that 

underlie such complaints. These risk factors (feeling helpless, a negative self-image and 

unhelpful thoughts during sad mood) can indeed be targeted specifically to cater to the 

needs of the individual patient. When cognitive symptoms are prominent or do not 

diminish in a patient, classical cognitive therapy could be indicated. Patients with more 

somatic symptoms could benefit from more biological treatment strategies such as 

medication or light therapy. With the use of empirically validated homogeneous subscales, 
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depression treatment can hopefully become more tailored to the specific nature and 

origins of complaints.  
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Abstract 

This study investigates whether depression course predicts follow-up cognitive 

vulnerability and whether long-term associations between depression course and 

cognitive vulnerability are modified by enhanced treatment for depression in primary care. 

Post-hoc analyses were performed on data from 267 depressed primary care patients 

randomized to care-as-usual or one from three enhanced treatment groups: psycho-

education (3 sessions, n=112), cognitive behavioral therapy (10-12 sessions+psycho-

education, n=44), or psychiatric consultation (1 session+psycho-education, n=39). Main 

and interaction effects of treatment group and depression course (based on quarterly 

depression measurements) on cognitive vulnerability levels at 12- and 24-months follow-

up were tested with linear regression models. A favorable depression course predicted 

greater reductions in cognitive vulnerability after 12 months (β=0.363/β=0.309, p<0.001) 

and 24 months (β=0.360/β=0.314, p<0.001). Although treatment did not affect cognitive 

vulnerability, participants with a favorable depression course after enhanced treatment 

showed lower vulnerability levels, while participants with an unfavorable course showed 

higher vulnerability levels in complete cases (group-by-course interaction: 

β=0.214/β=0.214, p=0.017/p=0.006, largely diminished after imputation: 

β=0.155/β=0.140, p=0.131/p=0.118). The interaction was absent at 24 months. Our data 

confirmed a long-term association between depression course and cognitive vulnerability. 

The effects of enhanced treatment on the association had a limited time window in this 

primary care sample.  
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8.1. Introduction 

Cognitive vulnerability is a major risk factor for the development of depressive symptoms. 

Originally the term cognitive vulnerability was coined by Beck (1963) to describe a 

pervasive negative cognitive style that biases information processing. Accordingly, the 

hopelessness theory of depression postulated that several cognitive vulnerability factors 

such as negative self-evaluations, attribution styles, and outcome expectancies can give 

rise to depression (Abramson et al., 1989). Cognitive vulnerability has been shown to 

predict the onset of depression in never-depressed individuals (Kruijt et al., 2013; Rude et 

al., 2010) and recurrence in remitted patients (Alloy et al., 2006). Moreover, cognitive 

vulnerability levels predict a detrimental course in naturalistic studies and randomized 

controlled trials of depressed patients (Conradi et al., 2008; Garratt et al.,2007; Iacoviello 

et al., 2006; Struijs et al., 2013). Establishing a lasting reduction in cognitive vulnerability 

may improve long-term depression prognosis, and could therefore be viewed as a 

treatment objective (Beck and Dozois, 2011; Bockting et al., 2005; Hollon et al., 2006; 

Jarrett et al., 2013). 

 The modification of dysfunctional cognitions and attitudes is a central 

hypothesized mechanism of treatment in cognitive behavioral therapy (CBT). These 

alterations are thought to evoke a reduction of depressive symptom levels, according to 

the so-called mediation model (DeRubeis et al., 1990; Hollon et al., 1987). The 

complication model challenges this view by stating that the observed reductions in 

vulnerability levels after CBT can be fully explained by preceding reductions in 

depressive symptoms, as observed after other interventions (Hollon et al., 1987; Quilty et 

al., 2008). There is some evidence for temporal precedence of cognitive vulnerability 

changes before depressive symptom reductions during CBT (DeRubeis et al., 1990; 

Strunk et al., 2010; Tang et al., 2005). If CBT does act through the modification of 

cognitive vulnerability, it could be expected that cognitive vulnerability levels would 

decrease to a larger extent, and there would be a stronger association between reductions 

in depressive symptoms and cognitive vulnerability after CBT compared to interventions 

that do not target cognitive vulnerability. 

 Indeed, absolute reductions in cognitive vulnerability after CBT, and concomitant 

change in cognitive vulnerability levels and depressive symptoms after CBT are 

established findings (see Garratt et al., 2007 for a review). Response to treatment is 
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associated with a greater reduction in cognitive vulnerability levels than non-response to 

CBT (e.g. Dingle et al., 2010; Kuyken, 2004), and studies with a pre-post design have 

established positively correlated reductions in cognitive vulnerability and depression 

severity (Backenstrass et al., 2006; Christopher et al., 2009; McEvoy et al., 2013). These 

studies have been presented as supporting the mediation model of CBT. However, most 

studies have examined these associations within a single treatment group, and with cross-

sectional analyses and crude measures of depression course (Garratt et al., 2007). It is 

also important to study the effects of alternative types of treatment on cognitive 

vulnerability levels and on the association between reductions in depressive symptom and 

cognitive vulnerability levels following treatment, to examine the specificity of effects. 

So far, there is not much evidence to support the specificity of cognitive vulnerability 

reductions after CBT. Pharmacotherapy appears to result in reductions of similar 

magnitude as CBT (Garratt et al., 2007). Other psychological treatments such as psycho-

education have not been extensively studied. Also, only modest attention has been 

directed to concomitant change in cognitive vulnerability and depressive symptoms. 

Modest evidence for stronger associations between changes in cognitive vulnerability and 

depressive symptoms has been reported for psychological interventions compared to 

pharmacotherapy (Dozois et al., 2009; Rector et al., 2000) or a waiting list control group 

(Van der Zanden et al., 2014; Warmerdam et al., 2010).  The attribution of control aspect 

of hopelessness theory has been investigated in intervention studies (Van der Zanden et 

al., 2014; Warmerdam et al., 2010), however the link between depressive symptoms and 

self-esteem over the course of treatment has received less research attention. Also, due to 

short follow-up periods in most intervention studies, long-term associations between 

changes in depressive symptoms and cognitive vulnerability in response to interventions 

have hardly been investigated. 

 In the current study, we aimed to investigate the association between depression 

course and changes in vulnerability levels over a 12-to-24 months period in depressed 

primary care patients. In line with the hopelessness theory of depression, locus of control 

(Rodgers 1991; Struijs et al., 2013) and self-esteem (Orth and Robins, 2013) were used as 

measures of cognitive vulnerability. A data-driven approach was used to establish 

depression course trajectories, using multiple measurement points of depression severity. 

This approach was taken to capture the natural variability in course profiles that were 
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present in the sample, without pre-specified cut-off scores. Interventions with an active 

psychological component, i.e. cognitive behavioral therapy followed by psycho-education, 

psychiatric consultation followed by psycho-education, or psycho-education alone, were 

compared to care-as-usual. 

 First, we aimed to replicate findings of an association between changes in 

cognitive vulnerability and depressive symptoms, with this more advanced measure of 

depression course in a primary care sample. Next, we investigated whether the 

association between depression course and changes in cognitive vulnerability was 

stronger in the enhanced treatment groups compared to care-as-usual. Finally, long-term 

effects were examined by testing whether the associations still held after 24 months. 

 

8.2. Methods 

8.2.1. Sample and design 

We conducted a post-hoc analysis of data from a randomized controlled effectiveness 

trial that was conducted in Dutch primary care practice, which aimed to investigate 

whether enhanced treatment intensity would improve long-term depression outcomes in 

primary care. The study protocol was approved by the ethical review board of the leading 

institution. Patients aged between 18 and 70 years with a current or recent (<3 months) 

major depressive episode were recruited. Exclusion criteria were psychotic disorder, 

bipolar disorder, dementia, substance abuse, pregnancy, and treatment for depression in a 

specialty mental health setting. Diagnosis was confirmed with a structured clinical 

interview administered by an experienced research assistant (CIDI; WHO 1997). After 

providing written information about the study protocol and the screening procedure, 

informed consent was obtained from 267 patients that were randomized to care-as-usual 

(CAU), a psycho-education prevention program (PEP), psychiatric consultation plus PEP 

(PC+PEP), or cognitive behavioral therapy plus PEP (CBT+PEP). A ratio of 2:3:1:1 was 

used for randomization based on a priori power calculations. 

CAU consisted of care according to clinical guidelines by the General Practitioner, 

including brief counseling, antidepressant prescription and referral to specialized mental 

health care when necessary. PEP (Katon et al., 1996) consisted of three individual 

contacts of one and a half hour each with an experienced psychiatric nurse or 

psychologist to establish a prevention plan including symptom registration, coping, and 
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activation components, followed by quarterly telephone-based contacts discussing the 

prevention plan through motivational interviewing. PC+PEP consisted of a one-hour 

session with a psychiatrist, who thereupon advised the GP to optimize antidepressant 

treatment, followed by PEP. CBT+PEP consisted of 10-12 individual 45-minute sessions 

of manual-based CBT (Beck, 1979; Boelens et al., 1997) prior to PEP, including 

behavioral activation and cognitive strategies specifically directed at situation-contingent 

cognitions and core assumptions. The primary outcomes of the RCT, including a more 

detailed description of the study design, are available in Conradi et al. (2007). 

 

8.2.2. Outcome measures 

The Mastery Scale (Pearlin and Schooler, 1978) measures locus of control orientation 

with 7 items (e.g. “I have little control over the things that happen to me”) scored on a 5-

point Likert response scale, ranging from “strongly disagree” (1) to “strongly agree” (5). 

The mean score of the Mastery Scale items was used as a measure of locus of control, 

with higher scores indicating lower control and therefore higher vulnerability. Internal 

consistency was sufficient, with α=0.73 at baseline, α=0.82 at 12-months and α=0.86 at 

24-months follow-up.  

 The Rosenberg Self-Esteem Scale (Rosenberg, 1965) measures self-esteem with 

10 items (e.g. “At times I think I am no good at all”) scored on a 4-point Likert response 

scale, ranging from “strongly disagree” (1) to “strongly agree” (4). The mean score of the 

items was used as a measure of self-esteem, with higher scores indicating lower self-

esteem and therefore higher vulnerability. Internal consistency was very good, α=0.86 at 

baseline, α=0.91 at 12-months and α=0.92 at 24-months follow-up.  

The correlation between locus of control and self-esteem was r=0.49 at baseline. 

This supported the idea that locus of control and self-esteem can be viewed as two 

different aspects of cognitive vulnerability, as was suggested previously (Metalsky et al., 

1993). Follow-up measurements of both cognitive vulnerability factors were used as 

dependent variables in separate analyses. 

 

8.2.3. Predictors 

Depression severity was assessed quarterly with the Beck Depression Inventory (BDI; 

Beck et al., 1961). Two participants had no BDI scores and were therefore excluded from 
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the analysis, leaving 265 participants. The internal consistency of the BDI was very good 

(α=0.86-0.91 for the different measurements). Previous analyses of the data showed the 

largest decline in depressive symptoms early in the first year, as may be expected due to 

the interventions (Conradi et al., 2007; Wardenaar et al., 2014). To fully capture 

treatment effects, the first five BDI measurements (0-12 months) were selected to 

evaluate the course of depression.  

A growth mixture model with class-specific random intercepts and fixed slopes 

was used as a data-driven approach to identify latent classes with different growth 

trajectories. Missing data were handled with robust maximum likelihood estimation as 

implemented in the Mplus software package version 6 (Muthén and Muthén, 2010). The 

number of classes was increased sequentially and the best solution was chosen based 

upon model fit parameters (smallest Bayesian Information Criterion [BIC] / Akaike 

Information Criterion [AIC] with a significant Bootstrap Likelihood Ratio Test [BLRT]). 

Individual posterior class probabilities, indicating the probabilities of belonging to each 

of the identified classes, were used as main predictors in the primary analyses. This 

approach was preferred to a pre-post design for being more informative. Difference 

scores between 12-months follow-up and baseline depression severity were also 

calculated and used as predictors in post-hoc analyses, for comparability with previous 

studies. 

Consistent with the study design and to retain power, the enhanced treatment groups 

that each included PEP (low-intensity treatment with CBT elements) were compared 

against CAU. A dummy variable was created for enhanced treatment (PEP, PC+PEP, and 

CBT+PEP, coded as 1) versus CAU (reference).  Another variable was created for per-

protocol analysis, excluding participants that did not complete the intervention as 

prescribed in the protocol. For the enhanced treatment groups, protocol adherence was 

defined as receiving at least the 3 psycho-education face to face sessions (PEP, PC+PEP, 

and CBT+PEP), or at least 10 CBT sessions (CBT+PEP). The CAU group was by 

definition protocol adherent. 

 

8.2.4. Statistical analysis 

As a preparation for intention-to-treat analysis, missing values on key variables (self-

esteem, locus of control, and depression) were imputed with multiple imputation (Rubin, 
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1987) as implemented in SPSS 20. Multiple imputation is recommended in CONSORT 

guidelines for analyzing data from randomized clinical trials to preserve randomization 

(Moher et al., 2010). There were 89 cases (33.6%) with at least one missing value to be 

imputed. The imputation model included variables used in the analysis (including the 

probability scores derived from the growth mixture model), together with auxiliary 

variables (Rubin, 1996) that either predicted values of the key variables or predicted 

missingness (CIDI sum scores, BDI at 24 months, age, years of education, comorbid 

anxiety, >2 previous depressive episodes, protocol adherence). The resulting imputed 

datasets were standardized to report comparable regression coefficients (β) over 

regression models. Statistical analyses were performed on the imputed data, in addition to 

the original dataset (complete cases analysis). 

For the primary analysis, a linear regression model was constructed with locus of 

control at 12-months follow-up as dependent variable and locus of control at baseline as 

covariate. The class probability score reflecting depression course was used as predictor, 

next to treatment group. To test the potential moderating role of enhanced treatment, a 

dummy variable coding for the main effect of enhanced treatment and an interaction 

variable multiplying the dummy variable with class probability score were entered into 

the model. The analyses were repeated for self-esteem at 12 months as dependent variable, 

with self-esteem at baseline as covariate. To investigate long-term effects, vulnerability 

levels at 24 months were used as dependent variable in secondary analyses.  

A significant group-by-course interaction effect was visualized with MODPROBE 

(SPSS macro to probe interactions by Hayes and Mattes, 2009). Analyses were reported 

for the different treatment groups (PEP, PC+PEP, and CBT+PEP) separately to take 

differences in intensity between treatments into account. Hereafter, linear association 

between depression and cognitive vulnerability reductions was tested by replacing the 

class probability score with the difference score between depression severity at 12 months 

and baseline as main predictor. Baseline depression severity was added as a covariate. A 

significance level of α=0.05 was used throughout the analyses. These analyses were 

performed with SPSS package version 20. 
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8.3. Results 

8.3.1. Sample characteristics  

There were no baseline differences in demographic or clinical characteristics at baseline 

between the enhanced treatment and care-as-usual groups after randomization (Table 1). 

Data looked very similar after imputation. The majority of participants in both groups 

used antidepressant medication. Cognitive vulnerability decreased over time in both 

groups, with the strongest decline from 0-12 months and a smaller decline from 12-24 

months. On average, the groups reported depressive symptom levels in the moderate 

range (19-29) at baseline and in the mild range (10-18; Beck et al., 1988) after 12 months. 

 

Table 1: Sample descriptives for the care-as-usual and enhanced treatment groups, before 

and after imputation 

Characteristic Original data Imputed data 

Care as 

usual 

(N=72) 

Enhanced 

treatment 

(N=193) 

Care as 

usual 

(N=72) 

Enhanced 

treatment 

(N=193) 

Demographic 

   Age (sd) 

   Female sex (%) 

   Years of education (sd) 

Clinical 

   Age at onset (sd) 

   >2 Previous episodes (%) 

   Antidepressant use (%) 

   Comorbid anxiety (%) 

   Per protocol (%) 

Depression (BDI) 

   Baseline (sd) 

   12 months (sd) 

Locus of control 

   Baseline (sd) 

   12 months (sd) 

   24 months (sd) 

Self-esteem 

   Baseline (sd) 

   12 months (sd) 

   24 months (sd) 

 

44.2 (11.3) 

47 (65.3) 

12.3 (3.87) 

 

32.4 (14.3) 

30 (41.7) 

55 (76.4) 

25 (34.7) 

- 

 

 18.8 (9.45) 

 11.4 (8.98) 

 

   3.07 (0.66) 

   2.79 (0.77) 

   2.64 (0.91) 

 

   2.46 (0.42) 

   2.19 (0.53) 

   2.08 (0.61) 

 

42.4 (11.3) 

124 (64.2)     

12.7 (3.64) 

 

31.0 (12.8) 

68 (35.4) 

142 (73.6) 

63 (32.6) 

173 (89.6) 

 

 20.5 (9.36) 

 10.9 (7.75) 

 

    3.02 (0.56) 

    2.68 (0.76) 

    2.56 (0.76) 

 

    2.48 (0.45) 

    2.16 (0.55) 

    2.06 (0.58) 

 

44.2 (11.3) 

47 (65.3) 

12.3 (3.90) 

 

32.4 (14.3) 

30 (41.7) 

55 (76.4) 

25 (34.7) 

- 

 

19.1 (9.93) 

11.3 (10.1) 

 

   3.08 (0.69) 

   2.78 (0.79) 

   2.64 (0.87) 

 

   2.46 (0.43) 

   2.17 (0.66) 

   2.06 (0.66) 

 

42.4 (11.3) 

124 (64.2)     

12.7 (3.65) 

 

31.0 (12.8) 

68 (35.4) 

142 (73.6) 

63 (32.6) 

173 (89.6) 

 

 20.6 (9.38) 

 11.6 (8.97) 

 

    3.03 (0.60) 

    2.70 (0.87) 

    2.56 (0.83) 

 

    2.48 (0.45) 

    2.20 (0.59) 

    2.07 (0.60) 
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8.3.2. Depression course profiles 

A growth mixture model with random intercept and fixed linear slope was applied to the 

BDI-scores at 0, 3, 6, 9, and 12 months follow-up. A two-class solution outperformed a 

one-class solution (BLRT: p<0.001). Next, the two-class solution (df=12) with an AIC-

value of 7661.08 and a BIC-value of 7704.04 was compared to a three-class solution 

(df=16) with an AIC-value of 7646.58 and a BIC-value of 7703.85. Although the three-

class solution yielded the smallest BIC-value, the BLRT showed that the three-class 

solution did not fit significantly better than the two-class solution (p=0.08). Therefore, the 

two-class solution was selected. 

 

Figure 1. The 2-class solution of latent growth trajectory classes based upon depression 

severity scores from 5 assessments in the first year after baseline. 

 
 

The first and also largest class  (proportion sample = 0.89 based on estimated model, 

favorable course) had a relatively low severity of symptoms at baseline and showed a 

gradual decline over time (slope = -1.7, p<0.01). The second class (proportion sample = 

0.11 based on estimated model, unfavorable course) had a higher initial severity, with no 

significant change over time (slope = -0.6, p=0.57). The depression course profiles are 

depicted in Figure 1. Entropy was rather low (0.695) indicating that the model showed 
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uncertainty in hard-classifying individuals. Thus, posterior class probabilities for the 

unfavorable depression course were saved for subsequent analysis. There were no 

differences in class probabilities for an unfavorable course between the CAU 

(median=0.037, interquartile range=0.066) and enhanced treatment group (median= 0.032, 

interquartile range=0.068), Mann-Whitney U-test p=0.730. 

 

8.3.3. Baseline predictors of cognitive vulnerability levels at 12 months: vulnerability, 

course and treatment 

Univariate analysis showed no differences in cognitive vulnerability levels between 

enhanced treatment and the CAU group (p>0.05). Higher baseline cognitive vulnerability 

predicted higher follow-up vulnerability levels (locus of control: β=0.438, p<0.001, self-

esteem: β=0.579, p<0.001). The posterior class probability of having an unfavorable 

depression course predicted higher baseline-adjusted follow-up cognitive vulnerability 

levels (locus of control: β=0.475, p<0.001, self-esteem: β= 0.464, p<0.001). Multivariate 

models were also constructed predicting cognitive vulnerability levels at 12 months 

follow-up (Table 2). Both univariate and multivariate results were very similar for the 

original and imputed datasets. 

 

Table 2. Linear Regression Analysis Predicting Locus of Control and Self-esteem at 12-

Months Follow-up By Baseline Cognitive Vulnerability and Probability of Unfavorable 

Depression Course 

 

Variables in model 

Complete cases  (n=197) Intention-to-treat (n=265) 

Locus of control (12m) β 95% CI p β 95% CI p 

Locus of control (0m) 

Unfavorable course 

Enhanced treatment 

0.30 

0.40 

-0.02 

0.18-0.43 

0.28-0.53 

-0.13-0.10 

<0.01 

<0.01 

0.78 

0.30 

0.36 

-0.02 

0.17-0.44 

0.24-0.48 

-0.13-0.10 

<0.01 

<0.01 

0.77 

Variables in model Complete cases  (n=195) Intention-to-treat (n=265) 

Self-esteem (12m) β 95% CI p β 95% CI p 

Self-esteem (0m) 

Unfavorable course 

Enhanced treatment 

0.48 

0.34 

0.03 

0.36-0.59 

0.23-0.46 

-0.08-0.13 

<0.01 

<0.01 

0.64 

0.48 

0.31 

0.03 

0.36-0.59 

0.19-0.43 

-0.10-0.16 

<0.01 

<0.01 

0.64 
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8.3.4. Group differences in association between depression course and vulnerability 

levels after 12 months 

The group-by-course interaction was significant in complete cases analysis: locus of 

control: β= 0.214, p=0.017, self-esteem: β= 0.214, p=0.006). For both cognitive 

vulnerability factors, a favorable course predicted lower follow-up vulnerability and an 

unfavorable course predicted higher follow-up vulnerability levels in the enhanced 

treatment group compared to CAU (Figure 2). However, in intention-to-treat analyses on 

imputed data the group-by-course interaction was largely diminished (locus of control: β= 

0.155, p=0.13, self-esteem: β= 0.140, p=0.12). A highly similar pattern was found in a 

per-protocol analysis on the imputed dataset. 

Post-hoc analyses were conducted to further explore the significant interaction 

effects at 12 months in complete cases. As a first step, the enhanced treatment groups 

were separately compared against the CAU group. The separate interventions gave 

similar results (locus of control: CBT+PEP versus CAU: β=0.205, PC+PEP versus CAU: 

β=0.206, PEP versus CAU: β=0.190, and self-esteem: CBT+PEP versus CAU: β=0.169, 

PC+PEP versus CAU: β=0.232, PEP versus CAU: β=0.191). 

 

Figure 2. Differential association between class probability and 12-month cognitive 

vulnerability scores stratified by treatment group (panel A: locus of control, panel B: self-

esteem). Data from complete cases analysis are presented. Note that the majority of 

participants had a favorable course. 

 

8 

1



  

169 

For comparability with previous studies, the interaction between treatment group and 12-

months changes in depression severity was tested as well. Baseline depression severity 

was included as a covariate. The group-by-change interaction was attenuated for locus of 

control (β=-0.196, p=0.124), and completely absent for self-esteem (p=0.917) in the 

complete cases analysis. In contrast with the course trajectories, the interaction was now 

completely driven by the CBT group (β=-0.340, p=0.023). There were no interactions for 

the PC+PEP or PEP alone groups (p>0.25). After imputation the interaction was 

diminished for the combined groups (p=0.351), although there was still a strong trend in 

the CBT group (β=-0.234, p=0.094). 

 

8.3.5. Baseline predictors of cognitive vulnerability levels at 24 months: vulnerability, 

course and treatment 

Finally, the long-term associations between depression course and follow-up vulnerability 

levels were examined. In univariate analysis, there were no differences between the 

treatment groups in cognitive vulnerability levels at 24 months (p>0.05). Baseline 

cognitive vulnerability predicted vulnerability at 24 months (locus of control: β= 0.410, 

p<0.001 and self-esteem: β= 0.591, p<0.001). Moreover, probability of an unfavorable 

depression course in the first year was predictive of higher cognitive vulnerability at 24 

months (locus of control: β= 0.463, p<0.001 and self-esteem: β= 0.473, p<0.001). These 

associations were also significant in multivariate linear regression models, and the results 

were very similar for the original and imputed datasets (Table 3). 
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Table 3. Linear Regression Analysis Predicting Locus of Control and Self-esteem at 24-

Months Follow-up By Baseline Cognitive Vulnerability and Probability of Unfavorable 

Depression Course 

Variables in model Complete cases (n=195) Intention-to-treat (n=265) 

Locus of control (24m) β 95% CI p β 95% CI p 

Locus of control (0m) 

Unfavorable course 

Enhanced treatment 

0.26 

0.40 

0.00 

0.13-0.38 

0.27-0.53 

-0.12-0.12 

<0.01 

<0.01 

0.98 

0.28 

0.36 

-0.01 

0.13-0.43 

0.23-0.49 

-0.12-0.10 

<0.01 

<0.01 

0.86 

Variables in model Complete cases (n=193) Intention-to-treat (n=265) 

Self-esteem (24m) β 95% CI p β 95% CI p 

Self-esteem (0m) 

Unfavorable course 

Enhanced treatment 

0.48 

0.34 

0.02 

0.36-0.59 

0.23-0.46 

-0.09-0.13 

<0.01 

<0.01 

0.71 

0.49 

0.31 

0.02 

0.38-0.59 

0.21-0.42 

-0.09-0.12 

<0.01 

<0.01 

0.78 

 

8.3.6. Group differences in association between depression course and vulnerability 

levels after 24 months 

Next, the group-by-course interaction was added to the models. There were no interaction 

effects between treatment and depression course in the prediction of cognitive 

vulnerability levels at 24 months, both for the original and imputed datasets (complete 

cases: locus of control: β= 0.067, p=0.469 and self-esteem: β= 0.054, p=0.508). 

 

8.4. Discussion 

This post-hoc analysis of a randomized controlled trial was undertaken to examine the 

long-term association between depression course and cognitive vulnerability levels. A 

favorable depression course in the first year predicted greater reductions in vulnerability 

levels at 12 months and 24 months. Enhanced treatment did not result in a larger 

reduction in cognitive vulnerability than care-as-usual. The interaction between treatment 

group and depression course was significant in participants with complete cognitive 

vulnerability data, indicating that the effects of treatment on cognitive vulnerability were 

contingent on the course of depressive symptom levels. Notably, the effects of enhanced 

treatment were detrimental in case of an unfavorable course. Nonetheless, this moderating 

effect of enhanced treatment may not generalize to depressed patients that do not finish 

their treatment or refuse follow-up contact, and it did not persist at the 24-months follow-

up. 
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 The study findings should be interpreted in the light of several strengths and 

limitations. A major strength of the study is that it is a large trial with random treatment 

allocation. Also, the follow-up time of 24 months allowed for investigation of long-term 

associations, and both predictors and outcome measures were assessed repeatedly. 

Limitations included the small size of the CBT+PEP and PC+PEP groups, providing 

limited statistical power for group comparisons. The identified growth trajectories 

reflected little qualitative between-subject variation in depression course. However, this is 

in line with previous studies using the same approach (Gueorguieva et al., 2011; Uher et 

al., 2010). Of note, post-hoc exploration of group-by-severity interactions showed that the 

moderation effects of enhanced treatment were not attributable to severity differences at 

baseline (data not shown). Cognitive vulnerability was not measured during active 

treatment, and therefore it was impossible to investigate temporal mechanisms of change. 

The cognitive vulnerability measures were fairly specific and may not have captured the 

full range of relevant cognitive vulnerability dimensions. Antidepressants were frequently 

prescribed in CAU, which may have resulted in an underestimation of the effect of the 

studied interventions. 

 

8.4.1. The associations between depression course and cognitive vulnerability after 

treatment 

The hypothesized association between depression course and changes in cognitive 

vulnerability levels was confirmed, as previously reported for the treatment phase of CBT 

trials (e.g. Backenstrass et al., 2006; McEvoy et al., 2013). Our findings show that the 

association is probably not specific for CBT, but can also be observed after PEP or CAU 

in depressed primary care patients. The association between depression course and 

change in cognitive vulnerability appeared to be stronger for interventions with a 

psychological component than for CAU. This is in line with previous findings (Dozois et 

al., 2009; Warmerdam et al., 2010) and suggests that the observed changes in cognitive 

vulnerability do not merely reflect depressive symptom improvement. The comparison 

with the CAU group generated an interesting finding:  the effects of enhanced treatment 

on cognitive vulnerability levels were positive for a favorable course, but negative for an 

unfavorable course. Our results suggest that a small group of non-responding participants 

could experience deleterious effects of treatment continuation. The absence of 
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improvement despite the invested efforts and expectations may decrease experienced 

control and self-esteem, and increase hopelessness. These participants might have 

benefited from a switch in therapeutic strategy (Rush et al., 2006; Owen and Hilsenroth, 

2014). 

After multiple imputation, the interaction between treatment group and 

depression course was attenuated, indicating that the complete cases analysis possibly 

overestimated the interaction effect. The conflicting findings could not be attributed to 

lower protocol adherence in drop-outs. Furthermore, there were no baseline differences in 

cognitive vulnerability levels between study completers and drop-outs (data not shown). 

Selective attrition might explain the difference in results, since participants retaining 

experienced control and self-esteem may be more likely to refuse follow-up 

measurements after experiencing no benefit from the intervention. An alternative 

explanation is that the missing-at-random assumption underlying the imputation 

technique was violated because not all relevant factors predicting missingness (for 

example: strength of the therapeutic alliance) could be included in the imputation model 

(Graham, 2009). In that case, the imputation results may also not give a reliable estimate 

of the true effect. Considering that power to detect an interaction effect was somewhat 

low (Durand, 2013), the results suggest that moderating effects of enhanced treatment on 

the association between depression course and cognitive vulnerability in primary care are 

relatively small. 

 

8.4.2. Interpreting the results from the perspective of cognitive mechanisms of change 

The absence of a group-by-course interaction effect in the second year is consistent with 

the complication model, suggesting that long-term reductions in vulnerability levels are 

the direct consequence of depressive symptom alleviation (Quilty et al., 2008). However, 

the more prominent interaction in the first year is consistent with the mediation model, 

suggesting that in line with previous findings treatment initially does have additional 

effects in participants with a favorable course. Certainly, the mediation and complication 

models are not mutually exclusive. Thus, the association between depression and 

cognitive vulnerability in the psychological intervention groups may as well be the sum 

of regression to the mean, symptom reductions, and additional treatment effects (Quilty et 

al., 2008; Warmerdam et al., 2010). The findings are therefore in line with the concept of 

8 

1



  

173 

consequential non-specificity  (Hollon et al., 1997), which underscores that similar 

outcomes can arise from different processes. 

 

8.4.3. Absolute change and relative stability of cognitive vulnerability over a long 

period of time 

Both an unfavorable depression course and baseline cognitive vulnerability levels 

predicted higher long-term vulnerability levels. These findings corroborate the state-trait 

vulnerability model, which states that cognitive vulnerability levels show absolute 

changes but relative stability over time (Beevers and Miller, 2004; Zuroff et al., 1999). 

Dysfunctional attitudes and maladaptive schemas have demonstrated relative stability up 

to 9 years in depressed and non-depressed participants (Wang et al., 2010). Our study 

shows that a state-trait vulnerability model is applicable to measures of self-esteem and 

locus of control as well. Of note, negative effects of depression on self-esteem have been 

interpreted as scar effects (Shahar and Davidson, 2003). In the present study, it was not 

possible to assess true scar effects because pre-morbid cognitive vulnerability was 

unknown. A vulnerability model does receive stronger support than a scar model in the 

self-esteem literature (Orth and Robbins, 2013). 

 

8.4.4. Clinical relevance of the findings 

High cognitive vulnerability levels have been previously related to a chronic course of 

depression (Barnhofer et al., 2014; Wiersma et al., 2011). Our results could be indicative 

of a clinically relevant feedback loop between depression and vulnerability (also see Van 

der Zanden et al., 2014). It would be of major importance to intervene early in this 

process. However, in the current study, no long-term effects of enhanced treatment on 

cognitive vulnerability were observed – although short-term treatment effects may have 

been overlooked. Future studies should focus on identifying the time window of treatment 

effects by investigating changes in cognitions during and after treatment, with adequate 

control groups to take non-specific factors into account. The negative findings suggest 

that prophylactic effects of CBT may be due to another mechanism than reductions in 

cognitive vulnerability, such as increasing strengths (Cheavens et al., 2012), or this 

mechanism may only apply to relevant subgroups such as recurrent depression or 

depression in specialized mental health care. Moreover, cognitive reactivity after an 
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emotional challenge is another relevant factor to investigate, as it may have better 

prognostic value than absolute cognitive vulnerability levels (Segal et al., 2006). 

 

8.4.5. Conclusion 

This study demonstrated a long-term association between depression course and follow-

up cognitive vulnerability levels in depressed primary care patients. Enhanced treatment 

for depression with a psychological component was associated with a stronger association 

between depression course and cognitive vulnerability reductions in complete cases 

analysis. The increase in strength of the association was restricted to the initial 12 months. 

Cognitive vulnerability was not lower after enhanced treatment compared to usual care at 

any of the measurement points. Therefore, any beneficial effects of enhanced treatment 

for depression on cognitive vulnerability may expire and have limited prognostic 

significance after treatment has finished. Instead, in this sample of primary care patients, 

a favorable depression course prospectively predicted lower cognitive vulnerability 

irrespective of how this improvement was accomplished. 
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9. GENERAL DISCUSSION 

The aim of this thesis was to examine whether cognitive and vascular risk factors for 

depression were associated with the neural and clinical expressions of depression, and 

whether depression subgroups would show stronger associations than depression as 

unitary construct. The following paragraphs give a short overview of the main results. 

First, the neural correlates of emotional processing abnormalities in depressed 

patients were examined. Chapter two addressed emotional valence in a meta-analysis, and 

showed that emotional brain circuits showed altered activation patterns at multiple 

processing nodes, previously implicated in emotional appraisal, monitoring and 

generating the bodily emotional response. Limbic brain areas (appraisal and response) 

were overactive for negative emotional cues, but underactive for positive emotional cues. 

In contrast, frontal areas (monitoring) were underactive for negative emotional cues, but 

overactive for positive emotional cues. Chapter three showed in an empirical MRI patient 

study (DIP) that self-evaluative processing modulates activation abnormalities as well, 

but in a very specific place: the dorsomedial prefrontal cortex. No circuit-level 

abnormalities were found. Thus, both valence and self-relatedness of emotional cues 

modulated activation abnormalities in depression. 

Next, neural correlates of cognitive and vascular risk factors for depression were 

examined in the NESDA MRI cohort. Both cognitive and vascular risk was found to 

modulate alterations in emotional brain circuits. In chapter four, cognitive vulnerability 

was related to activation in limbic areas (appraisal and response) in depressed and non-

depressed participants. Participants with high vulnerability but without psychiatric 

diagnosis showed surplus frontoparietal (monitoring) activation. In chapter five, 

comorbidity of depression and hypertension was associated with smaller gray matter 

volumes in mid and anterior cingulate cortex. These areas are involved in generating the 

bodily emotional response. Remarkably, depression was not associated with smaller gray 

matter volumes in participants without hypertension. In the chapters four and five, 

stronger effects were found for depression subgroups with the respective risk factors than 

for depression diagnosis or for depression severity. 

Finally, it was examined whether cognitive and vascular risk factors are 

associated with the clinical expression of depression in epidemiological studies (MIND-

IT, NESDA, INSTEL). Both types of risk factor were associated with cognitive symptom 
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levels, although in opposite directions. In chapter six, depression after myocardial 

infarction (vascular risk factor) was characterized by less cognitive symptoms, and a 

higher age of onset compared to depression in mental health care. However, the group 

differences in symptom profile  were explained by differences in age of depression onset. 

In chapter seven, cognitive vulnerability was prospectively associated with higher 

cognitive symptom levels, and the interaction between cognitive vulnerability and life 

stress was stronger for cognitive than for somatic symptoms. Moreover, depression 

course predicted long-term cognitive vulnerability levels in primary care patients in 

chapter eight. Patients with an unfavorable course after enhanced treatment showed 

highest cognitive vulnerability levels after one year. Thus, vascular and cognitive risk 

factors explain at least some of the heterogeneity in the clinical presentation of depression. 

 

9.1. The emotional brain in depression 

Over time, the search for the emotional brain has expanded from a search for specialized 

brain areas to a search for interacting brain networks. The results presented in this thesis 

fit well into this trend. The frontolimbic system has been identified in the literature as a 

constellation of brain areas that are involved in emotional processing and show altered 

activation patterns in depressed patients. The literature frequently described nodes at the 

amygdala, anterior cingulate, ventro- and dorsolateral prefrontal cortex (Disner et al., 

2011; Leppanen, 2003; Phillips et al., 2003). The work presented in this thesis confirms 

the role of these areas, and provides more insight into the functional implications of the 

alterations.  

The results in chapter two of largely similar circuitry for negative and positive 

emotional cues were striking, given the stark difference in valence. It is, however, 

increasingly being acknowledged that the amygdala can be activated by a wide range of 

emotional stimuli, including stimuli that are generally viewed as positive (e.g., happy 

faces). This led to the hypothesis for the amygdala as relevance detector in the brain 

(Sander et al., 2003). In depressed patients, amygdala hyperactivation has been observed 

for negative emotional cues. In contrast, for positive emotional cues, the amygdala is less 

active (chapter two). Also, self-evaluation of emotional cues did not elicit any activation 

differences in the amygdala (chapter three). An interesting hypothesis in line with the 

hypothesized role as “relevance detector” is that a shift in amygdala responsiveness away 
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from positive and toward negative cues induces a corresponding shift in the allocation of 

attention, which drives real-life perception of the environment. 

Whereas the amygdala initially received most research attention, the work 

presented in this thesis most consistently identifies the anterior cingulate cortex as deviant 

in depression (in chapters two - five). It is important to note that the amygdala and 

anterior cingulate cortex are both part of the salience network, which also includes the 

fronto-insular cortex (Seeley et al., 2007; Hamilton et al., 2012). Nodes in all of these 

structures showed higher activation in depressed patients for negative cues and lower 

activation for positive cues in chapter two. Therefore, this pattern of activation alterations 

may apply to the entire salience network. However, this hypothesis should be confirmed 

with a network analysis approach. 

 No network-level activation or connectivity abnormalities were found during 

self-reflection task performance in depressed patients, whereas self-reflection did target 

the networks of interest (chapter three). Connectivity alterations may be dependent on 

task execution, whereby emotional tasks might be most sensitive for detecting salience 

abnormalities, external orienting tasks for detecting default mode abnormalities, and 

cognition-emotion paradigms for detecting cognitive control abnormalities. More 

research is needed to link resting state alterations to specific cognitive processes, and to 

identify important nodes such as the dorsal nexus (Sheline et al., 2010). 

 

9.2. Vascular vulnerability in depression 

There is a bidirectional association between (cardio)vascular disease and depression. 

There may be causal influences in both directions, and in addition shared risk factors play 

a role. Therefore, a comorbid vascular disease and depression subgroup is influenced by 

many factors, and the stage of vascular pathology is likely to be important. More 

specifically, in a hypertension subgroup, vascular disease might be in such an early stage 

that the contribution of depression to vascular disease is larger than the contribution from 

vascular disease to depression. In a myocardial infarction subgroup, the high number of 

first depression onsets suggests that the vascular disease has a fair influence on 

depression. 

 The vascular depression hypothesis is focused on the direction of association 

from vascular diseases to depression. It selectively identifies patients with late-onset 
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depression or a worsening of depression course after vascular disease onset, and the 

concept is mostly supported by research into white matter hyperintensities (Taylor et al., 

2013). Chapter five shows volumetric reductions of gray matter in a vascular depression 

subgroup, in a very early stage of vascular disease. These reductions likely reflect a sum 

of stress reactivity predisposition, and acquired damage attributable to stress and 

hypertension. The findings make an important contribution to the vascular depression 

literature because they implicate gray matter, and suggest that the complexity of 

bidirectional associations and shared risk factors in vascular depression may partly have a 

neural basis. 

The chapters examining a vascular depression subgroup described convergent 

and divergent findings regarding depression phenomenology. Consistent with the 

vascular depression hypothesis, both studies found that comorbid vascular disease was 

associated with higher age at depression onset. However, the study into comorbid 

hypertension found an increased severity of depression whereas the study into comorbid 

myocardial infarction found a decreased severity in the vascular disease subgroup. 

NESDA sampling was aimed at including depressed patients, and therefore hypertension 

patients with undiagnosed depression were likely underrepresented in the study, which 

may explain part of this difference. 

Although it was previously suggested that illness factors contribute to high 

somatic symptom levels in myocardial infarction patients, no such elevation was found in 

chapter six or seven. Elevated somatic symptom levels have been found in comparison 

with a population sample, suggesting that the effect is restricted to the lower range of 

symptoms (Thombs, 2010). Furthermore, it should be noted that measures of depressive 

symptoms may differ in their sensitivity to detect the somatic symptom elevations 

associated with illness factors (Delisle et al., 2012). The relative excess of depression 

onsets after myocardial infarction is remarkable. Whereas neurobiological factors might 

be involved, the results are also consistent with the concept of MI as a very severe 

stressor, capable of eliciting depression in low-vulnerable individuals. Future research 

should focus on the interplay of vulnerability for stress and vascular disease across 

disease stages. 
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9.3. Cognitive vulnerability in depression 

In this thesis all the relevant chapters (e.g., 5,7,8) confirmed a bidirectional association 

between cognitive vulnerability levels and depressive symptoms. Cognitive vulnerability 

was high in individuals with recent life stress, and in individuals with a diagnosis of 

depression compared to individuals without these characteristics. In addition, a 

prospective study confirmed that cognitive vulnerability predicted higher depressive 

symptoms in depressed and non-depressed participants. On the other hand, alleviation of 

depressive symptoms was accompanied by a reduction in cognitive vulnerability, whereas 

an unfavorable course of depression predicted higher long-term cognitive vulnerability 

levels. There is an increasing interest in the bidirectional relationship between cognitive 

vulnerability and depression (see for instance Lagrange et al., 2011; Calvete et al., 2013). 

The most important and positive implication of these results is that cognitive vulnerability 

is not entirely fixed, and possibly can be manipulated in either way. 

 Part of the observed brain activation abnormalities in depressed patients were 

linearly associated with cognitive vulnerability. Of note, these associations were only 

found for negative emotional cues. The nodes that were associated with cognitive 

vulnerability in both depressed and non-depressed participants belonged to the salience 

network. Salience network dysfunction in emotional processing might thus constitute a 

trait that predisposes to affective psychopathology (for more recent evidence in this 

direction implicating the amygdala node of the salience network, see Swartz et al., 2015). 

In participants without a psychiatric diagnosis, high cognitive vulnerability levels were 

associated with increased activation in nodes from the frontoparietal control network. 

One might speculate that non-depressed participants with high cognitive vulnerability 

levels recruit this network to counterbalance increased salience activation. Tentatively 

connecting this to cognitive theory, increased salience activation might reflect schema 

activation, whereas increased control activation might reflect schema suppression (see 

Farb et al., 2015 for an interesting novel perspective towards vulnerability processes over 

the course of disorder that is largely supported by the findings presented in this thesis). 

 The results for cognitive vulnerability as a stress sensitivity measure were mixed. 

In chapter 4, recent life stress was not associated with brain activation abnormalities 

during emotional processing, not even in individuals with high cognitive vulnerability 

levels. However, in this chapter vulnerability was measured after stress experience. The 
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vulnerable individuals in which stress activated a negative processing schema, likely also 

self-reported higher cognitive vulnerability. In contrast, a prospective design 

demonstrated that negative life events were predictive of depressive symptoms in 

vulnerable individuals, but not at all in individuals with low cognitive vulnerability. 

These findings strengthen the conceptualization of cognitive vulnerability as a stress 

sensitivity marker (Hammen, 2015). Remarkably, a multitude of cognitive vulnerability 

dimensions were prospectively associated with depressive symptom levels in individuals 

that were non-depressed and did not experience stress, and thus cognitive vulnerability 

may convey more risk than merely stress sensitivity. 

The value of cognitive theory has been challenged, because opponents have 

reasoned that cognitive vulnerability is not truly a trait vulnerability factor and argued 

that remitted patients are hard to distinguish from never-depressed individuals. Cognitive 

reactivity has been put forward as a more trait-like and more informative vulnerability 

marker (Segal et al., 2006). In chapters four and seven, the results provide just as much 

support for the hopelessness model of cognitive vulnerability (highlighting experienced 

control and negative self-associations) as for cognitive reactivity as vulnerability marker. 

The combined results from chapters four, seven and eight support a state-trait 

vulnerability model that is characterized by absolute changes in cognitive vulnerability 

associated with disease state, but also relative stability over long periods of time. 

Conceptually, the observed increases in cognitive vulnerability after depression onset 

could be interpreted as reflecting schema activation and kindling processes. The negative 

schemata might stay fully activated and cognitive vulnerability may become integral to 

depression over time (Van der Zanden et al., 2014). More research is needed into the 

factors that contribute to stability and change of cognitive vulnerability (for an overview 

and discussion of this topic, see Evraire et al., 2014). The results in chapter eight suggest 

that although cognitive vulnerability is difficult to manipulate, it could potentially be a 

valuable treatment target. 

 

9.4. Critical considerations 

Several limitations should be acknowledged for the evaluation of the results presented in 

this thesis. Conceptually, it is difficult to draw a line between a vulnerability factor that is 

activated by stress or negative mood states and a symptom of depression. Excessive 
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feelings of worthlessness and guilt have been studied as examples of negative self-

associations, but as cognitive depression symptoms as well. The fact that residual 

symptoms are a powerful predictor for the relapse and recurrence of depression 

complicate research into cognitive vulnerability. During analysis, it was observed 

(chapter five, data not shown) that the predictive power of cognitive symptoms 

dramatically decreased by including cognitive vulnerability dimensions as predictors, 

indicating that partly the same variation between individuals is captured. The clinical and 

research value of the cognitive vulnerability concept lies in the theoretical rationale and in 

the description of a verifiable, quantifiable, and modifiable process. Therapeutic benefits 

may be more readily obtained by interventions directed at  a more nuanced and complete 

interpretation of events, than at sadness per se. 

 Several important risk factors for depression were not studied in this thesis, such 

as neuroticism. This personality trait  reflects emotional instability, and the tendency to 

experience negative affect and arousal quickly, and decrease it slowly (Ormel et al., 

2013). Vulnerability / stress reaction is one of the subcomponents of neuroticism, largely 

corresponding to cognitive vulnerability. Neuroticism is a more distal and encompassing 

risk factor for depression than cognitive vulnerability, and has been shown to be less 

specific for depressive disorders. Moreover, neuroticism is less explicit with regard to the 

process that causes dysfunction. On the other end of the spectrum, rumination is 

considered to be a subcomponent of cognitive vulnerability, and also of self- and 

emotion-regulation. It is generally defined as the process of repetitively thinking about 

distress, negative affect, and unattained goals when facing a stressor, in a more state-like 

fashion than cognitive vulnerability (Smith & Alloy, 2009). Accordingly, it is more 

proximal to depression than cognitive vulnerability. Despite the conceptual differences, 

many of the findings for the neural and clinical expression of depression could also apply 

to neuroticism and rumination. 

 The studied cognitive/affective and somatic symptom dimensions are rooted in 

the cognitive model, and, though well-researched, their validity is mainly based on 

theoretical grounds. Although the symptom dimensions identified in the NESDA study 

roughly correspond to the traditional cognitive and somatic symptom dimensions (Beck et 

al., 1996), a substantial anxiety facet is present in the IDS somatic symptom dimension 

that was not previously recognized (e.g. arousal, panic, and phobic symptoms). This 
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makes the results of chapter six and seven difficult to compare. Data-driven analyses 

confirmed symptom profiles that are characterized by low cognitive symptoms in chapter 

six. However, data-driven techniques have more consistently identified  low-severity 

classes that are additionally differentiated by separate core symptoms, which may suit 

profiles from chapter six as well (Van Loo et al., 2012). The inconsistencies in 

dimensions and profiles across samples and measures suggest that vulnerability factors 

may have more promise for subtyping depression. 

 Finally, there are several methodological limitations to the work presented in this 

thesis. The main limitation is that the majority of chapters cover cross-sectional research 

designs, and therefore no firm conclusions regarding directionality and etiology can be 

drawn from these chapters. Further, MRI research is often characterized by low power, 

and consequently there is a large risk of false negatives in MRI studies (Button et al., 

2013). The stringent criteria for multiple comparison corrections that are typically 

employed in the field contribute to this problem. The inconsistent results reported by 

studies in the meta-analysis (chapter two) suggest that the effect sizes for activation 

abnormalities in depressed patients may be smaller than generally assumed. Chapter three 

showed few regional activation alterations in  depressed patients for a self-reflection task, 

in a relatively small sample. Results were very consistent with previous findings, and 

reducing the number of comparisons with network-based analyses did not change the 

results. Still, larger samples and meta-analyses may implicate more nodes than currently 

established. 

 

9.5. Future directions for etiological and clinical research 

With regard to vascular depression, one interesting avenue for further research lies in 

delineating the pathways to depression in more detail. The neural correlates of vascular 

depression might comprise gray and white matter abnormalities in brain areas regulating 

emotional and stress responses, possibly depending on the stage of vascular disease 

(white matter more prominent in a later disease stage). It would be interesting to study 

how these structural abnormalities relate to alterations in brain activation and 

physiological responses to emotional cues. So far, very few studies have addressed these 

questions in cardiovascular disease patients. Furthermore, it would be interesting to study 

biomarkers predicting cognitive and somatic symptom dimensions in vascular disease 
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patients. Inflammatory cytokines may be more strongly related to depression in late-life 

and vascular depression subgroups - particularly driven by somatic symptoms (Poole et 

al., 2011; Naudé et al., 2013; 2014). 

 With regard to the cognitive vulnerability concept, the ecological validity of 

measures could be improved by measuring interpretations in real-life situations rather 

than self-reported general response tendencies. To establish a trait-like negative cognitive 

style, a multitude of measurements is required. This could be achieved with a daily diary 

study.  A major advantage of this design is that it allows investigation of changes within 

the individual during stress exposure, rather than examining differences between 

individuals that did or did not experience stress. This would allow research into the 

temporal dynamics of schema activation, by investigating the interplay between event 

appraisals and negative affect. As a result, individual differences in the content of 

dysfunctional appraisals may become apparent. This offers new perspectives for 

personalized identification of treatment targets, and evaluation of treatment mechanisms 

at a very high temporal resolution. 

The work presented in this thesis took the approach to relate vulnerability factors 

for depression to neuroimaging measures and symptom dimensions. The somatic 

symptom dimension in particular did not discriminate well between the subgroups. It may 

therefore be valuable to reverse the research framework and reconstruct symptom 

dimensions on the basis of associations with neural correlates and vulnerability factors  

(for an example of this dimensional approach, see Oathes et al., 2015). If we conduct a 

thought experiment and imagine that in 1980 the DSM III committee decided not to 

include anhedonia as a (core) symptom of depression, would we replicate the present-day 

findings that emotional valence modulates activation abnormalities in depression? Would 

a primary deficiency in activation and connectivity in the salience network result in a 

different symptom profile than a primary dysfunction of the regulatory role of the 

cognitive control network? Importantly, such an approach would allow us to re-evaluate 

and adjust the diagnostic criteria, with the option to replace the least informative 

symptoms with more informative ones. 

It is interesting that evidence-based treatments for depression such as 

antidepressant medication and cognitive behavioral therapy reverse many of the 

activation abnormalities observed in chapter two (Anthes, 2014; Ma, 2015). This has been 
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proposed to be a very early mechanism of action (Harmer et al., 2009). Meta-analysis has 

shown that increased activation in limbic areas (amygdala, striatum, insula and anterior 

cingulate cortex) before treatment commences predicts worse response to treatment (Fu et 

al., 2013). This is reminiscent of cognitive vulnerability; reduced by effective treatment, 

yet predictive of poor outcomes. The subgenual anterior cingulate cortex finding is close 

to the node that showed an association with cognitive vulnerability in chapter four. In 

late-life and late-onset depression, white matter hyperintensities have been associated 

with poor prognosis of depression. It would be of interest to study the effects of treatment 

for depression on brain imaging measures in cognitive and vascular depression subgroups, 

as well as study whether the inclusion of vulnerability and brain imaging measures might 

improve prediction models for treatment unresponsiveness (see Schmaal et al., 2014 for 

an example of a multifactorial clinical prediction model in NESDA, which is 

observational in nature).  

One potential consequence of the multifactorial etiology and heterogeneous 

conceptualization of depression, is that it is impossible to find a treatment that works for 

each and every depressed individual. Antidepressant medication (e.g., SSRI/SNRI/TCA) 

and cognitive behavioral therapy are evidence-based treatments that will alleviate 

symptoms in around two thirds of depressed patients (Rush et al., 2006; also see Van der 

Lem et al., 2012). It might not be a realistic goal to search for a new treatment that will 

outperform established treatments in the aggregate of depressed patients. However, it 

could be a realistic goal to characterize subgroups of patients that do not respond to 

traditional treatment options, and identify novel treatment targets. The alternative 

treatments might have clinically relevant effects if they are beneficial only in the  

treatment-resistant subgroup. 

Cognitive vulnerability was found to be associated with higher depression 

severity, comorbid anxiety and was higher after non-response to treatment in this thesis. 

In the literature, it has also been associated with an early depression onset, recurrence and 

chronicity of depression, and suicidality (Lau et al., 2004). Thus, targeting cognitive 

vulnerability might be worthwhile to reduce the burden of disease associated with 

depression. Several treatment alternatives offer potential for further investigation. The 

first is CBT optimized by diary study feedback. Other options in accordance with the 

imaging results presented in chapters two and four are attentional bias modification 

9 
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(Browning et al., 2010), as well as transcranial magnetic stimulation at the left 

dorsolateral prefrontal cortex (Fox et al., 2013). The treatment objective would be to 

increase cognitive control over salience network nodes. The effects of treatment could be 

evaluated by comparing resting state scans before and after treatment, and activation and 

connectivity analyses to data from an emotion regulation task performed after treatment. 

The results from these analyses could be correlated with baseline levels and post-

treatment reductions in cognitive vulnerability. 

 

9.6. Concluding remarks 

This thesis set out to examine whether cognitive and vascular vulnerability factors for 

depression are associated with heterogeneity in the neural and clinical expression of 

depression. The work from this thesis confirmed the important role of frontolimbic 

circuits in depression. The anterior cingulate was most consistently identified as node of 

deviance, and presumably plays an important role in the dysregulation of extended 

frontolimbic circuitry. Subgroups of depressed patients with high vascular and cognitive 

vulnerability for depression showed more pronounced neural abnormalities than the 

group of depressed patients as a whole.  These results suggested that brain structural and 

activation abnormalities possibly signal individual differences in stress sensitivity. Finally, 

cognitive vulnerability and depressive symptoms were shown to adversely impact each 

other. Cognitive vulnerability may thus be a valuable target for interventions, which 

achieve beneficial outcomes by improving cognitive control over negative emotions. 
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Wetenschappelijke Samenvatting 

 

1. Kwetsbaarheid en emotionele verwerking bij depressie 

In dit proefschrift wordt onderzocht wat spaak loopt in de hersenen van iemand met een 

depressie. Er wordt ook onderzocht of mensen met een kwetsbaarheid voor depressie, 

sterkere afwijkingen in de hersenen laten zien. Daarnaast wordt de samenhang tussen 

kwetsbaarheidsfactoren en depressieve klachten onderzocht, in het bijzonder voor beloop 

van de klachten en klachtenpatronen. Tot slot wordt onderzocht of behandeling van 

depressies de kwetsbaarheid ervoor kan verminderen. 

 

Depressie is een aandoening waarbij iemand zichzelf langdurig somber voelt en moeite 

heeft zich tot activiteiten te zetten en plezier te ervaren. Een depressie kan serieuze 

gevolgen hebben, zoals een onvermogen om te werken, te investeren in sociale en 

liefdesrelaties en in uitzonderlijke gevallen de keuze om zichzelf van het leven te beroven. 

De aandoening begint in de meeste gevallen op jonge leeftijd (zo rond het twintigste 

levensjaar) en komt vaak terug (50% kans op terugval, deze kans neemt toe met elke 

terugval). De ziektelast van depressie is hierdoor erg hoog, zowel voor het individu dat 

lijdt aan de aandoening en diens omgeving, alsook voor de maatschappij. 

 

Een combinatie van factoren zorgt voor het ontstaan van de klachten. Vaak gaat een 

ingrijpende gebeurtenis vooraf aan het begin van een depressie, waarbij het leven van de 

persoon in kwestie flink op zijn kop komt te staan. Maar hoewel vrijwel iedereen in zijn 

leven ernstige stress meemaakt, krijgt toch lang niet iedereen depressieve klachten 

(slechts ± 20%). Er zijn persoonskenmerken die bepalen dat sommige mensen vatbaarder 

zijn voor het ontwikkelen van depressieve klachten dan anderen. In dit proefschrift 

lichten we twee persoonskenmerken uit, die verhoogd risico op depressie en op het niet 

slagen van behandeling geven; dit zijn een psychologisch en een lichamelijk kenmerk. 

 

Psychologisch kenmerk: 

We kiezen een student als voorbeeld, omdat in deze levensfase vaak depressieve klachten 

optreden. Op het moment dat iemand zijn tentamen niet haalt, zal de ene student dit 

wijten aan een externe oorzaak (bijvoorbeeld: irrelevante tentamenvragen – het probleem 

ligt bij de docent) en een ander aan een veranderlijke interne oorzaak (niet hard genoeg 

gestudeerd – het probleem ligt bij mij, maar ik kan er zelf iets aan kan doen). Bij beide 

redenaties blijft het zelfbeeld intact. Iemand met een psychologische gevoeligheid voor 

depressie zal eerder uitgaan van een stabiele interne oorzaak (ik ben niet slim genoeg om 

dit tentamen te kunnen halen, hoe hard ik ook mijn best doe). Deze student ervaart weinig 

controle over de situatie, ontwikkelt een hulpeloos gevoel, en het negatieve zelfbeeld 

wordt versterkt. Het hanteren van zo’n denkstijl noemen we in het vervolg cognitieve 

kwetsbaarheid. 

 

Lichamelijk kenmerk: 

Depressie komt vaak voor bij mensen met hart- en vaatziekten. Aan de ene kant kan dit 

komen door stress, lichamelijk beperkt zijn, maar ook door de confrontatie met de eigen 

sterfelijkheid. Depressie begint bij mensen met hart- en vaatziekten vaak op late leeftijd, 

en zou daardoor andere oorzaken kunnen hebben dan een reguliere depressie. Als er 
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verstoringen optreden in de bloedsomloop en daarmee in de zuurstoftoevoer naar de 

hersenen, kan er hersenschade ontstaan. Wanneer deze schade acuut optreedt en ernstig is, 

spreekt men van een beroerte. Er bestaan ook minder ernstige verstoringen, waarbij 

mensen niet direct merken dat er iets aan de hand is, maar die mogelijk toch kunnen 

leiden tot depressieve klachten. Dit noemt men de “vasculaire depressie” hypothese – in 

het vervolg van de tekst zal naar dit proces met vasculaire kwetsbaarheid verwezen 

worden. 

 

2. Depressie en de hersenen – samenvatting van onderzoeksresultaten 

Er bestaan verscheidene modellen  van verstoorde informatieverwerking in de hersenen 

van mensen met een depressie, die zich nadrukkelijk richten op de verwerking van 

negatieve informatie. Hoewel er inmiddels veel onderzoek gedaan is naar positieve 

informatie, is het onzeker of dezelfde modellen van toepassing zijn. Wij hebben daarom 

een samenvattende analyse uitgevoerd op bevindingen van 44 studies in mensen met en 

zonder depressie en vonden verstoorde hersenactivatie in vergelijkbare hersengebieden 

voor negatieve en positieve informatie. De ”emotionele” gebieden die betrokken zijn bij 

lichamelijke reacties en betekenisgeving (o.a. anterieure cingulaire hersenschors en 

amygdala) waren in depressieve mensen sterker actief voor negatieve informatie, en juist 

minder sterk voor positieve informatie. Controlerende hersengebieden vooraan in het 

hoofd (prefrontale cortex) waren minder sterk actief voor negatieve informatie, maar 

sterker voor positieve informatie. Onze studie toont aan dat het zeer belangrijk is om 

onderscheid te maken tussen negatieve en positieve informatie, anders kunnen veel 

belangrijke verschillen over het hoofd worden gezien. 

 

In onze volgende studie werd hersenactivatie gemeten in mensen met en zonder depressie 

terwijl zij zichzelf en anderen beoordeelden. Er werd alleen een specifiek gebied vooraan 

in het hoofd (midden van de prefrontale cortex) gevonden dat sterker actief was bij 

mensen met een depressie. Dit gebied  is eerder in verband gebracht met evaluatie en 

besluitvorming en de overactivatie in depressieve mensen heeft waarschijnlijk te maken 

met hun negatieve zelfbeeld. Het bleek in beide groepen verbonden te zijn met drie 

hersennetwerken, namelijk het “standaard” netwerk (functie: aandacht naar binnen 

richten), emotionele netwerk (functie: detectie belangrijke informatie) en controle 

netwerk (functie: aandacht naar buiten richten). Wij vonden geen verschil in verbindingen 

van de drie hersennetwerken tussen mensen met en zonder depressie, terwijl ruststudies 

dit wel rapporteren. Het verschil in bevindingen zou kunnen komen doordat depressieve 

mensen in rust hun aandacht sterker naar binnen en op zichzelf richten. Wanneer expliciet 

gevraagd wordt de aandacht op zichzelf te richten, blijken er weinig verschillen te zijn 

tussen mensen met en zonder depressie. 

 

3. Kwetsbaarheid voor depressie en de hersenen – samenvatting van 

onderzoeksresultaten 

Hierna werd het verband onderzocht tussen individuele verschillen in cognitieve 

kwetsbaarheid (ofwel negatieve denkstijl) en hersenactivatie tijdens het verwerken van 

emotionele informatie. Er werd aan deelnemers gevraagd negatieve en positieve 

gezichtsuitdrukkingen te negeren. Cognitief kwetsbare mensen lieten sterkere activatie 
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zien in emotionele en controlegebieden, waaronder de anterieure cingulaire schors, 

tijdens het negeren van negatieve gezichten. In controlegebieden lieten vooral kwetsbare 

mensen zonder klachten een sterkere activatie zien. Het is mogelijk dat deze overactivatie 

een positief effect heeft, dus dat wanneer mensen in staat zijn controlegebieden extra in te 

zetten, zij ook beter hun emoties kunnen controleren. Aandachtsgebieden lijken in 

kwetsbare mensen sterker ingezet te moeten worden tijdens het negeren van irrelevante 

negatieve, maar niet positieve, informatie om tot een zelfde taakprestatie te komen. 

Vervolgens werd vasculaire kwetsbaarheid voor depressie onderzocht. Omdat de 

deelnemers vrij jong waren, werd gekozen voor verhoogde bloeddruk als vasculaire 

risicofactor. In oudere mensen is een verband aangetoond tussen subtiele hersenschade en 

het optreden van depressieve klachten. Het is nog onbekend of  dit verband ook al bestaat 

in jongere mensen met beginnende vaatziekten. De studie leverde onverwachte 

bevindingen op. Bloeddruk en depressie bleken op zichzelf niet sterk geassocieerd met 

subtiele veranderingen in de hersenstructuur, terwijl de combinatie van de twee juist wel 

geassocieerd was met afwijkingen, in onder meer de anterieure cingulaire schors. Studies 

in jongere depressieve mensen houden vaak geen rekening met hart- en vaatziekten of een 

verhoogde bloeddruk. Hoge bloeddruk komt zeer veel voor en dus roepen de uitkomsten 

vragen op over de mate waarin de combinatie van depressie en hart- en vaatziekten van 

invloed is op de afwijkingen die beschreven zijn in eerdere studies naar depressie en hart- 

en vaatziekten. We hopen dat andere onderzoekers zullen nagaan of dit ook een rol speelt 

bij hun bevindingen. 

4. Kwetsbaarheidsfactoren en klachten – samenvatting van onderzoeksresultaten 

Vervolgens werd onderzocht of vasculaire kwetsbaarheid van invloed is op het 

klachtenpatroon van depressie. In onderzoek naar klachtenpatronen wordt vaak 

onderscheid gemaakt tussen lichamelijke (zoals slaapproblemen) en psychologische 

klachten (zoals schuldgevoelens). Er is gesuggereerd dat lichamelijke factoren bijdragen 

aan depressie bij hartpatiënten en dat lichamelijke klachten daarom sterker aanwezig 

zullen zijn in deze groep. Wij vergeleken  klachtenpatronen tussen mensen die na een 

hartinfarct klinisch relevante depressieve klachten ontwikkelden en mensen die voor 

depressie in de geestelijke gezondheidszorg of door huisartsen behandeld werden. Het 

bleek dat mensen met depressie na een hartinfarct evenveel lichamelijke klachten hadden 

als andere depressieve mensen, maar minder last hadden van psychologische klachten. De 

klachtenpatronen bleken niet erg specifiek voor de groep met een vasculaire 

kwetsbaarheid voor depressie, want hetzelfde werd gevonden bij de groep die door een 

huisarts behandeld werd.  

 

Er werd ook onderzocht of cognitieve kwetsbaarheid van invloed is op het 

klachtenpatroon. Voor deze studie werden mensen met en zonder depressie een jaar lang 

gevolgd. Het bleek dat cognitieve kwetsbaarheid (ofwel negatieve denkstijl) sterker 

verband hield met psychologische klachten dan met lichamelijke klachten. Een ernstigere 

cognitieve kwetsbaarheid was vooral sterk voorspellend voor klachten die optraden na het 

meemaken van een stressvolle gebeurtenis. De mate van cognitieve kwetsbaarheid geeft 

dus aan hoe stressgevoelig iemand is. De verbanden werden zowel voor mensen met als 

zonder depressieve klachten gevonden. Dit geeft aan dat iemand met een hoge cognitieve 

kwetsbaarheid sneller depressieve klachten ontwikkelt, maar er ook minder snel vanaf 
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komt wanneer deze aanwezig zijn. Andere onderzoekers hebben eerder betwijfeld of dit 

het geval zou zijn. 

 

Aangezien cognitieve kwetsbaarheid in verband is gebracht met ernstigere klachten en 

een slechter beloop van de klachten, werd in onze laatste studie onderzocht of 

behandeling voor depressie gericht op een negatieve denkstijl mensen minder kwetsbaar 

kan maken. Mensen met depressieve klachten lieten een daling in negatieve denkstijl zien, 

wanneer hun depressieve klachten opknapten. Deze daling hield zelfs tot twee jaar na 

aanvang van de studie aan. Het maakte voor de grootte van de daling echter niet uit welke 

soort behandeling iemand kreeg, als de klachten daalden ging de kwetsbaarheid mee naar 

beneden. De samenhang tussen de afname in klachten en kwetsbaarheid was iets sterker 

in de groepen met een intensievere behandeling, maar dit kwam vooral doordat mensen 

die niet opknapten na een intensievere behandeling een toename in kwetsbaarheid lieten 

zien. Het blijkt erg lastig te zijn om mensen door middel van behandeling minder 

kwetsbaar te maken, terwijl dit wel de prognose zou kunnen verbeteren. Daarom moet 

hier meer onderzoek naar gedaan worden. 

 

5. Implicaties van de resultaten en aanbevelingen voor verder onderzoek 

In dit proefschrift werden in drie van de vier studies afwijkingen in de anterieure 

cingulaire schors gevonden bij mensen die last hebben van depressieve klachten. Dit 

hersengebied is belangrijk voor het verwerken van emotionele informatie, en vormt een 

belangrijke schakel tussen controlegebieden en emotiegebieden. Deze schakel lijkt niet 

goed te werken in mensen met een depressie. Daarnaast is het gebied onderdeel van een 

netwerk dat betrokken is bij het reguleren van hartslag en bloeddruk. Mogelijk speelt dit 

netwerk een rol in het veelvuldig samen optreden van depressie en vaatziekten. Het is 

interessant dat met een nieuwe techniek genaamd diepe hersenstimulatie activatie van de 

anterieure cingulaire schors veranderd kan worden, en dat dit sommige depressieve 

mensen lijkt te helpen beter te worden. Deze techniek is zeer ingrijpend omdat er een 

hersenoperatie voor nodig is. Het zal waarschijnlijk niet snel een standaardbehandeling 

worden, maar zou mogelijk uitkomst kunnen bieden voor mensen bij wie een reguliere 

behandeling niet aanslaat. 

 

Een andere interessante bevinding is dat er binnen de groep mensen met een depressie 

belangrijke individuele verschillen zijn. De meest kwetsbare mensen hebben namelijk de 

ernstigste afwijkingen in de hersenen. Als deze afwijkingen een rol spelen bij het ontstaan 

van de depressie, is dit eigenlijk best een logische bevinding. Toch wordt er in onderzoek 

standaard vanuit gegaan dat alle mensen met depressie hetzelfde zijn. Een uitdaging voor 

vervolgonderzoek is om vast te stellen of deze kwetsbaarheid in een vroeg stadium 

gedetecteerd kan worden, omdat kwetsbare mensen intensievere behandeling nodig 

hebben en behandeling in een vroeg stadium waarschijnlijk de beste effecten heeft. Er 

moet nog vastgesteld worden of met scans van hersenactivatie en hersenstructuur en met 

vragenlijsten over negatieve denkstijl dezelfde kwetsbare individuen geïdentificeerd 

worden (al wijzen onze bevindingen wel degelijk in die richting). Gezien de kosten van 

een MRI-scan zou het een aantrekkelijk alternatief kunnen zijn om cognitieve 

kwetsbaarheid voor de start van een behandeling in kaart te brengen, om klinische 

besluiten te ondersteunen. 
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Desalniettemin hebben hersenscans zeker nut, zoals bijvoorbeeld voor het uitdenken van 

nieuwe behandelvormen: de eerder genoemde diepe hersenstimulatie of behandeling met 

een magneetveld. Magneetvelden worden op dit moment vooral ingezet bij het versterken 

van de controlegebieden in de hersenen met als doel het beïnvloeden van emotionele 

hersengebieden. Het bewijs voor de werkzaamheid van deze behandelvorm wordt steeds 

sterker en de magneten worden in de praktijk dan ook steeds meer toegepast. Hersenscans 

kunnen helpen te bepalen op welke locatie in de hersenen het magneetveld het beste 

gebruikt kan worden. Hersenscans kunnen ook helpen om beter te begrijpen waar 

depressieve klachten vandaan komen. Als depressieve mensen kunnen leren om meer 

aandacht te schenken aan positieve en minder aandacht aan negatieve informatie in hun 

omgeving, kunnen depressieve klachten verminderen. Er zijn nog talloze mogelijkheden 

om zorg in de toekomst te verbeteren, om ervoor te zorgen dat ook de meest kwetsbare 

groep mensen zullen herstellen van een depressie. 
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Peter, jij hebt onze reis uitgestippeld maar hebt altijd ruimte gelaten voor suggesties in het 

reisplan. Van jou leerde ik dat je van teleurstellingen net zoveel kunt opsteken als van 

successen, en dat het nemen van risico vaak tot een snellere weg en mooiere 

bestemmingen leidt dan het vermijden ervan. Je hanteerde de schaar bij (te) kleine 

knopen en liet mij grotere knopen geduldig ontwarren. Bedankt. 

 

Liefste paranimfen, Sanne en Marie-Anne, bedankt dat jullie naast mij willen staan aan 

het einde van de reis. Ik weet mij goed beschermd met jullie aan mijn zijde. 

 

Bennard, jij bent vooral in het begin van de reis heel belangrijk geweest. We hebben 

samen de tassen ingepakt. Jij bent degene die “een potje met vet” zingt als er geen einde 

lijkt te komen aan de weg en je het doel niet aan de horizon kunt zien. En als je niet in de 

buurt bent, stuur je een ansichtkaart met een plaatje van de schitterende fontein uit de 

toeristenbrochure. Bedankt. 

 

Maaike, ook al delen we op dit moment maar één paper en hoofdstuk, het voelt alsof we 

deze reis grotendeels samen hebben afgelegd. We vullen elkaar goed aan en ik vind het 

heel bijzonder dat je door een gelukkige speling van het lot op ons pad bent gekomen. 

Bedankt (Martijn, jij ook bedankt!). 

 

Onderweg heb ik met veel mensen een kamer gedeeld, in het UCP eerst met Marij, Jerry, 

Petra, Eva. Jullie waren mijn eerste mede-congres gangers. Anna, bedankt dat ik achter je 

bureau mocht zitten toen je in Canada was. Op het NIC met Edith, Lisette, Marte, Leonie 

– en later een nieuwe generatie Nicky, Hanneke en Liwen. Bedankt voor de grappige 

momenten en ondersteuning. Daarnaast wil ik Esther, Ramona en Marie-José bedanken 

voor hun NESDA imaging werk. Esther, hopelijk kunnen we nog vaker samenwerken in 

de toekomst. Annelene en Ymkje-Anna, jullie zijn lieverds, veel succes! 
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Dan mijn echte roomies: de meerkats Bertus, Nikos en Sanne. Jullie bleken de beste 

roomies ever. Ik voel me enorm verbonden met jullie en ik ga dat ontzettend missen. 
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Ik heb het geluk gehad fantastische studenten mogen begeleiden: Bedankt Sascha, Elise, 

Iris, Minke, Marieke, Kristina. 

 

DIP – wij hebben zoveel ondersteuning ontvangen, dat het schier onmogelijk is om 

iedereen die een grote rol heeft gespeeld te bedanken. Bedankt, in de eerste plaats de 

deelnemers, behandelaars en Lindy, maar ook Janine, Ytsje, Rogier, Michel, Roelie, 

Richard, Casper, Ralph, Louise, de UCP- en CIP-secretariaten, Anita, Judith, Michelle en 

iedereen die gescand heeft, Joke – onmisbaar!, Ardy, Peter, Jan Cees, Hanna, Remco en 

Jan-Bernard.  

 

NESDA – Brenda, Nicole, Dick, Nic, bedankt. Zonder jullie had dit proefschrift er heel 

anders uitgezien. 

 

Ook Elske, Klaas, Henk Jan en Richard wil ik graag noemen. Het was leuk en leerzaam 

om met jullie te werken. 

 

Caroline, bedankt dat je mijn tijd in Oxford zoveel leuker hebt gemaakt. Ik ben blij dat je 

nu met Eric werkt aan een mooie PhD. Ook Maria, Matthew, en Zola bedankt. Het was 

heerlijk om een Zuid-Afrikaanse stem te horen. Catherine, thank you for the hospitality. 

My time in your lab and the supervision I received are very dear to me. 

 

BCN (Diana en Janine), NIC (Hedwig), ICPE (Hans, Tineke en de geweldige mensen bij 

het secretariaat) - bedankt voor de ondersteuning. Ik waardeer in het bijzonder jullie 

kamer- en meubilair-indelingen. 

 

Eerder kreeg ik veel vertrouwen van Coby Gerlsma, Ritske de Jong, Ruud Kortekaas en 

Marc Thioux. 

 

PhD-council (en dan met name Jonathan, Emi en Odilia), bedankt voor de interessante 

gesprekken, en het organiseren van de BCN PhD Drinks. Stefan bedankt voor het voorstel 

om daarheen te gaan terwijl ik eigenlijk gewoon onderweg was naar huis. Er is geen 

betere plek om nieuwe collega’s en je levenspartner te leren kennen! Veracket, bedankt 

voor de afleiding – de mix3 foto hing aan de muur. 

 

Ook met andere mensen hebben we goed aan teambuilding gedaan op Noorderzon, bij 

concerten, in de kroeg, noem maar op. Elise, bedankt voor de donderdagavonden en 

etentjes. Odilia, Charlotte, Anna Roos, Arunima, Piotr, Lian, Jojanneke, Vera, Dennis, 

Hanna, Mara (Berlijn!) en anderen, bedankt! 

 

Lieve Linda, ik zet je in het midden tussen werk en vrienden, zoals je in mijn leven een 

centrale plek inneemt. Bedankt dat je altijd mijn spiegel bent. Lieve Brand, jij bent een 
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onderschatte speler – een stille kracht die je pas opmerkt als hij er niet is. Bedankt dat je 

er wel bent, en voor de scones en Jamies. 

 

Lieve vriendinnen die ik niet genoeg gezien heb in de afgelopen jaren – sorry daarvoor:  

Lieve Anouk en Marianne, bedankt dat we elkaars leven al zo lang verrijken. Lieve 

Lianne, bedankt voor je spontaniteit en enthousiasme. Lieve Özlem, hoe gaat het met je 

Nederlands? My little grande dame, ik bewonder je ongeëvenaarde eigenheid. Lieve 

Marie-Anne, bedankt dat je bent wie je bent. 

 

Van Pieters kant hebben Girste en Massimo, Ivi en Lotte, Marcello, Niki, David, Erika en 
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Lieve Charl sr., Irene, Renée en Charl jr., bedankt dat jullie ook een beetje mijn familie 
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Lieve Marcel, bedankt dat je me hebt geleerd om nieuwsgierig te zijn. Lieve Jan-Joost, 
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Lief lief zusje, bedankt dat je mij laat zien dat er meer is in het leven dan onderzoek en 

dat je de wereld laat stralen (en af en toe donderen, maar dat terzijde). Je kracht is 
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Lieve Pieter, zonder jou had ik dit alles niet klaargespeeld. Bedankt voor je grenzeloze 

vertrouwen. En voor de eenhoorn met regenbogen – altijd blijven we dromen. Ik betaal 

met liefde de volle prijs ;) 
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