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Our aging population
In	the	end,	we	all	will	die.	But	when	this	will	happen	and	in	what	conditions,	is	not	very	

clear.	What	 we	 are	 confident	 about	 is	 that	 -on	 average-	 we	will	 live	 longer	 than	 our	

parents	and	grandparents.	At	age	65,	life	expectancy	has	now	risen	to	18	and	21	years	

for men and women respectively, and this still seems to be increasing thanks to numer-

ous preventive measures and better treatments that have become available in the last 

decades.1 The dramatic change in composition of our population is illustrated by Figure 

1, which shows the number of people aged >80 years since 1500, with a twenty-fold 

increase	in	the	last	century	(estimates	before	1900	based	on	extrapolation).

As a consequence of this longevity, new problems arise: of those aged 75 and up, as much 

as 75% live with –at least- one chronic disease such as type II diabetes mellitus (T2DM) 

or	heart	 failure	after	a	myocardial	 infarction.1 In addition, conditions that are strongly 

related	to	age,	like	dementia,	become	increasingly	prevalent.	These	developments	have	

put increasing weight on the question: how can we grow old and maintain our health 

and wellbeing in the most optimal way? For many, loss of function (physical as well as 

cognitive	and	psychosocial)	may	seem	a	larger	threat	than	death	itself.	This	calls	for	a	

different	approach	regarding	prevention	in	older	people,	with	new	challenges	and	more	

attention	for	age-specific	diseases,	quality	of	life	and	wellbeing.
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Figure 1. Number	of	people	aged	>80	years	in	The	Netherlands	since	1500	(adapted	from: Vaupel	
JW.	Nature	2010;	464:	536-542)
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Cardiovascular risk management in older people
Cardiovascular risk management is one of the most important pillars of prevention and 

especially	 pertains	 to	 older	 people,	 who	 are	most	 likely	 to	 suffer	 from	 cardiovascular	

disease	 (CVD).	Nowadays	numerous	guidelines	address	 the	treatment	of	 these	risk	 fac-

tors.2-5	 However,	 regarding	 older	 people,	many	uncertainties	 exist	 on	 how	 to	 optimally	

provide cardiovascular risk management in primary as well as in secondary prevention, 

due	to	exclusion	of	this	age	group	from	most	trials.6-9 It has been shown that traditional risk 

factors are less predictive of cardiovascular disease and mortality in older persons and, in 

the oldest old, even an inverse relation with both blood pressure and cholesterol has been 

reported.10-12 The Dutch College of General Practitioner guideline (NHG, 2012) acknowl-

edges this evidence gap, and only gives recommendations for patients up to 70 years of 

age.	It	suggests	that	for	older	people	one	should	‘weigh	up	the	pros	and	cons’	while	taking	

into	account	life	expectancy,	comorbidity	and	polypharmacy.13	Worldwide,	different	treat-

ment	goals	are	advised	for	older	people	with	hypertension	or	hypercholesterolemia.2,14,15

We	do	not	know	to	what	extent	general	practitioners	(GPs)	and	patients	are	influenced	

by these developments, and how cardiovascular risk factors in older people are treated 

at	present.	 Therefore,	more	 insight	 is	needed	 into	 the	current	management	of	cardio-

vascular	 risk	 factors	 in	 community-dwelling	older	people,	 its	effects	and	 the	possible	

window	of	opportunity	for	prevention.	Also,	it	is	unclear	how	we	can	optimally	provide	

cardiovascular risk management for older populations and what approach should be 

used	to	engage	people	in	preventive	care.	Evidently,	we	need	clear	information	on	how	

and when to provide cardiovascular preventive care for the growing population of older 

people, so that we can act according to evidence for primary as well as secondary pre-

vention,	similar	to	younger	populations.

Cardiovascular risk factors and dementia
Next	 to	cardiovascular	disease,	 the	development	of	dementia	has	also	been	 linked	to	

the	presence	of	cardiovascular	risk	factors.	Dementia	is	responsible	for	a	large	part	of	

disease burden in older populations, due to a dramatic impact on quality of life and 

a	 high	 prevalence	 among	 older	 people.	 In	 those	 aged	 65	 and	 up,	 the	 prevalence	 of	

dementia	 is	10%,	while	 in	 those	of	80	years	and	up	 this	has	 risen	 to	20%.	Of	 those	

aged	90	and	up,	40%	is	diagnosed	with	dementia.16 Of all dementia patients, more than 

75%	is	80	years	or	older.17	In	2010,	it	was	estimated	that	worldwide	35.6	million	people	

suffered	from	dementia	and	this	number	 is	expected	to	double	every	20	years	 in	 the	

coming	decades.18 Apart from a dramatic impact on the personal lives of patients and 

their	caregivers,	this	places	a	high	burden	on	social	and	economic	resources.19,20 In the 

Netherlands it is estimated that more than two-thirds of those with dementia (in total 

estimated	at	260.000)	are	community-dwelling,	 and	about	5%	of	national	healthcare	

costs	 are	 spent	 on	 dementia-related	 care.20	 Because	 effective	 treatments	 are	 lacking,	
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prevention	or	postponement	of	dementia	deserves	high	priority.	Alzheimer’s	disease	and	

vascular dementia are the most prevalent forms of dementia, together accounting for up 

to	80%	of	all	cases.21	In	the	past	decades,	the	strict	division	between	Alzheimer’s	disease	

and	vascular	dementia	has	faded	and	the	vascular	component	of	Alzheimer’s	disease	has	

become	 increasingly	 recognized,	offering	potential	options	 for	prevention.22,23 In most 

dementia	 patients,	 irrespective	 of	 their	 clinical	 diagnosis,	 mixed	 pathology	 is	 found	

at	 autopsy,	 including	mostly	 Alzheimer	 changes	 (extracellular	 amyloid-β plaques and 

intracellular	neurofibrillary	tangles)	and	cerebrovascular	lesions	(both	infarcts	and	white	

matter	 lesions).24-27 Imaging studies have shown that cerebrovascular lesions increase 

the	 risk	of	Alzheimer’s	disease.28,29 Also, many observational studies have shown that 

cardiovascular risk factors in middle age, such as hypertension, hyperlipidemia, smoking, 

obesity and lack of physical activity, are associated with an increased risk of dementia 

at	high	age.30-35 Whether dementia can actually be prevented or postponed by better 

cardiovascular	treatment,	remains	to	be	elucidated.

Cardiovascular risk factors and symptoms of depression or apathy
In addition to physical and cognitive function, mental condition is a third facet that is 

strongly	 related	 to	well-being.	Depression	 is	 one	 of	 the	most	well-known	 and	preva-

lent	mental	disorders.	 In	1997,	 the	 ‘vascular	depression	hypothesis’	was	proposed	by	

Alexopoulos	et	al.,	based	on	observations	that	late-life	depression	often	co-occurs	with	

vascular	disease	and	vascular	risk	factors.36	Also,	a	different	symptomatology	(compared	

with	early-onset	depression)	was	identified,	with	more	emphasis	on	executive	dysfunc-

tion,	anhedonia	and	psychomotor	retardation,	and	limited	depressive	ideation.

In contrast, Fones proposed that older people with these symptoms could possibly more 

appropriately	be	classified	as	having	an	apathy	syndrome	instead.37 Symptoms of both 

conditions	partly	overlap,	but	in	apathy	mood	is	not	clearly	affected	and	antidepressant	

therapy	 is	 usually	 not	 effective.	 Apathy,	 defined	 as	 an	 impairment	 of	motivation,	 is	 a	

common symptom of various neuropsychiatric diseases (including dementia, Parkinson 

disease	 and	 depressive	 disorder),	 but	 can	 also	 emerge	 independently.38-40 Following 

Fones,	in	2008	it	was	hypothesized	by	Van	der	Mast	et	al.	that	vascular	pathology	may	

lead	to	symptoms	of	apathy	rather	than	depression,	and	the	‘vascular	apathy’	hypothesis	

was	put	forward.41 It was shown that symptoms of apathy were associated with vascular 

pathologies among 85-year-olds, and that those with more vascular pathologies were at 

higher	risk	of	developing	apathy	but	not	depression	at	follow-up.	Whether	symptoms	of	

apathy are common in other, slightly younger populations as well, and whether similar 

associations	exist,	was	unknown.	Also,	a	possible	relationship	of	apathy	symptoms	with	

cardiovascular risk factors and with future cardiovascular events is plausible when 

considering	the	vascular	apathy	hypothesis.	This	could	have	important	implications	for	

diagnosis	and	treatment	of	symptoms	of	apathy	in	older	people.
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The preDIVA trial – rationale and design
The	lack	of	evidence	on	a	preventive	effect	of	cardiovascular	risk	management	on	incident	

dementia	was	the	rationale	for	the	preDIVA	trial.	PreDIVA	is	the	acronym	for	‘prevention	of	

dementia	by	intensive	vascular	care’	(see	Figure 2).	The	objective	of	this	cluster-random-

ized	controlled	trial	in	primary	care	is	to	assess	the	effect	of	multi-component,	nurse-led	

intensive	vascular	care	on	the	prevention	or	postponement	of	dementia	and	disability.	

It	is	the	first	trial	to	assess	the	effects	of	cardiovascular	risk	management	on	dementia	

as	a	primary	outcome.	Secondary	outcomes	of	the	preDIVA	trial	are	all-cause	mortality,	

major	 cardiovascular	 events	 and	 overall	 changes	 in	 cognitive	 functioning	 and	mood.	

Intensive vascular care comprises management of well-established vascular risk factors 

such as hypertension, hyperlipidemia, obesity, lack of physical activity, an unhealthy diet 

and	smoking.	This	trial	therefore	also	offers	an	excellent	opportunity	to	look	closely	at	

cardiovascular	risk	profiles	and	current	risk	factor	management	in	community-dwelling	

older	people,	and	at	possible	opportunities	for	prevention.	In	addition,	the	relationship	

between cardiovascular risk factors and symptoms of depression and apathy can further 

be	examined	within	the	preDIVA	trial.

In the inclusion period of preDIVA (2006-2009), all people aged 70 to 78 years from 

participating	GP	practices	were	invited	to	take	part	in	this	trial,	excluding	those	with	a	

diagnosis	of	dementia	or	conditions	likely	to	hinder	successful	follow-up	(e.g.	terminal	

disease,	 alcoholism).	After	 the	baseline	assessment,	GP	practices	were	 randomized	 to	

standard	care	or	 intensive	vascular	care.	 Intensive	vascular	care	comprises	4-monthly	

visits to a practice nurse, who tries to minimize cardiovascular risk by addressing and 






→ 

 



 

 

 


Figure 2. Flow diagram of preDIVA
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following-up on relevant cardiovascular risk factors for each individual, using national 

guidelines.	 Also,	 medication	 adherence	 is	 evaluated.	 Baseline-measurements	 are	 re-

peated	every	2	years	until	the	final	measurement,	which	takes	place	6	to	8	years	after	

randomization	(extended	study	completion	scheduled	in	spring	2015).

Aims and outline of this thesis
This	 thesis	 comprises	 several	 studies	 in	 the	 context	 of	 the	 preDIVA	 trial,	 focusing	 on	

cardiovascular	risk	factors,	their	treatment	and	their	associates	in	elderly	participants.

In chapter 2 we aim to give an overview of current cardiovascular care in older people 

in	the	Netherlands	and	opportunities	for	prevention	in	terms	of	cardiovascular	disease.	

We	describe	 the	prevalence	of	 (modifiable)	 risk	 factors	 in	 the	preDIVA	population	 for	

those with and without a history of cardiovascular disease, because evidence and 

treatment	goals	differ	for	both	groups.	This	provides	insight	in	the	current	treatment	of	

cardiovascular risk factors in primary and secondary prevention and in the window of 

opportunity	for	improvements.	Also,	projected	benefits	of	antihypertensive	treatment	in	

participants with a high blood pressure, the cornerstone for cardiovascular risk manage-

ment, are calculated for the preDIVA population in terms of prevented numbers of stroke 

and	coronary	heart	disease.

In chapter 3, we give a comprehensive overview of the current literature on prevention 

of	dementia	by	 treatment	of	cardiovascular	 risk	 factors.	For	 this	purpose	a	systematic	

review	is	carried	out,	through	identification	of	relevant	trials	and	critical	and	systematical	

evaluation	of	the	available	evidence.	Outcomes	and	main	limitations	of	available	trials	

are	described	to	give	a	concise	overview	of	the	existing	evidence	and	formulate	needs	

for	future	research.	Subsequently,	in	chapter	4,	the	literature	on	prevention	of	dementia	

by cardiovascular care is reviewed aimed at discussing methodological and organiza-

tional	challenges	for	ongoing	and	future	trials.

In chapter 5, the link between symptoms of apathy and a medical history of cardiovascu-

lar	disease	is	evaluated	in	the	preDIVA	population.	Also,	the	relationship	between	several	

cardiovascular risk factors and symptoms of apathy in participants without depression 

and	without	a	history	of	cardiovascular	disease	(including	stroke)	 is	assessed.	Next,	 in	

chapter 6, it is evaluated whether symptoms of apathy or symptoms of depression can 

predict	future	cardiovascular	events	in	the	preDIVA	population,	2	years	after	baseline.	

Implications	for	cardiovascular	care	in	persons	with	symptoms	of	apathy	are	discussed.

Chapter	7	provides	the	results	of	a	qualitative	study	on	views	and	experiences	of	pre-

DIVA participants, to identify barriers and facilitators of this long term cardiovascular 

risk	management	program.	Participants	who	took	part	for	several	years	are	interviewed,	

including	 some	who	decided	 to	withdraw	 from	 the	 study.	Understanding	why	people	

participate in a prevention programme as used in preDIVA can help to improve cardio-

vascular	preventive	care	for	older	people.
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In	Chapter	8,	the	general	discussion,	the	overall	findings	of	this	thesis	are	evaluated	and	

methodological considerations, implications for clinical practice and further research are 

discussed.
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AbSTRACT

background
There	is	little	information	on	the	prevalence	of	hypertension	and	other	modifiable	cardio-

vascular risk factors in community-dwelling elderly in the Netherlands and the potential 

impact	of	improving	antihypertensive	treatment	on	major	cardiovascular	events.

Design
Cross-sectional analysis of Dutch community-dwelling subjects aged 70-78 years with-

out dementia who were included in the cluster randomized preDIVA trial (Prevention of 

Dementia	by	Intensive	Vascular	care).

Methods
The prevalence of hypertension and other cardiovascular risk factors are described 

for	participants	with	 and	without	 a	history	of	 cardiovascular	disease	 (CVD).	 Projected	

benefits	of	blood	pressure	decrease	are	calculated	using	data	from	a	meta-analysis	and	

a	large	national	registry.

Results
Of 3534 subjects, more than one third (n=1230,	35.2%)	have	a	history	of	CVD.	Overall,	

63%	of	 subjects	 have	 ≥2	 cardiovascular	 risk	 factors	 amenable	 to	 treatment.	 Systolic	

blood	pressure	(SBP)	is	≥160	mmHg	in	37%	of	patients	with	CVD,	of	which	28%	is	un-

treated.	 In	 subjects	without	a	history	of	CVD,	41%	have	a	SBP	≥160	mmHg	of	which	

52%	is	untreated.	A	5	to	15	mmHg	decrease	in	SBP	is	projected	to	prevent	12-32%	of	

coronary	heart	disease	and	16-41%	of	strokes,	respectively.	This	corresponds	with	14	to	

38 prevented cases within 2 years in our intervention group (n=1895).

Conclusions
Hypertension	and	other	cardiovascular	risk	factors	are	very	common	in	elderly	subjects.	

Current	(primary	and	secondary)	prevention	programmes	appear	insufficient.	Improved	

antihypertensive treatment has the potential to prevent a substantial proportion of 

strokes	and	coronary	heart	disease	in	this	population.
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INTRODUCTION

Major cardiovascular events such as myocardial infarction or stroke are important causes 

of morbidity in the elderly and cardiovascular disease (CVD) is still death cause number 

one	 in	high-	and	middle-income	countries.1-3 The incidence of CVD rises sharply with 

age, as well as the prevalence of cardiovascular risk factors including hypertension, 

obesity,	physical	inactivity	and	diabetes	mellitus	type	II	(DM).	Research	on	cardiovascu-

lar	interventions	in	subjects	over	70	years	of	age	is	relatively	scarce.	However,	several	

recent	randomized	controlled	trials	(RCTs)	on	antihypertensive	and	cholesterol-lowering	

treatment	showed	beneficial	effects	on	major	cardiovascular	events	(especially	stroke)	in	

elderly	up	to	85	years,	mainly	in	secondary	prevention	populations.4-6 Also, there is some 

evidence that antihypertensive treatment may lead to postponement or prevention of 

incident	dementia.7,8

Nevertheless, there is still a lack of consensus on optimal target levels for blood pressure 

and	lipids	for	patients	aged	70	and	older.3 In most guidelines, recommendations apply 

to populations up to 65 or 70 years of age only, especially when considering primary 

prevention.	Fear	of	adverse	effects	(e.g.	falls	caused	by	hypotension)	and/or	doubt	on	the	

net	benefit	of	medication	in	later	life	may	explain	the	reserved	attitude	towards	treat-

ment	by	clinicians	and/or	patients.9

With a growing population of elderly there is an urgent need for evidence based cardio-

vascular risk management in people over 70 years of age, aimed at reduction of morbidity 

and	disability.1 To illustrate the window of opportunity for primary as well as secondary 

prevention, we here present the prevalence of hypertension among other cardiovascular 

risk factors in a relatively unselected sample of Dutch community-dwelling men and 

women	aged	70-78.	 In	addition,	we	calculate	the	potential	benefit	of	blood	pressure-

lowering treatment on the prevention of coronary heart disease (CHD) and stroke in this 

population.

METhODS

Subjects
All subjects participating in the preDIVA study (Prevention of Dementia by Intensive Vas-

cular	care)	were	included	in	this	analysis.	This	cluster-randomized,	open-label,	controlled	

trial	is	designed	to	assess	the	effects	of	nurse-led	intensive	vascular	care	on	the	preven-

tion	or	postponement	of	dementia	and	disability	in	primary	care	practices.10 Secondary 

outcomes are all-cause mortality, major vascular events (including myocardial infarction, 

stroke, and peripheral arterial disease) and overall changes in cognitive functioning and 

mood.
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The background, methods and projected follow up of the preDIVA trial have been de-

scribed	 in	detail	elsewhere.10 In short, all subjects in participating primary healthcare 

centres aged 70-78 years, without dementia, and able to visit their primary care practice 

were	eligible	for	this	study.	Patients	with	a	condition	likely	to	hinder	successful	long-term	

follow	up	(e.g.	terminal	illness,	alcoholism)	were	excluded	by	their	general	practitioner	

(GP).

After inclusion and baseline assessment, practices were randomized to intensive vas-

cular	care	or	 to	standard	care.	 Intensive	vascular	care	comprises	4-monthly	visits	 to	a	

practice	nurse	aimed	at	minimizing	cardiovascular	risk.	Follow	up	measurements	in	the	

two	groups	are	at	2,	4,	and	6	years.

Measurements and assessment of cardiovascular risk
Cross-sectional data of the preDIVA trial were used to study the prevalence of risk fac-

tors	in	community-dwelling	elderly	subjects	with	or	without	a	history	of	CVD.	A	positive	

history	of	CVD	is	defined	as	at	least	one	of	the	following:	myocardial	infarction,	angina	

pectoris,	peripheral	arterial	disease,	stroke	or	transient	ischemic	attack	(TIA).	At	baseline,	

practice nurses with direct access to medical records assessed the medical history to-

gether	with	participants.

Demographic characteristics, diet, smoking habits, and medication use were recorded, as 

well	as	measurements	relevant	for	the	cardiovascular	risk	profile:	blood	pressure	(mea-

sured	twice	with	an	electronic	device),	body	mass	index	(BMI),	abdominal	circumference,	

laboratory	values,	and	medical	history.	Cognitive	function	was	assessed	using	the	Mini	

Mental	State	Examination11 and disability was measured by the AMC Linear Disability 

Score.12 A detailed questionnaire on physical activity was used: the LASA Physical Activ-

ity	Questionnaire.13	Questionnaires	are	all	validated	specifically	in	elderly	subjects.

In	 the	 absence	of	 clear	 guidelines	 for	 elderly	 subjects,	modifiable	 cardiovascular	 risk	

factors	were	conservatively	defined	as:	blood	pressure	≥160	mmHg,	total	cholesterol	≥5	

mmol/L	(primary	prevention),	LDL	cholesterol	≥2.5	mmol/L	(secondary	prevention),	BMI	

≥30	kg/m2,	current	smoking,	and	physical	inactivity.

Statistical analysis
Data	were	analysed	using	STATA,	version	10.0.	Bivariate	comparisons	were	performed	

using	Student’s	 t-test,	chi-squared	test,	and	Fisher’s	exact	 test	 for	continuous,	ordinal,	

and	discrete	variables	respectively.

Potential impact of antihypertensive treatment
The intensive vascular care intervention used in the preDIVA study is aimed at decreas-

ing	incident	dementia	and	CVD.	As	a	first	step	towards	a	proof	of	concept,	we	attempt	

to	predict	the	approximate	number	of	cases	with	CHD	and	stroke	that	can	be	prevented	
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by	one	of	preDIVA’s	most	important	targets:	improved	blood	pressure	control.	For	blood	

pressure	 control,	 sufficient	 data	 are	 available	 from	 the	 literature	 to	 allow	 for	 such	 a	

projection,	whereas	for	other	risk	factors	data	are	sparse	or	absent	for	this	age	group.

To estimate the number of cases of CHD and stroke that can be prevented, relative risks 

for	these	events	are	needed	for	different	levels	of	blood	pressure	reduction,	along	with	

information	on	the	expected	incidence	rates	in	the	population	under	study.	Data	from	a	

meta-analysis	on	blood	pressure	lowering	medication	by	Law	et	al.,14	based	on	147	RCTs	

including	464,000	subjects,	provides	age-specific	relative	risks	for	CHD	and	stroke	for	

several	degrees	of	blood	pressure	reduction	(in	mmHg).	The	results	of	this	meta-analysis	

show	that	the	relative	risks	are	equal	for	patients	with	or	without	a	history	of	CVD.	The	

preventive	effect	of	blood	pressure	reduction	is	detectable	within	a	year,	in	contrast	to,	

for	instance,	serum	cholesterol	reduction.14	The	expected	incidence	of	CHD	and	stroke	

in our population is estimated using a national registry on community-dwelling subjects 

from	general	practices	 in	the	Netherlands.	The	incidences	of	events	are	based	on	five	

large general practitioner registries, with a total of 22,545 cases of CHD and 9623 cases 

of stroke (reported for men and women separately) in the age groups 70-74 and 75-79 

years	in	2007.15

Within the preDIVA population, the incidence of new cases of CHD and stroke are calcu-

lated	for	the	first	two	years	after	inclusion	for	men	and	women	separately.	To	correct	for	

mortality	within	the	first	year,	which	varies	between	1-10%	for	70-80-year-old	subjects,	

the	number	of	subjects	at	risk	is	conservatively	multiplied	by	1.9	for	a	2-year	prediction.	

Numbers	of	cases	are	displayed	in	rounded	figures.	The	slightly	higher	risk	of	CHD	and	

stroke due to a shift in age group for a part of the participants after 1 year is considered 

negligible	and	is	not	corrected	for.

For	the	intervention	group,	the	potential	risk	benefit	can	be	applied	for	different	degrees	

of systolic blood pressure reduction to estimate the absolute numbers of prevented 

events.

Safety and ethical aspects
The preDIVA study was approved by the medical ethics committee of the Academic Medi-

cal	Centre,	Amsterdam.

RESULTS

Subjects
Between the May 2006 and March 2009, 125 GP practices within 29 health care centres 

were	invited	to	participate	in	the	preDIVA	study.	Nine	primary	care	practices	(within	three	

health	care	centres)	decided	not	to	take	part	due	to	internal	organizational	problems.
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Of 7774 subjects in 116 general practices, 13% were considered to be not eligible by 

their GP (Figure 1).	A	total	of	6764	potential	participants	were	informed	about	the	study	

by a letter from the preDIVA investigators and their own general practitioner, of whom 

3602	subjects	(53%)	signed	for	inclusion.	During	the	inclusion-period	(before	or	within	

2	 weeks	 after	 the	 baseline	measurement)	 68	 participants	 were	 excluded	 for	 various	

reasons (Figure 1).	By	March	2009,	a	total	of	3534	subjects	from	116	GP	practices	within	

26	health	care	centres	were	included.

baseline characteristics of participants
Baseline characteristics are shown in Table 1 for the entire study population and sepa-

rately	for	patients	with	and	without	a	medical	history	of	CVD.	The	mean	age	in	the	study	

population	is	74.3	years,	54.5%	are	female	and	98%	are	Caucasian.	In	seven	health	care	

centres	data	on	age	and	sex	were	analysed	in	687	non-responders.	Non-responders	were	

older	(mean	74.6,	p=0.021)	and	there	were	slightly	more	women	(58.8%,	p=0.092)	when	

compared	to	the	900	responders	 in	 these	selected	centres.	At	 the	moment	of	signing	

informed consent, 34 subjects were 69 years old, 26 subjects had turned 79 and three 

subjects	were	80	years.	Since	these	participants	were	already	included	by	their	general	

practitioner, for instance together with their partner, they were allowed to stay in the 

study.

26 Health care centres,

116 primary care practices

7774 subjects

3534 participants

Control group

53 practices

1639 participants
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Figure 1. Recruitment	and	inclusion	process	of	participants.
*Specific	data	was	available	for	>70%	of	GP	(general	practitioner)	practices.	‡Cannot visit practice, 
alcoholic,	living	abroad,	etc.
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Table 1. Characteristics of all participants and with or without a history of cardiovascular disease

Variable All participants
N=3534 (100%)

No history of CVD
N=2260 (64.8%)

history of CVD
N=1230 (35.2%)

p-value

Demographicsa

 Age (years) 74.3	±	2.5 74.2	±	2.5 74.5	±	2.5 <	0.001

 Male 1609	(45.5) 896	(39.6) 693	(56.3) <	0.001

 Caucasian 3403	(97.9) 2171	(97.9) 1188	(97.9) 1.000

Education

Low (<7 years) 837	(23.9) 525	(23.5) 301	(24.8) 0.219

Intermediate (7-12 years) 2188	(62.5) 1425	(63.6) 739	(60.8)

High (>12 years) 474	(13.6) 289	(12.9) 176	(14.5)

Current smoker 469	(13.3) 284	(12.6) 177	(14.4) 0.129

Ex-smoker 1902	(54.1) 1120	(49.6) 770	(62.8) <	0.001

Medical historya

	 CVD	excluding	stroke/TIA 1045	(29.7) - 1045	(85.0) -

	 Stroke/TIA 346	(9.9) - 346	(28.1) -

 DM type II 647	(18.3) 353	(15.6) 284	(23.1) <	0.001

Measurementsa

 SBP (mmHg) 155.4	±	21.4 156.1	±	21.0 153.9	±	22.1 0.004

 DBP (mmHg) 81.4	±	11.0 82.1	±	10.8 80.0	±	11.2 <	0.001

	 BMI	(kg/m2) 27.5	±	4.2 27.3	±	4.3 27.7	±	3.9 0.007

 MMSE score 28.1	±	1.8 28.2	±	1.7 28.0	±	1.9 <	0.001

 ALDS score 87.0	±	5.1 87.5	±	4.0 86.0	±	6.6 <	0.001

Medication usea

 Antihypertensive(s) 1806	(51.7) 909	(40.6) 875	(72.1) <	0.001

 Statin 1165	(33.4) 417	(18.4) 741	(61.1) <	0.001

	 Antiplatelet/anticoagulant	drug 1149	(32.9) 182	(8.2) 952	(78.1) <	0.001

Exercise	(sports)b

 None 1698	(50.9) 1011	(47.6) 663	(56.6) <	0.001

	 <	30	min/d 912	(27.4) 615	(28.9) 291	(24.9)

	 30-60	min/d 392	(11.8) 276	(13.0) 112	(9.6)

	 >60	min/d 333	(10.0) 224	(10.5) 105	(9.0)

 Sedentaryc 612/2775	(22.1) 329/1776	(18.5) 272/966	(28.2) <	0.001

Laboratory outcomesd

	 Total	cholesterol	(mmol/l) 5.2	±	1.1 5.5	±	1.0 4.8	±	1.0 <	0.001

	 HDL	(mmol/l) 1.5	±	0.4 1.6	±	0.4 1.4	±	0.4 <	0.001

	 LDL	(mmol/l) 3.1	±	1.0 3.3	±	0.9 2.7	±	0.9 <	0.001

	 Triglycerides	(mmol/l) 1.4	±	0.7 1.3	±	0.7 1.4	±	0.7 0.011

	 Fasting	blood	glucose	(mmol/l) 5.9	±	1.2 5.8	±	1.2 6.0	±	1.3 <	0.001

History	 of	 cardiovascular	 disease	 including	 stroke/TIA.	 Values	 are	 mean	 ±	 SD	 or	 n	 (%).	 ALDS,	
Amsterdam	Linear	Disability	Scale;	BMI,	body	mass	 index;	CVD,	 cardiovascular	disease;	DBP,	dia-
stolic	blood	pressure;	DM,	diabetes	mellitus	type	II;	HDL,	high	density	lipoprotein;	LDL,	low	density	
lipoprotein;	MMSE,	Mini	Mental	State	Examination;	MI,	myocardial	infarction;	PAD,	peripheral	arte-
rial	disease;	SBP,	systolic	blood	pressure;	Sedentary,	activity	around	the	house	<	30	min/day	and	
no	sports;	TIA,	transient	ischemic	attack.	a	Missing	values	vary	between	0	and	59.	b Missing values: 
n=199.	c	Missing	values	n=759.	d	Missing	values	vary	between	73-77.
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Risk factors and treatment
Cardiovascular risk factors are shown in Table 1 and Figure 2 for all participants with and 

without	CVD	(CVD+	and	CVD-)	in	their	history.	For	44	patients	(1.2%),	medical	history	is	

unknown.	Of	all	participants,	35.2%	have	a	history	of	CVD.	These	participants	are	slightly	

older	and	more	often	male	than	the	subjects	in	the	group	without	a	history	of	CVD.

A	systolic	blood	pressure	≥	160	mmHg	is	present	in	41%	(CVD-)	and	37%	(CVD+),	and	≥	

140	mmHg	in	79%	(CVD-)	and	74%	(CVD+)	of	participants.	Dyslipidemia	defined	as	total	

cholesterol	≥5.0	mmol/l	 is	present	in	69%	of	CVD-	participants.	 In	CVD+	participants,	

39%	 have	 a	 total	 cholesterol	 ≥5.0	mmol/l,	 but	 51%	 do	 not	meet	 current	 treatment	

targets	 (LDL	 cholesterol	 <2.5	mmol/l).	 The	overall	 score	on	 the	AMC	 Linear	Disability	

Score	is	high	in	both	groups,	indicating	no	or	little	physical	impairment.	Overall,	in	63%	

of subjects, two or more cardiovascular risk factors amenable to treatment can be identi-

fied;	64%	and	60%	for	CVD-	and	CVD+	respectively.

It could be argued that patients with DM should be regarded as a secondary prevention 

group, because most of them are already regularly under control for glucose levels and 

cardiovascular	risk	factors.	Exclusion	of	these	participants	from	the	CVD-	group	did	not	

substantially	change	the	results,	with	exception	of	presence	of	obesity	which	decreased	

from	23%	to	20%,	and	dyslipidemia	which	increased	from	17%	to	19%.

Cardiovascular medication use is shown in Table 1 and an overview of antihypertensive 

medication is presented in Figure 3.	Use	of	blood	pressure-lowering	medication	 is	re-
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Figure 2. Percentages of cardiovascular risk factors in subjects with or without a history of cardio-
vascular	disease.	BMI,	body	mass	index;	CVD,	cardiovascular	disease;	Hyperlipidemia,	total	choles-
terol	≥5.0	mmol/l	in	primary	prevention	group,	low-density	lipoprotein	≥2.5	mmol/l	in	secondary	
prevention	group;	No	sports,	including	no	recreational	walking/bicycling	tours;	SBP,	systolic	blood	
pressure	(mmHg);	Smokers,	current	smokers.
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ported by 41% (CVD-) and 72% (CVD+) of participants, resulting in a slightly better con-

trolled	blood	pressure	in	the	CVD+	group.	CVD-	participants	mainly	use	thiazide	diuretics	

which	are	the	drug	of	first	choice	in	primary	prevention	populations	according	to	Dutch	

national	guidelines.	Of	all	participants	with	a	systolic	blood	pressure	≥	160	mmHg,	52%	

(CVD-)	and	28%	(CVD+)	do	not	use	antihypertensive	medication.	Those	who	do	receive	

antihypertensive	treatment	still	have	a	blood	pressure	≥	160	mmHg	in	49%	(CVD-)	and	

37%	(CVD+),	indicating	suboptimal	treatment.	Statins	are	prescribed	in	18%	(CVD-)	and	

61%	(CVD+),	which	results	in	better	controlled	lipids	in	CVD+	participants.

Potential impact of treatment of blood pressure
The number of cases of CHD and stroke that may be prevented per 1000 patient-years for 

different	levels	of	blood	pressure	reduction	are	shown	in	Figure 4.	The	yearly	incidences	

of	CHD	for	the	age	groups	70-74	and	75-79	in	the	2007	national	registry	were	25.4/28.5	

(men)	and	15.0/18.4	(women)	per	1000	persons,	respectively.	For	stroke	incidences	were	

8.4/12.5	(men)	and	6.6/9.9	(women)	 in	the	same	database.15 Without the intervention 

under	study,	75	cases	of	CHD	and	32	cases	of	stroke	are	expected	to	occur	among	our	

total	population	of	3534	subjects	in	the	first	year	of	preDIVA.	Of	these,	40	CHD	cases	and	

17 strokes (76 and 32 within 2 years) would occur in the intervention group, respectively 

(n=1895).	If	the	systolic	blood	pressure	in	the	intervention	group	can	be	lowered	by	5	

mmHg,	this	corresponds	with	a	relative	risk	(RR)	of	0.88	for	CHD	and	0.84	for	stroke	in	

this	specific	age	group.16 This would result in absolute prevented numbers of nine CHD 

cases	 and	five	 strokes	 in	 the	preDIVA	 intervention	group	within	2	 years	 (5/1000	and	
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Figure 3. Percentages	of	antihypertensive	use.	ACE,	angiotensine-converting	enzyme;	CVD,	cardio-
vascular	disease.
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3/1000	respectively,	see	Figure 4).	For	a	reduction	of	10	mmHg,	relative	risks	are	0.77	

for	CHD	and	0.70	for	stroke,	resulting	in	an	absolute	reduction	of	17	cases	of	CHD	and	10	

cases	of	stroke	in	the	intervention	group	within	the	first	2	years.	For	a	15	mmHg	reduc-

tion,	absolute	numbers	are	25	(CHD,	RR	0.68)	and	13	(stroke,	RR	0.59).	With	increasing	

age,	the	relative	risk	of	CHD	and	stroke	events	will	rise	but	the	number	of	participants	‘at	

risk’	will	decrease.

DISCUSSION

Despite well-established, accessible primary healthcare and prevention programmes in 

the	Netherlands,	the	majority	of	elderly	in	our	population	have	a	SBP	≥	140	mmHg	and	

more	than	one-third	have	a	SBP	≥	160	mmHg	in	both	primary	and	secondary	prevention	

populations.	More	than	a	quarter	are	obese	and	more	than	half	do	not	meet	treatment	

targets	for	LDL	or	total	cholesterol.	This	indicates	a	substantial	window	of	opportunity	for	

better	cardiovascular	care	and	reduction	of	cardiovascular	events.	We	illustrate	this	by	

presenting	the	projected	benefit	of	blood	pressure	reduction.	The	actual	benefit	could	be	

even higher when better treatment of other risk factors is taken into account and leads 

to	an	additive	effect.

PreDIVA	is	the	first	study	to	assess	the	effects	of	an	intervention	aimed	at	improving	the	

cardiovascular	 risk	profile	 as	 a	whole	 in	 a	 general	 practice	population	of	participants	

above	70	years	of	age	with	a	special	focus	on	dementia	prevention.	The	possible	relation	
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Figure 4. Projected potential prevention of cases (n)	of	coronary	heart	disease	(CHD)	and/or	stroke	
per	1000	subjects	in	the	first	2	years,	depending	on	the	degree	of	systolic	blood	pressure	decrease	
(mmHg)	that	will	be	achieved.
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between cardiovascular risk factors and cognitive decline or dementia was previously 

studied	in	several	RCTs,	but	these	were	mainly	based	on	secondary	outcome	measures	

and	on	assessment	of	one	risk	factor	at	the	time.17 When systematically reviewed, data 

on antihypertensive treatment and cognition are not yet conclusive while for statins no 

benefit	was	found	on	cognition.18,19

The preDIVA participants, who were recruited through GPs, represent a relatively un-

selected	population.	This	offers	an	excellent	opportunity	to	explore	patterns	of	morbid-

ity	and	mortality	among	community-dwelling	elderly.	The	results	could	therefore	be	of	

great value when considering better cardiovascular healthcare on a population level, and 

facilitate	decision	making	in	public	health	policies.

A growing number of GP practices in the Netherlands have (nurse-led) secondary pre-

vention	programmes	(e.g.	for	DM)	or	hypertension	programmes,	which	may	favourably	

influence	cardiovascular	risk	profiles	over	time	(and	may	have	done	so	in	previous	years).	

A	positive	 change	of	 cardiovascular	 risk	profile	over	 time	has	been	 reported	before20 

and	in	our	population	this	is	illustrated	by	significantly	better	controlled	blood	pressure	

and	lipids	in	participants	with	a	history	of	CVD.	Nevertheless,	we	see	a	large	window	of	

opportunity	to	improve	care,	similar	to	other	reports	from	western-European	countries.21 

We	expect	that	regular	care,	close	monitoring	of	blood	pressure,	and	continued	counsel-

ling	of	medication	adherence	and	lifestyle	changes	can	add	significantly	to	participants’	

health,	as	has	been	previously	shown.22-25

Cardiovascular	 history	 was	 assessed	 by	 practice	 nurses	 together	 with	 patients.	 The	

nurses are trained in cardiovascular risk management and have access to medical records 

from	which	cardiovascular	events	can	be	easily	extracted.	Participants	were	also	asked	

if they were taking antihypertensive medication, cholesterol-lowering medication or 

anticoagulants	(yes/no/don’t	know).	In	addition,	medication	lists	were	collected	to	verify	

these	data.

There	are	some	limitations	to	our	analysis	that	merit	consideration.	The	potential	impact	

of blood pressure reduction on major cardiovascular events was predicted using pub-

lished	data	on	relative	risks	and	incidence	numbers.14,15 Although these data are based 

on large population studies, we cannot be absolutely sure that they are representative 

for	our	study	population.	The	 incidence	of	events	might	be	overestimated	due	 to	 the	

selection	of	motivated	and	possibly	relatively	healthy	elderly	in	our	prevention	study.	

However,	 the	prevalence	of	hypertension	 (SBP	≥	140/90	mmHg)	 in	US	populations	of	

subjects aged 70 and older varied between 63-83%, which is comparable to our popula-

tion	(SBP	≥	140/90	in	74-79%	of	participants).26

Comparison of the characteristics of the preDIVA population with national (cohort) data 

suggests that our population is to a large degree representative for the Dutch general 

population.	In	the	Dutch	Doetinchem	cohort	study	(n=4520, 2003-2007),27 73-76% of 

subjects	aged	65-75	had	hypertension	according	to	the	WHO	criteria.	In	the	same	cohort,	
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18-28%	was	reported	to	have	obesity	(BMI	>	30	kg/m2)	versus	24%	in	our	population.	

The	number	of	smokers	in	2008	in	the	overall	Dutch	population	was	12-15%	in	women/

men	aged	65	and	up,	which	is	also	comparable	to	our	study	population	(13.3%	smok-

ers).15

We	only	assessed	the	effect	of	reduction	of	blood	pressure,	while	in	fact	the	intervention	

aims	to	improve	the	cardiovascular	risk	profile	as	a	whole.	Influence	of	other	factors	could	

not	be	taken	into	account	in	this	prediction,	due	to	a	lack	of	data	in	elderly	patients.	In	

several	years,	we	will	be	able	to	validate	the	projected	preventive	effect	in	the	preDIVA	

population.

Many	older	people	already	use	a	considerable	number	of	drugs.	Due	to	physical	changes,	

comorbidity,	and	drug	interactions,	elderly	are	more	likely	to	experience	adverse	effects	

from	 prescribed	 medication.28 On the other hand, there is convincing evidence that 

blood pressure- and cholesterol-lowering treatment prevent major cardiovascular events 

in	elderly	up	 to	80	years.4,5,29 Vigilance regarding polypharmacy and close monitoring 

of medically induced adverse events that relate to prescribed (added) medication is of 

great	 importance	 in	 this	elderly	population.	Hence,	completeness	of	 follow	up	will	be	

pivotal	to	assess	a	realistic	harm-benefit	ratio	of	the	intervention	studied.

At advanced age, there is an increasing presence of competing risk of mortality: for in-

stance,	the	RR	reduction	from	cardiovascular	death	is	offset	by	a	growing	cancer	mortality	

risk	with	increasing	age.	Nevertheless,	the	benefits	of	cardiovascular	interventions	such	

as treatment of blood pressure or dyslipidemia have proven to remain substantial at high 

age because of high incidence rates of myocardial infarction, stroke, and other major 

cardiovascular	events.6,14,30 Also, recent evidence suggests that lowering blood pressure 

in elderly people may prevent or postpone dementia, which is a major cause of disability 

and	social	and	economic	burden.7,8 Therefore, competing risks should not be considered 

a	decisive	argument	against	preventive	strategies	for	CVD	in	the	elderly.

CONCLUSION

Our	data	show	that	cardiovascular	risk	profiles	in	elderly	people	with	and	without	overt	

CVD	can	be	improved	substantially.	By	lowering	blood	pressure	by	5-15	mmHg	in	an	el-

derly population, the incidence of CHD may be reduced by 12-32% and for stroke by 16-

41%.	Continued	follow	up	of	the	preDIVA	study	will	answer	the	question	whether	these	

potential	 benefits	 can	be	 realized	 in	 practice	 and	whether	 the	 advantages	 ultimately	

outweigh	potential	drawbacks	such	as	side-effects	of	the	treatments	that	are	initiated.
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AbSTRACT

background
Over the last decade, evidence has accumulated that vascular risk factors increase the 

risk	of	Alzheimer	disease	(AD).	So	far,	few	randomized	controlled	trials	have	focused	on	

lowering	the	vascular	risk	profile	to	prevent	or	postpone	cognitive	decline	or	dementia.

Objective
To	systematically	perform	a	review	of	randomized	controlled	trials	(RCTs)	evaluating	drug	

treatment	effects	for	cardiovascular	risk	factors	on	the	incidence	of	dementia	or	cogni-

tive	decline.

Selection criteria
RCTs	studying	the	effect	of	treating	hypertension,	dyslipidemia,	hyperhomocysteinemia,	

obesity, or diabetes mellitus (DM) on cognitive decline or dementia, with a minimum 

follow-up	of	1	year	in	elderly	populations.

Outcome measure
Cognitive	decline	or	incident	dementia.

Main results
In	the	identified	studies,	dementia	was	never	the	primary	outcome.	Statins	(2	studies)	

and	intensified	control	of	type	II	DM	(1	study)	appear	to	have	no	effect	on	prevention	of	

cognitive	decline.	Studies	on	treatment	of	obesity	are	lacking,	and	the	results	of	lowering	

homocysteine	(6	studies)	are	inconclusive.	There	is	some	evidence	of	a	preventive	effect	

of	antihypertensive	medication	(6	studies),	but	results	are	inconsistent.

Conclusion
The	evidence	of	a	preventive	treatment	effect	aimed	at	vascular	risk	factors	on	cognitive	

decline and dementia in later life is scarce and mostly based on secondary outcome pa-

rameters.	Several	important	sources	of	bias	such	as	differential	dropout	may	importantly	

affect	interpretation	of	trial	results.
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bACkGROUND

Apart from a dramatic impact on the personal life of patients and their caregivers, demen-

tia	places	a	high	burden	on	social	and	economic	resources.	With	an	ageing	population,	

the	prevalence	of	dementia	will	continue	to	rise	in	the	coming	decades.	Since	effective	

treatments	are	lacking,	prevention	of	dementia	deserves	high	priority.	Alzheimer	disease	

(AD) and vascular dementia (VaD) are the most prevalent forms of dementia, together 

accounting	for	up	to	80%	of	all	cases	of	dementia.1

The strict division between AD and VaD has faded with advancing research in neuro-

pathology,	neuroradiology,	and	epidemiology.	In	recent	years,	the	vascular	component	

of	AD	has	become	increasingly	recognized.2 Several cohort studies have shown that in 

most	dementia	patients,	irrespective	of	their	clinical	diagnosis,	mixed	pathology	is	found	

at autopsy, including mostly Alzheimer changes (amyloid-β plaques and intracellular 

tangles)	and	cerebrovascular	lesions	(both	infarcts	and	white	matter	lesions	(WML)).3–5 

Imaging studies have shown that WML and silent cerebral infarcts increase the risk of fu-

ture dementia and that cerebrovascular lesions are common in AD, where they contribute 

to	dementia	severity.6,7

Presently, compelling evidence from numerous prospective cohort studies of the 

relationship	between	 vascular	 risk	 factors	 and	 cognitive	 deficits	 has	 been	 found.	Hy-

pertension, dyslipidemia, hyperhomocysteinemia, obesity, and diabetes mellitus (DM) at 

midlife have all been associated with an increased risk of cognitive decline and dementia 

in	later	life.8–12 In several observational studies, the use of antihypertensive drugs and 

statins, as well as the intake of folate, vitamin B6, and vitamin B12 have been associated 

with	a	decreased	risk	of	dementia.13–16

Results	from	a	recent	randomized	controlled	trial	(RCT)	show	that	an	intervention	aimed	

at	improving	cardiovascular	risk	profile	can	slow	down	the	progression	of	WML	in	early	

AD,	 but	 has	 no	 effect	 on	 cognition,	 behaviour,	 or	 activities	 of	 daily	 living.17 Whether 

treatment of vascular risk factors in cognitively intact elderly can postpone or prevent 

cognitive	decline	and	dementia	is	subject	to	debate.

In	this	systematic	review	we	give	an	overview	of	RCTs	in	which	the	effect	of	established	

medical	treatments	of	vascular	risk	factors	on	cognitive	decline	and	dementia	is	studied.	

Lifestyle	alterations	such	as	exercise	programs	and	diet	are	not	in	the	scope	of	this	review.	

Potential	sources	of	bias	in	this	specific	field	are	discussed,	as	well	as	future	research.
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ObjECTIVE

To	systematically	review	all	RCTs	in	which	the	effect	of	medical	treatment	aimed	at	vascu-

lar	risk	factors,	i.e.	hypertension,	dyslipidemia,	hyperhomocysteinemia,	obesity,	and	DM	

type	II	on	the	incidence	of	dementia	or	cognitive	decline,	were	investigated.

METhODS

Literature review
A	 systematic	 literature	 review	was	 carried	 out	 to	 identify	 all	 available	 RCTs	 in	which	

the	effect	of	treatment	of	established	vascular	risk	factors	on	the	incidence	of	all	cause	

dementia	or	cognitive	decline	was	studied.	We	searched	for	RCTs	from	1990	onwards	

because the relationship between vascular risk factors and all forms of dementia was not 

widely	recognized	before	this	time.	The	search	was	restricted	to	articles	in	English	and	

we	were	assisted	by	a	clinical	librarian	with	experience	in	performing	systematic	reviews.	

Only	RCTs	were	included	in	this	review,	to	minimize	the	influence	of	all	forms	of	bias,	and	

particularly	selection	bias.	To	be	able	to	find	any	effect	on	dementia	or	long-term	cogni-

tive decline, studies targeting elderly people (mean age at baseline a least 60 years) and 

with	a	follow-up	of	at	least	1	year,	were	considered	eligible.

All studies in which results on cognitive decline or dementia were reported were in-

cluded	 in	 this	 review,	 leaving	precise	definition	of	 cognitive	decline	 to	 the	discretion	

of	 the	original	 investigators.	 The	 sensitivity	 and	 clinical	 relevance	of	different	 testing	

methods	are	subject	to	debate	and	are	addressed	later	in	this	review.

The	 following	 (Mesh)	 search	 terms	were	used:	 (“randomized	 controlled	 trial”	 or	 “con-

trolled	 clinical	 trial”	 or	 “randomized”	 or	 “randomly”	 or	 “trial”)	 in	 combination	 with	

(“dementia”	or	 “mild	cognitive	 impairment”	or	 “Alzheimer”	or	 “cognitive	decline”)	and	

(“older”	or	“elder*”	or	“aged”	or	“later	life”)	and	the	following	search	terms:	a)	“hyper-

tension”	or	 “antihypertens*”	or	 “blood	pressure”	b)	 “cholesterol”	or	 “dyslipidemia”	or	

“hypercholesterolemia”	or	 “lipid	 lowering”	c)	 “homocysteine”	d)“diabetes	mellitus”	or	

“glucose	 control”	 or	 “diabetes”	 or	 “diabetic”	 or	 “hypoglycemic”	 and	 e)	 “adiposity”	 or	

“obesit*”.

MEDLINE	 (PubMed)	was	searched	on	November	30,	2009.	First,	articles	were	scanned	

on	titles	and	abstracts	independently	by	two	reviewers	(SL,	ER).	Articles	were	retained	

if they met the following inclusion criteria: 1) original randomized controlled interven-

tion	trial;	2)	drug	treatment	intervention	targeted	at	lowering	blood	pressure,	improving	

lipid	profile,	lowering	homocysteine,	optimizing	treatment	of	diabetes	mellitus	type	II,	or	

treating	overweight;	and	3)	assessing	cognitive	decline	or	incident	all-cause	dementia	as	

primary or secondary outcome parameters in a population with a mean age of at least 60 



Systematic review: cardiovascular risk factors and dementia

C
ha

pt
er

 3

39

years	and	a	follow-up	time	of	at	least	1	year.	EMBASE	and	the	Cochrane	Central	register	

of	Controlled	trials	 (clinical	trials)	were	searched	with	the	same	keywords.	 In	addition,	

the	 Cochrane	 Database	 of	 Systematic	 Reviews	 was	 explored	 using	 the	 search	 terms	

(dementia	or	“mild	cognitive	impairment”	or	Alzheimer	or	“cognitive	decline”)	to	identify	

existing	systematic	reviews	on	this	topic.	Finally,	reference	lists	of	all	articles	identified	

were	searched.

Data collection
Articles	that	met	inclusion	criteria	were	analyzed	by	two	reviewers	(SL,	ER).	Data	on	type	

and	 number	 of	 participants,	 intervention,	 (the	 effect	 on)	 primary	 outcomes,	 outcome	

measures on cognitive decline or dementia, duration of follow-up, completeness of 

follow-up,	 and	 conclusions	 drawn	 by	 authors	were	 collected.	 The	main	 limitations	 of	

each	study	were	identified	as	well	as	main	strengths.

RESULTS

The MEDLINE search yielded 1292 articles, of which 87 were selected by screening 

titles	and	abstracts.	The	EMBASE	search	(1362	articles)	yielded	one	additional	study	that	

was	not	found	in	the	initial	search	in	PubMed.	In	the	Cochrane	search	(880	articles)	no	

additional	RCTs	were	 found.	 Finally,	 16	original	 studies	 (43	articles)	were	 included	 in	

this	review;	six	on	hypertension,	two	on	dyslipidemia,	none	on	obesity,	one	on	diabetes	

mellitus	type	II,	six	on	lowering	homocysteine,	and	one	study	with	a	multi-factorial	inter-

vention.	Three	additional	studies	on	cardiovascular	and	diabetes	management	are	ongo-

ing	and	will	be	described	in	this	review,	as	well	as	the	main	characteristics	of	excluded	

studies.	The	Cochrane	search	for	systematic	reviews	revealed	six	systematic	reviews	for	

separate risk factors: one on hypertension, one on statins, one on diabetes mellitus, and 

three	on	B	vitamins.	These	will	be	discussed	below.

Excluded studies
After	selection	based	on	titles	and	abstracts,	studies	were	excluded	subsequently	for	the	

following reasons: mean follow-up shorter than 1 year (n = 35), mean age of participants 

<60 years (n = 3), cognitive decline or dementia was no primary or secondary outcome (n 

=	2),	and	participants	already	suffering	from	AD	(n	=	4).	Many	studies	on	antihypertensive	

treatment	conducted	between	1990	and	1995	compared	the	effect	of	two	antihyperten-

sive	agents	(e.g.,	a	beta-blocker	and	an	ACE-inhibitor)	on	cognitive	function	to	rule	out	

a	negative	short	term	effect	of	medication	on	cognition	(for	examples	see	Fogari	et	al	or	

Goldstein	et	al).18-19	The	follow-up	time	was	short	(from	several	weeks	to	a	maximum	of	6	

months), rendering these studies prone to a type II error for the evaluation of long-term 
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effects	 on	 cognition.	 In	 general,	 no	 adverse	 effects	 of	 antihypertensive	 treatment	 on	

short-term	cognition	were	reported.

Four	 studies	 on	 diabetes	 management	 were	 excluded	 due	 to	 their	 having	 relatively	

young populations (mean age 52 years) with a short follow-up (6–24 weeks), reporting 

no	or	 only	 small	 positive	 effects	 of	 glycemic	 control	 on	 some	domains	 of	 short-term	

cognitive	function	or	quality	of	life.20–23	Excluded	studies	in	which	treatment	was	aimed	

at	lowering	homocysteine	levels	were	often	restricted	to	6	months.24,25

hypertension
Six	studies	evaluating	the	relationship	between	antihypertensive	treatment	and	cogni-

tive	decline/	dementia	were	identified	(see	Table 1	for	details).

The	number	of	participants	in	studies	ranged	from	2418	to	6105.	In	all	studies,	cogni-

tive	 decline	 and	 dementia	were	measured	 as	 secondary	 outcome	parameters.	 Age	 at	

inclusion	varied	from	≥60/65	years	(SHEP,26,27	MRC,28 Syst-Eur,29,30	PROGRESS31),	to	≥70	

years (SCOPE32,33),	and	even	to	≥80	years	(HYVET).34 Generally, participants with a systolic 

Table 1. Hypertension

Study name, 
authors, year of 
publication

Population 
characteristics

Intervention (nr of 
subjects)

Primary end-points 
(% RRR for stroke)

Mean 
follow-
up

Effect on cognitive 
function (Test)

SHEP, SHEP study 
group27;45, 1991

isolated systolic 
HTN (160-219 
mmHg),	age	≥60	y

chlorthalidone	+/-	
atenolol	or	reserpine	vs.	
placebo	(n=2365/2371)

fatal/non-fatal	
stroke (36%)

5 years no	significant	difference	
in incidence of CD 
(shortCARE)

MRC	trial, Prince 
et	al.46, 1996

no anti-
hypertensive 
medication, age 
65-74 y

hydrochlorothiazide/	
amiloride	or	atenolol	vs.	
placebo.	(n=633/640/	
1311)

stroke/coronary	
events/	mortality	
(31%)

4.5	years no	effect	on	cognitive	
performance (PALT, TMT A)

Syst-Eur, Forette 
et	al.47;48, 1998, 
2002

systolic HTN (160-
219 mmHg), age 
≥60	y.

nitrendipine 
+/-	enalapril	+/-	
hydrochlorothiazide	vs.	
placebo	(n=1238/1180)

stroke (42%) 3.9	years 55% decrease in incidence 
of dementia (MMSE)

SCOPE, Lithell 
et al49;50,	2003/	
2008

treated or untreated 
systolic HTN (160-
179 mmHg), age 
70-89 y

candesartan	vs.	placebo	
(n=2477/2460)

stroke, MI, cardio-
vascular mortality 
(24%)

3.7	years no decrease in incidence 
of	dementia.	Slightly	less	
cognitive decline in those 
w/	MMSE	24-28/stroke	
(MMSE)

PROGRESS Tzourio 
et	al.51, 2003

previous stroke or 
TIA, mean age 64 y

perindopril	vs.	
placebo.	Indapamide	
added in both groups 
when necessary 
(n=3051/3054)

recurrent stroke 
(28%)

3.9	years decrease in cognitive 
decline (3 or more on 
MMSE),	non-significant	
decrease in dementia 
(MMSE)

HYVETCog, Peters 
et	al.29, 2008

systolic HTN (160-
200 mmHg), age 
≥80	y

indapamide	+/-	
perindopril	vs.	placebo	
(n=1687/1649)

stroke (30%) 2.2	years no decrease in incidence 
of dementia (MMSE)

RRR=relative	 risk	 reduction,	 y=years,	 HTN=hypertension,	 CD=	 cognitive	 decline,	 PALT=paired-
associate	learning	test,	TMT=trail	making	test,	MMSE=Mini	Mental	State	Examination,	MI=myocardial	
infarction,	TIA=transient	ischemic	attack.
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blood	pressure	of	≥160	mmHg	(both	treated	and	untreated	in	SHEP/SCOPE/HYVET)	and	

without	prior	stroke	were	eligible,	except	for	PROGRESS	in	which	only	participants	with	a	

stroke or transient ischemic attack (TIA) in the previous 5 years were included, regardless 

of	blood	pressure.	An	upper	limit	of	179	mmHg	for	systolic	blood	pressure	was	an	inclu-

sion	criterion	in	the	SCOPE	trial,	in	contrast	to	the	other	studies.

All	included	studies	on	hypertension	are	placebo-controlled	trials.	In	five	trials	a	diuretic	

was part of the study medication, in combination with a beta-blocker (n = 2) or ACE-

inhibitor	(n	=	3).	In	SCOPE	an	angiotensin	II	type	1	(AT1)	receptor	blocker	was	the	studied	

drug, whereas Syst-Eur was the only trial in which a calcium channel blocker was studied 

(combined	with	an	ACE-inhibitor	and/or	diuretic	if	necessary).

Many patients received additional (open label) antihypertensive medication in both 

groups	 to	 achieve	acceptable	blood	pressure	 values.	 For	 example,	 in	 Syst-Eur,	 half	 of	

the patients in the placebo group remained on their original study medication and in 

the	MRC	trial	this	was	only	38%.	In	SCOPE,	84%	of	participants	 in	the	placebo	group	

received	antihypertensive	medication.

To	assess	cognitive	function,	the	Mini-Mental	State	Examination	(MMSE),	a	widely	used	

screening instrument for cognitive impairment, was used in most studies (Syst-Eur, 

SCOPE,	PROGRESS,	and	HYVET).	In	the	SHEP	study,	cognitive	screening	was	performed	by	

the	short-comprehensive	assessment	and	referral	evaluation	(short-CARE)	questionnaire.	

The PALT (paired associate learning test) and the TMT (trail making test) were used in the 

MRC	trial	to	measure	cognition.	In	one	centre	of	the	SCOPE	trial	(n=	257),	an	additional	

extensive	assessment	battery	was	used	to	assess	cognition.33

Follow-up	of	 the	 included	 trials	 ranged	 from	2.2	years	 (HYVET)	 to	5	years	 (SHEP).	 In	a	

study	by	Di	Bari	et	al	the	risk	of	“differential	dropout”	is	highlighted	with	regard	to	the	

SHEP	trial.27 This selective dropout of patients is especially plausible in the case of cogni-

tive decline or dementia, in which progression of symptoms could lead to unwillingness 

to	participate	further	in	the	study.	In	addition,	loss	to	follow-up	is	likely	to	occur	more	

frequently when cognitive decline or dementia is present, because of high rates of 

institutionalization	among	these	patients	in	comparison	to	healthy	elderly	participants.	

Under the assumption that hypertension is a risk factor for dementia, participants in the 

placebo group or participants with a high risk of cardiovascular events or a history of car-

diovascular disease would be more likely to develop cognitive decline or dementia and 

as	a	consequence	would	also	be	more	likely	to	end	study	participation.	In	the	SHEP	study,	

occurrence of cardiovascular events and assignment to placebo were both independently 

predictive	for	missed	assessments.27 This potential selective dropout of patients is prob-

ably	not	specific	to	the	SHEP	study.	In	the	MRC	trial	the	dropout	rate	was	high	(the	exact	

number of patients still included at follow-up was not reported) and participants that 

were	lost	to	follow-up	had	lower	cognitive	scores	at	baseline.	In	the	Syst-Eur	substudy	on	
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cognition, 76% of participants were willing to participate and, of these, 22% were not 

evaluated	because	of	early	trial	termination	of	their	participation	(less	than	1	year).

The primary outcome parameters in all studies were stroke only or stroke in combination 

with	 coronary	 events/myocardial	 infarction	 and	 (cardiovascular)	 death.	 In	 all	 studies,	

the	 incidence	 of	 fatal	 and	 nonfatal	 stroke	was	 significantly	 reduced.	 The	 relative	 risk	

reduction	 for	stroke	varied	 from	24%	(SCOPE)	 to	42%	(Syst-Eur).	HYVET	was	 the	first	

RCT	to	report	the	effects	of	antihypertensive	treatment	in	participants	aged	80	years	and	

older	and	showed	a	significant	decrease	of	stroke	after	an	average	follow-up	of	2.2	years,	

which	led	to	early	termination	of	this	study.	Participants	were	mostly	recruited	in	Eastern	

Europe	and	China	(95%)	where	the	risk	of	stroke	is	higher	than	in	Western	Europe.35 In 5 

of	6	studies,	no	significant	effect	on	the	incidence	of	dementia	was	found.	The	Syst-Eur	

trial,	of	which	the	first	results	were	published	in	1998,	was	the	only	RCT	that	showed	a	

convincing decrease on incidence of dementia by 50% after two years and 55% after a 

mean	of	3.9	years	of	follow-up.

In	the	SCOPE	trial	no	differences	in	incident	dementia	or	MMSE	score	were	found.	In	a	

subgroup	analysis	that	was	performed	later	and	published	in	2008,	a	significant	posi-

tive	effect	on	some	cognitive	domains	 (attention	and	episodic	memory)	was	 reported	

through	more	sensitive	testing	methods	than	the	MMSE.	The	clinical	relevance	of	these	

results	 is	questioned	by	the	authors.	 In	the	PROGRESS	trial,	cognitive	decline	(defined	

by	a	decrease	in	MMSE	score	of	3	or	more	points)	was	significantly	lower	in	the	treat-

ment	group	(9.1%	versus	11.0%,	P	=	0.01)	next	to	a	non-significant	decrease	of	incident	

dementia	(6.3%	versus	7.1%,	P	=	0.2).

The	results	of	the	most	recent	HYVET-Cog	study	on	indapamide	with	or	without	perin-

dopril	show	a	non-significant	effect	of	antihypertensive	treatment	with	a	hazard	ratio	for	

incident	dementia	of	0.86	(95%	CI	0.67–1.09).	When	these	results	were	combined	with	

the	results	of	SHEP,	Syst-Eur,	and	PROGRESS	in	a	meta-analysis,	the	hazard	ratio	was	0.87	

(95%	CI	0.76–1.00).34

One Cochrane systematic review is available (2009), only for patients without prior 

cerebrovascular	disease,	in	which	also	the	(single	blind)	MRC	trial	was	excluded.36 The 

authors conclude that the available evidence for prevention of cognitive impairment or 

dementia	by	blood	pressure	lowering	in	late	life	is	not	conclusive.	Two	potential	sources	

of substantial bias were recognized: the large number of patients lost to follow-up and 

active treatment of blood pressure in placebo groups that may have led to underestima-

tion	of	a	treatment	effect.

Dyslipidemia
Two	 randomized	 clinical	 trials	 that	 met	 our	 inclusion	 criteria	 evaluated	 the	 effect	 of	

statin use on cognition (Table 2).	The	Heart	Protection	Study	(HPS)	compared	the	use	of	

simvastatin 40 mg to placebo in 20,536 participants aged 40–80 (5806 >70 years),37 and 
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the	PROSPER	study	compared	pravastatin	40	mg	to	placebo	in	5804	participants	aged	

70–82	(mean	75.3	years).38,39	Dyslipidemia	was	not	required	for	inclusion	in	either	trial.	

Lipid levels at baseline were largely comparable between the two studies, with total 

cholesterol	(in	mmol/L)	of	5.9	(HPS)	and	5.7	(PROSPER),	LDL	3.4	(HPS)	and	3.8	(PROSPER),	

and	triglycerides	2.1	(HPS)	and	1.5	(PROSPER).	Levels	of	LDL	were	successfully	reduced	

in	HPS	and	PROSPER	(-1.4	and	-1.3	respectively).

Participants were included in HPS if they were considered to be at a substantial 5 year 

risk of death from coronary heart disease based on medical history (coronary disease, 

non-coronary	occlusive	disease,	diabetes,	or	hypertension).	Participants	were	included	

in	PROSPER	if	they	had	pre-existing	vascular	disease	(coronary,	cerebral,	or	peripheral)	

or were considered to be at increased risk for this, because of smoking, diabetes, or 

hypertension.	 Non-study	 statin	 treatment	 occurred	 in	 the	 placebo	 group	 in	 10%	 in	

PROSPER	and	this	was	on	average	17%	in	HPS	(ranging	from	4%	in	the	first	year	to	32%	

at	the	end	of	the	fifth	year).	HPS	had	an	average	follow-up	of	5	years	and	PROSPER	of	

3.5	years.	The	primary	outcome	parameters	in	HPS	were	mortality	and	fatal	and	nonfa-

tal	vascular	events,	and	 in	PROSPER	the	primary	outcome	parameter	was	a	composite	

endpoint	of	coronary	death,	nonfatal	myocardial	infarction,	and	fatal	or	nonfatal	stroke.	

Both	 trials	used	cognitive	 function	as	a	 secondary	outcome	parameter.	 In	 the	HPS	no	

cognitive assessment was made at baseline, and at follow-up the Telephone Interview 

for	Cognitive	Status	(TICS)	was	used.	In	the	PROSPER,	four	cognitive	outcome	parameters	

were	used:	MMSE,	two	tests	for	executive	function	(Stroop	color-word	test	and	the	letter	

digit	coding	test),	and	one	memory	test	(15	Picture	Learning	test,	PLT).	No	effect	on	any	

of	 the	used	 cognitive	outcome	parameters	was	 found	 in	 either	HPS	or	 PROSPER.	 The	

HPS	study	reported	23.7%	(simvastatin)	versus	24.2%	(placebo)	of	the	participants	as	

having	any	cognitive	impairment	at	follow-up.	The	PROSPER	study	reported	a	decline	in	

all	measured	cognitive	domains	which	was	comparable	in	the	two	groups,	as	expected	

with	advancing	age	in	this	group.	Although	the	methods	used	to	assess	cognitive	decline	

in	both	 studies,	 especially	 the	HPS-study,	 are	 limited,	 it	 seems	unlikely	 that	different	

ways	of	assessing	cognitive	decline	would	have	yielded	different	results.

Table 2. Dyslipidemia

Authors, year 
of publication

Population 
characteristics

Intervention (nr of 
subjects)

Primary end-points 
(outcome)

Follow-
up

Effect on cognitive 
function (Test)

HPS, HPS 
study group31, 
2002

occlusive arterial 
disease or DM, age 
40-80 y

simvastatin 
versus placebo 
(n=10269/10267)

all-cause	mortality/	
coronary	death	(HR	0.87,	
p=0.0003)

5 years no	effect	on	cognition	
(TICS)

PROSPER, 
Shepherd et 
al32, 2002

history of VAD or risk 
factors, age 70-82 y

pravastatin 
versus placebo 
(n=2891/2913)

coronary death, non-fatal MI, 
stroke	(HR:	0.85,	p=0.014)

3.2	years no	effect	on	cognitive	
function or disability 
(MMSE, NP test battery)

DM=diabetes	mellitus,	 y=years,	HR=Hazard	Ratio	 TICS=Telephone	 Interview	 for	Cognitive	Status,	
VAD=vascular	disease,	MMSE=Mini	Mental	State	Examination,	NP=neuropsychological.
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Since the publication of a Cochrane review on this subject,40 no new trials have been 

published,	except	for	a	more	detailed	description	of	the	cognitive	outcomes	of	the	PROS-

PER	study.41 We can conclude that there is no evidence that the use of statins in elderly 

participants	has	a	favourable	effect	on	cognitive	decline.

hyperhomocysteinemia
Six	 studies	 on	 lowering	 homocysteine	were	 identified.	 Overall,	 plasma	 homocysteine	

lowering was achieved by prescribing a combination of folic acid and other high dose B 

vitamins	(vitamin	B6,	vitamin	B12).

The	total	number	of	participants	varied	from	185	to	2009	per	study.	Patients	were	mostly	

selected	on	elevated	serum	total	homocysteine	levels	(≥13	or	≥15	mmol/L),	apart	from	

the studies by Stott et al42	and	Kang	et	al43 in which homocysteine levels were not speci-

fied	and	only	patients	with	high	risk	of	cardiovascular	disease	(ischemic	heart	disease,	

TIA/stroke,	peripheral	arterial	disease)	were	included.	 In	the	substudy	by	Viswanathan	

and colleagues,44 150 participants from each treatment arm of the original VISP study 

with the highest plasma homocysteine levels and who did not have a stroke during 

follow-up	were	post-hoc	included	for	analysis	of	cognitive	function.	The	study	by	Brady	

et al45	was	aimed	at	a	specific	patient	group	with	high	levels	of	plasma	homocysteine	in	

combination with chronic or end-stage renal disease, of whom 36% was on haemodialy-

sis.	The	studies	by	Brady	et	al	and	Viswanathan	et	al	included	very	young	patients	(>21	

and >35 years respectively), but average age of inclusion was similar to the other studies 

with	67	years.

In most studies, a combination of folic acid, vitamin B6, and vitamin B12 was used to 

lower homocysteine levels, versus placebo or a low dose B vitamins (Viswanathan et 

al).	In	the	study	by	Stott	et	al	folic	acid	was	compared	with	the	addition	of	vitamin	B6,	

vitamin	B12,	or	riboflavin	versus	placebo	in	7	different	groups	(n	=	23/group).	Durga	et	

al46 assessed oral folic acid without other B vitamins versus placebo in patients with high 

homocysteine	and	low	vitamin	B12	levels.

Incident	dementia	was	never	an	outcome	in	the	included	studies.	Cognitive	decline	was	

the primary outcome in the studies by Durga et al46 and McMahon et al47 in which more 

extensive	tests	than	the	MMSE	or	TICS	(a	telephone	version	of	the	MMSE)	only	were	used.	

Several	combinations	of	neuropsychological	tests	were	used	in	the	different	studies	to	

measure cognition (see Table 3	for	details).

Dropout	rates	varied	from	0%	to	26%	in	these	studies.	In	the	substudy	from	Viswana-

than,	there	was	no	loss	to	follow-up,	while	the	original	study	suffered	from	high	dropout	

(17%),	suggesting	selection	bias.	The	substudy	on	cognition	started	when	the	original	

study	was	 already	 ongoing.	 This	was	 also	 the	 case	 for	 the	 studies	 by	 Kang	 et	 al	 and	

Brady	et	al	in	which	the	studies	on	cognition	started	1.2	and	4	years	after	the	start	of	the	

original	study,	respectively.
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The	studies	by	McMahon	et	al	and	Durga	et	al	were	designed	specifically	 to	measure	

cognitive	function.	In	the	other	trials,	primary	outcome	parameters	were	vascular	events	

or	mortality	except	for	the	study	by	Stott	et	al	in	which	the	primary	outcome	parameter	

was	plasma	homocysteine	level.	In	this	study,	a	large	effect	on	plasma	homocysteine	in	

the	group	treated	with	folic	acid	and	vitamin	B12	was	achieved.	In	the	study	by	McMahon	

et	al	plasma	homocysteine	concentration	was	decreased	significantly	but	with	no	differ-

ence	between	the	two	groups.

In	5	of	6	studies,	no	effect	was	found	of	the	lowering	of	plasma	homocysteine	levels	on	

cognitive	 function.	McMahon	et	al	even	 found	 that	patients	 in	 the	 intervention	group	

scored	significantly	lower	on	one	of	the	many	subscales	(trail	making	test	B),	which	led	to	

a lower combined cognitive score in the vitamin group (p	=	0.05)	than	the	placebo	group.48 

This	is	considered	a	chance	finding	by	the	authors.	Only	Durga	et	al	found	improvement	

in	3	of	5	cognitive	domains	(memory,	processing	speed,	and	sensorimotor	speed).	The	

Table 3. Hyperhomocysteinemia

Authors, year of 
publication

Population 
characteristics

Intervention (nr of 
subjects)

Primary end-
points (outcome)

Follow-up Effect on cognitive function 
(Test)

Stott	et	al.52 
2005

ischemic vascular 
disease,	age	≥	65	y

oral vit B6, B12, folic 
acid	(7	groups	vs.	
placebo,	n=185,	23/
group)

plasma 
homocysteine
(tHcy: 33% 
decrease)

1 year no	effect	on	cognitive	function
(letter digit coding test, TICS)

McMahon	et	al.53 
2006

raised	tHcy,	(≥13	
mmol/L),	age	>65	y

oral vit B6, B12, folic 
acid	vs.	placebo	
(n=138/138)

homocysteine 
levels,	cognition.	
(no	effect	on	tHcy)

2 years no	effect	on	cognition
(extensive	test	battery:	MMSE,	
RAVLT,	WMS,	CWF)

Durga	et	al.54 
2007 (substudy 
FACIT)

tHcy	≥13	and	<	26	
mmol/L.	Vit	B12	<	
200	pmol/L,	age	
50-70y (mean: 
60y)

oral folic acid or 
placebo	(406/413)

cognitive function 
(tHcy 26% 
decrease)

3 years improvements	in	3/5	domains	
(memory, processing- and 
sensorimotor speed)
(word learning, concept shifting, 
stroop	test,	verbal	fluency	and	
letter-digit substitution test)

Kang	et	al.55 
2008

women with 
CVD or >2 
cardiovascular risk 
factors, age >65y

oral vit B6, B12, folic 
acid	vs.	placebo	
(n=1002/1007)

sec.	prevention	
of cardiovascular 
disease	(no	effect)

5.4	years no	effect	on	cognition
(5 telephone tests: TICS, word 
learning, immediate and 
delayed recall, naming animals)

Brady	et	al.56 
2009 (substudy 
VA HOST)

chronic kidney 
disease/end-stage	
renal disease, tHcy 
≥15	mmol/L,	age	
≥21y	(mean	67	y)

high dose B 
vitamins	vs.	placebo	
(320/339)

mortality, vascular 
outcomes (no 
effect,	tHcy	
decrease:	26.7%)

1 year no	effect	on	cognition
(TICS, neuropsychological test 
battery:	backward/forward	digit	
span,	animal	naming).

Viswanathan 
et	al.57 2009 
(substudy VISP)

ischemic stroke, 
tHcy	≥15	mmol/L,	
age	≥35y	(mean	
67 y)

high dose 
pyridoxine/vit	B12/
folic	acid	vs.	low	
dose	(n=157/143)

stroke,	MI,	death.
(no	effect)

2 years no	effect	on	cognition.
(MMSE)

vit=vitamin, tHcy= serum total homocysteine, FU=follow-up, TICS= Telephone interview for cog-
nitive	 status,	 MMSE=Mini	 Mental	 State	 Examination,	 RAVLT=Rey	 auditory	 verbal	 learning	 test,	
WMS=Wechsler	 memory	 scales,	 CWF=Category	 word	 fluency	 test,	 CVD=cardiovascular	 disease,	
MI=myocardial	infarction.
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authors	themselves	suggest	as	possible	explanations:	the	long	follow-up	(3	years),	low	

dropout	(1%),	and	sensitive	measurement	of	cognitive	screening	next	to	adequate	selec-

tion	of	high	risk	patients	(both	high	plasma	homocysteine	and	low	vitamin	B12	status).

Three	 Cochrane	 systematic	 reviews	were	 identified	 in	 our	 search.	One	 review	 on	 the	

short-term	effect	of	vitamin	B6	found	no	benefit	on	cognition.	In	one	review	on	vitamin	

B12	 it	was	 concluded	 that	 there	was	 insufficient	 evidence	 for	 an	effect	on	 cognition.	

The review on folic acid with or without vitamin B12 and including the trial by Durga et 

al	yielded	inconsistent	results	and	it	was	concluded	that	further	research	is	required.49

Diabetes mellitus type II and obesity
Completed	studies	on	the	effect	of	medical	treatment	on	reducing	overweight	on	cogni-

tive	decline	or	dementia	were	not	found.	The	ADVANCE	study	by	Patel	et	al	was	the	only	

completed	study	on	type	II	diabetes	mellitus	management	that	was	identified.50 Partici-

pants	were	suffering	from	type	II	diabetes	and	had	a	history	of	macro-	or	micro-vascular	

disease	or	at	least	one	other	cardiovascular	risk	factor.	In	total,	5571	participants	with	

a minimum age of 55 years and a mean age of 66 years were randomized to intensive 

glucose	 control	 and	 5569	 to	 standard	 glucose	 control.	 The	 intervention	 consisted	 of	

the	prescription	of	 gliclazide	modified	 release	30–120	mg,	with	 the	 addition	of	met-

formin, thiazolidinediones, acarbose, or insulin if necessary to reach the target glycated 

haemoglobin	value	of	6.5%	or	 less.	After	 a	mean	of	five	years	of	 follow-up,	 glycated	

hemoglobin	was	6.5%	in	the	intervention	group	versus	7.3%	in	the	control	group.	There	

was	a	significant	treatment	effect	on	major	micro-vascular	events,	mainly	because	of	a	

reduction	of	incident	nephropathy	in	the	intervention	group.	There	were	no	effects	on	

all-cause mortality or major cardiovascular events such as stroke or myocardial infarction 

or	on	cognitive	decline	as	measured	with	the	MMSE	or	dementia,	with	a	non-significant	

increased number of cases of incident dementia in the intervention group (61 versus 48 

cases).

The	ongoing	Accord-Mind	trial	 is	designed	to	assess	the	effects	of	 long	term	glycemic	

control	on	cognition.51 Up to now, only baseline characteristics have been published (n = 

2977).	Participants	aged	55	years	or	older	are	randomized	to	standard	care	or	intensive	

glycemic	 control	 (target	 HbA1c	 <6.0%)	 combined	 with	 either	 intensive	 treatment	 of	

dyslipidemia	or	 systolic	blood	pressure	 (target	blood	pressure	<120	mmHg).	After	40	

months,	the	effect	on	cognitive	outcome	will	be	assessed	using	an	extensive	test	battery	

including	the	MMSE,	the	Rey	Auditory	Verbal	Learning	Test	(RAVLT),	and	the	Stroop	test.	

Evans	et	al	found	no	placebo-controlled	RCTs	in	their	Cochrane	review	on	treatment	of	

type	II	DM	and	the	development	of	cognitive	impairment	and	dementia.52
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Multi-component interventions
One study with a multi-component intervention to prevent recurrent cardiovascular 

events	and	cognitive	decline	 in	patients	aged	75	years	and	older	was	 identified:	 the	

DEBATE	study.53 Of 400 included patients with vascular disease (mean age 80 years, 

all	with	a	history	of	myocardial	 infarction/coronary	artery	disease,	previous	stroke	or	

transient ischemic attack or peripheral artery disease), 199 were randomized to the 

intervention group in which pharmacological and non-pharmacological treatments 

were	optimized	by	a	geriatrician	according	to	current	guidelines.	The	201	participants	

in	the	control	group	received	care	as	usual	(including	secondary	prevention	programs).	

The	mean	 follow-up	was	 3.4	 years	 and	 significant	 reductions	 of	 blood	 pressure	 and	

low-density	lipoprotein	levels	were	achieved.	This	study	was	underpowered	due	to	the	

occurrence	 of	 fewer	 events	 than	 expected.	 Intensified	 vascular	 care	was	 considered	

feasible	and	safe,	but	no	clinical	benefits	on	cardiovascular	or	cognitive	outcome	could	

be	identified.

DISCUSSION

Over	the	past	20	years,	in	several	RCTs	the	effect	of	medical	treatment	aimed	at	cardiovas-

cular	risk	factors	on	cognitive	decline	and/or	incident	dementia	has	been	evaluated.	Most	

trials	discussed	in	this	review	had	large	sample	sizes	and	a	considerable	follow-up	time.	

They	were	designed	to	evaluate	a	treatment	effect	on	mortality	and	a	range	of	vascular	

outcomes (including stroke, myocardial infarction, and peripheral arterial disease) and 

included	cognitive	decline	or	incident	dementia	as	a	secondary	outcome	parameter.	The	

data	on	treatment	of	hypertension,	albeit	far	from	conclusive,	are	encouraging.	There	are	

a single positive trial (Syst-Eur) and a meta-analysis (Hyvet-Cog) that suggest a protective 

effect	on	dementia	of	hypertension	treatment.	Since	different	antihypertensive	regimens	

were	used	in	studies,	a	specific	class-effect	on	cognition	of	one	or	more	antihypertensive	

drugs	cannot	be	excluded.	The	positive	effect	of	oral	folic	acid	after	three	years	of	follow-

up on 3 cognitive domains in participants with high homocysteine and low vitamin B12 

status which was found by Durga et al is also promising, but has not been replicated 

by	others.	 For	 statin	 treatment	and	 type	 II	DM	management,	no	preventive	effects	on	

cognitive	decline	or	dementia	were	 found.	 In	many	 trials,	 participants	were	 relatively	

young	and,	consequently,	the	incidence	of	dementia	was	low.	Several	forms	of	bias	can	

be	identified	in	the	studies	included	in	this	review,	which	will	be	discussed	below.

Selective dropout of participants due to cognitive impairment is a serious concern in 

the	reviewed	trials,	especially	if	a	study	is	not	designed	to	explicitly	monitor	cognitive	

function.	Cognitive	impairment	may	lead	to	withdrawal	of	informed	consent	or	to	insti-

tutionalization.	Such	selective	dropout	could	dilute	a	potential	treatment	effect	and	thus	
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contribute to a type II error, especially if this form of dropout occurs more often in the 

control	group,	in	case	of	an	effective	intervention.	In	a	few	trials	this	potential	limitation	

has	been	acknowledged,	leading	to	uncertainty	about	the	validity	of	the	results.

In all studies on hypertension, additional treatment with other antihypertensive medica-

tion was allowed in both the intervention group and the placebo group if necessary to 

achieve	acceptable	blood	pressure	values.	Consequently,	many	patients	in	the	control	

groups	received	antihypertensive	medication,	potentially	decreasing	the	experimental	

contrast	and	thus	the	effect	on	both	the	cardiovascular	endpoints	and	cognitive	decline.	

In the cholesterol studies this additional treatment with statins other than the study drug 

occurred less frequently, because these studies were done before statins were widely 

prescribed	as	secondary	prevention.	In	the	homocysteine	lowering	trials,	additional	open	

label	treatment	was	not	a	major	concern.

The	population	under	study	in	most	trials	is	relatively	young	to	find	an	effect	on	cognitive	

decline	and	certainly	on	incident	dementia	within	the	follow-up	time.	In	the	age-range	

65–69,	dementia	is	still	relatively	rare	with	an	incidence	of	approximately	2.4	per	1000,	

which	rises	sharply	with	age	to	a	rate	of	70.2	per	1000	at	age	90	and	over.1 As a con-

sequence,	 the	 number	 of	 participants	with	 incident	 dementia	 or	 significant	 cognitive	

decline	was	expected	to	be	 low	 in	most	studies,	 limiting	 the	power	of	studies	 to	find	

such	an	effect.	Except	for	some	of	the	homocysteine	lowering	trials,	most	trials	were	not	

powered	to	measure	an	effect	on	cognitive	decline.

Treating	 cardiovascular	 risk	 factors	 has	 a	 clear	 effect	 on	 mortality,	 which	 should	 be	

considered	as	a	competing	risk	for	dementia.	Since	the	incidence	of	dementia	is	strongly	

dependent on age, reducing mortality by preventing cardiovascular disease could lead to 

an actual increase of the absolute number of dementia cases in the intervention groups 

due	to	increased	life	expectancy.	None	of	the	included	studies	with	a	treatment	effect	

on	mortality	addressed	competing	risks.54 Taking these considerations into account, the 

conclusions	about	cognitive	decline	and	dementia	should	be	interpreted	with	caution.	

Table 4 summarizes the main limitations and sources of bias which should be considered 

when	interpreting	the	results	of	the	studies	discussed.

This	review	is	limited	to	studies	on	medical	treatment	of	five	common	cardiovascular	risk	

factors.	We	aimed	at	including	all	randomized	trials	of	sufficient	quality	assessing	cogni-

tive	decline	or	dementia	as	primary	or	secondary	outcome	parameter.	The	association	

between cardiovascular risk factors and cognitive decline and dementia started to be 

widely	recognized	when	the	data	of	large	observational	studies	like	the	Rotterdam	study	

became	available	in	1997.55	Therefore	we	limited	the	time	period	of	our	literature	search.	

Studies reporting on the relationship between antihypertensive drugs and cognition that 

were	published	before	1995	concentrated	on	the	difference	between	two	antihyperten-

sive	drugs	to	evaluate	a	negative	effect	on	cognition	on	short	term	by	a	certain	drug	class,	

rather	than	looking	for	cognitive	decline	on	the	long	term.
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RCTs	 investigating	 lifestyle	 interventions	 including	physical	activity	and	diet	were	not	

taken	into	account	for	this	review.	To	our	knowledge,	no	RCTs	on	lifestyle	interventions	

with	a	sufficiently	long	follow-up	to	assess	any	long-term	effect	on	cognition	or	incident	

dementia	are	available.

As	in	any	field,	publication	bias	may	have	influenced	the	results	of	our	search.	RCTs	in	

which no positive outcome on cognition was found might have been missed, when this 

secondary	outcome	parameter	is	not	referred	to	in	titles	or	abstracts.	This	is	unfortunate,	

because when cognitive decline is adequately analyzed, a negative outcome is of equal 

interest	to	the	field.

Meta-analyses	 of	 separate	 risk	 factors	 were	 not	 performed.	 For	 hypertension,	 two	

meta-analyses are already available and no additional studies have been published in 

the	meantime.34,36 The trials on homocysteinemia were considered too diverse in the 

populations	targeted	and	the	outcomes	measured	to	pool	their	results.	Finally,	sources	

of bias cannot be controlled for in a meta-analysis, while these represented an important 

objective	in	this	review.

The	large	amount	of	data	from	observational	studies	on	the	correlation	between	differ-

ent	 cardiovascular	 risk	 factors	and	dementia	and	 the	 inconclusive	 results	of	 the	RCTs	

discussed	 in	 this	 review	 call	 for	 new	 RCTs	with	 longer	 follow-up,	 in	 sufficiently	 aged	

populations,	while	avoiding	methodological	pitfalls	specific	to	this	field	(Table 4).	Per-

haps	different	populations	should	be	targeted	(e.g.,	participants	in	different	age	groups	

and	 with	 different	 vascular	 risk	 profiles),	 and	 perhaps	 other	 interventions	 should	 be	

probed	(eg,	combined	interventions	or	specific	drug	classes).	Calcium	channel	blockers	

are of special interest because they were the drug under study in the only trial in which 

Table 4. Main limitations in the reviewed studies

Limitation Remarks

1)	 	Age	group	relatively	young	to	see	any	effect	on	dementia	
within follow-up

-  Low number of cases: applies to most studies

2)  High number of dropouts, potentially selective dropout due 
to	cognitive	decline.

-  Applies to most studies

3)  Placebo group received additional treatment 
(contamination).

-  Present in most studies on antihypertensive treatment and to 
a	lesser	extent	in	cholesterol	lowering	trials

4)  Bias in outcome measurement (dementia or cognitive 
decline)

-  All studies on hypertension and dyslipidemia assessed 
dementia or cognitive decline as a secondary outcome 
parameter,	criteria	not	always	clear.

5)  Competing risks not taken into account -	 	Correction	for	increased	life	expectancy	was	not	applied

6)	 	Sensitivity	of	measurement	insufficient -  Optimal screening instrument (crude or sensitive) and clinical 
relevance	are	matter	of	debate.

7)  Short follow-up -  Optimal follow-up time is unclear

8)	 	Small	groups,	insufficient	power -  Applies to some studies on lowering homocysteine

9)  Patient group not selected on risk (no clear hypertension, 
dyslipidemia hyperhomocysteinemia)

-	 	Insufficient	window	of	opportunity	to	see	any	effect	in	some	
studies



Chapter 3

50

a	clear	effect	of	blood	pressure	lowering	on	incident	dementia	was	found.	In	a	recently	

published prospective cohort study, angiotensin receptor blockers are shown to be as-

sociated	with	a	significant	 reduction	 in	 the	 incidence	of	 (Alzheimer’s)	dementia	when	

compared	to	other	antihypertensive	drugs.56

A serious concern is that placebo-controlled trials are often not possible for obvious 

ethical	reasons.	Additionally,	it	is	difficult	to	reach	a	sufficient	level	of	contrast	between	

the intervention and control group when targeting vascular risk factors in patients at 

high	risk,	since	treatment	of	these	is	clearly	indicated	to	prevent	cardiovascular	disease.	

Therefore, strategies should be designed in which for instance regular care is compared 

to	intensive	care.	An	interesting	advantage	of	such	trials	is	that	they	focus	on	the	cardio-

vascular	risk	profile	as	a	whole	instead	of	one	risk	factor	at	a	time.	In	the	DEBATE	study	

such	an	intervention	showed	no	clinical	benefit,	but	the	groups	were	small	(n	=199/201)	

and many participants were already participating in secondary prevention programs due 

to	 relatively	 high	 risk	 of	 cardiovascular	 disease	 (81%	had	 coronary	 artery	 disease).53 

At	least	three	more	RCTs	on	cardiovascular	risk	factors	and	cognition	are	ongoing.	The	

Accord-mind	 study	 is	 aimed	 at	 investigating	 the	 effect	 of	 intensive	 diabetes	 control	

with	blood	pressure	control	or	lipid	lowering	therapy.51 The preDIVA study investigates 

whether a nurse-led intervention aiming at improvement of the cardiovascular risk pro-

file	with	an	individualized	approach	including	both	lifestyle	interventions	and	medical	

interventions can prevent dementia in an elderly population (70–78 years) with a 6-year 

follow-up.57 The Finger-study is designed to delay cognitive impairment in subjects at 

high	risk	of	dementia	through	a	multi-domain	individualized	intervention.58

Based	on	the	studies	reviewed	here	we	conclude	that	there	is	insufficient	evidence	that	

medical treatment aimed at cardiovascular risk factors can prevent cognitive decline or 

dementia.	Whereas	antihypertensive	treatment	potentially	has	a	preventive	effect,	this	

is	less	clear	for	treatment	with	statins	and	intensified	type	II	diabetes	mellitus	manage-

ment.	 Results	 on	 therapy	 aimed	 at	 lowering	 homocysteine	 levels	 are	 ambiguous	 and	

more	long-term	follow-up	trials	are	needed.	It	may	well	be	that	differential	dropout,	lack	

of power, competing risks, or other forms of selection or treatment bias have diluted 

possible	effects.	Future	RCTs	in	other	populations	with	different	interventions	and	longer	

follow-up,	specifically	designed	to	detect	an	effect	on	cognitive	decline	or	dementia,	will	

hopefully address the central question whether the associations found in cohort studies 

can	be	translated	to	clinically	relevant	treatment	effects	on	cognition.
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AbSTRACT

Several cohort studies have shown that vascular risk factors including hypertension, 

hypercholesterolemia,	diabetes	mellitus,	smoking,	obesity	and	lack	of	physical	exercise	

in	midlife	 and	 to	 a	 lesser	 extent	 in	 late	 life,	 are	 associated	with	 an	 increased	 risk	 of	

dementia.

The results from randomized controlled clinical trials on treatment of these risk factors 

are	not	conclusive	for	the	effect	on	cognitive	decline	and	dementia.	Studies	investigating	

the	effect	of	a	multi-component	intervention	aimed	at	vascular	risk	factors	to	prevent	or	

slow down cognitive decline and dementia will hopefully give the answer as to whether 

such	an	intervention	is	efficacious.	This	requires	large	clinical	trials	in	an	elderly	popula-

tion	with	 long	 follow-up	 and	 attention	 for	 several	 competing	 risks,	making	 it	 difficult	

from	an	organisational	and	methodological	point	of	view.	Major	 challenges	 for	 future	

studies are to select the optimal population, set the optimal treatment targets and select 

clinically	relevant	outcome	parameters.
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bACkGROUND

Age	is	the	strongest	risk	factor	for	dementia	and	with	the	increasing	life	expectancy	the	

number of patients living with dementia worldwide is estimated to rise from 24 million 

currently	to	over	80	million	by	the	year	2040.1 The most common cause of dementia is 

Alzheimer’s	 disease	 followed	by	 vascular	 dementia	 and	dementia	with	 Lewy	bodies.2 

These nosological entities on themselves are probably relatively rare and the majority of 

patients	with	dementia	suffer	from	‘mixed	dementia’	characterised	by	multiple	cerebral	

pathologies	with	prominent	vascular	 involvement.	 This	 is	especially	 the	 case	 in	older	

dementia patients (over 80 years), which is the age group responsible for the increase 

in	prevalence	in	the	near	future.3,4 In several cohorts the occurrence of multiple cerebral 

pathologies	 has	 been	 confirmed.5-8 Silent cerebral infarcts and white matter lesions 

increase the risk of future dementia and cerebrovascular lesions contribute to dementia 

severity	in	patients	with	Alzheimer’s	disease.9-11 The attributable risk of vascular lesions 

for the occurrence of dementia in a model including age, Alzheimer changes, vascular 

lesions, Lewy bodies and atrophy is as high as 21%, which is higher than the attributable 

risk	of	 cortical	 amyloid-beta	plaques	 and	neurofibrillary	 tangles	 together6,	 confirming	

the	importance	of	the	vascular	component	of	dementia.

Currently no therapeutic options to target the neurodegenerative component of demen-

tia	 are	 available,	 but	 the	 vascular	 component	might	offer	opportunities	 for	 treatment	

and	prevention	strategies.12,13 In this review the current knowledge of the relation be-

tween	vascular	risk	factors	and	dementia,	the	effect	of	treatment	aimed	at	vascular	risk	

factors	on	 incident	dementia,	and	current	ongoing	 randomised	controlled	 trials	 (RCTs)	

evaluating	the	effect	of	treatment	aimed	at	vascular	risk	factors	are	discussed.	Finally,	

the	design	of	future	dementia	prevention	trials	aiming	at	vascular	risk	modification	to	

prevent	dementia	is	discussed.

EPIDEMIOLOGICAL EVIDENCE

Results	from	several	large	prospective	cohort	studies	have	shown	that	vascular	risk	fac-

tors including hypertension, hypercholesterolemia, diabetes mellitus (DM), obesity and 

lack	of	physical	exercise	are	all	associated	with	an	increased	risk	of	dementia.	Several	

systematic	reviews	on	these	associations	have	been	published	in	recent	years.14-17 Most 

prospective cohort studies report on associations between midlife vascular risk factors 

and late life dementia and the associations are strongest for risk factors present in 

midlife.	The	associations	in	late	life	are	less	robust	and	some	of	these	factors	in	late	life,	

including hypertension and overweight, might even be associated with a decreased risk 

of	dementia.16,18,19
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Treatment aimed at several vascular risk factors has been associated with a decreased 

risk	of	incident	dementia	later	in	life	from	several	of	the	same	cohort	studies.	However,	

selection of study-participants, lack of randomisation and confounding by indication are 

important	sources	of	bias	limiting	the	interpretation	of	treatment	effects	in	observational	

studies.20

The	 relation	 between	 dementia	 and	most	 relevant	 vascular	 risk	 factors	 is	 briefly	 dis-

cussed	below.

hypertension
On the subject of vascular risk factors and dementia most studies have focused on 

hypertension	 and	 the	 risk	 of	 dementia.	 Several	 cohort	 studies	 with	 long	 follow-up	

have consistently associated hypertension in middle-aged subjects with an increased 

risk	 of	 dementia	 and	 cognitive	 decline	 later	 in	 life.21-24 This association is less clear 

for	hypertension	in	late	life	and	the	relation	appears	to	be	age-dependent.25,26 In fact, 

some longitudinal studies have shown that low blood pressure in later life (above 75 

years	of	age)	 is	associated	with	an	increased	risk	of	future	dementia.27-29 In addition, 

several cross-sectional studies in late life have shown an association between high 

blood pressure and better cognitive functioning and between low blood pressure and 

prevalent	dementia.30,31 Medical treatment of hypertension has been associated with 

a decreased incidence of dementia in several longitudinal studies, but results are dif-

ficult	to	 interpret	due	to	the	mentioned	sources	of	bias	 inherent	to	such	analyses	of	

associations.32-34

Cholesterol
Hypercholesterolemia in midlife has consistently been associated with an increased risk 

of	future	dementia.35,36 Hypercholesterolemia in late life, however, has been associated 

with	a	decreased	risk	of	dementia	in	some	longitudinal	studies.19,37 No association be-

tween statin use and incident dementia has been observed in several large prospective 

cohort	studies.38-41

Diabetes mellitus
Reports	about	the	association	between	DM	and	incident	dementia	are	fairly	consistent.17 

DM is the only vascular risk factor which is associated with an increased dementia risk in-

dependent	of	age.	This	was	shown	in	several	longitudinal	cohort	studies	on	both	midlife	

DM36,42 and late life DM43-46	 and	 the	 risk	 of	 incident	 dementia.	 In	 addition	 the	occur-

rence of severe hypoglycaemia in patients with type 2 DM has been associated with an 

increased	risk	of	future	dementia;	this	risk	increases	with	the	number	of	hypoglycaemic	

episodes.47
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Obesity and physical exercise
Midlife obesity has been associated with an increased risk of future dementia in several 

cohort	 studies	with	 a	 very	 long	 follow-up.48,49 As with hypertension, this relationship 

seems	to	be	modified	by	age,	as	in	late	life	a	higher	BMI	is	associated	with	a	decreased	

risk	of	dementia,	whereas	a	low	BMI	is	associated	with	an	increased	risk	of	dementia.18,50 

Physical activity both in midlife and in late life has repeatedly been reported to be as-

sociated	with	a	decreased	risk	of	dementia.51-53

The	presence	of	several	risk	factors	in	one	subject	probably	has	an	additive	effect	and	

the	constellation	of	vascular	risk	factors	defined	as	the	‘metabolic	syndrome’	has	been	

associated	to	an	increased	dementia	risk	as	well.54,55

Interpretation	and	comparison	of	the	results	from	different	prospective	cohort	studies	

is	difficult	 for	 several	 reasons.	 In	 the	first	place	 the	operationalisation	of	 risk	 factors	

differs	across	the	studies.	There	is	no	uniform	definition	of	hypertension,	hypercholes-

terolemia,	obesity	or	lack	of	physical	exercise	and	different	values	or	algorithms	have	

been	used	 in	different	 studies.	 In	addition,	different	outcome	parameters	have	been	

used.	 Some	 studies	 used	Alzheimer’s	 disease	 as	 an	 outcome,	 some	 studies	 vascular	

dementia	and	some	studies	dementia	in	general.	Considering	the	increasing	awareness	

that	the	strict	division	between	Alzheimer’s	disease	and	vascular	dementia	is	no	longer	

tenable	and	the	probably	high	percentage	of	cases	suffering	from	mixed	dementia	in	

most of the studies mentioned, all incident dementia outcomes are included in this 

review.

TREATMENT AND PREVENTION OF DEMENTIA

Currently available medical treatment
The currently available medical treatment of dementia is only symptomatic and limited 

to	 the	 use	 of	 acetylcholinesterase	 inhibitors	 (AChEI)	 in	mild	 to	moderate	 Alzheimer’s	

disease	and	memantine,	a	NMDA	receptor	antagonist,	in	moderate	to	severe	dementia.	

Gradually the indication for these drugs is being broadened to include vascular de-

mentia	and	dementia	with	Lewy	bodies	(DLB).	Most	benefit	from	AChEI	can	probably	be	

expected	 in	DLB	patients,	 especially	when	 certain	 symptoms	 including	hallucinations	

and	 attention	 deficit	 are	 prominent.56	 In	 spite	 of	major	 efforts,	 including	 randomised	

controlled trials, to develop drugs that interfere with amyloid metabolism, the neuro-

degenerative component of the disease is currently not amenable to treatment and no 

disease-modifying	drugs	are	as	yet	available.57,58
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Interventions aimed at vascular risk factors
While the neurodegenerative component of dementia is not yet amenable to treatment, 

the	vascular	component	might	offer	a	potential	target	for	treatment	or	even	prevention,	

as	was	already	recognised	almost	20	years	ago.12,13,59

Most available evidence from randomised controlled clinical trials comes from cardio-

vascular studies using stroke, coronary heart disease or mortality as primary outcome 

measures, and assessing cognitive function or incident dementia as a secondary end-

point.	This	was	recently	systematically	reviewed,	and	will	be	briefly	discussed	here.20

The	 strongest	 evidence	 for	 an	 effect	 on	 incident	 dementia	 is	 available	 for	 treatment	

of	hypertension.	Nevertheless,	 results	from	RCTs	with	different	primary	endpoints	and	

different	populations	at	baseline	are	inconsistent	on	the	effect	of	antihypertensive	treat-

ment	on	cognitive	decline	or	dementia.60-65 So far only the Syst-Eur study has reported 

on	a	convincing	effect	of	blood	pressure	(BP-)lowering	therapy	in	hypertensive	subjects	

over	60	years	of	age.61 Treatment resulted in a 55% absolute risk reduction of incident 

dementia	 in	 the	treatment	arm	of	 the	study	with	an	average	follow-up	of	3.9	years.	A	

recent study in subjects over 80 years of age had to be terminated prematurely because 

of	 a	 favourable	 effect	 on	 several	 cardiovascular	 endpoints,	 and	 the	 follow-up	 of	 2.2	

years	was	too	short	to	find	an	effect	on	cognition.63	A	meta-analysis	including	four	RCTs	

investigating	BP-lowering	therapy	revealed	a	hazard	ratio	of	0.87	(95%	CI	0.76-1.00)	for	

incident	dementia.63

Only	 two	 RCTs	 evaluated	 the	 effect	 of	 cholesterol-lowering	 therapy	 with	 a	 statin	 on	

cognition.66,67	No	effect	on	cognition	was	reported,	and	a	Cochrane	review	confirmed	that	

currently	there	is	no	evidence	for	an	effect	of	statin	treatment	on	cognitive	decline.68

In spite of the repeatedly reported association between obesity and cognitive decline 

and	incident	dementia,	no	RCTs	on	this	subject	using	cognitive	decline	or	incident	de-

mentia	as	outcomes	have	been	performed.

One	 RCT	 evaluating	 the	 effect	 of	 intensive	 glucose	 control	 versus	 standard	 glucose	

control evaluated cognitive decline and incident dementia in diabetic subjects with 

a history of micro- or macro-vascular disease or at least one other cardiovascular risk 

factor.	Although	a	 significant	effect	on	glycated	haemoglobin	 level	was	achieved,	 this	

did	not	 result	 in	an	effect	on	cognitive	decline	or	 incident	dementia	during	a	median	

follow-up	of	five	years.69

The	effects	of	multi-component	interventions	aimed	at	vascular	risk	factors	are	largely	

unknown	in	elderly	populations.	One	small	RCT	among	400	patients	at	high	cardiovas-

cular	risk	assessed	the	effect	of	optimising	pharmacological	and	non-pharmacological	

treatment	of	vascular	risk	factors	on	cognitive	decline,	but	no	effect	was	observed	in	

this	study,	which	may	have	been	underpowered.70	One	RCT	evaluating	the	effect	of	an	

intervention aimed at vascular risk factors compared a multi-component intervention to 

regular	care	in	early	Alzheimer’s	disease	patients	with	cerebrovascular	lesions	on	MRI.71 
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After	two	years	of	follow-up	no	effect	on	cognitive	decline	was	found,	but	the	progres-

sion	of	white	matter	lesions	was	slightly	less	in	the	intervention	arm.72 This study is not 

a dementia primary prevention study, but a secondary prevention study, considering 

the	diagnosis	of	early	dementia.	Caution	is	warranted	when	interpreting	the	results	of	

these	RCTs,	and	results	cannot	easily	be	translated	to	the	whole	population	of	elderly	

subjects.

DESIGN OF DEMENTIA PREVENTION TRIALS

The	optimal	design	for	an	RCT	to	investigate	the	effect	of	interventions	aimed	at	vascular	

risk	factors	is	dependent	on	many	variables,	and	the	best	design	is	subject	of	debate.

Population under study
The	first	major	question	 is	which	population	should	be	studied.	As	mentioned	above,	

most	 epidemiological	 data	 confirm	 the	 relationship	 between	midlife	 risk	 factors	 and	

late-life	dementia,	but	the	associations	with	risk	factors	in	late	life	are	less	robust.	The	

incidence	of	dementia	in	midlife	is	too	low	to	find	an	effect	of	an	intervention,	unless	

a	very	long	follow-up	(i.e.	10	years	or	longer)	or	large	sample-size	(i.e.	10.000	subjects	

or	more)	is	achieved.	The	realisation	of	such	a	study	would	be	very	complicated	from	a	

methodological	point	of	view.	The	incidence	of	dementia	in	the	population	under	study	

needs	 to	be	sufficiently	high	 to	find	an	effect	of	 the	 intervention	within	a	 reasonable	

duration	of	follow-up.	If	the	population	under	study	is	too	old,	the	incidence	of	dementia	

might	be	high,	but	 attrition	due	 to	death	of	other	 causes	will	 seriously	 influence	 the	

results	and	these	competing	risks	complicate	the	interpretation	of	such	a	study.

Therefore it seems reasonable to search for a practicable compromise between the 

downsides of an intervention in subjects who are either too young or too old, and aim for 

a	population	somewhere	between	65	and	75	years	of	age	at	baseline.

Selecting subjects at increased risk of dementia could result in higher incidence during 

follow-up	and	limit	the	number	of	subjects	needed	in	an	intervention	trial.	Subjects	could	

be selected based on previously developed dementia risk scores which take vascular risk 

factors	into	account.73,74	By	using	such	an	‘enrichment	strategy’	the	participation	of	large	

groups	of	subjects	at	very	low	risk	of	the	primary	outcome,	whose	chance	of	benefiting	

from	the	intervention	is	very	low,	can	be	avoided.	Whether	or	not	subjects	with	a	low	

dementia	risk	score	or	vascular	risk	score	actually	benefit	of	such	an	intervention	is,	how-

ever,	unknown.	Subgroup	analyses	of	currently	ongoing	trials	might	offer	an	opportunity	

to	evaluate	this	in	the	near	future.

Another enrichment strategy commonly proposed is enrolling subjects who already have 

slight	cognitive	deficits,	but	who	do	not	 fulfil	criteria	 for	dementia	yet,	 so-called	mild	
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cognitive	impairment	(MCI).	Since	MCI	is	considered	a	pre-dementia	stage,	and	on	aver-

age about 10% of the patients progress to dementia every year, such a study should not 

be	considered	as	primary	prevention,	but	rather	as	secondary	prevention	of	dementia.	As	

such this strategy could be valuable in addressing the same general research question: 

can	modification	of	vascular	risk	factors	prevent	cognitive	decline	or	dementia?

Risk factors under study
It	is	important	to	realise	that	even	a	very	modest	effect	of	treatment	aimed	at	a	specific	

risk factor can have a major impact at population level if the risk factor is highly preva-

lent,	the	so-called	prevention	paradox.	Effects	of	antihypertensive	therapy	may	serve	as	

an	 example.	Hypertension	 is	 highly	prevalent	 among	elderly	 non-demented	 subjects,	

as was shown in several population-based cohorts and the baseline data of one of the 

ongoing	 intervention	 trials.75	 If	 this	 risk	 factors	 can	be	modified	 in	 a	 large	portion	of	

the	subjects,	the	effect	on	the	overall	incidence	of	dementia	can	be	substantial,	even	if	

individual	effects	are	negligible.	In	this	context	it	is	important	to	know	the	population	at-

tributable	risk	(PAR)	of	each	risk	factor	to	determine	the	potential	effect	of	an	intervention	

aimed	at	the	prevention	of	dementia.	If	the	PAR	is	high,	i.e.	a	large	proportion	of	incident	

dementia cases can be attributed to the presence of hypertension, it is more likely that 

this	 intervention	will	be	effective	at	population	level.	 In	the	case	of	hypertension,	the	

PAR	has	been	estimated	to	be	as	high	as	27%,	making	it	a	very	suitable	treatment	target	

for	the	prevention	of	dementia.76

When	assessing	the	effect	of	a	primary	prevention	intervention,	the	intended	intervention	

should	be	affordable,	acceptable	to	the	patient,	easy	to	implement	on	a	large	scale,	have	

few serious adverse events and should not impose too heavy a burden on the health care 

system	as	a	whole.	Large	groups	of	subjects	would	be	exposed	to	the	intervention.	With	

the	predicted	increase	of	life	expectancy	and	the	resulting	increase	of	older	subjects	in	

Western	societies	this	issue	will	become	even	more	relevant.

Outcome measures
The	optimal	 outcome	measure	 for	 dementia	 prevention	 trials	 is	 subject	 of	 debate.	 In	

dementia research it is common to use deterioration on either a neuropsychological 

test	battery	or	an	extensive	screening	 instrument	as	primary	outcome	measure.	Small	

differences	between	groups	can	be	detected	this	way,	but	clinical	relevance	of	such	dif-

ferences	is	often	unclear.	Incident	dementia	in	our	opinion	is	a	more	clinically	relevant	

outcome	measure	which	is	easy	to	interpret	and	with	clear	clinical	relevance.

In addition to cognitive endpoints, other clinically relevant outcomes to be used are 

mortality,	institutionalisation	and	disability	or	handicap.	It	is	expected	that	interventions	

targeting	vascular	risk	factors	will	sort	an	effect	on	vascular	endpoints	including	stroke,	

myocardial	infarction	and	peripheral	vascular	disease	as	well.	Therefore	outcome	mea-
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sures	evaluating	the	effect	on	both	cognitive	decline	and	cardiovascular	disease	would	

be	preferable.	The	Academic	Medical	Center	Linear	Disability	Score	(ALDS)	is	a	handicap	

scale	which	possesses	these	clinimetric	properties;	it	assesses	both	basic	and	instrumen-

tal	activities	of	daily	living	and	is	generic	(i.e.	not	disease-specific)	and	linear,	as	opposed	

to	most	handicap	or	disability	scales	which	are	disease-specific	and	ordinal.77 Due to its 

test characteristics, both cognitive decline and handicap as a result of cardiovascular 

disease	(e.g.	stroke	or	myocardial	infarction),	will	translate	into	deterioration	on	the	ALDS.

ONGOING DEMENTIA PREVENTION INITIATIVES

Currently	three	RCTs	investigating	the	effect	of	a	multi-component	intervention	including	

treatment	aimed	at	vascular	risk	factors	are	ongoing.	All	 three	studies	aim	at	prevent-

ing cognitive decline or incident dementia, but the interventions and the selection of 

subjects	are	different.

The	 ‘Prevention	 of	 Dementia	 by	 Intensive	 Vascular	 care’	 trial	 (preDIVA)	 is	 a	 cluster-

randomised trial among 3533 elderly non-demented subjects aged 70 to 78 years to 

evaluate	the	effect	of	a	multi-component	vascular	intervention	with	a	follow-up	of	six	

years.75 In the intervention group subjects visit a practice nurse every four months, who 

assesses the presence of vascular risk factors including blood pressure, cholesterol 

level,	diabetes	mellitus,	smoking,	body	mass	index	(BMI)	and	level	of	physical	exercise.	

Vascular	risk	factors	are	treated	according	to	a	standardised	protocol	in	line	with	existing	

guidelines	for	cardiovascular	risk	management.	Primary	outcomes	are	incident	dementia	

and	disability	as	measured	with	the	ALDS.77 Secondary outcomes are all cause mortality, 

cardiovascular disease (including stroke, myocardial infarction, and peripheral vascular 

disease),	cognitive	decline	and	depression.	The	control	group	receives	usual	care.

The	‘Finnish	Geriatric	Intervention	Study	to	Prevent	Cognitive	Impairment	and	Disability’	

(FINGER)	is	a	randomised	controlled	trial	among	1200	subjects	aged	60	to	77	years	with	

a	high	dementia	risk	score	and	with	mild	memory	impairment	evaluating	the	effect	of	

a multi-domain intervention to delay cognitive impairment with a two-year follow-up 

with	 a	 planned	 extension.78 In addition to management of vascular risk factors, the 

intervention comprises nutritional guidance, advice on physical activity and cognitive 

training.	Primary	outcomes	are	cognitive	impairment,	dementia	and	disability;	secondary	

outcomes	include	depression,	vascular	disorders	and	quality	of	 life.	The	control	group	

attends	regular	health	advice	groups.

The Multi-domain Alzheimer prevention trial (MAPT) is a randomised controlled clinical 

trial	among	1680	‘frail’	elderly	subjects	over	70	years	of	age	randomised	to	receive	omega	

3	capsules,	a	multi-domain	intervention,	both,	or	placebo	with	a	three-year	follow-up.79 

The multi-domain intervention comprises cognitive training, physical training, nutritional 
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counselling	and	preventive	consultation	including	vascular	risk	factors	assessment.	The	

primary	outcome	is	change	in	cognitive	function	as	measured	by	a	short	memory	test.

Considering	the	different	populations	under	study	and	the	different	types	of	interven-

tions,	it	is	expected	that	the	results	from	these	three	trials	will	result	in	valuable	knowl-

edge	about	effective	intervention	strategies	and	the	type	of	population	that	will	benefit	

most	from	it.

DISCUSSION

The mechanisms through which the vascular risk factors contribute to an increased de-

mentia	risk	have	not	been	fully	elucidated	yet.	The	multi-factorial	aetiology	of	dementia	

in old age and the interplay between vascular changes and neurodegenerative changes 

in	the	brain	prevents	conclusions	about	the	exact	mechanistic	processes	underlying	the	

clinical	syndrome	of	cognitive	decline.	In	addition	to	the	contribution	of	(clinically	silent)	

stroke to cognitive decline, blood-brain barrier (BBB) changes have been implicated to 

play an important role in the pathophysiology of the relationship between vascular risk 

factors	and	dementia	and	the	interaction	with	neurodegenerative	changes.80,81

In spite of the overwhelming evidence of associations between vascular risk factors and 

dementia and the reported associations between treatment of some vascular risk factors 

and	dementia	risk	from	prospective	cohort	studies,	RCTs	that	confirm	the	exact	effects	of	

such	interventions	are	lacking.	Since	treatment	aimed	at	vascular	risk	factors	to	prevent	

coronary heart disease, stroke and peripheral vascular disease is undisputed, certainly as 

secondary	prevention,	this	leads	to	the	inevitable	question	whether	new	RCTs	investigat-

ing	 the	 effect	 of	 intensive	 vascular	 care	 are	 ethical.	 In	 the	first	 place	 it	 is	 not	 known	

whether such interventions can contribute to dementia prevention and therefore the 

research	question	is	relevant.	In	the	second	place	it	is	unknown	whether	there	might	be	

potential	negative	effects	of	such	interventions	in	old	age,	such	as	potential	side	effects	

of a relatively low blood pressure and low cholesterol, illustrating the necessity of such 

studies.	Both	low	BMI	and	decreasing	blood	pressure	have	been	implicated	as	symptoms	

of	early	Alzheimer’s	disease,	and	the	reported	associations	might	therefore	not	represent	

a	causal	relationship,	but	a	consequence	of	the	disease.	Finally,	all	subjects	in	the	control	

arms of the ongoing intervention studies receive at least care as usual according to cur-

rent	guidelines,	so	no	therapy	with	proven	efficacy	is	withheld	from	any	participant.	This	

is	a	prerequisite	for	any	future	trial	to	be	designed	as	well.	In	this	way,	future	studies	may	

either	confirm	or	falsify	the	general	claim	that	more	intensive	vascular	care	reduces	the	

incidence	of	dementia.

The	results	of	the	observational	studies	and	the	limited	evidence	from	RCTs	on	the	effect	

of	antihypertensive	medication	are	encouraging.	Due	to	the	high	incidence	of	dementia	
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in the elderly population and the high prevalence of hypertension, a small treatment 

effect	can	result	in	a	large	effect	at	the	population	level.	The	treatment	targets	(e.g.	BP	

level, cholesterol level) of vascular care in elderly populations are still to be determined, 

and	might	be	different	for	primary	and	secondary	prevention	groups.

Results	 from	 RCTs	 as	 described	 above	will	 hopefully	 answer	 the	 question	whether	 a	

multi-component intervention aimed at vascular risk factors can lead to the prevention 

of	dementia,	and	which	factor	of	such	an	intervention	has	most	effect.
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AbSTRACT

Context
Apathy in community-dwelling elderly has been associated with a history of stroke and 

other	cardiovascular	disease.

Objective
To assess the relationship between symptoms of apathy and cardiovascular risk factors 

or disease (stroke or other) in a large sample of elderly people aged 70 to 78 years 

without	depression	or	dementia.

Design
Cross-sectional data analysis within an ongoing cluster-randomized, open, multi-center 

trial.

Setting
The	Netherlands,	general	community.

Participants
We studied 3534 elderly individuals without dementia who were included in the Preven-

tion	of	Dementia	by	Intensive	Vascular	care	trial.

Main outcome measures
Symptoms of apathy, assessed with 3 items from the 15-item Geriatric Depression Scale, 

in	participants	with	few	or	no	depressive	symptoms.

Results
Median	age	of	participants	was	74.3	years.	Principal	components	analysis	of	the	Geriatric	

Depression	Scale	confirmed	a	separate	factor	for	the	apathy	items	(Geriatric	Depression	

Scale-3A).	Two	or	more	symptoms	of	apathy	were	present	in	699	(19.9%)	participants,	of	

whom	372	(53.2%)	were	without	depressive	symptoms	(Geriatric	Depression	Scale-12D	

score	<2).	Ordinal	regression	analysis	showed	that	increasing	apathy	in	the	absence	of	

depressive	symptoms	was	associated	with	a	history	of	stroke	(odds	ratio	1.79;	95%CI	

1.38-2.31)	 and	 cardiovascular	 disease	other	 than	 stroke	 (1.28;	 95%CI	1.09-1.52).	 Ex-

ploratory analysis among 1889 participants free from stroke and other cardiovascular 

disease revealed an association between apathy score and the following cardiovascular 

risk factors: systolic blood pressure (p=0.03),	body	mass	index	(p=0.002),	type	2	diabetes	

mellitus (p=0.07),	and	C-reactive	protein	(p<0.001).
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Conclusions
Symptoms indicative of apathy are common in community-dwelling nondemented older 

people	who	are	free	from	depression.	The	independent	association	of	stroke,	other	car-

diovascular disease and cardiovascular risk factors with symptoms of apathy suggests a 

causal	role	of	vascular	factors.
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INTRODUCTION

Apathy	 is	defined	as	an	 impairment	of	motivation,	and	operationalized	as	diminished	

goal	oriented	behavior	and	cognition.1,2 It is a very common symptom in several neu-

ropsychiatric	diseases	 including	dementia,	stroke,	depression,	Parkinson’s	disease	and	

schizophrenia,3	but	 it	 is	also	observed	 in	otherwise	healthy	elderly	persons.4,5 Apathy 

is associated with poor treatment response and negative outcomes, such as functional 

loss	and	caregiver	distress.3,6 Several risk factors for apathy in older people have been 

reported, such as advancing age, increasing number of health conditions, lower income, 

current	depression,	and	cognitive	and	functional	impairment.4,7-9

So far, only a few studies4,5,8,10,11 have described the prevalence of apathy in community-

dwelling	populations	without	overt	neuropsychiatric	diseases.	Depending	on	the	inclu-

sion	criteria	and	instruments	used,	it	was	found	to	range	from	1%	to	27%.	Recently,	it	

has been suggested that apathy is associated with cardiovascular pathologic features: for 

community-dwelling elderly individuals with apathy, a history of cardiovascular disease 

(CVD;	e.g.,	myocardial	infarction,	peripheral	arterial	disease,	or	stroke	reported	by	their	

general practitioner (GP) and by electrocardiogram assessments) was present more often 

than	for	controls.11 Moreover, elderly individuals with CVD more often developed apathy, 

but	not	depression,	during	follow-up.11

Recognition	of	apathy	and	the	underlying	mechanisms	could	lead	to	better	understanding	

of this condition that may represent a construct that is distinct from depression in some 

people.	A	different	prognosis	and	different	 therapeutic	options	may	apply	 for	apathy.	

We aim to assess the prevalence of apathy symptoms in a large cohort of community-

dwelling elderly people, and we analyze the association between apathy and a history 

of	stroke	or	other	CVD.	In	addition,	we	explore	the	independent	effect	of	vascular	risk	

factors on apathy in participants without depressive symptoms and without a history of 

any	CVD.

METhODS

Participants
From May 1, 2006 through March 31, 2009, a total of 3534 community-dwelling elderly 

individuals in the Netherlands were included for participation in the Prevention of De-

mentia	by	 Intensive	Vascular	care	 (preDIVA)	 trial.12 This cluster-randomized controlled 

trial	with	 a	 6-year	 follow-up	 is	 designed	 to	 assess	 the	 effects	 of	 nurse-led,	 intensive	

vascular care on the prevention or postponement of dementia and disability in a primary 

health	care	population.	Cardiovascular	events	and	depression	are	secondary	outcomes.	

The background, methods, randomization and projected follow-up of the preDIVA trial 
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have	 been	 previously	 described.12 In short, all people in participating primary health 

care centers aged 70 to 78 years, without a diagnosis of dementia and able to visit their 

primary	care	practice,	were	eligible	for	this	study.	Those	with	a	condition	likely	to	hinder	

successful	long-term	follow-up	(e.g.,	terminal	illness,	alcoholism,	or	living	abroad	for	the	

main	part	of	the	year)	were	excluded	by	their	GP	(11.2%	of	total	population).	Participants	

were invited by a letter from the researchers and their own GP as well as a reminder 

and	a	 telephone	call	 from	 the	nurse	practitioner,	 after	which	53.3%	signed	 informed	

consent.	 After	 baseline	 assessments,	 GP	 practices	 were	 randomized	 to	 standard	 care	

or	intensive	vascular	care.	In	the	intervention	group,	a	nurse-led	intervention	aimed	at	

cardiovascular	risk	factors	was	provided	that	is	based	on	current	national	guidelines.	This	

includes	lifestyle	advice,	smoking	cessation	programs,	and	diet	counseling.	Cardiovascu-

lar medication adherence is addressed and, if indicated, GPs initiate or improve medical 

treatment of hypertension, dyslipidemia, type 2 diabetes mellitus (T2DM) and the use of 

thrombocyte	aggregation	inhibitors	or	anticoagulants.	The	preDIVA	study	was	approved	

by	the	medical	ethics	committee	of	the	Academic	Medical	Center,	Amsterdam.

baseline assessment
During the preDIVA baseline assessments, data were collected on demographic char-

acteristics,	cardiovascular	 risk	 factors	 (blood	pressure,	body	mass	 index	 (calculated	as	

weight in kilograms divided by height In meters squared), lipid spectrum, C-reactive 

protein	 (CRP),	 smoking	 habits,	 and	 fasting	 blood	 glucose/T2DM),	 and	 history	 of	 CVD,	

categorized	 as	 stroke/transient	 ischemic	 attack	 (TIA)	 or	 other	 CVD	 (including	myocar-

dial	infarction,	angina	pectoris,	peripheral	arterial	disease).	Medical	history	and	current	

medication use were cross-checked with the electronic medical records of the GPs if 

necessary.	 In	 the	Netherlands,	more	 than	98%	of	 the	population	 is	 registered	with	 a	

GP.	All	GPs	participating	in	the	preDIVA	study	use	electronic	medical	records,	which	are	

connected	to	the	local	pharmacies	to	enable	close	monitoring	of	prescriptions.	Cognitive	

function	was	assessed	using	the	Mini-Mental	State	Examination	(MMSE).13 Disability was 

measured	using	the	Academic	Medical	Center	Linear	Disability	Score	(ALDS).14

Assessment of apathy and depressive symptoms
At baseline, the 15-item Geriatric Depression Scale (GDS-15) was administered to all 

participants	to	screen	for	depressive	symptoms.15 Previous research has shown that the 

GDS-15, also referred to as the short form of the originally developed GDS-30, has 3 

dimensions:	general	depressive	affect	(7	items),	life	satisfaction	(4	items)	and	withdrawal	

(3	 items).16 One remaining item on problems with memory did not load on any factor 

in	 the	 principal	 components	 analysis.	 The	 subscale	 on	withdrawal,	 also	 described	 as	

“apathy”,	contains	the	following	items:	(1)	Have	you	dropped	many	of	your	activities	and	

interests? (2) Do you prefer to stay at home rather than to go out and do new things? 
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(3) Do you feel full of energy? Van der Mast et al11 reported a sensitivity of 69% and a 

specificity	of	85%	for	this	subscale	compared	with	the	14-item	Apathy	Scale	of	Stark-

stein et al17	in	participants	aged	85	years	or	older.	The	same	3	items	were	identified	also	

as	part	of	the	6	“WAV-items”	within	the	GDS-30	(withdrawal,	apathy	and	(lack	of)	vigor),	

along	with	3	other	items	outside	of	the	GDS-15,	and	were	preserved	in	a	confirmatory	

factor	analysis.7,18

We	conducted	an	exploratory	factor	analysis	to	verify	the	validity	of	this	construct	within	

the	 preDIVA	 data.	 Using	 principal	 components	 analysis	 with	 varimax	 rotation	 (Kaiser	

normalization), a 3-component structure was found, with all 3 apathy items loading on 

the	same	factor,	along	with	the	item	on	memory.	When	solutions	were	chosen	with	more	

components,	the	3	apathy	items	retained	their	projection	onto	1	component.

On	the	basis	of	these	findings,	2	subscales	were	discerned	within	the	GDS-15:	one	for	

apathy	symptoms	(GDS-3A;	range,	0-3	points,	with	higher	scores	indicating	more	apathy)	

and	one	for	depression	(GDS-12D;	range,	0-12	points,	with	higher	scores	indicating	more	

symptoms	of	depression/dissatisfaction	with	life).	Apathy	was	analyzed	ordinally.	To	allow	

for comparison with previously published data, the presence of apathy symptoms was 

also	dichotomized	as	2	or	3	points	on	the	GDS-3A	versus	0	or	1	points.	The	prevalence	of	

depressive	symptoms	was	operationalized	as	2	or	more	points	on	the	GDS-12D.11

Statistical analysis
Data	were	analyzed	using	SPSS	statistical	software,	version	18.0	(SPSS	Inc.).	For	univariate	

analyses, the χ2	statistic	was	used	for	independence	for	nominal	variables,	Kruskal-Wallis	

was used for ordinal variables, and 1-way analysis of variance was used for continuous 

variables.

Multiple	 imputations	 using	 the	Markov	 chain	Monte	 Carlo	method	 were	 executed	 to	

replace	missing	data	with	plausible	values.	In	view	of	the	ordinal	nature	of	apathy	scores	

from 0 to 3, ordinal regression analysis was performed with GDS-3A as the dependent 

variable	to	analyze	the	cross-sectional	relation	of	CVD	with	an	increasing	apathy	score.	

Separate analyses were performed in participants with few or no depressive symptoms 

(GDS-12D	score	<	2)	and	participants	with	depressive	symptoms	(GDS-12D	score	≥	2).	

Separate	analyses	of	participants	who	did	not	suffer	from	depressive	symptoms	allow	

us to assess the relationship between isolated symptoms of apathy and cardiovascular 

risk	factors,	which	is	hypothesized	to	be	different	from	symptoms	of	apathy	in	the	pres-

ence	of	depressive	symptoms.	The	association	of	symptoms	of	apathy	and	a	history	of	

stroke	(yes/no)	and	other	CVD	(yes/no)	was	investigated	with	ordinal	regression	analysis.	

Because	symptoms	of	apathy	are	influenced	by	demographic	characteristics,	cognitive	

status,	and	other	comorbidities,	3	models	are	presented.	Model	1	shows	the	crude	as-

sociations.	In	model	2,	demographic	characteristics	(age,	sex,	and	educational	level)	are	

controlled	for.	Model	3	shows	these	associations	controlled	for	cognitive	status	using	the	
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Figure 1. Cardiovascular risk factors by apathy score in subjects without cardiovascular disease 
or	stroke	and	without	depressive	symptoms	(Geriatric	Depression	Scale-12D	score	<2)	 (n=1889).	
Error	bars	indicate	standard	error.	BMI	indicates	body	mass	index	(calculated	as	weight	in	kilograms	
divided	by	height	in	meters	squared);	BP,	blood	pressure;	CRP,	C-reactive	protein;	GDS-3A,	3-item	
apathy	subscale	of	the	15-item	Geriatric	Depression	Scale;	and	T2DM,	type	2	diabetes	mellitus.
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MMSE	score	and	controlled	for	the	number	of	nonvascular	prescriptions	as	a	proxy	for	

other	comorbidities	in	addition	to	the	demographic	characteristics.4,19	A	direct	effect	of	

stroke due to structural brain damage can contribute to the pathophysiological features 

of	apathy	after	stroke.	Therefore,	stroke	and	other	CVD	are	analyzed	separately.

Although the ALDS may correct for disability resulting from previous stroke or CVD, it 

was not included in the model because apathy is reported to cause disability, leading 

to	potential	overcorrection	for	functional	decline.	Nevertheless,	a	separate	analysis	with	

the	ALDS	as	an	independent	covariate	was	performed	to	evaluate	this	effect.

The relationship of vascular risk factors with apathy, including blood pressure, T2DM, 

obesity,	smoking	and	hypercholesterolemia,	was	further	explored	in	participants	without	

symptoms	of	depression	and	CVD	or	stroke/TIA	in	their	medical	history,	both	with	and	

without	correction	for	demographic	characteristics	(age,	sex,	and	educational	level).	This	

exploratory	analysis	was	aimed	at	evaluating	the	associations	with	vascular	risk	factors	

independent	of	the	CVD	and	stroke/TIA	that	may	result	from	these	risk	factors.

RESULTS

Table 1	shows	the	baseline	characteristics	for	the	preDIVA	study	population	(n=3534).	

The	median	age	was	74.3	years;	54.5%	of	participants	were	 female	and	97.9%	were	

white.	A	history	of	all-cause	CVD	(stroke	and/or	other	CVD)	was	prevalent	in	35.2%	of	

the	 participants.	 Twenty-eight	 participants	 (<1%)	 had	more	 than	 3	 items	missing	 on	

the	GDS-15	 (>2	on	 the	GDS-12D	and/or	>1	on	 the	GDS-3A)	and	were	excluded	 from	

the	analysis.	The	median	GDS-15	score	was	1	(6.3%	had	a	score	≥6),	and	699	of	3506	

participants	(19.9%)	had	a	score	of	2	or	3	points	on	the	GDS-3A.	In	participants	with	few	

or	no	symptoms	of	depression	on	the	GDS-12D,	372	(10.6%)	scored	positive	on	at	least	

2	apathy	items.	The	median	MMSE	score	was	28	(interquartile	range,	27-29).

Results	of	univariate	analysis	of	GDS-3A	for	participants	with	few	or	no	depressive	symp-

toms (GDS-12D score < 2) are shown in Table 2.	Within	this	group	(n=2848),	a	history	

of	stroke/TIA	or	other	CVD	was	increasingly	present	with	higher	apathy	scores.	Higher	

apathy	scores	were	associated	with	low	educational	 level	(≤6	years),	higher	age,	more	

prescriptions	for	nonvascular	conditions,	and	lower	MMSE	scores.

Missing	data	ranged	from	zero	missing	(for	sex	and	age)	to	131	(3.7%;	for	CRP).	The	Mar-

kov	chain	Monte	Carlo	procedure	yielded	5	subsets	of	imputed	data.	The	pooled	results	

of multivariate ordinal regression analysis for participants without depressive symptoms 

are given in Table 3.	Model	1	shows	the	unadjusted	association,	model	2	shows	the	as-

sociation	when	adjusted	for	demographic	characteristics	(age,	sex,	educational	level)	and	

model 3 shows the association when adjusted for demographic characteristics, MMSE 

score,	and	the	number	of	nonvascular	prescriptions.	Odds	ratios	represent	the	effect	of	
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change in 1 unit of the predictors on the apathy score odds, with the ratio being the same 

for	each	of	the	cumulative	probabilities	in	the	proportional	odds	model.	In	participants	

without	depression,	a	history	of	stroke/TIA	and	a	history	of	other	CVD	were	both	signifi-

cantly	associated	with	increasing	apathy	scores.	An	additional	adjustment	for	disability	

using	the	ALDS	yielded	slightly	lower	odds	ratios	for	the	effects	of	a	history	of	stroke/

TIA	and	other	CVD	(1.65;	95%	CI,	1.28-2.14;	and	1.21;	1.02-1.44,	respectively),	but	their	

contribution	 in	 the	 model	 retained	 significance	 (p<0.001	 and	 p=0.03,	 respectively).	

In	participants	with	depressive	 symptoms	 (GDS-12D	 score	≥2)	 (n=658),	 there	was	no	

significant	association	of	apathy	with	stroke/TIA	(fully	adjusted	model:	odds	ratio,	1.16;	

95%	CI,	0.81-1.67;	p=0.42)	or	other	CVD	(fully	adjusted	model:	1.08;	0.80-1.46;	p=0.63).	

A	similar	analysis	excluding	all	participants	who	had	reported	a	history	of	stroke/TIA,	had	

no	important	effect	on	the	odds	ratios	in	the	remaining	model	of	either	group	or	on	their	

significance	(difference	in	odds	ratio	for	all	independent	variables,	<4%).

The Figure shows that the prevalence of T2DM, increasing systolic blood pressure, 

body	mass	 index,	 and	CRP	 are	 associated	with	 increasing	 severity	 of	 apathy	 in	 1889	

participants free from CVD and symptoms of depression (GDS-12D score <2) (T2DM: 

Table 1. Baseline characteristics of 3534 participants in the preDIVA study

Characteristic Value

Demographics

	 Male	sex,	n	(%) 1609	(45.5)

	 Age,	median	(IQR),	y 74.3	(4.1)

	 Educational	level	≤6	y,	n	(%)a 837	(23.9)

Neuropsychiatric measuresb

	 MMSE,	median	(IQR) 28 (27-29)

	 GDS-15,	median	(IQR) 1 (0-2)

	 GDS-12D,	median	(IQR) 0 (0-1)

	 GDS-3A,	median	(IQR) 0 (0-1)

	 GDS-12D	score	≥	2points,	n	(%) 658	(18.7)

	 GDS-3A	score	≥	2	points,	n	(%) 699	(19.9)

Medical history, n (%)

 Type 2 diabetes mellitus 647	(18.3)

 Cardiovascular diseasec 1045	(29.8)

 Stroked 346	(9.9)

Abbreviations:	GDS-15,	15-item	Geriatric	Depression	Scale;	GDS-3A,	3-item	apathy	subscale	of	the	
GDS-15;	 GDS-12D,	 12-item	 depression	 subscale	 of	 the	GDS-15;	 IQR,	 interquartile	 range;	MMSE,	
Mini-Mental	State	Examination;	preDIVA,	Prevention	of	Dementia	by	Intensive	Vascular	Care.
a	Data	were	missing	for	35	participants.	b Twenty-eight participants had more than 3 items missing 
on	GDS-15	(>2	on	the	GDS-12D	and/or	>1	on	the	GDS-3A).
The	GDS-3A	is	derived	from	the	GDS-15,	using	3	items	on	apathy	(withdrawal);	the	GDS-12D	com-
prises	all	remaining	nonapathy	items	of	the	GDS-15.
c	Data	were	missing	for	24	participants.	d	Data	were	missing	for	48	participants.
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p=0.07;	systolic	blood	pressure:	p=0.03;	body	mass	index:	p=0.002;	and	CRP:	p<0.001).	

No association with apathy was found for current smoking and increasing diastolic blood 

pressure (current smoking: p=0.17;	diastolic	blood	pressure:	p=0.38).	Also,	no	associa-

tion was found for high-density lipoprotein, low-density lipoprotein, or total cholesterol 

level	 (data	not	 shown).	 In	a	multivariate	model	adjusted	 for	 age,	 sex	and	educational	

level, these associations were slightly attenuated (T2DM: p=0.08;	 systolic	blood	pres-

sure: p=0.05;	body	mass	index:	p=0.02;	CRP:	p<0.001;	current	smoking:	p=0.02;	and	total	

cholesterol level p=0.86).

Table 2. Demographic and clinical characteristics by apathy score in univariate analysis for 2848 
participants without depressive symptoms (GDS-12D <2)

Variable

GDS-3A score, n (%) Overalla p-value

0 1 2 3

Total 1695	(59.5) 781	(27.4) 296	(10.4) 76	(2.7) 2848 (100)

Demographic characteristics

	 Male	sex 806	(47.6) 383	(49.0) 125	(42.2) 35	(46.1) 1349	(47.4) 0.252b

 Educational level <6 yc 316	(18.8) 194	(25.1) 87	(29.6) 21	(28.0) 618	(21.9) <0.001b

 Mean age, y 74.11 74.37 74.79 75.27 74.28 <0.001d

Mean MMSE score 28.29 28.18 28.01 28.00 28.23 0.009e

Nonvascular prescriptionsf 1.52 1.78 2.13 2.84 1.69 <0.001e

Cardiovascular history

 CVDg 428	(25.3) 233	(29.8) 105	(35.5) 32	(42.1) 798	(28.0) <0.00b

 Strokeh 108	(6.4) 63	(8.1) 43	(14.5) 13	(17.1) 227	(8.0) <0.001b

Abbreviations:	CVD,	cardiovascular	disease;	GDS-3A,	3-item	apathy	subscale	of	the	15-item	Geriatric	
Depression	Scale	 (GDS-15);	GDS-12D,	12-item	depression	 subscale	of	 the	GDS-15;	MMSE,	Mini-
Mental	State	Examination.	a	Data	were	missing	for	28	participants	on	the	GDS-3A	or	GDS-12D.	b χ2 
Test.	c	Data	were	missing	for	26	participants.	d	One-way	analysis	of	variance.	e	Kruskal-Wallis	test.	f 
Number	of	different	prescriptions.	g	Data	were	missing	for	21	participants.	h Data were missing for 
38	participants.

Table 3. Ordinal logistic regression with apathy-score as the dependent variable for 2848 partici-
pants without depressive symptoms (GDS-12D Score <2)a

Characteristic

Model 1 Model 2 Model 3

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

CVD,	excluding	stroke 1.39	(1.18-1.63) <0.001 1.37	(1.16-1.61) <0.001 1.28	(1.09-1.52) 0.004

Stroke 1.80	(1.40-2.33) <0.001 1.84	(1.42-2.38) <0.001 1.79	(1.38-2.31) <0.001

Abbreviations:	CVD,	cardiovascular	disease;	GDS-12D,	12-item	depression	subscale	of	the	15-item	
Geriatric	Depression	Scale;	OR,	odds	ratio.
aOdds	ratios	are	given	for	every	point	increase	in	apathy-score	(possible	score,	0-3).	Model	1	is	un-
adjusted;	model	2	is	adjusted	for	age,	sex	and	education;	model	3	is	adjusted	for	age,	sex,	education,	
Mini	Mental	State	Examination	score	and	number	of	nonvascular	prescriptions.	CVD:	cardiovascular	
disease.
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COMMENT

Our	findings	demonstrate	that	symptoms	of	apathy	are	common	in	community-dwelling	

elderly individuals without dementia or symptoms of depression, and that apathy symp-

toms	are	associated	with	a	history	of	stroke/TIA	and	other	CVD.	In	elderly	people	with	

depressive	symptoms,	these	associations	were	not	found.	Increasing	apathy	scores	were	

also associated with cardiovascular risk factors, including T2DM, systolic blood pressure, 

obesity,	and	CRP	in	participants	free	from	CVD,	stroke/TIA,	and	depression.

Our	finding	that	symptoms	of	apathy	are	prevalent	in	20%	of	otherwise	healthy	com-

munity-dwelling elderly individuals is in agreement with other reports (20-27%),5,10,11 

although some found much lower rates (1-6%),4,8	reflecting	a	lack	of	agreement	on	the	

definition	of	apathy.	In	2009,	consensus	diagnostic	criteria	were	developed	by	Robert	et	

al20, to facilitate further research on the nosological position of apathy, both as an inde-

pendent	construct	and	in	relation	to	other	neuropsychiatric	disorders.	For	this	diagnosis,	

2 of 3 dimensions of apathy (reduced goal-directed behavior, goal-directed cognitive 

activity, and emotions) must be present for a minimum of 4 weeks, and there should be 

functional	impairments	caused	by	apathy.	A	criterion	standard	for	measuring	apathy	is,	

however,	 not	 yet	 available.	 In	 our	 large	 population-based	 study,	 symptoms	of	 apathy	

and	depression	were	assessed	with	the	GDS-15	rather	than	by	a	specific	apathy	scale	or	

clinical	interviews.

Despite this limitation, the GDS-3A items have repeatedly been shown to represent 

apathy	or	withdrawal,	as	discussed	in	the	“Methods”	section.	In	addition	to	a	comparison	

with	the	Apathy	Scale,	the	face	validity	of	these	items	was	confirmed	by	consensus	among	

17	professionals	unaware	of	the	factor	analysis.11	In	our	exploratory	factor	analysis,	we	

found a separate factor for these 3 items as well, in accordance with these previous 

findings	and	strengthening	the	hypothesis	that	these	items	represent	a	distinct	cluster	

of	symptoms.

A cross-sectional relationship between increasing age and apathy was described previ-

ously,10 as well as a progression of apathy prevalence with increasing age during follow-

up.4,11 Lower baseline MMSE scores among otherwise healthy community-dwelling 

elderly individuals with apathy were reported previously,10 although others found no 

association	with	changes	in	apathy	scores	after	5	years	of	follow-up.4 A lower baseline-

level of education in relation to apathy in the general population has been reported 

before	in	1	study.21

Our	finding	that	apathy	is	associated	with	a	history	of	stroke/TIA	and	other	CVD	in	an	un-

selected population aged 70 to 78 years is consistent with a previous report by van der 

Mast et al11 in a sample of 85-year-old community-dwelling elderly individuals, in which 

they found that older people with apathy had more cardiovascular pathologic features 

(both	including	and	excluding	stroke)	compared	with	study	participants	without	apathy.	
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In addition, vascular disease at baseline predisposed to apathy but not depression dur-

ing	5	years	of	 follow-up.11	Consistent	with	our	findings,	peripheral	arterial	disease,	as	

measured	by	 a	 lower	 ankle-brachial	 index,	was	 recently	 found	 to	 be	 an	 independent	

risk	factor	for	apathy	in	a	community-dwelling	population.21 It was recently shown that 

healthy elderly individuals with apathy more often have deep white matter lesions than 

those without,5 whereas progression of deep white matter lesions was not associated 

with	development	of	depressive	symptoms	among	older	people	at	risk	of	CVD.22 A rela-

tion	of	specific	anatomical	locations	of	cerebral	infarcts	and	deep	white	matter	lesions	

with	apathy	has	been	suggested.	Especially,	lesions	in	the	basal	ganglia	and	frontosub-

cortical lesions have been reported to be associated with apathy, although never in an 

unselected	 population-based	 sample	 such	 as	 ours.3,23,24 Because we did not perform 

neuroimaging,	we	do	not	know	whether	specific	lesion	localizations	are	associated	with	

apathy	in	our	sample.

To overcome the potential bias that apathy after stroke is attributable to direct brain 

damage, we analyzed the association of apathy with cardiovascular risk factors in partici-

pants	who	had	never	had	a	stroke	or	TIA.	This	analysis	also	showed	a	strong	correlation	

of	 symptoms	of	 apathy	with	vascular	 risk	 factors.	 This	 refutes	 the	possibility	 that	 the	

association of apathy with CVD is driven by direct brain damage as a consequence of 

(classic) stroke alone and suggests that other forms of brain damage may play a role 

–for	example,	slowly	progressive	white	matter	changes	or	clinically	“silent”	subcortical	

ischemic	lesions.

The	association	of	apathy	with	hypertension,	T2DM,	obesity,	and	CRP	in	elderly	individu-

als	who	are	free	from	stroke/TIA,	CVD,	and	depressive	symptoms	in	our	cohort	(Figure)	

lends	 further	support	 for	a	possible	causal	 role	of	vascular	 factors.	 It	 is	 interesting	 to	

see	consistency	in	their	increase	with	apathy	score,	suggesting	a	“dose-effect”	relation,	

although some of these relations may be confounded by, for instance, adherence to 

prescribed	treatment.

Similar	 to	our	findings,	other	 studies	on	apathy	 in	nondemented	community-dwelling	

elderly individuals found no relationship between depressive symptoms and CVD, deep 

white	matter	 lesions,	or	cardiovascular	 risk	 factors.5,11,21 A recent publication from the 

Rotterdam	study	concluded	that	atherosclerosis	does	not	appear	to	increase	the	risk	of	

incident	depression	in	older	adults.25 In fact, hypotheses on the role of vascular factors 

in depression may be confounded by the concept of apathy –that is, when psychometric 

instruments to assess depression that include several items on apathy are used, patients 

can	be	misdiagnosed	as	depressive	on	the	basis	of	a	high	score	on	apathy	 items.	The	

consistent relationship between age and apathy within nondepressed elderly individuals 

in	our	study	suggests	a	pathophysiological	mechanism	that	is	different	from	depression.	

Since	the	“vascular	depression”	hypothesis	was	coined	in	1997,	it	has	been	noted	that	

older patients with depressive disorders and vascular or cerebrovascular disease have 
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different	symptoms,	with	more	prominent	apathy	and	lack	of	insight	and	less	feelings	of	

guilt,	supporting	the	hypothesis	of	different	pathophysiological	mechanisms	underlying	

depression	in	elderly	individuals.26,27	In	this	context,	it	might	be	appropriate	to	conclude	

that,	in	addition	to	the	concept	of	“vascular	depression”,	there	are	possibly	a	significant	

number	of	older	people	without	depressed	mood	who	have	“vascular	apathy”.11

The DSM-IV allows the diagnosis of depression in the absence of a depressed mood, pro-

vided	that	symptoms	of	loss	of	interest	or	anhedonia	are	present.	This	may	in	part	explain	

the	high	frequency	of	co-occurrence	of	depression	and	apathy.2 Indeed, this may have 

caused	misclassification	of	patients	with	apathy	 (with	no	or	few	dysphoric	symptoms)	

as	 having	 a	depressive	 syndrome.7;28,29 If so, this could have important consequences 

for	clinical	practice.	Characterizing	a	patient	as	apathetic	instead	of	depressed	will	have	

consequences	for	treatment	and	prognosis.

One of the strengths of this study is the large, unselected general population and the 

limited	 number	 of	 exclusion	 criteria	 (mainly	 dementia	 and	 short	 life	 expectancy),	 in-

creasing	the	external	validity	and	minimizing	potential	selection	bias.	Because	the	study	

was not primarily designed to measure apathy but does include depression as secondary 

outcome,	apathy	was	measured	with	the	GDS-3A	as	part	of	the	GDS-15.	Although	several	

apathy scales are available, as yet no consensus has been reached on the optimal set of 

instruments	for	use	in	unselected	and	disease-specific	neuropsychiatric	populations.30 

The recently published consensus criteria on apathy are a welcome contribution to this 

field,	and	we	hope	they	will	help	guide	future	research	on	this	subject.20

Most	participants	were	white,	and	there	might	be	a	selection	of	the	‘worried	well’	regard-

ing	the	preventive	nature	of	the	study,	although	our	sample	does	not	seem	very	different	

from	the	overall	Dutch	population.	Among	7	of	the	preDIVA	health	care	centers,	the	age	

and	 sex	 of	 participants	 (n=900)	 versus	 nonparticipants	 (n=689)	 were	 compared	 and	

showed	that	the	latter	were	slightly	older	(mean	74.6	vs	74.3	years;	p=0.02)	and	there	

were	slightly	more	women	(58.8%	vs.	54.5%;	p=0.09).	In	the	Dutch	“Doetinchem	cohort	

study”	(n=4520;	2003-2007),	18%	to	28%	of	participants	aged	65	to	75	were	reported	

to	be	obese	(body	mass	index	>30	kg/m2)	versus	24%	in	our	population.31 The number 

of	smokers	among	our	participants	 (13.3%)	 is	similar	 to	 that	of	 the	Dutch	population	

in general of the same age (12%-15%),32	providing	 further	credibility	 to	 the	external	

validity	of	our	findings.

Our	findings	are	based	on	a	secondary	analysis	of	baseline	data	of	the	preDIVA	study.	

There	 are	 some	 limitations	 with	 respect	 to	 parameters	 of	 depletion	 and	 frailty.	 The	

overall	score	on	the	ALDS	in	our	population	is	high,	indicating	little	disability.	It	is	likely	

that the frailest participants in the population do not participate in the preDIVA study 

because	 they	were	 excluded	by	 their	GP.	 By	 screening	 for	 cognitive	 impairment	with	

the	use	of	the	MMSE	and	Visual	Association	Test,	we	aimed	to	exclude	participants	with	

imminent	dementia.	This	does	not	exclude	the	possibility	of	subtle	cognitive	impairment	
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in some of the participants but, considering the design, setting, and size of this study, this 

screening	is	adequate.

The	 present	 findings	 warrant	 further	 research	 into	 the	 relationship	 of	 cardiovascular	

risk	factors	and	atherosclerotic	disease	with	symptoms	of	apathy	and	depression.	The	

influence	of	these	symptoms	on	frailty	or	handicap	(and	vice	versa)	could	be	important	

in	understanding	the	effect	of	apathy	and	depression	on	functional	impairment.	Further	

longitudinal studies could contribute to our knowledge on the natural course of symp-

toms of apathy, potential ways of preventing apathy (and associated disability), and the 

potential	misclassification	of	persons	who	are	apathetic	rather	than	depressed.

In conclusion, symptoms of apathy appear to be highly prevalent in the healthy, commu-

nity-dwelling	elderly	population.	The	strong	association	between	symptoms	of	apathy	

and	a	history	of	stroke/TIA,	other	CVD,	and	cardiovascular	risk	factors	among	community-

dwelling elderly participants who are free from depressive symptoms and dementia is 

suggestive	of	an	important	contribution	of	vascular	factors	in	the	etiology	of	apathy.
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AbSTRACT

Objective
Although depression is considered to be associated with cardiovascular disease (CVD), 

specifically	symptoms	of	apathy	have	been	strongly	associated	with	a	history	of	CVD	in	

recent	studies.	In	this	study,	we	prospectively	assess	whether	symptoms	of	apathy	and	

depression	are	independent	risk	factors	for	incident	CVD	and	stroke.

Methods
We carried out a prospective cohort study of 1810 community-dwelling older individuals 

(70-78	years)	without	a	history	of	CVD	or	stroke.	Symptoms	of	apathy	and	depression	

were	assessed	with	the	15-item	Geriatric	Depression	Scale.	Incident	CVD	and	stroke	were	

assessed	after	2	years	follow-up.	The	associations	of	symptoms	of	apathy	and	depression	

with	incident	CVD	and	stroke	were	analyzed	separately	using	logistic	regression	analysis.

Results
Symptoms	 of	 apathy	 and	 depression	were	 present	 in	 281	 (15.5%)	 and	 266	 (14.7%)	

participants,	 respectively.	 Incident	CVD	occurred	 in	62	 (3.5%)	participants	and	stroke	

in	55	 (3.1%)	participants.	 Apathy	was	 associated	with	 incident	CVD	after	 adjustment	

for	demographics	and	cardiovascular	risk	factors	(odds	ratio	(OR)=2.60,	95%	CI=1.46	-	

4.65).	Exclusion	of	subjects	with	depressive	symptoms	yielded	a	similar	OR	(2.94,	95%	

CI=1.45	-	5.96,	n=1544).	No	association	was	found	between	depressive	symptoms	and	

incident	CVD.	Neither	apathy	symptoms	nor	depressive	symptoms	were	associated	with	

incident	stroke.

Conclusions
Apathy,	but	not	depression,	is	a	strong,	independent	risk	factor	for	incident	CVD.	It	may	be	

a	marker	of	underlying	vascular	disease.	By	its	nature,	apathy	may	cause	non-adherence	

to a healthy lifestyle, diminished activities, and possibly even withdrawal from clinical 

care	aimed	at	improving	vascular	risk	profiles.
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INTRODUCTION

Cardiovascular disease is the leading cause of death worldwide1 and is a major contribu-

tor	to	disability.2 Its incidence increases steeply with age, which emphasizes the need for 

prevention	in	older	age	groups.3 Symptoms of apathy and depression are also common 

in community-dwelling older individuals4-7 and both have been linked to cardiovascular 

disease	and	stroke.4,6,8,9	Apathy,	defined	as	an	impairment	in	motivation,10 often occurs 

within	the	context	of	depression	but	can	also	exist	independently,	thus	without	symp-

toms	of	 guilt,	 helplessness,	 hopelessness,	 and	 a	negative	mood.11,12 It is important to 

distinguish	apathy	from	depression	because	both	conditions	may	have	different	underly-

ing	pathophysiology	and	thus	require	different	treatments.12,13

The	‘vascular	depression’	hypothesis,	formulated	by	Alexopoulos	in	1997,	proposes	an	

etiologic	role	of	vascular	factors	in	the	onset	of	depression	in	older	individuals.9 In sev-

eral cross-sectional studies, depression has indeed been associated with cardiovascular 

disease and stroke in older individuals,14-16 but most longitudinal studies were not able 

to	confirm	this.17-19

Recently,	 in	 two	 cross-sectional	 studies,	 specifically	 symptoms	 of	 apathy,	 rather	 than	

depressive symptoms, have been strongly associated with a history of cardiovascular dis-

ease,	stroke,	and	cardiovascular	risk	factors	in	community-dwelling	older	individuals.4,6 

In	addition	to	these	cross-sectional	findings,	van	der	Mast	et	al.	found	that	older	persons	

with vascular disease were at higher risk of developing apathy but not depression and 

coined	the	“vascular	apathy”	hypothesis.4

If apathy is indeed a marker of underlying vascular disease, its presence may also indi-

cate an increased risk of future vascular events, and recognition of these symptoms may 

be	important	to	identify	those	individuals	at	increased	risk.	We	therefore	aimed	to	assess	

the	specific	contribution	of	both	symptoms	of	apathy	and	depression	to	the	prediction	

of	the	risk	of	incident	cardiovascular	disease	and	stroke	in	older	persons.	In	line	with	the	

vascular apathy hypothesis, we hypothesized that apathy symptoms rather than depres-

sive symptoms would be an independent risk factor for incident cardiovascular disease 

and	stroke.

METhODS

Participants
Subjects were derived from the Prevention of Dementia by Intensive Vascular Care 

(preDIVA)	trial	(trial	registration:	isrctn.com,	identifier:	ISRCTN29711771).	This	is	a	Dutch	

ongoing,	cluster-randomized	trial	carried	out	within	primary	care	to	assess	the	efficacy	of	

a multi-component, nurse-led intervention aimed at vascular risk factors, with incident 
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dementia	and	disability	as	primary	endpoints.	Secondary	outcomes	are	mortality,	cogni-

tive	 decline,	 depression,	 incident	 stroke/transient	 ischemic	 attack	 (TIA),	 and	 incident	

cardiovascular disease (including myocardial infarction, angina pectoris, and peripheral 

arterial	 disease).	 The	duration	of	 the	 intervention	 and	 follow-up	 is	 6	 years.	 Exclusion	

criteria were a diagnosis of dementia and any condition that was assumed to impede 

a	 successful	 long	 term	 follow-up	 (e.g.,	 metastatic	 malignancy	 and	 alcoholism).	 From	

May 2006 to March 2009, 3533 community-dwelling subjects aged 70-78 years were 

included.	All	eligible	subjects	in	116	general	practitioner	(GP)	practices	had	been	invited,	

yielding	a	participation	rate	of	53.3%.	Ethical	approval	was	obtained	from	the	medical	

ethics	committee	of	the	Academic	Medical	Center,	Amsterdam.	Participants	gave	written	

informed	consent	before	enrolment.	Further	details	on	the	design	of	the	preDIVA	study	

are	reported	elsewhere.20

For the present analyses, the population is considered as a cohort, irrespective of ran-

domization	group.	Because	both	apathy	and	depression	may	be	a	consequence	of	vas-

cular disease,21-25 caused either directly through a stroke lesion,21,23 or indirectly through 

disability caused by vascular disease,26,27 we investigated the predictive value of these 

symptoms	 in	 subjects	 without	 previous	 cardiovascular	 disease	 or	 stroke.	 Participants	

with a history of cardiovascular disease or stroke or with missing data on this variable 

were	therefore	excluded	from	the	analysis.

Assessment of symptoms of apathy and depression
At baseline, symptoms of apathy and depression were assessed with the 15-item Ge-

riatric Depression Scale (GDS-15) (range from 0-15, higher scores equate with worse 

functioning),	which	is	a	widely	used	instrument	by	clinicians	and	researchers.28 Principal 

component analyses of the GDS-15 have repeatedly shown that three items represent-

ing	apathy	symptoms	load	on	the	same	factor.6,29 These items are as follows: (1) Have you 

dropped many of your activities and interests? (2) Do you prefer to stay at home, rather 

than going out and doing new things? and (3) Do you feel full of energy? Sensitivity and 

specificity	for	this	subscale	are	69%	and	85%,	respectively,	compared	with	the	14-item	

Apathy Scale of Starkstein30	in	subjects	85	years	or	older.4	An	expert	team	of	psychiatrists,	

behavioral neurologists, and neuropsychologists, unaware of the factor analysis, pointed 

out	 the	 same	 three	GDS-15	 items	 as	 representing	 apathy	 symptoms.4	 A	 confirmatory	

factor	analysis	of	the	30-item	GDS	identified	these	same	three	items	as	being	part	of	a	

6-item	Withdrawal-Apathy-Vigor	subscale.31

On	the	basis	of	these	findings,	we	assessed	apathy	symptoms	using	these	three	items	

(GDS-3A;	 range	0-3	points,	 higher	 scores	 indicating	more	apathy).	We	considered	 the	

remaining	 12	 items	 to	 represent	 depressive	 symptoms	 (GDS-12D;	 range	0-12	points,	

higher	scores	indicating	a	stronger	depressive	tendency).	Symptoms	of	apathy	and	de-

pression	were	defined	as	GDS-3A	≥2	and	GDS-12D	≥2,	respectively.	This	dichotomization	
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allows	for	comparison	with	previously	published	studies.4,6 In addition to the sensitive 

cut-off	of	GDS-12D	≥2,	a	more	specific	cut-off	for	depressive	symptoms	was	also	used	

(GDS-12D	≥5).	When	reporting	depressive	symptoms	in	the	text,	the	sensitive	cut-off	of	

GDS-12D	≥2	was	used	unless	stated	otherwise.

Assessment of cardiovascular disease and stroke
At baseline, the presence of a history of cardiovascular disease (myocardial infarction, 

angina	pectoris,	 and	peripheral	arterial	disease)	and	stroke/TIA	was	assessed	both	by	

interview	with	a	practice	nurse	and	by	consulting	the	electronic	medical	records	(EMR)	

of	the	GP.	Self-reported	events	had	to	be	verified	in	the	EMR.	Data	on	cardiovascular	risk	

factors	(blood	pressure,	diabetes	mellitus	(DM),	cholesterol,	body	mass	index	(calculated	

as weight in kilograms divided by height in meters squared), and smoking habits) were 

collected.

At	the	2-year	follow-up	interview,	assessment	of	incident	stroke/TIA	and	cardiovascular	

disease (myocardial infarction, angina pectoris, and peripheral arterial disease) was 

conducted similarly to the assessment at baseline, that is, incident events were assessed 

by	interview	and	by	consulting	the	EMR	of	the	GP.	In	addition,	hospital	discharge	letters	

were	checked.

To assess fatal incident cardiovascular disease and stroke, information on cause of 

death	was	collected	from	the	EMR	for	participants	 that	had	died	during	follow-up.	An	

expert	panel	of	four	independent	senior	specialists	(Cardiology,	Neurology,	Psychiatry,	

and	General	Practice)	classified	the	causes	of	death	by	consensus	into	mortality	due	to	

cardiovascular	disease	or	stroke	and	mortality	due	to	other	causes.	Cardiovascular	and	

stroke	mortality	was	determined	to	be	either	“probable”	or	“definite”	by	the	panel.	All	

cases	of	probable	and	definite	cardiovascular	and	stroke	mortality	were	included	in	the	

primary	analysis.

Other measurements
Socio-demographic	 characteristics	were	 obtained	 for	 all	 subjects	 at	 baseline.	 Current	

medication,	cognitive	function	(Mini-Mental	State	Examination	(MMSE)	(range	from	0	to	

30, higher scores indicating better functioning)),32 level of physical activity (practicing 

sports,	yes/no),	and	disability	(Academic	Medical	Center	Linear	Disability	Score	(ALDS))33 

were	assessed	both	at	baseline	and	after	2	years	of	 follow-up.	 The	ALDS	 is	a	generic	

linear handicap scale with a range from 0 to 100 where higher scores equate with better 

functioning.	Medication	use	was	derived	from	the	EMR.

Statistical analysis
Participants	with	missing	data	on	history	of	cardiovascular	disease	or	stroke	and/or	with	

missing	items	on	the	GDS-15	(>2	on	GDS-12D	and/or	>1	on	GDS-3A)	were	excluded	from	
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the	analyses.	The	Markov	chain	Monte	Carlo	multiple	imputation	method	was	performed	

on demographic variables, cardiovascular risk factors, ALDS, and current medication to 

replace	missing	 data	with	 plausible	 values.	 The	 dependent	 variables	 incident	 cardio-

vascular	disease	and	stroke	were	not	imputed.	Univariate	comparisons	were	performed	

using Student´s t-test and Mann-Whitney U (MW-U) test for continuous variables, chi-

squared	test	for	binary	variables,	and	chi-squared	test	for	trend	for	ordinal	variables.

The association of symptoms of apathy and depression with incident cardiovascular 

disease and stroke was analyzed using logistic regression analysis with incident non-

fatal	and	fatal	cardiovascular	disease	and	stroke	as	dependent	variables.	Because	silent	

ischemic brain lesions might contribute to apathy symptoms,34,35	and	subjects	affected	

by this may have an increased risk of clinically overt stroke,36 cardiovascular disease and 

stroke	were	analyzed	as	separate	dependent	variables.	If	participants	suffered	from	inci-

dent	stroke	and	cardiovascular	disease,	both	events	were	analyzed	separately.	Separate	

analyses	were	performed	for	depressive	symptoms	most	sensitively	defined	as	GDS-12D	

≥2	and	with	the	more	specific	cut-off	of	≥5.

We	 used	 three	models	 in	 the	 analyses.	Model	 1	 is	 unadjusted.	 In	model	 2,	 analyses	

were	adjusted	for	age,	sex,	and	 level	of	education	 (<7,	7-12,	and	>12	years),	because	

apathy	symptoms	and	vascular	disease	are	influenced	by	demographics.3,5,6,37 In model 

3, we additionally adjusted for baseline cardiovascular risk factors (systolic blood pres-

sure	≥160	mmHg,	BMI	≥30	kg/m2,	total	cholesterol	≥6.5	mmol/L,	DM,	current	smoking,	

and	not	practicing	sports).	When	reporting	odds	ratios	(ORs)	in	the	Results	section,	ORs	

of	model	3	are	 reported	unless	 stated	otherwise.	Cognitive	decline,	disability,	 and	an	

increasing	number	of	health	conditions	are	all	significantly	related	to	apathy,5,37-39 and 

are	known	to	be	related	to	vascular	disease	outcomes.40,41	Therefore,	in	an	exploratory	

fourth model, additional adjustments were made for cognitive status using the MMSE 

score,	disability	using	the	ALDS,	and	number	of	non-vascular	prescriptions	as	a	proxy	for	

other	comorbidities.37,42	All	analyses	have	been	repeated	within	the	unimputed	dataset.	

Data	analyses	were	performed	with	SPSS	statistical	 software,	 version	20.0	 (IBM	Corp.,	

Armonk,	NY).

RESULTS

Study population
Of the 3533 subjects included in preDIVA at baseline, 1802 participants had no history 

of cardiovascular disease or stroke and completed the 2-year follow-up interview (Figure 

1).	Of	the	442	participants	that	were	lost	to	follow-up	at	2	years	after	randomization,	47	

died within two years after randomization and 395 could not be followed-up after two 

years	because	of	other	reasons	(e.g.	withdrawal	and	relocation).	Of	the	47	deaths,	8	par-
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ticipants	died	of	probable	or	definite	cardiovascular	disease	or	stroke	and	were	added	

to the 1802 participants that completed the two year follow-up interview, resulting in a 

study	population	of	1810	participants.

baseline characteristics
Baseline characteristics are shown in Table 1 for the entire study population (n=1810) 

and	separately	for	symptom-free	subjects	(defined	as	subjects	without	apathy	symptoms	

and	without	depressive	symptoms)	(n=1387	(76.6%)),	subjects	with	apathy	symptoms	

(n=281	(15.5%)),	and	subjects	with	depressive	symptoms	(n=266	(14.7%)).	The	percent-

ages	of	 the	 latter	 three	categories	do	not	add	up	 to	100	due	 to	overlap	 (124	 (6.9%)	

individuals	had	both	apathy	and	depressive	symptoms).

Subjects	with	 apathy	 symptoms	were	 significantly	 older	 than	 symptom-free	 subjects.	

In addition, subjects with apathy symptoms and those with depressive symptoms were 

more likely to have a lower level of education, lower baseline scores on MMSE and 

ALDS, and a higher number of non-vascular prescriptions, compared with symptom-free 

PreDIVA baseline assessment (n=3533)

No CVD/stroke history and no missing items on GDS-15 (n=2244) 

Two year follow-up (n=1802) 

Lost to follow-up at two year after randomisation (n=442)

• Deathb (n=47)

• Otherc (n=395)

• CVD/stroke history (n=1230)

• Missing data on CVD/stroke history (n=44)

Missing items on GDS-15a (n=15)

Definite and probable cardiovascular/stroke mortality (n=8)

Eligible for study (n=1810)

Figure 1. Flowchart	of	selection	of	eligible	study	participants.
a Missing items on the 15-item Geriatric Depression Scale (GDS-15): >2 items missing on the Geriatric 
Depression	Scale-12D	and/or	>1	item	missing	on	the	Geriatric	Depression	Scale-3A.
b	Including	probable	and	definite	cardiovascular	and	stroke	mortality.
c	Subjects	were	older	than	participants	 included	in	study	(mean	(SD):	74.6	(2.5)	versus	74.1	(2.5)	
years, p	 <	 0.001)	 and	 less	 educated	 (<7	 years:	 30.1%	versus	21.7%;	7-12	 years:	 58.7%	versus	
65.1%;	>12	years:	11.1%	versus	13.2%,	p	=	0.001).	Gender	did	not	differ	significantly	(male:	37.0%	
versus	40.3%,	p	=	0.22).	CVD,	cardiovascular	disease.
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subjects.	For	both	groups,	associations	were	found	with	most	cardiovascular	risk	factors,	

although	for	apathy	symptoms,	these	seemed	to	be	stronger.

The association of symptoms of apathy and depression with incident 
cardiovascular disease and stroke
Table 2 shows the association of symptoms of apathy and depression with incident 

cardiovascular	disease	and	stroke.	Incident	cardiovascular	disease	occurred	in	62	(3.5%)	

participants	 and	 incident	 stroke	 in	 55	 (3.1%)	participants,	 of	which	 respectively	 four	

(6.5%)	and	four	(7.3%)	were	fatal.	Three	(0.2%)	participants	suffered	both	a	non-fatal	

Table 1. Baseline characteristics of all participants and according to symptoms of apathy and de-
pressiona

Characteristic

All
n=1810

Symptom-free
n=1387 (76.6)

Apathy 
symptomsb

n=281
(15.5)

Pd Depressive 
symptomsc

n=266
(14.7)

Pd

Age, mean (SD), y 74.12	(2.45) 74.01	(2.45) 74.69	(2.43) <.001 74.31	(2.35) .07

Male	sex 729	(40.3) 575	(41.5) 99	(35.2) .05 95	(35.7) .08

Educational level <.001 <.001

 <7 years 393	(21.7) 266	(19.2) 89	(31.7) 80	(30.1)

 7-12 years 1178	(65.1) 924	(66.6) 161	(57.3) 161(60.5)

 >12 years 239	(13.2) 197	(14.2) 31	(11.0) 25	(9.4)

Caucasian 1770	(97.8) 1361	(98.1) 271	(96.4) .08 258	(97.0) .22

Cardiovascular risk factors

	 SBP≥160	mmHg 733	(40.5) 543	(39.1) 133	(47.3) .01 107	(40.2) .74

	 Total	cholesterol	≥6.5	mmol/L 317	(17.5) 232	(16.7) 57	(20.3) .16 54	(20.3) .15

	 BMI≥30	kg/m2 402	(22.2) 284	(20.5) 87	(31.0) <.001 72	(27.1) .02

 Diabetes Mellitus 295	(16.3) 207	(14.9) 63	(22.4) .002 53	(19.9) .04

 Current smoking 218	(12.0) 152	(11.0) 52	(18.5) <.001 41	(15.4) .04

 Not practicing sports 720	(39.8) 493	(35.6) 172	(61.2) <.001 131	(49.2) <.001

MMSE, mean (SD) 28.27	(1.66) 28.35	(1.58) 28.04	(1.70) .005 27.92	(1.98) .002

ALDS, mean (SD) 87.65	(3.82) 88.26	(2.70) 84.89	(6.55) <.001 85.58	(6.36) <.001

Number of non-vascular prescriptions, 
mean (SD)

1.69	(1.93) 1.54	(1.82) 2.33	(2.24) <.001 2.29	(2.22) <.001

SD,	standard	deviation;	SBP,	systolic	blood	pressure;	BMI,	body	mass	index;	MMSE,	Mini-Mental	State	
Examination;	ALDS,	Academic	Medical	Center	Linear	Disability	Score.
a	 Values	 are	 numbers	 (percentages)	 unless	 stated	 otherwise.	 Before	 imputation	 missing	 value	
percentages were below 2% for demographics, cardiovascular risk factors, Mini-Mental State 
Examination	(MMSE)	score,	and	Academic	Medical	Center	Linear	Disability	Score	(ALDS).	The	missing	
value	percentage	of	number	of	non-vascular	prescriptions	was	6.5%.
b	 Symptoms	 of	 apathy:	 Geriatric	 Depression	 Scale-3A≥2.	 c Symptoms of depression: Geriatric 
Depression	Scale-12D≥2.
d P value by T-test, Pearson χ2Test, χ2 test for trend or Mann-Whitney U test, comparison with symp-
tom-free	group.
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stroke	and	a	non-fatal	cardiovascular	disease.	Apathy	symptoms	were	significantly	as-

sociated	 with	 subsequent	 cardiovascular	 disease	 (odds	 ratio	 (OR)	 =	 2.60,	 95%	 CI	 =	

1.46-4.65).	This	did	not	change	 importantly	after	additional	adjustments	 for	cognitive	

status,	non-vascular	 comorbidity,	 and	disability	 (OR	=	2.70,	95%	CI	=	1.48-4.91).	 The	

ORs	for	incident	cardiovascular	disease	for	participants	with	depressive	symptoms	were	

lower	than	for	participants	with	apathy	symptoms	and	were	not	significant,	irrespective	

of	the	cut-off	for	depressive	symptoms	(GDS-12D	≥2:	OR	=	1.55,	95%	CI	=	0.82-2.91;	

GDS-12D	≥5:	OR	=	1.56,	95%	CI	=	0.52-4.71).	Symptoms	of	apathy	and	depression	were	

not	associated	with	incident	stroke.	Excluding	three	participants	with	probable	(as	op-

Table 2. Symptoms of apathy and depression and odds ratios for incident cardiovascular disease 
and stroke in participants without a history of cardiovascular disease or stroke (n=1810)a

All 
events

(n)

Apathy/
depression
and event 

(n)

Apathy/
depression

and no 
event (n)

Model 1c Model 2d Model 3e

OR
(95% CI)

P OR
(95% CI)

P OR
(95% CI)

P

Incident cardiovascular disease (n=1777)b

Analysis for symptoms 
of	apathy	(GDS-3A≥2),	
n=277

62 22 255 3.15
(1.84-5.39)

<0.001 3.47
(2.00-6.02)

<0.001 2.60
(1.46-4.65)

0.001

Analysis for symptoms 
of depression (GDS-
12D≥2),	n=263

62 14 249 1.72
(0.93-3.16)

0.08 1.80
(0.97-3.34)

0.06 1.55
(0.82-2.91)

0.18

Analysis for symptoms 
of depression (GDS-
12D≥5),	n=63

62 4 59 1.94
(0.68-5.51)

0.22 2.04
(0.71-5.89)

0.19 1.56
(0.52-4.71)

0.43

Incident stroke (n=1782)f

Analysis for symptoms 
of	apathy	(GDS-3A≥2),	
n=277

55 7 270 0.79
(0.35-1.76)

0.56 0.83
(0.55-1.26)

0.65 0.74
(0.32-1.69)

0.47

Analysis for symptoms 
of depression (GDS-
12D≥2),	n=265

55 12 253 1.63
(0.85-3.13)

0.15 1.77
(0.92-3.43)

0.09 1.74
(0.89-3.38)

0.10

Analysis for symptoms 
of depression (GDS-
12D≥5),	n=63

55 0 63 n.a. n.a. n.a. n.a. n.a. n.a.

OR,	 odds	 ratio;	CI,	 confidence	 interval;	GDS-3A,	3-item	apathy	 subscale	of	 the	15-item	Geriatric	
Depression	Scale	(GDS-15);	GDS-12D,	12-item	depression	subscale	of	the	GDS-15;	n.a.,	not	appli-
cable.
a	Odds	ratios	were	computed	using	logistic	regression	analysis.
b	Data	on	incident	cardiovascular	disease	were	missing	for	33	(1.8%)	participants.
c	Unadjusted.
d	Adjusted	for	baseline	demographics:	age,	sex,	educational	level	(<7	years,	7-12	years,	>12	years).
e Adjusted for baseline demographics and baseline cardiovascular risk factors: systolic blood pres-
sure	(SBP)	≥160	mmHg,	total	cholesterol	≥6.5	mmol/L,	current	smoking,	not	practicing	sports,	body	
mass	index	(BMI)	≥30	kg/m2,	and	presence	of	diabetes	mellitus.
f	Data	on	incident	stroke	were	missing	for	28	(1.5%)	participants.



Chapter 6

102

posed	to	definite)	cardiovascular	or	stroke	mortality	from	the	analyses	did	not	change	

these	results.

On the basis of the results of these analyses, the association of apathy symptoms with in-

cident	cardiovascular	disease	and	stroke	was	further	explored.	Because	this	association	

might have been confounded by comorbid depressive symptoms, an additional analysis 

was	performed	in	subjects	with	a	GDS-12D	score	≤1	(n=1544	of	whom	157	(10.2%)	had	

apathy	symptoms).	The	association	between	apathy	symptoms	and	incident	cardiovascu-

lar	disease	remained	strong	(OR	=	2.94,	95%	CI	=	1.45-5.96).	Additional	adjustments	for	

cognitive	status,	non-vascular	comorbidity,	and	disability	did	not	affect	the	results	(OR	

=	3.02,	95%	CI	=	1.45-6.29).	No	association	was	found	between	apathy	symptoms	and	

incident	stroke.	Figure 2 shows the unadjusted relative risk of incident cardiovascular 

disease	and	stroke	with	 increasing	apathy	score	 in	 this	group.	Repeating	the	analyses	

within	the	unimputed	dataset	did	not	affect	any	of	the	results	mentioned	earlier.

DISCUSSION

Here	we	show	for	 the	first	 time	that	symptoms	of	apathy	are	strongly	associated	with	

an increased risk of incident cardiovascular disease supporting the vascular apathy hy-

pothesis.	This	association	was	independent	of	the	presence	of	depressive	symptoms	and	
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Figure 2. Symptoms	 of	 apathy	 as	 risk	 factor	 for	 incident	 cardiovascular	 disease	 and	 stroke.	
Unadjusted	relative	risk	(RR)	of	incident	cardiovascular	disease	(CVD)	and	stroke	by	apathy	score	on	
Geriatric Depression Scale-3A (GDS-3A) in participants without a history of cardiovascular disease 
or	stroke	and	with	no	or	only	one	depressive	symptom	(Geriatric	Depression	Scale-12D	score	≤1)	
(n=1544).	Error	bars	indicate	confidence	intervals.
a Data on incident cardiovascular disease and stroke were missing for 30 and 27 participants, re-
spectively.
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remained robust after adjustment for potential confounders, including demographics, 

cardiovascular	risk	factors,	cognitive	status,	non-vascular	comorbidity,	and	disability.	In	

contrast, no association was found between depressive symptoms and incident cardio-

vascular	disease.	Figure 2 illustrates that increasing symptoms of apathy are associated 

with	an	increasing	risk	of	incident	cardiovascular	disease.	Neither	apathy	symptoms	nor	

depressive	symptoms	were	associated	with	incident	stroke.

To	our	knowledge,	 this	 is	 the	first	 study	 to	examine	whether	symptoms	of	apathy	are	

associated	with	an	increased	risk	of	incident	cardiovascular	disease	or	stroke.	Previous	

studies have focused on depressive symptoms as a predictor of cardiovascular events 

and	stroke.	In	a	meta-analysis,	depression,	and	to	a	lesser	extent,	depressive	symptoms,	

were found to be an independent risk factor for the onset of cardiovascular disease 

including	stroke.43 Although individual prospective studies assessing the association of 

depression with stroke have reported inconsistent results, two meta-analyses reported 

that	 depression	 significantly	 increases	 the	 risk	 of	 stroke.44,45	 An	 age-effect	 has	 been	

reported in one study, in which depressive symptoms were a risk factor for stroke in 

persons	aged	65	years	or	younger,	but	not	in	the	older	individuals.46	The	latter	finding	

is consistent with the results from this present study in which no association was found 

between depressive symptoms and subsequent stroke in subjects aged 70 years and 

older.

Because of overlapping clinical features, including loss of interest and initiative, apathy 

may	 be	 confused	with	 depression.47 Furthermore, instruments that assess depression 

frequently include several apathy items, which might lead to an overestimation of 

depression	and	misclassification	of	apathy	as	depression	due	to	high	scores	on	apathy	

items.11-13 The association of depression with cardiovascular disease and stroke previ-

ously	 reported	might	 thus	have	been	 confounded	by	 the	presence	of	 apathy.	Apathy	

symptoms rather than depressive symptoms could be a marker of underlying vascular 

disease.

Longitudinal studies on apathy have been focusing on vascular factors preceding symp-

toms	of	apathy.	The	Leiden	85-plus	study	found	that	subjects	with	vascular	disease	were	

at	higher	 risk	of	developing	apathy,	but	not	depression.4	 In	 line	with	these	findings,	a	

lower	ankle	brachial	pressure	 index,	as	a	measure	of	atherosclerosis,	was	found	to	be	

an independent risk factor for apathy, but not for depression in a community-dwelling 

population.48	 These	 findings	 also	 suggest	 an	 underlying	 vascular	 mechanism	 in	 the	

development	of	apathy.

However, no association was found between apathy symptoms and incident stroke in this 

present	study.	A	possible	explanation	might	be	the	occurrence	of	selective	attrition	since	

severe disability caused by stroke may have led to termination of study participation 

before	reaching	the	two	year	follow-up	interview	in	some	participants.	Another	expla-

nation	might	be	that	apathy	is	a	behavioral	manifestation	of	a	low-grade	inflammatory	
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reaction (sickness behaviour),49 which may be more strongly associated with generalized 

cardiovascular	disease	than	with	stroke.50,51	This	difference	might	be	caused	by	the	more	

heterogeneous etiology of stroke, including selective carotid artery disease, cerebral 

small	vessel	disease,	and	atrial	fibrillation.	To	test	this	hypothesis,	an	exploratory	analysis	

of	C-reactive	protein	(CRP)	as	a	marker	of	inflammation	was	performed.	This	showed	that	

the	baseline	CRP	 levels	 in	participants	with	baseline	 apathy	 symptoms	 (n=281)	were	

significantly	higher	 compared	 to	control	 subjects	without	apathy	 symptoms	 (n=1529)	

(mean	and	standard	deviation	(SD):	5.08	(11.51)	mg/L	versus	3.29	(4.72)	mg/L,	p	=	0.009,	

MW-U	test).	Further	supporting	this	hypothesis,	the	baseline	CRP	levels	in	participants	

with	baseline	apathy	symptoms	and	incident	stroke	(n=7,	mean	(SD):	3.01	(2.36)	mg/L)	

was lower than in subjects with baseline apathy symptoms and incident cardiovascular 

disease	(n=22,	mean	(SD):	5.98	(8.43)	mg/L).	The	difference	did	however	not	reach	sig-

nificance	in	this	small	number	of	subjects	(p	=	0.46,	MW-U	test).

PreDIVA	is	a	large	prospective	population-based	study	with	few	exclusion	criteria	which	

minimizes	potential	selection	bias	and	increases	the	external	validity.	In	addition	to	self-

report, ascertainment of incident cardiovascular disease and stroke was based on GP 

records that accurately keep track of important changes in health status, adding to its 

validity.	Because	of	the	preventive	nature	of	the	study,	there	may	have	been	a	selection	

of	the	“worried	well”.	A	comparison	of	age	and	sex	between	participants	 (n=900)	and	

non-respondents (n=689) from a group of seven randomly chosen GP practices showed 

that	 the	 non-responders	were	 slightly	 older	 (mean:	 74.6	 versus	74.3	 years,	p	 =	 0.02)	

and	there	were	slightly	more	women	(58.8%	versus	54.5%,	p	=	0.09).	Comparison	with	

the general Dutch population showed comparable prevalence of obesity and smoking,6 

supporting	the	external	validity	of	our	findings.	A	limitation	to	this	study	is	that	preDIVA	

was not primarily designed to evaluate apathy and the study protocol did not allow for 

an	extensive	clinical	examination	of	apathy.	However,	we	were	able	to	assess	symptoms	

of apathy by using the GDS-3A as part of the GDS-15 and these three items have consis-

tently	shown	to	reflect	apathy	in	several	population-based	studies	(Mitchell	et	al.,	1993;	

Adams,	2001;	Adams	et	al.,	2004;	van	der	Mast	et	al.,	2008;	Ligthart	et	al.,	2012).4,6,29,31,38 

To our knowledge, thus far, no reports are available on the diagnostic accuracy of the 

GDS-12D.	Considering	this	limitation	and	the	modest	sensitivity	of	the	GDS-3A,	we	did	

not aim for a formal diagnosis of either depression or apathy (as distinct diagnostic cat-

egories),	but	rather	we	wanted	to	explore	associations	between	symptoms	representing	

depressive or apathetic tendencies (as behavioral dimensions) and incident cardiovascu-

lar	disease	and	stroke.	Furthermore,	a	relatively	short	period	of	follow-up	was	deployed	

for	this	analysis.	Despite	this,	the	total	number	of	events	was	reasonably	high	(117;	6.6%	

of	the	participants)	and	we	did	find	a	strong	and	robust	association	of	apathy	symptoms	

with	incident	cardiovascular	disease.	Future	confirmation	with	longer	follow-up	and	in	

different	cohorts	may	strengthen	 this	finding.	The	number	of	cardiovascular	events	 in	
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participants with depressive symptoms was however relatively small compared to the 

number	of	events	 in	participants	with	 apathy	 symptoms	 (14/263	 (5.3%)	and	22/277	

(7.9%)	respectively).	This	renders	our	finding	on	the	absence	of	an	association	between	

depressive	symptoms	and	incident	cardiovascular	disease	prone	to	a	type	II	error.	Finally,	

because the present analysis was based on the information on incident cardiovascular 

disease	and	stroke	at	2	years,	no	time-to-event	analysis	could	be	performed.

The results of this study indicate that it is important for clinicians to recognize symptoms 

of apathy as an independent risk factor for cardiovascular disease in older individuals 

without	a	history	of	cardiovascular	disease	or	stroke.	The	OR	of	2.94	is	comparable	with	

the	OR	of	other	well-established	cardiovascular	risk	factors,	such	as	current	smoking	(OR	

2.87),	or	diabetes	mellitus	(OR	2.37).52 Future research should focus on whether cardio-

vascular risk factor assessment and following treatment of cardiovascular risk factors can 

reduce the risk of incident cardiovascular disease in older persons with apathy symptoms 

and	no	previous	cardiovascular	disease	or	stroke.	Early	recognition	of	apathy	symptoms	

with a simple instrument as the GDS may help to identify a vulnerable population at 

increased	risk	of	incident	cardiovascular	disease.	These	older	individuals	would,	on	the	

basis of their negative history of cardiovascular disease and stroke only, otherwise not 

be eligible for prevention strategies and might even be prone to withdraw from clinical 

care	because	of	the	nature	of	apathy	symptoms.	In	addition,	apathy	symptoms	may	lead	

to non-adherence to a healthy lifestyle and diminished activities, potentially adding to 

the	clinical	relevance	of	our	observations.

CONCLUSION

Symptoms of apathy in older persons without a history of cardiovascular disease or 

stroke are highly prevalent and are strongly associated with incident cardiovascular dis-

ease.	This	association	is	 independent	from	well-established	cardiovascular	risk	factors	

and	from	the	presence	of	depressive	symptoms.	Apathy	can	therefore	be	considered	as	

an	 important	 risk	 factor	 for	 incipient	cardiovascular	disease.	This	underlines	 the	need	

of recognition of apathy symptoms in older persons without previous cardiovascular 

disease or stroke, especially because the nature of these symptoms might lead to a 

tendency	to	withdraw	from	clinical	care.
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AbSTRACT

background
Cardiovascular	prevention	programmes	are	increasingly	being	offered	to	older	people.	

To	achieve	the	proposed	benefits,	adherence	is	crucial.	Understanding	the	reasons	for	

adherence	and	non-adherence	can	improve	preventive	care.

Aim
To gain insight into what motivates older people living in the community to partake in 

a cardiovascular prevention programme, and reasons for subsequent continuation or 

withdrawal.

Design and setting
Qualitative	 study	 of	 current	 and	 former	 participants	 of	 the	 ongoing	 ≥6	 year	 PreDIVA	

(prevention of dementia by intensive vascular care) trial in primary care practices in 

suburban areas in the Netherlands

Method
Semi-structured interviews were conducted with a purposive sample of 15 participants 

(aged	76-82	years).	Interviews	were	audio-recorded	and	analysed	by	two	independent	

researchers	using	a	thematic	approach.	Participants	were	asked	about	their	motivation	

for participating in the programme, along with the facilitators and barriers to continue 

doing	so.

Results
Responders	reported	that	regular	check-ups	offered	a	feeling	of	safety,	control,	or	being	

looked	after,	and	were	an	important	motivator	for	participation.	For	successful	continua-

tion,	a	personal	relationship	with	the	nurse	and	a	coaching	approach	were	both	essential;	

the	lack	of	these,	along	with	frequent	changes	of	nursing	staff,	were	considered	to	be	

barriers.	Participants	considered	general	preventive	advice	unnecessary	or	patronising,	

but	practical	support	was	appreciated.

Conclusions
To successfully engage older people in long-term, preventive consultations, the approach 

of	the	healthcare	provider	is	crucial.	Key	elements	are	to	offer	regular	check-ups,	use	a	

coaching	approach	and	to	build	a	personal	relationship	with	the	patient.
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INTRODUCTION

Improvement	 of	 the	 cardiovascular	 risk	 profile	 of	 older	 people	 is	 projected	 to	 have	

substantial	beneficial	effects	on	the	incidence	of	cardiovascular	diseases,	disability,	and	

possibly	 also	 on	dementia.1-7 However, adherence to cardiovascular risk management 

guidelines is low, even in secondary prevention settings and especially among older 

people.1,8,9 In response to this, over the last decade various cardiovascular prevention 

programmes	have	emerged	for	the	growing	population	of	older	people.

Understanding	older	peoples’	views	and	experiences	regarding	participation	in	preven-

tive interventions can lead to a more patient-centred approach to care and, therefore, 

better	 adherence.	 It	 has	 already	been	 shown	 that	providing	 information	on	a	healthy	

lifestyle	 is	 insufficient	 to	 change	 lifestyle	behaviours.10 A lack of tailored discussions, 

scheduled follow-ups, and inadequate timing also appear to be major barriers for satis-

factory	counselling.11-13

The ongoing preDIVA (prevention of dementia by intensive vascular care) trial aims to 

demonstrate a reduction in the incidence of dementia and disability through nurse-led 

intensive	vascular	care.14 This programme involves long-term, preventive consultations 

and	comprises	a	tailor-made	approach;	it,	therefore,	generates	an	excellent	opportunity	

to	evaluate	the	impact	of	this	type	of	intervention.	The	aim	of	this	study	was	to	explore	

what motivates older people to participate into long-term, nurse-led preventive cardio-

vascular consultations in primary care, and what reasons they have for continuing with, 

or	withdrawing	from,	the	programme.

METhODS

Participants
This	 interview	 study	was	 conducted	with	 a	 sample	 of	 preDIVA	 participants.	 Details	

of the preDIVA trial have been published elsewhere 14 but, in brief, it is an ongoing 

cluster randomised controlled trial with 6+ years of follow-up (completion scheduled 

in March 2015), in which all people aged 70-78 years were invited to participate by 

a	letter	from	their	GP	(general	practitioner).	Those	with	dementia	or	conditions	likely	

to	hinder	successful	 follow-up	were	excluded	 (13%)	 (for	example,	 language	barrier,	

severe	 psychiatric	 disease	 or	 life-expectancy	 <2	 years).	 After	 baseline	 assessments	

(n = 3533, 53% of invited population), primary care practices were randomised to 

standard	care	or	intensive	vascular	care.	Intensive	vascular	care	comprised	4-monthly,	

nurse-led	consultations	aimed	at	 reducing	cardiovascular	 risk	 factors.	These	consul-

tations included providing cardiovascular medication and lifestyle advice, based on 

national	guidelines;	details	of	the	individual	components	and	interventions	are	given	
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in Table 1.	If	indicated,	medication	was	started	or	adjusted	in	close	consultation	with	

the	GP.

To meet the aims of this study, only participants who took part in the 4-monthly visits with 

the	nurse	were	interviewed.	Of	those	approached	for	an	interview,	one	couple	(irritated	

by	changes	in	staff)	and	one	individual	(no	reason	given)	did	not	want	to	be	interviewed.	

Participants were purposively sampled to ensure diversity of the following variables:

•	 sex;

•	 educational	level;

•	 living	arrangements	(living	alone	or	with	others);

•	 cardiovascular	history;

•	 number	of	modifiable	risk	factors	(<2	or	≥2);	and

•	 ongoing,	versus	discontinued,	participation	in	the	preDIVA	trial.

Ethnicity	was	not	taken	into	account	as	98%	of	participants	were	Caucasian.	All	interview-

ees had participated in the preDIVA study for at least 4 years, allowing for an in-depth 

evaluation	of	the	intervention.	At	the	4-year	follow-up	measurement	of	preDIVA,	66%	

of	participants	were	 still	 partaking	 in	 it.	 In	 the	 intervention	group,	18%	had	 stopped	

on	their	own	request;	 in	the	control	group	this	figure	was	15%	(dropouts	are	actively	

retrieved	for	final	assessment).

Procedure
The interviews (n = 15) for the study took place between September and November 

2013,	and	were	semi-structured,	with	use	of	a	topic	list.	Participants	were	encouraged	to	

explore	their	experiences	in	terms	of	the	following	domains:

•	 motivation	to	participate	in	the	study;	and

•	 barriers	and	facilitators	to	continue	with	the	study.

The	topic	 list	was	modified	when	new	themes	emerged	from	the	data.	The	 interviews	

were	conducted	by	two	researchers	in	participants’	home	and	were	audio-recorded.	The	

Table 1. Components of intensive vascular care, carried out by nurses during 4-monthly visits

Component Intervention

Blood pressure Advice, medication when needed

Smoking Counselling, smoking-cessation advice

Exercise Advice,	referral	to	exercise	programme

Weight BMI>25:	advice;	BMI>30:	referral	to	dietician

Cholesterol Advice, medication when needed

Glucose Stepwise protocol according to guidelines

Alcohol Advice, referral when problematic

BMI	=	body	mass	index
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interviews	started	with	the	question:	‘What	was	your	experience	of	participating	in	the	

study?’,	followed	by	more	in-depth	questioning.

In	five	interviews,	a	family	member	was	present	at	some	point	–	on	request	of	the	inter-

viewee – (two daughters, three partners) and provided an occasional comment or answer 

to	illustrate	matters	that	participants	found	difficult	to	remember	(for	example,	reason	for	

participation).	The	duration	of	the	interviews	ranged	from	33	to	77	minutes.	Once	data	

saturation	was	achieved,	after	15	interviews,	no	additional	participants	were	recruited.

Analysis
A	qualitative	thematic	analysis	was	performed,	following	six	phases	set	out	by	Braun	and	

Clark:15

•	 Both	interviewers	listened	to,	and	read,	the	material,	to	become	accustomed	to	the	

interviews.	The	first	three	interviews	were	transcribed	verbatim.	They	then	listened	

carefully to the audio recordings of the other 12 interviews, and sentences or para-

graphs	that	were	relevant	to	the	targeted	domains	were	transcribed.

•	 The	interviewers	independently	generated	initial	codes	and	systematically	collected	

data	relevant	to	each	of	the	areas	of	interest.

•	 Codes	 were	 collated	 into	 potential	 themes.	 For	 each	 interview,	 the	 independent	

analyses	were	merged	into	a	consensus	document.

•	 An	in-depth	exploration	of	the	detailed	analysis	was	undertaken,	generating	a	the-

matic	 ‘map’	of	main	 themes	and	subthemes.	Results	were	 regularly	compared	and	

discussed.

•	 Themes	were	refined	and	the	narrative	of	the	analysis	was	proposed.

•	 Illustrative	extracts	were	selected	and	data	was	reported	relating	the	final	analysis	to	

the	research	question	and	existing	literature.

RESULTS

In	total,	15	individuals	aged	76-82	years	were	interviewed	from	six	different	health	care	

centres.	Of	those	15,	11	were	still	participating	in	the	programme;	four	had	withdrawn	

from	the	study	after	some	years	of	participation.	Table 2	outlines	the	participants’	char-

acteristics.

Motivators to participation
The	perception	of	being	‘checked-up	on’	was	an	important	reason	for	participation.	Many	

liked to know whether they were doing well with regards to their physical and mental 

health, and hoped for reassurance and normal test results:
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‘We [my wife and I] expected that we would find out how we were doing, intellectu-

ally [as well as physically]. I was rather interested in that. I wanted to know how I 

was doing.’ (P9, male, 77 years, living with partner, ongoing participation)

The check-up as a whole, and laboratory checks and blood pressure in particular, were 

regarded as useful:

‘Your blood pressure is measured and once in a while she checks the blood. […] Nor-

mally, when you don’t have any complaints, you don’t visit the doctor, right? It feels 

unnecessary. So I’m glad we have this now, it makes me feel very safe.’(P5, female, 78 

years, living with partner, ongoing participation)

The	same	was	mentioned	for	evaluation	of	weight,	cognition	and	physical	activity.

Some decided to participate because they were asked (by their GP) and saw no reason 

to decline the invitation:

‘I thought it’s probably something good. So why shouldn’t I do it? At the time I was 

some years younger, and it seemed like a good thing to do. There’s no harm in trying.’ 

(P10, female, 80 years, living with partner, ongoing participation)

Table 2. Characteristics of participants

Participant
number

Age,
years

Sex highest education level history
of CVD

Treatable
risk factorsa

Living situation Current participation
(duration, years)

1 77 Female Vocational training No 3 Daughter Ongoing (6)

2 77 Female Vocational training No (DM2) 3 Alone Ongoing (6)

3 77 Female Vocational training No 1 Partner Ongoing (6)

4 76 Male Higher (vocational) education Yes 0 Partner Ongoing (6)

5 78 Female Higher (vocational) education No 1 Partner Ongoing (6)

6 82 Male Higher (vocational) education Yes 3 Partner Discontinued (5)

7 77 Male Higher (vocational) education No 1 Alone Discontinued (4)

8 76 Female Vocational training No (DM2) 1 Partner Ongoing (6)

9 77 Male Vocational training Yes 1 Partner Ongoing (6)

10 80 Female Elementary school No 3 Partner Ongoing (6)

11 82 Male Elementary school No (DM2) 0 Partner Ongoing (6)

12 81 Female Vocational training No 2 Alone Discontinued (5)

13 79 Female Elementary school Yes 4 Partner Discontinued (5)

14 78 Male Vocational training Yes 3 Alone Ongoing (6)

15 81 Female Vocational training No 1 Son Ongoing (6)

CVD:	cardiovascular	disease;	DM2:	type	II	diabetes	mellitus;	aTreatable risk factors at baseline: hy-
pertension	(systolic	blood	pressure	≥160	mmHg),	hyperlipidemia	(total	cholesterol	≥5	mmol/L	(pri-
mary	prevention)	or	low	density	lipoprotein	≥2,5	mmol/L	(secondary	prevention),	body	mass	index	
≥30	kg/m2,	current	smoker	(yes/no),	inactivity	(yes/no).
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Good	accessibility	facilitated	participation.	The	programme	did	not	seem	to	cause	fear	

among	participants,	but	rather	offered	reassurance	that	things	remained	well	and	they	

were	being	cared	for.

It seemed that, for many participants, evaluation of their health status was the main 

reason	for	partaking,	instead	of	actively	making	changes	themselves.	They	also	neither	

participated because they felt at high risk, nor because they wanted to become healthier, 

as	was	hypothesised.

barriers and facilitators to continuation

Building a relationship
Almost all participants emphasised the importance of the relationship with the practice 

nurse:

‘[The nurses] did their job very well.	[…]	Not hurried but still goal-oriented and you 

can also talk about other things and get them off your mind. I can ask them anything. 

And I also get a decent answer. It’s excellent.’ (P2, female, 77 years, living alone, 

ongoing participation)

The practice nurse was viewed as a dedicated person with up-to-date medical knowledge 

and	a	sincere	interest	in	their	personal	circumstances.

Participants hoped for someone who was genuinely concerned about them and their 

health.	If	this	turned	out	to	be	the	case,	they	often	felt	very	attached	to	their	nurse.	A	

long-standing relationship was necessary to gain trust and, ultimately, to make changes 

regarding their health:

‘In this way	[by	frequent	visits	to	the	same	nurse], you get an open relationship. For 

example, I can tell her everything. With others you keep more distance. But with her 

I know exactly where I stand as she does with me. She tries to do the right thing for 

me, that’s how I see it.’ (P14, male, 78 years, living alone, ongoing participation)

Reiterating	the	importance	of	the	relationship,	those	who	had	decided	to	quit	the	study	

reported	 that	 their	 nurse’s	 approach	had	prompted	 them	 to	do	 so.	 They	 felt	 that	 the	

intervention could have been of more value to them, but they were disappointed by the 

impersonal, one-way communication, and lack of detailed questioning:

‘I hoped for more personal questions, more attention and personal contact. They 

should be much more people-oriented if they want to keep people involved.’ (P13, 

female, 79 years, living with partner, discontinued participation)
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In some cases, participants noticed that the development of a personal bond was not 

feasible,	due	to	frequent	changes	of	nursing	staff	and/or	the	nurse	being	too	young	or	

inexperienced.	 For	 example,	 in	 one	 healthcare	 centre,	 two	 participants	 (P7	 and	 P12)	

reported	that	no	permanent	nurse	was	available	for	a	period	of	time.	One	also	pointed	

out	about	the	relatively	inexperienced	substitute	nurses:

‘Those youngsters, they might be nice people but not someone to begin a conversa-

tion with. Especially not when you’re past 75 [years of age]. No experience of life.	[…]	

The difference with	[the	former	nurse]	was huge; she was in really close contact with 

you.’ (P12, female, 81 years, living alone, discontinued participation)

For most participants the bond with the nurse, or its absence, was the main reason for 

continuing	 or	 quitting	 the	 programme,	 regardless	 of	 the	 identified	 risks	 or	 perceived	

benefits.	Next	to	this	personal	bond,	the	approach	of	the	nurse	appeared	to	be	critical.

Guarding autonomy
In general, participants wished to be involved in medical decisions, such as starting medi-

cation or getting additional diagnostic tests, but they were prepared to follow the advice 

of their health professional, even if they did not always fully understand the rationale:

‘If it’s reasonable, of course, I accept it from her. […] If it is medically safe and they 

advise it, then I’ll take it. When the wise people say: “it’s better for you” well, they 

know better than me, so I just take the pills.’ (P14, male, 78 years, living alone, 

ongoing participation)

For lifestyle issues however, participants all felt this was, and should be, entirely their 

own decision:

‘To live healthily, you do it or you don’t for yourself, that’s up to you.’ (P11, male, 82 

years, living with partner, ongoing participation)

A	number	of	interviewees	expressed	the	importance	of	their	autonomy	being	respected.	

They	 felt	 this	 became	more	 pertinent	with	 increasing	 age.	 Some	 interviewees	 clearly	

indicated	that	they	were	not	prepared	to	follow	any	advice	on	specific	domains	at	all.	As	

one woman put it:

‘Actually, I have this point of view. I absolutely hate sports and such matters. So I will 

not do it. I’ll probably live for a few less years: so what.’ (P2, female, 77 years, living 

alone, ongoing participation)
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There	were	similar	examples	for	not	eating	breakfast,	for	smoking,	and	drinking	alcohol,	

habits often developed several decades ago, to which participants had resigned them-

selves.	Continued	efforts	to	change	these	behaviours	by	nurses	who	were	unaware	of	the	

underlying	views	or	convictions	caused	resistance.

The	term	‘lifestyle	advice’	was	generally	regarded	as	patronising	and	comprised	‘things	

that	one	already	knows’	(P2,	P7)	or	things	that	were	not	relevant	to	the	participant.	Some	

participants felt irritated when lifestyle advice was given:

‘I know what a healthy diet is. Not that I always do what’s best for my health, but I 

do know what it is. […] There was no advice at all that was useful to me. They were 

all things that I already knew. Lifestyle advice, I think that’s meddlesome. But that’s 

unkind to say.’ (P7, male 77 years, living alone, discontinued participation)

Another	ex-participant	felt	disrespected	and	disregarded	in	the	consultations	in	which	

the	nurse	gave	advice.	She	had	clear	ideas	about	what	approach	should	be	used:

‘ “You have to…”, always “you have to..”; I detest it. They don’t ask you what you want 

to do about it yourself. I think it’s a bit offensive for older people. They	[the	nurses]	

are kind, you know, but it’s just; you get older and age is a heavy burden. They should 

use another method actually, I think. More um… ask more questions about your 

constitution, how you are doing and what you can do as an older person in your 

home etc. And that’s often forgotten.’ (P13, female, 79 years, living with partner, 

discontinued participation)

Participants, therefore, wanted to be heard and respected, and able to discuss issues with 

the	nurse	as	equal	partners.

The coaching attitude
In	contrast	with	the	above,	satisfied	participants	reported	that	they	had	not	been	advised	

on	lifestyle	and	thought	of	this	as	something	positive.	For	example,	when	asked	‘did	the	

nurse	give	you	any	lifestyle	advice?’	one	participant	answered:

‘No, no, I don’t think so. We did talk about certain things, but it was not advice but 

um… more like a conversation. What you can do to maintain your weight, those kind 

of things.’(P3, female, 77 years, living with partner, ongoing participation)

The	aversion	to	lifestyle	advice	seemed	to	be	caused	by	its	directive	and	moral	nature;	

participants	 felt	 judged,	 rather	 than	 encouraged	 to	 change	 their	 behaviour.	 However,	
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people	 generally	 appreciated	 the	 nurse	 enquiring	 about	 specific	 lifestyle	 issues	 and	

their	efforts	towards	healthier	living:

‘She asks about it, about physical activity and also ‘do you do household chores’, 

and if so ‘do you need help with it’ and um… because with household chores, you 

are being physically active too, you know. She also asks if you go walking and go 

outside. I don’t go cycling anymore, but I do have a home trainer, I tell her, and I use 

it. That’s also good, she says.’ (P10, female, 80 years, living with partner, ongoing 

participation)

Another	 woman	 illustrated	 the	 reflective	 way	 in	 which	 the	 nurse	 encouraged	 her	 to	

improve her diet:

‘She never tells us [my daughter and me] what to do, not at all. She likes it when I 

tell her, that’s why she’s so good. We live healthier now. We eat two pieces of fruit 

every day, she always asks about it. Yes; we eat very healthy as a matter of fact.’ (P1, 

female, 77 years, living with daughter, ongoing participation)

The	positive	effect	of	the	coaching	attitude	described	by	participants	was	threefold:

•	 when	the	nurses	asked	questions	and	listened,	they	gained	trust;	and,	as	a	result

•	 nurses	could	recognise	and	reinforce	efforts	that	had	already	been	made;	and	then

•	 they	were	able	to	discuss	tangible,	tailor-made	plans	with	the	participant.

Ironically, in accordance with the above, participants who succeeded in making (gener-

ally	small)	changes	reported	that	the	nurse	had	been	of	no,	or	only	minor,	influence:	they	

felt	 it	 had	been	primarily	 their	 own	decision	 to	 change	 their	 behaviour.	 For	 instance,	

one participant started cooking with oil instead of butter and, when asked why, he said 

hesitantly:

‘Well, because of those conversations	[with	the	nurse]	probably, but I heard it from 

outside too, of course. And it’s also easier than before to get cooking oils in the 

shops. It used to be normal to use butter. […] It [the	influence	of	the	nurse] was only 

indirect, because I knew it already. No, the conversations were not the main reason 

[for a change in lifestyle]. I know we talked about it, and I took note of it, but I knew 

it already.’ (P7, male, 77 years, living alone, discontinued participation)

It seemed that, with regard to making changes, especially in lifestyle, successful nurses 

operated	in	a	sharply	defined	area;	they	mainly	asked	questions	and	discussed	issues	

in an open conversation with participants, but stayed away from giving directions or 
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general	advice.	In	this	way,	participants	felt	heard	and	respected,	and	were	more	likely	to	

stay	engaged	in	the	consultations.

DISCUSSION

Summary
Three main themes concerning participation in the cardiovascular prevention programme 

were	identified.	First,	the	perception	of	being	‘checked-up	on’	gave	a	sense	of	control,	

safety	or	being	looked	after.	It	was	seen	as	an	essential	component	of	the	programme,	

and	a	reason	for	starting	and	continuing	participation.

Secondly,	the	personal	approach	of	the	practice	nurse	appeared	to	be	crucial.	Next	to	the	

nurses’	medical	expertise,	their	ability	to	listen	and	to	build	a	personal	relationship	was	

strongly	linked	to	trust	and	prolonged	participation.

Thirdly,	 participants	wanted	 nurses	 to	 have	 a	 coaching	 and	 supporting	 attitude;	 they	

wanted to be actively involved in concerns about their health and be able to understand 

and	negotiate	both	the	intricacies	and	possibilities	for	change.	Although	practical	help	

on how to implement changes was much appreciated, general preventive advice was 

regarded	as	unnecessary	and	patronising.	Scheduled	follow-ups	were	deemed	necessary	

to build a relationship and to evaluate medication and lifestyle, along with any changes 

that	had	been	made.

Strengths and limitations
This study was carried out in the homes of older people living in the community by 

researchers	who	were	independent	of	the	GP	practices;	this	enabled	participants	to	feel	

relaxed	and	to	speak	freely	about	 their	experiences.	 In	addition,	a	diverse	population	

of older people was interviewed, and all had participated in the programme for several 

years.	Non-white	older	people	were	under-represented	in	this	study	(mainly	because	of	

language	barriers),	which	is	a	potential	limitation.	Some	were	very	aware	of	the	objective	

of the study, while others did not remember this, or even regarded the programme as 

usual	care.

A number of interviewees had withdrawn from the trial, which gave a balanced view on 

the	themes	identified.	As	an	example,	ex-participants	stated	that	they	missed	personal	

contact with the nurse, while this was spontaneously reported as a main strength by 

those	who	had	not	withdrawn.

Although working with the same study-protocol, nurses (mostly permanent employees of 

the	GP	practices)	used	different	approaches	when	delivering	care.	This	seems	to	increase	

the	external	validity	of	the	results,	as	the	nurses’	working	methods	are	representative	of	

regular	nurse-led	care	for	chronic	diseases.
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A	representative	view	was	not	aimed	for;	instead	the	aim	was	to	capture	the	particular	

experiences	of	those	participating	in	the	programme.	Nevertheless,	it	should	be	noted	

that participants who stopped shortly after the start of the study, or those who decided 

to	not	participate	at	all,	were	not	interviewed.	This	allowed	for	an	in-depth	analysis	of	ex-

periences of the programme and its strengths, but gives limited information of the views 

of	the	older	population	in	general.	Caution	should,	therefore,	be	taken	when	translating	

the	results	to	other	settings.

Interviewees participated mainly with their own health in mind, or because they were 

asked	 to	 by	 their	 GP.	 However,	 many	 spontaneously	 reported	 the	 importance	 of	 the	

research project in which they participated and, particularly, the topics of dementia and 

ageing	in	general	were	mentioned.	Also,	being	able	to	do	something	for	society	and	still	

being	useful	were	highlighted.	Altruism	as	a	motivator	could	be	indicative	of	an	over-

representation	of	relatively	healthy	and	highly	educated	people	in	the	research	setting.16 

This	could	be	regarded	as	a	limitation,	because	those	who	could	possibly	benefit	most	

from	the	intervention	might	be	under-represented.

Comparison with existing literature
To	the	authors’	knowledge,	little	is	known	about	older	people’s	views	and	experiences	

of	 long-term,	community-targeted,	preventive	 initiatives.	Based	on	 limited	evidence,	a	

Cochrane review suggested that coaching could be used to improve the involvement of 

older	people	in	primary	care.17	In	line	with	the	current	findings,	a	study	on	the	cognitive	

and	emotional	effects	of	preventive	consultations	showed	that	 insufficient	tailoring	to	

one’s	 personal	 situation	 negatively	 influenced	 the	 perceived	benefits	 of	 an	 interven-

tion.18

In a lifestyle programme promoting physical activity in a deprived community, discussing 

personal	and	social	 issues	with	 the	nurse	was	 regarded	as	a	main	benefit	of	 the	pro-

gramme.19 Two studies on cardiovascular prevention reported that participants felt that 

they	had	sufficient	knowledge	on	how	to	reduce	cardiovascular	risk,	but	appreciated	a	

hands-on	 intervention	programme	 to	help	 them	put	 that	 knowledge	 into	practice.19,20 

This	mirrors	the	findings	of	this	study.

A scheduled follow-up was considered necessary by many interviewees from both single 

and multiple consultation programmes in order to build a fruitful relationship between 

healthcare	provider	and	participant,	and	to	help	maintain	changes.11,18,19,21,22 Previous re-

search has shown that regular follow-ups increase the likelihood of sustained behaviour 

change.19

In	several	studies,	a	lack	of	professional	help	in	changing	lifestyle	was	identified	and	more	

training of the healthcare provider (GP or nurse) to improve counselling skills has often 

been	advised.11,19,23-25	Nowadays,	numerous	strategies	are	available	 for	 this	purpose.26 

Over the past years, many, but not all, participating practice nurses followed training in 
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motivational	interviewing	outside	the	framework	of	this	study.	This	counselling	approach	

has	been	shown	to	outperform	the	provision	of	traditional	advice	in	80%	of	studies.27 

Although motivational interviewing itself was not investigated here, its elements can 

be recognised throughout the analysis and may have contributed to the success of the 

intervention.

The	actual	effect	of	the	nurse-led	intervention	could	not	be	verified	in	this	study,	how-

ever,	 nurses	 seem	 to	be	 able	 to	positively	 influence	 aspects	of	 a	 healthy	 lifestyle	by	

coaching	their	participants.	It	is	conceivable	that	their	efforts	result	in	better	outcomes	

through sustained healthy behaviours, better medication adherence, and small improve-

ments	in	lifestyle.	This	idea	is	supported	by	a	systematic	review	on	complex,	preventive	

interventions for older people, which showed reduced nursing home and hospital admis-

sions.28 A recent trial reported a decreased incidence of long-term care dependency after 

a	comparable	intervention	by	GPs.2

Implications for practice
Long-term cardiovascular prevention consultations are appreciated by older people 

when carried out by a dedicated nurse, who is able to integrate care with the personal 

needs	 and	 beliefs	 of	 participants.	 Key	 elements	 for	 successful	 implementation,	 with	

respect to participant satisfaction and adherence, are to build a long-term, personal 

relationship	and	to	adopt	a	coaching	approach,	with	regular	follow-ups.	General	lifestyle	

advice, often thought to be a crucial element of preventive consultations, was regarded 

as	unnecessary,	and	even	patronising,	by	participants;	 instead,	 the	strength	of	 the	ap-

proach appeared to be to listen to the participants and coach them, dealing with concrete 

examples	or	possibilities,	rather	than	general	ideals	of	healthy	living.
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This	thesis	comprises	a	number	of	studies	within	the	context	of	the	ongoing	preDIVA	trial	

(prevention of dementia by intensive vascular care), which aims to assess whether nurse-

led	intensive	vascular	care	is	more	effective	than	usual	care	in	preventing	or	postponing	

dementia	and	disability	in	older	people.	Cardiovascular	risk	factors,	their	management	

and	 their	 relation	 to	dementia	and	apathy	are	 the	 focus	of	 this	 thesis.	 In	 the	present	

chapter,	the	main	findings	will	be	placed	within	the	context	of	current	knowledge.	In	ad-

dition,	implications	for	daily	practice	and	directions	for	future	research	will	be	discussed.

CVRM IN OLDER PEOPLE: why CARE?

In chapter 2, we showed the window of opportunity for cardiovascular prevention in 

Dutch community-dwelling older people, using the baseline data of the preDIVA study 

population.1 In almost two out of three of older persons, two or more risk factors ame-

nable	to	treatment	could	be	identified.	But	what	is	the	scientific	basis	for	the	provision	of	

cardiovascular	risk	management	(CVRM)	to	older	people?

First and foremost, antihypertensive and cholesterol lowering therapy have shown to 

be	beneficial	in	the	(primary	and	secondary)	prevention	of	cardiovascular	morbidity	and	

mortality in trial populations above 60 and 70 years, and for hypertension even above 80 

years.2-10 In addition, aspirin and other antiplatelet or anticoagulant drugs have proven 

to	be	effective	in	secondary	prevention.11 Furthermore, it is generally agreed upon that, 

regardless	of	age,	a	healthy	 lifestyle	 (e.g.	a	healthy	diet,	 regular	physical	exercise	and	

non-smoking)	is	beneficial	for	the	prevention	of	CVD,	and	also	other	chronic	diseases,	

like	type	II	diabetes	mellitus	and	cancer.12,13	Thus,	there	is	evidence	that	CVRM	can	de-

crease cardiovascular mortality and morbidity in older people, at least up to the age of 

80	and	probably	also	beyond.

A second reason for paying attention to cardiovascular risk factors in (older) people is 

their	 association	 with	 dementia.14-17	 Risk	 factors	 like	 hypertension,	 hypercholesterol-

emia, physical inactivity, smoking and diabetes in midlife have all been associated with 

late-life incident dementia in observational as well as radiological and pathophysiologi-

cal	studies,	suggesting	a	causal	role.18-23 When the Syst-Eur trial, designed to assess the 

effect	 of	 a	 calcium	 channel	 inhibitor	 on	major	 cardiovascular	 events	 in	 hypertensive	

older	people,	 showed	a	50%	decrease	 in	 incident	dementia	after	3.4	years	of	 follow	

up,24 it became conceivable that dementia might be prevented or postponed by treat-

ment	of	hypertension	and	other	cardiovascular	risk	factors.25,26 However, up to now, as 

we describe in chapter 3, clinical trial evidence is still scarce and inconclusive, and fully 

based	on	secondary	outcome	measures.	Methodological	issues	(like	lack	of	power	and	

competing	risks)	are	often	insufficiently	addressed.27 Nevertheless, various new trials are 

underway that appear to address these limitations, as is described in chapter 4.28
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Third, it has recently been shown that symptoms of apathy or lack of motivation, often 

seen in older people and mimicking depression, are related to a history of cardiovascular 

disease	(CVD).	This	suggests	that	apathy	symptoms	in	older	people	might	be	caused	by	

vascular	damage,	as	was	stated	in	the	‘vascular	apathy’	hypothesis.29 In chapter 5 and 

6	of	this	thesis,	we	confirm	the	association	between	symptoms	of	apathy	and	a	history	

of	CVD	in	a	large	group	of	community-dwelling	older	people	participating	in	preDIVA.30 

Furthermore, we show that people with symptoms of apathy have more cardiovascular 

risk factors and are at higher risk of developing a major cardiovascular event within two 

years,	which	was	not	found	in	those	with	depressive	symptoms.30,31

In summary, cardiovascular risk factors in older people are related not only to CVD and 

following	morbidity	 and	 disability,	 but	 also	 to	 dementia	 and	 symptoms	 of	 apathy.	 A	

programme like preDIVA, which is well received by participants when a patient-centred 

approach is used (see chapter 7),32	could	therefore	be	beneficial	beyond	the	domain	of	

cardiovascular diseases, and contribute to healthy aging and wellbeing on more levels 

than	previously	anticipated.

hOw TO PROVIDE ADEqUATE CVRM TO OLDER PEOPLE?

In	 the	currently	used	Dutch	guideline	 ‘cardiovascular	 risk	management’	 (applicable	 to	

those	aged	40	to	70	years	and	based	on	the	SCORE	risk	 table),	virtually	all	people	at	

the	age	of	70	appear	to	be	at	‘high	risk’,	because	the	absolute	risk	for	CVD	is	influenced	

heavily by age (see Figure 1).33 This means that for the vast majority of people around the 

age	of	70,	medical	treatment	with	antihypertensive-	and/or	cholesterol	lowering	agents	

is advised, and this cannot be changed by successful lifestyle interventions only, like in 

younger	populations.	Does	this	mean	we	should	start	treating	all	older	persons?

Arguments supporting such a proactive approach could be that older people are at high 

absolute risk of morbidity and mortality from CVD in the near future and have a higher 

chance	of	taking	benefit	from	preventive	measures	than	younger	people,	at	least	on	short	

term.	With	decreasing	case	fatality	rates	of	CVD	and	an	increasing	life	expectancy	(those	

currently	aged	75	have	a	life	expectancy	of	more	than	10	years),	a	major	cardiovascular	

event	often	leads	to	long-term	disability,	and	can	have	disastrous	effects	on	previously	

independent	people:	its	prevention	may	therefore	greatly	influence	wellbeing.35 Cardio-

vascular diseases are still the leading contributor to burden of disease in people aged 

60 years and older around the world,34 and even a small decrease in blood pressure 

among	older	people	could	have	a	substantial	effect	on	the	population	level	in	terms	of	

prevented	strokes,	myocardial	infarctions	and	other	forms	of	CVD.

However, starting medical treatment in all older people would lead to medicalization 

of	an	entire	age	group	and	would	place	a	disproportionate	burden	on	scarce	resources.	
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Moreover,	there	is	a	tendency	to	be	reserved	in	providing	CVRM	for	older	people,	which	

is	illustrated	by	the	absence	of	a	clear	national	guideline	for	those	aged	over	70.	This	is	

supported	by	several	arguments:	for	instance,	there	is	fear	of	(age-related)	side	effects	

like	hypotension,	 falls	or	 increased	bleeding	 risk.36,37	Also,	 the	effect	of	medical	 treat-

ment in older populations (especially in those aged 80 years and up or with comorbidi-

ties)	is	often	insufficiently	evaluated	and	based	on	extrapolation	of	results	in	younger	

age	groups	or	highly	selected	populations,	rendering	the	beneficial	effects	doubtful.38 

A very low blood pressure in very elderly (85+) patients has even been linked to an 

increased	 risk	 of	 dementia.39 Together with the common presence of multi-morbidity 

and/or	polypharmacy,	treating	older	people	to	improve	their	cardiovascular	risk	profile	

may	seem	a	perilous	path	to	both	patients	and	their	treating	physicians.	Last,	some	say	

that we should not bother older people with the numerous medications, advices and 

lifestyle	rules	that	may	apply	to	them	but	mainly	focus	on	wellbeing.38

Should	we	then	stop	putting	effort	into	preventive	activities	at	(very)	high	age?	Or	could	

this be labelled as ageism: withholding evidence based treatments from people at high 

Mrs Jansen is an active and 
lean woman of 71 years old. 
She has a healthy diet, never
smoked, and has a systolic

blood pressure of 150 mmHg. 
According to the risk table, 

treatment with
antihypertensive drugs is 

indicated. 

Mr Bakker is 45 years old. He 
has an unhealthy lifestyle: he
is a smoker and is obese. His

blood pressure and 
cholesterol are too high. His
father died at the age of 67, 
probably from a heart attack. 
According to the risk table, 

treatment with
antihypertensive drugs is not

necessary.

Figure 1. Assessment	of	cardiovascular	risk	for	2	casus	using	the	SCORE	risk	table	(10-year	risk	of	fa-
tal or non-fatal risk of cardiovascular disease in people without a history of cardiovascular disease, 
source: Dutch NHG Guideline on cardiovascular risk management)
Light-grey: <10% risk of (non-)fatal CVD: lifestyle advice when needed, seldom drug treatment
White: 10-20% risk of (non-)fatal CVD: lifestyle advice, drug treatment when other risk factors are pres-
ent and SBP > 140 mmHg and/or LDL > 2,5 mmol/l.
Dark grey: >20% risk of (non-)fatal CVD: lifestyle advice, drug treatment if SBD > 140 mmHg and/or 
LDL > 2,5 mmol/l.
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risk, just because of their age? Obviously, there is no clear-cut answer to the dilemma 

described	above.	It	is	evident	that	the	current	guideline	is	not	very	useful	for	determin-

ing	which	people	 to	 treat	at	high	age.	Those	aged	70	are	all	at	high	 risk	according	 to	

the	current	guideline,	while	for	older	people,	no	guideline	is	available	at	all.	Until	more	

evidence becomes available, as a society we are obliged to look for the most optimal 

ways of providing care based on currently available evidence, common sense, and a fair 

distribution	of	resources.	What	options	do	we	have?

Treatment option 1: promoting a healthy lifestyle
Promoting a healthy lifestyle is an attractive treatment option: it is available to every-

body,	has	few	side	effects	at	low	costs,	and	has	the	potential	to	improve	wellbeing	and	

prevent	numerous	diseases,	 including	CVD.	 In	a	 recent	meta-epidemiological	 study,	 it	

was	shown	that	physical	exercise	and	drug	treatment	have	a	similar	effect	in	terms	of	

mortality	 benefit	 in	 the	 secondary	 prevention	 of	 CVD.40 Lifestyle advice is therefore 

regarded	as	an	essential	first	step	of	CVRM.	At	the	same	time,	trying	to	change	lifestyle	

is regarded as futile or at least frustrating to many GPs and other healthcare workers: 

their	time-consuming	attempts	often	seem	to	have	no	effect	at	all	on	patient	behaviour.	

Many doctors therefore pay less than desirable attention to lifestyle issues and focus on 

drug	treatment.	Disappointing	trial	results	on	lifestyle	counselling	have	reinforced	this	

attitude.41

In a qualitative evaluation of the preDIVA intervention, it was revealed that older partici-

pants	too	do	not	expect	much	from	general	advice	on	healthy	living,	when	provided.32 It 

was regarded unnecessary or even patronizing and did not motivate individuals to change 

their	behaviour.	Given	the	disappointing	effects	and	frustrations	of	both	healthcare	pro-

viders and patients, should we go on with providing this advice? Fortunately, there seem 

to	be	ways	 to	positively	 influence	 lifestyle,	 albeit	 not	 in	 the	 traditional	way	of	 giving	

advice	and	providing	general	information.	In	the	first	place,	there	seems	to	be	a	need	for	

long-term	guidance	with	follow-up	visits	when	aiming	for	change.	This	allows	the	prac-

tice	nurse	to	build	a	good	relationship	with	participants.	Also,	respect	for	the	autonomy	

of	participants	appears	 to	be	crucial	 for	adherence	 to	 the	preventive	program.	Nurses	

inquiring about personal lifestyle issues were much appreciated by participants within 

our	qualitative	analysis.	 This	approach	could	help	 the	 individual	 to	 identify	and	make	

changes	 that	 they	 themselves	 consider	 useful.	 Coaching	 techniques	 like	motivational	

interviewing outperform the traditional focus on advice giving and behavioural counsel-

ling has been shown to consistently improve intermediate health outcomes like blood 

pressure,	total	cholesterol	levels,	physical	activity,	fasting	glucose	levels	and	weight.42,43 

In	our	community-dwelling	elderly	population	too,	this	approach	appears	to	be	suitable.	

In addition, in the near future, new ways of providing or supporting this type of long-term 

and	personalized	care	may	become	available	to	meet	the	needs	of	older	people.
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The	difficulty	of	achieving	lifestyle	changes	does	not	only	concern	healthcare	workers	

like	GPs	and	practice	nurses.	Clearly	and	most	importantly,	people	decide	for	themselves	

how	they	live.	However,	individuals	are	greatly	influenced	by	their	social	environment,	

with	its	own	unwritten	rules	about	acceptable	behavior,	for	example	with	regard	to	smok-

ing	or	diet.	Also,	financial	matters	can	influence	health,	by	being	able	to	choose	healthy	

foods	or	not,	or	to	practice	sports.	Physical	environment	can	influence	behavior	as	well:	

is it safe and attractive to leave the house and go outside? Thus, a healthy lifestyle is 

influenced	by	many	factors,	including	healthcare	but	also	socioeconomic	circumstances,	

societal	 trends	 and	 national	 and	 local	 policies.	 It	 is	 important	 to	 realize	 that	 the	 GP	

practice (or more generally: the healthcare system) has limited overall impact on this 

domain.	Supporting	healthy	behavior	remains	a	necessary,	but	challenging	component	of	

CVRM,	for	which	public	health	approaches	(such	as	the	smoking	ban,	healthy	food	labels,	

and	 lowering	salt	 intake)	are	needed	next	 to	 individual	counseling.44-46 For an optimal 

synergistic	effect,	it	seems,	we	must	invest	in	both	(see	Figure 2).

Treatment option 2: drug treatment
Prescribing drugs is, much more than lifestyle, seen as a key tool for medical doctors to 

lower	the	risk	of	diseases.	Antihypertensive	treatment	is	the	cornerstone	of	cardiovas-

cular risk management for older people, for which a considerable body of evidence is 

available.	Based	on	the	results	of	several	RCTs,	there	is	broad	consensus	that	treatment	

Figure 2. Population	versus	high-risk	strategy.	Source:	WHO	document	on	cardiovascular	disease,	
2007.
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of	high	blood	pressure	(in	most	trials	operationalized	as	a	systolic	blood	pressure	≥	160	

mmHg) in those aged 60-80 years reduces cardiovascular mortality and morbidity in 

both	primary	and	secondary	prevention.2 For those aged 80 and over, treatment reduces 

the	 risk	 of	 stroke	 and	 associated	 disability,	 but	 probably	 not	mortality.2,47 For statins, 

evidence shows a reduction of the risk of major cardiovascular events or cardiovascular 

death	in	people	at	high	cardiovascular	risk,	including	older	people	up	to	82	years.4,8,48

However,	many	uncertainties	still	exist	on	how	to	optimally	provide	cardiovascular	risk	

management	for	older	people.49 It is unclear if and how (biological) age or frailty should 

be taken into account when starting or adjusting medication, nor is it known how comor-

bidities	 influence	 treatment	and	outcomes.17,50 Also, there is disagreement on simpler 

questions,	like	what	treatment	goals	should	be	aimed	for.	This	is	illustrated	by	several	

recently	published	international	guidelines	on	hypertension,	which	differ	in	their	treat-

ment	recommendations.	On	the	one	hand	there	is	the	JNC	8	(eight	joint	national	commit-

tee, US, 2014) recommending to target a systolic blood pressure of 150 mmHg in those 

aged	60	and	above;	on	the	other	hand	there	is	the	ESH/ESC	guideline	(European	Society	

of	Hypertension/	European	Society	of	Cardiology,	2013)	recommending	140	mmHg	for	

those	<	80	years	of	age.51-53 The target of 140 mmHg adds to simplicity of guidelines, 

and in absence of clear arguments to increase the target blood pressure above the age of 

60,	this	seems	a	defendable	strategy	for	most	relatively	healthy	older	people.	However,	

more evidence is obviously needed to support clinical decision making in the (oldest) 

old.54,55	In	addition,	it	seems	reasonable	not	to	focus	too	much	on	specific	thresholds,	but	

rather	on	optimization	of	risk	factor	management	itself	(e.g.	adjustments	in	lifestyle,	im-

provement	of	medication	adherence)	and	changes	in	the	right	direction,	e.g.	a	substantial	

reduction	in	blood	pressure,	irrespective	of	attaining	a	specific	cut	off	value.

In cases in which there is less debate, for instance those with a very high blood pres-

sure	or	with	established	CVD,	there	is	clear	room	for	improvement,	as	we	have	shown.	

The	 ‘rule	of	halves’,	first	published	more	than	40	years	ago	and	which	states	that	half	

of people with hypertension are unknown, half of those known are untreated and half 

of	 those	treated	are	treated	 insufficiently,	still	seems	to	apply	roughly	 to	 the	preDIVA	

population.56,57 For statin treatment too, it has been shown that, the older people are, 

the	less	likely	they	are	to	receive	appropriate	treatment.58,59 Although we should avoid 

overtreatment in older people, we should also be vigilant to prevent undertreatment in 

those	at	high	absolute	risk	of	disease,	who	are	also	at	higher	likelihood	of	benefitting	

from	treatment.60,61

Providing comprehensive vascular care
In	an	ideal	world,	we	would	treat	all	different	aspects	of	the	cardiovascular	risk	profile	

simultaneously.	However,	it	would	not	be	realistic	to	assume	that	we	can	attain	optimal	

cardiovascular	 care	 in	 all	 individuals.	 So	 far,	 there	 is	 a	 scarcity	 of	 research	 on	multi-
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component (lifestyle) interventions, and evidence in support of such an approach for 

primary	 prevention	 is	 limited,	 especially	 for	 older	 people.62,63	 Regarding	multiple	 risk	

factor interventions including medication for the primary prevention of coronary heart 

disease,	the	attained	(modest)	changes	in	risk	have	shown	a	small	effect	on	total	mor-

tality	and	fatal/non-fatal	events,	pertaining	only	to	high-risk	subgroups	(i.e.	those	with	

hypertension	or	type	II	diabetes	mellitus).64 For secondary prevention of coronary heart 

disease, multifactorial lifestyle interventions as well as medication reduced fatal cardio-

vascular	events.65,66 In the Netherlands, secondary prevention programmes are already 

widely	available	for	 type	 II	diabetes	mellitus,	and	CVRM	programmes	for	 those	with	a	

history	of	CVD	are	upcoming.	Because	many	older	people	are	at	high	risk	due	to	their	

age	alone	and	high	blood	pressure	(≥160	mmHg)	is	common,	it	might	be	appropriate	to	

offer	a	structurally	integrated	prevention	programme	for	these	people,	too.	Instead	of	the	

current, mainly reactive approach, a comprehensive and patient-centered programme for 

elderly	at	highest	risk	(e.g.	a	history	of	CVD	or	presence	of	a	combination	of	risk	factors),	

in which both lifestyle and medication options are continuously discussed and evalu-

ated,	seems	beneficial	and	feasible,	although	ongoing	evaluation	on	relevant	outcomes	

is	needed.

A changing landscape
Since preDIVA was designed and initiated, the body of evidence on cardiovascular risk 

management	in	older	people	has	been	steadily	increasing.	As	described	above,	studies	

on	 the	benefit	of	 treatment	of	hypertension	or	hypercholesterolemia	 in	 (very)	elderly	

populations	have	been	published,	but	also	studies	about	harmful	effects	of	blood	pres-

sure	lowering	in	the	very	elderly	have	become	available.2,39 Also, in recent years, (inter-)

national guidelines have changed: a national GP guideline on cardiovascular risk manage-

ment has been released in 2006 and updated in 2012,33	and	the	‘Cardiometabolic	pre-

vention	consult’	has	been	released	in	by	the	Dutch	GP	Society	(NHG)	in	2011	(see	www.

nhg.org).	The	organization	of	healthcare	itself	has	also	changed:	nurse-led	programs	for	

CVRM	have	started	and,	encouraged	by	insurance	companies,	programs	targeting	older	

populations	have	been	implemented,	for	example	to	identify	‘frail	elderly’,	following	the	

National	Program	of	Care	for	Elderly	Persons	(NPO).67 For preDIVA, this means that the 

difference	between	the	intervention	group	and	the	control	group	might	have	attenuated	

due	to	improved	care,	in	combination	with	an	inevitable	Hawthorne-effect.

Another	change,	with	regard	to	research,	pertains	to	measuring	outcomes	at	high	age.	For	

understandable	reasons,	 (cardiovascular)	mortality	has	been	the	most	important	 ‘hard’	

outcome	in	cardiovascular	research	for	years.	However,	in	(very)	elderly	people,	prevent-

ing	mortality	might	no	longer	be	the	main	goal	because	ultimately,	dying	is	inevitable.	

Instead, many indicate that wellbeing and maintaining independence are of greater 

importance.	The	challenge	is	therefore	to	decrease	causes	of	morbidity	associated	with	
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high	age	(e.g.	stroke,	dementia),34	thereby	facilitating	healthy	aging.	This	is	supported	by	

the	‘compression	of	morbidity’	hypothesis,	first	postulated	by	Fries	in	1980.68 It states 

that	if	the	average	age	at	first	chronic	infirmity	is	postponed,	and	if	this	postponement	is	

greater	than	the	increase	in	life	expectancy,	then	average	cumulative	lifetime	morbidity	

will decrease 69.

In	preDIVA,	next	to	dementia,	disability	is	a	primary	outcome,	reflecting	overall	morbidity	

including	major	cardiovascular	events.	However,	 (a	combination	with)	quality	of	 life	or	

other	measurements	might	be	equally	or	more	appropriate	to	measure	relevant	effects	

of	an	intervention	in	old	age.	Further	study	on	relevant	outcomes	in	older	people	is	ur-

gently	needed.	Surrogate	outcomes,	such	as	changes	in	risk	factors,	are	far	less	useful	in	

older	populations	because	of	competing	morbidities	and	uncertain	effects.	This	implies,	

however,	that	large	studies	with	long	follow-up	periods	are	needed.

IMPLICATIONS FOR CLINICAL PRACTICE

More attention for CVRM in older people
For older community-dwelling people, we have shown that there is a considerable win-

dow	of	opportunity	to	improve	cardiovascular	preventive	care.	For	instance,	about	2	in	

every 5 participants in preDIVA, with or without a history of CVD, have a very high systolic 

blood	pressure	 (160	mmHg	or	above)	 for	which	 treatment	 is	 indicated.	Also,	 initiated	

treatments	often	showed	to	be	insufficient,	due	to	inadequate	medication	regimens	or	

non-compliance.	 Although	 a	 high	 level	 of	 care	 is	 already	 delivered	 in	Dutch	GP	 care,	

improvements still seem well possible both for primary and secondary prevention goals, 

which	calls	for	more	attention	for	cardiovascular	risk	management	in	GP	care.	We	should	

beware	of	ageism	by	excluding	older	people,	who	are	often	in	relatively	good	health	and	

have	a	considerable	life-expectancy,	from	preventive	programs.

In	addition,	taking	into	account	current	evidence,	a	preventive	effect	from	cardiovascular	

risk	management	regarding	dementia	is	plausible.	A	prevention	program	such	as	probed	

in preDIVA appears to be feasible and acceptable for participants when provided by a 

dedicated	and	experienced	nurse	who	is	able	to	build	a	personal	relationship,	and	who	

uses	a	coaching	approach.

Providing long-term preventive consultations: how to do it?
When	organizing	‘adequate	CVRM’	for	the	individual	older	patient,	several	factors	need	

to	be	taken	into	account.	First,	we	have	to	decide	whether	treatment	is	appropriate,	based	

on	current	research	and	resources.	At	this	moment,	treatment	for	those	with	established	

CVD	as	well	as	those	with	a	combination	of	treatable	risk	factors	seems	beneficial	and	

justified.	Second,	possible	 treatment	options	 (lifestyle	changes	as	well	as	medication)	
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need	to	be	discussed	with	the	individual,	along	with	its	expected	gains	and	losses.	Fi-

nally, shared decision making should be based on personalized and attainable goals, and 

adjusted	at	follow-up	visits	when	necessary.

For a long-term prevention program for older people, in which risk factors and their treat-

ment are systematically and regularly evaluated, we showed that the healthcare provider 

is	of	vital	 importance.	A	personal	 relationship	appeared	 to	be	a	very	 important	 factor	

for patient satisfaction and adherence to the prevention program, while the number 

of	modifiable	 risk	 factors	 or	 the	 perceived	benefits	were	 not.	 General	 advice	 –	 often	

thought of as the backbone for prevention – is regarded unnecessary and sometimes 

even	patronizing.	When	delivering	preventive	care,	 a	 coaching	approach	 (for	example	

using motivational interviewing) seems to be a feasible and acceptable way of delivering 

preventive care, as opposed to the more traditional approach to prevention focusing on 

general	advice	and	provision	of	information.

Vigilance regarding symptoms of apathy
Within the preDIVA population we showed that symptoms of apathy without other signs 

of a depressive disorder are common in community-dwelling older people and that 

they	 are	 associated	with	 a	 history	 of	 CVD	 and	 cardiovascular	 risk	 factors.	 It	 supports	

other	evidence,	coming	from	both	epidemiologic	and	imaging	studies.29,70-74 However, at 

this	moment	the	causality	of	this	relationship	is	unclear.	Until	more	evidence	becomes	

available, we should be aware of the presence of symptoms of apathy among older 

people	 and	 look	 for	 cardiovascular	 risk	 factors	when	we	 encounter	 these	 symptoms.	

Also,	possible	misclassification	of	these	symptoms	as	depression	may	have	several	clini-

cal implications,75	for	example	the	futile	use	of	antidepressants,	while	this	class	of	drugs	

is	associated	with	frequent	and	serious	side	effects	in	older	populations.76 It is important 

to	note	that	people	with	symptoms	of	apathy	were	at	higher	risk	of	experiencing	a	major	

cardiovascular	event	in	the	next	two	years,	independent	of	other	factors.	Although	we	do	

not yet know whether we can reduce this risk by improved cardiovascular risk manage-

ment,	 these	 associations	deserve	 further	 study,	 no	matter	what	name	 they	 are	 given.	

Last, we should be vigilant towards adherence to (preventive) care in general regarding 

people with symptoms of apathy, because they might, by nature, be more susceptible to 

withdrawal	from	social	activities	and	medical	care	in	general.

FUTURE RESEARCh

More than half of all older people invited agreed to participate in the long-term preDIVA 

trial, which illustrates willingness to participate in intensive cardiovascular prevention 

programs	and	in	scientific	research	in	general.	Participants	valued	research,	being	aware	
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of	a	lack	of	attention	for	older	people	in	scientific	research.	Many	of	them	were	happy	

to contribute to research and society by partaking, and being pensioners, they had more 

time	available	for	participating	in	research	projects.	This	should	encourage	researchers	

to	more	often	involve	older	people	in	research	projects.

preDIVA: what to expect?
The baseline data of preDIVA showed a considerable window of opportunity for cardio-

vascular	risk	management.	The	final	results	of	preDIVA	will	show	to	what	extent	nurses	

have	been	able	to	improve	these	different	risk	factors	(i.e.	the	‘real’	window	of	opportunity	

using	this	intervention)	and	how	this	affects	the	incidence	of	dementia	and	disability,	but	

also	secondary	outcomes	such	as	mortality	and	major	cardiovascular	events.	It	will	give	

insight into the targets that could be reached in this population, allowing for further 

research	on	optimal	ways	to	provide	cardiovascular	risk	management	in	older	people.

Ultimately, we will hopefully be able to answer the question whether dementia can be 

prevented	or	postponed	by	intensive	vascular	care	for	older	people.	A	positive	answer	

would mean a breakthrough in dementia and cardiovascular research, and it would give a 

strong	stimulus	to	implement	this	prevention	program	in	usual	care	as	soon	as	possible.	

Absence	of	a	clear	intervention-effect	on	dementia	incidence	could	still	be	considered	

supportive	of	cardiovascular	care,	because	of	increased	confidence	that	we	do	no	harm	

to cognitive functioning by treating cardiovascular risk factors in unselected community-

dwelling	older	people.	We	must	then	take	a	closer	look	to	the	benefits	that	are	gained	

by	providing	CVRM	in	terms	of	prevented	events,	decreased	disability	and	wellbeing.	An	

unexpected	harmful	effect	of	intensive	vascular	care	on	incident	dementia	would	have	

serious implications for current care and it would be a strong argument for becoming 

more	‘reserved’	in	managing	cardiovascular	risk	in	older	people.

It	 is	possible	that	there	is	a	preventive	effect	from	the	intervention,	but	the	follow-up	

time	to	measure	this	effect	is	too	short.	It	would	be	of	great	value	to	follow	the	preDIVA	

population	in	the	coming	years	 in	an	observational	design,	 in	which	long-term	effects	

may	become	clearer.	Also	a	meta-analysis	is	planned	on	individual	patient	data,	in	which	

preDIVA data will be combined with data from two other ongoing European trials target-

ing a decreased incidence of dementia by better cardiovascular care: MAPT (France) and 

FINGER	(Finland).77,78

Symptoms of apathy in older people
Apathy is a relatively new construct and, although consensus criteria for its diagnosis 

have	been	published,	 there	are	no	validated	 tests	 to	confirm	 its	presence.79 However, 

it	 is	an	 interesting	phenomenon	that	 ‘symptoms	of	apathy’,	constructed	by	only	three	

questions of a frequently used questionnaire, are independently associated with 

cardiovascular	 risk	and	even	appear	 to	have	an	 independent	effect	 in	predicting	new	
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cardiovascular events, and that the strength of these associations is comparable to other 

well-established,	classical	cardiovascular	risk	factors.

The nature of the associations described has not been elucidated yet, which warrants 

further	 research	on	 the	clinical	 relevance	of	symptoms	of	apathy	 in	older	 individuals.	

Examining	individual	patient	data	of	existing	cohort	studies	would	be	a	logical	first	step,	

for	which	we	designed	ICARA	(the	Initiative	on	CArdiovascular	disease	Risk	and	Apathy).	

Also,	possible	misclassification	of	apathy-symptoms	as	depression	warrants	further	at-

tention,	especially	with	regard	to	medication	use.

New ways of providing cardiovascular care for older people?
The	value	of	cardiovascular	risk	management	(CVRM)	in	older	people	is	often	debated	and	

many	uncertainties	exist.	We	need	to	know	more	about	whom	to	treat,	how	to	treat	and	

what	treatment	goals	should	be	strived	for.	Firstly,	lifestyle	adjustments	are	an	attractive	

way of preventing disability and disease, but changing behavior remains very challeng-

ing	and	traditional	advice	giving	seems	ineffective.	Promising	and	innovative	approaches	

for older individuals, such as motivational interviewing or self-management programs, 

need	further	evaluation.	As	an	example,	researchers	of	the	European	Dementia	Preven-

tion Initiative (EDPI) have set up the HATICE initiative (Healthy Aging Through Internet 

Counseling	in	the	Elderly,	www.hatice.eu).	Currently,	a	growing	number	of	internet-based	

applications are becoming available that can give feedback or counseling on various 

matters.	These	exogenous	factors	have	a	profound	influence	on	our	work,	whether	we	

like	 it	or	not.	As	GP’s,	we	should	therefore	take	a	 leading	role	 in	these	developments,	

and provide proactive care and reliable information to meet the currents needs of our 

aging	population.	Secondly,	regarding	medication,	more	information	on	safe	and	effec-

tive treatment goals are needed, especially among populations that have been under-

represented	in	research	until	now	(e.g.	those	with	comorbidities	or	very	elderly	people).	

Last,	we	should	put	effort	into	ways	of	identifying	those	who	are	most	likely	to	benefit	

from	primary	 prevention,	 to	 avoid	medicalization	 of	 an	 entire	 age	 group.	 The	 current	

SCORE	risk	table	is	not	useful	for	older	people,	since	all	men	and	almost	all	women	aged	

70 are at high risk, warranting medical treatment according to this table, while for those 

older	than	70	there	 is	no	guideline	at	all.	We	need	to	 look	for	alternative	approaches	

towards	risk	assessment	in	older	people.	For	instance	age	differentiated	risk	thresholds	

could	be	considered	an	alternative,	as	proposed	by	Norheim	et	al.80 Here, those at high-

est	risk	in	their	own	age-group	receive	medical	treatment.	In	any	case,	cardiovascular	risk	

management provides several opportunities to improve or maintain health and wellbe-

ing for the growing population of older people, and deserves more attention than the 

current,	predominantly	reactive	approach.
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SUMMARy

In the Netherlands, the number of people aged 70 and above has increased in the previ-

ous	decades,	and	will	continue	to	do	so	 in	the	coming	years.	Nowadays,	older	people	

are	often	healthy	and	active,	and	strive	for	a	high	quality	of	 life.	However,	 in	an	aging	

population new problems arise: many people have to deal with chronic conditions, 

functional	 decline	 and/or	 age-related	 diseases	 such	 as	 dementia,	which	 have	 a	 huge	

impact	on	the	lives	of	patients	and	their	relatives,	and	society	as	a	whole.	The	growing	

number of people with dementia and other disabling conditions such as heart failure or 

stroke poses new challenges for our healthcare system: we need to look for new ways of 

providing	good	care	to	the	rising	number	of	older	people.

In chapter 1,	we	introduced	the	rationale	and	background	of	this	thesis.	The	work	pre-

sented	in	this	thesis	is	written	in	the	context	of	the	preDIVA	trial	(prevention	of	dementia	

by	intensive	vascular	care),	which	addresses	these	issues.	PreDIVA	is	a	cluster-randomized	

controlled trial in community-dwelling older people, aged 70 to 78 years at the start of 

the	study.	Its	purpose	is	to	assess	the	effect	of	nurse-led	intensive	vascular	care	on	the	

incidence of dementia and disability in a primary care population, within a follow-up 

period	of	at	least	6	years	(study	extension	for	those	first	included	was	obtained	during	

the	trial,	 leading	to	an	extended	follow-up	period	of	8	years	in	this	group).	All	people	

from	participating	GP’s	 (general	practitioners)	were	 invited	to	participate	 in	 the	study,	

except	 those	already	diagnosed	with	dementia,	or	with	 conditions	 that	were	 likely	 to	

hinder	follow-up	(e.g.	terminal	disease,	alcoholism).	The	target	inclusion	number	of	the	

study	was	3600,	based	on	an	expected	8.3%	incidence	of	dementia	in	this	population.	

This	study	also	provides	an	excellent	opportunity	to	look	at	current	cardiovascular	risk	

management	and	prevalence	of	conditions	like	depression	and	apathy.

In chapter 2 we presented the baseline characteristics of all participants included in 

the	preDIVA	trial.	In	total,	3533	people	from	116	GP	practices	within	26	healthcare	cen-

tres were included from 2006 to 2009 in GP practices in Almere, Lelystad, Hilversum, 

Huizen	and	Utrecht.	We	showed	that	in	63%	of	the	population	two	or	more	risk	factors	

amenable	to	treatment	could	be	identified.	The	prevalence	of	hypertension	was	high:	

around 40% had a systolic blood pressure (SBP) of 160 mmHg or above and almost 

75%	had	a	SBP	of	140	mmHg	or	above.	Those	with	a	history	of	cardiovascular	disease	

(CVD) received more medication and had a lower blood pressure and lower cholesterol 

levels.	Of	those	with	CVD	and	a	blood	pressure	above	160	mmHg,	28%	were	untreated	

versus	52%	of	 those	without	 a	 history	 of	 CVD.	 Based	on	previous	 studies	 on	blood	

pressure lowering therapy, we calculated that a SBP decrease of 5-15 mmHg could lead 

to 14-38 prevented cases of coronary heart disease and stroke in the intervention group 

of	preDIVA.	We	conclude	that	cardiovascular	risk	factors	are	common	in	older	people	
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and	current	(primary	and	secondary)	prevention	programmes	appear	insufficient	in	ad-

dressing	these	risk	factors.

Dementia is the primary outcome of the preDIVA study, and in chapter 3 we systematically 

reviewed	all	current	trial	evidence	regarding	the	effect	of	treatment	of	cardiovascular	risk	

factors	on	the	incidence	of	dementia	or	cognitive	decline.	We	showed	that	the	evidence	

is scarce and fully based on secondary outcome measures: all studies focused on major 

cardiovascular	events	and/or	mortality	as	primary	outcomes.	For	statins	(2	studies)	and	

intensified	control	of	type	II	diabetes	mellitus	(1	study),	there	seemed	to	be	no	effect,	

while for blood pressure lowering therapy there is some evidence, although results are 

inconsistent	 (6	studies).	 Important	 limitations	such	as	 lack	of	power,	short	duration	of	

follow-up	and	the	risk	of	differential	dropout	may	have	influenced	these	outcomes.

In chapter 4,	the	available	evidence	from	observational	studies	and	RCTs	with	regard	to	

the	relation	of	vascular	risk	factors	and	dementia	was	discussed.	Although	available	evi-

dence	from	observational	studies	is	convincing,	available	RCTs	fail	to	confirm	a	beneficial	

effect	of	treatment	of	vascular	risk	factors	in	older	people.	Large	clinical	trials	with	long	

follow-up	and	with	attention	for	issues	like	competing	risks	and	differential	dropout	are	

needed.	However,	designing	and	carrying	out	these	trials	is	challenging	on	the	method-

ological	as	well	as	 the	organizational	and	financial	 level.	Ongoing	trials	are	discussed:	

next	to	preDIVA,	two	similar	trials	are	carried	out	in	Finland	(FINGER)	and	France	(MAPT).	

Whether (combined) treatment of vascular risk factors could lead to prevention or post-

ponement	of	dementia,	will	hopefully	become	clearer	in	the	coming	years.

In chapter 5, we looked at another aspect of wellbeing at high age: it appears that many 

older people (>10%) have 2 or more symptoms of apathy, when assessed with the GDS 

(geriatric	 depression	 scale).	 Apathy	 is	 defined	as	 an	 impairment	of	motivation,	 and	 is	

operationalized	 as	 diminished	 goal-oriented	 behaviour	 and	 cognition.	 We	 observed	

that these symptoms, without the presence of depressive symptoms, are independently 

associated with a history of stroke and other cardiovascular disease, as well as several 

cardiovascular	risk	factors	(hypertension,	BMI	and	CRP).	This	suggests	a	causal	role	for	

vascular	 factors.	Also,	 it	 could	well	be	 that	people	with	 symptoms	of	apathy	are	mis-

classified	as	having	depressive	symptoms,	because	they	partly	overlap.	If	so,	this	could	

have	important	consequences	for	treatment	and	prognosis,	for	example	incorrect	use	of	

antidepressants.

In the study presented in chapter 6, we showed that symptoms of apathy are inde-

pendently associated with an increased risk of incident cardiovascular disease within 

the	coming	 two	years.	The	odds	 ratio	of	2.94	 is	comparable	 to	other	well-established	
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cardiovascular	risk	factors.	Remarkably,	neither	apathy	nor	depressive	symptoms	were	

associated	with	 an	 increased	 risk	 of	 stroke.	 The	 relationship	 found	was	 independent	

from	traditional	cardiovascular	risk	factors	and	other	depressive	symptoms.	Apathy	can	

therefore be considered as an important risk factor for cardiovascular disease in older 

people,	and	we	should	be	vigilant	to	its	symptoms.

The	preDIVA	study	is	currently	in	the	final	stage.	Although	trial	results	are	not	yet	avail-

able, in chapter 7 we present the evaluation of the preDIVA intervention among par-

ticipants	themselves	in	a	qualitative	study.	In	total,	15	(former	and	current)	participants	

were interviewed about their motivation and reasons for subsequent continuation or 

withdrawal	 after	 some	 years	 of	 participation.	 The	 regular	 check-ups	 were	 valued	 for	

different	reasons,	from	‘being	cared	for’	to	‘being	in	control’.	It	appeared	that	for	continu-

ation, the bond with the practice nurse was crucial and more important than a perceived 

(change	in)	risk	factors.	Also,	participants	valued	a	coaching	attitude	and	attention	for	

their personal circumstances: general advice was considered useless or even patronising, 

and	is	best	avoided.

Finally, in chapter 8,	the	main	findings	of	this	thesis	are	presented	and	discussed.	Current	

guidelines appear not very useful in older populations because they are all at high risk 

of	CVD,	while	 for	 those	older	 than	80	no	national	 guideline	 is	 available	 at	 all.	When	

considering the (inter)national literature, it becomes clear that more evidence regard-

ing	the	treatment	of	cardiovascular	risk	factors	in	older	populations	is	urgently	needed.	

Also,	we	must	consider	the	effects	of	treatment	guidelines	on	the	burden	it	places	on	

our	society,	regarding	personal	as	well	as	organizational	and	financial	matters.	At	least,	

more attention is needed for cardiovascular prevention in older people: there is a large 

window of opportunity for better cardiovascular risk management in older people who 

are	at	high	risk.	Interventions	like	preDIVA	are	feasible	and	are	well	received,	when	there	

is a personal relationship between participant and nurse and when a coaching approach 

is	used.	Beneficial	effects	on	wellbeing	probably	extend	beyond	the	prevention	of	CVD,	

to	dementia	and	apathy	as	well.
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Het aantal mensen in Nederland van 70 jaar of ouder is de afgelopen decennia hard 

gestegen	 en	 zal	 blijven	 toenemen	 in	 de	 komende	 jaren.	 Veel	 van	 hen	 zijn	 actief	 en	

gezond,	en	streven	naar	een	hoge	mate	van	welzijn.	Maar	met	het	met	stijgen	van	de	

levensverwachting	 ontstaan	 ook	 nieuwe	 problemen.	 Een	 toenemend	 aantal	 mensen	

heeft	te	maken	met	chronische	ziekten,	functieverlies	en/of	leeftijdsgerelateerde	zieken	

zoals	dementie;	allen	aandoeningen	met	grote	invloed	op	het	leven	van	individuen	en	

hun	naasten,	en	op	de	maatschappij	als	geheel.	De	groeiende	groep	mensen	met	de-

mentie en andere invaliderende aandoeningen stelt onze gezondheidszorg voor nieuwe 

uitdagingen: hoe kunnen we ervoor zorgen dat zij de zorg krijgen die ze nodig hebben?

In hoofdstuk 1	introduceren	we	de	hypotheses	en	de	achtergrond	van	dit	proefschrift.	De	

artikelen	zijn	geschreven	in	de	context	van	de	preDIVA	studie	(‘prevention	of	dementia	

by	intensive	vascular	care’).	PreDIVA	is	een	clustergerandomiseerde,	gecontroleerde	stu-

die	onder	thuiswonende	ouderen	van	70	tot	78	jaar	oud	bij	de	start	van	het	onderzoek.	

Het doel is om te bepalen of intensive vasculaire zorg, verleend door een praktijkonder-

steuner in de huisartspraktijk (de interventie), het aantal nieuwe gevallen van dementie 

en	lichamelijke	beperkingen	(handicap)	kan	verlagen	in	vergelijking	met	reguliere	zorg.	

Ouderen	die	meedoen,	worden	minimaal	6	jaar	gevolgd.	Van	de	deelnemende	huisarts-

praktijken werden alle mensen binnen de beoogde leeftijdsgroep uitgenodigd om mee 

te doen, behalve degenen waarbij de diagnose dementie al gesteld was, of met aandoe-

ningen die succesvolle deelname onmogelijk zouden maken (bijvoorbeeld aanwezigheid 

van	een	ongeneeslijke	ziekte).	Het	doel	was	om	3600	mensen	te	laten	deelnemen,	om	

uiteindelijk	een	verschil	te	kunnen	aantonen.	PreDIVA	biedt	daarnaast	de	mogelijkheid	

om naar de huidige cardiovasculaire zorg in deze leeftijdsgroep te kijken, en naar andere 

aandoeningen	zoals	depressie	en	apathie.

In hoofdstuk 2 presenteren we de karakteristieken van alle deelnemers aan het begin 

van	de	studie.	In	totaal	startten	3533	mensen	met	preDIVA,	vanuit	116	huisartspraktijken	

binnen	26	gezondheidscentra	in	Almere,	Lelystad,	Hilversum,	Huizen	en	Utrecht.	We	lie-

ten	zien	dat	63%	van	de	deelnemers	2	of	meer	behandelbare	risicofactoren	hadden.	Hy-

pertensie kwam veel voor: ongeveer 40% had een systolische bloeddruk (SBD) van 160 

mmHg	of	meer	en	bijna	75%	van	140	mmHg	of	meer.	Mensen	met	hart-	en	vaatziekten	

(HVZ) in de voorgeschiedenis kregen vaker medicijnen tegen HVZ, en hadden een lagere 

bloeddruk	en	een	lager	cholesterol	dan	diegenen	zonder	HVZ.	Van	hen	met	HVZ	en	een	

hoge	bloeddruk	(	SBD	≥	160	mmHg)	kreeg	28%	geen	behandeling,	versus	52%	van	de	

deelnemers	zonder	doorgemaakte	HVZ.	We	berekenden,	met	behulp	van	eerdere	studies	

over bloeddrukverlagende therapie, dat een bloeddrukverlaging van gemiddeld 5 tot 15 

mmHg zou kunnen leiden tot het voorkómen van 14-38 hersen- en hartinfarcten in de 
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interventiegroep	van	preDIVA.	We	concluderen	dat	cardiovasculaire	risicofactoren	vaak	

voorkomen bij oudere mensen, en dat de huidige (primaire en secundaire) preventie 

programma’s	onvoldoende	blijken	om	deze	risicofactoren	adequaat	te	behandelen.

Dementie	 is	 de	 primaire	 uitkomstmaat	 van	 preDIVA.	 In	 hoofdstuk 3 evalueren we 

systematisch	het	beschikbare	bewijs	van	eerdere	gerandomiseerde	studies	(RCTs)	naar	

het	effect	van	behandeling	van	cardiovasculaire	risicofactoren	op	nieuwe	gevallen	van	

dementie.	We	 laten	 zien	dat	 het	 huidige	bewijs	 schaars	 is,	 en	 volledig	 gebaseerd	 op	

dementie als secundaire uitkomstmaat: alle studies keken naar grote cardiovasculaire 

gebeurtenissen	en/of	 sterfte	 als	primaire	uitkomstmaten.	Voor	 statines	 (de	meest	 ge-

bruikte cholesterolverlagers, 2 studies) en intensieve behandeling van diabetes mellitus 

type	 II	 (1	 studie)	 lijkt	er	geen	effect	 te	 zijn.	Voor	bloeddruk	 (6	 studies)	 is	er	wel	enig	

bewijs,	hoewel	de	resultaten	van	de	verschillende	studies	inconsistent	zijn.	Belangrijke	

tekortkomingen kunnen de resultaten van de genoemde studies beïnvloed hebben, zoals 

te	weinig	deelnemers,	korte	studieduur	en	het	risico	op	differentiële	uitval	(bijvoorbeeld	

meer	verhuizingen	onder	mensen	met	beginnende	dementie	in	één	van	de	groepen).

In hoofdstuk 4 bespreken we het beschikbare bewijs over de relatie tussen vasculaire 

risicofactoren	en	dementie:	naast	RCTs	worden	ook	observationele	studies	besproken.	

De bewijsvoering vanuit observationele studies is overtuigend, maar de tot nu toe 

gepubliceerde	RCTs	 kunnen	het	 veronderstelde	positieve	 effect	 van	behandeling	 van	

cardiovasculaire	risicofactoren	op	dementie	niet	bevestigen.	Er	zijn	grote	en	langdurige	

studies nodig om dit goed te kunnen onderzoeken, met aandacht voor onderwerpen 

als	 ‘competing	 risks’	 en	differentiële	uitval.	Maar	het	ontwerpen	en	uitvoeren	van	dit	

soort onderzoek stelt ons voor grote uitdagingen op methodologisch, organisatorisch en 

financieel	gebied.	Het	lopend	onderzoek	op	dit	gebied	wordt	besproken:	naast	preDIVA	

worden	vergelijkbare	studies	uitgevoerd	in	Finland	(de	FINGER	studie)	en	in	Frankrijk	(de	

MAPT	studie).	Of	de	behandeling	van	vasculaire	risicofactoren	kan	leiden	tot	preventie	of	

uitstel	van	dementie,	wordt	hopelijk	in	de	komende	jaren	duidelijk.

In hoofdstuk 5 kijken we naar een ander belangrijk aspect van welzijn op hoge leeftijd 

(naast lichamelijke en cognitieve gezondheid): het blijkt dat veel oudere mensen (>10%) 

twee of meer apathiesymptomen hebben, wanneer gemeten met de GDS (Geriatric De-

pression	Scale)	vragenlijst.	Apathie	wordt	gezien	als	een	stoornis	van	de	motivatie,	die	

tot	uiting	komt	als	verminderd	doelgericht	gedrag	en	verminderd	doelgericht	denken.	

Deze symptomen (zonder bijkomende symptomen van een depressie) blijken onafhan-

kelijk geassocieerd zijn met een voorgeschiedenis van HVZ, en ook met cardiovasculaire 

risicofactoren	 (hypertensie,	 BMI,	 CRP).	Dit	 suggereert	 dat	 vasculaire	 factoren	mogelijk	

een	causale	rol	spelen	bij	het	ontstaan	van	apathie.	Apathiesymptomen	kunnen	worden	
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aangezien voor een depressie, omdat dezelfde symptomen ook bij een depressie kunnen 

voorkomen.	Dit	 kan	belangrijke	gevolgen	hebben	voor	behandeling	en	prognose.	Een	

voorbeeld	hiervan	is	onjuist	gebruik	van	antidepressiva	bij	mensen	met	apathie.

In de hierop volgende studie, gepresenteerd in hoofdstuk 6, laten we zien dat apathie-

symptomen geassocieerd zijn met een verhoogd risico op nieuwe HVZ, uitgezonderd 

herseninfarcten,	 binnen	 de	 komende	 2	 jaar.	 Dit	 in	 tegenstelling	 tot	 symptomen	 van	

depressie.	De	odds	ratio	van	2.94	is	vergelijkbaar	met	die	van	bekende	cardiovasculaire	

risicofactoren,	zoals	roken.	De	gevonden	relatie	is	onafhankelijk	van	traditionele	risico-

factoren	en	andere	symptomen	van	depressie.	Apathie	kan	daarom	gezien	worden	als	

een	belangrijke	risicofactor	voor	cardiovasculaire	ziekte	bij	ouderen.

In hoofdstuk 7 beschrijven we een evaluatie van de preDIVA interventie onder deelne-

mers	 in	een	kwalitatief	onderzoek.	 In	 totaal	werden	15	 (ex-)deelnemers	geïnterviewd	

over hun motivatie voor deelname, en waarom ze blijven deelnemen of gestopt zijn met 

de	intensieve	vaatzorg.	De	reguliere	controles	werden	erg	gewaardeerd	om	verschillende	

redenen,	bijvoorbeeld	omdat	er	‘voor	je	gezorgd	wordt’	of	juist	omdat	je	dan	‘beter	voor	

jezelf	kunt	zorgen’.	Het	bleek	dat	de	band	met	de	praktijkondersteuner	cruciaal	was	voor	

het doorgaan dan wel stoppen met de interventie, en belangrijker dan (verandering in) 

risicofactoren.	Daarnaast	waardeerden	de	deelnemers	een	coachende	houding	van	de	

praktijkondersteuner,	met	aandacht	voor	hun	persoonlijke	situatie.	Algemene	adviezen	

werden	gezien	als	zinloos	of	zelfs	betuttelend:	ze	kunnen	beter	worden	vermeden.

In hoofdstuk 8 worden de belangrijkste bevindingen van dit proefschrift samengevat en 

bediscussieerd.	De	huidige	richtlijnen	voor	cardiovasculair	risicomanagement	zijn	weinig	

bruikbaar voor mensen van 65 tot 70 jaar, omdat iedereen een hoog risico heeft op basis 

van	leeftijd	alleen.	Voor	ouderen	boven	de	80	jaar	is	er	helemaal	geen	richtlijn	beschik-

baar.	Op	basis	van	de	huidige	literatuur	wordt	het	al	snel	duidelijk	dat	er	dringend	meer	

onderzoek	nodig	is	naar	cardiovasculair	risicomanagement	bij	ouderen.	Meer	aandacht	

voor cardiovasculaire preventie bij ouderen is in ieder geval gerechtvaardigd: er is een 

aanzienlijke	ruimte	voor	verbetering	en	daarmee	preventie	van	HVZ.	Interventies	zoals	

preDIVA zijn uitvoerbaar en worden goed ontvangen, als er aandacht is voor persoonlijk 

contact	en	een	coachende	benadering	gebruikt	wordt.	Daarnaast	heeft	goed	cardiovas-

culair risicomanagement, naast preventie van hart- en vaatziekten, waarschijnlijk ook 

een	gunstige	invloed	op	het	ontstaan	van	dementie	en	apathie.
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3. Grants
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DANkwOORD

Het is al heel wat jaren geleden dat ik begon aan het promotietraject dat uiteindelijk 

heeft	geleid	tot	dit	proefschrift.	Het	geheel	verliep,	zoals	dat	hoort,	niet	zonder	slag	of	

stoot.	Het	onderzoek	stelde	(en	stelt)	ons	voor	vele	uitdagingen	en	de	combinatie	met	

de huisartsopleiding is een leuke, maar soms ook ingewikkelde puzzel, die van beide 

trajecten	flexibiliteit	vraagt.	Naast	een	 forse	uitbreiding	van	de	onderzoeksgroep	ver-

dubbelde in de afgelopen jaren ook thuis het aantal personen: er waren heel wat ballen 

om	 in	de	 lucht	 te	houden.	 Toch	heb	 ik	me	altijd	gesteund	gevoeld	en	 ik	wil	dan	ook	

iedereen bedanken die, in welke vorm dan ook, eraan bijgedragen heeft dat ik dit traject 

heb	kunnen	doorlopen.	Enkele	mensen	wil	ik	in	het	bijzonder	bedanken.

Prof.	dr.	W.A.	van	Gool,	Pim,	een	betere	promotor	heb	ik	me	niet	kunnen	wensen.	Je	hield	

steeds oog voor het grotere plaatje als Pater Familias van preDIVA, en hielp me zo uit vele 

dalen.	Je	gaf	me	het	vertrouwen	dat	ik	nodig	had	en	was	ieder	moment(!)	beschikbaar	

voor	grote	en	kleine	vragen.	Ook	mijn	gezin	kon	op	je	steun	rekenen.	Ik	voel	me	bevoor-

recht	om	deel	uit	te	mogen	maken	van	jouw	team.

Prof.	Dr.	H.C.P.M.	van	Weert,	Henk.	 Ik	heb	me	altijd	heel	erg	thuis	gevoeld	op	de	afde-

ling	Huisartsgeneeskunde.	Als	commissielid	voor	uitkomsten	kunnen	we	al	 jaren	op	je	

rekenen.	Bedankt	voor	de	samenwerking.

Dr.	E.P.	Moll	van	Charante,	Eric,	enorm	bedankt	voor	je	begeleiding	als	co-promotor.	Je	en-

thousiasme	en	liefde	voor	onderzoek	zijn	aanstekelijk.	Fijn	dat	ik	altijd	en	laagdrempelig	

bij	je	terecht	kon.	Door	je	kritische	houding	en	nauwkeurigheid	zijn	de	manuscripten	zo	

veel	beter	geworden.	De	trein	rijdt!

Dr.	E.	Richard,	Edo.	Allebei	begonnen	als	promovendus	bij	Pim,	nu	ben	je	mijn	co-promo-

tor.	 Ik	bewonder	 je	onvermoeibare	enthousiasme	en	doorzettingsvermogen,	waarmee	

je	nu	ook	nieuwe	projecten	te	lijf	gaat.	Dank	voor	de	vele	brainstormsessies	en	goede	

samenwerking.

Overige	leden	van	de	promotiecommissie:	Prof.	dr.	D.L.	Willems,	Prof.	dr.	K.	Stronks,	Prof.	

dr.	R.J.G.	Peters,	Prof.	dr.	P.J.E.	Bindels,	Prof.	dr.	J.	Gussekloo	en	Prof.	dr.	N.J.	de	Wit,	dank	

voor uw bereidheid zitting te nemen in de promotiecommissie en mijn manuscript kri-

tisch	te	beoordelen.

Carin,	je	bent	onmisbaar	op	vele	plekken,	zeker	ook	tijdens	mijn	promotietraject.	Je	was	

een	enorme	steun	voor	me.	Als	ik	het	allemaal	even	niet	meer	zag,	hielp	jij	me	er	weer	

bovenop.	En	voor	ieder	probleem	heeft	de	Miedemaatschappij	een	oplossing.	Je	vormt	
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een	onuitputtelijke	bron	van	energie	en	inspiratie	voor	mij.	Met	jou	als	paranimf	moet	

het	lukken!

Lisa, wat een geluk dat jij het preDIVA team kwam versterken met je kennis, kunde, inte-

griteit	en	gezelligheid.	Je	bent	nu	veel	meer	dan	een	collega,	ontzettend	fijn	dat	ik	je	heb	

leren	kennen.	Chicago	was	onvergetelijk	met	jullie,	(pre)DIVA’s!

Jan-Willem,	je	kwam	ons	helpen	met	‘wat	praktische	dingen’,	maar	jouw	expertise	ging	

véél	verder	dan	dat:	je	hebt	ons	zo	vaak	uit	de	brand	geholpen.	Geweldig	dat	jij	(en	je	

humor)	deel	van	het	team	zijn.

Emma,	fijn	dat	 je	erbij	 gekomen	bent.	Naast	een	 leuke	en	hardwerkende	collega	met	

een	prachtige	toekomst	ben	je	ook	een	hele	gezellige	kamergenoot.	Ik	mis	de	7	minuten	

nu al…

Naast	het	‘kernteam’:	wil	ik	alle	deelnemers	aan	preDIVA	hartelijk	bedanken;	zonder	uw	

belangrijke	bijdrage	geen	onderzoek,	geen	nieuwe	inzichten.

Medewerkers van alle deelnemende centra, met name de praktijkondersteuners: bedankt 

voor	jullie	harde	werk	en	passie	om	de	deelnemers	zo	goed	mogelijk	te	begeleiden.

Iedereen die vanaf de zijlijn bij ons onderzoek betrokken was of is: sponsoren, onder-

zoekers van HATICE, leden van de ACOE-commissie, behulpzame specialisten, studenten, 

Gerben	ter	Riet,	Ronald	Geskus,	Ursula	en	vele	anderen,	bedankt	voor	jullie	bijdragen.

Overige co-auteurs: Piet Eikelenboom, het apathie-deel van deze studie is door jou van 

de	grond	gekomen,	met	jou	van	gedachten	wisselen	is	een	feest.	Nina,	wat	een	fijne	en	

leergierige	student	was	jij,	dank	voor	je	inspanningen.	Leo	Beem,	helaas	ben	je	niet	meer	

onder	ons,	dank	voor	je	statistische	inbreng.	Jeannette	Pols,	je	hebt	me	ingewijd	in	het	

kwalitatieve onderzoek en hieraan een grote bijdrage geleverd, heerlijk om met jou te 

mogen	werken.	Karin,	ik	hoop	dat	de	uitvoering	van	ons	onderzoek	voor	jou	net	zo	leuk	

en	leerzaam	(en	gezellig)	was	als	voor	mij.

Kamergenoten,	 in	 wisselende	 samenstelling:	 Ada,	 Lara,	 Myra,	 Nienke,	 Norma,	 Emma,	

Steven en Ineke: naast hard werken was er ook altijd tijd voor een kop thee en even 

bijkletsen	of	meedenken	met	elkaar.	Fijn	om	jullie	als	collega’s	gehad	te	hebben.

JOPpers	en	collega’s	van	de	afdeling:	het	 is	altijd	gezellig	met	 jullie,	met	 ruimte	voor	

discussies	 en	 mentale	 ondersteuning.	 Promoveren	 is	 nou	 eenmaal	 ploeteren...	 Jullie	

maken	de	afdeling	tot	de	fijne	werkplek	die	hij	voor	mij	is,	bedankt	daarvoor!	Alice,	dank	

voor	je	praktische	hulp	bij	alles	wat	je	maar	kunt	bedenken.

Mijn 1e huisartsopleider, Ilse Grootjans – Geerts, dank voor de leerzame en gezellige 

tijd	en	de	persoonlijke	gesprekken,	 jij	 ziet	zo	veel.	Annelies	Walter,	huisarts	met	visie	
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en grote verantwoordelijkheid en Natascha Alons, betrokken, precies en ambitieus, ook 

bij	jullie	heb	ik	een	hele	fijne	opleidingstijd	gehad	(en	met	die	heerlijke	diners	was	het	

avondspreekuur	geen	straf).	Aan	jullie	allen	en	ook	aan	de	huisartsopleiding	AMC	en	mijn	

begeleiders	(Peggy	Joubert	e.a.):	dank	voor	jullie	steun,	begrip	en	flexibiliteit	bij	kleine	en	

grote onderbrekingen door congressen, onderzoeksperioden en zwangerschappen: mijn 

traject	is	nogal	eens	aangepast….

Lieve vrienden en vriendinnen, dank voor jullie luisterende oren, prikkelende vragen 

en	steun	 in	goede	en	slechte	 tijden.	 Ik	voel	me	 rijk	met	 jullie.	 In	het	bijzonder:	 Lieke	

en	Janna,	we	kennen	elkaar	vanaf	ons	12e,	geweldig	om	nu	ook	collega’s	te	zijn.	Josien,	

studeren	met	 jou	was	een	 feest.	 Floortje:	ons	gezamenlijk	 studietraject	en	vooral	ons	

Montréal-avontuur	zijn	onvergetelijk,	altijd	fijn	om	met	jou	bij	te	kletsen.	April,	wat	een	

ontwikkelingen	hebben	we	allebei	doorgemaakt,	we	hebben	een	speciale	band.	Anke,	

het	 is	 feest	der	herkenning	als	we	elkaar	spreken.	Anjolieke,	altijd	 tijd	voor	een	goed	

gesprek	of	 lekker	dansen,	dank	voor	de	mooie	cover.	Mirjam,	Marleen,	Sacha,	 Irma	en	

Esther:	super	om	onze	ervaringen	als	jonge	artsen	te	kunnen	delen.

Lieve opa, zo oud en zo wijs, wat is het onderwerp van preDIVA ineens dichtbij gekomen…

Annie en Leo, dank voor jullie steun, relativeringen en de vele oppasmomentjes voor 

Janne	en	Len.	Ik	geniet	van	de	familiemomentjes	‘met	z’n	allen’.

Sjoerd,	mijn	grote	broer,	vaak	ging	je	me	al	voor.	Zo	ook	hier:	fijn	dat	je	als	paranimf	naast	

me	staat.

Lieve	papa	en	mama,	jullie	zijn	er	altijd	voor	me	geweest.	Dank	voor	jullie	onvoorwaar-

delijke	steun,	liefde	en	vertrouwen.	Ik	hoop	dat	ik	mijn	kinderen	dezelfde	fijne	en	veilige	

thuishaven	kan	geven.	Met	de	komst	van	Janne	en	Len	is	onze	band	nog	specialer	gewor-

den.	Ik	hou	ontzettend	veel	van	jullie!

Lieve	 Janne,	 lieve	 Len,	 mijn	 allergrootste	 schatten.	 Jullie	 hebben	 me	 geleerd	 om	 te	

relativeren	 en	 van	 ieder	moment	 te	 genieten.	 Onderzoeken	 doen	we	 iedere	 dag,	 vol	

overgave:	er	valt	nog	zoveel	te	ontdekken.	Ik	lees	me	suf,	al	zijn	het	steeds	minder	vaak	

wetenschappelijke	artikelen...	Geweldig	om	met	jullie	de	wereld	te	mogen	verkennen,	de	

gedachte	alleen	al	tovert	een	glimlach	om	mijn	mond.

Allerliefste	Bram,	ik	weet	niet	wat	ik	zonder	jou	zou	moeten,	mijn	rots	in	de	branding.	Ik	

geniet	volop	van	het	leven	met	jou	en	onze	kinderen.	Dank	voor	je	onvoorwaardelijke	

steun,	hulp,	geduld	en	liefde.	HVJ!
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OVER DE AUTEUR

Suzanne Alagonda Ligthart werd geboren op 24 november 1981 in Hoogkarspel (ge-

meente	Drechterland),	waar	zij	ook	opgroeide.	Haar	VWO	diploma	behaalde	zij	aan	de	SG	

Werenfridus te Hoorn, waarna zij in 2000 Biomedische Wetenschappen ging studeren 

aan	de	Radboud	Universiteit	 (RU)	 te	Nijmegen.	Na	haar	bachelorstage	 in	2003,	bij	de	

afdeling	Maag-	Darm-	en	Leverziekten	van	het	Radboud	UMC,	begon	zij	aan	de	studie	

Geneeskunde	(tevens	RU),	die	zij	combineerde	met	een	Master	Health	Technology	As-

sessment.	 Stages	 bij	 het	 McGill	 University	 Hospital	 Centre	 (Montréal,	 Canada)	 over	

kosteneffectiviteit	van	cardiale	stents,	en	bij	het	CBO/NIZW	over	casemanagement	bij	

dementie	 leidden	 tot	 haar	 Masterdiploma	 Biomedische	Wetenschappen	 in	 2006.	 Na	

een	 oudste	 co-schap	 Kindergeneeskunde	 behaalde	 zij	 in	 2008	 ook	 haar	 artsexamen.	

Aansluitend begon zij aan haar eerste baan als arts-assistent bij de afdeling Cardiologie 

in	het	Deventer	Ziekenhuis.	Zij	wist	sinds	haar	studietijd	echter	al	dat	zij	huisarts	wilde	

worden,	en	wilde	de	opleiding	graag	combineren	met	wetenschappelijk	onderzoek.	Nog	

geen jaar later, in 2009, kon zij beginnen aan een nieuwe uitdaging: een promotietraject 

in	het	AMC	bij	de	afdelingen	Huisartsgeneeskunde	en	Neurologie.	Het	preDIVA	project,	

over de preventie van dementie in de huisartspraktijk, was precies wat ze zocht en heeft 

geleid	tot	dit	proefschrift.	Zij	combineerde	het	werken	aan	deze	studie	met	de	opleiding	

tot	huisarts,	die	zij	in	2016	hoopt	te	voltooien.

Suzanne	woont	in	Utrecht,	samen	met	Bram	Plouvier	en	hun	twee	kinderen,	Janne	(2011)	

en	Len	(2012).	Samen	genieten	zij	van	de	stad	en	de	natuur,	theater	en	(voor)lezen,	koken	

en	eten.
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