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Depression is very common among patients with chronic somatic diseases.1-3  
A large amount of research consistently demonstrates the coexistence of depression 
in a whole range of somatic diseases, including diabetes, heart disease, cancer, 
pulmonary disease, kidney disease, and more. It is estimated that up to one-third 
of patients with a serious medical condition have symptoms of depression, which 
is two- to three times more than for age and sex-matched primary care patients.3 

Comorbid depression is associated with a poorer overall quality of life,4 higher 
somatic symptom burden,5 higher disease severity,6 treatment non-adherence,7 
and increased risk of disease progression and mortality.8-10 

For many decades, studies have investigated the mechanisms underlying the 
relation between depression and somatic diseases in order to explain the high 
comorbidity. An intuitive explanation may be that suffering from a disabling 
chronic disease is an understandable risk factor that can trigger depression in 
vulnerable persons. However, longitudinal studies have shown that depression 
conversely increases the risk for the onset of a chronic disease.11-13 A growing body 
of evidence suggests that physiological mechanisms may mediate the relation 
between depression and somatic diseases.14,15 In addition, some researchers have 
questioned the causal relationship, and regard depression in the context of a 
somatic disease (at least partly) as a marker for somatic disease severity.16 Clearly, 
the proposed bidirectional association between depression and somatic illnesses 
appears to be multifactorial and complex. Despite extensive research on this 
topic, the etiology of depression associated with somatic diseases is still not well 
understood. In this dissertation some specific issues will be addressed in order 
to contribute to the understanding of the high comorbidity between somatic 
diseases and depression, and its associated poor medical prognosis. 

In the next part of the introduction, depression and the somatic diseases 
addressed in this dissertation will be introduced. This is followed by an overview 
of pathways that can lead to somatic depression (i.e., comorbidity of depression 
and somatic disease). At the end, the specific aims and research questions that 
are covered in the subsequent chapters are formulated. 

Depression

Depression is one of the strongest contributors to the global burden of disease.17  
It is estimated that about 7% of the general population suffers from a major 
depressive disorder in a period of a year.18 Depression is characterized by symptoms 
such as depressed mood, loss of interest or pleasure in activities, sleep problems, 
fatigue, and concentration problems. In this dissertation the term depression will 
refer both to the presence of depressive symptoms and to a depressive disorder. 
The severity of depressive symptoms is commonly assessed by questionnaires, 
such as the Beck Depression Inventory (BDI).19 A cut-off score is often used to 
determine the presence of depression. The presence of a depressive disorder 
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is usually assessed by a diagnostic interview, in which a psychiatric diagnosis is 
defined according to the Diagnostic and Statistical Manual of Mental disorders 
(DSM). 

Somatic diseases in this dissertation

Although depression is associated with a broader spectrum of somatic diseases, 
this dissertation focuses on depression in the context of four of the most 
common and burdensome conditions that are related to the development of 
vascular pathology: i.e. hypertension, diabetes, coronary artery disease (CAD), 
and chronic kidney disease (CKD). Hypertension, diabetes, and CAD are in the 
top 10 leading causes of death in the world; together they accounted for 18% of 
the global deaths in 2012 (http://www.who.int/mediacentre/factsheets/fs310/
en/). Meanwhile, CKD is also increasingly recognized as a global public health 
problem.20 Of interest, these four chronic conditions are interrelated and driven 
by reciprocal relationships.21 Hypertension and diabetes are important causes for 
both cardiovascular disease (CVD) and CKD. At the same time, CKD and CVD 
are major risk factors for hypertension, as well as for each other.21 Some other 
important shared risk factors are older age, male, genetics and unhealthy lifestyle 
habits, such as smoking, high fat diet, and low physical activity.22 Via damage to 
blood vessel walls (leading to atherosclerosis) and metabolic imbalances, these 
risk factors can consequently lead to the development of clinical vascular and 
metabolic diseases including hypertension, diabetes, CAD, and CKD. Throughout 
this dissertation ‘somatic disease’ will refer to this group of disorders. 

Pathways to the comorbidity of 
depression and somatic disease

The etiology of depression associated with somatic disease is still poorly 
understood.23 Many potential pathways have been proposed to underlie the 
comorbidity between depression and somatic disease and its associated poor 
medical prognosis. To date, no single conclusive explanation exists and it 
is unlikely that one single etiological model could account for the complex 
association between depression and somatic disease. Also,  the combinations 
of pathways that underlie the comorbidity may differ between patients. The 
potential pathways to comorbidity are reviewed below (see also Figure 1). 

Psychological pathway
The psychological consequences of a disabling somatic condition may trigger 
the onset of depression in vulnerable individuals. There are several reasons 
why a somatic disease may result in psychological distress. To begin with, an 
acute medical event, such as a heart attack or receiving a diagnosis of a major 
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chronic disease, is a substantial life event.24 In addition, a diagnosis of a chronic 
disease often has major consequences for someone’s well-being, as it is often 
accompanied by fundamental changes in daily life and future perspectives. For 
example, individuals become dependent on medication and diet prescriptions. 
Due to declined health, they may be not be able to pursue their normal activities, 
they may experience changed social roles or interpersonal relationships, (are 
worried to) lose their jobs, and may become socially isolated, which all can lead 
to psychological problems.25-28 Although a diagnosis of a chronic somatic disease 
goes along with many limitations and uncertainties, not all patients who are 
diagnosed with a somatic disease develop psychological problems. Personality, 
coping style, the degree of medical symptom burden and complications, and (lack 
of) social support are important predictors for the onset of depression in patients 
with somatic disease.29,25,30 Support for this “psychological” pathway comes from 
studies that report only increased odds of depression in patients with diagnosed 
diabetes, but not in newly screen-detected diabetes.31,32 Apparently, only patients 
who are aware of their diabetes are at increased risk for the development of 
depressive symptoms.

Biological pathway
In addition to the psychological burden of a somatic disease, biological 
mechanisms may underlie the comorbidity of somatic disease and depression. 
Both depression and somatic disease are associated with pathophysiological 
changes. Such pathophysiological changes caused by either of the two can  
increase the risk of the other.

Depression leading to somatic disease
Longitudinal research has shown that individuals with depression are at 
increased risk of developing somatic disease11-13 compared to individuals without 
depression. Stress physiology is one potential aspect of depression that may 
account for this increased risk. Evidence from both animal and human studies 
have shown that stress is related to cardiovascular changes such as increased 
blood pressure, increased heart rate, and acute myocardial infarction.1,14,15,33 The 
central nervous system is suggested to be an important mediator in this relation. 
Neuroimaging research has shown that specific brain regions are activated by 
stress, leading to an increase in sympathetic and hypothalamus pituitary adrenal 
(HPA) axis activity, which causes elevated levels of cortisol, catecholamines, and 
pro-inflammatory cytokines.34,35 Chronic activation of these systems can lead to 
metabolic and cardiovascular changes, including increased insulin resistance, 
decreased heart rate variability, increased heart rate and blood pressure, and 
platelet activation.33,36-38 These changes are thought to accelerate the atherosclerotic 
process and thereby increase the risk for the development of cardiovascular 
diseases. In turn, stress physiology may directly affect brain structures involved in 
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cardiovascular processes, such as heart rate and vasomotor regulation, leading to 
a perpetuation of the cycle.15,39-41 

Somatic disease leading to depression
The biology associated with somatic disease is also suggested to increase the risk 
for depression. Both structural brain alterations and depression are common 
in patients with vascular disease. Therefore, abnormal brain structure is a 
candidate mediator for the relation between vascular disease and subsequent 
depression. The vascular depression hypothesis is one of the leading theories on 
the etiology of late-onset depression.42 It states that vascular pathology may lead 
to structural brain changes, which may result in depression if brain structures 
involved in mood regulation (i.e. fronto-subcortical networks) are disrupted.42,43 

Longitudinal and cross-sectional studies in the elderly and in patients with a 
recent stroke have shown that the presence of white matter lesions (WMLs) was 
associated with (incident) depression.44-47 Additionally, it has been suggested that 
reduced gray matter volumes within the frontal and limbic areas play a role in 
the pathophysiology of depression later in life.48 Another potential biological 
pathway linking somatic disease to depression is inflammation. Somatic disease 
is associated with chronically increased levels of inflammatory cytokines (e.g. 
interleukins and tumor necrosis factor) that can act on the brain to induce 
depressive symptoms.49

Behavioral pathway
Behavioral factors associated with depression can contribute to the increased 
risk for somatic disease. Depressed patients show more adverse health behaviors: 
they smoke more often, are less physically active, and eat less healthily, thereby 
increasing their risk for metabolic and cardiovascular diseases.37,50,51 In addition, 
depressed patients are less likely to undergo medical procedures52 and to adhere 
to medication prescriptions and lifestyle advices.7,37,53 These unhealthy behaviors 
pose them at a higher risk for disease progression and adverse prognosis. Evidence 
for this comes from the Heart and Soul study, which showed that lifestyle factors, 
especially physical exercise, explained almost half of the association between 
depression and new cardiovascular events in stable coronary artery disease 
(CAD) patients.54 Therefore, behavioral interventions that focus on lifestyle and 
physical activity may be beneficial for depressed patients. Cardiac rehabilitation 
and exercise therapies have been demonstrated effective in improving depressive 
symptoms as well as medical prognosis,55,56 which supports the theory of a 
behavioral pathway. 

Non-causal pathways
Besides potential causal psychological, biological and behavioral pathways, non-
causal factors also have to be taken into account when studying the association 
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between somatic disease and depression. Two important issues are the substantial 
overlap of symptoms between somatic disease and depression, and the possibility 
of a shared predisposition to both somatic disease and depression. 

Symptom overlap 
One difficulty in studying the etiology of somatic depression is that some symptoms 
resulting from the somatic pathophysiology overlap with depressive symptoms 
(e.g. fatigue, sleeping problems, and concentration problems).57 This raises the 
question whether depressive symptoms may in part be a reflection of the somatic 
disease.16 If this holds true, patients with more severe disease consequently may 
have more (somatic) symptoms and are therefore more likely to report “depressive” 
symptoms.  In that case, the subsequent risk of poor prognosis that is attributed 
to depression may actually be due to somatic disease severity. In line with this, 
depression was found to be significantly related to disease severity markers, such 
as left ventricular ejection fraction6,58 and blood glucose levels.59 In addition, 
specifically somatic depressive symptoms (e.g. fatigue, changes in appetite and 
weight, and sleeping problems), but not cognitive/affective depressive symptoms 
(e.g. depressed mood, loss of interest, feelings of guilt) were reported to be related 
to disease severity markers and poor medical prognosis. This suggests that somatic 
depressive symptoms may be physiological consequences of somatic disease.23,60-63 

Nevertheless, most studies that adjusted for disease severity markers, observed 
that these markers explained only part of the association between depression and 
medical prognosis.10,58,64 Therefore, additional factors are suggested to cause the 
association. However, as there is no unequivocal definition of disease severity, the 
possibility of imprecise or unmeasured confounding remains.65

Shared predisposition 
The relation between depression and somatic disease may also be explained 
by shared risk factors. For instance, stress may give rise to both depression and 
somatic disease via independent pathways. It is also possible that genetic factors 
that contribute to depression may partly overlap with those for somatic disease. 
Support for this comes from twin studies that suggested a shared genetic pathway 
between depression and microvascular dysfunction66 and decreased heart rate 
variability.67 Furthermore, besides its proposed role in depression, serotonin 
has also been found to stimulate vascular smooth muscle proliferation and 
platelet aggregation.68 Moreover, polymorphism of the serotonin transporter 
gene has been associated with increased risk of MI.69 Nevertheless, it remains 
unclear whether mutual vulnerability factors or a direct causal relation between 
depression and somatic disease underlie these observations.
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The aims of this dissertation

Although a large body of research indicates a relation between depression and 
somatic disease, the underlying mechanisms are still not well understood. The 
consequences for quality of life, medical costs, and medical prognosis endorse 
further research on the mechanisms behind the association between somatic 
disease and depression. The broad aim of this dissertation is to contribute to a 
better understanding of the association between depression and somatic disease. 
For this purpose several aspects of the pathways described in this introduction will 
be examined in the subsequent chapters. A better understanding of underlying 
pathways may enhance the identification of patients who are at risk for somatic 
depression and may ultimately lead to better intervention possibilities. Below,  
unresolved issues and the related research topics of the subsequent chapters are 
introduced.

Psychological pathway: psychopathology in diagnosed and undiagnosed diabetes 
In order to investigate whether psychopathology is related to the psychological 
consequences of a disease, large population studies are needed. Research in 
patients with diabetes suggests that odds of depression are only increased when 
people are aware of their diabetes.31,32 However, these results are mostly based 
on small population studies investigating odds for elevated depressive symptoms 
in both diagnosed and undiagnosed diabetes, without adjusting for disease 

Figure 1: Overview of potential pathways leading to comorbidity of depression and somatic disease
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severity markers. Adjusting for disease severity markers is important, because 
underlying disease may be more severe in diagnosed compared to undiagnosed 
cases.59,70-72 In chapter 2, the large population study LifeLines was used to directly 
compare diagnosed and undiagnosed (i.e., detected during the baseline-visit of 
the LifeLines study) diabetes for the odds of depressive and anxiety disorders 
in 90,686 participants, while adjusting for the severity indicators HbA1c and 
diabetes-related somatic comorbidity.

Biological pathway: brain structure in early and advanced vascular disease 
Multiple biological factors have been indicated in the association between 
depression and somatic disease, e.g. inflammation, hypothalamus-pituitary-
adrenal (HPA) axis dysregulation and autonomic dysfunction.1,14,15,33 The brain 
plays an important role in the regulation of hormonal and autonomic processes. 
Nevertheless, regional brain morphology in areas of emotional and autonomic 
regulation as a shared biological link between depression and somatic disease has 
rarely been studied. Depression and somatic disease have both been associated with 
abnormal brain morphology in for example the hippocampus, anterior cingulate 
cortex, orbitofrontal cortex, and inferior frontal gyrus, in studies examining 
these conditions independently. Brain morphology has rarely been examined in 
a sample of patients with comorbid depression and somatic disease. 

Although no conclusions regarding causality can be drawn from cross-
sectional studies, studies in both early and advanced disease might lead to a 
clearer understanding of the temporal sequence and the potential underlying 
pathophysiological pathways. Therefore, we performed two cross-sectional MRI 
studies, in early and in advanced somatic disease (respectively, hypertension and 
end-stages of CKD), in order to investigate structural brain abnormalities as a 
potential biological pathway in the relation between depression and somatic 
disease. Chapter 3 reports on the independent and interactive associations 
of depressive disorder (N=152) and hypertension (N=82) with regional brain 
volumes in one sample, using data of the neuroimaging sample (N=285) of the 
Netherlands study of Depression and Anxiety (NESDA). 

Investigating brain structure in patients with depression in the context of 
advanced vascular disease is especially useful to examine the vascular depression 
hypothesis.42,43 To date, the vascular depression hypothesis has mostly been 
examined in the elderly and in stroke patients.46-48 Although both depression and 
structural brain damage are common in patients with advanced CKD, no studies 
have yet examined the relation between depression and brain structure in the 
context of CKD. In chapter 4, we evaluated whether white matter hyper-intensities 
and decreased gray matter volumes in the brains of patients with advanced CKD 
were particularly located in areas of mood-regulation. In subsequent exploratory 
analyses, comparing CKD patients with and without depressive symptoms, we 
examined whether regional brain abnormalities were pronounced for those with 
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depressive symptoms. For this purpose, we collected MRI data of 24 patients with 
advanced CKD and 24 controls in the Depression In the Picture (DIP) study.

Non-causal pathway: the confounding role of prognostic factors
Many studies examined the confounding role of somatic disease severity in the 
relation with depression and prognosis following acute MI. However, results have 
been rather inconsistent on whether depression is still a significant predictor 
for prognosis after adjusting for this potential confounder.58 One important 
problem regarding this is the difficulty in measuring cardiac disease severity. 
There is no unequivocal definition of disease severity, and different markers are 
thus used across studies (e.g. left ventricular ejection fraction, previous MI, heart 
failure, arrhythmia, blood pressure and diabetes). In chapter 5, the relation 
between post-MI depression and cardiovascular prognosis is studied in 494 MI 
patients, while adjusting for a well validated composite prognostic measure for 
prognosis of MI patients, namely the Global Registry of Acute Coronary Events 
(GRACE) risk score.73 In a secondary analysis, we examined the association 
between this prognostic measure with somatic/affective and cognitive/affective 
depressive symptoms separately, because somatic/affective depressive symptoms 
have been found to be more strongly related to somatic disease severity markers 
and are stronger predictors of adverse medical outcome than cognitive/affective 
symptoms.60,61 For this study, data from the Depression after Myocardial Infarction 
(DepreMI) study was used.

Behavioral pathway: cardiac rehabilitation, depression, and mortality risk
The beneficial effects of cardiac rehabilitation may not be homogeneous among 
depressed and non-depressed MI patients. Depressed patients are less likely to 
adhere to the recommendations offered for cardiac rehabilitation.74 If patients 
with depressive symptoms profit less from cardiac rehabilitation programs than 
those without, this could explain the association of post-MI depression with 
poor cardiovascular prognosis. On the other hand, patients with depressive 
symptoms could show a relatively greater degree of mortality reduction than 
patients without depressive symptoms, because they have higher pre-treatment 
mortality risks and consequently there is more to gain. No studies have directly 
evaluated whether depressed and non-depressed MI patients benefit differently 
from cardiac rehabilitation with regard to long term prognosis. In chapter 6, we 
directly compared the association of cardiac rehabilitation with all-cause mortality 
for patients with and without depressive symptoms. For this purpose, we used a 
combined sample of the DepreMI and the Myocardial Infarction and Depression 
Intervention Trial (MIND-IT), consisting of 2,198 MI patients.

Finally, in chapter 7 the main findings will be summarized and integrated 
in a broader perspective. In addition, methodological considerations, future 
directions, and clinical implications will be discussed. 
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