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Late-life depression
Depression is one of the most common and disabling psychiatric disorders in later life. Box 
1 presents the diagnostic criteria for a major depression. The prevalence of major late-life 
depression ranges between 0.9-9.4% for those living in private households and between 
14-42% for those living in institutions 1, where it needs to be noted that subthreshold 
depression (i.e. when older adults suffer from depressive symptoms without meeting 
the full criteria for a major depression) is even more prevalent 2. The risk of becoming 
depressed in later life is raised in women and in individuals with a somatic illness, cognitive 
or functional impairment, lack or loss of social contacts and/or a history of depression 1. 
In fact, besides the risks that are particularly common in late life (e.g. somatic disease 
and functional and cognitive impairment), all risk factors for depression across a person’s 
lifespan can play a role in the development of late-life depression, also risk factors such 
as genetic predisposition, early life trauma and social stress that are typically associated 
with early-onset depression 3. 
In elderly persons coping with depression, particularly in those suffering from severe 
depression, chronic disease and loneliness, the risk of chronicity is higher than it is in 
younger depressed individuals 4. Antidepressant treatments, electroconvulsive therapy 
(ECT) and psychotherapy can be effective in older people 5, but often late-life depression 
goes unrecognized and untreated 6. In those who do receive treatment for their depression, 
older age, more severe and longer duration of the depression, comorbid anxiety, physical 
illness and executive dysfunction predict a worse outcome 7.
The consequences of major and subthreshold depression in late life are severe: depressed 
elderly persons not only suffer from the depression itself, they also use more health care, 
particularly other types of health care than mental health care, and experience higher 
levels of functional and cognitive impairment and a lower quality of life, while their 
caregivers experience a high burden 8. Also, the risk of mortality is elevated in late-life 
depression 9, part of which is explained by a raised cardiovascular 10 11 and cerebrovascular 
mortality 12. 
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Depression diagnostic criteria (DSM-5)

The individual must be experiencing five or more symptoms during the same 2-week period 
and at least one of the symptoms should be either (1) depressed mood or (2) loss of interest or 
pleasure (core criteria). Collectively, these symptoms must cause clinically significant distress 
or impairment in social, occupational, or other important areas of functioning

1.	 Depressed mood most of the day, nearly every day.
2.	 Markedly diminished interest or pleasure in all, or almost all, activities most of the day, 

nearly every day.
3.	 Significant weight loss when not dieting or weight gain, or decrease or increase in appetite 

nearly every day.
4.	 Insomnia or hypersomnia nearly every day.
5.	 A slowing down of thought and a reduction of physical movement (observable by others, 

not merely subjective feelings of restlessness or being slowed down).
6.	 Fatigue or loss of energy nearly every day.
7.	 Feelings of worthlessness or excessive or inappropriate guilt nearly every day.
8.	 Diminished ability to think or concentrate, or indecisiveness, nearly every day.
9.	 Recurrent thoughts of death, recurrent suicidal ideation without a specific plan, or a 

suicide attempt or a specific plan for committing suicide.

Vascular depression or a depressive-executive subtype of late-life depression?
This clustering of vascular risks, vascular disease and depression in later life that 
clinicians frequently observed was confirmed in large epidemiological studies of late-life 
depression, whose findings prompted research into the potential relationships between 
depression and cardio- and cerebrovascular disease 13. Objectives were to try and confirm 
that depression was a causal risk factor for vascular disease, and to identify the underlying 
pathophysiological mechanisms of this relationship. Another field of research focused 
on questions regarding the causes and consequences of the raised risk of a depressive 
disorder in post-myocardial infarction 14 and post-stroke patients 15.
Could it be that, not only recognized but also unrecognized or ‘silent’ vascular disease 
was a risk factor for and even a cause of late-life depression, and, if so, through what 
mechanisms? Neuroimaging studies showed an association between white matter 
hyperintensities (WMH), a marker of cerebral small vessel disease (CSVD; for more details, 
see the CSVD and vascular apathy hypothesis section), and depression 16. Clinically, CSVD-
related depression was linked to executive dysfunction and therapy resistance, leading to 
the inception of the vascular depression hypothesis 17. The proposed pathophysiological 
mechanism for this vascular subtype of depression was disruption of the fronto-striatal 
pathways of the brain by CSVD 17.
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Research into biological aging processes promoted a further differentiation of late-life 
depression syndromes, and provided information about the biomarkers with which they 
can be distinguished 18 (see Table1). The depression-executive dysfunction subtype of 
late-life depression is the only subtype that has been related to vascular risk and vascular 
disease and a higher risk of dementia 19. In clinical practice and compared to depressed 
older adults without executive deficits, those with the depression-executive dysfunction 
syndrome more often present with reduced fluency, impaired visual naming, paranoia, 
loss of interest in activities, and psychomotor retardation but with a milder vegetative 
syndrome 20. Moreover, treatment response is lower and the rate of recurrence is higher. 
Still, comprising antidepressants, ECT and/or psychotherapy, in essence treatment 
regimens for this subtype do not differ from those prescribed for a general depressive 
disorder 5. Moreover, since a distinct clinical syndrome and a causal relationship between 
CSVD and depression could not be established, the name ‘vascular depression’ was 
abandoned by most researchers and clinicians 21 22.

Table 1. Biomarkers and behavior associated with late-life depression subtypes

Aging process Biomarkers Typical Phenotype

Cerebral small vessel 
disease (CSVD)

Systolic blood pressure
Pulse wave velocity
Vessel calcification
White matter hyperintensities (WMH)
Fractional anisotropy in fronto-striatal tracts 

Depressive-executive 
dysfunction

Inflammation and 
dopamine depletion

Interleukin-6 (IL-6)
Tumor necrosis factor alpha (TNF-alpha)
C-reactive protein
Dopamine D1/D2 receptor density
Dopamine transporter (DAT) activity
Response to stimulation

Inflammation, slowness

Oxidative stress and 
mitochondrial aging

F2 isoprostanes
VO2 max
Enzymatic activity
IH MRS lactate
IH MRS N-acetyl aspartate
31P MRS phosphocreatine

Frailty, fatigue

Adapted from: [18] Rutherford BR, Taylor WD, Brown PJ, Sneed JR, Roose SP. Biological Aging and the Future of Geriatric 
Psychiatry. J Gerontol A Biol Sci Med Sci 2017; 72:343–52. https://doi.org/10.1093/GERONA/GLW241.

Although the association between WMH (as biomarkers for CSVD) and depression was 
confirmed in a meta-analysis 16, WMH are particularly related to those items of depression 
scales that gauge motivational problems such as loss of interest and psychomotor 
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retardation 23. Accordingly, several studies have suggested that it might not be the 
depressive disorder but rather comorbid apathy that is related to CSVD 24 and to executive 
dysfunction 25. 

Apathy 
Being part of many neurological and psychiatric diseases, apathy is a transdiagnostic 
symptom 26 but it can also be a stand-alone syndrome. Characterized by reduced activity, 
thought and emotions, it clearly overlaps with definitions of motivational constructs. 
The consequences of apathy are serious as it reduces  quality of life 27 and causes more 
functional impairment 28, while increasing the caregiver burden 29 30. Apathy is, moreover, 
associated with a higher risk of incident cardiovascular disease, stroke and mortality 31 
and dementia 32.  

Apathy diagnostic criteria (2018)

CRITERION A: 
a quantitative reduction of goal-directed activity (behavioural, cognitive, emotional or social) 
in comparison to the patient’s previous level of functioning

CRITERION B:  
at least 2 of the 3 following dimensions for at least 4 weeks

	 B1 BEHAVIOUR AND COGNITION:  
	 reduced general level of activity; diminished persistence of activity; less interest or 
	 slow in making choices; less interest in external issues; less interest in own health 
	 and image

	 B2 EMOTION:  
	 less spontaneous emotion; fewer emotional reactions to the environment; less 
	 concern about the impact of actions/feelings on others; less empathy; less use of 
	 verbal or physical expressions

	 B3 SOCIAL INTERACTION: less spontaneous social initiative; less environmentally 
	 stimulated social interaction; decreased interest in interactions with family 
	 members; less verbal interaction; being more homebound

CRITERION C:  
These symptoms cause clinically significant impairment in functioning

CRITERION D:  
The symptoms are not solely attributable to physical or motor disabilities, a diminished level 
of consciousness, substance use or major changes in the patient’s environment

Adapted from: Robert P, Lanctôt KL, Agüera-Ortiz L, Aalten P, Bremond F, Defrancesco M, et al. Is it time to revise the 
diagnostic criteria for apathy in brain disorders? The 2018 international consensus group. Eur Psychiatry 2018; 54:71–6. 
https://doi.org/10.1016/J.EURPSY.2018.07.008.
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There are a number of validated scales to assess apathy across populations, of which 
the Neuropsychiatric Inventory (NPI) and the Apathy Evaluation Scale (AES) are the 
most robust 33. One of the problems that arise from the use in research, however, is 
that respondents with minimal cognitive impairment (MCI) or dementia tend to report 
lower apathy levels than peers without these health problems, which tendency is most 
likely attributable to less cognitive insight 34. Most researchers investigating cognitively 
impaired populations hence prefer to use clinician or caregiver reported scales. Research 
into apathy has also benefitted from more uniformity through the recent consensus on 
the diagnostic criteria for apathy 35, which can be used in neuropsychiatric as well as 
healthy populations. Applying these well-defined criteria 35 in a range of neuropsychiatric 
disorders, researchers documented apathy prevalences of 55% for Alzheimer’s disease, 
70% for mixed dementia, 43% for minimal cognitive impairment, 27% for Parkinson’s 
disease, 53% for schizophrenia and 94% for major depressive disorder 26. Given that in 
the general population it is seen in 2-6%, apathy is predominantly a syndrome of old age, 
with the prevalence increasing with age, especially in men 36.
Treatment options for apathy are primarily aimed at raising the activity level through 
external stimuli and at relieving the caregiver burden 37 since the evidence for the efficacy 
of pharmacological interventions in apathy is not well established and confined to specific 
populations. Thus, there is some evidence for the usefulness of methylphenidate for the 
treatment of apathy in patients with Alzheimer’s disease 38 and of dopamine agonists and 
rivastigmine in patients with Parkinson’s disease 39. 

The neuroscience of apathy
Neuroimaging studies show that, across brain disorders, apathy is associated with 
abnormalities in the fronto-striatal pathways, most notably disruptions of the dorsal 
anterior cingulate cortex, the ventral striatum and connected brain regions 40. Functional 
MRI and diffusion tensor imaging (DTI) studies have revealed that when the disruption 
in these fronto-striatal pathways leads to disruption of the underlying reward network, 
higher levels of apathy are seen 41 (See Figure 1). Research into this reward network and 
its function in the motivation process is emerging 42. Studies combining functional MRI 
or DTI and behavioural paradigms show that the reward network plays a role in effort-
based decision-making, i.e. the process in which a person decides whether to expend 
effort to gain a reward or not 42. In people with CSVD, apathy is associated with reduced 
connectivity in this specific network of the brain 43.

CSVD and the vascular apathy hypothesis
The prevalence of CSVD increases with age, from 5% in people aged 50 to almost 100% 
in those older than 90 years 44, with 52% of those with CSVD on neuroimaging showing 
apathy 24. CSVD refers to a group of atherosclerotic diseases of the small vessels of the 
brain causing ischaemic changes in the surrounding brain tissue. MRI-markers of CVSD 
include white matter hyperintensities (WMH), cerebral microbleeds, lacunar infarcts 
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and visible perivascular spaces 45. Clinically, CSVD can be silent (without observable 
symptoms) or present as a variety of geriatric syndromes like cognitive impairment, 
bladder dysfunction, or problems with gait and balance. Individuals with CWVD have a 
higher incidence of depression, strokes, dementia, disability and death 44 45. 
Since apathy is associated with CSVD 24, and this association is independent of depression, 
the nature of this relationship has received increasing attention in the last few decades. 
This research has generated the vascular apathy hypothesis that expresses the notion 
that silent CSVD can cause apathy by disrupting the fronto-striatal pathways 46 47 48. 

Figure 1. Fronto-Striatal Pathway and Reward Network 

CSVD

Cognition    Subcortical vascular MCI / 
Subcortical vascular dementia 

 semantic memory 
 executive/attentional functioning 
 visuospatial functioning 
 perceptual skills 
 

 
Neuropsychiatric   Vascular apathy? 
         emotion 
         thoughts 
         initiative 
       

Depressive‐executive sutype of depression 
        loss of interest 
        psychomotor retardation 
        paranoia 
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Figure 2. Proposed Clinical Symptoms of CSVD
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This model has given rise to new research questions. Is CSVD indeed a relevant causal 
risk-factor for apathy? Can CSVD be a sole cause of apathy and is CSVD-related apathy 
a recognizable and distinguishable clinical syndrome as using the term ‘vascular apathy’ 
suggests? These are all questions that lie at the heart of the research brought together in 
this doctoral thesis.

Scope and objectives of the thesis
Figure 3. Schematic representation of thesis outline

The overall aim of the work presented here is to examine the associations between 
cerebrovascular disease with either depression or apathy in more depth. Figure 3 provides 
a schematic overview of the associations that are considered in the research documented 
in this thesis that consists of two parts. In the first part, we will be looking at the strength 
and nature of the relationships between cerebrovascular disease and depression and 
whether and how vascular risk and neuroticism interact in this relationship. In the studies 
presented in the second part, we investigate the strength and nature of the relationships 
between cerebrovascular disease, particularly CSVD, and apathy, where we evaluate the 
concept of vascular apathy as well as associations between CSVD and apathy in (remitted) 
depression. 

Part I
In the study prescribed in Chapter 2 we asked ourselves: is depression associated with 
incident stroke and is this risk conditional upon the presence of cardiac disease? We 
sought to answer this question within the framework of the Longitudinal Aging Study 

Cardiovascular risk factors

Cerebro- 
vascular 

accidents

other 
vascular 
disease

 
&

Cerebral small  
vessel disease

Chapter

Depression Apathy
Apathy in 
(remitted) 
depression

Cardiac disease

Neuroticism

2 4 3 5 7 6
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Amsterdam (LASA) in which depression as assessed at baseline is monitored and related 
to the incidence of stroke during a 9-year follow-up. We deemed this relevant as several 
studies have shown, albeit not consistently, that depression is a risk factor for stroke, 49 
and because depression is not (yet) included as a well-established risk factor in stroke 
prevention guidelines 50. Of note here is that previous studies may have been limited by 
the measures they used to diagnose depression and/or stroke.  And, even though cardiac 
disease is one of the main risk factors for stroke, none explored whether this putative risk 
is conditional upon the presence of cardiac disease. Our study tries to overcome these 
shortcomings by including cardiac disease as effect modifier, by taking depression severity 
and chronicity into account, and finally by assessing stroke using a composite measure 
based on self-report data, medical records of GPs and death certificates.

In Chapter 3 the research question we posed was whether the risk of depression on future 
stroke is conditional upon depressive symptoms related to underlying vascular disease 
and not upon depressive symptoms associated with high neuroticism? This study was 
again conducted as part of LASA, extending the study reported on in Chapter 2. We now 
assume that vascular depression, defined as depression etiologically linked to vascular 
disease, increases the risk of stroke, where depression that is etiologically related to high 
neuroticism does not. If confirmed, the presence of underlying (silent) vascular disease 
could confound the association between depressive symptoms and stroke, which would 
then explain the differences observed in populations with cardiac disease and without 
cardiac disease.

The objective of the study presented in Chapter 4 was to explore whether neuroticism and 
vascular disease interact as risk factors for depression?  Since higher levels of neuroticism 
and vascular disease often co-occur in individuals coping with late-life depression, not only 
the impact of each of these vulnerability factors but also their interactions are of interest. 
We will be examining the presence and nature of such interactions in a population-based 
survey called the Nijmegen Biomedical Study (NBS). Since neuroticism aggravates the 
impact of life events and has been related to a poorer adherence to (vascular) treatment 
we expect to find a positive interaction by which neuroticism exacerbates the impact of 
vascular disease on depression

Part II
In the second part of this thesis, the focus is on associations between cerebrovascular 
disease and apathy. In the study reported in Chapter 5 our aim was to elucidate whether 
apathy after remitted depression is related to cerebral small vessel disease (CSVD)? 
We anticipated to find associations between the severity of apathy and vascular risk 
factors and diseases in adults with a remitted depressive disorder who participated in 
the Netherlands Study of Depression and Anxiety (NESDA) and the Netherland Study of 
Depression in Older Persons (NESDO). We assumed that this association would not be 
explained by the residual symptom of a depressed mood, which we explicitly corrected 
for.
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Chapter 6 comprises a systematic review of studies investigating whether subclinical 
CSVD is associated with apathy in the general population? Apathy studies will be included 
in which CSVD is defined as white matter hyperintensities (WMH) or white matter 
diffusivity changes, lacunar infarcts, cerebral microbleeds, decreasing cortical thickness 
and/or perivascular spaces. We also considered studies with peripheral proxies for CSVD, 
i.e. the ankle brachial index, intima media thickness, cardio-femoral pulse wave velocity, 
hypertension or cardiovascular disease.

Our final study presented in Chapter 7 explores whether CSVD can be a (sole) cause 
of apathy? The vascular apathy hypothesis is evaluated in depth in a narrative review 
in which the Bradford-Hill criteria are applied to distinguish between association and 
causation. We will use the results to determine whether vascular apathy can indeed be 
considered a distinct clinical syndrome, while reflecting on the pros and cons of the use 
of the term ‘vascular apathy’.
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Chapter 2
Cardiac disease, depressive symptoms, and 
incident stroke in an elderly population

Lonneke Wouts, MD; Richard C. Oude Voshaar, MD, PhD;  
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Abstract
Context  
Previous research suggests that depression is a risk factor for stroke. However, the 
reliability of much research is limited by the lack of documentation on the presence of 
preexistent cardiovascular disease and by the use of limited measures of depression or 
stroke.

Objectives  
To test the hypotheses that (1) clinically relevant depressive symptoms are an independent 
risk factor of incident stroke in cardiac and noncardiac patients and (2) more chronic and 
severe depressive symptoms are associated with incident stroke.

Design  
A cohort of elderly Dutch people (aged ≥ 55 years) was followed up for 9 years in the 
Longitudinal Aging Study Amsterdam (baseline measurements were taken in 1992 or 
1993, and the study concluded in 2001 or 2002, respectively).

Setting  
General community.

Participants  
Randomly selected population-based sample (N = 2965) without a history of stroke.

Main Outcome Measures  
The study end point was a first stroke (nonfatal or fatal). Depression was measured 
using the National Institute of Mental Health Diagnostic Interview Schedule and the 
Center for Epidemiological Studies–Depression Scale. Multivariate Cox proportional 
hazards regression analyses of stroke incidence were performed. The association of the 
chronicity and severity of depressive symptoms was studied in extended models with 
time-dependent variables.

Results  
The sample’s mean (SD) age was 70.5 (8.7) years, 52.1% were women, and the mean 
(SD) follow-up was 7.7 (3.1) years. Inclusion of an interaction between cardiac disease 
and clinically relevant depressive symptoms improved the model for stroke (P  =  .03). 
In participants with preexistent cardiac disease, but not in participants without cardiac 
disease, clinically relevant depressive symptoms at baseline (hazard ratio [HR], 2.18; 95% 
confidence interval [CI], 1.17-4.09) and the severity (range, 0-60; HR, 1.08; 95% CI, 1.02-
1.13) and chronicity (HR, 3.51; 95% CI, 1.13-10.93) of symptoms during follow-up were 
associated with stroke.

Conclusions  
Preexistent cardiac disease moderates the association between depressive symptoms and 
incident stroke. In cardiac patients, baseline depressive symptoms and both the severity 
and chronicity of symptoms during follow-up are associated with incident stroke.



590409-L-bw-Wouts590409-L-bw-Wouts590409-L-bw-Wouts590409-L-bw-Wouts
Processed on: 28-2-2023Processed on: 28-2-2023Processed on: 28-2-2023Processed on: 28-2-2023 PDF page: 31PDF page: 31PDF page: 31PDF page: 31

Part 1  |  Vascular risk factors for depression and apathy

31

2

Introduction
Depression is highly prevalent among elderly individuals, with a reported prevalence 
in the community of 1.8% for major depression, 9.8% for minor depression, and 13.5% 
for clinically relevant depressive symptoms (CRDSs)1. Although cross-sectional studies2 
3.   have shown depression to be associated with poor health, functional impairment, 
decreased quality of life, and greater use of health services, prospective studies4 have 
shown depression and depressive symptoms to be independent determinants of mortality. 
Recently, myocardial infarction was shown to be a mediator of the higher mortality of 
depressed individuals5 6.  The biological pathways hypothesized to link depression with 
cardiovascular disease include sympathetic nervous system activation, dysregulation of 
the hypothalamic-pituitary-adrenocortical axis, platelet aggregation dysfunction, and 
inflammation7 8. 

Studies investigating whether depression is also a risk factor for the development of 
cerebrovascular events have yielded mixed results. The recent consensus guideline of 
the American Heart Association and the American Stroke Association for the prevention 
of cerebrovascular events does not mention depression as a possible risk factor for 
stroke9.  In a recent meta-analysis,5  the pooled relative risk of stroke in those with a 
depressed mood was 1.4 (range, 1.2-1.8), but this estimated risk was influenced by the 
methodologic shortcomings and heterogeneity of the studies included. In particular, most 
of the early studies used limited measures of depression, with only 2 using the DSM-IV to 
diagnose depression. The first of these studies used self-reported data on the occurrence 
of stroke, and the second used physician-reported  ICD-10–classified cardiovascular 
disease10 11. Neither study documented the chronicity and severity of depression. Another 
source of heterogeneity in studies of the relationship between depressive symptoms and 
stroke is the possible moderating effect of cardiac disease. Because cardiac disease is an 
important predictor of stroke, stratifying by cardiac disease divides the population into 
low- and high-risk populations. If one assumes that the pathophysiologic mechanisms 
are comparable to those leading to cardiovascular disease in depressed individuals, 
depression in cardiac patients could aggravate the existing atherosclerotic disease, 
ultimately leading to stroke. Furthermore, the prevalence and incidence of depression 
would be expected to be higher in cardiac patients based on the vascular depression 
hypothesis, which states that subclinical underlying cerebrovascular disease may cause 
depression 12 13 14 15 16. According to this hypothesis, underlying atherosclerotic disease 
could give rise to both stroke and depression in cardiac patients. Bearing in mind these 
sources of heterogeneity in earlier studies, we investigated whether the presence, 
severity, and chronicity of depressive symptoms and major depressive disorder (MDD) are 
independently associated with incident stroke in elderly patients with or without cardiac 
disease during a 9-year follow-up.
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Methods
Study design and population
This study was conducted within the Longitudinal Aging Study Amsterdam (LASA), which 
is a prospective cohort study of Dutch people aged 55 to 85 years. The LASA started in 
1992, and its methods have been described in detail elsewhere 17 18.  The general aim 
of LASA was to study the autonomy and well-being of an aging population. A randomly 
selected age- and sex-stratified sample (according to expected mortality figures) was 
drawn from the population registers of 11 municipalities in the Netherlands. The reason 
for this relative oversampling of older old people (both men and women) and elderly men 
was to compensate for an anticipated higher unavailability for follow-up among physically 
frail people. The initial response rate was 62.3%, and nonresponse was associated with 
age, sex, and urbanicity. The sample first took part in the cross-sectional NESTOR–living 
arrangements and social networks study 19 and was later interviewed and followed up 
every 3 years in LASA; 81.7% of the NESTOR–living arrangements and social networks 
study population participated in LASA, with nonresponse being related to age but not 
to sex. All interviews were recorded for quality control purposes. All LASA participants 
without a history of stroke at the baseline measurement were eligible for inclusion 
(n = 3018).

Participants in whom depressive symptoms (51 [1.6%]) or stroke (2 [0.06%]) were not 
evaluated at baseline were excluded. The remaining 2965 individuals participated in 
this study of the association among depressive symptoms, CRDSs, or MDD at baseline 
and incident stroke in patients with or without cardiac disease at baseline. The mean 
(SD) follow-up was 7.7 (3.1) years; participants were assessed at baseline and every 3 
years. For the extended Cox proportional hazards regression analyses, we required the 
availability of a baseline and at least 1 follow-up assessment of depression. In total, 412 
participants (13.9%) were excluded because they had died or had a stroke before the 
first follow-up interview, and 328 participants (11.1%) were excluded because they never 
had a follow-up assessment of depressive symptoms. Unavailability for follow-up of 
depressive symptoms was associated with an older age, a lower score on the Mini-Mental 
State Examination (MMSE), more functional limitations, and cardiac disease (P < .001 for 
all). The mean (SD) follow-up for the remaining 2225 participants was 9.1 (1.7) years, with 
a mean (SD) number of 3.4 (0.8) measurements of depressive symptoms.

Measurements
Stroke Morbidity and Mortality
The study end point was the first occurrence of stroke (fatal or nonfatal). Nonfatal strokes 
were established based on self-report during the 3-yearly interviews and information 
obtained from general practitioners (GPs) in response to questionnaires sent in 1992-
1993, 1995-1996, and 2000-2001. The GPs were asked whether a participant had ever 
been diagnosed as having a cerebrovascular accident, the year in which it occurred, and 
whether a specialist had confirmed the diagnosis. Previous research in LASA had shown 
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such self-reported information to be moderately accurate (concordance with GP: κ = 0.56; 
95% confidence interval [CI], 0.48-0.64) 20.  Therefore, we considered a stroke to have 
occurred if the self-reported and GP information were consistent or if a cardiac specialist 
confirmed the GP diagnosis of stroke. Death due to stroke was established based on death 
certificates registered by the Netherlands Central Bureau of Statistics. Death certificates 
of deceased participants were 100% complete. Stroke was defined as ICD-9 codes 431, 
433, 434, and 436 and ICD-10 codes I-61, I-63, and I-64. The event was timed as occurring 
in the year halfway between the 3-yearly assessments for nonfatal strokes and as the year 
of death for fatal strokes.

Depression
Depressive symptoms were measured using the Center for Epidemiological Studies–
Depression Scale (CES-D). This is a widely used instrument to measure depressive 
symptoms in the community 21.  In LASA, the traditional cutoff of the CES-D of 16 or 
greater had a sensitivity of 100% and a specificity of 88% for MDD 22. Major depressive 
disorder was diagnosed using the National Institute of Mental Health Diagnostic Interview 
Schedule (DIS) 23.  Subthreshold depressive disorder (SDD) was diagnosed if a study 
participant scored 16 or higher on the CES-D but did not meet DSM-III diagnostic criteria 
for MDD on the DIS. The SDD category included 107 respondents with a CES-D score of 16 
or higher but no available DIS diagnosis. We use the term CRDSs were refer to the broad 
category of MDD or SDD, and we use the term depressive symptoms to refer to the score 
on the CES-D (range, 0-60).

The DIS and CES-D were completed every 3 years, which made it possible to estimate the 
mean severity of depressive symptoms and the chronicity of CRDSs and MDD during the 
follow-up. The mean severity of depressive symptoms was defined as the mean CES-D 
score of all observations until the year of the first stroke or censoring divided by the total 
number of observations in this interval. The chronicity of MDD was defined as the total 
number of observations of MDD until the year of the first stroke (or censoring) divided 
by the total number of observations in this interval. The chronicity of CRDSs was the 
total number of observations of an MDD or a score on the CES-D of 16 or higher until the 
year of the first stroke (or censoring) divided by the total number of observations in this 
interval.

Cardiac Disease
Cardiac disease  was defined as myocardial infarction, congestive heart failure, angina 
pectoris, or cardiac arrhythmia and established at baseline using an algorithm used 
earlier in LASA6. This algorithm uses 3 sources of information: self-reported, medication, 
and GP information. We considered only 1 confirmative source necessary for diagnosis 
because self-reported cardiac disease is sufficiently accurate in LASA (concordance with 
GP: κ = 0.69; 95% CI, 0.65-0.73) 20. We used a broad definition of cardiac disease because 
although it could lead to a type II error (overcorrection), the use of a more restricted 
definition could lead to a type I error (undercorrection), and we preferred to use the 
broader category.
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Confounders
Sociodemographic variables (sex and age), general health-related variables (functional 
limitations and cognitive impairments), and important stroke risk factors (diabetes 
mellitus, smoking, hypertension, and obesity) were included in the analyses as potential 
confounders. The number of functional limitations was scored with a 3-item questionnaire 
24 as none, 1, or 2 or more. Cognitive impairments were measured with the MMSE 25.  A 
history of diabetes mellitus was considered present if reported by the respondent, if the 
person used antidiabetic agents, or if a GP confirmed the diagnosis. The variable smoking 
included current smoking. Blood pressure was measured every 3 years, preferably from 
the arm but otherwise from the fingertip. Hypertension was categorized into stage 1 
hypertension (a mean systolic blood pressure of 140-159 mm Hg or a mean diastolic 
blood pressure of 90-99 mm Hg) and stage 2 hypertension (a mean systolic blood 
pressure of ≥ 160 mm Hg or a mean diastolic blood pressure of ≥ 100 mm Hg) 26. Obesity 
was defined as a body mass index (calculated as weight in kilograms divided by height in 
meters squared) of 30 or greater 27.  Antidepressant use was established by asking about 
the use of medication and by visually checking all of the participants’ medications at each 
3-yearly assessment.

Statistical analyses
All primary variables and covariates were checked for normality, collinearity, and 
proportionality of hazards. Missing data for covariates were restored by imputation 
of the most reported value, and the results for analyses with or without imputed data 
were checked for differences 28. Baseline characteristics for participants with or without 
depressive symptoms were compared using χ2 and t  tests. Univariate Cox proportional 
hazards analyses of first strokes were conducted for primary and secondary variables. 
Models of stroke incidence, which included interaction terms of depression variables 
(depressive symptoms, CRDSs, and MDD) by cardiac disease status, were tested by 
multivariate Cox proportional hazard regression analyses. Subsequently, the sample was 
stratified for cardiac disease, and the relationship between depression variables and 
incident stroke was examined by multivariate Cox proportional hazard regression analysis. 
We used extended Cox proportional hazard models to examine the association between 
the severity of depressive symptoms or the chronicity of CRDSs or MDD and incident 
stroke, with these depression variables and possible confounders as time-dependent 
variables 29. 

Results
Baseline characteristics
The mean (SD) age of the 2965 elderly study participants (52.1% female) was 70.5 (8.7) 
years, and 39.6% had 1 or more functional limitations (Table 1). At baseline, 58 (2.0%) 
had MDD and 372 (12.5%) had SDD. Myocardial infarction was reported in 285 (9.6%), 
congestive heart failure in 256 (8.7%), angina pectoris in 283 (9.5%), and cardiac arrhythmia 
in 132 (4.4%). The CRDSs at baseline were associated with older age (P < .001), female 
sex (P < .001), more functional limitations (P < .001), poorer performance on the MMSE 
(P < .001), smoking (P = .04), diabetes mellitus (P = .03), and cardiac disease (P < .001).
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Table 1. Baseline Characteristics 

Characteristic ValueA

Age, mean (SD), y 70.5 ( 8.7)
Abbreviations: CRDSs, clinically relevant depressive 
symptoms, MDD, major depressive disorder, MMSE, 
Mini-Mental State Examination.

A Data are presented as number (percentage) of 
participants (N=2965) unless otherwise indicated.

B The range was from 0 to 30.

MMSE score, mean (SD)B 27.0 (2.9)

MDD 58 (2.0)

CRDS 430 (14.5)

Women 1546 (52.1)

Functional limitations

              ≥1 1173 (39.6)

Smoking 648 (21.9)

Hypertension

             stage 1 or 2 623 (21.0)

Cardiac disease 611 (20.6) 

Diabetes mellitus 358 (12.1) 

Obesity 457 (15.4)

The overall rate of stroke was 7.7 per 1000 person-years: the rate of first nonfatal stroke 
was 2.8 per 1000 person-years, and the rate of fatal stroke was 4.9 per 1000 person-years. 
The rate of incident stroke was higher, but not significantly so, among participants with 
CRDSs at baseline (P = .10), as shown in Table 2. On univariate analysis, cardiac disease 
at baseline (P < .001), older age (P < .001), poorer MMSE performance (P < .01), more 
functional limitations (P < .01), diabetes mellitus (P < .001), and hypertension (P < .001) 
were associated with a higher incidence of stroke. The use of antidepressants (49 
participants [1.7%]) was not associated with incident stroke (hazard ratio [HR], 0.35; 95% 
CI, 0.05-2.52; P = .30).

Table 2. Stroke Rates and Univariate Cox Regression on Incident Stroke

Variable
No. of Strokes per 1000 

Person-years
Wald statistic HR (95% CI) P value

CRDS no 7.4

yes 10.11 2.645 1.39 (0.94-2.1) .10

Cardiac disease no 6.7

yes 11.9 11.91 1.78 (1.28-2.47) <.001

Abbreviations: CI, confidence interval; CRDS, clinically relevant depressive symptoms; HR, hazard ratio
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Interaction between cardiac disease and depressive symptoms
Fully corrected survival functions for incident stroke, stratified for cardiac disease status 
and the presence of CRDSs, are presented in the Figure. The hazard for incident stroke was 
higher in those with cardiac disease and CRDSs compared with those with cardiac disease 
but without CRDSs. Multivariate Cox proportional hazards regression demonstrated 
that inclusion of the interaction term CRDS  ×  cardiac disease (HR, 2.46; 95% CI, 1.09-
5.56; P = .03) significantly improved the model for incident stroke (χ2 = 4.7, P = .03), as did 
inclusion of the interaction term depressive symptoms × cardiac disease (HR, 1.06; 95% 
CI, 1.01-1.11; P =  .01). Other potentially relevant interaction terms, such as depressive 
symptoms  ×  diabetes mellitus (P  =  .65), depressive symptoms  ×  stage 1 hypertension 
(P  =  .69), depressive symptoms  ×  stage 2 hypertension (P  =  .93), and depressive 
symptoms × smoking (P = .85), were not significantly related to incident stroke

Figure 1. Survival Function (Cox regression) for Incident Stroke at Means of Covariates. 
CD indicates cardiac disease; CRDSs, clinically relevant depressive symptoms

Abbreviations: CRDS, clinically relevant depressive symptoms; CD, cardiac disease

Depressive symptoms and incident stroke in patients with and without cardiac disease
Stratification of the sample into those with or without cardiac disease at baseline showed 
that in patients with cardiac disease the presence of CRDSs at baseline was associated 
with a higher incidence of stroke even after correction for possible confounders (HR, 2.18; 
95% CI, 1.17-4.09; P = .02) (Table 3).

The extended multivariate Cox proportional hazards regression model for first stroke 
included time-dependent depression variables (the mean severity of depressive 
symptoms, the chronicity of CRDSs, and the chronicity of MDD), possible confounders 
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measured at baseline, and changes in hypertension or functional limitations during the 
follow-up period. The chronicity of CRDSs during follow-up was an independent predictor 
of incident stroke (HR, 3.51; 95% CI, 1.13-10.93; P = .03). The chronicity of MDD was not 
significantly associated with incident stroke (HR, 5.59; 95% CI, 0.77-40.56; P  =  .09). In 
addition, the mean severity of depressive symptoms during follow-up was significantly 
associated with an incident stroke (HR, 1.08; 95% CI, 1.02-1.13; P = .005). Results were 
similar for men and women, and correction for cardiac medication did not significantly 
influence the associations found.
The CRDSs at baseline were not significantly associated with incident stroke in patients 
without cardiac disease at baseline (Table 3) and neither were the chronicity of CRDSs nor 
the mean severity of symptoms during follow-up.

Table 3. Multivariate Cox Regression on Incident Stroke after Stratification for Cardiac Disease

No cardiac disease (n=2354) Cardiac disease (n=611)

Wald HR (95 %-CI) P-level Wald HR (95 % CI) P-level

Baseline variablesA

MDD 0.64 0.44 (0.06-3.22) .42 1.70 2.66 (0.61-11.56) .19

CRDS 1.15 0.73 (0.41-1.30) .28 5.95 2.18 (1.17-4.09) .02

Depressive symptoms 
(continuous)

0.90 0.99 (0.96-1.01) .34 8.98 1.05 (1.02-1.08) .003

Time-dependent variablesB

Chronicity of MDD 0.42 0.39 (0.02-6.86) .52 2.90 5.59 (0.77-40.56) .09

Chronicity of CRDS 0.02 0.94 (0.38-2.31) .90 4.69 3.51 (1.13-10.93) .03

Mean symptom severity 
(range, 0-60)

0.64 0.98 (0.94-1.03) .42 7.75 1.08 (1.02-1.13) .005

Abbreviations: CI, confidence interval; CRDSs, clinically relevant depressive symptoms; HR, hazard ratio; MDD, major depressive 
disorder
A Corrected for: age, sex, Mini-Mental State Examination, smoking, functional limitations, hypertension, diabetes mellitus, and 
obesity.
B Corrected for: age, sex, Mini-Mental State Examination, smoking, diabetes mellitus, obesity, functional limitations, and 
hypertension (baseline) and for a change in functional limitations or hypertension during follow-up (time-dependent).

Comment
This study shows that cardiac disease moderates the association between CRDSs and 
incident stroke. In cardiac patients, there seemed to be a dose-response effect in that both 
the severity and the chronicity of depressive symptoms during follow-up were predictors 
of incident stroke. This relationship was not observed in patients without cardiac disease 
at baseline.



590409-L-bw-Wouts590409-L-bw-Wouts590409-L-bw-Wouts590409-L-bw-Wouts
Processed on: 28-2-2023Processed on: 28-2-2023Processed on: 28-2-2023Processed on: 28-2-2023 PDF page: 38PDF page: 38PDF page: 38PDF page: 38

Vascular risk factors for depression and apathy  |  Part 1

38

Our findings are in line with previous research of the relationship between depressive 
symptoms and the incidence of stroke in populations with a high cardiovascular risk, such 
as patients with hypertension or diabetes mellitus 30 31 32, and offer an explanation for 
negative results. They are also consistent with previous studies 12 33 34 reporting a poorer 
cardiac prognosis and an increased mortality among cardiac patients with depression. 
Our study shows that the cerebrovascular prognosis of cardiac patients with depressive 
symptoms is worse, as is the cardiac prognosis, and this may be a factor underlying the 
higher mortality seen in depressed cardiac patients.
Nevertheless, these findings have some limitations. First, stroke was not confirmed by 
neuroimaging and, thus, no distinction was made between ischemic and hemorrhagic 
stroke. Pathophysiologically, depression would be expected to be primarily associated 
with ischemic stroke. Misclassification due to overreporting of stroke is probably not a 
major issue because self-reported stroke had to be confirmed by a GP or a specialist. 
Although there was selective dropout, with the more frail individuals being more 
likely to have missing data on depression during follow-up, this would tend to lead to 
a conservative estimate of the relationship between depressive symptoms and incident 
stroke. The relatively few participants with an MDD at baseline (n = 58) limited the power 
to find associations between MDD and stroke. However, the use of a broader category of 
CRDSs, which included MDD and SDD, is in line with research showing that subsyndromal 
depressive states form a continuum with major depression in elderly populations 35 36 
37.  Furthermore, the strongest results were found when depressive symptoms were 
used as a continuous measure (based on the CES-D), and the results for time-dependent 
analysis of an association between MDD and stroke in cardiac patients pointed in the 
same direction. Last, we did not fully control for the severity of cardiac disease because of 
the lack of electrocardiographic or ultrasonographic information 12. 

As strong points, we used a clinical diagnosis of depression in combination with a valid 
measurement of depressive symptoms and required confirmation of self-reported stroke 
by the patients’ GPs, a method that has been validated in LASA,20  or by information 
obtained from the death certificate. We also assessed depressive disorders and symptoms, 
functional limitations, and blood pressure during follow-up, which enabled us to use 
adjusted extended Cox proportional hazards models with time-dependent variables. 
These extended models are probably more realistic because depression has a fluctuating 
course, and these models incorporate all available information about depression and 
depressive symptoms. We also distinguished between participants with and without 
cardiac disease at baseline, which enabled us to establish that cardiac disease moderates 
the relationship between stroke and depressive symptoms.

To understand how cardiac disease moderates the association between depression and 
stroke morbidity and mortality, we initially have to consider why depression is associated 
with incident stroke in cardiac patients. Depression could aggravate atherosclerosis and in 
this way worsen the prognosis of cardiac patients, which could explain the dose-response 
effect that we found. Suggested pathways by which depression could specifically affect 
the vascular system of cardiac patients are a diminished heart rate variability, altered 
platelet responses,8 more arrhythmia in depressed patients with premature ventricular 
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contractions,38 as well as behavioral pathways, such as poorer compliance with cardiac 
treatment and a less healthy lifestyle 39.  At the same time, the vascular depression 
hypothesis suggests that subclinical underlying cerebrovascular disease can cause 
depression in cardiac patients 13.  The relationship between depression and vascular 
diseases seems to be reciprocal 40 41.  This reciprocal relationship could be synergistic 
in cardiac patients but not in patients without cardiac disease. This would explain the 
interaction between cardiac disease and depression found in our study.

An alternative explanation for our findings is that depressive symptoms are an indicator 
of a poor prognosis in cardiac patients because the number of depressive symptoms is 
(partly) associated with the severity of underlying cardiovascular disease 42. We chose to 
use the CES-D to score depressive symptoms because, when LASA was designed, studies 
showed that the overlap with physical illness was limited 43 44. A more recent study 45 of 
patients undergoing cardiac surgery showed that the CES-D detected change after this 
intervention, not only shortly after surgery but also later during follow-up, which suggests 
that depressive symptoms, as measured with the CES-D, benefit from an improvement 
in cardiovascular status. Moreover, trials of antidepressants in depressed patients after 
myocardial infarction do not consistently report less long-term depression or a better 
cardiac prognosis, which suggests that depressive symptoms may in part be due to the 
severity of the underlying cardiac disease 46 47 48 49. 

In conclusion, cardiac disease moderates the association between CRDSs and incident 
stroke. This moderating effect of cardiac disease could be explained not only by a 
synergistic effect of the reciprocal mechanisms between vascular disease and depression 
but also by depressive symptoms being an indicator of the severity of underlying cardiac 
disease. Both explanations deserve more attention in further research because they have 
implications for targeting effective interventions. At least, depression in cardiac patients 
seems to be an indicator of a poorer prognosis to some extent because of the higher 
incidence of stroke among these patients, as this study showed.

Funding/Support: This study is based on data collected in the context of LASA, which is 
largely funded by the Dutch Ministry of Health, Welfare and Sports.
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Radboud University Nijmegen Medical Centre, advised us on using extended Cox 
proportional hazards modeling with time-dependent variables.
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Abstract
Objective	  
Depression predicts stroke; however, meta-analyses show significant heterogeneity. 
We hypothesize that the risk of depression on incident stroke is conditional upon the 
relative contribution of vascular disease and of neuroticism in the underlying pathways 
to depression in a specific patient. We examined whether depression increases stroke in 
persons with low neuroticism and without preexisting cardiac disease.

Methods	  
This was a population-based cohort study with 9-year follow-up (n = 2,050; >=55 years, 
52% female). The incidence of stroke was determined by self-report data as well as data 
from general practitioners and death certificates. Neuroticism was measured using the 
Dutch Personality Questionnaire and depression using the Center for Epidemiologic 
Studies-Depression scale. All data were analyzed by Cox proportional hazards regression.

Results		   
A total of 117 incident cases of stroke occurred during follow-up. Among persons with a 
history of cardiac disease (n = 401), depression predicted incident stroke independent of 
neuroticism level with a hazard ratio (HR) of 1.05 (95% confidence interval [CI] 1.01-1.10) 
(p = 0.02). In persons without cardiac disease (n = 1,649), depression and neuroticism 
interacted significantly in predicting incident stroke (p = 0.028). Stratified analyses showed 
that depression predicted incident stroke in those with low neuroticism, HR 1.05 (95% CI 
1.00-1.09) (p = 0.033), but not in those with high neuroticism, HR 1.01 (95% CI 0.96-1.05) 
(p = 0.82).

Conclusions
In persons without preexistent cardiac disease, depression is only predictive for future 
stroke in absence of high neuroticism. This might be explained by the hypothesis that late-
life depression in context of low neuroticism is a marker of subclinical vascular disease.
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Introduction
Late-life depression is not only a common and disabling condition in later life, it also 
predicts the onset of major medical illnesses, such as stroke 1 2 3 4. Depression is driven 
by multiple etiologic factors, including personality (such as neuroticism) 5 and vascular 
factors 2 6 7. Especially among older people, both of these pathways may act to a certain 
degree in individual patients. Therefore, the degree to which depression is a predictor of 
incident stroke might be conditional on the relative weight of vascular disease (vascular 
depression) and of neuroticism (neurotic depression) as the underlying pathways to 
depression.
Meta-analyses show that late-life depression is prospectively associated with stroke 3 8. 
Nonetheless, the same meta-analyses point to significant heterogeneity across studies 8,
that has not been explained properly 8.  Recently, it was found that depression in the 
oldest-old does not increase stroke risk, but is a risk factor for all-cause mortality 9. The 
effects of depression on stroke risk may be due to residual confounding by severity of 
subclinical vascular disease 10.  Many older persons without a history of ischemic heart 
disease or stroke have a significant level of vascular pathology in presence of generalized 
atherosclerosis. Recently, we have shown that the intima-media thickness of the carotid 
artery, a marker for generalized atherosclerosis, is associated with depressive symptoms, 
even in the absence of a history of vascular events 11 . This association, however, was 
confined to the somatic-affective symptoms domain of depression, which may indeed 
point to overlap between subclinical vascular disease and depression 11. Interestingly, 
incident depression after a myocardial infarction also predicted a poorer prognosis of 
heart disease, whereas recurrent depression as well as depression associated with a high 
level of neuroticism did not 12 13 14. These findings fit with the hypothesis that the risk of 
depression on future vascular events is conditional upon depressive symptoms related to 
underlying vascular disease and not upon neuroticism-associated depression.
In the Longitudinal Aging Study Amsterdam (LASA), we have shown that depression only 
predicted incident stroke in older persons with preexisting cardiac disease 4.  A logical 
explanation would be that in noncardiac patients the contribution of vascular disease 
burden to depression is minimal and other pathways like high levels of neuroticism may 
be more important. Nonetheless, this explanation does not fully fit with abovementioned 
findings that depression is also associated with subclinical vascular disease 11. The present 
study, therefore, is an extension of our previous findings in LASA 4 .
We assume that the association between depression and vascular events is confounded 
by underlying vascular disease in later life and that this may differ for different subtypes 
of depression (vascular vs neurotic-associated depression). The aim of this study was 
to examine whether a lower level of neuroticism in older persons with depression 
without preexisting cardiac disease would be associated with increased risk of stroke in 
LASA. We a priori hypothesize that vascular depression, defined theoretically by a high 
etiologic contribution of vascular disease, increases the risk on future strokes, whereas 
neuroticism-associated depression does not.
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Methods
Study design and population
This study was performed as part of the LASA. LASA is a prospective cohort study focusing 
on physical functioning and well-being of an older (>=55 years) population (n = 3,107). 
LASA started in 1992/1993, with follow-up measurements every 3 years (see references 15

and 16). For this particular study, 9 years of follow-up data were available. Eligible were 
those participants without a history of stroke (n = 3,018, 97.1%), allowing us to study 
incident stroke and availability of baseline data on depressive symptoms (missing for 
51 participants) and stroke (missing for 2 participants). Of these 2,965 eligible LASA 
participants, 915 participants had no data on neuroticism, leaving a final sample of 2,050 
participants. The number of missing measurements on neuroticism was high because of 
the method of measurement: participants were asked to return a self-report questionnaire 
on neuroticism after being interviewed. Table 1 presents the baseline characteristics for 
those participants with and without data on neuroticism.
	
Table 1. Characteristics of included patients versus those with missing data on neuroticism

Characteristic Included (n=2050) Excluded (n=915) Statistics

Age (years) Mean (SD) 69.3 (8.5) 73.2 (8.6) p<.001
Female sex n (%) 1046 (51.0%) 500 (54.6%) p=.068
Cognitive functioning (MMSE score) Mean (SD) 27.5 (2.3) 25.9 (3.6) p<.001
Depressive symptoms (CESD score) Mean (SD) 7.4 (7.4) 8.9 (8.4) p<.001
One or more functional limitations n (%) 728 (35.7%) 445 (49.3%) p<.001
Smoking (yes) n (%) 477 (24.4%) 171 (27.7%) p=.098
Stage 1 or 2 hypertension n (%) 479 (24.9%) 144 (23.6%) p=.528
Cardiac disease n (%) 401 (19.6%) 210 (23.0%), p=.035
Diabetes mellitus n (%) 224 (10.9%) 134 (14.7%) p=.004
Obesity n (%) 323 (17.6%) 134 (21.6%) p=.024
Use of antidepressants n (%) 37 (1.9%) 12 (1.9%) p=.946
Incident stroke n (%) 117 (5.7%), 59 (6.4%) p=.430

Abbrevations: SD, standard deviation; n, number of participants; MMSE, Mini Mental State  Examination; CESD, Center for 
Epidemiologic Studies Depression scale

Standard protocol approvals, registrations, and patient consents
All participants of LASA completed an informed consent after oral and written information. 
The Medical Ethics Committee of the VU University Medical Center approved the study 
design and procedures.

Variables of interest
Stroke morbidity and mortality
Nonfatal stroke was assessed using an algorithm based on the 3-yearly prospective 
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interviews and general practitioner (GP) information (as in the Netherlands all patients 
are linked to only 1 GP, who receives all medical information from specialists). Previously, 
a LASA study showed that self-report information on stroke was reasonably moderately 
accurate when compared with GP information (concordance: [kappa] = 0.56; 95% 
confidence interval [CI] 0.48-0.64) and that concordance did not covary with level of 
depressive symptoms of patients 17.  We considered a stroke to have occurred if self-
reported and GP information was consistent or if a medical specialist had confirmed the 
GP diagnosis of stroke.

Fatal stroke was defined as ICD-9 codes 431, 433, 434, and 436 and ICD-10 codes I-61, 
I-63, and I-64 on the death certificates registered by the Netherlands Central Bureau of 
Statistics. These were 100% complete.
The primary outcome, time to stroke, is calculated for nonfatal stroke as the time between 
baseline and halfway the year for which the stroke has been reported; for fatal stroke, the 
exact time between baseline and death.

Depression
Depressive symptoms were measured using the self-report Center for Epidemiologic 
Studies Center for Epidemiologic Studies-Depression (CES-D) scale. All 20 items refer to 
the past week and are scored on a 4-point scale (sum score range 0-60). The psychometric 
properties of the scale are good in an older population and overlap with symptoms of 
physical illness is minimal 18. A score of >=16 indicates clinically relevant depressive 
symptoms 19. In LASA, the cutoff of 16 or higher had a sensitivity of 100% and a specificity 
of 88% for major depressive disorder according to DSM-IV criteria 19.

Neuroticism
Neuroticism is a personality trait that is stable across the lifespan and not affected by 
physical health status 20. People with a high level of neuroticism are sensitive to negative 
stimuli 21, causing emotional instability and negative moods like anxiety, sadness, guilt, 
hostility, and self-dissatisfaction 20 22. Neuroticism was measured using the Dutch Personality 
Questionnaire (DPQ) 23. Pilot studies before LASA started showed that the original scale of 
36 items could be abbreviated without loss of validity or reliability 24 25. These DPQ items 
have strong negative relations with the Emotional Stability Scale of the NEO Personality 
Inventory-Revised 23. The DPQ asks respondents if statements apply to them; possible 
answers are yes/do not know/no. Scores range between 0 and 50.

Cardiac disease
As previously described 4: “Cardiac disease was defined as myocardial infarction, congestive 
heart failure, angina pectoris, or cardiac arrhythmia and established at baseline using an 
algorithm used earlier in LASA 26. This algorithm uses 3 sources of information: self-
reported, medication, and GP information. We considered only 1 confirmative source 
necessary for diagnosis because self-reported cardiac disease is sufficiently accurate in 
LASA (concordance with GP: [kappa] = 0.69; 95% CI 0.65-0.73).” 17
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Potential confounders (covariates)
Age, sex, general health-related variables (functional limitations and cognitive impair-
ments), and established stroke risk factors (smoking, obesity, diabetes mellitus, and 
hypertension) were considered potential confounders and as such were included in the 
analyses 18.

Functional limitations were scored as none, 1, or >=2, using a 3-item questionnaire 27. 
Cognition was measured with the Mini-Mental State Examination (MMSE) 28. The variable 
smoking included current smoking. Obesity was defined as a body mass index of 30 kg/
m2 or greater 29. Diabetes mellitus (yes/no) was based on self-report data, the use of 
antidiabetic agents, or a GP diagnosis 17. Blood pressure (mm Hg) was measured with an 
oscillometric blood pressure monitor (HEM-706; Omron Corporation, Tokyo, Japan) after 
5 minutes of rest. Out of the 3 measurements, a mean systolic blood pressure of 140-159 
mm Hg or a mean diastolic blood pressure of 90-99 mm Hg was categorized as stage 1 
hypertension. A mean systolic blood pressure of >=160 mm Hg or a mean diastolic blood 
pressure of >=100 mm Hg was categorized as stage 2 hypertension 30. Antidepressant use 
was established by visually checking all of the participants’ medications during interview 
at their homes.

Statistical methods
Differences between groups were explored by calculating descriptive statistics (e.g., 
means, SDs, and frequencies) and performing t tests for continuous measures with normal 
distributions, Mann-Whitney U tests for continuous measures with skewed distributions, 
and [chi]2 tests for categorical variables.

We checked the primary variables for normality, collinearity, and proportionality of 
hazards. Neuroticism was not normally distributed; therefore we classified respondents 
as low or high on neuroticism based on the median split (=5) in order to prevent influential 
outliers from affecting results. We also performed sensitivity analyses by repeating all 
analyses on the log-transformed continuous neuroticism score.

The predictive effect of depression on incidence of stroke was tested with multiple Cox 
regression analyses with time to a fatal or nonfatal stroke as the dependent variable and 
corrected for age, sex, global cognitive functioning (MMSE score), one or more functional 
limitations, smoking, hypertension (stage 1 or 2), diabetes mellitus, and obesity. Depression 
was examined both as a continuous measure based on the CES-D total sum score as well 
as dichotomized (>=16), indicative of clinically relevant depressive symptoms.

We first checked for an interaction between depression and the presence of cardiac 
disease using Cox proportional hazards regression models with stroke as the dependent 
variable. In the fully adjusted models, the hazard ratio (HR) for clinically relevant depressive 
symptoms by cardiac disease status was 4.03 (95% CI 1.22-13.28) (p = 0.022) and HR for 
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severity of depressive symptoms by cardiac disease status was 1.06 (95% CI 1.01-1.11) (p 
= 0.032). Therefore, all analyses will be stratified for baseline cardiac disease status.

For the present article, we examined interaction terms between depression and 
neuroticism on incidence of stroke when stratified for preexisting cardiac disease using 
multiple Cox regression analyses. In case of significant interactions with neuroticism, 
results are presented separately for participants with low and high neuroticism scores.

All analyses were conducted in SPSS (Chicago, IL) for Macintosh 2011. We considered p 
values <0.05 as significant.

Results
Baseline characteristics
The mean (SD) age of the 2,050 study participants was 69.3 (8.5) years and 1,046 (51.0%) 
were women (table 1). At baseline, 261 (12.7%) participants had clinically relevant 
depressive symptoms, whereas the median neuroticism score was 4.0 (interquartile range 
7.0). A total of 117 incident strokes occurred during follow-up, resulting in an overall 
stroke rate of 7.0 per 1,000 person-years. Table 2 presents the baseline characteristics by 
cardiac disease status.

Table 2. Characteristics of included patients by cardiac disease status

Characteristic
No cardiac 

disease (n=1649)
Cardiac disease 

(n=410)
Statistics

Age (years) Mean (SD) 68.6 (8.4) 72.4 (8.3) p<.001

Female sex n (%) 889 (53.9%) 157 (39.2%) p<.001
Cognitive functioning (MMSE score) Mean (SD) 27.5 (2.3) 27.2 (2.4) p=.007
Depressive symptoms (CESD score) Mean (SD) 7.1 (7.2) 8.9 (8.3) p<.001
Neuroticism (DPQ score) median (IQR) 4.0 (7.0) 5.0 (9.0) p=.018
One or more functional limitations n (%) 520 (31.7%) 208 (52.4%) p<.001
Smoking (yes) n (%) 384 (24.6%) 93 (23.8%) p=.752
Stage 1 or 2 hypertension n (%) 398 (25.8%) 81 (21.0%) p=.052
Diabetes mellitus n (%) 159 (9.6%) 65 (16.2%) p<.001
Obesity n (%) 251 (17.0%) 72 (20.1%) p=.160
Use of antidepressants n (%) 32 (2.0%) 5 (1.3%) p=.319

Incident stroke n (%) 85 (5.2%) 32 (8.0%) p=.029

Abbrevations: Standard deviation; n, number of participants, MMSE, Mini Mental State  Examination; CESD, Center for 
Epidemiologic Studies Depression scale; DPQ, Dutch Personality Questionnaire; IQR, Interquartile Range 
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Results by level of neuroticism
Table 3 shows the effect of depression and neuroticism on the onset of stroke in patients 
with and without cardiac disease separately. Adjusted for covariates, the interaction 
term of neuroticism (median split) by depression was only significant in patients without 
cardiac disease.	

Table 3. Models for Stroke which include interaction neuroticism (median split) by depression*

No cardiac disease Cardiac disease**

HR [95% CI] p-value HR [95% CI] p-value

Model 1:

•	 CESD score 1.12 [1.03 – 1.22] .008 0.97 [0.79 – 1.20] .776

•	 Neuroticism 1.06 [0.57 – 1.98] .854 0.74 [0.23 – 2.44] .625

•	 CESD by Neuroticism 0.94 [0.89 – 0.99] .028 1.05 [0.94 – 1.17] .440

Model 2:

•	 CESD score ≥16 42.6 [5.23 – 347] <.001 0.37 [0.01 – 26.3] .649

•	 Neuroticism 0.85 [0.54 – 1.35 .484 1.04 [0.43 – 2.48] .936

•	 CESD by Neuroticism 0.12 [0.03 - 0.45] .002 2.60 [0.27 – 25.2] .408

Adjusted for age, sex, cognitive functioning, smoking, obesity, diabetes mellitus, functional limitations, and hypertension. 
Abbrevations: CESD, Center for Epidemiologic Studies Depression scale

Removing the interaction term from analyses within those participants with cardiac disease 
(n = 401) showed that depression predicted incident stroke (HR depressive symptoms = 
1.05 [95% CI 1.01-1.10], p = 0.020; HR clinically relevant depressive symptoms = 2.08 
[95% CI 0.93-4.63, p = 0.075, respectively]), whereas neuroticism did not (HR 1.06 [95% CI 
0.47-2.38], p = 0.88; and HR 1.23 [95% CI 0.57-2.68], p = 0.60, respectively). Neuroticism 
was not identified as an independent predictor of stroke risk in any of the models (all p 
values > 0.05).
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Stratified analyses by neuroticism status in participants without cardiac disease (n = 
1,649) showed that when adjusted for covariates, depression predicted incident stroke in 
those with low neuroticism (n = 838): HR depressive symptoms = 1.05 (95% CI 1.00-1.09) 
(p = 0.033) and HR clinically relevant depressive symptoms = 4.53 (95% CI 1.72-11.9) (p 
= 0.002), respectively, but not in those with high neuroticism (n = 811): HR depressive 
symptoms = 1.01 (95% CI 0.96-1.05) (p = 0.82) and HR clinically relevant depressive 
symptoms = 0.78 (95% CI 0.30-2.06) (p = 0.62), respectively. The figure presents the 
absolute stroke rates per 1,000 person-years by depression and neuroticism status in 
patients with no cardiac history (n = 1,649).
	
Stratifying on dichotomized CES-D scores and neuroticism scores (as done in the figure) 
results in low numbers per group. In the nondepressed group (n = 1,463), 5.2% (42/805) 
of persons with low neuroticism had an incident stroke, vs 5.0% (33/658) of persons with 
high neuroticism. In the depressed group (n = 186), 15.2% (5/33) of persons with low 
neuroticism had an incident stroke, vs 3.3% (5/153) of persons with high neuroticism.
As dichotomized data are more prone to chance findings, we also reanalyzed the data 
using 10Log transformation of neuroticism and the sum score of the CES-D. These analyses 
fully supported the results (data not shown).

Figure 1. Absolute stroke rates per 1,000 person-years by depression and neuroticism status in 
patients with no cardiac history (n=1,649)
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Discussion
In older persons without preexistent cardiac disease, depression only predicts the onset 
of stroke over a 9-year follow-up in case of low neuroticism scores. Although we did 
not directly measure the level of subclinical vascular disease with imaging techniques, 
this finding may be explained by the presence of subclinical cardiovascular as well as 
cerebrovascular disease for the following reasons. Atherosclerosis generally develops over 
years, with the ultimate outcome of a cardiac or cerebrovascular event 31. Nonetheless, 
subclinical vascular disease is also associated with (specific) depressive symptoms 11. In 
case atherosclerosis first gives rise to an increased depressive symptom score, depression 
will emerge as a predictor for stroke in observational cohort studies. How does this 
theory fit with our results? First, our finding that depression increases the risk for stroke 
in patients with cardiac disease is in line with the theory that depressive symptoms in 
this population partly reflect the severity of underlying subclinical vascular disease 5 8. In 
people without preexisting cardiac disease, neuroticism may be assumed to be the most 
important pathway to depression (neurotic depression) 32. Nonetheless, in this group, 
several persons have low neuroticism scores that by definition cannot have contributed to 
their depression. In this group, depressive symptoms may be a sign (or epiphenomenon) 
of subclinical vascular disease. Indeed, this hypothesis fits with our finding that depression 
in the presence of low neuroticism scores predicts the onset of stroke in persons without 
manifest cardiac disease.

The interplay among neuroticism, vascular disease, and depression is complex. Cross-
sectional studies show that the association between depression and neuroticism is 
weaker in patients with vascular disease 32 33. Prospective studies studying the effect of 
neuroticism and depression on the incidence of stroke in concert are lacking. Nonetheless, 
some studies suggest that high levels of neuroticism may increase risk of vascular events. 
In the Swedish Twin Register, neuroticism predicted the development of coronary heart 
disease over 25 years of follow-up, but significance was lost after controlling for familial 
influences 34. In the UK Health and Lifestyle Survey, neuroticism predicted cardiac mortality, 
but not death from stroke 35. In the Chicago Health and Aging Project, a psychosocial 
composite score including items of neuroticism was associated with an increased risk on 
stroke over and above the classical vascular risk factors for stroke 36. As this composite 
score also included depression, perceived stress, and life dissatisfaction, the net effect of 
neuroticism remains unknown. It is most likely that neuroticism by itself is not related to 
vascular health, as was found in our study.

Three limitations should be taken into account. First, there was a selective dropout at 
baseline, as persons with missing neuroticism scores were more depressed and more 
vascular comprised. This might have reduced the power of the results in the cardiac 
subgroup, in which no differential impact of depression by neuroticism status could be 
demonstrated. Effects for the noncardiac subgroup are difficult to estimate, but most 
likely, results are conservative.
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Second, biological markers of physical diseases have not been measured extensively. 
Previous articles on LASA, however, have confirmed good validity and high accuracy of 
our interview and algorithms used to classify the presence or absence of disease states 
17 26. Nonetheless, many patients have asymptomatic atrial fibrillation in later life, which 
may have underestimated our prevalence of cardiac arrhythmias 37.

Third, the number of participants with a stroke within subgroups was rather low, especially 
in the subgroup of nondepressed, noncardiac patients. Therefore, confirmation in other 
samples seems relevant in order to rule out chance findings. Nonetheless, our findings 
within subgroups categorized by depression (yes/no) and neuroticism (high/low) status 
were confirmed by analyses using depressive symptoms and neuroticism dimensionally.

Neuroticism and vascular disease are 2 major vulnerability factors in late-life depression 
1 22 32. Patients with depression with high levels of neuroticism are more likely to benefit 
from classical antidepressant treatment strategies, compared to patients with depression 
with higher level of vascular disease 38 39. These latter patients are also at increased risk 
of future health events like stroke 4 and might benefit from optimizing vascular disease 
management, including lifestyle intervention like walking or running. Therefore, replication 
studies as well as randomized controlled studies on the surplus of vascular screening in non-
neurotic older patients with depression without known vascular disease are warranted.

The results of our study suggest that in older persons with depression without a history 
of clinically overt vascular disease, persons with a low level of neuroticism have a higher 
risk of developing stroke, compared to those with a high level of neuroticism. These 
results support the idea that neurotic depression is a different type of depression than 
depression associated with vascular disease. Moreover, late-life depression in the context 
of low neuroticism might be a marker of vascular depression. This can be explained by 
subclinical vascular disease, in line with previous findings of an association between 
measures of generalized atherosclerosis and depressive symptoms in the population 11.

Glossary
CES-D: Center for Epidemiologic Studies-Depression scale
CI: confidence interval
DSM-IV: Diagnostic and Statistical Manual of Mental Disorders, 4th edition
GP: general practitioner
HR: hazard ratio
ICD: International Classification of Diseases
LASA: Longitudinal Aging Study Amsterdam
MMSE: Mini-Mental State Examination
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Chapter 4
The interaction between cerebrovascular 
disease and neuroticism in late-life 
depression: a cross-sectional study

L. Wouts, MD; J.G. Janzing, MD, PhD; I.K. Lampe, MD, PhD; B. Franke, MD; PhD; 
F. de Vegt, MD, PhD; I.Tendolkar, MD, PhD; M.B. van Iersel, MD, PhD;  
J.K. Buitelaar, MD, PhD; R.C. Oude Voshaar, MD, PhD

Int J Geriatr Psychiatry. 2011 Jul;26(7):702-10. doi: 10.1002/gps.2584. 
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Abstract

Objective 	   
Vascular disease and neuroticism are both risk-factors for late-life depression. In this study 
we examined the interaction between vascular disease and neuroticism as determinants 
of clinically relevant depressive symptoms (CRDS) in late-life.

Methods 	  
Multivariate logistic regression in a survey of 1396 population-dwelling people aged ≥70 
years. CRDS were defined as scoring ≥16 on the CES-D. Vascular disease was categorised 
into 4 levels: none, ≥2 vascular risk factors, cardiac disease or stroke.

Results 	  
Neuroticism was strongly associated with CRDS in women (OR: 1.6, 95%-CI: 1.4-1.8). In 
men vascular disease, interacted negatively but significantly with neuroticism (cardiac 
disease by neuroticism: OR: 0.8, 95%-CI: 0.6-0.9; stroke by neuroticism: OR: 0.8, 95%-CI: 
0.6-0.96) when predicting CRDS.

Conclusions 	 
In men vascular disease attenuates the predictive effect of neuroticism in CRDS, which 
might be mediated by apathy caused by cerebrovascular disease.



590409-L-bw-Wouts590409-L-bw-Wouts590409-L-bw-Wouts590409-L-bw-Wouts
Processed on: 28-2-2023Processed on: 28-2-2023Processed on: 28-2-2023Processed on: 28-2-2023 PDF page: 63PDF page: 63PDF page: 63PDF page: 63

Part 1  |  Vascular risk factors for depression and apathy

63

4

Introduction
Late-life depression is a frequent and serious health problem, with reported prevalence 
rates of 1.8% for major and 10.2% for minor depression 1. Depressed elderly patients 
are less healthy, they have more functional limitations, use health services more often 
and experience a lower quality of life than their non-depressed counterparts 2. This 
makes knowledge about determinants of late-life depression highly relevant for patients, 
physicians and policy makers.

Since the prevalence of depression is higher in elderly with vascular disease, it has been 
hypothesized that cerebrovascular disease (CVD) plays a causative role in the incidence and 
persistence of depressive symptoms among older adults 3. White matter hyperintensities 
(WMH) on MRI scans of the brain may reflect ischemia due to CVD 4. The onset and 
outcome of depression have been associated with the volume of WMH  5 6. Clinically, CVD 
can be evident or ‘silent’. Associations between cerebrovascular risk factors (CVRF) and 
depression have been found 7 8 9 10 11. CVRF can predict the volume of WMH 12 13 14 and as 
such can be used as a proxy for ‘silent’ CVD in epidemiological research.

The vascular depression hypothesis has stimulated research into biological predictors of 
depression, thereby often paying less attention to other theories of depression. Research 
of the role of personality in the onset of depression has shown that neuroticism is an 
important vulnerability factor for depression. Neuroticism is a stable trait that can be 
measured reliably, even in later life; it is not significantly affected by physical health 15. 
Throughout life, a neurotic personality raises the odds with at least 49 % of developing 
depressive symptoms and major depression 16. This effect of neuroticism is independent 
of age and has also been established in older people 17. 

Since higher levels of neuroticism and CVRF/CVD often co-occur in patients with late-
life depression, not only the impact of each of these vulnerability factors but also their 
interactions need to be studied. A positive interaction between CVRF/CVD and neuroticism 
would be likely since neuroticism raises the depressogenic effects of life-events 18 and 
physical illness 19; and because neuroticism has a negative influence on adherence to 
medical treatment in cardiac and other patients 20 21. So far the interaction between CVRF/
CVD and neuroticism in models of late-life depression has only been studied in a small 
case-control design with negative results 22.
	
The objective of the present study was to investigate the interplay of vascular disease 
and neuroticism in explaining depression in later life in a large population sample. As 
both the prevalence of depression 23 and of its vulnerability factors -vascular disease and 
neuroticism- differ by gender 24 25 particular attention will be paid to sex-specific effects.
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Methods 
Sample
The present sample was drawn from the Nijmegen Biomedical Study (NBS), a population-
based survey conducted in 2002 and 2003 by the Department of Epidemiology and 
Biostatistics and the Department of Clinical Chemistry of the Radboud University 
Nijmegen Medical Centre. 21756 Age- and sex- stratified randomly selected inhabitants 
of the municipality of Nijmegen received an invitation to fill out a postal questionnaire on, 
among others, lifestyle, and medical history, and to donate blood. The response to the 
initial questionnaire was 43 % in all age groups 26 and 40% in subjects aged 70 years and 
older. The response to additional questionnaires sent in 2004 and 2005 to all responders 
aged 70 years and older (N=2253) was 71% (N=1596).  These additional questionnaires 
were used for the present study. Only information on the level of education and the 
smoking history were taken from the initial questionnaire. Exclusion criteria for the 
present study were a diagnosis of dementia or a history of bipolar disorder.

Measurements
Depression - Clinically relevant depressive symptoms (CRDS) were  measured by the 20-
item Epidemiological Studies Depression scale (CES-D), and defined as a score of  ≥16. The 
CES-D is a valid and widely used instrument for the detection of depressive symptoms 27. 
The traditional cut-off of the CES-D (≥16), shows a sensitivity of 100% and a specificity of 
88% for major depressive disorder in older inhabitants of the Netherlands 28.

Neuroticism - Neuroticism (range: 0-12) was measured using the Dutch version of the 
revised Eysenck Personality Questionnaire (EPQ-RSS) 29. Results of the Dutch version 
of this questionnaire strongly resemble those of  the English version 30. The EPQ-RSS is 
based on a 3-factor model of personality: neuroticism, extraversion and psychoticism. 
Neuroticism is a stable personality trait that also in later life can be measured reliably 
as it is not significantly affected by physical health variables 15. Nonetheless, an acute 
depression amplifies the personality profile of people prone to depression 31. After 
recovery neuroticism decreases, but the overall shape of the profile doesn’t change 32 33. 
The relationship between change in personality and change in depressive symptoms is at 
most moderate and does not differ between men and women.

Cerebrovascular risk factors (CVRF) and cerebrovascular disease - Hypertension, diabetes 
mellitus, hypercholesterolemia, smoking, severe obesity, low physical activity and cardiac 
diseases were assessed, since they are well-documented as stroke risk factors 34 35. Most 
of these CVRF were linked to depression in earlier studies 8 9 10 11. Misclassification due 
to over reporting of hypertension, diabetes mellitus, hypercholesterolemia and cardiac 
diseases was reduced by requiring both a confirmative self-report and the use of 
appropriate medication for the specific disease. Participants were inquired about current 
smoking. Length and weight were asked for and body mass indexes were computed as 
follows: length/weight2 (m/kg2); severe obesity was defined as a BMI of ≥ 30 (m/kg2)36. 
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Physical activity was measured using a short version of the Voorrips questionnaire 
counting household activities and sports. The use of tertiles to categorize a low, a medium 
or a high level of physical activity is validated for an elderly population living at home 37. 

Acknowledging that in epidemiological research, self-reported CVRF and CVD are proxies 
for cerebrovascular lesions, we established a ranking in 4 levels on how closely they 
represent cerebrovascular damage:
•	 The reference group had none or 1 diagnosed cerebrovascular risk factor and no 

cardiac disease or cerebrovascular disease (level 0 in our ranking) . 
•	 ’ ≥2 vascular risk factors’  consisted of ≥2 CVRF (hypertension, diabetes mellitus, hyper- 

cholesterolemia, smoking, severe obesitas, low physical activity) without evidence of 
cardiovascular or cerebrovascular disease. This category was ranked level 1. The use 
of this cut-off was based on statistical arguments: (1) this cut-off would result in large 
enough groups to study interactions; (2) a higher cut-off did not result in a larger 
association with depression (data not shown). 

•	 ‘Cardiac disease’ was defined as myocardial infarction, angina pectoris, heart failure 
or atrial fibrillation) (level 2). 

•	 Participants that had experienced a transient ischemic attack (TIA) or cerebrovascular 
accident (CVA) were classified as ’ stroke’ (level 3). 

•	 When we use the term ‘ vascular disease’  we refer to all 3 levels: ’ ≥2 vascular risk 
factors’; ‘cardiac disease’ or ‘stroke’.

Possible confounders
In the knowledge that a history of depression, somatic comorbidity and sociodemographic 
variables predict a large portion of the variance of elderly major and subsyndromal 
depression in the general population 38 39, the following possible confounders were 
assessed: age, educational level, marital status, disability, chronic diseases and a history 
of major depression. Educational level was based on the highest level of education 
completed by participants and coded low/medium/high. Marital status was asked 
for and dichotomized into ‘currently living together with partner’ or ‘currently living 
alone’. Disability was established by asking if participants walked freely or used a stick 
or wheelchair outside. This variable was dichotomized into ‘none’ or ‘some disability’. 
The self-reported presence of chronic lung disease, chronic kidney disease, chronic liver 
disease, Morbus Crohn or colitis ulcerosa, cancer and rheumatic arthritis or arthrosis were 
added to compute a composite score for somatic comorbidity. Three levels of somatic 
comorbidity were used: none; one comorbid disease; two or more comorbid diseases. 
This definition yielded (i) large enough groups and (ii) the highest univariate associations 
with depression. Furthermore, a self-reported history of treated lifetime depression (yes/
no) was included as a covariate in the analysis. 

Statistical methods
Differences between the depressed and the non-depressed control group were tested 
with Pearson’s Chi-square for categorical and dichotomous variables and Student’s T-test 
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for continuous variables. The independent variables age and neuroticism were checked 
for linearity in the logit by a Box-Tidwell approach. In addition, all independent variables 
were checked for multicollinearity by Pearson’s correlation coefficient. Missing data on 
covariates were treated by imputing the most reported value. Data were missing on: a 
history of depression (N=11; 0.8%), disability (N=12; 0.9%), education (N=10; 0.7%) or 
somatic comorbidity (N=28; 2.0%); the most reported value for all these variables was ‘0’. 
Differences in results for analyses with or without imputed data were checked as well as 
the effects of  inclusion of dummy variables for missing data 40. 

Models for depression were tested using multivariate logistic regression. First, we wanted 
to test if stratification by gender was needed. To do this, the influence of gender on the 
interaction between neuroticism and vascular disease was studied using a three way 
interaction factor (gender*neuroticism*vascular disease), while correcting for lower 
order interactions. Since gender significantly affected the interaction between vascular 
disease and neuroticism (see results) subsequent analyses were stratified by gender.

The robustness of the outcome was tested by leaving out outliers and influential cases 
in the solution and repeating the main analyses. In addition, the main analyses were 
repeated with different cut-off scores for the CES-D (15 and 17, respectively). Stepwise 
multivariate linear regression on the total CES-D score was performed using the same 
models. All analyses were carried out using the Statistical Package for the Social Sciences 
(SPSS) version 14.0.

Results
Twenty four study participants were excluded; 15 because of a diagnosis of dementia and 
9 because of a history of bipolar disorder. Furthermore, 176 participants were excluded 
due to missing data on CES-D score (N=133; 8%), on vascular disease (N=27; 2%) or on 
neuroticism (N=16, 1%), leaving a sample of 1396 elderly participants. Missing data on 
CESD-score, vascular disease or neuroticism were related to female sex, marital status 
(living alone), disability, a low or medium level of education, ≥2 chronic comorbid diseases 
and a higher age (all at a P value <.05). The men and women in the remaining study 
sample did not differ in age and consisted of 799 men and 597 women, of whom 103 men 
(13%) and 72 women (12%) were 85 years of age and older. 

Baseline characteristics and group differences 
The study sample of 1396 elderly had a median age of 77.2 years (interquartile range) 
73.3-81.5 years), 597 (42.8%) women participated in the study. In this population 291 
(20.8%) had a CES-D score above cut-off. CRDS were significantly associated in univariate 
analyses with older age, female gender, marital status (living alone), a positive lifetime 
history of depression, lower education, presence of disability, higher levels of neuroticism, 
presence of cardiac disease and presence of stroke (Table 1). Correlations between all 
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independent variables were below Pearson’s r=.40. No adaptations to our model were 
deemed necessary and the main analysis was performed as planned.

Table 1. Baseline characteristics and group’s differences between depressed and non-depressed 
participants

   
Depressed 

(n=291)
Non-depressed 

(n=1105) 
Depressed vs. 

Non-depressed

Variable Median (IQR) Median (IQR) Mean diff.(95%-CI)

Age continuous 78.01 (73.4-83.2) 77.0 (73.3-81.2) 0.9 (0.2-1.6)

Neuroticism (0-12) continuous 5.5 (3.0-8.0) 2.0 (1.0-4.0) 3.1 (2.8-3.5)

Variable Number (%) Number (%) OR (95%-CI)

Sex male 134 (46.0) 665 (60.2) 1

female 157 (54.0) 440 (39.8) 1.8 (1.4-2.3)

Marital Status currently living together 128 (44.0) 707 (64.0) 1

  currently living alone 163 (56.0) 398 (36.0) 2.3 (1.7-2.9)

History of Depression not present 253 (86.9) 1038 (93.9) 1

  present 38 (13.1) 67 (6.1) 2.3 (1.5-3.5)

Disability no 208 (71.5) 885 (80.1) 1

  present 83 (28.5) 220 (19.9) 1.6 (1.2-2.2)

Education low level (indicator) 185 (63.6) 578 (52.3) 1

  medium level 51 (17.5) 228 (20.6) 0.7 (0.5-1.0)

  high level 55 (18.9) 299 (27.1) 0.6 (0.4-0.8)

Vascular disease none (indicator) 139 (47.8) 588 (53.2) 1

≥2 vascular risk factors 31 (10.7) 179 (16.2) 0.7 (0.5-1.1)

cardiac disease 89 (30.5) 254 (23.0) 1.5 (1.1-2.0)

      stroke 32 (11.0) 84 (7.6) 1.6 (1.03-2.5)

Other chronic diseases none (indicator) 139 (47.8) 584 (52.9) 1

1 comorbid disease 112 (38.5) 384 (34.8) 1.2 (0.9-1.6)

≥2 comorbid diseases 40 (13.7) 137 (12.4) 1.2 (0.8-1.8)

Abbreviations: IQR, interquartile range; 95%-CI, 95%-confidence interval; OR, odds ratio

Three-way interaction between vascular disease, neuroticism and gender
The 291 subjects in the sample with CRDS (CESD-score ≥16) consisted of 135 men (45.8%) 
and 160 women (54.2%). As shown in Table 2, depressed men had lower mean neuroticism 
scores than depressed women.  Women who suffered from CRDS reported lower levels 
of vascular disease than depressed men. Depressed women were living alone more often 
than depressed men; they more frequently reported a lower education, current disability 
and a comorbid disease (all at a P value <.05). 
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Table 2. Differences between depressed men and women in the study sample 

 
Depressed Men 

(n=134)
Depressed Women 

(n=157) 
Depressed 

Women vs. Men

Variable Median (IQR) Median (IQR) Mean diff.(95%-CI)

Age continuous 78.2 (73.6-83.5) 77.6 (73.2-82.6) 0.0 (-1.4-1.4)

Neuroticism (0-12) continuous 4.7 (3.0-7.0) 6.0 (4.0-8.0) 1.4 (0.7-2.0)

Variable Number (%) Number (%) OR (95%-CI)

Marital Status currently living together 78 (58.2) 50 (31.8) 1

  currently living alone 56 (41.8) 107 (68.2) 3.0 (1.8-4.8)

History of Depression not present 122 (91.0) 131 (83.4) 1

  present 12 (9.0) 26 (16.6) 2.0 (0.98-4.2)

Disability no 109 (81.3) 99 (63.1) 1

  present 25 (18.7) 58 (36.9) 2.6 (1.5-4.4)

Education low level (indicator) 70 (52.2) 115  (73.2) 1

  medium level 26 (19.4) 25 (15.9) 0.6 (0.3-1.1)

  high level 38 (28.4) 17 (10.8) 0.3 (0.1-0.5)

Vascular disease none (indicator) 55 (41.0) 84 (53.5) 1

    ≥2 vascular risk factors 9 (6.7) 22 (14.0) 1.6 (0.7-3.7)

cardiac disease 51 (38.1) 38 (24.2) 0.5 (0.3-0.8)

stroke 19 (14.2) 13 (8.3) 0.4 (0.2-0.98)

Other chronic diseases none (indicator) 76 (56.7) 50 (31.8) 1

  1 comorbid disease 40 (29.9) 85 (54.1) 2.1 (1.3-3.6)

  ≥2comorbid diseases 18 (13.4) 22 (14.0) 0.8 (0.7-3.0)

Abbrevations: IQR, interquartile range; diff, difference; 95%-CI, 95%-confidence interval

The first model included gender, age, education, marital status, a history of depression, 
disability and comorbid diseases as independent variables in a model for the prediction of 
CRDS. Adding neuroticism improved the model significantly (Chi-square: 267.8, p<0.001; 
Nagelkerke R2: 0.334). When vascular disease level 1, 2 and 3 was added the model was 
further improved (Chi-square: 11.8, p<0.01; Nagelkerke R2: 0.345). Next, a three-way 
interaction factor was added indicating gender-differences in the interaction between 
neuroticism and vascular disease, while correcting for possible lower-order interactions. 
This model was significantly better than the earlier model (Chi-square: 17.5, p<0.05; 
Nagelkerke R2: 0.366). These results supported stratification on gender to study the 
interaction between neuroticism and vascular disease.
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Interaction between vascular disease and neuroticism in women
In women neuroticism independently predicted CRDS (OR 1.6, 95%-CI: 1.4-1.8). A model 
for late-life CRDS in women that included age, marital status, history of depression, 
disability, education, comorbid diseases and neuroticism (Nagelkerke R2: 0.43) wasn’t 
significantly improved by adding vascular disease levels or by adding factors for the 
interaction between neuroticism and vascular disease (Table 3).

Table 3. Logistic regression of neuroticism, CVRF and their interaction factor on depression, 
separately for men en women

  Men (n=799) Women (n=597)

Variable OR 95%-CI OR 95%-CI

≥2 Vascular risk factors 0.7 0.1-3.4 0.5 0.1-2.0

Cardiac disease 4.2 1.8-10.0 1.1 0.3-3.7

Stroke 5.0 1.5-16.2 0.01 0.0-2.6

Neuroticism (range 0-12) 1.7 1.5-1.9 1.6 1.4-1.8

Neuroticism by ≥2 vascular risk factors 0.9 0.7-1.2 1.0 0.8-1.3

Neuroticism by cardiac disease 0.8 0.6-0.9 1.0 0.8-1.3

Neuroticism by stroke 0.8 0.6-0.96 2.3 0.9-6.1

Age 1.0 0.9-1.0 1.0 1.0-1.1

Educational level (medium) 0.9 0.5-1.6 0.7 0.4-1.4

Educational level (high) 1.1 0.7-1.8 0.4 0.2-0.9

Marital status 2.4 1.5-3.7 1.9 1.1-3.1

Disability 0.9 0.5-1.6 1.1 0.6-1.9

Chronic diseases (one) 0.8 0.5-1.3 1.1 0.7-1.9

Chronic diseases (two or more) 0.8 0.4-1.6 0.7 0.4-1.5

History of major depression 1.2 0.6-2.6 2.0 0.9-4.2

Abbreviations: CVRF, cerebrovascular risk factors
Note Adjusted for  age, marital status, educational level, comorbidity, disability and history 
of depression

Men: Chi-square for Model with vs. Model without interaction factor: 9.31; p=0.03

Nagelkerke R square 0.28; Cox & Snell R square 0.17. 

Women: Chi-square for Model with vs. Model without interaction factor: 5.70; p=0.13 

Nagelkerke R square 0.44; Cox & Snell R square 0.31. 
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Interaction between vascular disease and neuroticism in men
In men the best fitting model included interaction factors of neuroticism by vascular 
disease level (Chi-square 9.3, p<0.05; Nagelkerke R2: 0.28). As shown in figure 1 and table 
3, in men when vascular disease was present, neuroticism was less predictive of CRDS 
(neuroticism by cardiac disease: OR: 0.8, 95%-CI: 0.6-0.9; neuroticism by stroke: OR: 0.8, 
95%-CI: 0.6-0.96). 

Leaving out outliers or influential cases, changing the cut-off of the CES-D to 17 or 
performing a multivariate linear regression on depressive symptoms all gave similar 
results.

Figure 1. Negative interaction between cardiac disease and neuroticism in the prediction of 
depression in men

Discussion
The results of this study show that gender influences the interaction between vascular 
disease and neuroticism in late-life CRDS. In men the presence of vascular disease seemed 
to reduce the association between neuroticism and CRDS. In women a main effect of 
neuroticism was present, but neither a main effect of vascular disease, nor an interaction 
effect between vascular disease and neuroticism was seen.

Gender differences
As expected, the level of neuroticism was higher in women compared to men and the 
prevalence of vascular disease was higher in men compared to women. The significant 
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three-way interaction between gender, neuroticism and vascular disease, supported 
our stratification for gender in subsequent analyses on the combined effects of vascular 
disease and neuroticism. In women, no relationship could be detected between vascular 
disease and CRDS, in contrast to men. This gender-difference in the effect of vascular 
disease might be explained by the fact that in women the same stage of vascular disease 
is present at a later age (10-15 years) than in men 41. Furthermore, vascular diseases in 
women have a different presentation and are not as well detected as in men 25. However, 
these explanations should be interpreted cautiously because there was a small number of 
depressed women with both vascular disease and a low level of neuroticism in this study. 

In elderly men we found a negative interaction between vascular disease and neuroticism. 
A high level of vascular disease did reduce rather than raise the depressogenic potential 
of neuroticism in this large epidemiological study. This adds credibility to similar results 
from a small case-control design in a mixed gender population 22. This negative interaction 
effect between neuroticism and vascular disease clearly differs from the positive inter-
action effects between neuroticism and life events 18 or disability 19 which led to raise the 
levels of depressive symptoms. 

How could we explain the negative interaction effect between neuroticism and cardiac 
disease in men? There is the possibility of a ceiling effect at the highest levels of both 
neuroticism and cardiac disease, suggesting that some pathways in which vascular dis-
ease leads to depressive symptoms are shared with pathways of neuroticism. Common 
pathways could be inflammatory processes 42 43 44 and (associated) hypothalamic-pituitary-
adrenal axis functioning 45 46 47. 

Our results suggest that, in men, the biological changes that occur in the brain because of 
vascular disease override some of the independent pathways of neuroticism to depressive 
symptoms. A similar mechanism was seen by Archer et al. (2007) 48: in their study the 
presence of Alzheimer’s disease attenuated the association between neuroticism and 
depression. Several studies have shown that vascular disease is associated with apathy 
49  50. We speculate that the presence of apathy might temper the effect of neuroticism 
by reducing attention or reducing responsiveness to stress.  This would be an interesting 
topic for future research.

Limitations
There are some limitations to these results. First, the direction of relationships could not 
be established because of the cross-sectional design of this study. Secondly, self-report 
measurements were used. And although the CES-D is a well-validated measurement for 
the detection of depressive symptoms in the elderly, its specificity for major depression is 
less than 100% (namely 88%, following Beekman et al. 1997) 28. However, subsyndromal 
depressive states form a continuum with major depression, also with regard to the 
relationship with neuroticism 51 18. Self-reported vascular disease has been compared with
physician reports in a number of studies. Very good concordance has been found for self- 
reported and physician reported diabetes mellitus, good concordance for hypertension 
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and cardiovascular disease and moderate concordance for cerebrovascular disease 
52 53 54. However, we only accounted for already diagnosed diseases, probably missing 
underdiagnosed diseases (for example underdiagnosed diabetes) 55. There are also 
benefits of using self-report measurements in a cross-sectional design: relationships can 
be studied in a large non-clinical population at relatively low costs. A third limitation might 
be a bias due to selective dropout of the physically frail elderly women. However, because 
of stratification for age at enrolment in the NBS, this study still included a large sample of 
the very old, which is often missed in other studies. 

Strengths of this study include the use of different levels of vascular disease according 
to association with cerebrovascular damage, which gave more insight than a composite 
score would have done.  In addition, we corrected for disability and comorbid (non-
vascular) chronic diseases, which mediated the relationship between vascular disease and 
depression in some previous reports 56. Though our data clearly support the important 
role of vascular disease, they also highlight the necessity to broaden the risk model of 
late-life depression. Gender-differences in the associations between vascular disease 
and depression and gender-differences in the role of an interaction between vascular 
disease and neuroticism could explain some negative or inconsistent findings in mixed-
populations 57 58 59. 

Final conclusion 
We conclude that in elderly women with CRDS the predictive value of (self-reported) 
vascular disease is not as large as in men of similar age. In men with both vascular disease 
and a high level of neuroticism, the effect of neuroticism was tempered, maybe by the 
presence of apathy. A future aim should be to replicate and extend the results of this 
study in a longitudinal design.
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Abstract
Background 
Despite successful treatment of depressive disorder many patients continue to suffer from 
residual symptoms. Since (cerebro)vascular disease is a determinant of depression as well 
as apathy, we hypothesized that apathy in remitted depression is related to comorbid 
vascular disease.

Methods
Among a well-defined, prospective cohort of 1523 depressed patients, we cross-
sectionally studied, whether vascular risk factors and diseases were associated with 
apathy among those 663 participants who achieved a full-remission at 6-year follow-
up. Depressive disorders were assessed according to DSM-IV criteria applying the 
Composite International Diagnostic Interview (CIDI) at baseline and follow-up. Multiple 
linear regression analyses were applied to study the association between vascular risk 
factors and diseases (independent variables) and apathy (dependent variable), adjusted 
for confounders including residual depressive symptoms. Apathy was measured with 
the Starkstein Apathy Scale (SAS) as well as apathy dimensions identified by principal 
component analysis (PCA) on the item-scores of the SAS and Inventory of Depressive 
Symptomatology (IDS).

Results 
Among the 663 participants (mean age (SD): 46.5 (16.1) years; 66.5% females) none of 
the vascular risk factors (blood pressure, ankle brachial index, body mass index, smoking 
and diabetes mellitus) or vascular diseases (cardiac disease, cerebrovascular accidents) 
were associated with apathy, neither the SAS sum score, nor both apathy factors we 
identified by the PCA. 

Limitations
Neuroimaging would have provided more information. 

Conclusions 
Apathy in remitted depression is not associated with vascular damage. (233)
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Introduction
Despite successful treatment of a depressive episode, many patients still suffer from 
residual symptoms placing them at an increased risk of relapse 1 2. A frequently observed 
residual symptom by depressed patients who achieved remission is apathy 3 4.
Apathy is generally considered a lack of goal-directed behavior, cognition and/or emotion 5. 
Over the past decades, apathy has been identified as a common and clinically relevant 
behavioral syndrome in many neuropsychiatric disorders 6. While symptoms and signs of 
apathy are highly common among depressed patients 7, studies on apathy in depression 
are scarce. 
In the Netherlands Study of Depression in Older Persons (NESDO) 199/266 (75%) of 
depressed patients had a clinically relevant level of apathy at baseline. Of these apathic 
depressed patients, at two-year follow-up, 80% were still classified as apathic, while only 
41% was still depressed. Moreover, among the non-apathic depressed patients at baseline, 
36% became apathic at follow-up 7. These figures are alarming, as apathy predicts a lower 
return to work after remitted depression 8. These findings corroborate findings that a 
low interest in work and activities are among the most frequently encountered residual 
symptoms in remitted depression 9 10. 

Empirical studies on apathy in depression, however, are easily confounded due to overlap 
in symptoms and signs. Considering  the symptom-domain level of apathy, apathy is 
described as a loss of initiative in behavioral terms, and as loss of interest or anhedonia 
in cognitive/emotional terms 11 12. The observed ‘inability to want’ has also been defined 
as amotivation 11. According to the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5; 2013) loss of interest and anhedonia is a core criterion of a depressive disorder 
next to or in addition to depressed mood. Furthermore, the observable reduction in 
physical activity among depressed patients may easily be confused with or be a result of 
a loss of initiative. To avoid bias due to overlapping criteria, studies on apathy in remitted 
depression should adjust for the residual level (severity) of pure ‘mood’ symptoms, 
without correcting for loss of interest, anhedonia and a reduction of physical activity (see 
methods).

From a neurobiological perspective, apathy is related to dysfunctioning of prefrontal-
basal ganglia circuitries 13. Neuroimaging studies have shown that the frontal regions with 
their projections to prefrontal regions, and the basal ganglia, the parietal regions, and the 
anterior cingulate play a role in planning, motivation, and auto-activation 14. Structural 
damage of these regions and projections, as seen in Alzheimer’s disease 15 or functional 
impairment of these, as seen in Parkinson’s disease (dopaminergic and serotonergic 
depletion) 16 are associated with apathy. Apathy in late-life depression has also been 
related to structural damage 17 18; although the depressive symptoms that overlap with 
apathy (anhedonia, loss of interest and an observable reduction in physical activity) in 
theory would be linked with functional impairment of the frontolimbic networks. Apathy 
during a depression and persisting after seemingly successful depression treatment has 
been linked to structural damage to the frontolimbic network 19 ; and with persisting 
abnormalities in the salience network 20. 
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The vascular apathy hypothesis poses that the generally widespread cerebrovascular 
damage due to small vessel disease causes damage to the frontolimbic networks, even if 
no other symptoms of cerebrovascular disease are yet present and the cerebrovascular 
damage is still subclinical 21 22 23. While empirical evidence for this hypothesis is still scarce, 
it might explain the structural damage found in apathy persisting after depression 19 20.

The objective of the present study is to assess the association between comorbid vascular 
risk factors and vascular diseases and the severity of apathy at 6-year follow-up among 
a large cohort of well-phenotyped depressed patients who had achieved a full remission 
according to DSM criteria. Within this unique study design, we hypothesize that apathy in 
remitted depression is associated with vascular risk factors and vascular disease, and we 
hypothesize that this association is not explained by the residual symptom of a depressed 
mood.

Methods
Design and participants 
The present study was embedded in the Netherlands Study of Depression and Anxiety 
(NESDA) 24 25 and the Netherlands Study of Depression in Older Persons (NESDO) 26. 
NESDA and NESDO are multi-site naturalistic prospective clinical cohort studies that have 
harmonized their study design and measurements. Depressive disorder was assessed 
over a 6-month according to DSM-IV criteria based on the Clinical International Diagnostic 
Interview, version 2.1 (CIDI 2.1) at both baseline and 6-year follow-up 27 28. From the 1523 
patients with a past 6-month depressive disorder at baseline we selected all patients that 
had no past 6-month depressive disorder according to DSM-IV criteria at 6-year follow-up 
(n=663). We have chosen the 6-year follow-up assessment for our analyses as both cohort 
studies had included the Starkstein Apathy Scale at this assessment.

For details of patient recruitment, attrition rates and study design we refer to previous 
papers of both cohort studies 25 24 26. Of particular relevance for the present study, however,
is that dementia was specifically an exclusion criterion of the NESDO study, defined as 
an established diagnosis of dementia, a Mini Mental State Examination (MMSE) <18 
(allowing to include also severely depressed patients), and a suspected diagnosis of 
dementia underlying the depression by the referring geriatric psychiatrist. Since these 
latter criteria were not applied in the NESDA study due to an upper age-limit of 65 years, 
we additionally checked the general practitioner’s information of the NESDA participants 
for a diagnosis of either Alzheimer’s disease or multi-site infarct dementia (these were 
not found).



590409-L-bw-Wouts590409-L-bw-Wouts590409-L-bw-Wouts590409-L-bw-Wouts
Processed on: 28-2-2023Processed on: 28-2-2023Processed on: 28-2-2023Processed on: 28-2-2023 PDF page: 85PDF page: 85PDF page: 85PDF page: 85

Part II  |  Vascular risk factors for depression and apathy

85

5

Measures
Primary outcome measure - apathy
The presence and severity of apathy at the 6-year follow-up was assessed by means of 
the self-report version of the 14-item Starkstein apathy scale (SAS) 29. This scale is well-
validated and a score of ≥14 is considered to indicate severe apathy 30. 

Depressive symptom severity was assessed with the Inventory of Depressive Sympto-
matology-Self Report (IDS-SR), a well-validated depressive symptom questionnaire 31 32. 

Since the sum score of the SAS and IDS strongly correlated (r=0.47, p<.001), we decided 
to conduct sensitivity analyses based on the apathy and mood dimensions revealed by a 
principal component analysis (PCA) on all items of the SAS and the IDS using their original 
four-point Likert scale. We applied an oblimin rotation with Kaiser normalization and 
replaced missing item-data by means. Identified apathy and mood factors were computed 
by using the Anderson-Rubin method and used as dependent variables in the regression 
analyses.
We checked for robustness by performing principal component analyses on the SAS 
and IDS with dichotomized answers, as well as by performing the PCA for both scales 
separately. These additional sensitivity analyses did not change the factor solution 
presented in the Supplemental Information.

As shown in the supplemental material, we identified two apathy factors, i.e., amotivation 
and loss of initiative, and one mood factor. 
Items that loaded (>0.4) on the amotivation factor were “Are you interested in new 
things?”, “Does anything interest you?”, “Do you put much effort into things?”, “Are you 
always looking for something to do?”, “Do you have plans and goals for the future?”, and: 
“Do you have motivation?”. 
Items that loaded (>0.4) on the initiative factor were “Does someone has to tell you 
what to do each day?”, “Are you indifferent to things?”, “Are you unconcerned with many 
things?”, “Do you need a push to get started on things?”, “Are you neither happy nor sad, 
just in between?”, and:” Would you consider yourself apathetic?”.
Items that loaded (>0.4) on the mood factor were “Feeling sad”, “Feeling irritable”, 
“Feeling anxious or tense”, “Response of your mood to good or desired events”, “The 
quality of your mood”, “Concentration/decision Making”, “View of myself”, “View of my 
future”, “Thoughts of death or suicide”, “General interest”. 
Both apathy factors were used as primary outcome variables in the analyses, whereas the 
mood factor was included as a covariate to adjust for confounding.
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Determinants
Vascular risk factors - During a standardized medical examination at the 6-year follow-
up 33 25, we assessed smoking status and measured systolic and diastolic blood pressure 
(mmHg) twice in a supine position using an electronic Omron sphygmomanometer. 
Length (cm) and weight (kg) were measured to calculate the body-mass index (BMI) as a 
measure of obesity. Doppler assessment of ankle and blood pressure allowed calculation 
of the ankle-brachial index (ABI)34 as a measure of atherosclerosis 35. 
Vascular diseases - The presence of diabetes mellitus, and past/current history of stroke 
and cardiac disease were derived from the answers to the self-report questions of the 
CBS/LASA-questionnaire (NESDO) 36 and on information provided by the primary-care 
physician (NESDA) at the 6-year follow-up. 

Covariates 
The following covariates were controlled for as these might confound the association 
between vascular risk factors and diseases and apathy. 
Age, sex, and highest level of education were documented at the baseline interview. The 
highest level of education was categorized as basic, intermediate and high.
The use of antipsychotics, antidepressants and benzodiazepines was asked during the 
interview and checked for by inspection of medication containers. Handgrip strength (kg) 
was assessed with a dynamometer as indicator of physical performance 37.
Finally, the mood factor (see above) was included as a covariate to adjust for residual (and 
overlap of apathy with) depression.

Statistical analyses
Multiple linear regression models were built for the SAS sum score as well as for both 
apathy factors (dependent variables) separately. All vascular risk factors and vascular 
diseases were examined as cerebrovascular-related independent variables in separate 
models, adjusted for covariates described above including the level of residual depressive 
symptoms (based on either the IDS or the mood factor identified by the PCA). Missing 
values on any of the covariates were replaced by their means. To adjust for multiple 
testing, we considered p<.01 as statistically significant. 
Since the vascular apathy hypothesis is primarily based on findings in older persons, 
we post-hoc examined the influence of age on associations by introducing interaction 
factors between age and any of the vascular factors/diseases; and by repeating analyses 
in participants of 50 years of age and above and of 70 years of age and above.
Two sensitivity analyses were carried out. A first set of sensitivity analyses were conducted 
by not replacing missing data on covariates by their mean. 
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Results
Participants
The 663 study participants had a mean age of 46.5 years (range 18-86 years) and 66.5% 
were female. See table 1 for all other characteristics. 

Of the 663 participants, 29 (4.4%) did not return the SAS and 19 (2.9%) did not answer to 
some of the questions on the SAS. Of the 615 participants that returned the SAS, 44.3% 
were apathetic (cut-off ≥14), the mean score was 18.4 (SD 5.4). Not returning the SAS or 
missing values on the SAS were not significantly related to gender, age, education, the 
identified mood factor, vascular risk factors or vascular diseases. 

Table 1. Characteristics of the study population (N=663)

Characteristics: Values

Demographics:

- Age (years) mean (SD) 46.5 (16.1)

- Female sex n (%) 441 (66.5)

- Level of education:

- Basic n (%) 55 (8.3)

- Intermediate n (%) 407 (61.4)

- High n (%) 201 (30.3)

Psychopathology:

- SAS mean (SD) 18,4 (5.4)

- IDS-SR mean (SD) 16,0 (10.7)

- Use of benzodiazepines n (%) 83 (12.5)

- Use of antipsychotics n (%) 27 (4.1)

- Use of antidepressants n (%) 224 (33.8)

Vascular risk factors & health:

- Smoking n (%) 182 (27.5)

- lBMI mean (SD) 26.8 (5.0)

- Systolic blood pressure mean (SD) 135.7 (18.4)

- Diastolic blood pressure mean (SD) 79.5 (9.6)

- Ankle brachial index mean (SD) 1.2 (0.1)

- Diabetes mellitus n (%) 29 (4.4)

- Cardiac disease n (%) 57 (8.6)

- Cerebrovascular accident n (%) 22 (3.3)

- Handgrip strength mean (SD) 32.0 (16.9)

Abbreviations: SAS, Starkstein apathy scale; IDS-SR, Inventory of Depressive Symptomatology-Self Report
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Multivariate regression analyses

Primary analyses
The SAS sum score was not significantly associated with smoking, body mass index, blood 
pressure, ankle brachial index, diabetes mellitus, cardiac disease, or stroke, when age, 
sex, level of education, psychotropic drug use, physical performance, and residual mood 
symptoms were corrected for (see Table 2).

Sensitivity analyses
Furthermore, neither amotivation nor loss of initiative was associated with any of the 
vascular risk factors, or vascular diseases, in the fully corrected model (see Table 3). We 
identified no significant interactions between age and the vascular factors under study 
on their association with the SAS sum score or any of the apathy factors. Moreover, the 
results were the same when the analyses were repeated in participants aged ≥50 years as 
well as when repeated in participants aged ≥70 years.

Nor did analyzing the association between vascular risk factors and diseases with the SAS 
sum score or the apathy factors identified, now adjusted for the mood subscale of the IDS 
or for the IDS sum score, result in any significant association. Other sensitivity analyses 
(i.e., not replacing missing covariates with their mean) yielded the same results.

Table 2. Association of vascular factors with the Starkstein Apathy Scale sum score by multiple 
regression*
 

Total apathy scale score

Vascular risk factors: Beta B (95% C.I.) P-value

- Smoking 0.07 0.85 (-0.09-1.80) 0.08

- Body mass index 0.03 0.04 (-0.04-0.12) 0.36

- Systolic blood pressure -0.03 -0.01 (-0.04-0.02) 0.49

- Diastolic blood pressure 0.00 0.00 (-0.05-0.05) 0.99

- Ankle brachial index 0.02 0.86 (-2.25-3.97) 0.59

- Diabetes mellitus 0.04 1.20 (-0.88-3.27) 0.26

Vascular disease: Beta B (95% C.I.) P-value

- Cardiac disease 0.03 0.68 (-0.92-2.28) 0.40

- Stroke 0.02 0.63 (-1.75-3.00) 0.61

* All results have been corrected for age, sex, level of education, mood, physical performance, use of antidepressants, 
antipsychotics, and benzodiazepines
Abbreviations: C.I., Confidence Intervals.
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Table 3. Association of vascular factors with amotivation and loss of initiative by multiple linear 
regression*

Amotivation Loss of initiative

Vascular risk factors: Beta B (95% C.I.) P-value Beta B (95% C.I.) P-value

- Smoking 0.03 0.06 (-0.10-0.22) 0.48 0.08 0.17 (0.00-0.33) 0.04

- Body mass index 0.08 0.02 (0.01-0.03) 0.04 -0.07 -0.01 (-0.03-0.00) 0.08

- Systolic blood pressure 0.01 0.00 (-0.04-0.05) 0.98 -0.07 -0.00 (-0.01-0.00) 0.10

- Diastolic blood pressure 0.02 0.00 (-0.05-0.10) 0.56 -0.06 -0.01 (-0.01-0.00) 0.12

- Ankle brachial Index 0.03 0.19 (-0.34-0.72) 0.49 0.01 0.07 (-0.47-0.62) 0.79

- Diabetes mellitus 0.07 0.34 (-0.01-0.69) 0.06 -0.01 -0.00 (-0.39-0.34) 0.89

Vascular disease: Beta B (95% C.I.) P-value Beta B (95% C.I.) P-value

- Cardiac disease 0.01 0.05 (-0.23-0.32) 0.74 0.04 0.13 (-0.15-0.41) 0.38

- Stroke 0.01 0.05 (-0.36-0.45) 0.83 0.02 0.10 (-0.32-0.51) 0.66

* All results have been corrected for age, sex, level of education, mood, physical performance, use of antidepressants, 
antipsychotics, and benzodiazepines
Abbreviations: C.I., Confidence Intervals.

Discussion
In contrast to our hypothesis, we did not find any association between vascular risk factors 
or vascular diseases and apathy among people with remitted depression. This finding is 
in line with a smaller study on apathy in 50 patients who had received electric convulsion 
therapy (ECT) for severe late-life depression 38. In this study, apathy persisted in 52% of 
these patients while their depressive disorder had remitted. Nonetheless, the remaining 
apathy was also not related to MRI-based white matter hyperintensities, vascular disease, 
diabetes mellitus, or smoking. Collectively, these results imply that remaining apathy in 
remitted depression is not related to vascular disease and to structural cerebrovascular 
damage of the fronto-striatal circuitries.

How can we explain the lack of any association between vascular risk factors and diseases 
with remaining apathy after depression? The most likely hypothesis in our opinion stems 
from a heterogeneous pathophysiology of apathy in combination with the specific selection 
of depressed patients. Just like any other psychiatric disorder, apathy is a behavioral 
syndrome defined at the phenomenological level. Most studies on the pathophysiology 
of apathy have been conducted in patients with neurodegenerative disorders, i.e. 
Alzheimer’s disease or Parkinson’s disease 39 40, or overt cerebrovascular disease like stroke 
patients 41 42. In these patients, fronto-striatal circuitries are structurally compromised. A 
recent meta-analysis that pooled data of studies in populations of Alzheimer’s disease 
patients, stroke patients and healthy elderly persons, found an odds ratio of 1.41 (95% 
C.I. 1.05-1.89) for apathy in those with a high level of white matter hyperintensities, which 
is a biomarker for cerebral small vessel disease 43. Based on these findings one might 



590409-L-bw-Wouts590409-L-bw-Wouts590409-L-bw-Wouts590409-L-bw-Wouts
Processed on: 28-2-2023Processed on: 28-2-2023Processed on: 28-2-2023Processed on: 28-2-2023 PDF page: 90PDF page: 90PDF page: 90PDF page: 90

Vascular risk factors for depression and apathy  |  Part II

90

hypothesize that vascular risk factors and (cerebro)vascular disease would also have been 
associated with apathy in remitted depression. Nonetheless, patients with depression are 
a selection of the general population and the pathophysiology of apathy in these patients 
might differ from that in the general population. Possibly, in depressed populations apathy 
might be related to either disturbances in functional connectivity patterns between brain 
areas 44 and/or psychosocial circumstances (e.g., non-challenging environments) 45.  In our 
population, the contribution of structural cerebrovascular damage to the origin of apathy 
might be too small, especially as we have only indirectly assessed the cerebrovascular 
disease burden by its risk factors and peripheral diseases. Nonetheless, a recent study on 
severe late-life depression also found much overlap between depression and apathy, but 
again, both were not related with vascular hyperintensities identified by brain imaging 46.
Therefore, we accordingly wonder whether apathy in remitted depression should not be 
regarded as a residual symptom of the depression itself. Especially as loss of interest and 
psychomotor changes are among the residual symptoms most often seen after depression 
and related to impairment in psychosocial functioning, such as maintaining work and a 
family life 47 48 8.

A diagnostic dilemma, -which warrants future research-, arises here. Should a clinician 
treat apathy as a residual symptom of successfully treated depression 49, because in 
general such symptoms are a risk factor for relapse 50 51. Or should a clinician consider 
apathy as a syndrome unrelated to depression and in need of targeted treatment? 

Methodological considerations
Although in essence a cross sectional design, a strength of our study is that the diagnosis 
of remitted depression was established prospectively. Another strength is the sample size 
and wide age range of the study population. Most studies on vascular disease include 
older populations and in studies of younger populations cardiovascular diseases are 
often disregarded. Finally, we adjusted for the use of antidepressants, antipsychotics and 
benzodiazepines which might confound results due to their sedative or dopaminergic 
modulating properties 52 53 54 and ruled out that apathy might be due to functional 
limitations by adjusting for handgrip strength as an indicator of fitness 37.
In our attempt to identify determinants of apathy, we tried to avoid confounding due 
to overlap between apathy scales and depression scales 55. Based on a principal factor 
analysis on the items of the Starkstein Apathy Scale (SAS) as well as the Inventory of 
Depressive Symptomatology (IDS) we distinguished two dimensions of apathy, i.e., 
amotivation and loss of initiative. Nonetheless, a factor analysis combining items from 
different scales, may artificially result in separate dimensions. This issue cannot be 
discarded as both apathy factors only included items of the SAS and the ‘pure mood’ 
factor only items of the IDS. Nonetheless, dichotomizing all items, thereby minimizing the 
impact of different response tendencies between the items of both scales, resulted in the 
same factor solution. Since specific items of the SAS and IDS did not load on the factors 
of interest, the present approach might still be a valuable addition to the use of the SAS 
sum score and an improvement over the use of the IDS sum score. Moreover, a sensitivity 
analysis using the IDS sum score did not change our results. 
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A second limitation is the duration of follow-up at 6 years. This timepoint of our evaluation 
was purely pragmatic as this follow-up assessment has included the SAS in both cohort 
studies. The lack of data on the participants lost to follow-up, might have obscured some 
small correlations as dropout might have been related to a more severe vascular disease 
status. Furthermore, since the SAS was administered only once in NESDA, our evaluation 
was merely cross-sectional in nature and we were unable to track the course of apathy 
in relation to vascular factors and mood. Another limitation is the use of a self-report 
scale for apathy, since respondents with minimal cognitive impairment (MCI) or dementia 
tend to report lower apathy levels than peers without these cognitive impairments, 
probably due to less cognitive insight 56. Although dementia was an exclusion criterion for 
participation in this study, some participants could have been suffering from MCI, which 
could have influenced the association between the apathy sum score and vascular risk 
factors or vascular diseases.

Conclusion
The results from this study do not support the hypothesis that apathy in remitted 
depression is linked with cerebrovascular damage of the fronto-striatal circuitries. Since 
apathy is highly frequent in remitted depression, its etiological basis warrants more 
attention in future research. This is especially relevant as apathy is related to a lower 
quality of life 57, functional decline 58 and a poorer prognosis for a variety of health 
outcomes 59, irrespective of its underlying pathophysiology.
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Chapter 6
Empirical support for the vascular apathy 
hypothesis: a structured review

Lonneke Wouts, MD; Marco van Kessel, MD; Aartjan T.F. Beekman, MD PhD;  
Radboud M. Marijnissen. MD, PhD; Richard C. Oude Voshaar, MD, PhD

Int J Geriatr Psychiatry. 2020 Jan;35(1):3-11. doi: 10.1002/gps.5217	
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Abstract
Objectives	
A systematic review of the relationship between subclinical small vessel disease (SSVD) in 
the general population and apathy to examine the hypothesis that apathy has a vascular 
basis.

Methods	
We searched for studies on associations between apathy and SSVD, operationalized as 
white matter hyperintensities (WMH) or white matter diffusivity changes, lacunar infarcts, 
cerebral microbleeds, decreasing cortical thickness, and perivascular spaces, while also 
peripheral proxies for SSVD were considered, operationalized as  ankle brachial pressure 
index (ABI), intima media thickness, arterial stiffness, cardio-femoral pulse wave velocity, 
hypertension or cardiovascular disease. Only eligible retrospective and prospective 
observational studies conducted in the general population were included. 

Results		
The 14 studies eligible for review examined the associations between apathy and 
hypertension (3), ABI (1), arterial stiffness (1), cardiovascular disease (2), WMH (3), white 
matter diffusivity (2), cerebral microbleeds (1), or cortical thickness (3). Arterial stiffness 
and white matter diffusivity were not related to apathy, while the associations with 
cortical thickness were contradictory. Cross-sectional studies in the general population 
did find evidence of apathy being associated with WMH, CM, cardiovascular disease, 
hypertension and ABI and cardiovascular disease was prospectively associated with 
apathy.  The methodologies of the studies reviewed were too heterogeneous to perform 
meta-analyses.

Conclusions	
Although more prospective evidence is needed and vascular depression needs to be 
controlled for, cardiovascular disease, hypertension and ABI as proxies for SSVD, and WMH 
and cerebral microbleeds as direct measures of SSVD have been found to be associated 
with apathy in the general population, supporting the hypothesis of vascular apathy.
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Introduction
Apathy, or diminished motivation, has traditionally been regarded as a symptom of 
psychiatric and neurological disorders, such as major depressive disorder 1  and Parkinson’s 
disease 2. Apathy has increasingly come to be regarded as an independent syndrome for 
which diagnostic criteria have been proposed in a consensus paper  3 4. With its prevalence 
in the general population (≥50 years) being estimated at 23.7% 5, the impact of apathy 
on both individuals and the society is extensive. The apathy syndrome negatively affects 
motivational decision making 6 and is associated with functional decline 5, reduced 
engagement in activities of daily living, and a poorer quality of life 7. Understandably, 
apathy is very distressing for family and other caregivers 8. 

The hypothesis of vascular apathy assumes a relationship between the generally 
widespread cerebrovascular damage caused by small vessel disease (SVD) and apathy 9 10. 
Whether cerebrovascular damage due to small vessel disease, is associated with apathy, 
-even in the general population without prior knowledge of cerebrovascular damage-, is 
the main subject of this study.

Various brain circuits play a role in planning, motivation and, auto activation, among which 
are the frontal regions with their projections to prefrontal regions and the basal ganglia, 
the parietal regions, and the anterior cingulate 11. The vascular apathy hypothesis then 
supposes that SVD can cause apathy by damaging these tracts. However, the relationship 
between vascular disease and apathy could well be bidirectional: a recent systematic 
review and meta-analysis showed that apathy increases the risk of myocardial infarction 
by 21 %, stroke by 37%, and even mortality by 47% 12. In the populations evaluated, 
these risks might additionally or alternatively be raised due to the participants’ adverse 
health behaviours and low adherence to treatment regimens for vascular disease 13 14 15. 
Moreover, apathy and vascular disease might have a shared aetiology 16, while apathy 
could well be a marker of subclinical SVD (SSVD) 14.

Early evidence for the vascular apathy hypothesis was reported in studies in clinical 
samples with established cerebrovascular disease (e.g. vascular dementia and stroke), 
where apathy appeared related to the general effect (or severity) of cerebrovascular 
damage given that, associations with specific cerebral circuitries and regions were 
inconsistent 17 18. Particularly the stroke subtype of SVD (lacunar infarcts and white matter 
hyperintensities) was found to be related to apathy in several other studies, independent 
of depression 19 20 21. 

Indirect and also contradictory evidence came from research into late-life depression, 
where chronicity of late-life depression was found to be associated with the severity of 
the risk factors for cerebrovascular disease and apathy 22.  Still, although the presence of 
apathy was predicted by vascular factors in several elderly depressed populations 23, other 
studies found no such associations 24 12. Moreover, depression itself could be related to 
vascular factors, as the so-called vascular depression hypothesis postulates 25 which 
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complicates the interpretation of findings pertaining to vascular apathy in depressed 
populations.

Other indirect evidence seems to support the existence of vascular apathy in that a 
negative interaction was observed between neuroticism and cerebrovascular risk factors 
in the prediction of depression, suggesting that apathy caused by SSVD might attenuate 
the depressogenic effect of neuroticism 10 26.

Obviously, more convincing and direct evidence of vascular apathy could come from 
research investigating the apathy-SSVD relationship in the general population, given 
that cerebral SVD develops from a subclinical condition, increasing the risk on overt 
cerebrovascular disease 27 28 29 30, where, although still subclinical, SSVD might cause subtle 
signs and symptoms, like mild disturbances in gait, cognitive functioning and mood 27, 

The aim of the present systematic review is to examine all the evidence supporting an 
association between SSVD and apathy in the general population, while also considering 
findings of associations between proxies of SSVD and apathy.

Methods
Literature search process
All eligible articles were found using Ovid-all resources (which include the Cochrane 
Library, EMBASE, MEDLINE, and PSYCHINFO), limits: English, humans. The search terms 
were vascular apathy, and apathy combined with deep white matter hyperintensities 
(DWMH), white matter hyperintensities (WMH), cerebrovascular disease (not stroke) (CV 
disease), lacunar infarcts, cerebral microbleeds, cortical thickness, perivascular spaces, 
ankle brachial pressure index (ABI), intima media thickness (IMT), arterial stiffness, 
cardio-femoral pulse wave velocity (CFPWV), hypertension, cardiovascular disease  and 
cerebrovascular risk factors (CVRF). Duplicates were removed. 

The search was conducted on the 27th of June, 2018 by the first author (LW) and checked 
by the second author (MvK). Differences in findings were analyzed and discrepancies were 
discussed between both authors (LW and MvK) and when no consensus could be reached, 
a third author (RM) was asked to make the final judgment. Two more eligible articles 
were identified while preparing a speech on apathy using the search terms “apathy” and 
“dementia” 31 32. On inspection these two studies also reported on the general population 
or populations with minimal cognitive impairment (MCI), which is why we included them 
in our review.

Articles were included when 1. apathy was assessed by any kind of relevant instrument; 
2. SSVD was based on either neuroimaging, considered a direct measure of SSVD or 
peripheral measures of atherosclerosis, considered as proxies for SSVD; 3. studies 
reported on observational epidemiological research, and 4. were performed in the general 
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population. This implies that studies in broad patient groups or the general population 
including those with minimally cognitively impaired patients were included in the review.
Studies were excluded i. when the language was not English and ii. when the studies 
concerned specific populations, such as post-stroke patients, patients with dementia 
(including vascular dementia), with Parkinson’s disease or major depression. 

Study quality
The quality of the case control, cross-sectional and longitudinal studies selected for 
review was judged against specific criteria for design and methodology. We used an 
adapted version of the evaluation scale for cross-sectional (not case-control) studies 
originally developed by Kuijpers et al.33 (online supplementary file 1). For case-control 
and longitudinal studies we used scales based on the Newcastle-Ottawa scale 34 (online 
supplementary file 2). Overall quality of a study was considered high when it attained at 
least 60% of the maximum score 35.

Evaluation of the quality of apathy scales
The apathy evaluation scale (AES) and the apathy subscale of the neuropsychiatric 
inventory (NPI) were considered of high quality 36 37. The 3 apathy items of the geriatric 
depression scale (GDS-3A) are validated by comparison with the apathy scale (sensitivity 
69% and specificity 85% 29 38). The apathy scale (an abbreviated version of the AES) and 
therefore also the apathy items of the GDS were not granted the highest quality status in 
our evaluation based on the review by Clarke et al., 2011 37. Clinician- or informant-based 
information was considered of higher quality than self-reported in the older population 
where individuals may have been suffering from MCI 39.

Evaluation of the quality of SSVD assessment 
SSVD on neuroimaging was operationalized as WMH, silent lacunar infarcts, cerebral 
microbleeds, or decreased cortical thickness on MRI scans 27. Diffusion tensor imaging (DTI) 
studies the diffusivity of water molecules in white matter as a model of the connectivity 
of this tissue and its markers (fractional anisotropy and diffusivity) are associated with 
SVD 40.

Peripheral measures of atherosclerosis were operationalized as the ABI, IMT, and/or 
CFPWV. Although the ABI and CFPWV are measures of large artery atherosclerosis 41, we 
considered both measures proxies for SSVD as large artery and small vessel disease are 
closely related 42. Cardiovascular disease was included as an SSVD proxy, since it can lead 
to haemodynamic changes affecting the small vessels 42.  Finally, being the strongest risk 
factor for SSVD, hypertension was also taken as an SSVD proxy 27 43. 

Studies were awarded an extra point was if SSVD proxies were measured rather than 
mentioned in an interview or derived from information provided by general practitioners. 
Self-reported SSVD was categorized as “low quality”.
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Figure 1. Flow chart of the inclusion of studiesFFllooww  cchhaarrtt  ooff  tthhee  iinncclluussiioonn  ooff  ssttuuddiieess  
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Results
The results of the search strategy are shown in the flow chart depicted in Figure 1.  No 
relevant studies published before 1990 were found. Of the 14 studies included in the 
review, one study reported on both peripheral proxies as well as direct measures of SSVD 30, 
four studies on peripheral proxies of SSVD only 9 29 43 44, and finally nine studies on direct 
measures of SSVD only 31 32 45 46 47 48 49 50 51.

SSVD and apathy
In Table 1 the five studies that used peripheral proxies for SSVD are listed and details and 
results described. A meta-analysis of the results was not possible, because the research 
designs, SSVD proxies, and methods of ascertaining apathy that had been used differed 
too widely.

Table 1. Studies with peripheral proxies for Subclinical small vessel disease

Author 
year

Population Study 
design
Number of 
participants

Proxy for 
subclinical 
small vessel 
disease

Apathy 
instrument

Results Quality

Van der 
Mast et al., 
2008

General 
population, >85 
years,
Longitudinal,
500

CVP† GDS-3A‡ Mean number of CVP†: 
apathy 1.04 (0.11) 
versus no apathy 0.77 
(0.05); p=0.02

CVP† and increase in 
apathy : 0.05 (0.02); 
p=0.007

High (9/9)

Yao et al.,
2009

General 
population,
Cross-sectional, 
222

Diastolic 
blood 
pressure

Apathy 
scale

Diastolic blood 
pressure: OR§ 1.055 
(1.014-1.098); p=0.009

High 
(10/16)

Suga-wara 
et al., 2011

General 
population,
Cross-sectional,
860

ABI¶ Apathy 
scale

ABI¶: beta -0.071 (t 
value -2.039); p<0.05

Systolic blood pressure: 
beta -0.056 (t value 
-1.420); p=0.156

High (6/9)

Ligthart et 
al., 2012

General 
population,
Cross-sectional,
3534

Cerebro-
vascular risk 
factors

GDS-3A‡ CVP† and apathy 1.28 
(1.09-1.52); p=0.004

Systolic blood pressure 
is associated with 
apathy 

High 
(12/16)

Van Sloten 
et al., 2016

General 
population,
Cross-sectional,
2058

Arterial 
stiffness 

GDS-3A‡ Arterial stiffness: OR§  
1.07 (0.96-1.19)

High 
(11/16)

Legend: † CVP: cardiovascular pathologies; ‡ GDS-3A: three apathy items of the geriatric depression scale; § OR: odds ratio;
¶ABI: ankle brachial index. High quality: ≥60% of the maximum score.
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Three studies examined associations between hypertension and apathy 9 30 43, two of which 
found a significant link with systolic blood pressure 9 43, and the other with the diastolic 
(but not systolic) blood pressure 30. This latter study 30 also examined the association 
between WMH and apathy by neuroimaging, of which the results are presented in section 
‘Neuroimaging and apathy’.

In their large-scale study, Ligthart et al. 9 found an odds ratio (OR) of 1.28 in their participants 
with cardiovascular disease (1.09-1.52; p=0.004). The number of cardiovascular 
pathologies in another large and prospective study 29 was found to be associated with 
apathy at baseline and with incident apathy during follow-up. 

Finally, ABI was associated with apathy 43, but arterial stiffness (CFPWV) was not 44. 

Neuroimaging and apathy
The ten studies using MRI or DTI are presented in Table 2.

Of the three studies examining the association between WMH and apathy, the two 
cross-sectional studies found a significant association 30 48 whereas the (smaller) case-
control study did not 49. Again, a meta-analysis and quantitative estimation of the WMH 
and apathy association was not possible, because of the large differences in the studies’ 
research designs, the methods of ascertaining WMH (number or volume), and apathy 
scales used. It needs to be noted here, that with 4354 participants the study by Van Grool 
et al. 48 would have largely outweighed the findings of the other studies in any meta-
analysis, since the other studies had much smaller samples. 

Mean white matter diffusivity (MD) was associated with apathy in specific areas in the 
small-scale study by Cacciari et al. 45, but not in the study by Moonen et al. 50. Other DTI 
measures (fractional anisotropy (FA); axial diffusivity (AD) and radial diffusivity (RD) were 
not associated with apathy 50.  

Evaluating the data of 802 participants, Xu et al. 51 found the participants who had suffered 
a single cerebral microbleed to show significantly more apathy than participants without 
cerebral microbleeds.

Of the three studies examining looking at cortical thickness and apathy, two studies found 
an association between apathy and a reduced thickness of the temporal lobe 31 32. No 
associations were reported for apathy and the entorhinal cortex, the orbitofrontal cortex, 
or the middle frontal gyrus 47, while no association or even an inverse association was 
found between apathy and the anterior cingulate 32 47. However, in a model in which 
apathy was adjusted for depressive symptom severity, apathy was found to be associated 
with a more rapid reduction of the anterior cingulate cortex during follow-up 47.
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Discussion
Main findings
The results of our review indeed support the hypothesis that SSVD is related with apathy. 
More specifically, as peripheral proxies for SSVD, hypertension and cardiovascular disease 
were consistently found to be associated with apathy 9 29 30 43. With the only study 
examining ABI finding a significant association with apathy while another single study 
focusing on arterial stiffness did not 43 44, the results with respect to other peripheral 
measures of atherosclerosis were inconclusive. Apathy was, however, also linked to 
cerebral microbleeds 51 and WMH load 30 48. SSVD was related to white matter diffusivity; 
however a direct association between white matter diffusivity and apathy has not been 
established yet 45 50. The evidence on the relationship between cortical thickness and 
apathy is inconclusive 31 32 47. 

Hypertension, cardiovascular disease, white matter hyperintensities and apathy
Both systolic and diastolic blood pressure were associated with apathy 9 30 43, while 
associations between white matter hyperintensities and apathy (and cerebral microbleeds 
and apathy) were found in large-scale and high-quality studies 30 48 51. Although Delrieu et 
al.49  did not find any such evidence, their study may have been underpowered. Finally, 
cardiovascular disease was firmly associated with apathy, not only cross-sectionally but 
also longitudinally 9 29.

Although its aetiology is not fully understood, WMH reflects ischaemic arteriolosclerosis 
in the brain 27 and is related to congenital heart disease, hypertension, carotid blood 
flow, diabetes and cardiovascular health 52. WMH may then be seen as consequence of 
chronic hypoperfusion as well as impaired cerebrovascular reactivity. Nonetheless, blood-
brain-barrier leakage and myelin-remodeling problems could play a role 53. The relation 
between hypertension, cardiovascular disease and WMH could be limited blood flow to 
the brain and/or arterial stiffness 52 53 54. 

How SSVD can lead to apathy is not yet fully understood. Destruction of limbic or reward 
pathways are considered as a potential cause. Indeed, apathy was found to be associated 
with impaired connectivity of limbic association tracts in patients with clinical SVD 55. The 
results of the DTI studies of white matter connectivity and apathy in SSVD, however, were 
not conclusive 45 50.  

Cortical thinning, SSVD and apathy 
The contradictory findings regarding the relationship between cortical thickness and 
apathy might be due to other mechanisms than SSVD leading to cortical thinning. Cortical 
thickness and WMH are associated, but they are not interchangeable 56 57.  Cortical 
thinning in the parietal lobes, anterior insula and caudate nuclei bilateral is related 
to WMH, but widespread cortical thinning is related to normal aging as well as early 
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Alzheimer’s disease 56 57 58. In the frontal regions, the temporal regions, and the anterior 
cingulate, all areas which have been studied specifically, cortical thinning could be caused 
by aging as well as Alzheimer’s disease. Our review has shown that associations in the 
general population between apathy and the WMH-related regions of cortical thinning 
(parietal lobes, anterior insula and caudate nuclei) have not been studied yet. This is a 
consideration for future research, more than it is a counterargument for an association 
between SSVD and apathy.

The vascular apathy hypothesis and the vascular depression hypothesis
Depression can be a confounder when looking for the relationship between vascular 
disease and apathy, since apathy may be a symptom of depression (anhedonia), while it 
has also been related to vascular disease 25 59. 

Of the fourteen studies we reviewed, twelve controlled for depression 9 29 30 31 32 43 44 45 
47 49 50 51. In three of these latter studies the GDS was used as a measure of both apathy 
and depression 9 29 44 and in five articles 31 32 47 49 50 the GDS was used as a measure of 
depression, including the three apathy items of this scale. Since these GDS apathy items 
show a low sensitivity and a high specificity as a measure of apathy in older populations 38 
correction for depression measured by the GDS may imply that apathy was also corrected 
for, attenuating the SSVD-apathy association.  If depression was overcorrected for in these 
studies, the associations between SSVD and apathy may also have been stronger than the 
statistics now show.

On the other hand the role of apathy in the vascular depression hypothesis is often not 
accounted for in research while it may potentially act as a confounder.   In patients with 
clinical SVD, apathy was associated with reduced white matter integrity, while depression 
was not, when apathy was controlled for 19 21. Arguably, with the emerging evidence for 
the vascular apathy hypothesis one may wonder whether in research of the vascular 
depression hypothesis apathy was and is adequately corrected for. 

Limitations:
As stated, most of the research we reviewed was cross-sectional, preventing us from 
establishing whether SSVD precedes apathy, while we were also unable to determine 
whether more SSVD leads to higher levels of apathy. An alternative explanation for an 
apathy-SSVD or an SSVD-apathy relationship in cross-sectional designs is that apathy 
leads to poorer cardiovascular outcomes due to differences in health behaviours 14. 
Does an association between CVRF and apathy then reflect the concept of vascular 
apathy our does it (partially) reflect differences in health behaviours that are caused by 
apathy? Nevertheless, the findings of an increase in the incidence of apathy with more 
cardiovascular pathologies 29 points towards CVRF as an aetiological factor in apathy (and 
not only the reverse mechanism).
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Another methodological issue is the use of many different proxies for SSVD. The use of 
a broad array of SSVD proxies has negative consequences for the comparability of the 
research and precludes meta-analysis to estimate the magnitude of associations found. 
Nonetheless, generalizability increases when increasing levels of apathy are associated 
with widely different proxies for SSVD.

Finally, of the many different apathy scales that were employed, the AES and the NPI 
apathy subscale were the only tools that are well-validated 36 37, which is why we cannot 
rule out that the use of the other apathy scales may have negatively affected the quality 
of the results reported.

Conclusion
The studies published to date show that WMH, cerebral microbleeds, cardiovascular 
disease, hypertension and ABI are associated with apathy in the general population. 
However, as most studies were cross-sectional in nature, the directions of the associations 
remain unclear and might be reciprocal/bidirectional. Finally, although the hypothesis of 
vascular apathy is supported by the available literature, more prospective evidence is 
needed.
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Chapter 7
Strengths and weaknesses of the vascular 
apathy hypothesis: a narrative review
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Abstract 
The vascular apathy hypothesis states that cerebral small vessel disease (CSVD) can 
cause apathy, even when no other symptoms of CSVD are present. In order to examine 
this hypothesis, the objectives of this narrative review are to evaluate the evidence for 
a pathophysiological mechanism linking CSVD to apathy and to examine whether CSVD 
can be a sole cause of apathy. The nature of the CSVD-apathy relationship was evaluated 
using the Bradford Hill criteria as a method for research on the distinction between 
association and causation. Pathological, neuroimaging, and behavioral studies show that 
CSVD can cause lesions in the reward network, which causes an apathy syndrome. Studies 
in healthy older individuals, stroke patients and cognitively impaired persons consistently 
show an association between CSVD markers and apathy, although studies in older persons 
suffering from depression are inconclusive. A biological gradient is confirmed, as well as 
a temporal relationship, although the evidence for the latter is still weak. The specificity 
of this causal relationship is low given there often are other contributing factors in CSVD 
patients with apathy, particularly depression and cognitive deterioration. Differentiating 
between vascular apathy and other apathy syndromes on the basis of clinical features 
is not yet possible, while in-depth knowledge about differences in the prognosis and 
efficacy of treatment options for apathy caused by CSVD and other apathy syndromes is 
lacking. Since we cannot differentiate between etiologically different apathy syndromes 
as yet, it is premature to use the term vascular apathy which would suggest a distinct 
clinical apathy syndrome. 

Introduction
As a clinical syndrome, apathy is characterized by diminished motivation, leading to a 
reduction in emotions, thoughts and initiative to perform activities 1 . Cerebral small vessel
disease (CSVD), an atherosclerotic disease of the brain causing ischemic changes in 
the surrounding brain tissue, is suspected to be a cause of this frequent and disabling 
syndrome 2 3. Neuroimaging markers of CSVD include white matter hyperintensities 
(WMH), cerebral microbleeds, lacunar infarcts and visible perivascular spaces. Clinically, 
CVSD is associated with several symptoms and consequences, in particular cognitive 
impairment, problems with gait and balance and a higher incidence of depression, stroke, 
dementia, disability and death 4. The vascular apathy hypothesis states that CSVD can be 
a sole cause of apathy, even in the absence of other symptoms of CSVD 5 6 7. 

Apathy is seen in 2-6% of the general population, with its prevalence increasing with age 8.
Also the prevalence of CSVD increases with age, from 5% in people aged 50 years to 
almost 100% in those older than 90 years 9. In CSVD populations 52% had severe apathy 
(based on the Apathy Scale and a median cut-off of 3) 10. Given these high prevalence 
rates, the vascular apathy hypothesis is particularly relevant for older populations, even 
more so considering the often more profound consequences of apathy such as aggravated 
functional impairment 11, reduced quality of life 3, high caregiver burden 12 13, and a raised 
risk of incident cardiovascular disease, stroke and mortality 14 and dementia 15.  
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Although attractive as a hypothesis, many questions remain unanswered. Questions 
that remain are whether CSVD is a true causal factor for apathy and whether it can be a 
sole cause of apathy. Furthermore, the term ‘vascular apathy’ suggests a distinguishable 
clinical syndrome, but is that claim truly supported by the evidence? 

This information is not only relevant for researchers, but also for clinicians. Researchers 
need a clear overview on what we do and what we do not know to help devise relevant 
research designs to fill in the gaps in our knowledge. Clinicians need this information to 
decide on how to interpret symptoms of patients presenting with apathy and signs of 
CSVD on imaging and to decide on what information and advice to give to these patients 
and their relatives and/or caregivers.

Objectives
The objective of the present narrative review article is twofold. We sought to gather 
and evaluate the evidence suggesting a pathophysiological mechanism linking CSVD and 
apathy and to examine whether the hypothesis that CSVD can be a sole cause of apathy 
has been substantiated. 

Methods
In order to be able to distinguish between association and causation, we tested the 
evidence using the Bradford Hill criteria 16 17, which are summarized in Table 1. No single 
criterion can prove causation, but each criterion adds to the credibility of causation.  
In order to establish whether CSVD can cause apathy, we searched the literature for 
evidence on the plausibility and the strength of associations.

In addition, we assessed whether there is a biological gradient, we evaluated data on the 
temporality of associations and the consistency and coherence of the findings. Our second 
objective, to determine if CSVD can be a sole cause of apathy, was evaluated using the 
specificity-criterion.

We performed various searches to identify relevant research work (see supplementary 
material for each specific research question). ´White matter hyperintensities´, ´lacunar 
infarcts´, ´cerebral microbleeds´, ´cortical thickness´ and ´perivascular spaces´ were 
included in the search criteria for ´cerebral small vessel disease´. When we searched for 
a combination of cerebral small vessel disease and apathy, we also included ´vascular 
apathy´ as a search term. Searches were performed in PUBMED, English language, on 
December the 9th, 2021. Abstracts of all articles were checked for relevance by the first 
author (LW). For some of the research questions recent (structured) reviews and meta-
analyses were available. Information on other more recent research work which was not 
included in these (structured) reviews or meta-analyses was added when relevant to the 
argumentation.
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Table 1. Bradford-Hill criteria for causation

Criterion Description

Plausibility There is a rational, logical basis for an association.
Strength The association is strong.
Temporality The cause precedes the effect.
Biological gradient There is a dose-response relationship.
Consistency The association is established in multiple observations in different populations 

under different circumstances.

Specificity The outcome is best predicted by one primary factor.
Coherence The association is coherent with other knowledge.
Experimental evidence The association is confirmed in experimental designs.
Analogy An analogue phenomenon in another area is already accepted.

For the plausibility-criterion we looked into the pathophysiological mechanisms that 
would link CSVD to apathy, thus supporting a causal relationship. To establish the strength 
of the association we looked into the odds ratios (OR), standard mean differences 
(SMD) and (clinical) significance of associations between CSVD biomarkers and apathy 
measures.  A biological gradient was established if the level of CSVD was associated with 
the level of apathy. The temporality-criterion was fulfilled if the CSVD-apathy association 
was established in prospective studies. The consistency was based on the diversity of 
populations and circumstances in which the association was established and on the 
validity of the methods used to asses CSVD and apathy. Moreover, we established if these 
findings were coherent with results from other areas of research.

In our context specificity is established when the outcome (apathy) is best predicted 
by this one primary factor (CSVD). Hence, we looked at other important risk-factors for 
apathy and to what extent these could have influenced the results of studies assessing 
the CSVD-apathy association.

The criterion of experimental evidence cannot be evaluated since no cure for CSVD is 
yet established. Bradford-Hill stated that the criterion of analogy can provide some 
circumstantial additional support 16, but it is not a core criterion for causation and we 
chose not to use it as evidence in this narrative review.

Results
Plausibility
What pathophysiological mechanisms would link CSVD to apathy? In CSVD the small 
perforating arterioles, the capillaries and probably the venules of the brain are 
dysfunctioning, causing lesions.  WMH, cerebral microbleeds, lacunar infarcts and 
perivascular spaces are biomarkers of CSVD, visible on neuroimaging 18. It concerns a 
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whole-brain disease and the lesions it causes are probably more dynamic than earlier 
thought: regions without visible lesions on neuroimaging can actually dysfunction, while 
regions with visible lesions sometimes regenerate 4. In general though, it is a progressive 
disease 4 18.  Also, although upon pathological examination of the brains of CSVD patients 
not all radiological lesions seem to represent actual lesions, most do 19.  Furthermore, 
an increasing total CSVD burden or progression of WMH load does seem to reflect 
progression in CSVD severity 20 18. It is therefore plausible that radiologically observed 
CSVD manifests as pathological lesions in the brain and that these lesions can hinder brain 
circuitries. 

Imaging studies across patient populations (including populations of patients with 
neurodegenerative diseases, acquired brain injury, psychiatric disorders or Parkinson´s 
disease) have related apathy to white matter lesions in the frontal, striatal and anterior 
cingulate pathways, to basal ganglia lesions and to lesions in the parietal pathways 21 22 23. 
Pathway analyses revealed that network disruption mediated the relationship between 
CSVD markers and apathy 24. But how do lesions in these pathways lead to apathy?

Diffusion tensor imaging and functional imaging studies in humans have shown that 
effort-based decision making tasks are related to the frontal and striatal regions, including 
the medial orbitofrontal cortex, the anterior cingulate cortex (ACC) and the basal ganglia 
including the ventral striatum 25. Connectivity in these pathways, which together are 
called the reward network, was reduced in CSVD patients with apathy (and connectivity 
was not reduced in motor or visual networks) 26. The link between this reward network 
and apathy would then be as follows: when, at the functional level, the process of effort-
based decision making is disturbed, we see an apathy syndrome at the clinical level. And 
indeed, when behavioral paradigms were applied in CSVD patients, those with apathetic 
symptoms were less responsive to rewards and less inclined to investing efforts 27 28.

The plausibility of a pathophysiological link between CSVD and apathy has thus been 
convincingly demonstrated.

Strength and biological gradient
What information do we have on the strength of a CSVD-apathy relationship and does the 
severity of CSVD predict the level of apathy? 

In a recent meta-analysis of apathy studies including healthy individuals, persons with 
cognitive deficits and/or stroke, larger WMH volumes were significantly associated with 
apathy, with an OR of 1.41 (95% CI 1.05-1.89) and a standard mean difference (SMD) in 
apathy scores on the Apathy Evaluation Scale (AES)29 between WMH severities (low or 
high) of 0.38 (95% CI 0.15-0.61) 30. In a large diffusion tensor imaging (DTI) study CSVD 
patients were significantly more apathetic than healthy controls, with the microstructural 
white matter changes in the CSVD sample showing a strong relationship with apathy 10. In 
older adults receiving treatment for depression evidence of an WMH-apathy association 
was less consistent than in the populations referred to earlier (healthy older adults and 
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older adults with cognitive impairment and/or stroke). One study did find an association 
31, one did not 32, and in a severely depressed population the WMH-apathy association 
was established in participants with late-onset depression only 33. 

Other CSVD biomarkers than WMH could not be systematically analyzed, due to the 
large heterogeneity with respect to CSVD biomarkers, apathy scales and research designs 
across studies. In those investigating the association between lacunes and apathy, some 
reported confirmatory 34 35 and some negative results 26 36.

As to subcortical infarcts, most studies supported a clinically significant association 
with apathy, but because of the heterogeneity in their designs the strength of the 
association remains unclear. Finally, no evidence was found to suggest that microbleeds  
or perivascular spaces are associated with apathy 37 38 26 36.

While most research uses WMH as a biomarker of CSVD, this might not be the best index 
since CSVD causes widespread disruptions in cerebral connections. Given that CSVD 
concerns a whole- brain disease, studies focusing on a particular type of MRI finding (for 
instance only WMH) might thus miss the larger picture, where the use of a composite 
score -which combines information on CSVD neuroimaging biomarkers- might be more 
informative 20 4.  A high total CSVD burden raised the odds of having apathy in post-stroke 
patients (OR 3.61; 95% CI 1.34-9.68) 39 and in a CSVD sample apathy was associated with 
the total CSVD burden (R2=0.332; t=4.134; p<0.00) 40. 

Numerous studies only examined whether CSVD markers such as WMH predicted apathy, 
without looking for evidence of a dose-response effect 26 41 42 37 36 43 44 45 46 47 48 49 10 31 32. 
The studies that did do so are summarized here to evaluate the support for a biological 
gradient. In healthy older adults the WMH grade was found to correlate with apathy 50. 
In geriatric outpatients WMH volume was related to apathy 51. In a study of Alzheimer’s 
disease patients WMH volume was not related to apathy as measured by NPI score 52, while 
in a small study in patients with probable Alzheimer’s disease frontal WMH volume was 
related to apathy 53. In patients diagnosed with subcortical vascular cognitive impairment 
each additional lacuna and higher WMH volumes were both related to the severity of 
apathy 35, while in another cohort of subcortical vascular patients with mixed cognitive 
status higher lacunar volume in WMH was related to the presence of apathy 34.

In stroke patients the periventricular white matter hyperintensity score and the number 
of pontine infarcts were associated with apathy 54, while a gradient between total CSVD 
burden and risk of apathy was established in another cohort of stroke patients 39. Finally, 
the extent of the total CSVD burden predicted apathy in CSVD patients 40. 

In two cohort-studies of SVD patients white matter connectivity measures were significantly 
associated with apathy, while WMH volume or the number of lacunar infarcts (when 
depression and cognition were corrected for) were not, suggesting it might be large-scale 
white matter network disruption specifically which is associated with apathy 24 26.
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Although, all in all, we can safely conclude that there is a dose-response relationship 
between CSVD and apathy in a diversity of populations, these results could do with 
replication. And particularly the association between the total CSVD burden and the 
severity of apathy needs further looking into, since this might be a more accurate 
biomarker for underlying network disruption.

Temporality
Prospective studies supporting an association between CSVD at baseline and apathy at 
follow-up, or between CSVD progression and changes in apathy scores over time, add 
credibility to a causal relationship. Neuroimaging studies assessing frontal subcortical 
atrophy or WMH within 24 hours of a stroke found an association with apathy at 3 to 6 
months of follow-up 55 37 56, barring a small scale study 36. A study in which neuroimaging 
was conducted 3 months post-stroke and apathy assessed the next year also found no 
evidence of an association 39. A study comparing baseline WMH volumes and apathy 
severity scores after 5 years in otherwise healthy individuals also found no evidence linking 
baseline WMH values to changes in apathy 57. A study aiming to compare the differences 
in the course of neuropsychiatric symptoms between patients with Alzheimer´s disease 
and vascular dementia patients with WMH and lacunar infarcts on neuroimaging, 
found a higher level of apathy and a significant increase in apathy in the latter group, 
which was not related to cognitive decline 58.  The baseline WMH volumes of depressed 
patients receiving electric convulsive treatment (ECT) did not predict apathy post ECT but 
remaining depressive symptomatology and apathy at baseline did 32. 

All in all, the temporal relationship between CSVD and apathy has some empirical support 
but this is thus far limited to stroke patients. Of note is that all these studies looked at 
the association between baseline WMH and apathy at follow-up. Studies investigating the 
progression of CSVD or WMH over time and its relation to changes in apathy were still 
lacking. 

Consistency 
Are the reported associations between (markers of) CSVD and apathy consistent across 
a diversity of populations and contexts? Mostly, the evidence was obtained in healthy 
(older) adults and individuals with cognitive deficits and/or stroke 7 30. The few studies 
that specifically studied the WMH-apathy association in individuals with Parkinson’s 
disease showed that apathy was predicted by WMH integrity 59 and that apathy severity 
was associated with WMH severity 60. In depression, or after depression, findings are 
inconsistent. No association was found in older adults stills showing apathy following ECT 
for depression 32, but in depressed age peers who showed remaining symptoms of apathy 
after treatment with citalopram an association was found with white matter (and anterior 
cingulate) volumes 31, while WMH correlated with apathy in older adults with severe 
late-onset depression 33, but not in those with severe early-onset depression. Possible 
explanations for these inconsistencies will be discussed in the Specificity section. 
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The age range and demographic characteristics of study populations were diverse. The 
majority of studies looked at adults and often at older adults, including community-
dwelling individuals and/or (mildly or severely) functionally impaired inpatients or 
outpatients. Study participants resided in European, North-American and Asian countries, 
no data were available on residents of South- and Central-America, Africa and Australia. 
Overall, the WMH-apathy association was consistent across the study populations. 
Associations between other neuroimaging markers or the total CSVD burden and apathy 
have received less broad attention as yet. 

We next looked at measurement instruments for either CSVD or apathy and whether 
associations were consistent regardless of the techniques applied. CSVD was mainly 
investigated using magnetic resonance imaging, diffusion tensor imaging or positron 
emission tomography scans, with which WMH, lacunes (number or volumes), subcortical 
infarcts, microbleeds, perivascular spaces or total CSVD burden were assessed 20. Studies 
measuring WMH 30, WMH network connectivity 24 26 and total CSVD burden consistently 
showed associations with apathy 39 40.  Studies focusing on other neuroimaging markers 
of CSVD were scarce or showed inconsistent results.   

The studies involved used a diversity of apathy scales, but most widely used and 
validated, i.e., the AES 8 24 37 39 54 31, the apathy scale (AS) 61 55 53 47 50 32 33, the apathy scale 
of the Neuropsychiatric Inventory 62 42 52 35 44 45 58 48 49 40 and the 3A scale of the Geriatric  
Depression Scale (GDS 3A)63 64 26 46 10. We could not establish a pattern demonstrating 
that one scale yielded different results regarding the CSVD-apathy association than other 
scales. It is known, however, that in cognitively impaired persons self-reported apathy is 
not as reliable as clinician of informant rated indices 8. Since evidence of a CSVD-apathy 
association was obtained in different populations, and not exclusively in individuals with 
cognitive impairment, and since many of these latter studies used clinician or informant 
rated scales, it is not likely that this (significantly) influenced the results.

Coherence
Is the causal relationship between CSVD and apathy coherent with knowledge from other 
sources of information? 

In rats, damage to the mediofrontal pathways disturbs effort-based decision making: 
rather than seeking large rewards at the expense of great effort, they were more likely to 
choose smaller rewards demanding less effort 65.

In humans, apathy is a common symptom following bilateral anterior cingulotomy, a 
procedure for therapy resistant severe chronic pain in which the ACC is cleaved 66, and 
also frequently mentioned in case-reports of brain damage of the ACC  67. Apathy was 
also noted in a study of 114 patients with iatrogenic brain damage due to radiotherapy 
of the whole brain for primitive cerebral neoplasia, where the level of apathy depended 
on the cumulative doses of radiotherapy and was associated with the extent of the white 
matter damage 68.  
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Hence, we conclude a causal relationship between CSVD and apathy is coherent with 
knowledge from other areas of research.

Specificity 
To evaluate the specificity of the CSVD-apathy association we will look at other relevant 
risk-factors for apathy and if these could have confounded the results.

Particularly in older populations, physical and motor disabilities, a diminished level of 
consciousness (as seen in delirium), substance use (for instance use of antipsychotics 
or benzodiazepines) or major changes in the patients environment are well-established 
and highly relevant risk-factors for apathetic behavior 69 70 71 72 73. These are ruled out in 
the diagnostic criteria for apathy 1, but most epidemiological research, especially in the 
general population, uses apathy rating scales rather than a broader clinical assessment 7.
Of the 27 studies on the CSVD-apathy association which we assessed for this narrative 
review only 9 controlled for the use of sedatives34 35 44 45 48 49 31 32 40, the other studies did 
not or to a limited extent (i.e. only antidepressants), and only 8 controlled for physical 
impairment 37 36 35 40 47 58 56 49.

In the brain, motivation, initiative and execution, -which are diminished in the apathy 
syndrome-, involve generating and weighing options, reaching a decision, generating 
arousal and acting, where the ability to anticipate, desire and like the outcome acts as 
a reward system and self-stimulating feedback loop 74. Besides the various brain areas 
forming the reward network 75 also multiple neurotransmitter systems that can be 
affected by neurodegeneration, such as the dopamine and serotonin systems, play a role 
in these processes 74 22. And not only the reward network, but also the salience network, -a 
network that processes emotional information and activates other networks to respond-, 
is associated with apathy and particularly in depression this network might be functionally 
affected 76 23 77. 

Depressive disorder is a frequent and relevant risk-factor for apathy, with apathy in late-
life depression posing a risk for treatment resistance and often persevering, particularly 
in those with residual depressive symptoms 32 72. 

Except for a few studies of the CSVD-apathy relationship which only partially corrected for 
the presence of a depressive disorder 52 26, all studies considered in this narrative review 
acknowledged, assessed and corrected for this possible confounder.
There is yet another highly relevant pathway causing apathy in late-life: cognitive 
impairment 72 69.  Apathy in late-life, particularly in those with depression as well, is asso-
ciated with cognitive impairment and dementia 78 15 79.  In all studies on the CSVD-apathy
relationship evaluated here, cognitive impairment was assessed and corrected for, 
although in some studies only to a limited extent  (i.e. exclusion of participants with 
severe cognitive dysfunction) 26 39.
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Furthermore, not only CSVD but also large vessel ischemic or hemorrhagic stroke has 
been shown to be associated with apathy 38.  Could large vessel stroke act as a confounder 
the studies under review? This is not very likely, since only 2 studies did not report on the 
presence of stroke 24 42, 4 studies included stroke patients only 41 37 39 36, while all the other 
studies excluded participants with a history of stroke 45 51 46 31 32 33 40 or with signs of large 
vessel stroke on neuroimaging 26 52 43 34 50 35 44 47 54 53 58 48 49 10.

In conclusion, the majority of the studies on the CSVD-apathy association might be 
confounded by the use of (sedative) medication or physical impairment, which is a 
weakness in the body of evidence supporting this relationship. 

While the presence of depressive disorder, cognitive impairment and stroke are well 
controlled for in most studies, particularly in old-age these risk-factors often co-occur 
with CSVD and might still contribute in causing an apathy syndrome in the individual. And 
indeed, in individuals with apathetic behavior showing CSVD on neuroimaging there was 
not seldom an interplay between cognitive impairment, depressive disorder and apathy 
72 79 48. Hence, the specificity of the causal relationship between CSVD and apathy is low.

Discussion
CSVD and apathy: a causal relationship? 
In conclusion, there is evidence that not only shows an association between WMH as a 
biomarker of CSVD and apathy but also supports a causal relationship between CSVD and 
apathy. Nevertheless, the evidence of a temporal and dose-response relationship is still 
weak and would benefit from prospective studies investigating the relationship between 
total CSVD burden (or WMH) change and change in apathy severity, most preferably in or 
comparing different, well-characterized populations. 

Better still would be if imaging techniques were applied, -such as DTI-, that provide 
information on the disruption of networks, in prospective studies on apathy and apathy 
severity, since not only the volume of WMH or total CSVD burden, but also the location of 
the damage due to WMH or CSVD might be a determining factor in the extent of network 
destruction in the brain.

Vascular apathy: a distinct clinical syndrome?
Although there is evidence to support that CSVD can be a cause and possibly a sole cause 
of an apathy syndrome, this does not mean that use of the term ´vascular apathy´ as a 
subcategory of the more generic term ´apathy syndrome´ is applicable to clinical practice.  
One of the objectives of this narrative review was to establish if we can say that vascular 
apathy is a clinical syndrome in its own right, i.e., a combination of symptoms resulting 
from a single cause or so commonly occurring together as to constitute a distinct clinical 
picture? 
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First, can we make unequivocal distinctions between vascular apathy and other clinical 
presentations of CSVD? It is not too difficult to discriminate between vascular apathy and 
Binswanger’s disease 80, vascular parkinsonism 81 and subcortical vascular dementia 82, since 
patients with these conditions present with other distinctive symptoms (gait disturbances  
in vascular parkinsonism), more symptoms (not only apathy, but also gait disturbances, 
MCI and bladder dysfunction in Binswanger’s disease), or more and more severe symptoms 
(severe cognitive impairment affecting overall daily functioning in subcortical vascular 
dementia). However, subcortical MCI and the depressive-executive subtype of depression 
are more difficult to discriminate from vascular apathy. Neuropsychological testing will 
help to establish subcortical MCI, as in MCI one of the cognitive domains is affected, -in 
subcortical MCI often semantic memory, executive/attentional functioning, visuospatial 
functioning or perceptual skills 82 - without problems in daily functioning. 

When only apathetic symptoms are present the criteria for a depressive disorder are not 
met (DSM-5; 2013). Still, discriminating between apathy as part of a depressive disorder, 
or apathy as an independent syndrome remains difficult in individuals coping with a 
depressive disorder, since anhedonia, loss of interest, indecisiveness and psychomotor 
retardation are symptoms that characterize both disorders 83 (see Table 2). Interestingly, 
in a CSVD study investigating the process of effort-based decision making, a high 
resistance to efforts and a low response to rewards was seen in the patients with apathy, 
while the depressed CSVD patients showed a different decision-making pattern, with a 
higher decision making boundary, reflecting a need for more information before making 
a decision 28. In the future behavioral tests might help to discriminate between apathetic 
and depressed CSVD patients, but to date these new behavioral paradigms have only 
been applied in apathy studies 25.
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Table 2. Overlapping and distinguishing symptoms between apathy and depression

Apathy diagnostic criteria (2018) Depression diagnostic criteria (DSM-5)

(A) A quantitative reduction of goal-directed 
activity (behavioural, cognitive, emotional or 
social) in comparison to the patient’s previous 
level of functioning. (B) Symptoms of at least 
2 of the 3 following dimensions for at least 
4 weeks. (C)These symptoms cause clinically 
significant impairment in functioning. (D)
The symptoms are not solely attributable to 
physical or motor disabilities, a diminished 
level of consciousness, substance use or 
major changes in the patient’s environment.

(A)The individual must be experiencing five or more 
symptoms during the same 2-week period and at least 
one of the symptoms should be either (1) depressed 
mood or (2) loss of interest or pleasure (core criteria). 
(B) Collectively, these symptoms must cause clinically 
significant distress or impairment in social, occupational, 
or other important areas of functioning. (C)These 
symptoms must not be caused by a somatic condition or 
use of medication or drugs. (D)These symptoms must not 
be caused by another psychiatric disorder. (E) No manic 
or hypomanic episodes

Overlapping symptoms

B1 BEHAVIOUR AND COGNITION: reduced 
general level of activity; diminished 
persistence of activity; less interest or slow 
in making choices; less interest in external 
issues; less interest in own health and image.

2. Markedly diminished interest or pleasure in all, or 
almost all, activities most of the day, nearly every day.
5. A slowing down of thought and a reduction of physical 
movement (observable by others, not merely subjective 
feelings of restlessness or being slowed down).
8. Diminished ability to think or concentrate, or 
indecisiveness, nearly every day.

B2 EMOTION: less spontaneous emotion; 
fewer emotional reactions to the 
environment; less concern about the impact 
of actions/feelings on others; less empathy; 
less use of verbal or physical expressions

2. Markedly diminished interest or pleasure in all, or 
almost all, activities most of the day, nearly every day.

B3 SOCIAL INTERACTION: less spontaneous 
social initiative; less environmentally 
stimulated social interaction; decreased 
interest in interactions with family members; 
less verbal interaction; being more 
homebound

5. A slowing down of thought and a reduction of physical 
movement (observable by others, not merely subjective 
feelings of restlessness or being slowed down).

Distinguishing symptoms

1. Depressed mood most of the day, nearly every day.
3. Significant weight loss when not dieting or weight gain, 
or decrease or increase in appetite nearly every day.
4. Insomnia or hypersomnia nearly every day.
6. Fatigue or loss of energy nearly every day.
7. Feelings of worthlessness or excessive or inappropriate 
guilt nearly every day.
9. Recurrent thoughts of death, recurrent suicidal 
ideation without a specific plan, or a suicide attempt or a 
specific plan for committing suicide.
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Moreover, to our knowledge no studies have been performed that compared clinical 
symptoms of apathy in CSVD patients to clinical symptoms of apathy in other populations. 
And, given that currently there is no convincing evidence to suggest that vascular apathy 
is clinically distinct from apathy due to other causes both are diagnosed according to the 
same consensus criteria 1.

Moreover, when CSVD is identified as the likely cause of apathy, this does not alter the 
treatment since no specific other options have been developed. Monitoring both systolic 
and diastolic blood pressure should be emphasized 84, while physical activity, occupational 
therapy and/or cognitive interventions are the non-pharmacological treatments of choice 
85. The evidence for the efficacy of pharmacological interventions is still weak and confined 
to specific populations, and for CSVD related-apathy no such evidence exists 86 87. 

Further, often CSVD will not be the sole cause of apathy.  According to the diagnostic 
criteria 1  sedative medication, physical impairment and important psychosocial changes 
that induce apathetic behavior should be ruled out before diagnosing an apathy syndrome, 
but even then, other causes of apathy, -in particular neurodegenerative processes and 
depression-,  often co-occur with CSVD 72 79 48 .

In conclusion, based on our review of the literature we can argue that the use of the term 
vascular apathy is justified by the evidence that CSVD is a cause of apathy. Furthermore, 
apathy in CSVD patients can often be distinguished from other clinical syndromes which 
are associated with CSVD.

However, there are no data to support that vascular apathy is different from other apathy 
syndromes in clinical presentation or treatment options and it accordingly does not 
qualify as a distinct clinical syndrome. The term vascular apathy would at this moment 
merely refer to the probable cause of the apathy and not to a clinically different syndrome. 
Further, since CSVD may often not be the sole cause of apathy and in clinical practice 
one cannot always be certain about which of several contributing factors is the most 
important, we recommend using the non-specific term apathy syndrome for the time 
being.

Limitations
The Bradford-Hill criteria which were used to evaluate the causal relationship between 
CSVD and apathy were not intended as a “check-list” of criteria, but as criteria to consider 
when distinguishing between association or causation 16. We aimed to stay true to this 
way of thinking. In our opinion, a narrative review better suited this purpose than a 
structured review or meta-analysis would, since in a narrative review a broader scope of 
evidence and arguments can be presented and more emphasis is put on the process of 
weighing of evidence and arguments. 
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The main limitation of this choice -the other side of the coin- is that in narrative review 
literature searches are not performed twice, the included studies are not as thoroughly 
weighed on quality by two authors as they would be in a structured review and data are 
not pooled as in a meta-analysis.

Furthermore, we limited the sources of information to published articles, it would have 
been interesting to gather expert opinions, for instance by means of the Delphi method.

Another limitation comes with applying the Bradford-Hill criteria to the CSVD-apathy 
association: there are no experimental data, only observational data 88 to support a 
causality claim. 

Conclusion
Consistent pathophysiological evidence linking CSVD and apathy makes it plausible that 
CSVD can cause apathy. This causal relationship is supported by the evidence on the 
strength and biological gradient of the CSVD-apathy associations obtained in a diversity 
of populations, although the evidence for a temporal relationship is still weak. Given that 
there are often other factors in patients with CSVD that may cause or contribute to apathy, 
the specificity of the causal relationship can be said to be low.  It is premature to speak of 
vascular apathy as if referring to a distinct clinical apathy syndrome, since differentiation 
between apathy syndromes on the basis of clinical features is unfeasible, while in-depth 
knowledge about differences in the prognosis and efficacy of dedicated treatment for 
apathy caused by CSVD and other apathy syndromes is lacking. 
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Summary and general discussion
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Scope and objectives
The first three studies (Part I) of this dissertation aimed at exploring and describing 
associations between cardio- and cerebrovascular disease and depression, and whether 
and how vascular risk and neuroticism affect this relationship. In the subsequent three 
studies (Part II) we looked at associations between cerebrovascular disease, specifically 
cerebral small vessel disease (CSVD), and apathy. We focused on the relationship between 
CSVD and apathy in remitted depression and also the concept of vascular apathy was 
thoroughly evaluated. Since this thesis includes more than a decade of research, in this 
chapter we will not only summarize and discuss the results of the studies reported on 
but also add recent relevant findings and consider our findings in the light of this new 
knowledge. The studies were mostly presented in chronological order to emphasize the 
development of knowledge and insights derived, which influenced the designs of the 
subsequent studies and our point of view when evaluating and interpreting the results. 
For reasons of clarity and legibility, we will discuss the findings of each study immediately 
after its summary (printed in italics).

Does late-life depression raise the risk of cerebrovascular disease? 
In the Longitudinal Aging Study Amsterdam, we tested the hypotheses that (1) clinically 
relevant depressive symptoms are an independent risk factor for incident stroke in cardiac 
and noncardiac patients and that (2) more chronic and severe depressive symptoms 
are associated with a higher incidence of stroke (Chapter 2). Between 1992 and 2002 
a random-sampled community-based cohort of older Dutch people (aged ≥55 years) 
without a history of stroke (N=2965) was followed for 9 years. The study end point was a 
first (nonfatal or fatal) stroke, at which point we determined associations with depression, 
as measured at baseline with the National Institute of Mental Health Diagnostic Interview 
Schedule and the Center for Epidemiological Studies-Depression Scale (CES-D) by means 
of multivariate Cox proportional hazards regression analyses of stroke incidence. We also 
investigated associations between the chronicity and severity of the depressive symptoms 
and stroke incidence using time-dependent variables. We found that in participants 
with pre-existent cardiac disease (not in those without such a history) clinically relevant 
depressive symptoms at baseline (hazard ratio [HR], 2.18; 95% confidence interval [CI], 
1.17-4.09) and the severity (range, 0-60; HR, 1.08; 95% CI, 1.02-1.13) and chronicity (HR, 
3.51; 95% CI, 1.13-10.93) of depressive symptoms during follow-up were associated with 
stroke. Based on these results, we concluded that pre-existent cardiac disease moderates 
the association between depressive symptoms and incident stroke and that in cardiac 
patients, baseline depressive symptoms and both the severity and chronicity of symptoms 
during follow-up are associated with incident stroke. 

This study was published in 2008 and since then, several replication studies have found 
more and consistent support for a association between depression and stroke, where 
a meta-analysis calculated the pooled adjusted HR a 1.45 (95% CI, 1.29-1.63) for total 
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stroke, with the estimated absolute risk difference associated with depression being 106 
cases for total stroke per 100,000 individuals per year 1.

In 2008, we offered several explanations for the depression-stroke association, which 
are still relevant today. We proposed that depression could aggravate atherosclerosis, 
which was supported by the dose-response effect that we found. Diminished heart-rate 
variability during stress 2, altered platelet responses related to serotonin 3 and more 
heart-rhythm irregularities in depressed patients 4 were mentioned as pathophysiological 
pathways. Since then, HPA-axis dysfunction, metabolic disease and inflammation have 
been acknowledged as other possible depression-to-atherosclerosis mechanisms 5.  
Additionally, it has been suggested that depression could also lead to stroke as a result of 
a less healthy lifestyle and diminished adherence to vascular treatment 5.

Today, in 2022, we can add another explanation, since heritability of (ischaemic) stroke is 
37.9% 6 and depression and stroke share genetic pathways, where genetic polymorphisms 
of four genes, methylenetetrahydrofolate reductase (MTHFR) and apolipoprotein E (ApoE) 
have been shown to be associated with an increased risk of both depression and stroke,  
while there is also some - although not conclusive -  evidence for associations between 
polymorphisms in angiotensin converting enzyme (ACE) and serum paraoxonase (PON1) 
with depression 7. These genetic polymorphisms are related to an immune-inflammatory 
imbalance, increased oxidative and nitrative stress, dysregulation of lipoprotein and lipid 
metabolism and changes of cerebrovascular morphology and function 7.

Also in the LASA study, we suggested that a synergistic reciprocal relationship between 
depression and vascular disease might account for the findings that the association 
between depression and stroke was observed in individuals with a prior history of cardiac 
disease only. Cardiac disease and cardiac procedures are now known to be associated 
with silent cerebral infarcts 8, infarcts that have been related to depression and stroke 89, 
offering a more concrete explanation. Furthermore, depressive symptoms could also be 
an indicator of a poor prognosis in cardiac patients because the number of depressive 
symptoms scored on the CES-D (partly) correlated with the severity of underlying 
cardiovascular disease 10, while the use of antidepressants could also play a role 5.

Summing up, although in our LASA study the depression-stroke association was mediated 
by existing cardiac disease, the formerly mentioned meta-analysis reported a pooled 
association between depression and stroke in cardiac as well as noncardiac patients 1.
These findings illustrate that the likelihood of finding a specific association can be 
enhanced or diminished by the way study population are defined, since associations are 
often synergistic or interact with other factors, that are not randomly distributed and may 
be impossible to fully control for. 
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Do neuroticism and vascular disease interact in the risk of depression, or 
in depressed populations in the risk of stroke? 
In the research presented in Chapters 3 and 4 we explored interactions between 
neuroticism and vascular disease in the prediction of stroke and depression. In Chapter 3, 
we hypothesized that the relationship between depression and stroke was based on residual 
confounding, with generalized atherosclerosis both forming a risk factor for depression as 
well as for stroke and thus that the association between depression and stroke would be 
stronger in vascular disease-related depression than it would be in neurotic depression. 
We examined the influence of low neuroticism and the presence of vascular disease on 
the relationship between depression and stroke in the LASA population (N=2050) during 
9 years of follow-up. The incidence of stroke was determined based on self-report data, 
data from general practitioners and death certificates. Neuroticism was assessed using 
the Dutch Personality Questionnaire and depression using the CES-D. Among participants 
with a history of cardiac disease (N=1649) depression predicted stroke independent of 
the level of neuroticism (HR: 1.05, 95% CI: 1.01-1.10), whereas in the group without 
pre-existent cardiac disease depression predicted incident stroke only in individuals with 
low neuroticism (HR 1.05, 95%: 1.00-1.09) and not in those with high neuroticism. We 
accordingly suggested that late-life depression in context of low neuroticism is a marker 
of CSVD.

In the Nijmegen Biomedical Study, a population-based survey conducted between 2002 
and 2005 reported in Chapter 4, we looked at the interplay between vascular disease 
and neuroticism in the prediction of late-life depression in participants (N=1396) aged 
70 and over. As neuroticism enhances the impact of life-events and has been linked to a 
worse adherence to (vascular) treatment, we hypothesized a positive interaction in which 
high neuroticism would increase the effect of vascular disease on the risk of depression. 
Depression was assessed using the CES-D and the level of neuroticism (0-12) was measured 
by means of the Eysenck Personality Questionnaire. Vascular disease was categorized 
into four levels based on their relatedness to brain damage, i.e., nonvascular disease or a 
single risk factor, two or more vascular risk factors without vascular disease, the presence 
of cardiac disease, and finally, the presence of stroke. The results were different for men 
and women. In the female respondents neuroticism was a strong predictor of depression 
(OR: 1.6, 95% CI: 1.4-1.8), while in their male counterparts both cardiac disease and stroke 
attenuated the predictive value of neuroticism (cardiac disease by neuroticism: OR: 0.8, 
95% CI: 0.6-0.9; stroke by neuroticism: OR: 0.8, 95% CI: 0.6-0.96). We suggested that 
apathy caused by vascular disease might attenuate the effect of neuroticism on the risk 
of depression.

A recent study of the neurobiological basis of neuroticism in late-life depression provides 
these results with more context: compared to findings for neurotic, depressed individuals, 
in non-neurotic peers a higher volume of non-white matter hypointensities was observed 
on T1-weighted images, which hypointensities are possibly related to cerebrovascular 
disease, while frontal volumes were smaller in those with high-level neuroticism. These 
results suggest that different neural pathways may be involved in different types of late-
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life depression and once again these findings link late-life depression in low neurotic 
populations to cerebrovascular disease 11.
Not part of this thesis, but quite relevant for the interpretation of these results is another 
study 12 in which our group explored the interplay between subclinical atherosclerotic 
disease and neuroticism in the prediction of late-life depression in 50-70 year-old 
participants of the Nijmegen Biomedical Study. A principal component analysis of scores on 
the Beck Depression Inventory yielded two factors, one representing a cognitive-affective 
symptom cluster and the other a somatic-affective symptom cluster. Atherosclerotic 
disease as measured by the intima media thickness of the carotid arteries was only 
associated with the somatic-affective symptom cluster, where severe atherosclerosis 
attenuated the association between neuroticism and cognitive-depressive symptoms. 
This latter finding replicated the results of our earlier study (Chapter 4) and provided more 
substantial support for the hypothesis that the negative interaction between neuroticism 
and vascular disease in the prediction of depression might be explained by apathy due to 
cerebrovascular disease. 

An imaging study of older individuals with depression showed that white matter 
hyperintensities (WMH) and lacunar infarcts - as biomarkers of cerebral small vessel 
disease - were mainly associated with symptoms of anhedonia, concentration problems, 
psychomotor retardation, appetite disturbance and motivational problems 13. When the 
depressive symptom profiles of three different biological pathways to late-life depression, 
more specifically vascular disease, inflammation and neurodegeneration, were 
considered, vascular disease was associated with motivational problems, psychomotor 
retardation and loss of energy 14. All of these symptoms were not exclusively associated 
with vascular disease, however, and could also be a consequence of inflammation (loss 
of energy) or neurodegeneration (motivational problems, psychomotor retardation) 14.

Together these findings highlight the complexity of the interplay of late-life depression, 
cerebrovascular disease and other major risk-factors. First, the relationship between 
cerebrovascular disease and depression might be reciprocal but could also be partly 
explained by residual confounding in that atherosclerotic disease of the cerebral small 
vessels might enhance the risk of both depression and stroke (Chapters 2 and 3). 
Furthermore, in certain populations the vascular pathway to depression might be more 
prominent and thus more easily detected, while in other populations, such as those 
characterized by high neuroticism, the vascular route to depression might be slighter or 
(largely) obscure by interaction effects or due to overshadowing by more important risk 
factors (Chapters 2,3 and 4). Different aetiological pathways to depression might exert 
differential effects on the brain morphology and functioning 11. The vascular pathway is 
then associated with a specific, although not exclusive, depressive symptom profile, with 
motivational problems and psychomotor retardation 12 13 14, representing the depressive-
executive subtype of depression 15. 
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Is apathy in remitted depression related to CSVD? 
Given that the symptoms of the apathy syndrome substantially overlap those of the 
depressive-executive subtype of depression and the nature and strength of the relationship 
between CSVD and apathy is being debated, the studies in Chapters 5, 6 and 7 were 
dedicated to apathy and its relation to CSVD. Chapter 5 examined apathy in remitted 
depression and its relationship to vascular damage in 663 participants (mean age 46.5 
years, range 18-86 years) of the Netherlands Study of Depression and Anxiety (NESDA) 
and the Netherlands Study of Depression in Older persons (NESDO). To systematically 
distinguish between residual depressive symptoms and apathy we performed a principal 
component analysis, which yielded two apathy factors, amotivation and loss of initiative, 
and one mood factor. When remission of depression was during follow-up, the associations 
between vascular risk factors or diseases and the two apathy factors was cross-sectionally 
evaluated by multivariate linear regression analyses in which we corrected for mood. 
Neither blood pressure nor ankle brachial index, body mass index, smoking, diabetes 
mellitus, cardiac disease, or cerebrovascular accidents were associated with either of the 
two apathy factors after mood had been controlled for. This raises the question whether 
apathy in remitted depression is aetiologically related to the earlier depressive episode 
and whether it should be regarded as a residual symptom.

We were thus unable to establish a vascular pathway to apathy in this mixed-age group 
having recently recovered from depression, which is in line with the findings in late-life 
populations with a (severe) previous or current depression 16 17 18, with one exception 19. 
These results thereby contradict more consistent findings of a CSVD-apathy association in 
the general and neurodegenerative populations 20 (see Chapters 6 and 7). We suggested 
that in those who suffer from (severe) depression apathy as a symptom of depression 
might overshadow other pathways to apathy, where apathy after seemingly successful 
treatment of depression might in fact be a residual symptom.

Can silent CSVD cause apathy and is vascular apathy a clinical syndrome? 
The hypothesis that CSVD can cause apathy was further examined in Chapters 6 and 7. 
In chapter 6, 14 general population studies on the relationship between subclinical CSVD 
and apathy were systematically reviewed. Subclinical CSVD was operationalized as WMH 
or white matter diffusivity changes, lacunar infarcts, cerebral microbleeds, decreasing 
cortical thickness, and perivascular spaces. Peripheral proxies for subclinical CSVD were 
also considered: the ankle brachial index, the intima media thickness, cardio-femoral pulse 
wave velocity, hypertension, or cardiovascular disease. We found that arterial stiffness 
and white matter diffusivity were not related to apathy, while the associations with 
cortical thickness were contradictory. Cross-sectional studies did find evidence of apathy 
being associated with WMH, cerebral microbleeds, cardiovascular disease, hypertension, 
and the ankle brachial index. Cardiovascular disease was prospectively associated with 
apathy.  The methodologies of the studies included were too heterogeneous to perform 
meta-analyses. 
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In Chapter 7, the vascular apathy hypothesis was evaluated from a broader perspective. 
We evaluated the evidence for a pathophysiological mechanism in CSVD that could 
cause apathy and the evidence for the hypothesis that CSVD can be a sole cause of 
apathy by the Bradford-Hill criteria to distinguish between association and causation. 
Pathological, neuroimaging and behavioral studies plausibly and coherently showed that 
pathophysiologically CSVD can cause lesions in the reward network, which can clinically 
cause an apathy syndrome. Although observational studies in elderly individuals with 
depression were inconclusive, studies in healthy older adults, stroke patients and people 
with cognitive impairment consistently showed an association between CSVD (or WMH as 
a marker of CSVD) and apathy; a biological gradient was confirmed, as well as a temporal 
relationship, although the evidence for the latter was still weak. The specificity of this 
causal relation was low and there were often other contributing factors at play in CSVD 
patients showing symptoms of apathy, particularly depression and cognitive deterioration. 
Differentiating between vascular apathy and other apathy syndromes on clinical features 
was not (yet) possible, and in-depth knowledge about differences in the prognosis and 
efficacy of treatment options for apathy caused by CSVD and other apathy syndromes 
was lacking. In conclusion, although a causal relationship between CSVD and apathy was 
established, CSVD was often not the sole cause of apathy, and we recommend looking for 
other contributing factors in CSVD patients with apathetic symptoms. We also concluded 
that it is premature to use the term “vascular apathy” since it refers to a distinct clinical 
apathy syndrome, where we cannot yet differentiate apathy syndromes. 

Methodological and research considerations
Of course, there are limitations to the findings of the research reported in this thesis, 
research considerations to be made and lessons to be learned for future designs. 

First, in the three studies presented in Part I, we focused on the relationship between 
cerebrovascular disease and late-life depression, without considering apathy, where 
apathy might have been a (residual) confounder. When planning longitudinal aetiological 
or efficacy studies of late-life depression, we recommend researchers to take apathy into 
account.

When we specifically took care to distinguish between mood and apathy symptoms 
(Chapter 5), this yielded unexpected results. We could not establish a CSVD-apathy 
association in remitted depression as previous studies had done in other populations. 
Since loss-of-interest, anhedonia and psychomotor retardations are also part of a 
depressive syndrome, we suggested that apathy in remitted depression might more often 
than has thus far been recognized be a residual symptom of the depression patients have 
recovered from. This hypothesis warrants further looking into since depression affects so 
many people, also in later life, and apathy in depression and remaining apathy in remitted 
depression are also highly prevalent, with all its serious clinical and societal consequences. 
“Positive” symptoms of depression, such as a diminished mood, ruminating, negative 
thinking and suicidal thoughts and behavior have, understandably, been receiving much 
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attention in depression research,  but we make a plea for paying a greater focus on apathy 
and the motivational symptoms of depression. We accordingly suggest including apathy 
as a separate outcome measure in intervention studies of depression, to gain more 
knowledge about which treatment reduces the risk of apathy in remitted depression. Such 
studies should preferably look at depression across the lifespan to enable researchers to 
chart the similarities and differences in the symptoms and prognosis of apathy in early- 
and late-life depression and in early- and late-onset depression.

Another important consideration for future research the findings discussed in this thesis 
highlight is the complex interactions of the risk-factors for late-life depression, and the 
ceiling effects that can occur when more than one risk-factor is present. Each risk-factor 
alone contributes a certain amount to the risk of becoming depressed, but when by an 
accumulation of risks, the threshold effect is reached, the contribution of each individual 
factor might not be fully accounted for. Especially in severely symptomatic populations 
ceiling effect may often obscure clinical research findings 21. Although in the (near) 
future we may get more grip on individual risk-factors and their relative contributions 
and interactions by advances in statistics and big-data analyses, at this point our 
capabilities in predicting late-life depression in the individual are still limited. We are, 
however, able to identify the most determining risk-factors for late life-depression in 
well-defined populations, which information is particularly relevant for the development 
and implementation of dedicated prevention trials. If populations with a high vascular 
risk would profit from different depression-prevention methods than populations with 
a high risk because of high neuroticism is yet unknown. More differentiation not only in 
treatment options for depression, but also in prevention methods could pave the way to 
better outcomes.

As to the CSVD-apathy relationship, there are still important gaps in our knowledge, 
where particularly prospective designs in which the progress of CSVD is studied in relation 
to the course of apathy over time are lacking. Moreover,  in addition to depression and 
cognition, we recommend to include apathy as an outcome measure of brain health in 
intervention trials in patients with CSVD.

Considerations for clinical practice
What lessons can physicians learn from the research reported in this thesis? The first 
´take-home message’ is that the relationship between cerebrovascular disease and late-
life depression is bi-directional.  The clinician is recommended to pay attention to the 
presence of vascular risks and vascular disease in older people going through a depression, 
but to likewise check for the presence of depression in older patients diagnosed with 
cerebrovascular disease. However, the clinical implication of these findings is as yet limited 
since the treatment of cerebrovascular disease in people coping with late-life depression 
does not differ from the general treatment of cerebrovascular disease, which also holds 
for the treatment of depression resulting from cerebrovascular disease. We also point 
to the risk of tunnel-vision when cerebrovascular disease is present. Cerebrovascular 
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disease should not overshadow other factors, such as high neuroticism, that may just 
as well or even more so underlie or maintain late-life depression. Research models for 
late-life depression may guide clinicians but they are no substitute for a thorough clinical 
assessment and analysis of all the risk-factors, sustaining and protective factors involved 
in the onset, treatment or (relapse) prevention of depression for each individual patient.

Another important consideration for the physician treating older patients for apathy and 
depression, is that apathy in remitted depression was not significantly associated with 
CSVD (Chapter 5). This finding once more underscores the similarities between apathy 
and motivational symptoms of depression, prompting the question whether in remitted 
depression apathy might be a residual symptom. The etiology of apathy in depression and 
its treatment is not well understood. Should we recommend antidepressant treatment, 
further psychotherapy or structured daily activities, or all three? To date, research has 
not provided much support for one strategy or the other, but since the consequences of 
apathy can be wide-ranging, we would advise against therapeutic nihilism.

In the general population and in populations with neurodegenerative diseases a causal 
association between CSVD and apathy was established in chapter 5 and 6. This information 
might help clinicians, their patients, and the caregivers of their patients, to understand and 
accept the presence of apathy in CSVD. However, once again, we would not recommend 
tunnel vision since apathy can have many causes, and in particularly often coincides with 
depression and cognitive impairment in elderly populations. Therefore, also in CSVD we 
would recommend the clinician to perform a broad analysis of all the other risk-factors 
and protective factors for each individual who suffers from apathy.

Finally, we would like to remind clinicians seeing patients with late-life depression and 
apathy of the many gaps in our current knowledge, most particularly the lack of dedicated 
treatments for CSVD- or depression-related apathy, and urge them to join researchers in 
their quest by informing patients and their spouses or caregivers of research programs 
they might be willing to participate in.

Considerations for the training of the next generation of psychiatrists:
For those who train the next generation of psychiatrists our findings underscore the 
importance of epidemiology in the psychiatrist’s practice, where psychiatrists should 
be enabled to estimate the probability and relevance of age-specific risks of late-life 
depression and for apathy in a diversity of populations. They should learn about CSVD and 
how CSVD can alter motivational functioning, to thus help them interpret the symptoms 
they observe in their patients better, but equally or even more importantly, they should 
be trained in communicating this information to their patients and their partners, family 
or caregivers.

They need to be informed about the limitations of the current disease models for late-life 
depression and apathy, and about the fact that more often than not multiple risk-factors 



590409-L-bw-Wouts590409-L-bw-Wouts590409-L-bw-Wouts590409-L-bw-Wouts
Processed on: 28-2-2023Processed on: 28-2-2023Processed on: 28-2-2023Processed on: 28-2-2023 PDF page: 152PDF page: 152PDF page: 152PDF page: 152

Vascular risk factors for depression and apathy  |  Part II

152

co-occur that interact with and influence each other. With this in mind, they will be able 
to present their disease model for the individual patient as a (likely) possibility and keep 
an open mind for different etiologies.

In conclusion, the studies brought together in this thesis emphasizes the importance 
of apathy, or motivational symptoms, in CSVD and in depression. Whether they will 
be treating younger or older patients, we recommend that the next generation of 
psychiatrists are trained to actively ask patients or their partners/caregivers for symptoms 
of apathy, particularly in those with confirmed CSVD and a current or past depression and, 
when apathy is present, to discuss the likelihood of a specific disease model and propose 
a patient-specific treatment.
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Nederlandse wetenschappelijke samenvatting 
Introductie
Depressie op latere leeftijd
Depressie op latere leeftijd is een vaak voorkomende aandoening met een prevalentie van 
0.9-9.4% voor zelfstandig wonende ouderen en 14-42% voor ouderen die wonen in een 
instelling1. Klinisch relevante depressieve symptomen (zonder dat volledig aan de criteria 
voor een depressieve stoornis voldaan wordt) komen zelfs nog vaker voor 2. De gevolgen 
van een depressieve stoornis of depressieve symptomen op latere leeftijd kunnen ernstig 
zijn. Er wordt door depressieve ouderen meer gebruik gemaakt van gezondheidszorg, 
er is vaker sprake van functionele of cognitieve beperkingen en de kwaliteit van leven 
wordt als minder goed ervaren. Daarnaast verhoogt een depressie op oudere leeftijd 
het sterftecijfer 3, wat voor een deel verklaard wordt door een hogere sterfte aan 
cardiovasculaire 4 5 en cerebrovasculaire ziekte6. Deze laatste bevinding stimuleerde het 
wetenschappelijke onderzoek naar de mogelijke oorzakelijke verbanden tussen depressie 
en cardio- en cerebrovasculaire ziekte7. Waarbij de verhoogde kans op depressie na een 
hartinfarct8 of beroerte9 die ook gevonden werd, wees op een bidirectionele relatie.

MRI-studies lieten een verband zien tussen witte stofafwijkingen (WMH), wat wijst 
op het bestaan van ziekte van de kleine vaten van de hersenen (cerebral small vessel 
disease, CSVD) en depressie 10. Klinisch werd met CSVD samenhangende-depressie in 
verband gebracht met executieve functiestoornissen en therapieresistentie, wat leidde 
tot de vasculaire depressie hypothese11. Echter: de naam ‘vasculaire depressie’ werd 
later weer verlaten, omdat een oorzakelijke relatie en een specifiek klinisch syndroom 
beide niet afdoende konden worden vastgesteld 12 13. Hoewel het verband tussen WMH 
en depressie bevestigd werd in een meta-analyse 10, zijn WMH vooral gerelateerd aan 
items in depressieschalen die wijzen op motivatieproblemen, zoals interesseverlies 
en psychomotore vertraging 14. Daarom werd in latere studies gesuggereerd dat CSVD 
mogelijk sterker samenhangt met apathie dan met depressie 15 16. 

Apathie
Apathie is een transdiagnostisch symptoom dat bij verschillende neurologische en 
psychiatrische ziekten gezien wordt 17,  maar het kan ook een op zichzelf stand syndroom 
zijn. Apathie wordt gekarakteriseerd door verminderde activiteit, minder gedachten en 
minder emoties. Net als depressie, kan apathie ernstige gevolgen hebben: het vermindert 
de kwaliteit van leven 18, vergroot de kans op functionele beperkingen 19 en vormt een 
hoge belasting voor mantelzorgers 20 21.  Apathie verhoogt de kans op cardiovasculaire 
ziekte, beroerte en sterfte22. Daarnaast is apathie gerelateerd aan dementie 23.  
Recent zijn consensus criteria voor apathie vastgesteld, die gebruikt kunnen worden in 
gezonde en ook in neuropsychiatrisch zieke populaties 24. Bij gebruik van deze criteria 
blijkt de prevalentie van apathie 55% bij de ziekte van Alzheimer, 70% bij gemengde 
dementie, 43% bij beperkte cognitieve stoornissen, 27% bij de ziekte van Parkinson, 53% 
bij schizofrenie en 94% bij een depressieve stoornis 17. 
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De vasculaire apathie hypothese
De prevalentie van apathie bij CSVD is hoog, namelijk 52%, en het verband tussen CSVD en 
apathie is onafhankelijk van depressie vastgesteld. De vasculaire apathie hypothese stelt 
dat CSVD apathie kan veroorzaken door het beschadigen van fronto-striatale verbindingen 
in de hersenen 25 26 27. Is CSVD inderdaad een mogelijke oorzakelijke factor bij apathie?  
Kan CSVD als enkele factor apathie veroorzaken? Vormt CSVD-gerelateerde apathie een 
herkenbaar en af te grenzen klinisch syndroom, zoals door de term ‘vasculaire apathie’ 
gesuggereerd wordt? 

Onderzoeksthema’s en doelstellingen
De relaties tussen (cerebro)vasculaire ziekte en depressie en apathie vormen het 
kernthema van dit proefschrift.
In de eerste drie studies (Deel I) van dit proefschrift worden de associaties tussen cardio- 
en cerebrovasculaire ziektes en depressie geëxploreerd en beschreven. Ook wordt 
onderzocht hoe de aanwezigheid van vasculaire risicofactoren en/of neuroticisme het 
verband tussen cerebrovasculaire ziekte en depressie beïnvloedt. 

In de daaropvolgende drie studies (Deel II) worden associaties tussen cerebrovasculaire 
ziekte, en met name tussen ziekte van de kleine vaten van de hersenen (cerebral small vessel 
disease, CSVD) en apathie onderzocht. Ook wordt apathie en het verband tussen CSVD en 
apathie na herstel van depressie bestudeerd. Tenslotte wordt de wetenschappelijke basis 
en de reikwijdte van de ‘vasculaire apathie hypothese’ onderzocht.

Deel I
•	 In hoofdstuk 2 wordt onderzocht of depressie bij oudere personen met en 

zonder hartziekte geassocieerd is met een verhoogd risico op beroerte.
•	 In hoofdstuk 3 wordt onderzocht of het verhoogde risico op beroerte bij 

depressie anders is bij onderliggende vasculaire ziekte dan bij een hoog niveau 
van neuroticisme. Hierbij is de hypothese dat het verhoogde risico op beroerte 
wél wordt gezien bij onderliggende vasculaire ziekte en niet bij een hoog niveau 
van neuroticisme.

•	 In de studie beschreven in hoofdstuk 4 werd geëxploreerd of neuroticisme en 
vasculaire ziekte interacteren als risicofactoren voor depressie. 

Deel II
•	 In hoofdstuk 5 wordt onderzocht of apathie na herstel van depressie samenhangt 

met CSVD, ook als gecorrigeerd wordt voor persisterende stemmingsproblemen.
•	 Hoofstuk 6 betreft een systematische review van studies die onderzoeken of 

subklinische CVSD samenhangt met apathie in de algemene bevolking.
•	 De laatste studie, beschreven in hoofdstuk 7, exploreert of CSVD een (op zichzelf 

staande) oorzaak van apathie kan zijn. Ook wordt in dit hoofdstuk onderzocht of 
´vasculaire apathie´ voldoet aan de criteria voor een klinisch syndroom, en of 
de term ´vasculaire apathie´ eigenlijk wel gebruikt zou moeten worden in de 
klinisch praktijk.
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Omdat dit proefschrift meer dan 10 jaar onderzoek behelst, zullen we in dit hoofdstuk 
niet alleen de studies samenvatten maar ook op de resultaten reflecteren in het licht 
van recentere wetenschappelijke bevindingen. De studies worden zoveel mogelijk in 
chronologische volgorde weergegeven om de ontwikkeling van kennis en inzichten 
zichtbaar te maken. Om de leesbaarheid en de helderheid van dit hoofdstuk te bevorderen 
worden de samenvattingen van de studies schuin weergegeven en steeds direct gevolgd 
door een evaluatie van de bevindingen.

Deel I
Verhoogt een depressie op latere leeftijd de kans op cerebrovasculaire ziekte?

In de Longitudinal Aging Study Amsterdam werden de volgende hypothesen getoetst: 
(1) dat klinisch relevante depressieve symptomen een onafhankelijke risicofactor vormen 
voor het krijgen van een beroerte in patiënten met en zonder hartziekte, en (2) dat meer 
chronische en ernstigere depressieve symptomen geassocieerd zijn met een hogere kans 
op een beroerte (Hoofdstuk 2). 

Tussen 1992 en 2002 werd een random samengesteld cohort uit de algemene bevolking 
van Nederlanders met een leeftijd van 55 jaar of ouder (zonder een voorgeschiedenis van 
beroerte) (N=2965) gevolgd gedurende 9 jaar. Eindpunt van de studie was het doormaken 
van een eerste (fatale of niet-fatale) beroerte. De associatie tussen depressie op het 
beginpunt van de studie, welke werd vastgesteld met behulp van the National Institute 
of Mental Health Diagnostic Interview Schedule en de Center for Epidemiological Studies-
Depressie schaal (CES-D), en de incidentie van beroerte werd berekend met behulp 
van multivariate Cox proportional hazards regressieanalyse. Ook onderzochten we het 
verband tussen de chroniciteit en de ernst van depressieve symptomen en de incidentie 
van beroerte met behulp van tijdsafhankelijke variabelen. De resultaten lieten zien dat in 
studiedeelnemers met een voorgeschiedenis van hartziekte (en niet in degenen zonder 
deze voorgeschiedenis) klinisch relevante depressieve symptomen op het beginpunt 
(hazard ratio [HR], 2.18; 95% confidence interval [CI], 1.17-4.09) geassocieerd waren met 
de kans op het ontstaan van een beroerte. Er was ook een associatie tussen de ernst 
(range, 0-60; HR, 1.08; 95% CI, 1.02-1.13) en chroniciteit (HR, 3.51; 95% CI, 1.13-10.93) 
van depressieve symptomen gedurende follow-up met de kans op het ontstaan van een 
beroerte. 

Op basis van deze resultaten, concludeerden we dat de aanwezigheid van een hartziekte 
invloed had op de mate van het verband tussen depressieve symptomen en het ontstaan 
van een beroerte; en dat in hartpatiënten niet alleen depressieve symptomen aan het 
begin van de studie, maar ook de ernst en chroniciteit van de symptomen gedurende de 
studie samenhingen met een hoger risico op het ontstaan van een beroerte.
Deze studie werd gepubliceerd in 2008 en sindsdien werden de resultaten in meerdere 
replicatie-studies bevestigd. Ook werd de associatie tussen depressie en het ontstaan van 
een beroerte vastgesteld in populaties zonder hartziekte.  Een meta-analyse berekende 
een gepoolde aangepaste HR van 1.45 (95% CI, 1.29-1.63) voor beroerte, met een geschat 
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absoluut risicoverschil bij depressie van 106 gevallen van beroerte per 100.000 personen 
per jaar 6.

In 2008 waren er meerdere nog steeds relevante verklaringen voor het verband tussen 
depressie en beroerte. Depressie zou atherosclerose kunnen verergeren, een verklaring die 
gesteund werd door de gevonden dosis-effect relatie. Andere pathofysiologische verklaringen 
waren: een verminderde variabiliteit van het hartritme tijdens stress 30, veranderde 
reacties van de bloedplaatjes samenhangend met serotonine 31 en de aanwezigheid van 
meer verstoringen van het hartritme bij depressieve patiënten 32. Sindsdien zijn ook een 
dysfunctie van de HPA-as, metabole ziekte en ontsteking erkende mechanismes die 
bijdragen aan het ontstaan of verergeren van atherosclerose bij depressie 33. Daarnaast 
kan depressie ook de kans op een beroerte verhogen door een minder gezonde leefstijl 
en een verminderde compliance aan behandelvoorschriften voor vaatziektes 33.

Nu, in 2022, is er nog een verklaring, omdat de erfelijkheid van (ischemische) beroerte 
37.9%34 bedraagt en depressie en beroerte gemeenschappelijke genetische routes delen. 
Genetische polymorfismes van twee genen,  methyleentetrahydrofolaat reductase 
(MTHFR) en apolipoproteine E (ApoE) zijn in verband gebracht met een verhoogd risico op 
depressie en beroerte, en polymorfismes van twee andere genen, angiotensine converting 
enzym (ACE) en serum paraoxonase (PON1) zijn mogelijk geassocieerd met depressie 35. 
Deze genetische polymorfismes houden verband met een dysbalans tussen immuniteit 
en ontstekingsmechanismes, verhoogde oxidatieve en nitratieve stress, dysregulatie van 
lipoproteine en lipide metabolisme en veranderingen in cerebrovasculaire morfologie en 
functie 35.

In de beschreven LASA-studie werd geopperd, dat er een synergistische reciproke relatie 
tussen depressie en vaatziekte zou kunnen bestaan, die zou verklaren waarom de 
associatie tussen depressie en beroerte alleen in hartpatiënten werd gevonden. Hartziekte 
en hartoperaties zijn geassocieerd met stille beroertes 36, en deze stille beroertes zijn 
geassocieerd met depressie en symptomatologische beroerte 36 10. Bovendien kunnen 
depressieve symptomen een indicator zijn voor een slechtere prognose in hartpatiënten 
omdat het aantal depressieve symptomen (vastgesteld met behulp van de CES-D) 
gecorreleerd is aan de ernst van de onderliggend hartvaatziekte 37. Ook het gebruik van 
antidepressiva zou een rol kunnen spelen33.
Uiteindelijk werd in een latere meta-analyse onafhankelijk van hartziekte een gepoold 
verband tussen depressie en beroerte vastgesteld, hoewel in de LASA-studie het verband 
tussen depressie en beroerte werd beïnvloed door de aanwezigheid van hartziekte 6. 
Deze bevindingen laten zien dat de kans om een verband wel of niet vast te stellen in een 
studie beïnvloed wordt door de eigenschappen van de bestudeerde populatie, aangezien 
statistische verbanden door interactie met andere factoren vergroot of verkleind kunnen 
worden. En dergelijke interactiefactoren zijn niet random verdeeld over de bevolking en 
vaak niet volledig te controleren.
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Spelen interacties tussen de aanwezigheid van neuroticisme en vasculaire ziekte een 
rol in het risico op depressie, of in depressieve populaties in het risico op beroerte?

In het onderzoek dat gepresenteerd wordt in Hoofdstuk 3 en 4 werden interacties 
tussen neuroticisme en vasculaire ziekte bij het voorspellen van beroerte en depressie 
geëxploreerd. In Hoofdstuk 3 werd de hypothese dat in het verband tussen depressie 
en beroerte ‘residual confounding’ een rol speelt onderzocht, waarbij gegeneraliseerde 
atherosclerose een risicofactor vormt voor beiden (depressie en beroerte). Er werd gesteld 
dat hierdoor het verband tussen depressie en beroerte groter zou zijn in aan vasculaire 
ziekte-gerelateerde depressie dan in neurotische depressie. 

De invloed van laag neuroticisme en de aanwezigheid van vasculaire ziekte op het verband 
tussen depressie en beroerte werd bestudeerd in de LASA-populatie (N=2050) gedurende 9 
jaar follow-up. De incidentie van beroerte werd vastgesteld met behulp van anamnestische 
informatie, informatie van huisartsen en verklaringen van overlijden. Neuroticisme werd 
gemeten met behulp van de Dutch Personality Questionnaire en depressie met behulp van 
de CES-D. In deelnemers met een voorgeschiedenis van hartziekte (N=1649) was depressie 
een voorspeller voor beroerte, een bevinding die onafhankelijk was van het niveau van 
neuroticisme (HR: 1.05, 95% CI: 1.01-1.10). In deelnemers zonder hartziekte was depressie 
alleen in individuen met een laag neuroticisme-niveau een voorspeller voor beroerte (HR 
1.05, 95%: 1.00-1.09). Op basis van deze bevindingen suggereerden we dat depressie op 
oudere leeftijd bij een laag niveau van neuroticisme een marker zou kunnen zijn van ziekte 
van de kleine vaten van de hersenen, CSVD.

In de Nijmegen Biomedical Study (2002-2005), een studie waarbij diverse vragenlijsten 
werden afgenomen in de algemene bevolking, werd de interactie tussen vasculaire ziekte 
en neuroticisme bij het voorspellen van depressie op oudere leeftijd (N=1397, leeftijd >70 
jaar) bestudeerd. De bevindingen worden in Hoofstuk 4 van dit proefschrift beschreven. 
Omdat neuroticisme de impact van life-events vergroot en omdat neuroticisme 
geassocieerd is met een slechtere compliance aan vasculaire behandelingen, werd de 
hypothese geponeerd dat er een positieve interactie tussen neuroticisme en vasculaire 
ziekte zou bestaan in het voorspellen van depressie. In andere woorden: dat een hoog 
niveau van neuroticisme het risico op depressie in deelnemers met vasculaire ziekte zou 
verhogen. 

Depressie werd gemeten met behulp van de CES-D en het niveau van neuroticisme (0-
12) werd gemeten met behulp van de Eysenck Personality Questionnaire. Vasculaire 
aandoeningen werd ingedeeld in vier categorieën, gebaseerd op de relatie met 
hersenschade, namelijk (1) geen vasculaire ziekte of een enkele risicofactor, (2) twee 
of meer vasculaire risicofactoren zonder ziekte, (3) hartziekte en (4) beroerte. De 
resultaten waren voor mannen en vrouwen verschillend. In vrouwelijke deelnemers was 
neuroticisme een sterke voorspeller voor depressie (OR: 1.6, 95% CI: 1.4-1.8), terwijl in 
mannelijke deelnemers hartziekte en beroerte de voorspellende waarde van neuroticisme 
verminderden (hartziekte en neuroticisme: OR: 0.8, 95% CI: 0.6-0.9; beroerte en 
neuroticisme: OR: 0.8, 95% CI: 0.6-0.96). Een verklaring hiervoor zou kunnen zijn dat 



590409-L-bw-Wouts590409-L-bw-Wouts590409-L-bw-Wouts590409-L-bw-Wouts
Processed on: 28-2-2023Processed on: 28-2-2023Processed on: 28-2-2023Processed on: 28-2-2023 PDF page: 163PDF page: 163PDF page: 163PDF page: 163

Appendices  |  Vascular risk factors for depression and apathy

163

apathie veroorzaakt door vasculaire ziekte het depressogene effect van neuroticisme 
vermindert.

Een recente studie waarin de neurobiologie van neuroticisme bij depressie op latere 
leeftijd werd onderzocht biedt meer context aan deze resultaten: in niet-neurotische 
depressieve deelnemers werd een hoger volume aan niet-witte stofafwijkingen gezien 
in T1-gewogen beeldvorming dan bij hoog-neurotische deelnemers. Deze afwijkingen 
worden gerelateerd aan cerebrovasculaire ziekte. In hoog-neurotische depressieve 
deelnemers waren kleinere frontale volumes in de hersenen te zien. Deze resultaten laten 
zien dat mogelijk verschillende neurale routes een rol spelen in verschillende types van 
depressie op latere leeftijd. En deze resultaten leggen ook opnieuw een verband tussen 
cerebrovasculaire ziekte en depressie op oudere leeftijd in laag-neurotische populaties 38.

In een andere studie, werd de interactie tussen subklinische atherosclerose en 
neuroticisme bij het voorspellen van depressie in 50-70 jarige deelnemers van de Nijmegen 
Biomedical Study26 geëxploreerd. Met behulp van een principale component analyse op 
de scores van de Beck Depression Inventory werden twee factoren gevonden, waarbij de 
ene factor een cognitief-affectief cluster van symptomen en de andere een somatisch-
affectief cluster van symptomen vertegenwoordigt. Atherosclerose, weergegeven door 
de intima media dikte (IMT) van de carotiden, was enkel geassocieerd met het somatisch-
affectieve cluster. Bovendien verminderde ernstige atherosclerose de associatie tussen 
neuroticisme en cognitief-affectieve symptomen. Deze laatste bevinding repliceerde de 
bevindingen van de in Hoofstuk 4 beschreven studie en gaf meer steun aan de hypothese 
dat de negatieve interactie tussen neuroticisme en vasculaire ziekte bij de voorspelling 
van depressie mogelijk verklaard wordt door apathie veroorzaakt door cerebrovasculaire 
ziekte.

Beeldvormend onderzoek naar depressie op oudere leeftijd toonde aan dat witte 
stofafwijkingen (WMH) en lacunaire infarcten, -beiden biomarkers voor CSVD- vooral 
geassocieerd waren met symptomen van anhedonie, concentratieproblemen, psycho-
motore retardatie, eetluststoornissen en motivatieproblemen14. Als de symptoomprofielen 
van depressie op latere leeftijd vergeleken werden tussen drie verschillende biologische 
routes naar depressie, namelijk vasculaire ziekte, inflammatie en neurodegeneratie, 
was vasculaire ziekte geassocieerd met motivatieproblemen, psychomotore retardatie 
en een verminderd energieniveau39. Deze symptomen waren echter niet exclusief 
geassocieerd met aan vasculaire ziekte gerelateerde-depressie, maar kwamen ook voor bij 
inflammatie (een verminderd energieniveau) en neurodegeneratie (motivatieproblemen, 
psychomotore retardatie)39.

Al deze bevindingen illustreerden de complexiteit van het samenspel tussen cere-
brovasculaire ziekte, depressie en andere factoren, zoals atherosclerose en neuroticisme. 

Wat kunnen we hier verder uit opmaken? Ten eerste, de relatie tussen cerebrovasculaire 
ziekte en depressie werkt mogelijk twee kanten op, maar kan ook deels verklaard 
worden door ‘residual confounding’ waarbij atherosclerose van de kleine vaten van de 
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hersenen het risico op depressie en beroerte beide verhoogt (Hoofdstukken 2 en 3). 
Daarnaast kan de vasculaire route naar depressie in bepaalde populaties makkelijker 
vastgesteld worden, terwijl in andere populaties, zoals in hoog-neurotische populaties, de 
vasculaire route moeilijker aan te tonen is door interactie-effecten of doordat deze route 
overschaduwd wordt door andere sterke(re) risicofactoren (Hoofdstukken 2, 3 en 4). En: 
verschillende etiologische routes naar depressie gaan mogelijk samen met verschillende 
effecten op de morfologie en het functioneren van het brein38. De vasculaire route is 
dan geassocieerd met een specifiek, maar niet exclusief, depressief symptoom-profiel, 
met motivatieproblemen en psychomotore retardatie  26 14 39, ook wel het depressieve-
executieve subtype van depressie genoemd 40. 

Deel II
Is er een verband tussen apathie na herstel van depressie en CSVD?

Omdat de symptomen van apathie veel overeenkomsten vertonen met die van het 
depressieve-executieve subtype van depressie en omdat er discussie is over de aard en de 
aanwezigheid van een relatie tussen CSVD en apathie, gaan de studies in Hoofstukken 5, 
6 en 7 over apathie en de relatie tussen CSVD en apathie. 

In Hoofdstuk 5 werd apathie na herstel van depressie bestudeerd, waarbij de hypothese 
was dat apathie na herstel van depressie samen zou hangen met ziekte van de kleine 
vaten van de hersenen, CSVD.

Dit werd onderzocht in 663 deelnemers (gemiddelde leeftijd 46.5 jaar, variërend 
van 18-86 jaar) van de Netherlands Study of Depression and Anxiety (NESDA) en de 
Netherlands Study of Depression in Older persons (NESDO). Om restsymptomen van 
depressie grondig te onderscheiden van apathie werd een principale component analyse 
uitgevoerd, die twee apathie factoren opleverde, amotivatie en verlies van initiatief, en 
een stemmingsfactor. Als er sprake was van een herstelde depressie werden de associaties 
tussen vasculaire risicofactoren of vasculaire ziektes en apathie (de totale apathiescore 
of de apathiefactoren) cross-sectioneel onderzocht met behulp van multivariate lineaire 
regressieanalyse, gecontroleerd voor de stemming. Geen van de vasculaire risicofactoren 
(hoge bloeddruk, enkel-arm index, roken, diabetes mellitus) en geen van de vasculaire 
ziektes (hartziekte of cerebrovasculaire ziekte) waren geassocieerd met apathie of de 
apathiefactoren nadat gecontroleerd was voor de stemming. Dit roept de vraag op of 
apathie na herstel van depressie mogelijk eerder gerelateerd is aan de eerdere depressieve 
episode, en dan mogelijk als een restsymptoom beschouwd moet worden.

Er werd dus geen vasculaire route naar apathie vastgesteld in deze groep deelnemers van 
gemengde leeftijd, die recent hersteld was van depressie. Dit strookt met de negatieve 
resultaten die werden gevonden in oudere populaties die recent hersteld waren van een 
(ernstige) depressie of nog depressief waren 41 42 43, al was er ook een studie met positieve 
resultaten 44.  In de algemene populatie of in neurodegeneratieve populaties werden meer
consistent associaties tussen CSVD en apathie gevonden 45 (zie ook Hoofdstukken 6 
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en 7). Mogelijk is het zo dat in diegenen die lijden aan (ernstige) depressie, apathie na 
ogenschijnlijk succesvolle behandeling van depressie in feite toch kan samenhangen met 
de eerdere depressie en misschien zelfs een restsymptoom kan zijn.

Kan subklinische CSVD apathie veroorzaken en is vasculaire apathie een eigenstandig 
klinisch syndroom?

De hypothese dat CSVD apathie kan veroorzaken werd verder onderzocht in Hoofdstukken 
6 en 7. Hoofdstuk 6 betrof een systematische review van 14 studies die werden verricht 
in de algemene bevolking waarin de relatie tussen subklinische CSVD en apathie werd 
onderzocht. Subklinische CSVD werd geoperationaliseerd als WMH of afwijkingen in de 
diffusie van de witte stof, als lacunaire infarcten, cerebrale microbloedingen, verminderde 
corticale dikte en/of perivasculaire ruimtes. Perifere proxies (afgeleide maten) voor 
subklinische CSVD werden ook bestudeerd: de enkel-arm index, de intima-media dikte, 
de cardio-femorale polsgolfsnelheid, hypertensie, of cardiovasculaire ziekte. We vonden 
dat arteriële stijfheid en diffusie van de witte stof niet geassocieerd waren met apathie, 
en dat de beschreven associaties met corticale dikte inconsistent waren. Cross-sectionele 
studies toonden wel een verband tussen apathie en WMH, cerebrale microbloedingen, 
cardiovasculaire ziekte, hypertensie en de enkel-arm index aan. Cardiovasculaire ziekte 
was in prospectief onderzoek gerelateerd aan apathie. De methoden die de studies 
gebruikten waren te heterogeen om een meta-analyse uit te voeren.

In Hoofdstuk 7 werd de vasculaire apathy hypothese vanuit verschillende invalshoeken 
bekeken in een uitgebreide sterkte-zwakte analyse. Het bewijs voor het bestaan van een 
pathofysiologisch mechanisme bij CSVD dat apathie kan veroorzaken werd onderzocht, 
net zoals het bewijs voor de hypothese dat CSVD een op zichzelf staande veroorzaker van 
apathie kan zijn. De Bradford-Hill criteria om onderscheid te maken tussen een verband 
en een oorzaak werden hiervoor gebruikt. Pathologie-, beeldvorming- en gedragsstudies 
lieten geloofwaardig en coherent zien dat CSVD schade kan veroorzaken in het 
beloningsnetwerk (reward network) in de hersenen, wat klinisch een apathiesyndroom kan 
veroorzaken. En hoewel geen duidelijke conclusies getrokken konden worden uit studies 
tijdens en na depressie, lieten studies in gezonde ouderen, studies na een beroerte en 
studies in deelnemers met cognitieve stoornissen consistente associaties zien tussen CSVD 
(of WMH als biomarker van CSVD) en apathie. Er werd een dosis-respons effect gezien, en 
ook een tijdsrelatie, alhoewel het bewijs voor een tijdsrelatie nog zwak werd gevonden. 
De specificiteit van deze oorzakelijke relatie was laag, vaak waren er andere bijdragende 
factoren die een rol speelden in het veroorzaken van apathie in CSVD-patiënten, zoals 
depressie of cognitieve achteruitgang. 

Het bleek nog niet mogelijk om onderscheid te maken tussen vasculaire apathie en 
andere apathiesyndromen op basis van symptoomprofielen, en er was nog geen kennis 
over verschillen in prognose of behandeleffectiviteit tussen apathiesyndromen met een 
verschillende etiologie. Daarom werd geconcludeerd dat het prematuur is om te spreken 
van “vasculaire apathie”, aangezien het gebruik van die term te sterk zou suggereren dat 
er sprake is van een eigenstandig klinisch syndroom.
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Methodologische overwegingen en overwegingen voor vervolgonderzoek
Natuurlijk zijn er kanttekeningen te plaatsen bij de bevindingen waarover dit proefschrift 
rapporteert. Bovendien roepen de resultaten weer nieuwe vragen op en geven daarmee 
richting aan vervolgonderzoek. Hier wordt in de volgende paragrafen verder op ingaan.

In de eerste drie studies, die gepresenteerd werden in deel I, lag de focus op de verbanden 
tussen cerebrovasculaire ziekte en depressie op oudere leeftijd, zonder dat aandacht 
besteed werd aan de aan- of afwezigheid van apathie. Achteraf is apathie mogelijk een 
confounder geweest in deze studies. Bij het plannen van longitudinale etiologische 
of effectiviteitsstudies op het gebied van depressie op oudere leeftijd, adviseren we 
onderzoekers ook rekening te houden met apathie en apathiematen af te nemen.

Toen in de studie waarover gerapporteerd werd in Hoofdstuk 5 extra aandacht besteed 
werd aan het onderscheid tussen stemmingsproblemen en apathie, leverde dit 
onverwachte resultaten op. Er kon geen associatie worden aangetoond tussen CSVD 
en apathie na herstelde depressie, terwijl deze associatie wel in andere populaties was 
vastgesteld. Verlies van interesse, anhedonie en psychomotore retardatie kunnen zowel 
symptomen van apathie als van een depressieve stoornis zijn. Daarom werd geopperd 
dat apathie na herstel van een depressie mogelijk vaker dan tot nu toe werd gedacht 
restsymptomen van eerdere depressie zouden kunnen zijn. Deze hypothese zou verder 
onderzoek rechtvaardigen, want depressie komt veel voor, ook op oudere leeftijd, net 
zoals apathie tijdens en na depressie, en de gevolgen van apathie voor het individuele 
functioneren en voor de sociale omgeving kunnen ernstig zijn. Sterk zichtbare symptomen 
van depressie, zoals somberheid, rumineren, pessimisme en suïcidale gedachtes en 
gedrag, krijgen begrijpelijkerwijs veel aandacht in onderzoek, maar er zou ook voldoende 
aandacht besteed moeten worden aan apathie en motivatiesymptomen van depressie. 
Zo zouden in interventiestudies bij depressie ook analyses met apathie als uitkomstmaat 
verricht kunnen worden, om meer kennis te verwerven over welke behandelingen het 
risico op apathie na depressie verminderen. Dergelijke studies zouden dan het liefst 
depressie in een levensloop-perspectief bestuderen, waarbij achteraf gekeken kan 
worden of er verschillen zijn tussen etiologie, symptomen en prognose van apathie bij 
depressie op jongere en oudere leeftijd en bij depressie met een vroeg en laat begin.

Dit proefschrift (Hoofdstuk 3 en 4) gaat ook over de complexe interacties tussen 
risicofactoren voor depressie op oudere leeftijd, en de interactie- en plafondeffecten die 
op kunnen treden als er sprake is van meerdere risicofactoren. Elke risicofactor draagt 
bij aan het totale risico om depressief te worden. In onderzoek in populaties waarin 
sprake is van veel risicofactoren en veel depressieve symptomatologie, kan de bijdrage 
van specifieke risicofactoren in het totale risico lastig te bepalen zijn door interacties en 
plafondeffecten46. Hopelijk is er in de toekomst meer grip op individuele risicofactoren en 
hun specifieke bijdrage in het ontstaan van depressie door voortschrijdende kennis over 
statistiek en door big-data analyse. Echter, op dit moment zijn de vaardigheden in het 
voorspellen van depressie op oudere leeftijd nog beperkt, en zeker nog beperkter als het 
gaat om het voorspellen van depressie in het individu. 
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Kennis van de belangrijke risicofactoren voor depressie in specifieke oudere populaties kan 
ook helpen in het ontwikkelen en implementeren van preventie-onderzoek. Of populaties 
met een hoog vasculair risico baat zouden hebben bij andere preventiemethoden dan 
populaties met een hoog risico door een hoog niveau van neuroticisme is onbekend. 
Meer differentiatie, niet alleen in behandelingen, maar ook op het gebied van preventie 
zou kunnen bijdragen aan het voorkomen en verminderen van het leed dat depressie 
veroorzaakt.

En ook als het gaat om apathie, en dan specifiek over het verband tussen CSVD en apathie 
(Hoofstuk 6 en 7), zijn er hiaten in de kennis. Prospectieve studies waarin het voortschrijden 
van CSVD in relatie tot het ontstaan en beloop van apathie wordt onderzocht, zouden 
sterk bijdragen aan bewijs voor en inzicht in de causale relatie. Bovendien is het aan 
te raden dat in interventiestudies bij CSVD naast depressie en cognitie ook apathie als 
uitkomstmaat wordt meegenomen.

Overwegingen voor de klinische praktijk
Welke lessen kunnen dokters leren van het onderzoek uit dit proefschrift? De eerste ‘take 
home message’ is dat de relatie tussen cerebrovasculaire ziekte en depressie beide kanten 
op werkt. Clinici wordt geadviseerd om aandacht te besteden aan vasculaire risicofactoren 
en vasculaire ziekte als er sprake is van een depressie, en om ook aandacht te besteden 
aan de aanwezigheid van depressieve symptomen bij cerebrovasculaire aandoeningen. 
De klinische betekenis van deze bevindingen is nog beperkt, omdat de behandeling van 
vasculaire risicofactoren en vasculaire ziekte bij depressie niet anders is dan gebruikelijk, 
wat ook geldt voor de behandeling van depressie bij cerebrovasculaire aandoeningen.

Ook bestaat er het risico van tunnel-visie met betrekking tot de oorzaken van een depressie 
op het moment dat er sprake is van cerebrovasculaire ziekte. Andere risicofactoren, zoals 
een hoog niveau van neuroticisme, kunnen ook een rol en mogelijk zelfs een grotere rol 
spelen in het ontstaan of onderhouden van een depressie. Onderzoek modellen voor 
depressie op oudere leeftijd geven een indicatie van potentiële risicofactoren, maar zijn 
geen vervanging voor een gedegen klinische beoordeling en analyse van risicofactoren, 
onderhoudende en beschermende factoren in de individuele patiënt.

Een ander punt van contemplatie voor de arts die patiënten met depressie en apathie 
behandelt komt voort uit de bevinding dat apathie in herstelde depressie niet significant 
samenhangt met CSVD (Hoofdstuk 5). Deze bevinding onderstreept de overeenkomsten 
tussen apathie en motivatiesymptomen van depressie en roept de vraag op of en hoe 
apathie na herstelde depressie samenhangt met de voorafgaande depressie. 
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We weten nog weinig van de oorzaken en behandeling van apathie na depressie.  Wat 
kunnen we het beste adviseren: antidepressieve of een andere biologische (vervolg)
behandeling, psychotherapie of gedragsactivatie (door middel van een gestructureerd 
dagprogramma)? Op dit moment is er weinig bewijs voor het een of het ander, maar 
vanwege de serieuze gevolgen van apathie voor het functioneren en de sociale omgeving 
is het niet verstandig vanuit gebrek aan bewijs niets te doen.
 
In Hoofdstuk 6 en 7 werd beschreven er dat in de algemene bevolking en in populaties 
met neurodegeneratieve aandoening een causaal verband tussen CSVD en apathie werd 
vastgesteld. Deze informatie kan clinici, patiënten en hun mantelzorgers helpen om de 
aanwezigheid van apathie bij CSVD te begrijpen en te accepteren. Echter, ook bij apathie 
in de context van vastgestelde CSVD is er het risico op een tunnelvisie, want apathie kan 
veel verschillende oorzaken kan hebben en hangt vooral in oudere populaties vaak (ook) 
samen met depressie en cognitieve achteruitgang. Daarom is het advies voor artsen om 
een brede analyse te maken van mogelijke risicofactoren en oorzaken van apathie voor 
elke individuele patiënt, ook als er sprake is van CSVD.

Tot slot, is het belangrijk dat clinici die patiënten zien met depressie op oudere leeftijd en 
met apathie beseffen dat er nog belangrijke hiaten zijn in onze huidige kennis, met name 
als het gaat om werkzame behandelingen voor CSVD- of depressie-gerelateerde apathie. 
Hopelijk motiveert hen dat om samen te werken met onderzoekers door patiënten en hun 
naasten te informeren over lopende onderzoeken en hen te helpen om deel te nemen 
aan onderzoek.

Overwegingen voor het opleiden van de volgende generatie psychiaters: 
Voor al diegenen die de volgende generatie psychiaters opleiden onderstreept dit 
proefschrift opnieuw het belang van epidemiologie in de psychiatrische praktijk. 
Psychiaters moeten in staat zijn om de waarschijnlijkheid en relevantie van risicofactoren 
voor depressie op latere leeftijd en voor apathie in verschillende populaties te kunnen 
inschatten. Ze zouden kennis moeten hebben van CSVD en van hoe CSVD motivatie en 
initiatief kan beïnvloeden, zodat ze de symptomen die ze bij patiënten zien beter kunnen 
begrijpen. Ook is het erg belangrijk dat ze leren om deze informatie op een heldere wijze 
te vertellen aan hun patiënten en hun naasten en/of zorgverleners.

Ook de beperkingen van de huidige ziektemodellen voor depressie op oudere leeftijd en 
voor apathie zijn belangrijk om te leren, waarin meerdere risicofactoren vaak gezamenlijk 
voorkomen en elkaar kunnen beïnvloeden. Dat kan de psychiaters van de toekomst helpen 
om het ziektemodel dat ze opstellen voor de patiënt in hun spreekkamer te zien en te 
presenteren als een waarschijnlijke verklaring, terwijl ze toch een open mind houden voor 
alternatieve verklaringen.

Tot slot, benadrukken de resultaten van de studies die in dit proefschrift beschreven zijn 
het belang van apathie, of motivationele symptomen, in CSVD en in depressie. Psychiaters 
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wordt aangeraden gedurende de levensloop actief symptomen van apathie uit te vragen 
bij patiënten en hun naasten of zorgverleners, zeker als er sprake is van CSVD of na herstel 
van een depressie. En als er sprake is van apathie, om een ziektemodel op te stellen en 
een gepersonaliseerd behandelvoorstel te doen.
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