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Introduction

Persons aged 80 years and older constitute the fastest growing proportion of the
population in western countries, mainly due to an increasing life span and decreasing
birth rates.” In the Netherlands, the percentage of persons aged over 65 years is expected
to rise from 18% in 2015 to about 26% in 2040, of which one third will be aged over
80 years. With increasing age cardiovascular disease increases exponentially, which is
the leading cause of death worldwide.? The use of preventive cardiovascular treatment,
including antihypertensive medication, is highest in persons aged over 80 years* of whom
about 70% are diagnosed with hypertension.® Midlife hypertension has a well-established
link with cerebrovascular disease® and, consequently, with cognitive decline at old age.”
Nevertheless, it remains debatable whether hypertension in late life has a similar effect on
brain structure and function.® The rapid increase in the number of older persons implies
an increase in the prevalence of cognitive and psychological dysfunction which, in turn,
imposes a substantial burden on patients, caregivers, and healthcare costs.® Therefore,
there is urgent need for comprehensive insight into the role of late-life blood pressure in
the occurrence of cognitive and psychological dysfunction.

Cognitive dysfunction

Cognitive dysfunction has a heterogeneous aetiology and is considered to be a
dysfunction in complex attention, learning, memory, language, perceptual-motor
skills, social cognition and executive function (including planning, impulse control, and
goal-directed behaviour), but greater than expected due to ageing alone. Cognitive
dysfunction may progress to dementia, including Alzheimer’s disease, vascular dementia,
dementia with Lewy bodies, frontotemporal dementia, or Parkinson dementia, at an
estimated annual rate of 5-15%."" Yet, cognitive dysfunction can remain stable or even
be reversible when occurring in the context of a metabolic (e.g. vitamin B12 deficiency)
or endocrine condition (e.g. hypothyroidism), medication toxicity, trauma (e.g. contusio
cerebri), psychiatric (e.g. depression) or cardiovascular disorder.'? Restoration of cardiac
function after cardiac transplantation for example has been shown to restore cerebral
blood flow and reverse cognitive dysfunction.” Cognitive dysfunction is also frequently
observed in otherwise healthy older persons. In a large community-dwelling sample of
persons aged 75 years and over the prevalence of cognitive dysfunction, according to a
score below 24 on the Mini-Mental State Examination (the most commonly used screening
instrument for cognitive dysfunction) was 18%."
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Psychological dysfunction

Cognitive and psychological dysfunction often concur,’ suggesting a close relation
between them, but can also occur independently of each other. Psychological dysfunction
includes delusions, hallucinations, agitation, aggression, irritability, disinhibition, or
symptoms of mania, anxiety, depression and apathy.'® In particular, symptoms of apathy
occur in vascular related cognitive dysfunction.” Furthermore, apathy is a common
symptom in several neuropsychiatric diseases in older persons,' including depression,
and is recently recognised as a distinctive syndrome in its own right in which lack of
motivation is the predominant feature.”” Moreover, apathy is frequently observed in
community-dwelling older persons without overt neuropsychiatric diseases,® with a
reported prevalence ranging from 10-20%.2"3

The Apathy Scale?* and the Geriatric Depression Scale (GDS)-15 % are reliable and valid
instruments to assess symptoms of apathy and depression in older persons, respectively.
In contrast to the GDS-15, the Apathy Scale is not commonly used in research. Factor
analyses revealed a subset of three of the GDS-15 items to be a cluster of symptoms
that identifies apathy; thus, the GDS-3 Apathy (GDS-3A),%%’ increases the possibility to
investigate determinants of apathy. However, because only limited evidence exists for
the discriminatory value of the GDS-3A,% it is important to determine the sensitivity,
specificity and other epidemiological test characteristics of the GDS-3A for the presence
or absence of clinically relevant apathy. The relevance of the validation of measures that
assess symptom domains of depression, including the apathy domain,* is emphasised by
the fact that distinct symptom domains may be differentially related to risk factors, such
as blood pressure.3%3

Blood pressure

Hypertension is conventionally defined as a systolic blood pressure over 140 mmHg and/
or a diastolic blood pressure over 90 mmHg.?? Systolic blood pressure increases steadily
with ageing, whereas diastolic blood pressure declines after age 50-60 years (Figure 1).
This results in a widened pulse pressure at old age, which is defined as the difference
between systolic and diastolic blood pressure, reflecting an increase in arterial stiffness.?
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FIGURE 1. Mean blood pressure measures with increasing age for men (blue lines) and women (red lines).
Source: Hypertension 2012;60(6):1393-1399.3 http://hyper.ahajournals.org/

Blood pressure risks and ageing

In middle age a higher blood pressure is strongly associated with cerebrovascular disease®
and, consequently, with cognitive decline at old age.” Midlife hypertension may increase
the risk of dementia by 60%.>* Furthermore, a higher blood pressure in community-
dwelling older persons without depression (mean age 70-74 years) has been associated
with symptoms of apathy according to the GDS-3A 22 or the Apathy Scale.?® However, the
predictive value of a higher blood pressure at old age is still debated and the current
paradigm of ‘the lower the better' may not apply to blood pressure at old age. There
is accumulating observational evidence that older persons with a lower, rather than a
higher, blood pressure have an increased risk of cognitive decline® and other adverse
health outcomes.” The age at which the relation between blood pressure and cognitive
dysfunction is supposed to change is around 75 years.® In persons with cognitive
dysfunction and a mean age of 79 years who received antihypertensive treatment, a lower
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blood pressure was linked to a greater cognitive decline.® In line with these findings, in
octogenarians a declining blood pressure during the last decade has been associated
with symptoms of depression.**

Blood pressure risks and functional status

The older population is highly heterogeneous even within groups of a similar
chronological age, ranging from healthy older persons (i.e. those with a higher functional
status) to physically impaired older persons with several comorbidities (i.e. those with a
lower functional status).” In addition to chronological age, functional status may have
an important influence on the relationship between blood pressure and adverse health
outcomes. In persons aged 85 years and over with impairment in activities of daily living,
a lower blood pressure is associated with an increased risk of stroke*' and cognitive
decline.® Furthermore, in older persons who were unable to complete a walking test,
i.e. those with a lower functional status, a lower blood pressure was associated with
increased mortality risk, whereas the association was inversed among fast walkers.>” So
far, it remains unknown whether functional status also modifies the relationship between
blood pressure and the symptoms of apathy and depression at old age.

A large proportion of older persons with lower functional status have widespread vascular
damage.*”? Long-lasting hypertension in midlife may damage cerebral vessels, resulting in
arterial stiffness and limited ability to adequately regulate cerebral perfusion at old age
with varying blood pressure levels. ** Therefore, it is hypothesized that a higher blood
pressure at old age may be required to overcome advanced arterial stiffness and to ensure
sufficient cerebral perfusion.* This hypothesis raises questions about the desirability of
intensive lowering of blood pressure with antihypertensive treatment at old age.

Antihypertensive treatment

Antihypertensive treatment lowers blood pressure via various mechanisms depending on
the class of antihypertensive drugs used; these include diuretics, calcium channel blockers,
angiotensin-converting enzyme (ACE) inhibitors, angiotensin Il receptor antagonists
(ARBs), and beta blockers. Although treatment of hypertension in mid-life prevents
cardiovascular morbidity “¢ and, consequently, cognitive and psychological dysfunction,*
its beneficial effects in late life are less clear.*” In the 2008 HYpertension in the Very Elderly
Trial (HYVET; the only available randomised clinical trial on antihypertensive treatment in
persons aged 80 years and over: n=3845), the administration of the thiazide-like diuretic
indapamide (supplemented, if necessary, by the ACE-inhibitor perindopril) led to a
significant reduction in the risk of major cardiovascular events and all-cause mortality, but
not to a reduction in incident dementia, when compared with placebo.”® When the HYVET
researchers pooled their data with other placebo-controlled trials of antihypertensive
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treatment in older persons, they found a marginally reduced risk of dementia.”®* However,
a Cochrane review of randomised trials (including the HYVET) in older persons showed
no evidence that antihypertensive treatment reduces the risk of dementia,* which is in
line with another meta-analysis.*® Notably, HYVET and the other trials included in these
meta-analyses*>° generally included participants in good physical and mental condition,
resulting in study populations with a higher functional status than average for their age;
this limits the generalizability of their findings. A particular concern for clinicians treating
lower functioning older persons is that antihypertensive medication will cause orthostatic
hypotension.

Orthostatic hypotension

Orthostatic hypotension is defined as a sustained decrease in systolic blood pressure of
at least 20 mmHg or a diastolic blood pressure of 10 mmHg within 3 min of standing
up.’’ However, the clinical value of this definition is debatable as orthostatic blood
measurements have a high within-day and day-to-day variability>? and because it is a
mainly asymptomatic physical finding. Nevertheless, orthostatic hypotension can be
accompanied by dizziness** and risk of falls.>* With ageing, the prevalence of orthostatic
hypotension increases up to 50% in nursing home residents aged over 80 years.*

Orthostatic hypotension develops when compensatory mechanisms fail to maintain a
stable blood pressure upon standing. When assuming an upright position, approximately
600 ml of blood shifts down, leading to a decrease in venous blood return to the heart
and, consequently, a transient reduction in cardiac output. As a result cardiopulmonary,
aortic and carotid baroreceptors are stimulated, leading to an increase in sympathetic
outflow, which causes cardiac acceleration and peripheral vasoconstriction.> With ageing
there is a reduction in the baroreflex sensitivity and an increase in stiffness of the heart
and blood vessels.

Apart from these age-related physiological changes, orthostatic hypotension may result
from age-associated diseases or medications, such as antihypertensive treatment.*® For
example, beta-blockers may block necessary cardiac accelerations for maintenance of
a stable blood pressure upon standing. However, due to lack of data from randomised
clinical trials, the relationship between antihypertensive treatment and orthostatic
hypotension remains ambiguous.

Cerebral damage

Midlife higher blood pressure is related to cerebral small vessel disease (SVD) at old
age.” MRI features of cerebral SVD include lacunar infarcts (small subcortical infarcts),
microbleeds, white matter hyperintensities, and brain atrophy.’® SVD is a condition in
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which the walls of small cerebral arteries are damaged, with narrowing of the vascular
lumen and a failure of vascular mechanisms to maintain a stable cerebral blood flow.>* The
limited observational evidence suggests that, in contrast to midlife higher blood pressure,
a late-life lower blood pressure is related to cerebral damage, as it may render the brain
vulnerable for cerebral hypoperfusion.®®

SVD can either be accompanied by cognitive decline, or have few or no symptoms.®
Besides these overt signs of cerebral damage, information on cerebral microstructural
integrity may provide additional information on the relationship between cerebral
damage and cognitive function.®? Diffusion Tensor Imaging (DTI) is an MRI technique that
measures the diffusion of water molecules within the brain. This diffusivity is restricted
in regions with high organisation (such as in parallel-oriented fibres in white matter
tracts), whereas degradation of microstructural integrity is accompanied by an increase in
diffusivity rate and/or a decrease in directionality of diffusivity. Changes in DTl parameters
are observed not only in lesions visible on conventional MRI, but also in the (surrounding)
normal-appearing brain tissue. It remains uncertain whether microstructural integrity is
related to cognitive function independently of concomitant SVD.

In conclusion, high blood pressure in midlife may be a major target for the prevention
of cognitive and psychological dysfunction in the rapidly ageing western populations.
However, the concept ‘the lower the better may not apply for older persons, as
observational evidence indicates a link between a lower blood pressure and cognitive
and psychological dysfunction at old age. Nevertheless, due to the observational design
of these studies no definite conclusions can be drawn. Randomised clinical trials in older
people are needed to assess the potential benefits of having a higher blood pressure and
of discontinuation of antihypertensive treatment.

Aim and outline of this thesis

The general aim of this thesis is to study the relationship between (an increase in) blood
pressure and cognitive and psychological symptoms in older persons.

The DANTE Study Leiden

The Discontinuation of Antihypertensive Treatment in Elderly people (DANTE) Study
Leiden,®®* a community-based randomised clinical trial with blinded outcome assessment,
was initiated to assess whether discontinuation of antihypertensive treatment improves
cognitive, psychological and general daily function at 16-weeks follow-up. Between June
2011 and August 2013, a total of 385 patients were enrolled at 128 general practices in
and around the city of Leiden, the Netherlands. Patients were eligible when they were 75



General introduction | 17

years or older, had mild cognitive deficits (according to a Mini Mental State Examination
score of 21-27), used antihypertensive treatment, had a systolic blood pressure of 160
mmHg or less, and had no dementia or serious cardiovascular disease. A 3-T nested MRI
sub-study was performed in a total of 220 persons at baseline to assess small vessel
disease, microstructural integrity and cerebral blood flow. Participants were randomised
to continuation or discontinuation of antihypertensive treatment. The primary outcome
was change in overall cognitive functioning, and secondary outcomes included changes
in memory, psychomotor speed, executive function, symptoms of apathy and depression,
and general daily functioning. Furthermore, orthostatic hypotension was assessed at
baseline and at follow-up.

The NESDO Study

The Netherlands Study of Depression in Older Persons (NESDO)%* is an ongoing multi-site
naturalistic prospective cohort study which was designed to examine the determinants
and course of depressive disorders in older persons. From 2007 to 2010, a total of 510
depressed persons (according to DSM-IV criteria) and non-depressed older persons (>
60 years) were recruited from general practices and mental healthcare institutes in five
locations throughout the Netherlands. Persons with dementia or insufficient command
of the Dutch language were excluded. Analyses were restricted to the 303 persons who
met the DSM-IV criteria for major depression, minor depression or dysthymia within the
past month, to be able to assess the link between current blood pressure and current
depressive symptom domains and symptoms of apathy.

The PROMODE Study

In the Proactive Management of Depression in the Elderly (PROMODE) Study,® the GDS-
3A and the Apathy Scale were assessed as part of a neuropsychological evaluation, which
allowed us to examine the diagnostic accuracy of the GDS-3A compared to the Apathy
Scale. PROMODE was designed to investigate the (cost-) effectiveness of a stepped-care
intervention programme compared to usual care among older persons with depressive
symptoms. From April 2007 until July 2008, persons (aged > 75 years) without current
treatment for depression or a diagnosis of dementia and with a Mini-Mental State
Examination score of at least 19, were recruited from general practices in the Netherlands.
For a total of 1118 participants, data were available on the GDS-3A and the Apathy scale.”!
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Brief description of chapters

« The first chapters explore the link between blood pressure and psychological
symptoms in older persons. Chapter 2 describes the relationship between blood
pressure and depressive symptom domains and symptoms of apathy among
depressed older persons, using baseline data of the NESDO Study. In chapter 3 we
evaluate whether the association between blood pressure and symptoms of apathy
and depression in older persons depends on the level of functional status, using
baseline data of the DANTE Study.

o Chapter4investigates howaccurately the Geriatric Depression Scale-3A discriminates
between the presence and absence of apathy, compared to the Apathy Scale, in the
DANTE Study and the PROMODE Study.

e Chapter 5 presents the main findings of the DANTE Study Leiden, i.e. the effect of
discontinuation of antihypertensive treatment on cognitive, psychological and
general daily functioning in older persons.

o Chapter 6 elaborates on the main findings in Chapter 5 and describes the effect of
discontinuation of antihypertensive treatment on orthostatic hypotension.

« In Chapter 7 and Chapter 8 the focus is on cross-sectional results from the DANTE
MRI sub-study. Chapter 7 presents the relationship between blood pressure, and
conventional features of small vessel disease and cerebral microstructural integrity.
Chapter 8 analyses the effect of features of small vessel disease and cerebral
microstructural integrity on cognitive and psychological function.

«  Finally,in Chapter 9 we provide a summary of the main findings and in Chapter 10 we
discuss the main findings of this thesis in the context of current knowledge, propose
pathophysiological explanations, address its limitations and strengths, present
recommendations for future research and give implications for clinical practice.
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