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General introduction

a In this thesis I will use the terms depression and major depressive disorder interchangeable for 
the ease of reading, although major depressive disorder is the official medical term.

INTRODUCTION

Epidemiology and relevance of depression
Depression is one of societies main challenges of the 21st century, as it is currently the second 
most common cause of years lived with disability worldwide.1 This is due to depression’s 
high prevalence both in high-income (life-time prevalence 14.6%) and low to middle income 
countries (life-time prevalence 11.1%),2 relatively early onset (most people experience their 
first episode in early adulthood, e.g. before the age of 30),2) and its tendency to recur over 
time.3 Moreover, the combination of young onset and recurrences over lifetime, make 
depression one of the disorders with an enormous impact on the patient’s life. Depression  
might incapacitate someone to work or even to look after their family/children,4 and also 
depression is associated with an increased risk for somatic diseases such as diabetes, 
cardiovascular diseases and even death.5 The combination of high prevalence, medical costs 
for treatment, and productivity loss, cause depression to have a high societal-economic 
impact. Cost of illness studies have shown that about ~65% of the societal costs inflicted 
by depression are indirect costs due to productivity loss,6–8 and in the European Union 
productivity loss due to depression is calculated to be twice as high as that inflicted by 
cardiovascular diseases.9

Diagnostics of depression
Depression is a term used in the general public that refers to a broad spectrum of various 
mood disorders, such as major depressive disorder (MDD), minor depression, bipolar 
depression or dysthymia. This thesis will focus on major depressive disorder.a According to 
the Diagnostic and Statistical Manual of Mental Disorders (DSM), Fifth Edition10 a depressive 
episode is diagnosed when a person experiences a depressed mood and/or loss of interest/
pleasure in almost all activities (anhedonia), combined with several other symptoms such 
as appetite change, sleep duration change, psychomotor agitation, loss of energy, feelings 
of worthlessness or guilt, concentration problems, and in severe cases thoughts of death 
or an actual attempt to commit suicide. These symptoms (minimum of five) need to be 
present for at least two weeks, cause functioning loss, and might not be caused by another 
psychiatric disorder (e.g. schizoaffective disorder), a somatic disorder (e.g. hypothyroidism) 
or a substance use disorder. 

The goal of diagnostics is to give meaning to a patients’ complaints (diagnosis), the 
ability to find the cause of these complaints (aetiology of the diagnosis), and to give the 
patient treatment for the complaint and a prognosis (belonging to the diagnosis). Today, 
the cause of depression is thought to be multifactorial, probably a combination of genetics 
and environmental factors, still no established mechanism can explain all aspects of the 
disorder.11 Similarly, the diagnosis of MDD cannot provide a clear-cut prognostic indication, 
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since patients with the same diagnosis have extremely variable course-trajectories. In the 
newest DSM-5 this has been recognized, and specifiers can be added to the diagnosis of 
MDD in an attempt to create more homogenous groups of patients with distinctive clinical 
profiles and moreover a different prognosis. For instance, the DSM-5 allows addition of 
specifiers that attempt to take the course of MDD over life into account, the specifiers code 
whether the current episode is a first, a recurrent or a chronic (lasting >2 years) episode. 
These specifiers show the diverseness (heterogeneity) in the course of MDD. 

The course of depression
The course/prognosis of patients with MDD is highly heterogeneous, varying from a benign 
self-limiting disorder that only occurs once, to a recurrent and sometimes chronic disorder 
regardless of treatment (see Figure 1 for a graphical presentation of the heterogeneity in the 
course of MDD). For instance, when patients that experience a first episode of depression 
are followed-up over time, at least half of them recover within 6 months, but a quarter will 
still be depressed after two years (chronic MDD).12 Moreover, of those that recover from a 
first episode it is estimated that around sixty percent will have at least one recurrence.3,12 
Furthermore, some people might not fulfil the criteria for MDD because they experience 
‘only’ three or four symptoms of depression. We know, however, that these people are at risk 
to develop an episode of MDD. 

Preventing these recurrent and chronic courses to develop might have serious impact 
on a person’s quality of life as well as on depression's impact on society. From a public health 
perspective it is therefore essential to understand the course of depression and which factors

Figure 1: Graphical presentation of the heterogeneity in the course of MDD.
We see depicted persons with an MDD episode diagnosis and the variety in their course, as some will have no diagnoses 
due to lack of enough symptoms but are at risk to develop one (lightest blue), some will experiences their first episode 
(light blue), some a recurrent episode (middle blue) and some will experience a chronic episode (dark blue).

may impact on its trajectory (e.g. who will develop recurrent and/or chronic episodes, why 
do they develop recurrent and/or chronic episodes, and how can we prevent development 
of recurrent and/or chronic episodes). Clinical staging might be a solution for how we can 
structure the heterogeneity in the course of depression. 

Clinical staging
A possible solution to structure the heterogeneity in the course of depression is clinical 
staging. Staging is a diagnostic tool to describe, the progression of a disorder/disease 
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that happens over time. “Staging aims to divide the natural course of a disorder/disease 
in clinically detectable phases that reflect disease severity in terms of progression (= risk 
of death or residual impairment) and that possess clinical significance for prognosis and 
choice of treatment.”13 Clinical staging is a simple and practical solution used in medicine for 
somatic disorders for more than a hundred years.14 

Clinical staging in somatic disorders
In 1902 Dorothy Reed recognized that patients with Hodgkin’s disease could be staged in 
those with lymphadenopathy and those with lymphadenopathy plus systemic symptoms 
(e.g. night sweats). This simple staging model based on just clinical symptoms has since than 
be extended with pathophysiological disease characteristics into a clinic-pathophysiological 
staging model with 4 stages and 4 modifying features, with for each stage specific treatments 
and prognosis.15 Since this earliest model hundreds of staging-models have been developed 
for again hundreds of somatic diseases, such as diabetes,16 and kidney disease.17 Moreover, 
besides clinical and/or pathophysiological staging-models, functionality staging models for 
somatic syndromes, such as heart failure18 were designed based on level of disability. These 
somatic diseases/syndromes are all characterised by a natural course that is progressive, 
meaning that if nature takes it course the disease will ultimately lead to severe impairment 
or early death. Staging of a disorder is often followed by profiling. Profilers are markers (e.g. 
from neuroimaging or blood) that given the stage predict the progression rate/route over 
stages and/or the effect of treatment. For instance, the specific cell-type (profiler) that is 
involved in a patients leukaemia can indicates which treatment is necessary for the most 
optimal prognosis.19 Staging plus profiling improved the diagnostics for somatic disorders, 
since they helped devise specific treatments for specific stages, and to make the case for 
early detection. Ultimately, early detection leads to early intervention with treatments 
that have less side-effects than treatments for later stages and that stop the process of 
progression giving a better prognosis. This is a positive result for patients, and secondly for 
public health. It has been hypothesized that some mental disorders such as MDD might have 
similar benefits from application of staging.

Clinical staging in psychiatry
In 1993 Fava and Kellner20 were the first to suggest that the diagnostics of psychiatry might 
benefit from clinical staging. They attributed the lack of the existence of staging models 
for psychiatry to the focus on cross-sectional descriptions of the disorder rather than 
longitudinal studies that examine prodromal symptoms, the fully developed disorder 
and residual symptoms. Most evidence in that time came from studies on patients in 
secondary and tertiary health care, there were the most severe cases with end stages of the 
disorder will be found; rather than the general population, were persons with rather early 
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symptoms ofthe disorders might be found. Fava and Kellner proposed staging models for 
schizophrenia, MDD, bipolar disorder and panic disorder in 1993. Since then different staging 
models have been designed for MDD that fit different purposes,21,22 not only staging disease 
progression based on clinical characteristics of the presenting disorder, but also staging of 
disease progression based on level of treatment resistance of the presenting disorder.22,23 In 
this thesis we will focus on a staging model that stages depression progression based on 
clinical characteristics. The model presented by Hetrick et al.,24 is in current epidemiological 
work the most applied and examined. This model is based on the original staging model by 
McGorry and colleagues14 that was developed for severe psychotic and affective disorders. 
Hetrick et al.,24 model consists of eight stages. Three stages that describe people that never 
experienced a depressive episode that, however, have different levels of risk for developing 
depression, therefore called by us the ‘at-risk for MDD stages’; and five stages that describe 
people with an MDD diagnosis but at different phases of progression, called by us ‘full-
threshold MDD stages’. In table 1, the eight clinical stages of depression are shown, and 
figure 2 is a graphical depiction of the stages. 

Table 1: Stages of depression as suggested by Hetrick et al.24 based on earlier work of McGorry.14

Stage Description

AT
-R

IS
K 

fo
r M

D
D

0 Increased risk of anxiety or depressive disorder; no symptoms currently.
(e.g. First degree teenage relatives of probands).

1 A Mild or nonspecific symptoms of anxiety or depression, with mild neurocognitive deficits and functional 
change or decline.

B Ultra-high risk: moderate but sub-threshold symptoms of anxiety or depression, with moderate 
neurocognitive changes and functional decline to caseness (GAF < 70).

FU
LL

-T
RE

SH
O

LD
 M

D
D 2 First episode of MDD; full-threshold disorder with moderate to severe symptoms, neurocognitive deficits 

and functional decline (GAF 30-50).
3 A Incomplete remission from first episode of care.

B Recurrence or relapse of depressive disorder which stabilizes with treatment at a level of GAF, residual 
symptoms, or neurocognition below the best level achieved following remission from first episode.

C Multiple relapses, provided worsening in clinical extent and impact of illness is objectively present.
4 Severe, persistent OR unremitting illness as judged on symptoms, neurocognition and disability criteria. 

Abbreviations: GAF= global assessment of functioning; MDD= major depressive disorder

The three ‘at-risk for MDD stages’ are divided to relative risks for developing depression. In 
stage 0 are people without any depressive symptoms but that are at risk because they have 
first-degree family members with depression. In stage 1A are people experiencing some 
mild depressive symptoms, in stage 1B are people experiencing subthreshold depressive 
symptoms. The five ‘full-threshold MDD stages’ are divided according to increasing level of 
MDD progression. In stage 2 are patients experiencing a first depressive episode. In stage 3A 
are patients with a first episode that does not fully remit. In stage 3B are patients with a first 
relapse, which is a second episode. In stage 3C are patients that have a third till umpteenth 
episode of depression. And finally in stage 4 are patients with a chronic episode, an episode 
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Figure 2: graphical presentation of how clinical staging can structure the heterogeneity in the diagnosis of MDD 
along the line of the natural progressive course of depression.
Based on the stages for unipolar depressive disorders as proposed by Hetrick et al.,24 and based on the stages for psychotic 
and severe mood disorders made by McGorry et al.14

lasting for 2 years regardless of the number of the episode. 
As described before, clinical staging is a tool to describe the progression of a disorder over 

time. So what evidence did Fava and Kellner have that depression is a progressive disorder? 

Is depression a progressive disorder?
In 1993, Fava and Kellner found evidence for progression of MDD in the fact that a first full-
blown episode of MDD is nearly always preceded by less severe symptoms of depression, 
what they call the prodromal phase of MDD. This prodromal phase is characterized by 
generalized anxiety, anhedonia, irritability, fatigue, initial and delayed insomnia.20 This 
prodromal phase is later by McGorry subdivided in the at-risk stages 1A and 1B described 
above. Extensive evidence exist that people with a family history of depression or even other 
mental-health disorders are at increased risk to develop depression themselves.25 McGorry 
therefore included a stage 0 to his staging model. 

Both Fava and McGorry than define a first episode of MDD as the first stage of full-
threshold MDD, and recurrent MDD as a more severe stage, and both see chronic MDD (an 
episode lasting longer than 2 years) as the final stage of MDD progression. The rationale 
for considering recurrent MDD as an index of disease progression is based on the clinical 
observations first made by Kraepelin in 1921, he noted: that patients with multiple affective 
episodes tend to have progressively shorter well intervals between episodes later than 
between episodes early in their course of illness, which is also called cycle acceleration; 
and that subsequent episodes of depression occur autonomously of stress with repeated 
depression episodes, in other words while early episodes are dependent on stress, later 
episodes start spontaneous without (severe) stress.26,27 Others observed that over time 
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patients’ subsequent episodes tend to last longer28 and be more severe.27,29 Post tried to 
explain these clinical observations with his kindling and sensitization hypotheses.30 The 
kindling hypothesis assumes that subsequent episodes of depression occur autonomously 
of stress with repeated depression episodes; as a consequence of prior episodes causing 
some brain damage making a person more vulnerable to new episodes independent of 
stress. Indeed it has been found that with each new episode a patient experiences, the risk 
for a new episode increases;31 that patients whom have experienced multiple episodes 
show more distinct brain alterations32,33 and that recurrent episodes seem to start without a 
stressor.34 The sensitisation hypothesis assumes that due to the brain scarring, events of less 
and lower severity trigger episodes with successive recurrences. This phenomenon has been 
studied less, but some evidence supports this hypothesis.35

Evidence for chronic depression being a more progressed form of MDD has been found 
in that those with chronic symptoms tend to have a worse prognosis over time.36–38 In 
addition, in patients with a chronic episode, long-lasting and/or more intensive specialised 
psychotherapeutically treatment are often necessary.36 Moreover, some studies suggest 
recurrent episodes are a risk factor for a chronic episodes.37 

Both Fava&Kellner and McGorry recognize the importance of residual symptoms after 
an acute episode of depression (Stage 3A first episode with incomplete remission). Studies 
have consistently shown that patients who remitted from their acute episode but remain 
having residual subthreshold symptoms are at higher risk to develop a recurrent episode.39

In summary, for those who in life develop a first episode of depression, at least half will 
develop subsequent episodes. In those patients, depression seems to follow a progressive 
course. For those that do not develop a recurrent episode after experiencing a first episode, 
we assume for now that they have received a proper intervention that has prevented them 
from progression. However, it might also be that depression is not a progressive disorder and 
that recurrent and chronic episodes are the consequence of something else than progression 
of the disorder. This is an interesting thought that will be discussed in the general discussion 
of this thesis.

Thus, assuming that depression is indeed a progressive disorder, diagnostics of 
depression might improve by implementing staging, focusing the patients and clinicians 
attention to early identification of those at risk for a progressive course and leading to 
treatment intervention that might prevent this progression. Clinical staging models for 
depression have been developed and its stages are based on clinical characteristics (number 
of episodes, duration of symptoms) that seem to indicate progression of the disorder. 
However, whether these staging models are truly valid has barely been examined. In 2010 
Agius and collegues40 suggested three criteria that must be fulfilled for the idea of a clinical 
staging model to be appropriate: 1) each individual stage must be associated with a well-
defined clinical presentation; 2) the application of a staging system must actually help in 
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assessing the patient and deciding appropriate treatment as well as planning research 
into the treatment of the illness 3) stages must be mirrored by anatomical or pathological 
changes which can be observed in the brain which can be related to the changes in the 
clinical picture.40 This final step could be seen as the development from a clinical staging 
model to a clinic-pathophysiological staging model. Examination of these criteria requires 
a large cohort of patients in different phases of their disease. At the start of this thesis, the 
staging model had only been examined in young persons in early phases of their illness.41 

General objectives of this thesis
 The first aim of this thesis is to examine whether clinical staging of depression is an effective 
and valid diagnostic tool to capture the natural progressive course of depression (and as 
such structure the heterogeneity in the course of depression). To help answer this first aim,  
two sub aims were formed based on the criteria (according to Agius et al.,40) that need to 
be fulfilled for the idea of depression staging to be valid. First (aim 1A), is each individual 
subsequent stage  associated with a well-defined clinical presentation and specific prognosis 
that is worse than the prior stage? In addition (aim 1B), is each individual subsequent stage 
mirrored by a change in levels of pathological or genetic markers that is worse than the 
prior stage, and which thus can be related to the changes in the clinical picture? The second 
aim of this thesis is to examine whether clinical characteristics that are not included in the 
current staging model could be considered useful to capture the progressive course of 
depression. Examined is the performance of a wide array of characteristics in predicting the 
course trajectories for MDD patients. To study all these research aims an epidemiological 
perspective is taken, based on a large longitudinal cohort well characterized in terms of 
psychiatric pathology: the Netherlands Study of Depression and Anxiety. A unique dataset 
as it includes a cohort of patients that at their first assessment are in different phases of 
their depressive disorder, whom than have been followed for 6-years, allowing me to study 
the course of depression in relation to those different phases and including aspects such as 
long-term comorbidity and disability.

This is an innovative thesis, since it is one of the first to examine all the individual 
stages of the staging model for depression, rather than only the at-risk stages or including 
a combination of disorders. Findings of this thesis could help improving a staging model 
that directs the focus of depression diagnostics to early recognition and eventually early 
intervention, preventing the development of a recurrent and chronic disorder. 

Cohorts studied in this thesis
Netherlands Study of Depression and Anxiety (NESDA). 
NESDA is an on-going longitudinal cohort study that started in 2004 and examines the 
course and consequences of depressive and anxiety disorders.42 At baseline 2981 persons 
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between the age of 18 and 65 years with a current depression and/or anxiety disorders 
(57%), a remitted depression and/or anxiety disorder (21%) and controls with no lifetime 
history of any psychiatric disorder (22%) were recruited from the general population, 
primary health care and secondary mental health care, to represent persons along the whole 
developmental range of psychopathology. Excluded were those who: 1) had insufficient 
command of the Dutch language, and 2) had a primary clinical diagnosis of bipolar disorder, 
obsessive-compulsive disorder, post-traumatic stress disorder, severe substance use disorder 
or a psychotic disorder. The baseline assessment was a 4-hour face-to face interview at one 
of our clinics, were participants were assessed on demographic and personal characteristics, 
and received a standardized diagnostic psychiatric interview and a medical assessment. The 
Ethical Review Boards of all the participating centres approved the study and all participants 
signed an informed consent. Every 2-year after baseline, a face-to-face assessment was 
conducted; they had a response rate of 87.1% (n=2596) at 2-year, 80.6% (n=2402) at 4-year, 
and 75.7% (n=2256) at 6-year follow-up. 

For the genetic analyses, described in the chapter 5 we made use of two more cohorts.  

The Netherlands Twin Register (NTR)
The Netherlands Twin Register (NTR) has collected longitudinal data on Dutch twin families 
involving nearly 40.000 adult participants. Since the start in 1989, extensive data has been 
collected on participants’ demographics, health, lifestyle, personality, and psychopathology 
mostly via self-report questionnaires, but also via interviews. Presence of a psychiatric 
diagnosis was made if reported by the participant or if the participant had a consistently 
high factor score based on a multivariate analyses of depressive complaints, anxiety, 
neuroticism and somatic anxiety.43,44 The ethical review board of the contributing university 
has approved this study and all participants have signed an informed consent.

RADIANT-UK
RADIANT-UK is a subset with only United Kingdom (UK) participants of the larger RADIANT 
study that also includes cases from Europe and the United States of America.45 RADIANT-
UK comprises three cohorts from which depressed cases were selected. Two studies that 
focused on recurrent depression: the Depression Case Control (DeCC) study, and the 
Depression Network (DeNt) study; and one pharmacogenetics study: the Genome-Based 
Therapeutic Drugs from Depression (GENDEP) study.46–48 The GENDEP study included only 
cases with current MDD of at least moderate severity and consisted for 60.4% of recurrent 
cases. Controls, derived from the DeCC and from the BACCS a bipolar case control study, 
were collected in the UK and screened for absence of lifetime depressive symptoms via a 
telephone interview. MDD diagnoses were made with the Schedules for Clinical Assessment 
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in Neuropsychiatry (SCAN) interview.49 All study participants provided informed consent and 
ethical approval was obtained from relevant institutional review boards. 

Aims & outline of this thesis
Assembling the observations addressed in the general introduction, the outline of this thesis 
is presented here. 

Regarding the first aim: is clinical staging of depression an effective and valid diagnostic tool 
to capture the natural progressive course of depression (and as such to structure the heterogeneity 
in the diagnoses of depression)? We first (aim 1A) examine whether each individual stage is 
associated with a well-defined clinical presentation and specific prognosis that is worse than 
the prior stage. In chapter 2 we examine whether the eight stages of depression defined by 
the model of Hetrick et al.,24 are associated with a stepwise worsening of a range of clinical 
characteristics (clinical presentation) and whether they predict the subsequent 2-year course 
of MDD (prognosis). In chapter 3 we focuse on the absence/presence of prior MDD episodes 
as a potential staging criteria: we examine whether patients divided in first- versus recurrent 
episode MDD differ in clinical and/or etiological characteristics and course outcomes. Next 
(aim 1B),  we examine whether each individual subsequent stage is mirrored by a change in 
levels of pathological or genetic markers that is worse than the prior stage, and which thus can 
be related to the changes in the clinical picture. In chapter 4 we examine whether increasing 
stages are paralleled by more pronounced dysregulation in four central depression-related 
pathophysiological mechanisms (inflammation, hypothalamic-pituitary-axis, neurotropic 
growth and vitamin D). In chapter 5 we do this for the number of genetic risk variants for 
three major psychiatric disorders (depression, bipolar disorder and schizophrenia). 

Regarding our second aim: which clinical characteristics that are not included in the current 
staging model could be considered useful to capture the progressive course of depression? In 
chapter 5, we further examine whether younger age at onset, longer duration of depressive 
symptoms, positive MDD family history, more depressive symptoms, higher severity of 
depressive symptoms, and the presence of recurring MDD episodes are associated with 
an increased genetic psychiatric risk. Finally in chapter 6 we describe the 6-year course of 
patients initially diagnosed with MDD, regardless of staging but including potential comorbid 
psychopathology. Moreover, in preliminary analyses applied to the data of chapter 6, we 
examine the potential value of a wide array of clinical characteristics predicting the disorders 
course.
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