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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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Abstract

Objective: To compare the odds of depressive and anxiety disorders for participants 
with diagnosed diabetes, participants with diabetes but unaware of this, and 
participants without diabetes. Such knowledge might improve etiological insight 
into psychopathology in diabetes.
Methods: Data of 90,686 participants (mean age: 45; 59% female) was used 
from LifeLines. Depressive and anxiety disorders were assessed by the mini-
international neuropsychiatric interview (MINI). Odds of depression and anxiety 
were assessed for 3 groups: 1) diagnosed diabetes: diabetes medication use and/
or self-reported “diabetes”; 2) undiagnosed diabetes: fasting blood glucose (FBG) 
≥ 7.0 mmol/l, but no diabetes medication use and self-reported “no diabetes”; 
3) no diabetes: FBG < 7.0 mmol/l and self-reported “no diabetes”. Logistic 
regression was performed to compare the odds of depression and anxiety in these 
groups, adjusting for age, sex, diabetes-related diseases, comorbid depressive or 
anxiety disorders, and HbA1C. 
Results: 3002 (3.3%) participants were diagnosed with depression and 9018 
(9.9%) with anxiety; 1781 (2.0%) had diagnosed and 786 (0.9%) had undiagnosed 
diabetes. Both diagnosed (OR=1.4: 1.1-1.8; p=.006) and undiagnosed (OR=1.8: 
1.3-2.6; p=.001) diabetes were independently associated with depression. Odds of 
depression did not differ between diagnosed and undiagnosed diabetes (OR=0.7; 
p=.17). Diagnosed diabetes was independently associated with anxiety (OR=1.4: 
1.2-1.7; p<.001), but undiagnosed diabetes was not (OR=0.8: 0.6-1.1; p=.20). 
Odds of anxiety were significantly higher in diagnosed compared to undiagnosed 
diabetes (1.68: 1.23-2.31; p=.001). 
Conclusions: Depression was more prevalent in participants with diagnosed 
as well as undiagnosed diabetes, whereas anxiety was more prevalent only in 
participants who were aware of their diabetes. Longitudinal research is needed to 
assess whether these associations are causal or consequential.
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Introduction

Depression and anxiety are more prevalent among participants with diabetes 
compared to the general population.1,2 Moreover, participants with diabetes in 
combination with depressive disorders are at increased risk for an adverse medical 
prognosis, such as diabetes complications and mortality.3,4 There still exists debate 
whether increased risks for these disorders might be dependent on the awareness 
of having a diagnosis of diabetes, or might already exist in undiagnosed cases. 
Such knowledge could improve insight into the etiology of psychopathology in 
patients with diabetes, and could result in improved treatment or prevention of 
depression and anxiety in these patients. 

Several relatively small studies have compared depression prevalence in 
patients with diagnosed and undiagnosed diabetes. A meta-analysis on these studies 
found that participants with diagnosed diabetes had an increased prevalence 
of depression compared to undiagnosed diabetes.5 Depression prevalence in 
undiagnosed diabetes was not higher compared to participants without diabetes, 
suggesting that the psychological impact of the diabetes diagnosis underlies the 
increased risk for depression in patients with diabetes.5 However, analyses were 
not adjusted for underlying disease severity indicators such as severity of impaired 
glucose metabolism and somatic comorbidity, which could explain the higher 
depression prevalence in participants with diagnosed compared to undiagnosed 
diabetes.6-9 In addition, only one study in this meta-analysis used a diagnostic 
interview to assess depressive disorder; all other studies used questionnaires to 
assess depressive symptoms. 

Recently, a study on a large Chinese cohort was published, which compared 
the prevalence of both depression and generalized anxiety disorder (GAD) for 
diagnosed and undiagnosed diabetes relative to participants without diabetes.10 

This study also concluded that diagnosed, but not undiagnosed diabetes is 
associated with depression. Diagnosed diabetes was associated with GAD and 
undiagnosed diabetes was marginally associated with GAD.10 However, as in the 
meta-analysis, this study did not adjust for underlying diabetes severity factors. 
In addition, diagnosed and undiagnosed diabetes were not directly compared 
to each other, but only indirectly through a control group without diabetes. 
Further, only the anxiety disorder GAD was taken into account and analyses were  
not adjusted for comorbid mental disorders. Because anxiety and depression are 
highly comorbid, this could hamper the comparison between increased risks of 
these disorders.

The aim of the current study was to directly compare diagnosed and 
undiagnosed diabetes for the odds of depressive and anxiety disorders assessed 
by a systematic diagnostic interview, while adjusting for the severity indicators 
HbA1c and diabetes-related somatic comorbidity, and co-morbid anxiety and 
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depression. For this purpose, a large population-based sample consisting of 90,686  
participants was used. 

Methods

Design and participants
We used data from LifeLines, a multi-disciplinary prospective population-based 
cohort study examining in a unique three-generation design the health and health-
related behaviors of 167,729 participants living in the North East region of The 
Netherlands. It employs a broad range of investigative procedures in assessing 
the biomedical, socio-demographic, behavioral, physical and psychological 
factors which contribute to the health and disease of the general population, 
with a special focus on multi-morbidity and complex genetics.11 Baseline data was 
recruited between 2006 and 2013.12 Participants receive a questionnaire every 
1,5 year and a basic medical examination every 5 years. The aim is to follow 
participants for at least 30 years with extensive standardized measurements. After 
complete description of the study to the subjects, written informed consent was 
obtained.

The total LifeLines sample available for this study consisted of 95,433 
participants. When participants had a Mini-Mental State Examination score <26 
(indicating poor cognitive function) or were unable to fill out questionnaires, 
they did not get a psychiatric interview and were therefore excluded from our 
analyses (N=2396). In addition, the first 2351 participants of Lifelines did not 
receive a psychiatric interview for current diagnoses of depressive and anxiety 
disorders and were excluded as well, leaving 90,686 participants (59% female) to 
be included in this study, aged 18-93 years (mean: 45). 

Assessment of diagnosed and previously undiagnosed diabetes 
Fasting blood glucose (FBG) and glycosylated hemoglobin (HbA1c) were 
measured in venous blood. Questionnaires about somatic diagnoses and current 
medication use were used to assess diabetes and somatic comorbidities associated 
with diabetes. Participants were classified as diagnosed diabetes if they reported 
medication for diabetes on a medication list, or if they brought drug containers 
including diabetes medication, or if they reported a diagnosis of diabetes and 
treatment for diabetes on a questionnaire on history of medical illnesses. 
Medications were classified according to the Anatomical Therapeutic Chemical 
(ATC) classification system. When patients only used tablets (ATC-code A10B) 
or diet for their diabetes, they were classified as type 2 diabetes. When patients 
used insulin (ATC-code A10A), type of diabetes was based on self-report of type 1 
diabetes or type 2 diabetes. In case this variable was missing, or patients reported 
not to know the type, we assessed whether insulin use started within (type 1 
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diabetes) or after (type 2 diabetes) one year after the diagnosis. Participants were 
classified as undiagnosed diabetes if they had a FBG ≥7.0 mmol/l and did not 
receive treatment for diabetes. Participants were classified as no diabetes if they 
had a FBG <7.0 mmol/l and did not receive treatment for diabetes. 

Assessment of depressive and anxiety disorders
The presence of a current (past 2 weeks) depression (major depressive episode 
or dysthymic mood) and anxiety (panic disorder, agoraphobia, social anxiety 
disorder, and GAD) was assessed according to the Diagnostic and Statistical 
Manual of Mental Disorders IV (DSM-IV) criteria. Post-traumatic stress disorder 
and specific phobia were not assessed in Lifelines. A systematic diagnostic 
interview, the Mini-international neuropsychiatric interview (MINI 5.0.0), was 
performed by trained research assistants. Previous studies suggested acceptable 
validity and reliability of the MINI.13 The MINI assessment took place during the 
baseline visit. At the time of the interview, participants were not yet informed on 
the outcome of the diabetes screening. 

Analyses
Baseline characteristics were compared according to diabetes state using F-tests 
and chi-square. Participants with diagnosed diabetes, undiagnosed diabetes, and 
no diabetes were compared on the presence of depressive and anxiety disorders, 
unadjusted for any confounders. Participants with and without missing data were 
compared with respect to baseline characteristics. Logistic regression analyses were 
performed to test whether diagnosed and undiagnosed diabetes were associated 
with increased odds of depression and anxiety relative to no diabetes. For this 
purpose, two dummy variables of diabetes were added to the models, with ‘no 
diabetes’ as reference category. In addition, we directly compared the odds of 
depressive and anxiety disorders between diagnosed and undiagnosed diabetes, 
using two dummy variables of diabetes with ‘diagnosed diabetes’ as reference 
category. The analyses were performed in three models. In model 1, analyses 
were adjusted for age and sex. In model 2, analyses were additionally adjusted for 
self-reported current presence of the following diabetes -related diseases: CHD 
(previous MI, coronary artery bypass graft (CABG) surgery, or percutaneous 
coronary intervention (PCI)), stroke, and impaired renal function, which were 
assessed by a questionnaire on history of medical illnesses. Furthermore, this 
model was adjusted for comorbid anxiety and depression.  In model 3, analyses 
were additionally adjusted for HbA1c. Model 3 was only performed for the 
diagnosed versus undiagnosed diabetes groups, as participants without diabetes 
have no marked impaired glucose regulation.

In addition to our main analyses, we performed a sensitivity analysis in 
which we only took type 2 diabetes into account. Participants with undiagnosed 
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diabetes were over 18 years and therefore more likely to suffer from type 2 
diabetes, which may be physiologically different from type 1 diabetes. Thus, 
this sensitivity analysis was performed to analyze the possibility that differences 
between diagnosed and undiagnosed diabetes were due to the presence of type 1 
diabetes in the diagnosed but not the undiagnosed group. 

For all analyses, SPSS 20 was used and significance level was set at 0.05, 
two-tailed.

Results

Sample characteristics
The sample for the current study consisted of 90,686 participants, of which 573 
(0.6%) participants did not have a MINI assessment for depressive disorders and 
85 (0.1%) for anxiety disorders. Participants without a depression assessment 
differed from participants with this assessment in that they were more likely to 
have diagnosed diabetes (3.7% vs. 2.0%; p=0.004), to have a higher HbA1c (5.66  
vs. 5.57; p<.001), and to have somatic comorbidity (5.9% vs. 3.0%; p<.001). There 
was no difference with respect to age and sex. Participants without an anxiety 

Table 1: Characteristics of participants according to total sample and diabetes status

Characteristics Total sample
N=90,686
 

No DM 
N=87,876

UDM
N=769

DDM
N=1,811

pa

UDM vs.  
no DM 

p
DDM vs.  
no DM 

p
DDM vs. 
UDM

Mean/N SD/% Mean/N SD/% Mean/N SD/% Mean/N SD/%

Age (years) 45.5 75 45.2 76 53.1 12 55.8 12 .004 <.001 <.001
Female 53,306 59% 51,934 59% 303 39% 927 51% <.001 <.001 <.001
BMI (kg/m2) 26.1 4.3 26.0 4.2 30.1 5.3 30.1 5.6 <.001 <.001 .90

Comorbidityb 2,738 3.0% 2,414 2.7% 53 6.9% 265 14.6% <.001 <.001 <.001
Any DEP disorder 3,002 3.3% 2,858 3.3% 34 4.5% 90 5.0% .067 <.001 .54
  MDD 2,059 2.3% 1,947 2.2% 24 3.1% 73 4.0% .090 <.001 .27
  Dysthymia 943 1.0% 911 1.1% 10 1.4% 17 1.0% .45 .76 .43
Any ANX disorder 9,018 9.9% 8,669 9.9% 66 8.6% 244 13.5% .24 <.001 <.001
  GAD 3894 4.3% 3,739 4.3% 25 3.3% 110 6.1% .17 <.001 .003
  Social phobia 823 0.9% 788 0.9% 10 1.3% 24 1.3% .24 .056 .96
  PD-Agoraphobia 2,067 2.3% 2,012 2.3% 12 1.6% 36 2.0% .18 .40 .46
  PD+Agoraphobia 714 0.8% 682 0.8% 4 0.5% 27 1.5% .42 .001 .038
  Agoraphobia-PD 3,079 3.4% 2,940 3.3% 29 3.8% 95 5.3% .51 <.001 .11
FBG (mmol/L) 5.01 0.82 4.93 0.50 8.38 2.3 7.82 2.5 <.001 <.001 <.001
HbA1c (%) 5.57 0.43 5.53 0.31 6.76 1.5 7.00 1.06 <.001 <.001 <.001

DM = diabetes mellitus; UDM = undiagnosed diabetes mellitus ; DDM = diagnosed diabetes mellitus; BMI = body mass index; 
DEP = depressive disorder; MDD = major depression disorder; ANX = anxiety disorder; GAD = generalized anxiety disorder; 
PD = panic disorder; FBG = fasting blood glucose 
a  P-values are based on F-test and chi square. 
b  Comorbidity = at least one of the following DM-related conditions: coronary heart disease, stroke and impaired renal function.
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assessment only differed from participants with this assessment with respect to 
HbA1c (5.71% vs. 5.57%; p=.002). 

Prevalence of depression, anxiety and diabetes
Of the total sample, 3002 (3.3%) were diagnosed with any depressive disorder 
and 9018 (9.9%) with any anxiety disorder; these numbers include 1866 (2.1%) 
fulfilling the criteria for both conditions. There were 1811 (2.0%) participants 
with diagnosed diabetes and 769 (0.85%) with undiagnosed diabetes. In table 1, 
baseline characteristics were pairwise compared according to diabetes status. 

Diabetes status and odds of depression and anxiety 
The results of the multivariable logistic regression analyses for depression and 
anxiety are depicted in tables 2 and 3 respectively. 

Both diagnosed (OR=1.8: 1.5-2.3) and undiagnosed (OR=1.7: 1.2-2.4) 
diabetes were significantly associated with higher odds of depression compared 
to no diabetes. No differences in odds of depression between undiagnosed and 
diagnosed diabetes were observed (OR=1.09: 0.7-1.6). These findings apply to 
both before and after additional adjustment for covariates, namely anxiety and 
somatic comorbidity (model 2) and HbA1c (model 3) (table 2). 

Table 2:  Logistic regression analyses predicting depressive disorders.

Model 1b  
OR (95% CI)

Model 2c 
OR (95% CI)

Model 3d 
OR (95% CI)

Undiagnosed DM vs. no DM 1.69 (1.19-2.39)** 1.79 (1.23-2.61)**

Diagnosed DM vs. no DM 1.84 (1.48-2.28)*** 1.39(1.10-1.76)**

Diagnosed DM vs.  
Undiagnosed DM 

1.09 (0.73-1.63) 0.78 (0.50-1.20) 0.75 (0.48-1.16)

Covariates:

Age (per year) 0.990 (0.987-0.993)*** 0.989 (0.986-0.992)*** 0.987 (0.984-0.991)***

Female gender 1.73 (1.60-1.88)*** 1.34 (1.23-1.46)*** 1.34 (1.23-1.46)***

Comorbiditya (0 vs. >1) 2.07 (1.72-2.50)*** 2.04 (1.69-2.46)***

Any anxiety disorder 18.2 (16.8-19.7)*** 18.1 (16.8-19.6)***

HbA1c 1.23 (1.12-1.35)***

OR = odds ratio; CI = confidence interval; DM = diabetes mellitus. *p<0.05; **p<0.01; ***p<0.001.
a Comorbidity = at least one of the following DM-related conditions: coronary heart disease, stroke and impaired renal  
 function
b  Model 1 is adjusted for age and sex
c  Model 2 is additionally adjusted for comorbidity and anxiety disorder 
d  Model 3 is additionally adjusted for HbA1c; NB: Model 3 was only performed for the diagnosed versus undiagnosed DM 
  group, as participants without DM have no impaired glucose regulation. 
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Only diagnosed (OR=1.6: 1.4-1.8), but not undiagnosed (OR=1.0: 0.8-1.3) 
diabetes was associated with higher odds of anxiety compared to no diabetes. In 
addition, odds of anxiety were significantly higher for diagnosed compared to 
undiagnosed diabetes (OR=1.6: 1.2-2.1). These findings apply to both before and 
after adjustment for depression and somatic comorbidity (model 2) and HbA1c 
(model 3) (table 3). 

Post hoc, a sensitivity analysis was performed in which we only took 
diagnosed type 2 diabetes (N=1580) into account. This sensitivity analysis was 
performed to analyze the possibility that differences between diagnosed and 
undiagnosed diabetes were due to the presence of type 1 diabetes (N=230) in the 
diagnosed but not the undiagnosed group. This did not change the results (data 
not shown). 

Because undiagnosed diabetes was associated with higher odds of depression 
compared to no diabetes, we post hoc tested whether undiagnosed pre-diabetes 
was also associated with higher odds of depression. Results, adjusted for age, sex, 
anxiety and somatic comorbidity, showed that pre-diabetes was also associated 
with higher odds of depression compared to no diabetes (pre-diabetes defined 
by the American Diabetes Association(ADA): FBG: 5.6-6.9 mmol/l; N=9,123; 
OR=1.2: 1.0-1.3; p=.014; pre-diabetes defined by World Health Organization 
(WHO): FGB: 6.1–6.9 mmol/l N=2,458; OR=1.6:1.3-2.0; p<.001). 

Table 3:  Logistic regression analyses predicting anxiety disorders.

Model 1b  
OR (95% CI)

Model 2c 
OR (95% CI)

Model 3d 

OR (95% CI)

Undiagnosed DM vs. no DM 1.0 (0.78-1.30) 0.86 (0.65-1.14)

Diagnosed DM vs. no DM 1.58 (1.38-1.82)*** 1.42(1.22-1.65)***

Diagnosed DM vs.  
Undiagnosed DM 1.57 (1.18-2.10)** 1.65 (1.21-2.27)** 1.64 (1.19-2.25)**

Covariates:

Age (per year) 0.995 (0.993-0.997)*** 0.996 (0.994-0.998)*** 0.996 (0.994-0.998)***

Female gender 1.81 (1.72-1.90)*** 1.74 (1.66-1.83)*** 1.75 (1.66-1.84)***

Comorbiditya (0 vs. >1) 1.17 (1.02-1.34)* 1.17 (1.02-1.34)*

Any depressive disorder 18.2 (16.8-19.7)*** 18.1 (16.7-19.6)***

HbA1c 1.02 (0.95-1.09)

OR = odds ratio; CI = confidence interval; DM = diabetes mellitus. *p<0.05; **p<0.01; ***p<0.001.
a  Comorbidity = at least one of the following DM-related conditions: coronary heart disease, stroke and impaired  
 renal function
b  Model 1 is adjusted for age and sex
c  Model 2 is additionally adjusted for comorbidity and depressive disorder 
d  Model 3 is additionally adjusted for HbA1c; NB: Model 3 was only performed for the diagnosed versus undiagnosed 
  DM group, as participants without DM have no impaired glucose regulation. 
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Discussion

This cross-sectional study in a population-based sample of 90,686 participants 
revealed that current depressive disorder was more prevalent in participants who 
were aware as well as participants who were unaware of their diabetes, while 
current anxiety disorder was only associated with diabetes when participants were 
aware of their diabetes.

To our knowledge, only two previous studies examined the prevalence of 
anxiety in diagnosed and undiagnosed diabetes.10,14 One study of a Chinese cohort 
found higher odds of GAD in diagnosed and undiagnosed diabetes, although the 
association with undiagnosed diabetes was marginally significant.10 In contrast, 
the other study did not find any increased odds of elevated anxiety symptoms, 
neither for impaired glucose metabolism (IGM), nor for diagnosed diabetes.14 In 
the current study we found that the odds of anxiety disorder were only higher for 
diagnosed diabetes. 

Our results regarding depression are different from a meta-analysis and the 
recent Chinese study, which found that only participants with diagnosed diabetes, 
but not participants with undiagnosed diabetes, had higher odds of depression 
compared to participants without diabetes.5,10 Associations between diabetes 
and depression and anxiety may be different in Asian populations compared 
to western populations.10 In addition, a limitation of the Chinese study is that 
the authors did not directly compare diagnosed versus undiagnosed diabetes. 
However, the meta-analysis found a significantly higher depression prevalence in 
diagnosed diabetes compared to undiagnosed diabetes.5 These previous findings 
may suggest that the awareness of diabetes explains the higher risk of depression 
in participants with diabetes. However, these previous studies did not adjust for 
comorbid anxiety disorders and for important factors indicating diabetes disease 
severity, which could explain a higher depression prevalence in diagnosed versus 
undiagnosed diabetes.6-9 Nevertheless, some of the included studies in the meta-
analysis did adjust for number of chronic diseases or (risk factors of) CHD, 
which in general attenuated the odds ratios in these studies,14-18 indicating that 
adjustment for potential confounders is important. In addition, in our unadjusted 
analysis we only found a trend for a difference in depression prevalence between 
participants with undiagnosed diabetes and no diabetes (table 1), which became 
significant after adjustment for confounders. Furthermore, in the current study, 
participants with diagnosed diabetes had more impaired glucose metabolism, 
more somatic comorbidity, and more anxiety compared to participants with 
undiagnosed diabetes. Moreover, these factors were significantly associated with 
depression. However, also in our analyses without adjustment for disease severity 
indicators and anxiety, there were no significant differences between depression 
odds for diagnosed and undiagnosed diabetes. Possible other explanations for 
the inconsistencies with the meta-analysis may be that most studies included in 
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the meta-analysis used depression questionnaires.5 Questionnaires, more than 
diagnostic interviews, may reflect diabetes distress19 and can pick up somatic 
complaints reflecting the severity of diabetes instead of depression.20 Therefore, 
depression prevalence in diagnosed diabetes may be over-estimated when using a 
questionnaire, which may explain the different findings for studies using either 
questionnaires or diagnostic interviews to measure anxiety and depression. 
More research is required to unravel the inconsistencies in the literature, in 
which analyses should be adjusted for diabetes severity indicators and comorbid 
depression and anxiety. 

Interestingly, despite the fact that anxiety and depression are highly 
comorbid disorders,21 the current results may suggest a different etiology of the 
two disorders in the context of diabetes. Although in this cross-sectional study 
we cannot determine causal mechanisms, we can speculate that a physiological 
process might play a more profound role in increased depression prevalence, while 
a psychological process might be particularly responsible for increased anxiety 
prevalence. How could this be explained? Previous studies proposed several 
physiological mechanisms that might explain why diabetes patients are at increased 
risk for depression. Diabetes and depression are both associated with increased 
inflammatory activity and increased HPA-axis activity, which are thought to link 
diabetes and depression in a bi-directional way.22,23 In addition, insulin deficiency 
has been found to have a direct impact on neurotransmitter metabolism and is 
associated with decreased serotonin production in the brain, which is associated 
with depression.8,24-28 Furthermore, our results show a relation between worse 
glycemic control (as reflected in HbA1c) and depression, an association that has 
been reported before.6-8 We did not find this relation for anxiety. Alternatively, 
it could also be that depression preceded the onset of diabetes and therefore 
prevalence of depression is similar in undiagnosed and diagnosed diabetes. This 
would be in line with a previous meta-analysis showing that depression predicts 
the onset of diabetes.1 Depression is associated with increased sympathetic and 
hypothalamic-pituitary-adrenal axis activity and pro-inflammatory cytokines, 
which can induce insulin resistance and thereby increase the risk of diabetes.22 

Also, depression is associated with poor health behaviors (e.g. smoking, high fat 
diet, and low physical activity) that could increase risk of diabetes.29 Prospective 
studies, addressing biological and behavioral measures relevant to diabetes and 
depression, are needed to examine whether depression predisposes to diabetes 
onset and vice versa. 

Post-hoc tests showed that undiagnosed pre-diabetes was also associated 
with higher odds of depression, compared to no diabetes. Interestingly, odds of 
depression were higher using the more conservative threshold of pre-diabetes 
defined by the WHO (6.1-6.9 mmol/l), than using the more liberal threshold of 
the ADA (5.6-6.9 mmol/l).  This renders support for the speculation that there is 
a physiological etiology for depression in participants with diabetes. In this light, 
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it could be that some symptoms of depression are a direct result of physiological 
mechanisms associated with diabetes. Worse glycemic control is associated with 
symptoms such as fatigue, sleeping problems, and concentration problems.6,30 In 
addition, eating disorders are common among participants with diabetes, and 
insulin treatment can be associated with weight gain.31 

The question arises why awareness of a diabetes diagnosis might be more of 
influence on anxiety than depression. The need for monitoring ones blood glucose 
and increased risk for future medical complications or related diseases may induce 
anxiety in participants with diabetes.32 In addition, the treatment of diabetes may 
increase anxiety.33-35 An alternative explanation could be help seeking behavior. 
Participants with anxiety might go to the general practitioner at an earlier stage in 
which case they are more likely to be classified as diagnosed diabetes. Because this 
was a cross-sectional study, this could not be investigated. Finally, it cannot be 
excluded that unmeasured confounding, due to factors associated with diabetes 
and depressive, but not anxiety disorders, explains the increased depression 
prevalence in undiagnosed diabetes. However, given the overlap between anxiety 
and depression, it is difficult to think of a non-physiological risk factor shared 
between diabetes and depressive disorders specifically.

A strength of this study is that, to our knowledge, this is the first study 
comparing the prevalence of both the major anxiety and depressive disorders 
in diagnosed and undiagnosed diabetes. In addition, we adjusted analyses for 
underlying  diabetes severity indicators, including HbA1c and diabetes-related 
somatic comorbidity, and for comorbid anxiety and depressive disorders. Another 
strength of this study is that it was performed in a large sample including 90,686 
participants, who were all assessed for current depressive and anxiety disorders 
using a diagnostic interview. 

It is important to note that the LifeLines study is not a representative 
sample of the general population. The percentages for depressive and anxiety 
disorders36 and those for diagnosed and undiagnosed diabetes37 are slightly lower in 
LifeLines than previously reported. The lower percentages for psychopathology36 

might also be explained by the fact that we used current diagnoses (past 2 weeks) 
of psychopathology, while earlier reports used past year diagnoses. We should 
acknowledge that using a current diagnosis of MDD, with no information on 
history of MDD, increased the chance of including false positive as well as false 
negative cases of MDD in the analyses. Nevertheless, it is not likely that these 
differences will importantly influence the reported associations of diabetes with 
depression and anxiety. Furthermore, as poor glycemic control can produce 
symptoms that overlap with depressive symptoms, such as sleep disruption, 
fatigue and concentration difficulties, we could have identified persons as having 
MDD when in fact their symptoms are a result of their (un)diagnosed diabetes.  
Another limitation is that FBG was measured only once, while according to the 
WHO guidelines, in asymptomatic patients this must be confirmed by at least one 
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further measure on a subsequent day. Consequently, in the current study some 
participants with undiagnosed diabetes might have been incorrectly classified as 
such, as result of a chance finding. This could have led to an underestimation of 
the odds of psychopathology for undiagnosed diabetes. 

Furthermore, there was no information available for microvascular 
complications of diabetes, such as retinopathy, neuropathy, and impotence. 
Therefore, only macro-vascular comorbidities (stroke, CHD and renal disease) 
could be taken into account in order to adjust for markers of disease severity in 
the analyses, thus ignoring effects of potentially disabling diabetes complications. 
As participants with undiagnosed diabetes were over 18 years, we assumed - in the 
sensitivity analysis - that the participants with undiagnosed diabetes suffered from 
type 2 diabetes. However, we could not preclude that some of these participants 
had type 1 diabetes, which is an additional limitation of this study. Finally, as 
our study was based on cross-sectional data, causality could not be determined. 
However, a cross-sectional design is appropriate in order to examine the current 
research question whether awareness of the diagnosis is associated with the 
presence of psychopathology. 

Thus, although we are aware that we cannot determine causality with this 
cross-sectional design, our results suggest that physiological factors increase 
the risk for depressive disorders, while the psychological impact of diabetes 
increases risk for anxiety disorders. This potential difference may have important 
treatment and research implications. Adherence to diet advices and medication 
is not only important for the physical health of depressed diabetes patients, 
but could potentially also improve their mental health. It is advisable to treat 
physiological and psychological factors simultaneously. A randomized controlled 
trial in patients with diabetes and depression showed that an intervention that 
addressed both medical risk factors and depressive symptoms, improved control 
of medical disease and reduced depressive symptoms.35 

For anxiety, it might be more important to pay attention to the patient’s 
coping with the diabetes diagnosis. Unfortunately, effective treatment programs 
are largely lacking. A review that evaluated effectiveness of some interventions 
for anxiety in diabetes patients revealed that only 2 out of 7 interventions studies 
found a positive effect.38 One of these interventions was a psychological stress 
management intervention and the other was an education program.  However, 
anxiety in the context of medical comorbidities has not been studied a lot.39 
Therefore, further research is needed to assess whether an intervention focused 
on a patient’s coping with the diabetes diagnosis will improve anxiety symptoms 
in the context of diabetes. Also, because of inconsistent results in the literature, 
this study should be replicated in other cohorts. Finally, the question arises 
whether differences in odds of depression and anxiety are also present when 
comparing other diagnosed and undiagnosed chronic medical conditions. This 
would be interesting to examine in future research.
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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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Introduction 

The incidence of hypertension is increased in depressed patients compared to 
the general population.1 Moreover, both hypertension and depression increase 
the risk of incident cardiovascular disease (CVD) and accelerate the progression 
of CVD.2,3 Multiple biological factors have been proposed to play a role in 
the association between depression and vascular related diseases,4 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 a 
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),5-8 which have 
been implicated in processing of emotional information.9 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.10-12 

Like depression, hypertension is also an established risk factor for brain 
abnormalities such as WM lesions and decreased GM volumes in prefrontal-
limbic areas.13-18 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.15 
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 
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.13-17,19,20 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.21-25 

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 
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blood pressure, CVD, and depression, and could also potentially impact brain 
volumes.26-29 Furthermore, it has been suggested that depression in the absence 
and presence of cardiovascular and metabolic conditions has distinctive subtypes, 
in terms of genetic predisposition,30 time of onset,31 and symptomatology.32 
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.31,33,34

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,2 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 characterized by distinctive brain morphology. Therefore, the 
effects of hypertension and MDD may not be independent, but rather interactive. 

Methods 

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.35 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: the 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 drug dependency or 
abuse) (control group). 

The 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 2 x 10 mg 
oxazepam; 3 times a week, or use within 48 h 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 
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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 specifically examined hypertension. In addition, data 
from 10 participants was excluded because of poor image quality. Therefore the 
final sample consisted of 285 participants. 

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). The 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 min) for blood pressure exceeded a systolic value of 
140 mm Hg, or 3) when blood pressure exceeded a diastolic value of 90 mm 
Hg, which are commonly used thresholds for hypertension.36 For interpretation 
purposes, we used hypertension as a 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).

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),37 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.
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Other variables
Information about baseline characteristics was obtained from interviews, clinical 
measurements, and questionnaires. Age, sex, years of education, presence of type 
2 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),38,39 described 
in detail previously.40 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.41 

 
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 ms; echo time = 3.5 ms; matrix: 256 x 256; voxel size: 1 x 1 x 
1 mm; scan duration = 4.5 min.

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 
Through Exponentiated Lie 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.42 

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 
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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.

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.43 In this study a 2x2 ANOVA analysis was performed to test for 
the main and interaction effects of hypertension and MDD. Scan location, age, 
sex, and the 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 inhibitor (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,5-8 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,13,18,20 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 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<.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 volumes (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 a covariate. 
SPSS was also used to analyze the demographic and clinical data, using ANOVA 
and Chi-square with alpha set at p <.05. 
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Table 1: Baseline characteristics

HT-MDD-
N=92

HT-MDD+
N=111

HT+MDD-
N=41

HT+MDD+
N=41

p

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 location (%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

SSRI/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 hypertension (%) - - 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); IDS = inventory of depressive symptomatology. P-values are based on F-test and chi square.

Results 

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 1). 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, depressive 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 depressive participants without hypertension. 
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Hypertensive participants with comorbid depression had a lower average systolic 
blood pressure compared to hypertensive participants without depression.

 
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=.01). In addition, there was an interaction effect in this region (p=.02) 
(Table 2a and Figure 1).  In order to be able to interpret the effect of MDD in 

Table 2a: SPSS ANOVA results of total ROI volumes for GM; Regions of interest tested: bilateral anterior 
cingulate cortex, inferior frontal gyrus, and hippocampus.

Anterior Cingulate cortex F p

HT- = HT+ 0.008 .93

MDD-  > MDD+ 6.3 .01

HT*MDD 5.5 .02

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)

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 
peak

p 
FWE-cluster 
correctedComparison region k x y z F-peak Z-peak

Whole brain

HT * MDD MCC 2247 9 -31 45 25.1 4.75 .01

HT * MDD Cerebellum 2138 -28 -69 -50 13.6 3.37 .01

Small volume corrected

MDD- > MDD+

MDD- > MDD+

IFG 56
31

-52
54

27
17

30
0

12.07
9.44

3.24
2.83

.74

.81

MDD- > MDD+

HT * MDD
ACC 241

467
-2
-3

38
36

10
10

11.07
13.58

3.09
3.45

.37

.16

HT * MDD Hippocampus 13 -14 -4 -21 9.29 2.80 .87

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 (defined by 
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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Figure 2: Whole brain interaction effects of hypertension and MDD in A. the posterior mid cingulate 
cortex (MCC) and B. the cerebellum. Images are presented in neurological convention. Color intensities 
reflect F-values.

Figure 1: Location ROI anterior cingulate cortex and total GM volumes per group (in ml). Post hoc 
stratification analyses on hypertension showed that only MDD with hypertension appeared to be significantly 
associated with reduced GM volume in the ACC (F=7.1; p=.01), but not MDD without hypertension (p=.83). 
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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=.01), but not MDD without hypertension (p=.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.

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. There was 
a marginal interaction effect in the ACC (Table 2b), in which a similar pattern 
was observed as for the ACC in the ROI based analyses (figures not shown). 
To a lesser extent, this was also the case for the hippocampus (Table 2b). 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). 

Furthermore, whole-brain voxel-based analyses (table 2B) revealed significant 
interaction effects in the posterior mid-cingulate cortex (MCC) (k=2247; F=25.1; 
p

FWE
=.01) and in the cerebellum (k=2138; F=13.6; p

FWE
=.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 (p

FWE
=.003; k=3526; T=4.55); there was no effect of depression in the 

Figure 3: Pairwise comparison of voxel-based GM volumes in the posterior mid cingulate cortex (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.
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absence hypertension (p
FWE

=.93), neither a subthreshold effect (cluster level p
uncorr 

>.05). Furthermore, Figure 3A shows that the comorbid group was associated 
with the lowest MCC volume of all groups.

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 p

uncorr
=.05; k=727; T=3.01), and MDD in the absence of 

hypertension was associated with subthreshold decreased GM volume (cluster 
level p

uncorr
=.01; k=1202; T=3.44). Whole-brain voxel-based analyses did not reveal 

significant main effects for hypertension, nor for MDD. 
Furthermore, participants with hypertension were on average 6 years 

older compared to 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).

 
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 the 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. 

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 
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have previously been associated with hypertension and depression in studies 
examining these conditions separately.5-8,13-18 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.21-24 Stressor-evoked 
blood pressure reactivity has been associated with lower gray matter volume and 
increased activation in the ACC.25 The ACC is part of the central autonomic 
network (CAN), in which the sympathetic output is under tonic inhibitory 
control.3 Disruption of this inhibitory pathway may result in increased heart rate 
and decreased HRV, as well as hypertension.3 

According to the allostatic load theory,44 prolonged periods of psychosocial 
stress (often occurring in depression) can lead to chronic frontal hypoactivity and 
sympathetic disinhibition, increasing the risk for cardiovascular diseases. In line 
with this, prolonged stress has been associated with damage to brain structures 
including the ACC.26-29 Besides the cardiovascular system, the ACC is also part of 
the emotional and stress networks.45,46 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.22,23 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.19 Multimodal neuroimaging, examining structure and function 
concurrently, may give more insight into 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 identified brain volumetric 
differences are predisposed to 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.47 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.  

Integrating findings with existing theories on depression subtypes
In line with existing theories,30-32 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 



CHAPTER 3

52

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.48 
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.49 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 to develop regional brain abnormalities than persons with 
either one condition. This might explain why in this young subclinical sample 
associations were 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.31,33 Thus, the current findings 
are in line with several theories, which do not have to be mutually exclusive.

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 mm Hg and/or diastolic blood pressure >120 mm Hg 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.13 Nevertheless, in another large study of young individuals 
(mean age=39), high blood pressure was correlated with lower GM volumes in 
the temporal lobe.16 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, 
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ACC and IFG as ROIs. 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.48 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 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.10-12 One volumetric MRI study found that blood pressure did not 
correlate with regional WM volumes.14 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.50

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 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. 

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. Moreover, further research should be 
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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

Objective: Chronic kidney disease (CKD) is associated with structural brain 
damage and with a high prevalence of depression. We therefore investigated 
structural brain alterations in both gray and white matter in CKD patients, 
focusing on depression-related (frontal-subcortical) regions. 
Methods: This cross-sectional MRI study in 24 CKD patients and 24 age- and 
sex-matched controls first tested whether CKD was associated with regionally 
lower gray matter (GM) volumes and more severe white matter lesions (WMLs). 
In exploratory sub-analyses it was examined whether differences were more 
pronounced in CKD patients with depressive symptoms.
Results: CKD patients showed lower global GM volume (p=0.04) and more 
severe WMLs (p=0.04) compared to controls. In addition, we found substantial 
clusters of lower GM in the bilateral orbitofrontal-cortex for CKD patients, 
which were however non-significant after proper multiple-comparison-correction. 
In exploratory analyses for depressed CKD patients, reduced GM-clusters 
were mainly detected within the frontal lobe. WML severity was unrelated to 
depression. 
Conclusions: CKD was characterized by differences in brain structure. Although 
subthreshold, lower GM volumes were observed in depression-related brain areas, 
and were more pronounced for depressed patients. There is a need for replication 
in larger and longitudinal studies, as our data suggests WMLs and regional GM 
reductions may render CKD patients more susceptible for depression. 
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Introduction 

Depression is common in patients with chronic kidney disease (CKD). More 
than a quarter of patients with CKD have elevated depressive symptoms, which is 
as much as 40% in the most advanced stage of CKD (stage 5).1 CKD is associated 
with a high burden of somatic symptoms, disability, and reduced quality of life,2,3 

predisposing patients to depression.4 
CKD is also an established risk factor for cerebrovascular disease and 

subclinical brain changes visualized on MRI, such as white matter lesions 
(WMLs), reduced white matter integrity, gray matter (GM) atrophy, and hypo-
perfusion.5-7  These abnormalities can be caused by toxic processes and ischemia 
resulting from a range of underlying processes associated with CKD, such as 
chronic hypertension, uremia, inflammation, and vascular calcification.8-10 

Furthermore, hemodialysis (HD) treatment can alter tissue hydration and/or 
perfusion, which could have additional damaging effects on the brain.10,11 Brain 
alterations associated with CKD may be partly responsible for the high prevalence 
of depression in patients with CKD.6,7,12,13 

The vascular depression hypothesis proposes that disruption of frontal-
subcortical networks, due to cerebrovascular disease, may lead to depressive 
symptoms.14,15 A late age at onset of depression, the presence of cardiovascular 
risk factors, and cerebrovascular abnormalities are proposed characteristics of this 
vascular depression subtype. Some recent meta-analyses including longitudinal 
and cross-sectional studies in the elderly and in patients with a recent stroke 
showed that the presence of WMLs was associated with depressive symptoms.16,17 
In addition, reduced gray matter volumes within the frontal and limbic areas are 
suggested to play a role in the pathophysiology of depression later in life.18

Although both depression and structural brain alterations are common 
in patients with CKD, very few studies have evaluated whether brain changes 
in patients with CKD are related to depressive symptoms. Nevertheless, some 
studies that focused on perfusion in patients with CKD stage 4 and 5 (no 
dialysis), observed perfusion changes in depression-related brain areas (e.g. the 
orbitofrontal cortex (OFC)), which were associated with depressive symptoms.19 
To our knowledge, no studies so far focused on the relation between brain 
structure and depression in the context of CKD. Volumetric neuroimaging studies 
in CKD patients most consistently reported lower GM volumes in structures 
within the frontal and temporal lobes, such as in the hippocampus, OFC, and 
the cingulate cortex.5,12,20,21 Interestingly, these regions have also been found to 
be reduced in depressed patients.18 Abnormalities in these regions may therefore 
play a role in the association between CKD and depression. Of note, CKD has 
been associated with diffusely reduced GM volumes, including regions that have 
not specifically been associated with depression as well.12 As much as 30-70% 
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of CKD patients are reported to have WMLs.22-24 Some studies suggested that 
lesion severity (number and size) and lesion localization (frontal-subcortical) are 
of importance in the association between WMLs and depression in late life.25-27 

To date, none of the existing studies that reported on the presence and severity of 
WMLs in CKD patients examined the localization of WMLs.22-24,28,29

The aim of the present study was to compare GM volumes and the presence 
and severity of WMLs in patients with CKD to persons without CKD. We 
specifically examined whether depression related areas (i.e. frontal-subcortical) 
were affected. We hypothesize that differences will be more pronounced in patients 
with depressive symptoms; this was examined in exploratory sub-analyses.  

Methods 

Participants
MRI data of 24 patients with CKD stages 4 and 5 (mean age 59 years; 21% 
female), and 24 age- and sex-matched control participants (mean age 57 years; 
29% female) were derived from the Depression In the Picture (DIP) study. 
CKD patients were recruited at the University Medical Center Groningen, 
Martini Hospital Groningen and Dialysis Center Groningen. Healthy control 
participants were recruited by means of advertisements at public places and in 
local newspapers.

Participants of the DIP study had to be older than 18 years. CKD patients 
had to be in stage 4 or 5 (GFR<30 mL/min/1.73 m2); either pre-dialysis or 
receiving hemodialysis or peritoneal dialysis (stage 5D). General exclusion 
criteria were MRI incompatibility, cerebrovascular accidents (CVA), and past or 
current psychiatric diagnoses other than depressive and anxiety disorders, as these 
potentially confound results. Specific exclusion criteria for the control group 
were: a diagnosis of CKD or cardiovascular disease (myocardial infarction, heart 
failure, CVA, serious stenosis of a major vessel); BDI score ≥10; past or current 
diagnosis of depressive or anxiety disorder. Furthermore, depressed CKD patients 
with concrete suicidal plans and currently non-depressed CKD patients with a 
history of depressive or anxiety disorders were excluded. The study protocol was 
approved by the local Medical Ethics Committee and all participants gave written 
informed consent before entering the study.

Measurements
All participants were screened for depressive symptoms using the Beck 
depression inventory-II (BDI-II).30 When CKD patients had at least mild 
symptoms of depression (BDI>13) at screening, they were considered to have 
elevated depressive symptoms (N=10).31 The reason for setting different BDI 
thresholds for CKD and healthy controls, is that CKD patients generally have 
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higher BDI scores due to somatic symptoms. Excluding patients with a BDI≥10 
may therefore result in a selection bias towards relatively healthy patients in the 
non-depressed group. In addition, psychiatric diagnoses were established using 
the semi-structured psychiatric interview Mini-Schedules for Clinical Assessment 
in Neuropsychiatry (Mini-SCAN) according to the Diagnostic and Statistical 
Manual of mental disorders, fourth edition (DSM-IV) criteria,32 administered by 
trained interviewers. Demographic variables and the presence of hypertension 
and diabetes were assessed by a self-report inventory. For CKD patients, presence 
of hypertension and diabetes, and laboratory values were also obtained from 
medical records. 

Data acquisition
Participants underwent a MRI scan in a 3-Tesla MRI scanner, with a SENSE 
32-channel head coil (Philips Intera, Best, NL). A three-dimensional gradient-
echo T1-weighted sequence was used to acquire anatomical images (170 slices; 
TR=9 ms; TE=3.6 ms; matrix=256x231; voxel size=1x1x1 mm; scan duration=4:11 
min). In addition, T2-weighted FLAIR scans were used (180 slices; TR=8000 ms; 
TE=355 ms; matrix=256x255; voxel size=1x1x1 mm; scan duration=4:56 min).

Data preprocessing Voxel Based Morphometry (VBM) analyses
Statistical Parametric Mapping software (SPM12), implemented in Matlab 7.8.0, 
was used to preprocess and analyze the MRI data.  First, the images were manually 
reoriented to the anterior commissure. Then, the standard segmentation option 
in SPM 12, with the ‘light clean-up’ setting was used to segment the images 
into GM, white matter (WM), cerebrospinal fluid, skull, and soft tissue outside 
the brain. Diffeomorphic Anatomical Registration Trough Exponentiated Lie 
algebra (DARTEL) was used for normalization and modulation of the images. 
All individual deformation fields were registered to a DARTEL template, created 
based on the deformation fields produced during the segmentation procedure. 
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. Voxels were resampled 
into 1.5x1.5x1.5 mm.

White matter lesions rating scale
Periventricular and subcortical WMLs were counted if visible as hyperintense 
on T2-weighted images, and isointense on T1-weighted images. We used the 
same scoring method as de Groot et al. used previously.33 When the WML was 
adjacent to the lateral ventricle it was considered as periventricular, otherwise 
as subcortical. Periventricular WMLs (pvWML) were scored for three separate 
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regions: adjacent to the frontal horns (frontal caps); lateral walls (bands); and 
occipital horns (occipital caps). The severity for each region was determined 
based on a scale ranging from 0 to 3 (0=none; 1=pencil thin; 2=moderate; 3=large 
confluent), with a total periventricular score ranging from 0-9. The number of 
subcortical WMLs (scWML) was rated for the frontal, temporal, parietal, and 
occipital lobe, and the insula and cerebellum. Distinction between lobes was 
according to anatomical landmarks, using http://headneckbrainspine.com. The 
size of the scWMLs were based on their largest diameter and were counted for four 
categories: small (<3mm), medium (3-10mm), large (>10mm), and confluent. A 
total scWML volume (in ml) was approximated by considering scWMLs spherical 
with a fixed diameter of 2 (small), 6 (medium), or 12mm (large) and adding 
these volumes.  The WMLs were scored by a neuro-radiologist (HL). A consensus 
reading took place by experienced neuro-radiologist (JCG); no discrepancies were 
found. 

Statistical analyses
With SPSS 20.0, demographic and clinical data were analyzed, using chi-square 
tests and ANOVA. For the gray matter volume analyses, Voxel Based Morphometry 
(VBM) analyses were masked using a study specific explicit mask to optimize 
sensitivity and to exclusively select true positive GM voxels for analysis, created 
with the Masking toolbox of Ridgeway et al.34 We compared total GM volumes 
between participants with CKD and controls, and subsequently between 
depressed and non-depressed CKD patients, using ANOVA with a significance 
level of p<.05. We calculated the relative difference of total GM volume between 
CKD and controls by considering the total GM volume of controls 100%. 

Next, two 2x1 ANOVA analyses were performed in SPM12 to compare 
GM volumes between 1) CKD patients and age- and sex-matched controls, and 
2) in a subsequent exploratory analysis, depressed (BDI>13) and non-depressed 
patients with CKD (age- and sex-matched).  For the whole sample, we first tested 
for effects occurring in a-priori regions of interest that were chosen based on 
analogue regions found in previous meta-analyses on volumetric differences 
in (late-life) depression,18 and in neuroimaging of CKD.5,12,20,21,35 These ROIs 
included the anterior cingulate cortex (ACC), the orbitofrontal cortex (OFC), 
and the hippocampus. A composite mask was created using the WFU pickatlas 
(http://fmri.wfubmc.edu), based on the automated anatomical labeling (AAL) 
system. All analyses were performed with a one-sided t-test, as we expected to find 
lower GM volumes for CKD patients.20,36 In addition a whole-brain analysis was 
performed for the whole sample and for depressed versus non-depressed CKD 
patients (exploratory analyses). Results of the CKD vs. HC comparison were 
considered significant after family-wise-error (FWE) cluster-correction (p<.05), 
with the initial voxel threshold at p<.005 and a spatial cluster extent threshold of 
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k>50. For effects occurring in our a priori specified ROIs, the area for multiple 
comparisons control was restricted to the spatial extent of the composite mask. 
The exploratory analysis was undertaken at the uncorrected threshold of p<.005 
and k>50, as this was an underpowered and exploratory analysis. Non-stationarity 
correction was applied to correct for non-uniformity in image smoothness 
(http://fmri.wfubmc.edu/cms/software#NS) in all VBM analyses. Furthermore, 
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. 

For all WML analyses, we used SPSS. First, we compared the pvWML total 
scores between CKD patients and controls, using ANOVA. In addition, we 
compared the presence of scWMLs between CKD patients and controls, using 
Chi-square. As the presence of only one or two scWMLs is easily confused with 
blood vessels on a T2-weighted scan, scWMLs were considered present if the total 
count was at least 3 small scWMLs. Furthermore, we analyzed whether the total 
lesion load differed between CKD patients and controls using the non-parametric 
Mann-Whitney U test, as lesion load was not normally distributed. Because 
localization of WMLs in the frontal lobe may be specifically associated with 
depressive symptoms, we additionally tested whether CKD was associated with a 
higher (periventricular and subcortical) lesion load in the frontal lobe compared 
to controls. All analyses were repeated for depressed versus non-depressed CKD 
patients, in order to explore whether alterations were more pronounced for 
depressed patients. All analyses were performed using a threshold of p<.05. 

Results 

Baseline characteristics
The total sample consisted of 48 participants (mean age: 58; SD:13): 24 CKD 
patients and 24 age- and sex-matched controls. Causes of CKD were diverse: 
hypertension (N=2), diabetes (N=4), vascular disease (N=2), polycystic kidney 
disease (N=4), tubulo-interstitial nephritis (N=2), other or unknown (N=10). 
Eleven CKD patients received hemodialysis treatment (mean vintage: 23 months) 
and 1 patient peritoneal dialysis (vintage: 2 months) (for details of hemodialysis 
settings see Supplementary table 1). Mean creatinine was 814 µmol/l for 
patients with stage 5D and 391 µmol/l for patients with CKD stage 4 and 5. 
Mean estimated Glomerular Filtration Rate (eGFR) was 16 mL/min/1.73m² for 
patients with CKD stage 4 and 5. Patients with CKD had a significantly lower 
education level, were more often past or current smokers, and had more often 
diabetes and hypertension compared with control participants (Table 1). Ten 
CKD patients with current elevated depressive symptoms were included, of which 
7 met the DSM-IV criteria for depression and 2 used anti-depressive medication. 
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Table 1: Baseline characteristics

Controls

(N=24)

CKD (all)

(N=24)

            CKD

DEP-  

(N=12)a

DEP+  

(N=10)

Age (SD) 57 (12) 59 (14) 56.4 (10) 56.9 (13)

Female 7 (29%) 5 (21%) 3 (25%) 2 (20%)

Right-handed 24 (100%) 24 (100%) 12(100%) 10 (100%)

Education level:                

  Low 2 (8%) 11 (46%)* 3 (25%) 6 (60%)

  Middle 10 (42%) 7 (29%) 5 (42%) 2 (20%)

  High 12 (50%) 6 (25%) 4 (33%) 2 (20%)

Smoking status:              

  Never 12 (50%) 3 (13%)** 1 (9%) 2 (20%)

  current 1 (4%) 7 (29%) 6 (50%) 1 (10%)

  Past 11 (46%) 14 (61%) 5 (45.5%) 7 (70%)

Hypertension 3 (13%) 20(83%)*** 10 (83%) 9 (90%)

Diabetes 0 (0%) 7 (29%)** 4 (33%) 3 (30%)

BDI (SD) 1.5 (2) 11.7 (14)** 2.5 (2.4) 23.7 (14.6)

Dialysis treatment - 12 (50%) 6 (50%) 4 (40%)

SD = standard deviation; CKD = chronic kidney disease; DEP- = no elevated depressive symptoms; DEP+ = elevated 
depressive symptoms; BDI = Beck Depression Inventory; eGFR = estimated Glomular Filtration Rate
a Two participants aged >80 were excluded from the analyses because they were not age matched to the comparison 
group. * p<.05; ** p<.01 ***p<.001

Figure 1: Boxplots of total gray matter (GM) volume for controls and CKD patients (in ml). 
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Table 1 also shows baseline characteristics separately for CKD patients with and 
without elevated depressive symptoms. There were no significant demographic 
and clinical differences between these groups.

Total gray matter volumes
Participants with CKD had a significant 8% lower total GM volume (in ml) 
compared to controls: 610 (SD=90); 660 (SD=80); p=.04) (figure 1). Depressed 
and non-depressed participants with CKD did not differ with respect to their 
total GM volumes (GM volumes: 610 (SD=0.07); 630 (SD=0.10); p=0.63. 
respectively). 

VBM: CKD versus controls
In the ROI analyses, four clusters located in the bilateral OFC were observed at 
the initial voxel threshold at p<.005 and the spatial cluster extent threshold of 
k>50 (k=384; k=355; k=141; k=114), but these did not survive small volume (SV) 
correction (Table 2). There were no clusters in the hippocampus and the ACC. 
Whole-brain VBM analyses did not reveal significant FWE-corrected clusters of 
reduced GM volume for CKD. However, 12 clusters were observed at the initial 
uncorrected voxel threshold, most of these were located in the bilateral precuneus 
and bilateral OFC (supplementary table 1; figure 2A).

Table 2: Results for patients with CKD versus controls: SV-corrected (p<.05) and uncorrected ROI analyses, 
with an initial threshold of p<.005 and k>50.

p

SV-cluster 

corrected

MNI-coordinate p

peak 

uncorrectedRegion k x y z T Z

Orbitofrontal cortex 384 .31 39 60 -12 3.37 3.17 .001

355 .34 -14 62 -17 3.55 3.32 <.001

141 .59 39 34 -18 3.30 3.11 .001

114 .63 20 64 -17 3.75 3.49 <.001

ROI = region of interest; GM = gray matter; k = cluster size (based on voxels of 1.5 x 1.5 x 1.5mm); MNI-coordinate 
= coordinates of the voxel showing peak significance in mean Montreal Neurological Institute (MNI)-space; SV = 
small volume. Bilateral ROIs included in the analyses: orbitofrontal cortex, hippocampus, and anterior cingulate cortex 
based on the corresponding Automated Anatomical Labeling (AAL) Labels.
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Figure 2: A. Bilateral clusters in the OFC for CKD compared to controls (N=48; MNI coordinates: -14 62 
-18). B. Cluster in the left IFG for depressed versus non depressed CKD patients  (N=24; MNI coordinates: 
48 11 3). Images are presented in neurological convention.

Figure 3: Boxplots of lesion load for controls and CKD patients. Circles depict mild outliers and asterisks 
depict extreme outliers (whiskers and boxes represent the four quartiles without outliers).
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VBM exploratory analysis: depressed versus non-depressed CKD patients
In the whole-brain VBM analyses examining depression in CKD patients (Table 
3), five clusters were observed at the initial threshold (p<.005, k>50). The largest 
cluster (k=429) was located in the right inferior frontal gyrus (Figure 2B). Two 
smaller clusters were located in the bilateral OFC (k=92 and k=55). Furthermore, 
one cluster was located in the inferior temporal gyrus (k=61) and one in the 
precuneus (k=110). The cluster overlay function of MRIcron showed that clusters 
found for depressed versus non-depressed CKD patients did not spatially overlap 
with the clusters found for CKD versus controls.

WMLs: CKD versus controls
CKD patients had more severe pvWMLs than controls (mean: 3.6 [SD:1.9] 
versus 2.6 [SD:1.3], respectively; F=4.4; p=.04), as shown in Table 4. This was 
also significant for pvWMLs of the frontal caps (mean: 1.38 [SD:0.71] versus 
0.96 [SD:0.69], respectively; F=4.2; p<.05). The presence of scWMLs did not 
differ between CKD patients and controls (79% versus 63%; p=.20). However, 
CKD patients had a higher lesion load than controls (mean rank 29 versus 20, 
respectively; U=183; Z=-2.18; p=.03) (Figure 3). Of note, the boxplot of Figure 3 
shows four outliers in the control group, which represent relatively old hypertensive 
participants. In addition, the two outliers of the CKD group represent relatively 
old hypertensive patients on hemodialysis. Furthermore, lesion load in the 
frontal lobe tended to be higher for patients with CKD compared with controls 
(mean rank 28 versus 21, respectively; U=195; Z=-1.92; p=.05). 

WMLs exploratory analyses: depressed versus non-depressed CKD patients
As shown in table 4, the presence and severity of periventricular and subcortical 
WMLs was unrelated to the presence of depression. 

Table 3: Results for depressed (N=10) versus non-depressed (N=12) CKD patients: uncorrected whole 
brain analyses, at  p<.005, uncorrected; k>50.

MNI-coordinate p peak
uncorrectedRegion k x y z T Z

Inferior frontal gyrus 429 48 21 3 4.09 3.45 <.001

Orbitofrontal cortex 92 30 50 -3 4.07 3.43 <.001

55 -44 36 -5 3.73 3.21 .001

Precuneus 110 10 -73 22 3.74 3.22 .001

Inferior temporal gyrus 61 56 -21 -35 3.61 3.13 .001

k = cluster size (based on voxels of 1.5 x 1.5 x 1.5mm); MNI-coordinate = coordinates of the voxel showing peak 
significance in mean MNI-space (defined by Montreal Neurological Institute). 
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Discussion

This structural neuroimaging study found significantly reduced global GM volume 
and more severe WMLs in CKD patients compared to age- and sex-matched 
controls. Moreover, lower regional GM was observed in frontal areas previously 
associated with CKD, and important for emotion regulation: Robust bilateral 
clusters were found in the OFC for CKD patients, though effects did not survive 
proper correction for multiple comparisons. Furthermore, CKD patients had 
a marginally higher WM lesion load in the frontal lobe compared to controls. 
In subsequent exploratory analyses comparing depressed versus non-depressed 
CKD patients, reduced GM clusters were indeed detected in depression-related 
structures within the frontal lobe. Therefore, the results suggest that frontal lobe 
pathology in CKD might mediate the increased risk for depressive pathology. 
Results indicate the need for studies with larger sample sizes in order to objectify 
the potential role of regional atrophy and WMLs in the relation between CKD 
and depression. 

VBM findings
In line with a previous VBM study comparing dialysis patients with controls,12 we 
observed that CKD patients had 8% lower total GM volume compared to age- and 
sex-matched controls. Although all VBM findings were only observed in FWE-
uncorrected analyses, we observed relatively large clusters of reduced GM in the 
bilateral OFC and precuneus for CKD patients compared to controls. Studies of 
comparable sample sizes reported volumetric reductions of comparable or even 
smaller magnitude by using less stringent thresholds.20,37,38 Previous studies in 
CKD patients showed reduced GM clusters in both the precuneus and OFC.12,20 
However, the precuneus was not included in our ROI analyses and has not 

Table 4: WML results for CKD patients vs. controls and depressed vs. non-depressed CKD patients 

Controls CKD p CKD: DEP- CKD: DEP+ p

pvWMLs severity (M) 2.6 3.6 .04 3.3 3.5 .73

pvWMLs severity: frontal caps (M) .96 1.4 <.05 1.2 1.4 .40

Presence of >2 scWMLs (%) 63% 79% .20 47% 53% .78

scWML severity (M rank) 20 29 .03 11.5 11.5 1.0

scWML severity: frontal lobe (M rank) 21 28 .05 12 11 .60

CKD = chronic kidney disease; DEP+ = depressed; DEP- = non-depressed; pvWML = periventricular white matter 
lesion; scWML = subcortical white matter lesion; M = mean.
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consistently been associated with depression.39 In contrast, reduced GM volume 
in the OFC has been consistently found in patients with late-life depression.18 

The exploratory VBM analyses showed reduced GM clusters mainly located 
in frontal brain areas for depressed compared to non-depressed CKD patients. 
This is in line with the vascular depression hypothesis, which proposes that 
abnormalities would occur specifically in frontal brain regions.14,15 We found 
reduced GM in the OFC, which is thought to be an important part of networks 
involved in emotional and cognitive processing.40 It is proposed to play a role 
in decision making and experiencing pleasure and reward, with especially the 
last function likely to be impaired in depression.41 Thus, the observed trends for 
the bilateral OFC are in line with our initial hypothesis regarding this region 
as a potential link in CKD and depression. In addition, these observations are 
in consonance with findings from a previous PET study that found that higher 
scores on the Hamilton Depression Rating Scale (HDRS) were associated with 
decreased cerebral glucose metabolism of the OFC in pre-dialysis CKD patients35 

Furthermore, GM reductions in the OFC were observed for depressed cardiac 
patients compared to depressed patients without cardiac disease.42 Perhaps, GM 
abnormalities in the OFC is particularly associated with depression in the context 
of vascular disease. 

The largest and therefore the most compelling cluster of the exploratory 
analyses was located in the right inferior frontal gyrus (IFG). Previous neuroimaging 
studies in depression showed GM reductions and abnormal functional activation 
in the IFG for depressed patients.43,44 The right IFG is found to be particularly 
involved in inhibitory processes.45 Although we cannot draw definite conclusions 
from the exploratory analyses, the observed trends are in line with the suggestion 
that CKD patients with reduced GM in frontal areas might be more vulnerable for 
depressive symptoms. This would be interesting to replicate in a larger sample.

WML findings
CKD patients had a higher severity of both periventricular and subcortical WMLs 
than controls, which is consistent with previous studies in CKD patients.22-24,28,29 
The presence of WMLs was not significantly different between patients and 
controls (79% vs. 63% respectively). This is probably due to the age of the current 
sample.46 We also tested whether periventricular and subcortical WML severity 
was larger in the frontal lobe for CKD patients compared to controls, as this 
potentially poses a vulnerability for the onset of depressive symptoms.14,25-27 CKD 
patients had a (borderline) significant larger frontal lesion load compared to 
controls.  

In the subsequent explorations, depressed CKD patients did not differ 
from non-depressed patients with respect to the presence/absence and severity 
of WMLs. One explanation may be that WMLs arising in different anatomic 
locations may relate differently to depression.25-27 In the current study we were 
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unable to examine WMLs with more regional specificity. Instead of quantifying 
WMLs within the frontal lobe, it would be more specific and sensitive to 
investigate tract-based WM pathology.27,47 Diffusion Tensor Imaging (DTI) for 
instance, is a method that can detect more subtle impairments to WM tracts and 
provides the opportunity to study white matter with more regional specificity.48 

Strengths, limitations, and implications for future research
The strength of this exploratory study is that -to the best of our knowledge- it 
is the first to assess structural brain abnormalities as a potential factor in the 
relation between CKD and depressive symptoms. The main limitation of this 
study is the small sample size, especially for the sub-analyses comparing depressed 
and non-depressed CKD patients. Consequently, power was limited to detect 
only relatively large effect sizes. Future research is therefore needed to confirm 
whether our trends  of regional reduced GM in depression-related areas could 
be replicated in a larger sample. In addition, a larger sample makes it possible to 
adjust for factors which could potentially confound the results (e.g. educational 
level and smoking status). However, it is a challenging task to include a sufficient 
number of CKD patients for MRI research, because of the poor physical 
condition of many patients and the related MRI-contraindications. Alternatively, 
meta-analysis of the few existing studies would be valuable in order to examine 
the relation between CKD and regional brain alterations with sufficient power. 
Further, as this was a cross-sectional study, we could not infer causality. In order 
to examine whether there is a causal pathway from CKD leading to atrophy and 
WMLs leading to depressive symptoms, or whether brain morphology poses a pre-
existing vulnerability, a longitudinal study design is required. Another limitation 
is that patients with most severe CKD and vascular pathology were possibly under-
represented in the sample, due to MRI incompatibilities. In addition, we included 
both pre-dialysis and dialysis patients, which potentially hampers the comparison 
of our results with other studies using more homogeneous patient groups, but 
which increases generalizability across CKD patients. Of note, whether patients 
were on dialysis or not, was not associated with differences in brain structure 
(GM: p=0.33; pvWML: p=0.29; scWML: p=0.77). Finally, total scWML volume 
was approximated based on a visual rating scale instead of a more objective semi-
automated segmentation method to measure WML volume. 

Clinical implications
If brain alterations would play a role in causing depressive symptoms in CKD 
patients, this may have important clinical implications. Because of a different 
depression etiology, patients may be less responsive to traditional depression 
treatments.49 Instead, focusing on the prevention of development and 
progression of brain damage might be more effective in these patients. Clinicians 
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should particularly monitor modifiable cerebrovascular risk factors such as 
smoking, cholesterol levels, and hypertension. Cerebrovascular drugs might 
slow the progression of brain damage.50 In addition, anti-inflammatory drugs 
might be effective to reduce CKD- and dialysis-induced inflammation, thereby 
preventing the progression of cerebrovascular damage and depressive symptoms.9 

Furthermore, exercise is a promising non-pharmacological intervention that has 
shown to improve brain structure and function -particularly subcortical-frontal 
brain areas-, as well as cognitive function and depression in older adults.51 Finally, 
patients on dialysis should be treated with cooled dialysate, as this provides 
protection against dialysis-associated brain injury.11

Summary and conclusion
We examined whether structural brain alterations in CKD patients were located 
in depression-related areas, and whether these were more pronounced for 
patients with elevated depressive symptoms. We found that CKD was associated 
with globally lower GM volumes and higher WML severity. In addition, CKD 
patients had a marginally higher lesion load in the frontal lobe and we found 
trends of lower GM volumes in depression-related brain areas, which were more 
pronounced for patients with elevated depressive symptoms. WMLs were not 
associated with depressive symptoms, possibly because of the lack of anatomic 
specificity in the WML ratings.

To conclude, besides the psychological burden of CKD, brain changes may 
make patients more susceptible for the onset of depressive symptoms. The results 
imply the need for future (longitudinal) studies with larger samples to objectify 
whether and which structural brain abnormalities could possibly underlie the 
relation between CKD and depressive symptoms, as this might have important 
clinical implications.
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Supplementary 

Hemodialysis settings
Patients were on conventional bicarbonate dialysis with a low-flux polysulfone 
(F8, Fresenius Medical Care, Bad Hamburg, Germany) or polyamide (Gambro-
Hospal, Lund, Sweden) hollow-fiber dialyser. Blood flow and dialysate flow rates 
were 250-350 ml/min and 500 ml/min, respectively. Dialysate temperature was 
36.0°C or 36.5°C. Dialysate composition was as follows: sodium 139 mmol/l, 
calcium 1.5 mmol/l, magnesium 0.5 mmol/l, chloride 108 mmol/l, bicarbonate 
34 mmol/l, acetate 3.0 mmol/l, and glucose 1.0 g/l. The concentration of 
potassium was 1.0 or 2.0 mmol/l, depending on prevailing plasma potassium 
concentrations. 

Supplementary table 1: Sub-threshold results for patients with CKD versus controls significant at the 
initial threshold of p<.005. 

p
 
FWE-cluster 
corrected

MNI-coordinate p

Uncorrected 
peak 

Whole-brain region k
x y z T Z

OFC 477 .87 -14 62 -17 3.55 3.32 <.001

450 .89 39 62 -12 3.41 3.21 <.001

153 1.0 20 64 -17 3.75 3.49 <.001

145 1.0 39 34 -18 3.30 3.11 .001

149 1.0 -33 -73 -11 3.25 3.07 .001

72 1.0 -32 63 -3 3.11 2.95 .002

Cuneus/post cing cx 838 .56 -14 -55 22 3.57 3.33 <.001

652 .73 -24 -72 37 3.78 3.51 <.001

561 .81 24 -60 24 4.03 3.71 <.001

Inferior parietal cx 223 1.0 -62 -48 39 3.72 3.46 <.001

Inferior occipital cx 143 1.0 -24 -88 -12 3.54 3.32 <.001

Lingual gyrus 85 1.0 14 -73 -2 3.17 3.00 .002

OFC = orbitofrontal cortex; post cing = posterior cingulate; cx = cortex; k = cluster size (based on voxels of 1.5 x 
1.5 x 1.5mm); MNI-coordinate = coordinates of the voxel showing peak significance in mean Montreal Neurological 
Institute (MNI)-space; FWE= family wise error. 
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Abstract

Objective: The presence of depressive symptoms after myocardial infarction (MI) 
is associated with worsened cardiovascular (CV) prognosis. To date, it remains 
unclear to what extent the relationship between post-MI depression and prognosis 
is confounded by factors related to prognosis. We assessed the relationship 
between depression and prognosis while adjusting for a well validated risk score 
for mortality after a MI.  
Methods: Data of 494 MI patients were derived from the Depression after 
Myocardial Infarction study (DepreMI). Scores on the Beck Depression Inventory 
(BDI) (cut-off ≥10) were used to relate depressive symptoms (divided in somatic/
affective and cognitive/affective symptoms) to the Global Registry of Acute 
Coronary Events (GRACE) risk score, using Pearson correlations. Cox regression 
analysis was performed to investigate the predictive value of depressive symptoms 
for prognosis after adjusting for GRACE score. 
Results: Overall, depressive symptoms were significantly correlated with GRACE 
score (r=0.12 p=0.008). Specifically, somatic/affective symptoms were positively 
correlated (r=0.23, p<0.001), whereas cognitive/affective symptoms tended to 
be negatively correlated (r=-0.08 p=0.097) with GRACE score. Adjusting for 
GRACE score did not affect the HR for recurrent CV events associated with 
total BDI- score (adjusted  hazard ratio (HR) per point increase in BDI score 1.05 
p=0.002 95% CI 1.02-1.08 n=463). Furthermore GRACE score attenuated the 
HR associated with 1 SD increase in somatic/affective depressive symptoms from 
1.44 (1.20-1.72) to 1.31 (1.08-1.58).
Conclusions: GRACE score was positively associated with somatic/affective 
depressive symptoms. GRACE score explained only partly the association between 
(somatic/affective) depressive symptoms and CV prognosis.  
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Introduction

Post-myocardial infarction (post-MI) depression is associated with a 2-2.5 times 
increased risk of new cardiovascular (CV) events and mortality.1 Randomized 
controlled trials assessing the effect of depression treatment in post MI patients 
found no improvement in cardiac outcomes.2-4 To date, it remains unclear to 
what extent the relationship between post-MI depression and prognosis is 
confounded by factors related to prognosis.5 One important problem is that 
studies in this field have used different (combinations of) clinical prognostic 
factors as confounders, including left ventricular ejection fraction, previous MI, 
heart failure, arrhythmia, blood pressure and diabetes. In addition, adjustment 
for confounders is often incomplete. Incomplete adjustment for confounders or 
poorly measured confounding factors might lead to the incorrect inference that 
a variable predicts an outcome independent from these factors.6  

An alternative method to evaluate the role of potential confounders in 
the association between depression and cardiac prognosis is the use of validated 
composite prognostic measures. A composite measure that may be suitable for this 
purpose is the Global Registry of Acute Coronary Events (GRACE) risk score. 
The GRACE model was specifically developed to estimate the risk of mortality 
of hospitalized acute coronary syndrome (ACS) patients during hospitalization7 
and within six months after admission or discharge.8 The GRACE model 
even predicts prognosis within five years of discharge. The model consists of 
empirically derived prediction variables based on a large multinational sample of 
ACS patients of the entire spectrum.8 It is widely applicable and it outperforms 
other ACS risk models.9,10 The GRACE model is not a measure for disease 
severity per se, but its high predictive value of mortality after ACS may make it 
an important confounder. In addition, the use of a composite score minimizes 
the risk of overfitting in small studies.11

Surprisingly, only one study to date used the GRACE score to assess 
whether depression after an ACS independently predicts cardiac prognosis.12  
In that study, depression still predicted mortality after adjusting for GRACE 
score and left ventricular ejection fraction (LVEF), but these analyses were based 
on only 18 outcome events of 457 ACS patients. 

In the current study, we assessed whether depressive symptom severity after 
MI is associated with higher GRACE scores and to what extent GRACE score 
explains the relationship between depression and new CV events. In a secondary 
analysis, we associated GRACE score with somatic/affective and cognitive/
affective depressive symptoms separately, because somatic/affective depressive 
symptoms have been found to be more predictive of adverse outcome than 
cognitive/affective symptoms.13-17
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Methods

Design and patients
We used data from the Depression after Myocardial Infarction (DepreMI) study, 
an observational cohort study including MI patients who were admitted for MI 
between September 1997 and September 2000 in one of four hospitals in the 
North of the Netherlands. Patients were included if they met at least two of the 
following three criteria for acute MI: (1) chest pain for at least 20 min, (2) creatine 
phosphokinase value 100% higher than normal or creatine phosphokinase MB 
value greater than 10%, or (3) presence of new pathological Q wave on the 
electrocardiogram in at least two leads. Informed consent was obtained from 
each patient and the study protocol was approved by the institutional review 
board of each hospital. The authors of this manuscript have certified that they 
comply with the Principles of Ethical Publishing in the International Journal of 
Cardiology.

Several studies used this database for research on the relation between post- 
MI depression and cardiac outcome to date. In these studies overall depressive 
symptoms on the Beck Depression Inventory (BDI) and specifically somatic/
affective depressive symptoms and incident episodes of MDD were associated 
with worse prognosis, while cognitive/affective depressive symptoms and non-
incident episodes of MDD were not.13,18,19 

Assessment of depressive symptoms
The BDI was used to assess depressive symptoms during hospitalization. The BDI 
is the most widely used self-report questionnaire measuring depression in CV 
disease patients.20 This 21-item questionnaire measures the presence and severity 
of depressive symptoms. In all analyses concerning CV outcomes the continuous 
BDI score was used. Additionally, a dichotomized BDI-score (cutoff ≥ 10) was 
used for describing the patient sample, and additionally to the continuous BDI-
score in the analyses concerning CV outcomes to facilitate interpretation and 
comparison with previous studies. A score of 10 or greater on the BDI indicates 
at least mild symptoms of depression.21 Additionally, we studied the contribution 
of GRACE score to the association between different depressive symptom 
dimensions and prognosis. To obtain the depressive symptom dimensions, we 
performed a principle component analysis with oblimin rotation on the BDI 
items. This yielded a somatic/affective and a cognitive/affective dimension, which 
were comparable to what we previously found in a principal component analysis 
on this dataset combined with patients from another study (MIND-IT).13 
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Assessment of prognostic clinical variables
We used the Global Registry of Acute Coronary Events (GRACE) risk model 
for 6 months mortality risk from hospital discharge8 to calculate GRACE risk 
scores for our sample. Variables in the GRACE model include age, history of MI, 
past or current congestive heart failure (CHF), heart rate, systolic blood pressure, 
serum creatinine, elevated cardiac enzymes, ST-segment depression on ECG at 
admission, and no in hospital percutaneous intervention (PCI). The GRACE 
score ranges between 1 and 263 points.

 The mean percentage of missing values for the nine variables comprising 
the GRACE score was 13.6%. We imputed the missing values with STATA based 
on non-missing values from 42 variables including clinical variables, medication 
use and outcome measures. When more than 3 variables comprising the GRACE 
were missing for the same patient, we set the total GRACE score at missing.

Cardiovascular prognosis
The average follow-up time was 2.5 (SD=0.9) years. We used fatal and non-fatal 
CV events as outcome measures, consistent with previous reports from this 
cohort. These cover hospital admissions for new MI, (un)stable angina, heart 
failure, arrhythmia, peripheral vascular disease or cerebral vascular accidents (CVA), 
which were identified in the regular post-MI control visits, or through face to face 
interviews at 3 and 12 month post-MI and there after telephone interviews every 
6 months until end follow-up. We additionally separated CV events into ‘mild’ 
events ((un)stable angina, heart failure, arrhythmia, peripheral vascular disease) 
and ‘severe’ events (new MI, CVA and CV death).

Statistical analyses
To assess demographic and clinical characteristics for depressive symptoms we 
used chi-square tests and F-tests. We also used Pearson correlations to evaluate 
whether overall depressive symptoms and z-transformed cognitive/affective 
and somatic/affective depressive symptoms associate with GRACE score. Cox 
regression analysis was performed to validate the prognostic value of GRACE 
score and to analyze its contribution to the association between post MI depressive 
symptoms and CV prognosis. We performed a secondary analysis, in which we 
used the somatic/affective and cognitive/affective depressive symptom scores 
instead of total BDI scores. The proportional hazards assumption was tested by 
creating interaction terms of the predictors with the time-variable. 

We additionally created a figure to evaluate the association of total BDI-
scores, somatic/affective and cognitive/affective depressive symptom scores with 
mild and severe CV events separately. 

Somatic/affective symptoms were associated with older age and cognitive/
affective symptoms with younger age. Therefore, we did a post hoc analysis 
adjusting for age only to evaluate the contribution of age to the association of 
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somatic/affective and cognitive/affective depressive symptoms with new CV 
events. We did this to be able to distinguish the contribution of age from that of 
the other (clinical) individual GRACE variables in the association between the 
depressive symptom profiles and CV prognosis. 

To provide more insight in the individual contributions of GRACE score 
and BDI in the prediction of new CV events, we generated a receiver operating 
characteristic (ROC) curve and compared the area under the curves (AUC) by 
calculating a critical ratio z.22

Results 

Sample characteristics
The flow chart of the study population is shown in Figure 1. A total of 501 patients 
filled out the BDI. Of these, 7 had missing data on the GRACE and another 31 
had missing data on new CV events. For the 494 patients who completed the 
BDI at hospitalization and had data on GRACE, the mean BDI score was 6.8 
(SD 6.1). Among these patients 23% (116/494) had elevated depressive symptoms 
(BDI ≥10). 

 

Completed BDI at 
hospitalization 
N=501 
 

BDI <10 
N=384 
 

BDI >=10 
N=117 
 

GRACE score 
N=378 
 

GRACE score 
N=116 
 

Informed consent 
N=528 

CV events  
N=78/ 353 

CV events 
N=38/110 

Missings: no BDI at 
hospitalization 
N=27 

Missings: No GRACE 
score (> 3 missing 
GRACE variables) 
N=1 

Missings: No GRACE 
score (> 3 missing 
GRACE variables) 
N=6 

Missings: no timed event 
registration 
N=6 

Missings: no timed event 
registration 
N=25 

Figure 1: Flow diagram of study population
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In Table 1 socio-demographic and clinical characteristics of patients according 
to BDI class (<10 vs. ≥10) are shown. Patients with elevated depressive symptoms 
were significantly more likely to be female, to live alone, to smoke, to be older, 
to have past or current CHF, to have higher heart rates, to have higher GRACE 
scores, and to experience new CV events compared to patients who did not have 
elevated depressive symptoms. 

Table 1: Characteristics of patients according to BDI class (for patients with data on GRACE; N=494)

Characteristic BDI<10 N=378
Mean ± SD or n (%)

BDI ≥10 N=116  
Mean ± SD or n (%)

p 

Demographic
Female 59 (15.6) 35 (30.2) <0.001
living alone 43 (11.4) 32 (27.6) <0.001
Primary school only 59 (17) 29 (26.9) 0.058
Smoking 61 (17.6) 29 (27.1) 0.032

Individual GRACE variablesa

Age (mean) 59.9 SD 11.22 62.6 ± 12.63 0.031
History of MI 48 (12.7) 21 (18.1) 0.142
Congestive heart failure 29 (7.7) 17 (14.7) 0.024
Heart rate (mean) 73.6 ±  22.71 78.4 ± 21.63 0.045
Systolic blood pressure (mean) 138.3 ±  25.76 140.7 ± 27.42 0.394
Initial serum creatinine (mean) 1.063 ± 0.20 1.106 ± 0.25 0.059
Elevated cardiac enzymes - - -
ST-segment depression on ECG 189 (50) 63 (54.3) 0.417
No in hospital  PCI 275 (72.8) 91 (78.4) 0.221
GRACE total score (mean) 104.1 ± 27.66 113.7 ± 30.74 0.002

Outcomeb

Mild CV eventsc 56 (15.9) 24 (21.8) 0.149

Severe CV eventsd 22 (6.2) 14 (12.7) 0.026
Total CV events 78 (22.1) 38 (34.5) 0.009

SD = standard deviation; BDI = Beck Depression Inventory; GRACE = Global Registry of Acute Coronary Events; MI = 
myocardial infarction; ECG = electrocardiogram; PCI = percutaneous intervention; CV = cardiovascular
P-values are based on F-test and chi square.  All patients (except for one) had elevated cardiac enzymes.
a Missings are imputed.
b N is different than stated in the columns, because of missings in the event registration, N=353 for BDI<10;  
 N=110 for BDI ≥10 (see flow chart).
c Mild events include (un)stable angina, heart failure, arrhythmia, peripheral vascular disease.
d Severe events include new MI, CVA and cardiovascular death.
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Table 2: Characteristics of patients according to somatic/affective and cognitive/affective depressive symptoms (for 
patients with data on GRACE; N=494).

Characteristic Somatic/affective 
symptoms 75% 
lowest scores 
N=371 
Mean ± SD or 
n (%)

Somatic/affective 
symptoms 25% 
highest scores 
N=123 
Mean ± SD or  
n (%)

p Cognitive/affective 
symptoms 75% 
lowest scores  
N=371
Mean ± SD or 
n (%)

Cognitive/affective 
symptoms 25% 
highest scores  
N=123
Mean ± SD or 
n (%)

Individual GRACE variablesa

Age 59.4 ± 11.3 64.1 ± 11.9 <0.001 61.3 ± 11.3 58.4 ± 12.3 0.019
History of MI 43 (11.6) 26 (21.1) 0.008 53 (14.3) 16 (13.0) 0.723
Congestive heart failure 29 (7.8) 17 (13.8) 0.047 35 (9.4) 11 (8.9) 0.871
Heart rate 73.9 ± 21.8 77.3 ± 24.6 0.150 73.9 ± 22.2 77.4 ± 23.5 0.136
Systolic blood pressure 138.2 ± 25.3 141.0 ± 28.5 0.296 138.4 ± 25.6 140.2 ±27.6 0.509
Initial serum creatinine 1.061 ±SD 0.19 1.109 ± 0.27 0.031 1.073 ± 0.22 1.073 ± 0.19 0.984
Elevated cardiac enzymes - - - - - -
ST-segment depression 
on ECG

187 (50.4) 65 (52.8) 0.639 190 (51.2) 62 (50.4) 0.877

No in hospital  PCI 270 (72.8) 96 (78.0) 0.247 277 (74.7) 89 (72.4) 0.613
Total GRACE score 103.2 ± 27.4 115.9 ± 30.4 <0.001 107.7 ± 27.8 102.5 ± 30.9 0.084

Outcomeb

Mild CV eventsc 57 (16.4) 23 (20.0) 0.373 57 (16.5) 23 (19.7) 0.431

Severe CV eventsd 22 (6.3) 14 (12.2) 0.042 31 (9.0) 5 (4.3) 0.102
CV events 79 (22.7) 37 (32.2) 0.042 88 (25.4) 28 (23.9) 0.746

SD = standard deviation; GRACE = Global Registry of Acute Coronary Events; MI = myocardial infarction; ECG = electrocardiogram;  
PCI = percutaneous intervention; CV = cardiovascular
P-values are based on F-test and chi square.  All patients (except for one) had elevated cardiac enzymes.
a Missings are imputed.
b N is different than stated in the columns, because of missings in the event registration N=348 for 75% lowest scoring somatic  
 symptoms; N=115 for 25% highest scoring somatic symptoms; N=346 for 75% lowest scoring cognitive  symptoms; N=117 for 
 25% highest scoring cognitive symptoms.
c Mild events include (un)stable angina, heart failure, arrhythmia, peripheral vascular disease.
d Severe events include new MI, CVA and cardiovascular death.

p

In Table 2 the associations between the variables making up the GRACE score 
and somatic/affective and cognitive/affective depressive symptoms are shown. 
Elevated somatic/affective depressive symptoms were significantly associated with 
older age, previous MI, higher heart rates, past or current CHF, higher initial 
serum creatinine, higher total GRACE scores and new CV events. Patients with 
elevated cognitive/affective symptoms were significantly younger and tended to 
have lower total GRACE scores.
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Relationship between GRACE score and depressive symptoms 
The GRACE score was normally distributed and ranged from 37 to 206 (mean 
106, SD 28.7). Pearson correlations showed that total BDI-scores were significantly 
associated with higher GRACE scores (r=0.12 p=0.008). When considering 
somatic/affective and cognitive/affective symptoms separately, elevated somatic/
affective symptoms correlated positively with higher GRACE scores (r=0.23, 
p<0.001), whereas cognitive/affective symptoms tended to correlate negatively 
with GRACE score (r=-0.08 p=0.097). 

New cardiovascular events 
A total of 25% (116/463) experienced a new CV event from hospital discharge 
until the end of follow-up, of which 69% (80/116) were classified as mild events 
and 31% (36/116) as severe events, and 17% (21/116) of all events were fatal. The 
mean time to first event was similar for mild and severe events (both mean 0.9 
(SD 0.9) years). Among patients with elevated depressive symptoms (BDI ≥10) 
35% (38/110) had one or more new CV events during the follow up, which was 
22% (78/353) among patients with BDI score <10 (Chi-square: p=0.009, see 
Table 1). Mild events occurred in 15.9% of patients with BDI<10 and in 21.8% 
of patients with BDI≥10 (Chi-square: p=0.149). Severe events occurred in 6.2% 
of patients with BDI<10 and in 12.7% of patients with BDI≥10 (Chi-square: 
p=0.026, see table 1). Figure 2 shows the association of mild and severe CV 
events with total BDI-score, somatic/affective and cognitive/affective depressive 

Figure 2: The distribution of first events for different classifications of the study population. Note: each 
classification is based on the same population. Low som = 75% lowest scores on somatic/affective depressive 
symptoms; high som = 75% highest scores on somatic /affective depressive symptoms; low cogn = 75% lowest 
scores on cognitive/affective depressive symptoms; high cogn = 75% highest scores on cognitive/affective 
depressive symptoms.
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symptoms. Somatic/affective depressive symptoms were associated with relatively 
more severe events, while cognitive/affective depressive symptoms were associated 
with relatively less severe CV events.

In table 3 the results of the Cox regression analyses are shown. The analysis 
confirmed that GRACE score was a predictor for new CV events in our sample 
(HR 1.01 per one point difference in GRACE score p<0.001 95% CI 1.01-1.02; HR 
2.45 for 25% highest vs. 75% lowest GRACE scores p<0.001 95% CI 1.70-3.54). 
As we previously reported18 total BDI-score at hospitalization was a significant 
predictor for new CV events (HR 1.05 per one point difference in BDI score 
p=<0.001, 95% CI 1.02-1.08). Adjustment for GRACE did not affect this HR 
(1.05 p=0.002, 95% CI 1.02-1.08). Somatic/affective, but not cognitive/affective 
symptoms, were significant predictors for new CV events before adjustment for 
GRACE score, as we previously reported.13 After adjusting for GRACE score, 
cognitive/affective symptoms remained not associated with new CV events 
(unadjusted HR: 1.03 (95% CI: 0.84-1.25) per SD increase p=0.79; adjusted HR: 
1.10 (95% CI: 0.90-1.35) p=0.36), and somatic/affective symptoms remained 
a significant predictor of new CV events, although the HR was somewhat 
attenuated (unadjusted HR 1.44 (95% CI: 1.20-1.72) per SD increase, p=<0.001; 
adjusted HR: 1.31 (95% CI: 1.08-1.58) p=0.006, see also Table 3). 

Table 3: Univariate and multivariate Cox regression analyses according to depression and GRACE score 
(for patients with data on GRACE and on events; N=463).

Univariate hazard 
ratio  
(95% CI)

Hazard ratio 
adjusted for age
(95% CI)

Multivariate 
hazard ratio  
(95% CI)a

All CV events (N=116)

GRACE continuous score 1.01 (1.01-1.02)*** 1.01 (1.00-1.02)**

GRACE dichotomizedb 2.45 (1.70-3.54)*** 2.30 (1.59-3.33)***

BDI score ≥10 vs. <10

BDI continuous score

       Somatic/affective symptomsc

       Cognitive/affective symptomsc

1.74 (1.18-2.56)**

1.05 (1.02-1.08)***

1.44 (1.20-1.72)***

1.03 (0.84-1.25)

1.62 (1.10-2.41)*

1.05 (1.02-1.08)**

1.35 (1.12-1.63)**

1.08 (0.88-1.32)

1.53 (1.03-2.28)*

1.05 (1.02-1.08)**

1.31 (1.08-1.58)**

1.10 (0.90-1.35)

CI = confidence interval; GRACE = Global Registry of Acute Coronary Events; BDI = Beck Depression Inventory
* = p<0.05; ** = p<0.01; *** = p<0.001
a Hazard ratios for BDI are adjusted for continuous GRACE score; hazard ratios for GRACE score are adjusted for  
 continuous BDI; hazard ratios for somatic/affective and cognitive/affective depressive symptoms are adjusted for  
 each other and GRACE score.
b Highest scoring 25% versus lowest scoring 75%. 
c Hazard ratio is per one standard deviation difference in z-score and is for all three hazard ratios in this table 
 adjusted for other depressive symptom cluster.
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Post-hoc analyses showed that adjustment for age attenuated the HR for somatic/
affective depressive symptoms somewhat, but less than when adjusting for total 
GRACE score (age-adjusted HR: 1.35 (95% CI: 1.12-1.63) p=0.002). The HR for 
cognitive/affective depressive symptoms was not affected after adjustment for age 
(age-adjusted HR: 1.08 (95% CI: 0.88-1.32), see also Table 3).

A ROC curve was created to determine the individual contributions of 
GRACE score and BDI in the prediction of new CV events. The AUC was not 
significantly different for both predictors (for GRACE score AUC 0.60; for BDI 
score AUC 0.59, z=0.30, p=0.764).

Discussion

In this study, we evaluated to what extent GRACE score would explain the relation 
between post MI depressive symptoms assessed by the BDI and new CV events. 

As expected,8 GRACE scores significantly predicted new CV events in our 
sample. Also, depressive symptoms were significantly associated with GRACE 
score. GRACE score explained only a small part of the relation between (somatic/
affective) depressive symptoms and worsened CV prognosis. Thus, we conclude 
that depressive symptoms predict CV prognosis beyond a well validated risk score 
of CV prognosis. 

Only one other study used the GRACE risk score in order to explain the 
effect of post-MI depression on prognosis,12 but this study had only 18 outcome 
events in contrast to the 116 outcome events in our study. In the study of Kronish 
et al12 GRACE score could not explain the relation between depression and 
worsened prognosis. However, unlike our results, GRACE score did not relate 
significantly to depression in that study. The difference between findings from 
their study and ours seems to be explained by age, which is one of the variables 
comprising the GRACE score. In our study, patients with elevated depressive 
symptoms were on average 3 years older than non-depressed patients, while in 
the study of Kronish et al.12 depressed patients were on average 3 years younger. 
Although in their study some clinical variables of the GRACE score were 
associated with depression, this was compensated by younger age.

From the ROC curve we could conclude that GRACE score and BDI score 
are similarly predictive for new CV events. This suggests that either one can be 
used to identify high risk patients. The AUC of 0.60 for GRACE is substantially 
lower than the previously reported AUC of 0.80 for GRACE in predicting 
mortality.9 Therefore we additionally generated a ROC curve for fatal CV events. 
This curve showed an AUC for GRACE score of 0.80. The AUC of BDI score 
for fatal CV events was significantly smaller and  remained 0.6 (z=13.1, p<0.001). 
Apparently GRACE score is a better predictor for fatal than for both fatal and 
nonfatal CV events combined, and GRACE is a better predictor for fatal events 
than BDI score. 
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Considering the two depressive symptom dimensions, we found a significant 
positive association between somatic/affective depressive symptoms and GRACE 
score, and a non-significant negative correlation between cognitive/affective 
depressive symptoms and GRACE score. The increased risk of CV events associated 
with somatic/affective depressive symptoms, which was reported previously by de 
Jonge et al. on this patient sample,13 could only partly be explained by GRACE 
score. Cognitive/affective depressive symptoms were not associated with new CV 
events,13 and GRACE score did not affect this.

To evaluate the contribution of each individual GRACE variable in 
the association between somatic/affective and cognitive/affective depressive 
symptoms and CV events, we evaluated CV prognosis associated with cognitive/
affective and somatic/affective symptoms, adjusting for each of the individual 
GRACE variables separately, and compared these HRs to the HR after adjustment 
for total GRACE score (data not shown). Higher age, having had a previous MI, 
higher heart rates and CHF explained most of the relationship between somatic/
affective depressive symptoms and GRACE score. This is in line with the previous 
finding in this sample that somatic/affective depressive symptoms are associated 
with poor somatic health status.13 The negative, but not significant, association 
between cognitive/affective symptoms and total GRACE score could only be 
explained by age, as cognitive/affective depressive symptoms were associated with 
younger age, but no other clinical variable of GRACE. 

Interestingly, patients scoring in the upper quartile of somatic/affective 
depressive symptoms were on average 4.6 years older than patients scoring in 
the lower three quartiles. In contrast, patients scoring in the upper quartile of 
the cognitive/affective depressive symptoms were on average 2.8 years younger 
than those scoring in the lower three quartiles. This reflected an age difference 
of as much as 5.7 years between the patients scoring in the upper quartile of 
somatic/affective symptoms and the patients scoring in the upper quartile of 
cognitive/affective symptoms (see Table 2).  This age discrepancy may possibly be 
explained by more physical health problems in the older aged, which are reflected 
in elevated somatic/affective depressive symptoms. In contrast, in younger 
people a MI may have a higher psychological impact, resulting in higher levels of 
cognitive/affective depressive symptoms. These age differences among patients 
with different depression symptomatology demonstrate the heterogeneity of 
depression in MI patients.

Results from the post-hoc analyses show that age attenuated the association 
of (somatic/affective) depressive symptoms and CV events, but to a lesser extent 
than total GRACE score. Between cognitive/affective depressive symptoms and 
new CV events there was no association, and adjusting for age and total GRACE 
score had no effect on this. This suggests that only somatic/affective depressive 
symptoms are predictive of CV prognosis, and older age as well as some other 
clinical GRACE variables explain part of this association. 
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Interestingly, high somatic/affective symptoms were associated with relatively 
more severe events, while high cognitive/affective symptoms were associated 
with relatively less severe CV events (see Figure 2). An explanation could be 
that compared to somatic/affective depressive symptoms, cognitive/affective 
depressive symptoms are less strongly associated with heart disease severity,13 
whereas patients scoring high on cognitive/affective symptoms may have been 
more preoccupied by their disease and more often present themselves to the 
hospital with unspecified chest pain. Therefore patients scoring higher on the 
somatic/affective depressive symptom score may have had more severe CV events 
due to their more severe underlying heart disease. However, results for severe 
CV events must be interpreted with caution as the number of severe CV events 
is only 36.

Our study has some limitations. First, we only used depression measured 
by a depression screening instrument (BDI) instead of using clinically diagnosed 
major depression disorder (MDD).  In fact, we did evaluate the presence of MDD 
with a diagnostic interview in the present study, but in contrast to findings from 
other studies, MDD was not associated with new CV events. Therefore, we 
evaluated the contribution of GRACE in the association between BDI-scores 
and new CV events only. Second, we used the GRACE risk score as confounder 
because of its high prognostic value and its validated set of predictors, which 
were derived from a set of 39 variables. However, as the GRACE investigators 
balanced the ease of use and the completeness and accuracy of their model,7 some 
important clinical predictors may still be missing in the model. For example, the 
GRACE score does not incorporate LVEF, a clinical measure that was found 
to be associated with depression23 and was found to explain a substantial part 
of the association between post MI depression and prognosis.5,24 Therefore we 
additionally included LVEF (dichotomized to <40% or >=40%) in our survival 
analyses (data not shown), like Kronish et al. did.12 However, depression was not 
associated with the dichotomized LVEF variable in this sample and adjustment 
for LVEF did not affect the HR for new CV events associated with depressive 
symptoms. 

In summary, although we found a significant relation between GRACE and 
depressive symptoms, GRACE score explained only a small part of the association 
between post MI depression and poor CV outcome. ROC curves demonstrated 
that GRACE and BDI score have comparable accuracy in predicting new CV 
events, although GRACE score is a better predictor for fatal CV events than the 
BDI score. Interestingly, GRACE score was positively associated with somatic/
affective depressive symptoms, but tended to be negatively associated with 
cognitive/affective depressive symptoms. This difference was explained by the 
fact that somatic/affective symptoms were associated with older age and higher 
scores on some other clinical variables of the GRACE score, whereas cognitive/
affective symptoms were associated with younger age and not with other clinical 
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variables of the GRACE score. The GRACE score explained only a part of the 
worsened CV prognosis in MI patients with elevated somatic/affective depressive 
symptoms. In fact, as depressive symptoms and GRACE score appeared to predict 
CV prognosis independent from each other, incorporating them together in a 
single composite risk score might give an even better prediction of CV prognosis 
in MI patients. 
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Abstract

Objective: Post-myocardial infarction (MI) depression is associated with reduced 
adherence to cardiac rehabilitation (CR) and increased mortality risk. The present 
observational study investigated whether all-cause mortality reduction associated 
with CR is different for MI-patients with and without depression. 
Methods: Data of 2198 post-MI patients from the Depression after Myocardial 
Infarction (DepreMI) study and Myocardial Infarction and Depression Intervention 
Trial (MIND-IT) was used. Depression was assessed at hospitalization, defined as 
a score ≥ 10 on the Beck Depression Inventory (BDI). Participation in CR was 
assessed with a self-report questionnaire, 12 months post-MI.  Cox regression was 
used to estimate hazard ratios (HR) for all-cause mortality, up till 10 years post-
MI. Missing data was imputed, using multiple imputation.
Results:  878 (52%) patients attended CR, 517 (26%) patients had a BDI score 
≥ 10, and 379 (18%) patients died during the follow-up period. Overall, CR was 
not associated with a lower mortality risk (HR: 0.83; 0.54-1.30; p=0.41), adjusted 
for age, sex, left ventricle ejection fraction, previous MI, and past or current heart 
failure. However, there was a significant interaction between depression and CR 
on mortality (HR: 0.49; 0.27-0.90; p=0.02). CR was significantly associated with 
reduced mortality in depressed patients (HR: 0.48; 0.28-0.84; p=0.01), but not in 
non-depressed patients (HR: 1.09; 0.63-1.89; p=0.74). 
Conclusions: CR was associated with reduced mortality risk only for MI-patients 
with depression. Clinicians should therefore particularly encourage MI-patients 
with depression to participate in CR.
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Introduction

Depression is common among myocardial infarction (MI) patients and is 
associated with an increased risk of mortality.1 To date, the mechanisms behind 
this association are still unclear. Cardiac rehabilitation (CR) aims to improve 
the cardiovascular health and well-being of patients with cardiac disease. CR 
is considered essential in the treatment of MI and has been shown to reduce 
mortality.2-5 Most probably, the effect of CR is not homogeneous across groups of 
patients. Benefits of CR are likely to be low in depressed patients, as depression 
in cardiac patients is associated with poorer rates of completion and adherence 
in CR.6-9 If patients with depressive symptoms profit less from CR programs than 
those without, e.g. through less intense participation, this could be an explanation 
for the association between post-MI depression and mortality.1 On the other 
hand, patients with depressive symptoms could show a relatively higher degree of 
CR-associated mortality reduction than patients without depressive symptoms, 
because they have higher pre-treatment mortality risks and consequently there is 
more cardiovascular health to gain.

Exercise and counseling on risk factor modification are important 
components of CR, that have been extensively researched and shown to improve 
cardiovascular prognosis.3,10-12 However, these components are likely to be less 
effective in the presence of some common depressive symptoms, such as feelings 
of helplessness, lack of energy, or anhedonia.6,13 Thus, less intensive participation 
in CR, as a result of depression, may be associated with worse prognosis. In 
line with this hypothesis, a randomized controlled trial (RCT) performed in 
heart failure (HF) patients showed that a disease management program (DMP) 
even resulted in a tendency towards a higher mortality and HF readmission for 
depressed patients compared to care as usual, whereas the opposite was observed 
for patients without depressive symptoms.7 In contrast, in an observational study, 
depressed coronary artery disease (CAD) patients seemed to benefit more from 
CR than non-depressed CAD patients,14 which supports the hypothesis that in 
depressed patients there may be more to gain. However, the authors did not 
statistically test for an interaction between depression and CR. 

To our knowledge, no studies have directly investigated whether depressed 
and non-depressed MI patients benefit differently from cardiac rehabilitation 
with regard to long-term prognosis. In the current study, we therefore investigated 
the association of CR with all-cause mortality and compared the size and direction 
of this  association between  patients with and without depressive symptoms. 
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Methods

Design and participants
The present study was conducted as part of the Depression after Myocardial 
Infarction (DepreMI) study and the Myocardial Infarction and Depression 
Intervention Trial (MIND-IT). DepreMI is an observational prospective cohort 
study evaluating the association of post-MI depression with cardiovascular 
prognosis, including 528 patients who were hospitalized for MI between 
September 1997 and September 2000 in one of four hospitals in the North 
of the Netherlands. In MIND-IT, 2176 patients diagnosed with an acute MI 
were recruited from 10 hospitals in the Netherlands between September 1999 
and November 2002. From the MIND-IT sample, 331 depressed patients were 
randomized to examine the effects of antidepressant treatment compared to usual 
care. Details of both studies have been described before.15,16 In brief, patients in 
both studies were enrolled if they met at least two of the following criteria: 1) 
chest pain for at least 20 min, 2) typical electrocardiographic changes, and 3) a 
documented increase in cardiac enzyme levels. Exclusion criteria were inability 
to participate in study procedures (e.g. unable to communicate or unavailable for 
follow-up), another disease likely to influence short-term survival, and already 
receiving psychiatric treatment for depression (only in MIND-IT). All patients 
gave written informed consent before enrolment and the study protocol conforms 
to the ethical guidelines of the 1975 Declaration of Helsinki. Although DepreMI 
was an observational study and MIND-IT a randomized intervention study for 
post-MI depression, the protocols were largely similar. Because the patients in 
the intervention arm of the MIND-IT study had no better long-term outcomes 
than those in the usual-care-arm,17 it would not bias the results when combining 
both arms of this study with DepreMI. We therefore pooled the results from the  
MIND-IT and DepreMI studies to gain more power, as we did previously.18

Assessment of predictors: depression and participation in cardiac rehabilitation
All patients were assessed for the presence of depressive symptoms during 
hospitalization, using the Beck Depression Inventory (BDI).19 This questionnaire 
consists of 21 items assessing the presence and severity of depressive symptoms. 
The total BDI-score can range from 0 to 63, with higher scores indicating more 
severe symptoms. Whether a patient was referred to CR was determined by the 
discretion of the patient’s cardiologist. The contents of a CR program, also 
determined by the cardiologist, varied per patient and could consist of the following 
components: exercise training, relaxation training, information meetings, group 
discussions, and individual meetings with a physician, nurse, social worker, or 
psychologist. At 12 months post-MI, patients received a questionnaire in which 
they were asked to report whether they participated in CR. CR participation was 
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recorded as a dichotomous variable (yes/no). In MIND-it, only participants who 
were enrolled in the study before February 1, 2002 were asked to report this. 
Therefore, MIND-it patients enrolled after this date (N=506) were excluded from 
the analysis. The remaining combined sample consisted of 2198 MI-patients.

Assessment of outcomes: mortality and cardiovascular readmissions
The Dutch Central Bureau of Statistics provided data on all-cause mortality 
(ACM) and cardiovascular (CV) readmissions, which was evaluated up till 10 
years post-MI (mean: 6 years). We used ACM as primary outcome and CV 
readmissions as secondary outcome, because CR is more consistently associated 
with a reduced ACM than with CV readmissions.2 CV readmissions comprise 
hospital readmissions with the following ICD-9 primary discharge diagnoses: 
ischemic heart disease (410, 411, 413, 414), cardiac arrhythmia (427.1, 427.4, 
427.5), heart failure (428, 398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 
404.13, 404.91, 404.93), cerebrovascular disease (433, 434, 435, 437.0, 437.1) 
and peripheral vascular disease (440, 443.9). 

Potential confounders
Characteristics associated with ACM may differ for patients who did and did not 
participate in CR and for depressed and non-depressed patients, i.e. confounding 
may have occurred. Therefore, we adjusted for the following characteristics: age, 
sex, left ventricular ejection fraction (LVEF), past or current heart failure (CHF), 
and MI before index-MI. These characteristics were assessed during hospitalization 
and obtained from medical records. The recorded categorization of LVEF was 
different for MIND-IT and DepreMI. Therefore, we used a dichotomized score 
for LVEF, which was chosen to be as close as possible to the LVEF categories in 
the two studies, i.e. at 45% for MIND-IT and at 40% for DepreMI, as previously 
reported.18

Statistical analysis
The percentages of missing data of the variables used for the analyses ranged 
between 0.6% (MI before index-MI) and 22.6% (CR); for 64.4% of the sample 
we had complete information on all variables. The potentially distorting effect of 
missing data as well as its unfavorable effect on the precision of our estimates was 
dealt with by using multiple imputation by chained equations. To this end we 
created 20 imputed data sets, which were pooled for the analyses using Rubin’s 
rules.20 This approach is valid under the assumption that missing values were 
missing at random (MAR) or missing completely at random. To investigate 
whether data were at least partly MAR we predicted the value being missing 
(yes/no) for all variables of main interest separately using logistic regression. 
As predictors variables we selected all variables that were considered potential 
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predictors of missingness.21 The explained variance (Nagelkerke’s R2) from these 
analyses ranged from 7% to 62% suggesting that the data in the present study 
were to some extent MAR. Consequently, multiple imputation likely increased 
the validity of our results, although the MAR assumption cannot be proved. The 
final imputation model included those variables that predicted the value of the 
incomplete variable and whether the incomplete variable was missing or not.21

We compared demographical and clinical characteristics between patients 
who had and had not participated in CR. In addition, this was done separately 
for patients with and without depression (in Supplement). With Cox regression, 
the risk for mortality (primary outcome) and CV readmissions (secondary 
outcome) was compared between patients who had and had not participated 
in CR. To test whether CR was differently associated with long term prognosis 
for depressed and non-depressed patients, an interaction term CR × depression 
(BDI≥10) was added to the model. The analyses were repeated for depressed 
(BDI≥10) and non-depressed (BDI<10) patients separately. All analyses were 
performed in an unadjusted model; a model which was adjusted for age and 
sex; and a model which was additionally adjusted for all potential confounders. 
Kaplan-Meier curves were used to depict the cumulative mortality with follow-up 
time, according to participation in CR for depressed and non-depressed patients 
separately.  The proportional hazards assumption in each analysis was checked by 
inspecting the log-minus-log plot of the survival function. The level of statistical 
significance was set at 0.05, two-sided. All analyses and the multiple imputation 
were performed using SPSS, version 20.0.

Results 

Sample characteristics
Of the total sample, 517 patients (26%) had a BDI score ≥10, 878 (52%) patients 
had participated in CR (51% of the non-depressed and 55% of the depressed MI 
patients), and 379 patients (18%) had died during follow-up period. Patients who 
did not respond to the CR questionnaire (and who were still alive 12 months post-
MI) were more often female, more often depressed, and had a higher mortality 
rate (in the period after 12 months post-MI) compared to responders. They did 
not differ with respect to age. 

Table 1 shows baseline characteristics for patients who did and who did not 
participate in CR. Patients who did participate in CR were significantly younger, 
less likely to be female, to live alone, to have had a MI before the index-MI, 
to have past or current CHF, to be a previous smoker, and to die within the 
follow up period. In addition, they were significantly more likely to currently 
smoke and to have a family history of coronary artery disease (CAD), compared 
to patients who did not participate in CR. Participating and non-participating 
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patients did not differ with respect to body mass index, LVEF, depression status, 
depression severity, and CV readmissions during follow up. In order to compare 
baseline characteristics for depressed and non-depressed separately, we included 
a supplementary table showing the baseline characteristics for the four groups 
(supplementary Table 1). 

Participating patients started CR on average 2 months after the index-MI 
and the mean duration of CR was 9 weeks. Of the patients that attended CR, 
88% attended (at least once) exercise training, 65% relaxation training, 58% 
information meetings, 43% group discussions, and 44% individual meetings 
with a physician, nurse, social worker, or psychologist. 

Survival analyses
The Kaplan-Meier curves (Figure 1) show that at each instance during follow-up, 
the cumulative risk of mortality was highest among those who did not participate 
in rehabilitation and who were depressed. It also shows that the difference in 
this risk between those who did and did not participate was considerably larger 
among the depressed patients. The results of the Cox regression analyses are 

Table 1. Baseline characteristics for both patients participating and non-participating in cardiac rehabilitation.

No CR 
N=824

CR  
N=878

p Fraction of  
missing data

Female 25% 17% <.001 -

Age (SD) 65 (11) 57 (10) <.001 -

Living alone 21% 15% .003 20.8%

Family history of CVD 39% 46% .003 1.7%

Current smoker 45% 53% .002 4.5%

Previous smoker 34% 27% .003 4.9%

BMI (SD) 26.5 (4.0) 26.7 (3.9) .24 6.8%

MI before index-MI 17% 10% <.001 0.6%

Low LVEF 24% 24% .81 6.2%

Past or current CHF 12% 8% .006 2.5%

BDI score (SD) 6.2 (5.7) 6.5 (5.5) .17 8.8%

BDI score ≥ 10 22% 25% .14 8.8%

All-cause mortality 20% 9% <.001 6.0%

CV readmissions 44% 41% .27 8.1%

CR = cardiac rehabilitation; SD = standard deviation; CVD = cardiovascular disease; BMI = body mass index; MI 
= myocardial infarction; LVEF = left ventricle ejection fraction (low LVEF was ≤ 45% for MIND-IT and ≤ 40% for 
DepreMI); CHF = congestive heart failure; BDI = Beck Depression Inventory; CV = cardiovascular. Note: all numbers 
are reported based on original data; fraction missing on the CR variable was 23%. 
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depicted in Table 2. Overall, in the unadjusted model, patients that participated 
in CR had a significant 50% lower mortality risk within the follow up period 
compared to patients who did not participate. After adjusting for age and sex, this 
difference decreased to 15% and was no longer statistically significant. Results 
hardly changed after additional adjustment for LVEF, MI before index-MI, and 
past or current CHF (HR=0.83; confidence interval (CI): 0.54-1.30; p=0.41). 
There was a statistically significant interaction between depression status and CR 
participation using the fully adjusted model (HR=0.49; CI: 0.27-0.90; p=0.02). In 
analyses stratified for depression status, CR participation was only significantly 
associated with a lower mortality rate for depressed patients (HR=0.48; CI: 
0.28-0.84; p=0.01) and not for non-depressed patients (HR=1.09; CI: 0.63-1.89; 
p=0.74). Furthermore, all covariates, except for CR and sex, were significantly 
related to mortality rate in multivariable analyses (Table 3). Of note, the imputed 
results did not differ from the results based on the original data. 

Secondary, the analyses were repeated with CV readmissions as an outcome. 
Regardless of depression status, CR participation was not associated with reduced 
risk for CV readmissions, in adjusted and unadjusted analyses (Table 4). 

Figure 1. Kaplan Meier curves of the cumulative survival during follow-up of all-cause mortality for 
participating and non-participating MI patients, thereby also divided for depressed and non-depressed 
patients. The curves are based on the original data.
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Table 2: Univariable and multivariable Cox regression analyses for all-cause mortality according to 
participation in cardiac rehabilitation. Analyses were performed on the whole sample and for depressed 
and non-depressed separately, in addition the interaction between CR and BDI was tested (values represent 
hazard ratios with 95% confidence intervals).

Model All MI patients p MI patients with  
BDI<10

p MI patients with  
BDI ≥ 10

p Interaction 
CR x BDI

p

1 a 0.53 (0.34 - 0.84) .009 0.69 (0.41 - 1.17) .16 0.32 (0.18 - 0.59) <.001 0.46 (0.25-0.84) .01

2 b 0.84 (0.52 - 1.33) .44 1.11 (0.64 – 1.92) .70 0.47 (0.26 - 0.86) .01 0.47 (0.26-0.85) .01

3 c 0.83 (0.54 - 1.30) .41 1.09 (0.63 – 1.89) .74 0.48 (0.28 – 0.84) .01 0.49 (0.27-0.90) .02

BDI= Beck Depression Inventory; CR = cardiac rehabilitation.
a Unadjusted model
b Model adjusted for age and sex
c Model adjusted for age, sex, LVEF, MI before index-MI, and past or current heart failure

Table 3: Multivariable Cox regression analyses of all predictors for all-cause mortality.

Covariates Multivariable HR p

CR 0.83 (0.53 - 1.29) .40

BDI≥10 1.45 (1.14 - 1.83) .003

Age 1.06 (1.05-1.07) <.001

Sex 0.79 (0.61 - 1.01) .06

Low LVEF 1.87 (1.50-2.34) <.001

Past or current CHF 2.14 (1.70-2.71) <.001

MI before index-MI 1.68 (1.31-2.14) <.001

BDI = Beck Depression Inventory; CR = cardiac rehabilitation; LVEF = left ventricle ejection fraction (low LVEF was 
≤ 45% for MIND-IT and ≤ 40% for DepreMI); CHF = congestive heart failure; MI = myocardial infarction; HR = 
hazard ratio.

Table 4: Univariate and multivariable Cox regression analyses for cardiovascular readmissions according 
to participation in cardiac rehabilitation. Analyses were performed on the whole sample and for depressed 
and non-depressed separately, in addition the interaction between CR and BDI was tested (values represent 
hazard ratios with 95% confidence intervals).

Model All patients         p Patients with       p

BDI<10

Patients with       p

BDI ≥10

Interaction      p

 CR x BDI

1a 0.90 (0.73 - 1.11)   .31 0.90 (0.71 - 1.14)   .37 0.91 (0.68 - 1.21)   .51 1.01 (0.72-1.41)  .97

2b 0.98 (0.79 - 1.21)   .82 0.98 (0.77 – 1.24)  .83 0.98 (0.72 - 1.34)   .91 1.01 (0.72-1.42)  .94 

3c 1.00 (0.82 - 1.22)   1.0 0.99 (0.79 - 1.25)   .95 1.02 (0.75 – 1.37)  .92 1.03 (0.74-1.44)  .85 

BDI= Beck Depression Inventory; CR = cardiac rehabilitation.
a Unadjusted model
b Model adjusted for age and sex
c Model adjusted for age, sex, LVEF, MI before index-MI, and past or current heart failure
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Discussion 

Depressed MI patients significantly benefited more from CR than non-depressed 
MI patients. We observed that CR was associated with significantly reduced 
mortality risk only for MI patients with depressive symptoms. These findings 
suggest that MI patients with depressive symptoms should particularly be 
encouraged to engage in CR programs. The secondary analyses showed that CR 
was not associated with CV readmissions, regardless of depression status. 

Our findings indicated that poor adherence on CR programs6-8 is not likely 
to explain the increased mortality risk for post-MI depressed patients.1 Instead, 
we observed that in terms of mortality risk, depressed MI patients benefited 
significantly more from CR compared to non-depressed patients. We have several 
putative explanations for this finding. Possibly, the findings can be explained 
by a so-called ceiling effect, i.e., the potential of any intervention to exert an 
effect is larger in those who have more to gain. For instance, if depressed MI 
patients initially had a less healthy lifestyle than non-depressed patients (e.g. 
smoked more often, had worse dietary habits, and exercised less frequently), they 
might have benefited more from education on lifestyle modification and from 
exercise programs. However, baseline data showed no substantial differences for 
the lifestyle indicators including smoking status and BMI between depressed and 
non-depressed patients (see Supplementary Table 1). Unfortunately, information 
on other lifestyle factors, including physical activity and diet habits, was only 
available for a minority of the participants (only for DepreMI participants). Of 
these participants, depressed patients less often did odd jobs and/or gardening 
in leisure time, compared to non-depressed patients. No significant differences 
for other lifestyle factors (other physical activities and diet habits) were observed 
between depressed and non-depressed patients (data not shown). As regards to 
CR participation, depressed and non-depressed patients were equally likely to 
participate in CR, but depressed patients had significantly poorer rates of CR 
completion.6,8 Nevertheless, the average duration of CR did not differ between 
depressed and non-depressed patients (Supplementary Table 1) and excluding 
patients that did not complete CR had no effect on the results. 

Interestingly, of the patients that attended CR, depressed patients 
considered CR consistently more effective on all kinds of behavioral, social, and 
psychological aspects, compared to non-depressed patients. For example, they 
regarded CR significantly more helpful to adopt a healthier lifestyle, to better 
cope with stress, to learn to accept their situation, to talk about their problems 
with others, and to better adhere to medication (data not shown). Of note, we 
had this information only for MIND-IT participants. 

Furthermore, depressed patients might particularly benefit from the 
exercise component of CR, as physical exercise has been found to reduce 
inflammation and sympathetic nervous system activity, and to increase heart 
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rate variability.10 These physiological factors are suggested to be more disturbed 
in depressed than in non-depressed patients and are associated with adverse 
clinical outcomes.22 Further, in addition to improving cardiovascular health, CR 
has been demonstrated to reduce many aspects of psychosocial stress, including 
depression, anxiety and hostility.4,23,24 Therefore, the beneficial effects of CR on 
mortality may be mediated by their positive effects on depression. This has also 
been suggested by previous studies in CAD and HF patients.14,25,26 These studies 
indicated that most of the benefit from CR was in those who either reduced 
their psychosocial stress or improved their fitness with CR. Of interest, previous 
studies in patients with post-MI depression have shown that particularly somatic 
symptoms of depression were related with high disease severity and adverse 
cardiovascular prognosis.27,28 Perhaps, CR targets especially somatic depressive 
symptoms, as one of its main aims is to intervene in the physical health of MI 
patients. This would be an interesting avenue for further research. To date, 
traditional depression interventions in CAD patients had only a modest effect 
on depression outcomes, and were not successful in improving CAD prognosis.29 
Because CR aims to improve both well-being and cardiovascular health of cardiac 
patients, it may be more effective than traditional anti-depressant treatments in 
terms of improving medical prognosis. 

It should be noted that in contrast to our results, a RCT in HF patients 
showed that a disease management program resulted in a trend for higher 
incidence of mortality in depressed patients and a trend for lower incidence of 
mortality for non-depressed patients.7 Furthermore, we did not find a significant 
effect of CR on mortality for the sample as a whole. Although previous meta-
analyses reported a significant effect of CR in CAD patients,2-5 a large recent 
RCT reported negative findings as well.30 The authors argued that the benefit of 
CR might have declined as current medical management has advanced. Finally, 
in contrast to our findings with mortality as outcome, we did not find any effect 
of CR on CV readmissions, the secondary outcome in this study. Notably, 
previous studies reported conflicting findings regarding the effectiveness of CR 
in reducing CV readmissions.2-4 

Strengths of this study are the large sample size of 2198 MI patients, the long 
follow-up period of up till 10 years, and the adjustment for important confounders. 
The most important limitation is that patients were not randomized to CR. 
However, it would be unethical to have a randomized control group not receiving 
CR, as studies demonstrated the effectiveness of CR to reduce mortality risk.2-5 
Unfortunately, we had no information about the specific reasons of clinicians to 
offer CR and about the patients’ motives to participate. Therefore the group that 
participated in CR may have had a different initial prognosis compared with the 
group that did not, despite adjustment for confounders. Although depression 
severity was not different for depressed patients that did and did not participate 
in CR (Supplementary table 1), patients that attended CR could have had a 
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higher initial intrinsic motivation to improve their health. This may have led to an 
overestimation of the effect of CR on mortality in depressed patients. In line with 
this, supplementary table 1 showed that depressed CR-attenders demonstrated 
more help-seeking behavior, as they were more likely to be treated for their 
depression than depressed non-attenders. Nevertheless, including treatment as 
additional covariate did not influence the results. Notably, a previous report in the 
MIND-it sample showed that MI-patients that were treated for their depression, 
irrespective of randomization, had reduced mortality risk.17 Potentially, this 
finding can be explained by the fact that these patients participated more often 
in CR, as these analyses were not adjusted for CR participation. 

Furthermore, patients with a relatively mild or relatively severe MI were 
possibly less likely to attend CR, which could have led to respectively an under- 
and overestimation of the effect. Another limitation is the long period between 
depression measurement and the start of CR; attenders started CR on average 
2 months after hospitalization, therefore depression status changed for some 
participants at the time they attended CR. Nevertheless, the results indicated 
that a depression measurement at hospitalization appears an important predictor 
for the effect of CR on mortality, which is clinically relevant information. 

To conclude, we observed that depressed MI patients benefited significantly 
more from CR than non-depressed patients, in terms of mortality rates. CR was 
associated with a reduced mortality rate only for MI patients with depressive 
symptoms. Based on these findings, MI patients with depressive symptoms should 
particularly be encouraged to engage in CR programs. As this was the first study 
to directly compare the association between cardiac rehabilitation and mortality 
risk for depressed and non-depressed MI-patients, more replicative studies 
are needed. In addition, the mechanisms that could account for the observed 
differences across depressed and non-depressed patients should be evaluated.  
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Supplementary table 1: Baseline characteristics for both patients participating and non-participating in 
cardiac rehabilitation.

No Depression 

N=1219

Depression  

N=370

No CR 

N=587

CR 

N=622
p

No CR 

N=165

CR 

N=205
p

Female 22% 16% .007 32% 21% .01

Age (SD) 64 (11) 57 (10) <.001 67 57 <.001

Living alone 18% 12% .005 29% 23% .18

Family history of CAD 40% 48% .005 37% 42% .41

Current smoker 46% 52% .03 44% 53% .09

Previous smoker 33% 27% .02 35% 29% .22

BMI (SD) 27 (4) 27 (4) .29 26 (4) 26 (4) .52

MI before index-MI 16% 9% <.001 21% 12% .02

Low LVEF 22% 23% .58 31% 26% .32

Past or current CHF 11% 6% .007 16% 12% .26

All-cause mortality 15% 9% .002 36% 10% <.001

CV readmissions 43% 40% .26 44% 45% .81

Treatment depression - - - 12% 31% <.001

BDI score (SD) - - - 14.9 (5.0) 14.3(4.6) .27

CR duration (weeks) (SD) - 9.5 (7.8) - - 8.9 (7.0) .41

CR non-completion - 9% - - 20% <.001

CR = cardiac rehabilitation; SD = standard deviation; CVD = cardiovascular disease; BMI = body mass index; MI 
= myocardial infarction; LVEF = left ventricle ejection fraction (low LVEF was ≤ 45% for MIND-IT and ≤ 40% for 
DepreMI); CHF = congestive heart failure; CV = cardiovascular; BDI = Beck Depression Inventory. Note: all numbers 
are reported based on original data; Data on CR completion was only available for MIND-IT. 





GENERAL DISCUSSION

7

113

Chapter 7

General discussion



CHAPTER 7

114

The overall aim of this dissertation was to contribute to a better understanding 
of the association between depression and somatic disease. For this purpose 
several potential pathways explaining this association were examined, including 
psychological, biological, and behavioral pathways (Figure 1). Furthermore, the 
role of confounding by prognostic factors was examined, to take the possibility of 
a non-causal pathway into account. The somatic diseases that were addressed in 
this dissertation were hypertension, diabetes, chronic kidney disease (CKD), and 
coronary artery disease (CAD). Below the findings are interpreted and integrated. 
Also, methodological considerations, directions for further research, and clinical 
implications are discussed. 

Figure 1: Overview of potential pathways leading to the comorbidity of somatic disease and depression

Summary and interpretation of the results

Psychological pathway: psychopathology in diagnosed and undiagnosed diabetes 
In Chapter 2 we found that in a large cohort of more than 90,000 participants, 
the odds of depression for individuals with diagnosed and undiagnosed diabetes 
(individuals unaware of having diabetes) were equally increased, compared to 
individuals without diabetes. In contrast, odds of anxiety were only increased 
in individuals with diagnosed diabetes. This was after adjusting for potential 
confounders that could explain the difference in psychopathology between 
diagnosed and undiagnosed diabetes, including co-morbid anxiety, depression 
and diabetes severity markers.1-4 

Because odds of depression were equally increased for diagnosed and 
undiagnosed diabetes, the psychological consequences of having a diabetes-
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diagnosis were unlikely to account for this increased depression risk. Instead, 
a biological factor is likely to underlie the association between depression and 
diabetes, as individuals who were unaware of their diabetes already had increased 
odds of depression. In this case, biological processes related to depression may 
have led to the onset of diabetes, or diabetes-related pathophysiology may have led 
to the onset of depression, or both. Because odds of anxiety were only increased 
in diagnosed diabetes, the psychological consequences of the diagnosed diabetes 
may account for this increased anxiety risk. Thus, distinctive mechanisms may 
underlie the associations of depression and anxiety with diabetes. 

It should be noticed that our findings are in contrast with a large Chinese 
population-based study4 and a meta-analysis5 that found that only diagnosed 
diabetes was associated with increased depression risk. Differences in depression 
assessment, (un)adjustment for confounders, and sample sizes may account for 
these conflicting findings. 

Biological pathway: brain structure in early and advanced vascular disease 
Numerous biological mechanisms have been proposed to underlie the bi-directional 
association between somatic disease and depression, e.g. inflammation and heart 
rate variability.6 Of interest, both depression and vascular diseases have been 
associated with neurobiological changes, occurring in partly overlapping brain 
regions.7-9 Neurobiological abnormalities could possibly predispose to depression 
and somatic disease, or could be the result of vascular pathology related to the 
somatic disease, as is suggested by the vascular depression hypothesis,10,11 or 
both. Box 1 provides some theoretical background on the vascular depression 
hypothesis.  

In Chapter 3 we reported on the observation that major depressive disorder 
(MDD) and hypertension were interactively associated with altered gray matter 
volumes. MDD in the presence, but not in the absence of hypertension was 
associated with lower volumes in areas implicated in the regulation of emotional 
and autonomic functions; i.e. the anterior and mid cingulate cortex.7-9 The 
findings were independent from age, sex, and anxiety disorders. 

As we could not infer temporality in this cross-sectional design, multiple 
pathways might have accounted for the findings. First, pathophysiological 
consequences of MDD and hypertension might have synergistically led to the 
observed interaction effect on reduced gray matter. This would be in line with 
findings that somatic disease and depression were interactively associated with 
poor medical prognosis.12 Accordingly, previous research has demonstrated 
that depression as well as hypertension contributes to regional gray matter 
volume decline.7,13 Our findings are also consistent with the concept of vascular 
depression.10,11 Nevertheless, the vascular depression pathway seems unlikely in 
our sample. This is because the sample consisted of individuals in an early or 
prodromal stage of somatic disease, i.e. mainly newly-detected hypertension in 
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Box 1: Theoretical basis of the vascular depression hypothesis

The vascular depression hypothesis postulates that vascular pathology may lead to 
depressive symptoms by affecting (sub)cortical structures involved in mood-regulation, 
as well as disrupting white matter tracts that connect these structures (i.e. frontal-
subcortical networks).10,11 This hypothesis arose from the observation that depression in 
older individuals is frequently accompanied by vascular risk factors and structural brain 
abnormalities on magnetic resonance imaging (MRI). Vascular depression is generally also 
characterized by a late age of depression onset, no family history of depression, cognitive 
deficits, disability disproportional to the depression severity, and poor antidepressant-
response and depression outcomes.19,20 The  vascular depression hypothesis implicates an 
important role of atherosclerosis in the origin of depression.19 Atherosclerotic processes 
lead to stiffening and narrowing of blood vessels, resulting in a lack of vasomotor 
reactivity. Consequently, the ability of compensatory auto-regulatory mechanisms to 
maintain optimal cerebral perfusion is reduced. If perfusion is not sufficient to provide 
the necessary amount of oxygen and glucose to the brain tissue, this may result in 
ischemic brain damage. Ischemic damage to the white matter of the brain appears as 
hyper-intensities on MRI (see figure below). White matter hyper-intensities are commonly 
observed in individuals with cerebrovascular risk factors (e.g. diabetes, cardiac disease, 
hypertension, and chronic kidney disease (CKD)), but are to a lesser extent also common 
during normal aging.21 In addition, atrophy of gray matter is related to vascular disease 
and aging.22,23 Importantly, ischemic injury has been found to be most prominent in the 
frontal lobes,24 where networks for the regulation of mood are located.25,26 Because frontal 
brain regions are also involved in the regulation of autonomic functions,8 ischemic damage 
further exacerbates hemodynamic dysregulation. Consistent with the vascular depression 
hypothesis, studies in patients with cerebrovascular disease and elderly individuals with 

cardiovascular (CV) risk factors implicate 
a prospective association of cerebral small 
vessel disease with the development of 
depressive symptoms.26-29 In addition, post 
mortem research in late-life depressed 
patients has demonstrated pathological 
changes of cerebral blood vessels and an 
up-regulation of inflammatory markers 
in depression-related brain areas, 
suggesting an etiological role of ischemic 
vascular pathology.30 The vascular 
depression hypothesis might also be 
applicable to other somatic conditions 
with concurrent vascular abnormalities, 
such as hypertension and CKD. To date, 
this has rarely been evaluated.

White matter hyper-intensities on MRI (source: 
DIP study)
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relatively young individuals. In addition, we found that hypertension without 
depression was not associated with reduced brain volumes. Moreover, the mean 
age of depression onset was lower than the mean age of hypertension onset. An 
alternative pathway that may be more likely is that the generic association of 
depression and hypertension with regional gray matter volumes reflects a pre-
existing shared vulnerability. If brain regions involved in emotional and autonomic 
processes were developed abnormally, or changed for instance due to (chronic) 
stress,14-17 this could render individuals vulnerable to develop hypertension8 as 
well as depression.18

Studying brain structure in a sample with advanced somatic disease increases 
insight in the potential role of acquired brain injury in depressive symptoms. 
CKD is associated with high vascular burden, structural brain abnormalities, and 
increased depression prevalence.31,32 In chapter 4, we observed a significantly 
greater white matter lesion severity and lower gray matter volume in patients with 
CKD compared to age- and sex-matched controls. Consistent with the vascular 
depression hypothesis,10,11 region-specific examinations suggested that structural 
alterations were localized in depression-related brain areas. White matter lesions 
were observed in the frontal lobe and in the periventricular frontal caps. In 
addition, gray matter volumes tended to be lower in frontal areas, i.e. clusters 
in the orbitofrontal cortex. Interestingly, this was most pronounced for patients 
with depressive symptoms, as we found additional clusters in the orbitofrontal 
cortex and inferior frontal gyrus for this group. All these findings were, however, 
not statistically significant after correction for multiple comparisons. The lack 
of power in this exploratory study precludes drawing firm conclusions. The 
observations could be indicative of an increased vulnerability to develop depressive 
symptoms in the context of CKD. Nonetheless, we cannot exclude the possibility 
that these regional lower volumes reflected a pre-existing vulnerability instead of 
a pathophysiological consequence of CKD. In addition, it should be mentioned 
that CKD and dialysis are associated with a complexity of pathophysiological 
processes that could affect the brain. Therefore, other processes than vascular 
pathology (e.g. inflammation and tryptophan depletion) can also potentially lead 
to brain alterations and subsequent depression. 

Non-causal pathway: the confounding role of prognostic factors
Because depressive symptoms overlap with symptoms of somatic disease, the 
possibility should be explored that depression merely reflects the somatic disease. 
Disease severity could confound the association between depression and poor 
medical prognosis in patients with co-morbid somatic disease.33 In chapter 5, we 
assessed the association between depression and cardiovascular (CV) prognosis 
while adjusting for Global Registry of Acute Coronary Events (GRACE) score, a 
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well-validated composite score for post myocardial infarction (MI) mortality risk.34-36 
We found that, although depressive symptoms were related to GRACE score, 
GRACE score explained only part (28%) of the relation between depression and 
CV prognosis. Depression remained an independent predictor of CV prognosis 
after adjusting for GRACE score. This is consistent with previous studies that 
adjusted for various (combinations of) clinical factors related to prognosis.37 
Our secondary analyses showed that somatic/affective depressive symptoms, 
but not cognitive/affective depressive symptoms, were related to GRACE score. 
GRACE score partly attenuated the relation between somatic/affective depressive 
symptoms and CV prognosis. In line with most previous studies, we therefore 
concluded that somatic/affective depressive symptoms predict CV prognosis 
independent of prognostic factors related to the disease.38,39

Nevertheless, although GRACE score has high predictive value for mortality 
after a MI,36 the possibility of unmeasured and residual confounding of disease-
related prognostic factors remains. More specifically, a number of prognostic factors 
that would have provided further prognostic information (e.g. inflammation 
and troponin levels) were not included in the GRACE score, as the accuracy 
of the GRACE score was balanced against the ease of use for clinical practice.40 
In addition, clinical variables are never measured perfectly accurately and some 
continuous measures were dichotomized in the GRACE-model. Therefore, the 
confounding role of the GRACE-variables in the association between depression 
and prognosis was probably underestimated. In other words, depression may in 
reality be more a reflection of the disease than we were able to demonstrate.41

Behavioral pathway: cardiac rehabilitation, depression, and mortality risk
In Chapter 6 we observed that depressed MI patients benefited significantly 
more from cardiac rehabilitation (CR) than non-depressed patients, in terms of 
mortality rates. CR was associated with a significantly lower mortality rate only in 
depressed patients. This was after adjustment for confounding factors, including 
age, sex, and MI severity markers. No association of CR with survival could be 
demonstrated for patients without depressive symptoms. 

These findings indicate that poor adherence to CR programs42-44 is not 
likely to explain the increased mortality risk for post-MI depressed patients.45 
The observation that depressed patients benefited specifically from CR may be 
because they had more to gain, due to worse initial health behaviors,46,47 worse 
initial pathophysiology, or both. Notably, in addition to improving cardiovascular 
health, CR has been found to reduce depression.48 Possibly, therefore, the 
beneficial effects of CR on mortality may be mediated by the improvement of 
depression. This suggestion concurs with some observational studies in coronary 
artery disease (CAD) and heart failure patients.49,50,51 These studies indicated 
that CR was specifically related to lower mortality rates if depressive symptoms 
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improved, and this was mediated in part by positive effects of exercise. However, a 
disease management program in heart failure (HF) patients, resulted in a trend for 
higher incidence of readmissions and mortality in depressed patients.42 Notably, 
that intervention solely consisted of education and support and did not include 
exercise training and group meetings.

Our findings as well as those of others42-44,49-52 suggest that lifestyle behaviors 
are likely important in the association between depression and medical prognosis. 
Our finding that the non-participating half of the depressed patients had the 
highest mortality rates (see Kaplan Meier curves in chapter 6), could have been 
the result of unhealthy lifestyle habits. In line with this, a study in stable CAD 
patients found that lifestyle factors, particularly physical activity, explained almost 
half of the association between depression and new cardiovascular events.53 Taken 
together, our findings implicate that depressed patients should particularly be 
encouraged to attend CR to improve cardiac prognosis. 

Integration of the findings in a broader perspective

In conclusion, the results of this thesis indicate that depression is probably 
not merely a psychological consequence or a reflection of the somatic disease. 
Although these aspects may play a role, additional biological and behavioral 
factors are likely to be involved in the bi-directional relation between depression 
and somatic disease.

The findings described in this dissertation should be interpreted in the 
broader context of interactive models about the etiology of psychopathology.54 
According to such models, depression is a multifactorial condition which results 
from an interplay of biological, psychological, and social factors.54,55 When 
vulnerable individuals (e.g. personality, genetic profile, pre-existing cognitions) 
are exposed to stressful events, this may trigger the onset of depression. In this 
view, the presence of a somatic disease can be regarded as a stressor that could 
result in depression in vulnerable individuals. Mechanisms of how this stressor 
could result in depression may be related to the meaning of the somatic disease 
(e.g. life-threat), or to its consequences (e.g. disability, social isolation), or to 
biological processes (e.g. brain changes, inflammation). In the other direction, 
depression in itself is also thought to induce somatic disease, presumably through 
behavioral and biological pathways.6,46,56,57 In addition, there may potentially be 
a mutual vulnerability factor that underlies both depression and somatic disease. 
In summary, a complex of interactive pathways underlies the comorbidity of 
depression and somatic diseases. 

Importantly, depression is a heterogeneous disorder, in which the etiological 
basis is likely to differ between individuals. For instance, it has been conceptualized 
that depression with a first onset late in life is etiologically different from depression 
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with a first onset early in life.10,58,59 Late-onset depression is more often associated 
with cognitive impairment, poor treatment response, vascular risk factors, and 
no family history of depression.10,59 In line with this, depression that manifests 
before the onset of a somatic disease is potentially of a different etiological subtype 
than depression that develops after the onset of a somatic disease. Predisposed 
vulnerability for depression, for instance, might be stronger in “pre-“ rather than 
“post-onset” depression.60 Probably, in “pre-onset” depression, specific behavioral 
factors (e.g. poor diet and low physical activity) and pathophysiology (e.g. HPA-axis- 
and sympathetic over-activity) that are related to depression may increase the risk 
of developing somatic disease.6,46,56,57 In turn, the psychological consequences of 
somatic disease may induce or exacerbate depressive symptoms in these vulnerable 
individuals.61 On the other hand, it can be speculated that in those who develop 
depression for the first time after the onset of a somatic disease, biological factors 
arising from the somatic disease are particularly important. Pathophysiological 
processes may for instance lead to alterations in mood-related brain areas and 
thereby inducing depressive symptoms.10,11,19 In addition, in some individuals 
“post-onset” depression may be in part a reflection of the somatic symptoms 
of the somatic disease. However, as biological factors (e.g. inflammation, heart 
rate variability) as well as somatic symptoms e.g. (fatigue, loss of appetite) overlap 
for depression and somatic disease, it is difficult to determine directionality.6,62 
Figure 2 depicts the hypothetical model in which different etiological pathways 
may dominate in subgroups of somatic depression, based on differences in the 
time of onset of a first depression relative to the onset of the somatic disease. 

Figure 2: Hypothetical model: different etiological pathways may dominate for somatic depression that 
develops before or after the onset of a somatic disease (“pre-onset” versus “post-onset”)
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Furthermore, different depression subtypes are likely to be characterized by 
different depressive symptom profiles and courses.63 Based on this idea, Ormel 
and De Jonge proposed an integrative model of depression in the context of 
CAD.63 This model distinguishes two post-MI depression subtypes with different 
depression symptomatology, courses, and underlying etiologies. The cognitive/
affective subtype was proposed to be related to the meaning of the MI and 
to result from a vulnerability to stressful life events (resembling “pre-onset” 
somatic depression). This subtype can be viewed as an adjustment disorder 
that is mostly associated with a less chronic course and better outcomes than 
the proposed somatic/affective subtype. The somatic/affective subtype was 
hypothesized to be directly related to underlying pathophysiological processes of 
the disease (resembling “post-onset” somatic depression), and if persistent, to be 
associated with poor cardiac outcomes. Our findings that only somatic/affective 
depressive symptoms were related to GRACE score and to poor CV prognosis 
are in consonance with this theory. Furthermore, poor health behaviors were 
proposed to accompany persistent depression, and to mediate the effect on CAD 
prognosis.63 

Interestingly, the model by Ormel and De Jonge may explain why traditional 
depression interventions were not successful in improving CAD prognosis.63,64 
Namely, these interventions, including CBT and antidepressant medication, 
were not directed at improving the underlying pathophysiological processes of 
the high-risk somatic/affective subtype and the poor health behaviors related to 
persistent depression. Otherwise, CR directly (exercise training) and indirectly 
(educating health behaviors) interferes on underlying somatic processes. Therefore, 
according to the model63 and the current results, CR may be more promising in 
improving (somatic) depressive symptoms and cardiac prognosis than traditional 
anti-depressant interventions alone. Moreover, CR additionally focuses on 
psychological aspects, as it generally also includes individual meetings with a nurse, 
social worker, or psychologist. Plausibly, integrating the management of medical 
and psychological aspects will be most effective. This was also indicated by a 
collaborative care trial, in which intervention in both medical and psychological 
aspects, improved medical as well as depression outcomes for patients with 
diabetes and CAD with comorbid depression.65

Methodological considerations

Causal interpretation was limited in this dissertation, as the results were all based 
on observational studies, mostly with cross-sectional designs. We were therefore 
not able to infer whether depression was a cause or a consequence of diabetes 
in chapter 2. In line, we do not know whether the observed brain differences in 
chapters 3 and 4 were a cause or a consequence of either depression or somatic 
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disease. Furthermore, unlike intervention studies, observational studies are prone 
to unmeasured confounding. This limitation should be especially considered for 
chapters 5 and 6, in which we respectively investigated the extent of confounding 
by GRACE score and the effect of CR in the relation between post-MI depression 
and prognosis. Because participants were not randomized to CR (chapter 6), 
unmeasured factors and selection bias could have affected the findings. 

Another important methodological consideration is that, due to the complex 
interplay between biological, behavioral, and psychosocial factors, it is impossible 
to completely disentangle the pathways that potentially link depression and 
somatic disease. For example, as the psychological meaning depends somewhat 
on the pathophysiological severity of the disease (the confounder), adjustment 
for disease severity markers may result in overcorrection. Consequently, in 
chapters 2 and 5 we might have removed a significant part of the psychological 
impact of respectively diabetes and MI by adjusting for prognostic markers. 
In line with this, in chapter 4 it remains unclear whether the indicated brain 
alterations may be a mediator between CKD and depressive symptoms, or merely 
a marker (confounder) of worse underlying CKD severity, which in turn is related 
to depression. Thus, although our findings indicated a role for biological factors 
in the association between depression and somatic disease, a plausible additional 
role for psychological factors related to the disease cannot be excluded. 

Furthermore, because of the heterogeneity of depression in the context 
of somatic diseases, the relative contributions of biological, behavioral, and 
psychosocial factors to somatic depression are likely to be different for separate 
individuals.15,61,66 Different etiological pathways may underlie post-MI depression 
for individuals with different symptom profiles.63  As a result, factors that may 
mediate the association between depression and somatic diseases are also likely 
to differ across individuals. For instance, somatic but not cognitive depressive 
symptoms were related to GRACE score and CV prognosis (chapter 5). When 
this heterogeneity in depression is not taken into account in the analyses, i.e., 
examining the sample as a whole instead of discriminating between patients with 
different characteristics (e.g. based on symptomology), the strengths of contributing 
pathways to somatic depression in individuals may be underestimated. This is 
a potential explanation for the lack of significant findings regarding structural 
brain abnormalities in depressed versus non depressed CKD patients (chapter 4). 

Furthermore, a direct (matched) comparison between depression with and 
without CKD would have given more insight in the role of brain abnormalities 
in the etiology of depression in the context of CKD (chapter 4). Actually, this was 
the original goal of the DIP study. We aimed to include 24 matched depressed 
individuals with and 24 without CKD, and similar numbers of non-depressed 
individuals with and without CKD as control groups. Unfortunately, less CKD 
patients than expected met our inclusion criteria. Although we expanded our 
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recruitment possibilities and broadened our inclusion criteria, we were eventually 
only able to include 10 depressed and 14 non-depressed CKD patients. The 
most important reasons for lack of inclusion were MRI-contraindications and 
too high disease severity (according to the physician or patients themselves). 
Additionally, these recruitment difficulties resulted in a selection bias towards 
the healthiest CKD patients. Unfortunately, direct comparison of the brains of 
depressed participants with and without CKD was not possible, because they 
were not matched on important confounders such as sex, age, and education 
level. Nonetheless, with our data we were able to find indications that CKD 
was associated with structural abnormalities in depression-related brain areas 
(chapter 4). In addition, we have collected a rich dataset, consisting of various 
functional and structural MRI scans, cognitive tasks, and questionnaires, in 
which innovative future studies can be performed within the CKD group (N=24) 
and the depressed group without CKD (N=24) separately.  

Additionally, we used different somatic diseases to investigate the relation 
between somatic disease and depression. Therefore, generalizations of the 
findings towards other patient populations are debatable. Nevertheless, the 
somatic diseases in this thesis are highly inter-related and have some shared 
underlying pathophysiology. Importantly, depression is consistently associated 
with a whole range of chronic somatic diseases, in which it generally increases the 
risk for poor medical outcomes.67-69 It should also be noted that we used different 
assessments of depression. Questionnaires, more than diagnostic interviews, may 
reflect somatic disease distress and might pick up somatic complaints reflecting 
the severity of the somatic disease.70,71 Still, both types of assessments have been 
consistently associated with somatic disease and demonstrated to be predictive 
for poor medical prognosis.31,72,73

In the current dissertation, MRI was used to evaluate structural brain 
differences as a pathway in the relation between somatic disease and depression. 
Although this yielded valuable information,  as a result of limitations in spatial 
resolution MRI provides no direct insight in the neuropathological basis of 
the observed differences. By combining knowledge derived from post-mortem 
studies, the underlying etiology of abnormalities observed in MRI research might 
be better understood. For example, studies in postmortem tissue from (older) 
depressed patients identified pathological changes of cerebral blood vessels, 
up-regulation of inflammatory markers, and changes in number and volumes of 
glial cells and neurons in frontal-subcortical structures.74 This is congruent with 
the localization of depression-related alterations, visualized with MRI.9,75
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Directions for further research 

Most of the associations found in this dissertation were based on cross-sectional 
observational studies. In order to draw causal conclusions, prospective studies 
are needed. Given the complexity of interactive pathways that underlie the 
comorbidity of depression and somatic disease, identification of a straightforward 
underlying mechanism will not be likely. Nevertheless, it remains important to 
elucidate the understanding of contributing pathways, as this might provide new 
avenues to improve treatment. 

To enhance our understanding of the interplay of different pathways 
underlying somatic depression, these should ideally be studied in concert. For 
this purpose, a prospective population-based study with a multidisciplinary design 
could be used to follow initially healthy individuals over a long period of time. 
The LifeLines study, for example, enables research on the interaction between 
behavioral factors, psychosocial aspects, and (neuro)biological disturbances, that 
could contribute to the development of somatic depression.76 As MRI is not part 
of the protocol in Lifelines, it would be interesting to repeatedly scan a nested 
(high risk) subsample of LifeLines. In that way, it could be examined whether 
brain differences already exist between depressed and non-depressed persons in 
early stages of somatic disease. Also, it could be evaluated whether progression 
of structural brain abnormalities is followed by incident depression. In relation 
to this, other biological markers (e.g. inflammation and cholesterol levels), 
lifestyle behaviors (e.g. diet habits, physical exercise, adherence, and engaging in 
CR or disease management programs) and psychological aspects (e.g. depression 
symptomatology) can be prospectively evaluated. In addition, comparing these 
factors between depressed individuals with and without somatic disease would 
provide additional insight into a potential distinctive depression etiology (the 
original design of the DIP study). 

In addition, such a multidisciplinary prospective study is suitable to 
characterize potential distinctive subgroups of depression, in order to optimize 
detection, prevention, and treatment approaches. It would for instance be 
interesting to evaluate the hypothetical model depicted in figure 2, which 
proposes different etiological depression subtypes based on the time of onset of 
a first depression relative to the onset of the somatic disease. Other candidate 
features to take into account when examining subtypes are age, family history of 
depression, depression course and symptomatology (e.g. somatic and cognitive 
symptoms), antidepressant treatment response, cognitive function, and multi-
morbid medical diseases. For clinical purposes, it may be further characterized 
what mechanisms underlie the beneficial effects of CR on prognosis, and what 
aspects of CR might be particularly beneficial for subgroups of patients. For 
instance, it would be interesting to evaluate whether the beneficial effects of CR 
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on mortality may be mediated by the alleviation of somatic depressive symptoms. 
This would be in line with our findings that specifically somatic symptoms were 
associated with GRACE score and poor CV prognosis.  

Clinical implications

The multifactorial and heterogeneous etiology of somatic depression should 
be taken into account in order to translate the findings to clinical practice. In 
other words, interventions should ideally target multiple potential pathways that 
underlie somatic depression and should be adjusted to the needs of individual 
patients.65 To date, traditional depression interventions in CAD patients only 
had a small effect on depression outcomes, and were not successful in improving 
CAD prognosis.64 In line, no substantial benefits of traditional depression 
interventions on depression and medical outcomes were observed for depressed 
diabetes and CKD patients.77,78

Interestingly, structural brain alterations as well as neuropsychological 
functioning were found to be predictive of treatment non-response in late-life 
depression.20,79 These predictors were also highly related to vascular risk factors.20,79 
Probably, preventing the development and progression of cerebrovascular damage 
and improving physical health will be more effective to enhance depression and 
medical prognosis than traditional depression treatments alone. Interventions 
should for instance additionally target the underlying vascular disease and its 
risk factors. In line with this suggestion, our results as well as those of others 51 
indicated that CR was associated with reduced mortality rates in depressed MI 
patients. Exercise training and interventions on unfavorable lifestyle behaviors 
(i.e. improving adherence, diet, and physical activity) are important aspects of CR 
that are likely also effective for depressed patients with other somatic diseases. 
Of interest, exercise has been shown to reduce inflammation,80 to improve brain 
structure and function, in particular in subcortical-frontal brain areas, and to 
improve cognitive function and reduce depressive symptoms. It is noteworthy 
that exercise therapy has generally been found to reduce depressive symptoms 
in patients with and without cardiac disease, with similar efficacy as traditional 
depression therapies.48,81,82 

Furthermore, cerebrovascular drugs (i.e. nimodipine), transcranial magnetic 
stimulation, and carotid stent placement have been found promising to improve 
depressive symptoms in patients with vascular depression.83,84 Further trials 
are needed in order to replicate these findings and to evaluate the efficacy of 
a broader range of cerebrovascular drugs that can improve the perfusion of the 
brain and thereby possibly improve depressive symptoms. Whether preventing 
vascular disease at an earlier age may reduce the risk of incident depression is 
another potential area of future research. 
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In order to apply individual-tailored interventions, recognition of patients who 
are at risk for developing comorbid depression and somatic disease is important. 
For instance, considering older patients with treatment-resistant depression, it 
may be useful to incorporate systematic  monitoring of vascular risk factors, such 
as cholesterol, glucose, and blood pressure levels in standard practice, and to 
promote favorable lifestyle behaviors.65 On the other hand, although screening 
for depression in patients with a somatic disease is a subject of debate,85 our 
finding that CR was associated with lower mortality rates specifically for depressed 
patients, suggest that screening for depression may be valuable.

Concluding remarks
 
Depression in the context of somatic diseases is very common and is associated 
with a poor quality of life and poor medical outcomes. This dissertation aimed to 
provide a better understanding of the association between depression and somatic 
disease. The findings indicate that depression is not merely a psychological 
consequence of the disease, but that biological and behavioral factors probably 
also underlie the bi-directional relation with somatic disease. Interventions 
targeting  both the psychological and physical health of patients with somatic 
depression are therefore likely to contribute to the improvement of depression as 
well as medical outcomes. Importantly, for both research and clinical purposes, 
it should be considered that the etiological pathways to comorbidity are complex 
and intertwined, and likely different for subgroups of patients. Hopefully, a 
multidisciplinary research approach, in which the interplay of different pathways 
are taken into account, will further contribute to a clearer picture of depression 
in the context of somatic disease.
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Depressie en somatische (lichamelijke) ziekten komen vaak samen voor. Naar 
schatting lijdt 15% tot 30% van de patiënten met een chronische somatische 
ziekte aan depressie. Dit is twee tot drie keer zoveel als in de algehele bevolking. 
Het verband tussen depressie en somatische ziekten is complex en lijkt twee kanten 
op te gaan. Mensen met een somatische ziekte hebben meer kans op het krijgen 
van een depressie, en andersom hebben mensen met een depressie meer kans op 
het krijgen van een somatische ziekte. De comorbiditeit (het tegelijk voorkomen) 
van somatische ziekte en depressie wordt geassocieerd met een slechtere kwaliteit 
van leven, verminderde therapietrouw en vroegtijdig overlijden, ten opzichte 
van het hebben van een somatische ziekte zonder depressie. Ondanks veelvuldig 
onderzoek naar de relatie tussen depressie en somatische ziekten blijven de 
mechanismen die aan deze complexe relatie ten grondslag liggen onduidelijk. 

Het algemene doel van dit proefschrift was om bij te dragen aan een beter 
begrip van de relatie tussen depressie en somatische ziekten. Voor dit doel werden 
verschillende mechanismen  die mogelijk onderliggend zijn aan de comorbiditeit 
van depressie en somatische ziekten onderzocht. Dit betrof psychologische, 
biologische en gedragsmatige mechanismen. Daarnaast is onderzocht of depressie 
een voorspeller is voor een slechte medische prognose onafhankelijk van (een 
marker van) de ernst van de somatische ziekte. Hoewel depressie in verband wordt 
gebracht met een breder scala aan somatische aandoeningen, focust dit proefschrift 
zich op depressie in de context van hypertensie, diabetes, coronaire hartziekte en 
chronische nierziekte.  Hieronder worden de onderzochte etiologische paden die 
ten grondslag kunnen liggen aan somatische depressie (i.e., comorbiditeit van 
somatische ziekte en depressie) kort toegelicht en de bevindingen samengevat.

Het psychologische pad
Het hebben van een chronische somatische ziekte gaat vaak gepaard met 
beperkingen, onzekerheden en fundamentele veranderingen in het dagelijks 
leven en in de toekomstperspectieven van de patiënt. Een intuïtieve verklaring 
van de hoge prevalentie van depressie onder mensen met een somatische 
ziekte, is dat het lijden aan een somatische ziekte psychologische consequenties 
heeft. Om dit “psychologische pad” te onderzoeken is in hoofdstuk 2 van dit 
proefschrift het vóórkomen van depressieve - en angststoornissen vergeleken 
tussen individuen met gediagnosticeerde diabetes (individuen die weten dat ze 
diabetes hebben), individuen met ongediagnosticeerde diabetes (individuen die 
diabetes hebben maar dat nog niet weten) en individuen zonder diabetes. Uit 
onze resultaten bleek dat depressie vaker voorkomt bij zowel individuen met 
gediagnosticeerde als bij individuen met ongediagnosticeerde diabetes, in gelijke 
mate, ten opzichte van individuen zonder diabetes. Het vaker voorkomen van 
depressie bij mensen met diabetes kan daarom waarschijnlijk niet alleen verklaard 
worden door de psychologische consequenties van een diabetesdiagnose. Een 
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biologische factor zou onderliggend kunnen zijn aan het verband tussen diabetes 
en depressie, omdat het risico op depressie ook verhoogd was bij individuen met 
niet-gediagnostiseerde diabetes. In tegenstelling  tot depressie kwam angst alleen 
vaker voor bij individuen met gediagnosticeerde diabetes. Dit suggereert dat 
psychologische factoren, gerelateerd aan de diabetesdiagnose, een rol spelen bij het 
ontstaan van angststoornissen. Mogelijk hebben depressieve - en angststoornissen 
in de context van diabetes dus een verschillende ontstaanswijze. 

Het biologische pad
Zowel depressie als somatische ziekten gaan gepaard met verstoringen in 
somatische processen.  Zulke biologische verstoringen veroorzaakt door het ene 
kunnen het risico op het ontstaan van het andere vergroten. 

Uit onderzoek blijkt dat bij langdurige blootstelling aan stress, wat vaak 
voorkomt bij depressie, biologische processen in gang gezet worden die invloed 
hebben op het autonome zenuwstelsel in de hersenen. Zulke processen kunnen 
leiden tot een verhoogde bloeddruk en hartslag, een ontregelde suikerhuishouding 
en verhoogde niveaus van ontstekingsfactoren. Deze verstoringen kunnen 
hypertensie, atherosclerose en uiteindelijk hartziekten, nierziekten en diabetes 
tot gevolg hebben. Daarnaast kunnen biologische verstoringen die voorkomen bij 
somatische ziekten mogelijk ook leiden tot depressie. Somatische condities zoals 
hypertensie en nierfalen kunnen via veranderingen aan de bloedvaten schade 
toebrengen aan de hersenstructuur. Volgens de vasculaire-depressie-hypothese 
kan dit resulteren in depressieve klachten als er hersengebieden beschadigd raken 
die belangrijk zijn voor de regulatie van emoties, zoals frontale en subcorticale 
hersengebieden. 

Om hersenstructuur als biologisch pad in de relatie tussen depressie en 
somatische ziekte te onderzoeken, verrichtten we twee cross-sectionele (onderzoek 
met één meetmoment) MRI-studies, respectievelijk in een vroeg en in een laat 
stadium van somatische aandoeningen. Hoofdstuk 3 beschrijft een MRI-studie, 
waarin een interactie tussen depressie en hypertensie op hersenvolumes werd 
aangetoond.  Alleen depressie in de aanwezigheid, maar niet in de afwezigheid 
van hypertensie was geassocieerd met lagere grijzestofvolumes in frontale 
hersengebieden die betrokken zijn bij de regulatie van emotionele en autonome 
processen. Hoofdstuk 4 beschrijft de observatie dat patiënten in een vergevorderd 
stadium van nierziekte significant ernstigere laesies hebben in de witte stof 
en een kleiner grijzestofvolume hadden dan individuen zonder nierziekte. In 
overeenstemming met de vasculaire-depressie-hypothese bleken afwijkingen 
onder andere gelokaliseerd in frontale, depressie-gerelateerde hersengebieden.  
De resultaten van hoofdstuk 3 en 4 ondersteunen de hypothese dat regionale 
afwijkingen in de hersenstructuur onderliggend kunnen zijn aan de comorbiditeit 
van depressie met vaatziekten. Omdat dit cross-sectioneel onderzoek betrof, 
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weten we niet of dergelijke afwijkingen in de hersenstructuur oorzaak of gevolg 
zijn van dan wel depressie of somatische ziekte, of beide. Toekomstig prospectief 
onderzoek is daarom nodig om inzicht te geven in oorzakelijke verbanden tussen 
hersenafwijkingen, depressie en somatische ziekten.   

Het gedragsmatige pad
Een ongezonde leefstijl kan leiden tot de ontwikkeling van somatische ziekten en 
de verergering hiervan. Uit onderzoek blijkt dat individuen met een depressie vaker 
roken, minder fysiek actief zijn en ongezonder eten dan individuen zonder een 
depressie. Ook blijken depressieve individuen minder vaak medische procedures 
te ondergaan en zijn ze minder therapietrouw. Deze gedragingen verhogen het 
risico op het ontstaan en verergeren van somatische ziekten. In dit opzicht zou 
een minder intensieve deelname aan hartrevalidatie een mogelijke verklaring 
kunnen zijn voor het verhoogde risico op vroegtijdig overlijden bij depressieve 
hartinfarctpatiënten. In hoofdstuk 6 onderzochten we of de medische prognose 
van hartinfarctpatiënten met en zonder depressieve klachten verschilde na het 
volgen van hartrevalidatie. Uit de resultaten bleek dat patiënten met depressieve 
klachten significant meer baat hadden bij hartrevalidatie dan patiënten zonder 
depressieve klachten,  met betrekking tot overleving gedurende tien jaar na het 
hartinfarct. Alleen patiënten met depressieve klachten leken in dit opzicht te 
profiteren van hartrevalidatie, en patiënten zonder depressieve klachten niet. 
Een mogelijke verklaring voor deze bevindingen is dat er voor patiënten met 
depressieve klachten meer winst te behalen viel met hartrevalidatie, vanwege een 
slechtere initiële leefstijl en lichamelijk gezondheid. De resultaten suggereren 
dat hartpatiënten met depressieve klachten extra aangemoedigd zouden moeten 
worden om deel te nemen aan hartrevalidatie. 

De verstorende rol van prognostische factoren
Symptomen van depressie en somatische ziekten overlappen gedeeltelijk. Om 
die reden kunnen depressieve symptomen ook beschouwd worden als een 
uiting van de somatische ziekte, in plaats van een oorzaak of gevolg ervan. Met 
andere woorden, mogelijk zijn de depressieve symptomen geen onderdeel van 
een psychiatrisch probleem maar eigenlijk symptomen van ernstige somatische 
ziekte. Dit zou kunnen verklaren waarom patiënten met depressieve symptomen 
een slechtere medische prognose hebben dan patiënten zonder depressieve 
symptomen. Daarom werd in hoofdstuk 5 bij hartinfarctpatiënten onderzocht 
of prognostische factoren gerelateerd aan de ernst van de hartziekte het verband 
tussen depressieve symptomen en een slechte medische prognose kon verklaren. 
Een goed gevalideerde samengestelde risicoscore voor overlijden na een 
hartinfarct, de Global Registry of Acute Coronary Events (GRACE) score, bleek 
de relatie tussen depressieve symptomen en nieuwe hartproblemen of vroegtijdig 
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overlijden slechts gedeeltelijk (28%) te verklaren. Na het controleren voor 
GRACE-score bleven depressieve symptomen een onafhankelijke voorspeller voor 
nieuwe hartproblemen of vroegtijdig overlijden. Waarschijnlijk is de slechtere 
prognose van depressieve hartinfarctpatiënten ten opzichte van niet-depressieve 
patiënten daarom niet enkel te verklaren door een initieel ernstigere hartziekte. 
Depressie bij een hartinfarct is waarschijnlijk meer dan slechts een weergave van 
de symptomen van de somatische ziekte. 

Concluderende opmerkingen
Het algemene doel van dit proefschrift was bij te dragen aan een beter begrip van de 
relatie tussen depressie en somatische ziekten. Samenvattend toont dit proefschrift 
aan dat depressie waarschijnlijk niet slechts een psychologische consequentie is 
van het hebben van een somatische ziekte, of een reflectie van de symptomen 
van de somatische ziekte. Biologische - en gedragsfactoren spelen waarschijnlijk 
ook een belangrijke rol in de relatie tussen depressie en somatische ziekten. 
Vanuit klinisch oogpunt zouden depressie-interventies die naast psychologische 
behandeling ook gericht zijn op het verbeteren van leefstijl en somatische 
gesteldheid daarom mogelijk tot een betere psychologische en medische prognose 
kunnen leiden. Verder is het voor klinische doeleinden en voor toekomstig 
onderzoek van belang in ogenschouw te nemen dat depressie een heterogeen 
concept is, waaraan een complexiteit van verschillende etiologische paden ten 
grondslag ligt. Dergelijke onderliggende etiologische paden kunnen verschillend 
zijn voor individuen. Daarom zal een multidisciplinaire onderzoeksbenadering, 
waarbij er tevens rekening wordt gehouden met verschillende subgroepen van 
patiënten, verder bijdragen aan de kennis over comorbiditeit van depressie en 
somatische ziekte. Hopelijk zal dit uiteindelijk leiden tot de ontwikkeling van 
effectievere interventies voor somatische depressie. 
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