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Chapter 01

General introduction
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Prologue
June 2019: 
At the department of psychiatry, a patient (Mrs. S., female, 40 years old) is treat-
ed who is diagnosed with recurrent major depressive disorder. She suffered from 
3 depressive episodes, lifetime. The first episode (7 years ago), she experienced 
remission without treatment. The second episode (3 years ago) she remitted after 
treatment with psychotherapy and one antidepressant. The most recent episode 
started one and a half year ago and gradually became more severe. During her last 
episode she (again) could not imagine, nor appreciate any event that was previously 
rewarding for her (i.e. playing sports). She initially postponed consultation of a psy-
chiatrist and started treatment after 9 months. She ultimately achieved remission, 
after being non-responsive to treatment with two antidepressants (belonging to 
different classes). She finally recovered successfully, 4 weeks after a third (tricyclic) 
antidepressant was initiated. Although in remission now, Mrs. S. reports that she 
still experiences difficulties in sleeping, concentrating and experiencing pleasure 
and reward. Since her improvement, she noticed an oversensitivity to negative 
events. Despite having experienced positive events related to her own efforts, she 
irrationally doesn’t value those and instead sticks to a few small negative events 
that occurred irrespectively of any action by herself.

Clinically, three important questions arise from this case: 
	 •	 Could	we	have	predicted	the	outcome	of	her	treatment?
	 •	 Could	we	have	predicted	the	non-response	to	the	initial	antidepressants?

•	 Are	her	residual	symptoms	caused	by	impairments	of	reward-	and	aversion-
	 related	processing	and	learning?
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The burden of depression
Many people know the experience of feeling blue or sad at times. Usually, this is temporary 
and fades with time. But when sad feelings last for a longer period and are accompanied by 
other persisting symptoms, one may suffer from depression. Symptoms of depression can 
vary from mild to severe and can include constant feelings of sadness, loss of interest and 
pleasure, changes in appetite/weight, insomnia/hypersomnia, loss of energy, psychomotor 
agitation/retardation, feelings of worthlessness/guilt, difficulty concentrating, and suicidal 
thoughts. According to the American Psychiatric Association Diagnostic and Statistical Man-
ual of Mental Disorders (DSM-5) (American Psychiatric Association, 2014), a depressive dis-
order is present when a person has five or more of these symptoms, present nearly every 
day, most time of the day, for at least 2 weeks. Major depressive disorder (MDD) is a highly 
prevalent and disabling disease and therefore a major burden for society (Mathers and Lon-
car, 2006). Despite elaborate research, the etiology and pathophysiology of MDD remains 
an enigma and presumably is heterogeneous. Two patients with the same diagnosis may 
show very diverse symptoms. Progress in research and treatment is hindered by this hetero-
geneity and differentiation regarding course of illness and therapeutic response is needed 
(Dunner, 2012; Fried, 2017). In order to differentiate, it is important to distinguish stages of 
development and severity of MDD: (i) the prodromal phase, or at risk phase, (ii) the first de-
pressive episode, (iii) residual symptoms following an episode, (iv) the relapse episode and 
(v) chronic and/or treatment-resistant depression (Peeters et al., 2012). Stage ii, iv and v can 
be considered an acute phase, whereas stage iii is defined as a remitted stage. Identifying 
etiologically distinct profiles of depressive symptoms, called profiling, can be helpful in pre-
diction of course and treatment. 

Risk for recurrence
MDD is a highly recurrent disease. Depressive episodes often tend to relapse (a new episode 
within 6 months) or recur (a new episode after a period of remission). Depending on the 
population and setting the incidence of relapses and recurrences varies but may be as high 
as 80% within 5 years (Bockting et al., 2009). The highly recurrent character of MDD is a 
major contributor to the large direct and indirect costs of MDD, which is estimated more than 
1 billion euros in the Netherlands (Beekman and Marwijk, 2008). Furthermore, as demon-
strated by a systematic review, relapse and recurrences are elicited by residual symptoms 
and in the long term can cause persistence of symptoms (Fekadu, Wooderson, Markopoulo 
et al., 2009). Chronicity of depression increases the likelihood of treatment resistance. This 
necessitates prediction and prevention of recurrence, however, identification of the patho-
physiological mechanism underlying recurrence has been challenging. 

Non-response to antidepressants
Among patients that suffer from depression, response to treatment varies highly. Selective 
serotonin reuptake inhibitors (SSRIs) and serotonin-noradrenaline reuptake inhibitors (SNRIs) 
are often first-choice antidepressants (Spijker et al., 2013). With the first SSRI/SNRI, 30-
40% of patients achieve remission (Trivedi et al., 2006). Remission is defined as improve-
ment according to a cut-off point of a symptom rating-scale (e.g. Hamilton depression rating 
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scale, Beck Depression Inventory) (Frank et al., 1991; Rush, Kraemer et al., 2006). Less than 
50% improvement of symptom-severity is referred to as non-response. If patients respond 
insufficiently to SSRIs/SNRIs, often a switch is made to (noradrenergic) tricyclic antidepres-
sants (TCA), followed by addition of lithium and a Monoamine Oxidase inhibitor and/or Elec-
troconvulsive therapy (ECT) (Ruhe et al., 2006; Spijker and Nolen, 2010). After 4 or more 
trials of different antidepressants approximately two third of the patients achieve remission 
(Ruhe et al., 2006; Rush, Trivedi et al., 2006; Spijker and Nolen, 2010), leaving a consider-
able number of patients that show insufficient response to antidepressants. Non-response 
to more classes of antidepressants is ultimately referred to as treatment resistant depres-
sion (TRD), although the number of trials that are used for defining TRD is variable. Patients 
that show insufficient response to treatment are less likely to show a complete remission of 
symptoms, which increases their risk of relapse, recurrence and chronicity (Fekadu, Wood-
erson, Markopoulo et al., 2009; Rush and Thase, 1997; Rush, Trivedi et al., 2006). Non-re-
sponse to treatment is therefore a large contributor to prolonged suffering from depression.

Anhedonia in MDD and the brain  
reward circuitry

Anhedonia is one of the most prominent symptoms of MDD and often persists as residu-
al symptom after remission (Conradi et al., 2011). The term anhedonia is derived from the 
Greek an- (without) + hēdonē (pleasure) and refers to the reduced inability to experience 
pleasure. The DSM-5 defines anhedonia as the loss of interest or pleasure and it is con-
sidered one of the two core symptoms of MDD. Research has focused on the question 
whether response to treatment is achieved by normalizing anhedonia (i.e. decreasing neg-
ative thoughts and feelings) (Dichter et al., 2005; Tomarken et al., 2004), or by increas-
ing hedonic capacity (i.e. enhancing the ability to experience reward) (Wichers et al., 2009). 
 
Neurobiological and behavioral studies have tried to dissect hedonic functioning into differ-
ent facets, including anticipatory/motivational pleasure (also referred to as ‘wanting’) and 
consummatory pleasure (i.e ‘liking’) (Rizvi et al., 2016). The mesolimbic dopamine circuitry is 
thought to be critical for reward processing, anticipation and learning (Berridge et al., 2009). 
The pathway originates in the midbrain (in the ventral tegmental area [VTA] and projects 
to the ventral striatum (VS), encompassing the nucleus accumbens (Nestler and Carlezon, 
2006). In addition, dopamine also plays an important role in two other pathways. The me-
socortical pathway, connecting the VTA to the frontal cortex, is thought to be essential for 
cognitive functions such as concentration and working memory (Dunlop and Nemeroff, 
2007). The nigrostriatal pathway, which projects from the substantia nigra to the dorsal stri-
atum (caudate and putamen), plays an important role in execution of movement, but also in 
cognition (Dunlop and Nemeroff, 2007; McClure et al., 2003). See Figure 1 for a schematic 
overview of these dopaminergic pathways. 



Chapter 01

Figure 1. Schematic representation of the three main dopaminergic pathways in the human brain

Reinforcement learning in depression
With anhedonia as a hallmark symptom, MDD is primarily considered to be a mood disorder 
(American Psychiatric Association, 2014). However, deficits in decision making have also been 
demonstrated to be an important feature of MDD (Chen et al., 2015). Consequently, poor 
decision making is related to poor real-life outcomes. Usually, individuals make decisions 
that maximize reward and minimize loss by making efforts for rewards, by avoiding aversive 
events, and by adapting behavior after the experience of an event. Making decisions is driven 
by a process called reinforcement learning. During reinforcement learning, an organism ac-
quires information about an event which modifies the behavior (i.e. strengthening or weaken-
ing) depending on the outcome that follows (Berridge, 2000). The ability to learn from stimuli 
or from events is crucial in order to adapt to diverging circumstances. Reinforcement learning 
can be subdivided into reward-related learning and aversive learning. Research has shown 
that both reward-related learning as well as aversive learning is impaired in psychiatric disor-
ders such as MDD (Chen et al., 2015). Depressed individuals generally fail to learn from fre-
quently rewarding choices and this impairment is correlated with anhedonia (Pizzagalli, 2014). 
On the other hand, impairments in aversive-learning are also observed in depressed patients. 
These impairments increase the perception of stressful events and can underlie pathological 
symptoms like avoidance. Individuals prone to depression and anxiety often focus dispro-
portionately on the potential occurrence of prospective negative events and whether these 
can be avoided. The mechanism underlying this phenomenon may be caused by difficulty 
in estimating the chance and severity of these negative outcomes (Browning et al., 2015).  
 
Reward-related learning is driven by the dopaminergic system. Experiments in monkeys re-
vealed that dopaminergic neurons signal by phasic and tonic firing during simple condition-
ing tasks (Schultz et al., 1997; Schultz, 1998). Tonic firing typically occurs without presynaptic 
input and can be viewed at as background activity. When rewarding stimuli are presented, 
dopaminergic neurons respond with short, phasic activations in the midbrain (Schultz et 
al., 1997; Schultz, 1998). The amount of firing is associated with the novelty of the reward.  



12

Interestingly, after conditioning, the dopaminergic neurons shift the time of burst firing from 
the time point of reward delivery to the time point at which the conditioned stimulus is 
presented, while the time point of reward itself no longer elicits a burst of impulses (Schultz 
et al., 1997). Moreover, in trials where a reward is expected (because the conditioned stim-
ulus is presented that is associated with the delivery of a reward) but not delivered, dopa-
mine neurons show a decrease in firing rate (below their baseline firing rate) (Schultz et al., 
1997). The difference between something that is expected (the predictive value) and what 
is truly received (the realized value) is known as the prediction error (PE) (Schultz, 2016). 
A positive PE is observed when a reward is unexpected and a negative PE occurs when a 
reward is expected but omitted. It has been demonstrated that these positive and negative 
reward prediction errors can be taken as a proxy of dopaminergic activity (Schultz, 2016).  
 
In contrast to dopamine and its well established role in reward-related learning, serotonin 
has been hypothesized to be involved in aversive learning (Daw et al., 2002). Serotonin de-
ficiency, as demonstrated in MDD, can lead to an impaired inhibition of aversive thoughts 
and actions (Dayan and Huys, 2008; Dayan and Huys, 2009).

Functional magnetic resonance imaging
The brain is constantly active as a person participates in divergent activities, from basic tasks 
like moving a hand when waving at someone to more complex cognitive assignments like 
solving a crossword puzzle or other cognitive tasks. Even during rest the brain still is highly 
active. Functional magnetic resonance imaging (fMRI) has been proven a useful technique 
for measuring and mapping this constant brain activity in a noninvasive manner. This tech-
nique is based on the widely accepted concept that brain activity and cerebral blood flow are 
coupled. When a brain area becomes more active, the oxygenated blood flow to this region 
increases, a process which is called the hemodynamic response. The resulting change in de-
oxyhemoglobin (deoxygenated blood) concentration alters the local magnetic susceptibility 
causing magnetic field distortion, which can be detected by the receiver coil of the MR-scan-
ner. This signal is referred to as the blood-oxygenated-level-dependent (BOLD) signal. 

Measuring reward-related processing
Measuring basic reward processing
Several fMRI paradigms have been used to study basic reward processing. Three basic task 
paradigms have been used to contrast reward-related processes (Richards et al., 2013): (1) 
passive reward tasks (2) reward decision-making tasks, and (3) instrumental-reward tasks. 
During a passive reward task (e.g. the Slot Machine task) rewards can be obtain without any 
active action. During a reward decision-making task (e.g. the Wheel of Fortune task), sub-
jects are asked to select one of several options, each associated with a distinct likelihood of 
reward. During an instrumental-reward task (e.g. the Monetary Incentive Delay task [MID]), 
subjects have to complete a cognitive or motor test (e.g. a timed button press response, a 
memory challenge) in order to obtain the reward. In both the instrumental-reward paradigm 
and the reward decision-making paradigms, one trial consists of five different stages (Rich-
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ards et al., 2013). First a cue is presented which provides information about the nature of the 
trial (reward/neutral/loss trial) or signals the amount of the reward/loss that is associated 
with the trial. This stage is followed by a short delay period during which participants prepare 
to respond. The third stage concerns a cognitive/motor stage during which the participant 
has to execute the ‘task’. Thereafter, participants undergo a second delay period that allows 
to anticipate the outcome of their action (reward anticipation), followed by a feedback stage 
(reward consumption). The design of these tasks facilitates the discrimination of anticipatory 
(‘wanting’) and consummatory (‘liking’) pleasure. The types of reward used in these paradigms 
are often monetary incentives and visual incentives (e.g. display of a slot machine, a wheel 
of fortune. 

Measuring reinforcement learning: pavlovian conditioning
Pavlovian conditioning paradigms have caused considerable progress in understanding the 
fundamental phenomenon of both reward- and aversive learning. Classical conditioning in-
volves learning a new behavior via the process of association. Classical conditioning consists 
of three stages. In the first stage, before conditioning, an unconditioned stimulus (US) pro-
duces and unconditioned response (UR). For example, Pavlov (Pavlov, 1927) describes that 
a bowl of food (US) elicits secretion of saliva (UR) in a dog. A neutral stimulus ([NS] e.g. the 
sound of a bell) does not evoke a response. During conditioning, the NS will become associ-
ated with the US. In the example above, the sound of a bell (NS) will become associated with 
the food (US). During this stage, the NS should be presented right before or simultaneously 
with the US in order to facilitate conditioning. Additionally, the US must be associated with 
the NS on multiple trials for learning to take place. After conditioning, the NS has become 
the conditioned stimulus (CS) as an association has been made between the NS (now CS) 
and the US to create a conditioned response (CR). In the example, hearing the sound of the 
bell (CS) that is now associated with the food (US), will now elicit the secretion of saliva (CR). 
In this thesis, a Pavlovian classical conditioning task was used to assess reward- and aversive 
learning. During this task, in either rewarding or aversive blocks, one of two pictures was al-
ternately shown on the screen, followed by the presence or absence of small amounts of 
juice (rewarding apple-juice or aversive magnesium sulphate). Before conditioning, the juice 
represents the unconditioned stimulus which produces an unconditioned response. The pic-
ture represents a neutral stimulus and does not evoke a response. After conditioning, an 
association has been made between the picture and the juice, after which the picture alone 
(the conditioned stimulus) will create a conditioned response. 
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Neurobiological representations of 
(impaired) reward-related processing and 
reinforcement learning

Basic reward processing
Neuroimaging studies have provided us with evidence of representations of reward-re-
lated processing and reward/aversive learning in several brain areas. Although brain ar-
eas involved in reward processing vary with respect to the behavioral task, a solid set of 
neural structures has been shown to be consistently involved. These structures include 
the striatum (ventral part including the nucleus accumbens and dorsal part including the  
caudate nucleus and putamen), and their cortical targets (i.e. the anterior cingulate cor-
tex (ACC), and the frontal cortex (prefrontal/middle frontal/superior frontal cortex)). The 
VS receives input via the mesolimbic dopaminergic projections from the VTA as well as  
glutamatergic inputs from prefrontal cortex. Output projections from the VS go to the ven-
tral pallidum, the thalamus and also back to the VTA (Fareri et al., 2008; Gale et al., 2014).  
 
A recent meta-analysis revealed that MDD is characterized by an abnormal activation of 
subcortical, limbic, and cortical regions during basic processing of reward (Zhang et al., 2013). 
More specifically, MDD patients showed global hypoactivity in the dorsal striatum, thala-
mus, insula, and ACC. Furthermore, global hyperactivity was observed in MDD patients in 
the dorsolateral, middle and superior frontal cortex, cuneus and lingual gyrus. As these areas 
are considered key regions in reward-related processing, these findings suggest that MDD 
is characterized by emotional and motivational pathway dysfunctions (Zhang et al., 2013). 
Studies specifically investigating monetary reward anticipation and consumption demon-
strated decreased activation in the caudate during both reward anticipation and consump-
tion stages and increased activation in the ACC, middle frontal gyrus and frontal lobe during 
reward anticipation (Zhang et al., 2013). Despite these promising findings regarding key re-
gions involved in impaired basic (monetary) reward processing in MDD, it remains largely 
unexplored if and how alterations in connectivity between regions of the reward circuitry, 
rather than dysfunctions of individual brain areas, can be linked to depression.

Reinforcement learning
Both the VTA and the VS have been identified to be involved in reinforcement learning 
(Chase et al., 2015). The VTA itself is considered the origin of the prediction error related 
signal but focus also lies on prediction error related activity in the VS, given that this region 
is the primary receiver of dopaminergic projection neurons from the VTA. A recent review 
demonstrated dysfunctions in reinforcement learning in MDD (Chen et al., 2015). The au-
thors identify consistently decreased reward-learning signals in the striatum, ACC, hippo-
campus and thalamus in depressed patients. The direction of reward-learning impairments 
in the VTA however was contradictory (Gradin et al., 2011; Kumar et al., 2008). Research 
examining the neural correlates of aversive-learning signals revealed robust aversive predic-
tion error activation in the insula and habenula (Garrison et al., 2013), but also in the dorsal 
raphe nucleus (Berg et al., 2014). The habenula has been described as the ‘reward-negative’ 



Chapter 01

brain area because of its indirect inhibition of dopaminergic reward signaling in the VTA (Mat-
sumoto and Hikosaka, 2007) as a response to aversive stimuli (Matsumoto and Hikosaka, 
2009). It has been demonstrated that the habenula receives serotonergic projections from 
the dorsal raphe nucleus (Hikosaka, 2010) which inhibit the excitability of habenula neurons 
(Shabel et al., 2012). The habenula also receives glutamatergic input from various structures 
(Yang, Wang et al., 2018). The habenula furthermore sends projections to the GABAergic 
rostromedial tegmental nucleus (RMTg), which in turn inhibits the dopaminergic VTA. It has 
been suggested that in MDD, decreased serotonin transmission elevates the activity of the 
habenula and therefore mediates depressive symptoms (Zhang et al., 2018). Moreover, a 
significant hyperactive role of the lateral habenula during aversive learning has been revealed 
in MDD patients (Proulx et al., 2014). 

Prediction of response to antidepressants 
in MDD

At present, treatment for MDD is hampered by the fact that it is impossible to predict which 
patient will respond to which antidepressant. Early prediction of treatment outcome could 
facilitate clinicians in choosing the most effective kind of therapy or even the most effective 
kind of antidepressant class for each individual (Browning et al., 2019). Although attempts 
that have been made to predict treatment effects have been promising (Frodl, 2017), current 
approaches need further refinement.

Clinical predictors of non-response/treatment resistance
Neuropsychological markers and clinical prediction models showed to have promising pre-
dictive properties (Fekadu, Wooderson, Markopoulou et al., 2009; Harmer et al., 2011; Sze-
gedi et al., 2009). One of the instruments that can be used to predict validity for clinical 
outcome in MDD is the Maudsley Staging Method (MSM). The MSM incorporates clinical 
variables known to be associated with treatment response in MDD (i.e. rating of treatment 
failures for the current episode combined with duration and episode severity) in order to 
predict clinical outcome. Another tool is the Dutch Measure for Quantification of Treatment 
Resistance in Depression (DM-TRD) (Peeters et al., 2016). This tool extended the MSM by 
adding scores for functional impairment, for psychotherapy treatment and for intensified 
treatment, and has proven to be a multidimensional measure for quantification of (future) 
treatment resistance (Peeters et al., 2016; van Dijk et al., 2018).

Neurobiological representations of (insufficient) response to antidepressants
In addition to clinical predictor models, structural and functional neuroimaging studies 
showed to have promising predictive properties for determining patients who will respond 
to treatment (e.g. pharmacotherapy, psychotherapy) against depression. A recent review ar-
ticle described several structural and functional imaging biomarkers of (insufficient) response 
to treatment (Fonseka et al., 2018). Some of these brain areas are consistently involved 
across different treatment modalities (i.e. pharmacotherapy, psychotherapy and stimulation  
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treatment), although directions of associations also vary. Regions identified were primarily 
frontolimbic regions including the prefrontal cortex, pregenual ACC, hippocampus, amyg-
dala and insula (Fu et al., 2008; Pizzagalli, 2011; Siegle et al., 2006; Williams et al., 2015). 
All these individual areas have been known to be involved in the pathophysiology of MDD 
(Fonseka et al., 2018). Although evidence for the involvement of these frontolimbic areas in 
clinical response is presented, there is still a lack of consistency in literature (Fonseka et al., 
2018). Findings of potential imaging biomarkers therefore need to be replicated and validat-
ed. Furthermore, besides the involvement of separate brain areas, network analyses might 
be more appropriate since alterations in functional connectivity might offer closer insight to 
biological brain functions. 

General relevance and outline of this thesis
In summary, the first part of this thesis (chapter 2-4) focuses on the pathophysiolog-
ical mechanism behind basic processing of reward, and reward- and aversive learn-
ing in (recurrent) MDD. The second part of this thesis (chapter 5 and 6) concerns the  
prediction of (insufficient) response to treatment in MDD. Finally, in chapter 7 we will in-
tegrate the findings from chapters 2-6 and discuss our findings in a broader context. 
 
Despite promising findings regarding neurobiological representations of basic reward pro-
cessing, it remains largely unexplored how alterations in connectivity between elements of 
the reward circuitry can be linked to depression. Chapter 2 therefore aims to investigate 
whether MDD is characterized by alterations in connectivity within the reward circuitry, by 
looking at abnormal striatal connectivity in response to anticipation and outcome of mon-
etary rewards. Furthermore, we also want to investigate PE-related striatal (VS and DS) and 
VTA activation in MDD in response to reward, and how this relation is mediated by anhedonia. 
 
Exploring reward connectivity alterations will complement our knowledge about reward-sys-
tem dysfunctions in depressed patients. However, there is still very little understanding 
whether these reward-systems remain dysfunctional when patients are in remission. Previ-
ous studies conducted in subjects at risk for depression and with sub-threshold depression 
have demonstrated that abnormalities in processing of wanting and liking aspects of reward 
may be a trait marker for major depressive disorder (McCabe et al., 2009; McCabe et al., 
2012; McCabe, 2016; Pan et al., 2017; Stringaris et al., 2015). However, it remains largely 
unknown whether a dysfunction in processing of reward related-learning represents a trait 
rather than a state-dependent abnormality, which may be of importance with regard to 
vulnerability for recurrence. Moreover, little is known about the association between per-
sistence of anhedonia and deficits of reward processing in remitted patients. In chapter 3 
we quantified the response of the dopamine reward system (i.e. in the VS and VTA) with 
functional MRI during a classical conditioning task in medication-free remitted recurrent de-
pression patients (rrMDD), who were at high risk of recurrence (Mocking et al., 2016). In ad-
dition, we hypothesized a link between anhedonia and abnormalities in the reward system. 
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Besides reward-related learning impairments in MDD, evidence for a dysfunction in aversive 
processing in MDD patients also exists. However, it is currently unknown whether this dys-
function is also present and persisting in remitted depressed individuals. Furthermore, aver-
sive pathway connectivity could shed light on the role of possible aversive circuit dysfunctions 
in the vulnerability for recurrence. Because of the prominent role the habenula plays in aver-
sive-learning through indirect inhibition of dopaminergic reward signaling, in chapter 4 we eval-
uated (1) TD related activation of the habenula with fMRI during a classical aversive conditioning 
task in medication-free remitted individuals with recurrent MDD (rrMDD), and (2) functional 
connectivity with psychophysiological interaction (PPI) using the habenula as the seed region. 
 
For the development of more targeted treatment strategies, clinicians should ideally be able 
to a priori distinguish a future responder to antidepressants from patients needing sever-
al switches of antidepressants early during treatment, who might benefit from additional 
treatment strategies, e.g. psychotherapy. Over the last decade, progress has been made in 
methods to quantify TRD and use this quantification to predict the course and outcome of 
depression (Fekadu, Wooderson, Markopoulou et al., 2009; Peeters et al., 2016; Ruhe et 
al., 2012; van Dijk et al., 2018) However, these methods have been validated to a limited 
extent only. One promising tool, the Maudsley Staging Method, was created to represent 
the broad theoretical basis of treatment resistance and is aimed at predicting outcome of 
depression. However, the MSM has only been investigated using a relatively small sample of 
patients who were treated in tertiary care (Fekadu, Wooderson, Markopoulou et al., 2009). 
Generalizability to the much larger community-based population of depressed patients and 
those attending primary and secondary care is required to maximize the utility of the tool 
for predicting remission, episode persistence and/or future treatment resistance. Chapter 
5 aims to further validate the predictive value of the MSM by examining if the degree of 
treatment resistance over its full spectrum is predictive for a chronic course of illness using 
a large naturalistic cohort of the Netherlands Study of Depression and Anxiety (NESDA).  
 
Besides clinical predictor models, neuroimaging markers have also showed promising pre-
dictive properties in treatment outcome in MDD (Dunlop and Mayberg, 2014). Recent re-
search even suggests that neurobiological measurements are stronger predictors of MDD 
outcome than clinical measures (Schmaal et al., 2015), however, the added value of neuro-
imaging approaches to predict MDD disease course requires further validation. In chapter 
6, we therefore aim to investigate whether distinct patterns of neural connectivity before 
treatment could serve as an indicator for insufficient treatment response during two years of 
naturalistic follow-up.
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Part I
Pathophysiological mechanisms 
behind reward processing and 

reward-related learning
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