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Older adults – a heterogeneous population 

Over the last decades, life expectancy has increased leading to a growing number of older adults 

in the Netherlands. The number of adults aged ≥65 years has increased from 2,3 million in 2005 

to 3,0 million in 2015, and is expected to increase to 4,8 million in 2040 [1]. Due to improved 

health care, people live longer with multiple chronic diseases rather than dying from acute 

illnesses [2]. The impact of these comorbidities on functional abilities (e.g. physical, cognitive) 

differs widely between individual patients. This results in a heterogeneous older population 

ranging from very fit patients with a long remaining life span to very frail older adults with a 

limited life expectancy [3]. With increasing chronological age, this difference in biological age 

becomes larger. This heterogeneity leads to a great variability in functional reserves, and response 

to treatment. Older adults are likely to take multiple drugs (i.e. polypharmacy), and to have 

preexisting comorbidities and functional impairments. And although treatment strategies can 

improve a patient’s health and functional status, they may also make older patients more prone 

to adverse effects of treatment, such as unmet care needs, lowered quality of life, hospitalization, 

side effects, and drug-drug interactions [4-8]. These harmful effects may disproportionally affect 

frail older adults, because they have an increased likelihood of poor functional status to begin 

with. Rather than a ‘one size fits all’ strategy, treatment in older adults therefore calls for a 

personalized approach tailored to the needs and goals of the individual patient [9]. 

Cardiovascular frailty

Cardiovascular diseases (CVD) are the second most common cause of death in the Netherlands, 

and (one of ) the most prevalent chronic diseases in the older population [10]. In the Netherlands, 

in 2017 over 18,000 men and over 20,000 women died of CVD. Approximately 90% of these men 

and women were aged ≥65 years. Over 180,000 hospital admissions for CVD were registered in 

Dutch adults aged ≥65 years [10]. Depending on a patient’s ability to resist functional decline, 

chronic CVD may cause disability, making a patient more likely to be(come) frail [11, 12]. Although 

a universal definition of frailty is lacking, frailty describes a multidimensional, geriatric syndrome 

of reduced reserve in terms of physical, cognitive, psychological and social domains [8]. It is 

associated with an increased risk of adverse outcomes such as disability, hospitalization and 

mortality [4, 8]. Frailty remains a challenging concept because it represents (the end of ) a 

continuum from fit to frail, rather than a dichotomous condition [13]. Also, an individual’s level 

of frailty is able to change either direction over time [3]. However, not all patients with (risk factors 

for) CVD are frail or become frail. In some patients, CVD cause a significant loss in (physical, 

cognitive) functioning, a reduction in tolerance to treatment, and negatively affect prognosis, 

whilst other patients with CVD have the ability to recuperate and do not experience (permanent) 
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disabilities. Yet, as a clear circumscription of frailty is currently lacking, it is still up to the physician’s 

clinical judgment to decide whether a patient is frail or not. 

In recent years, there has been an increasing interest in the association between frailty and CVD 

in older adults [14]. The presence of frailty significantly worsens outcomes for patients suffering 

from CVD. Understanding this impact of frailty on CVD outcomes is highly important for the care 

of this large patient population. 

Four centuries ago, the British physician dr. Thomas Sydenham (1624-1689) stated: “A man is as 

old as his arteries”. Hence, since the 17th century, the cardiovascular system has been recognized 

as essential to one’s overall health. We can therefore state that a patient’s cardiovascular health 

determines, at least in part, whether a patient is likely to be or to become frail. In other words, a 

patient’s level of ‘cardiovascular frailty’ potentially explains whether he or she is able to withstand 

stressors and/or able to recuperate after illness. 

Cardiovascular frailty can be described as damage to the vascular system due to atherosclerosis 

and/or arterial stiffness. This subsequently leads to e.g. blood pressure variability, increased pulse 

pressure, isolated systolic hypertension, and orthostatic hypotension. In the presence of such 

vascular alterations, regulatory mechanisms to preserve perfusion of vital organs may fail. This 

may ultimately induce end organ damage in the heart, brain, and/or kidneys leading to physical 

and/or cognitive disabilities.

Challenges in treating (frail) older patients with CVD

Guidelines for prevention and treatment of CVD are based on studies performed in younger, 

non-frail patients without comorbidities, polypharmacy or functional limitations [15, 16]. Also, 

they are focused on one disease and do not take into account outcomes relevant for older 

patients, such as quality of life, independence of care, cognitive and functional abilities [15, 16]. 

However, management of CVD cannot be considered in isolation of these dimensions of illness. 

At a certain stage of illness, a turning point occurs at which the disadvantages of a treatment 

start to outweigh its potential benefits. This turning point is closely linked to a patient’s level of 

frailty and requires customized care [9]. In fit older adults, treating according to the guidelines 

aiming at prolonging a disease-free life may be best possible care, while treating mildly to 

moderate frail patients may call for a focus on supported self-management. At the ‘frail end’ of 

the spectrum, health management should be comprised of (advanced) care planning during 

which is discussed whether negative effects of therapy may outweigh a potential gain in life 

expectancy [17]. No universal definition of frailty exists, nor does a diagnostic tool to assess frailty 

[18]. However, based on subjective impressions, extremely fit patients and extremely frail patients 

are easily recognized by (non)physicians. Still, a large grey area in medicine between these two 

extremes exist. Objective markers differentiating between patients who benefit and patients in 
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whom negative effects outweigh harms, and what the value of these markers is in terms of already 

complex clinical decision making remain to be discovered. 

Aims of this thesis

This thesis covers three main research areas on cardiovascular frailty: characteristics, current 

management strategies, and treatment recommendations. It provides insights into the relation 

between CVD and frailty in older adults, and presents suggestions on how to account for frailty 

in cardiovascular risk management (CVRM) treatment decisions. The latter builds on the recently 

published Dutch addendum ‘CVRM in (frail) older adults’, giving practical suggestions for how to 

apply the recommendations in daily clinical practice. Various databases from different settings 

were used to study these areas.

The main objectives are:

Indicators of cardiovascular frailty

-  To identify whether CVD precedes frailty or if frail older adults have an increased risk of CVD.

-  To evaluate which orthostatic blood pressure parameters are associated with cognitive decline 

and dementia.

Current practice

-  To provide insights into how many older adults, according to age, frailty and comorbidities are 

prescribed lipid lowering drugs.

-  To evaluate how many patients with systolic hypertension, according to age, have low DBP.

Treatment recommendations

-  To assess the value of a multidomain assessment over an approach focused on physical frailty 

in older patients with heart failure. 

-  To provide an algorithm for treatment decisions on lipid lowering drugs in (frail) older adults. 

Outline of this thesis

This thesis is divided into three parts. Part 1 discusses indicators of cardiovascular frailty.  

Chapter 2 examines the bidirectional longitudinal relation between CVD and frailty in  

community-dwelling older adults over a period of 17 years, and describes, of all patients with 

CVD, which patients are most likely to become frail. Chapter 3 evaluates whether orthostatic 

hypotension, and which type of orthostatic hypotension (i.e. early versus prolonged/delayed), is 

associated with an increased risk of cognitive decline and dementia in patients visiting a Dutch 

memory clinic. Part 2 describes current practice. Chapter 4 explores, using data from almost 
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250,000 Dutch older adults, how many older adults, according to age, frailty and comorbidities 

were prescribed lipid lowering drugs. Chapter 5 discusses how many patients with systolic 

hypertension in whom an ambulatory blood pressure monitoring was performed have low 

diastolic blood pressure. Part 3 provides treatment recommendations for preventing and 

managing CVD in (frail) older adults. Chapter 6 addresses the value of a multidomain assessment 

over a physical frailty oriented assessment in older patient with heart failure. In Chapter 7 a 

treatment algorithm for managing hypercholesterolemia in (frail) older adults is presented. Finally, 

in Chapter 8, the main findings and conclusions of the studies are summarized and discussed.
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