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Introduction

An ageing Europe, an ageing Italy

Europe’s population is rapidly ageing?. Adults aged 75 years and over now account for 8.3%
of the European population, a proportion which is expected to increase up to 10.7% by 20302,
In parallel, the birth rate is decreasing®. As a result, the population age structure will
dramatically change. The proportion of older adults in non-working age will increase compared
to that of adults in working age?. In the future, older adults may lack social support from
younger generations. Therefore, it will be crucial to preserve functional independence in old

age.

This demographic transition is already evident in Italy. The population proportion over 75 years
is now 10.7% of the total (6.6 million out of 62 million inhabitants)?. Italy’s life expectancy at
birth is now 79.5 years for men and 84.9 years for women, among the highest in the world3.
Such structural changes in the population represents a big challenge for both society and
medicine?. With ageing, the burden of age-related diseases, disability and functional
dependency increases®. Among age-related diseases, cardiovascular diseases and dementia are
prominent>7. Their prevalence dramatically increases with advancing ageS®. Both

cardiovascular diseases and dementia are leading causes of disability and mortality>.

It can be postulated that age-related diseases lead to a loss of function of different physiological
systems and therefore to a state of frailty, an increased vulnerability to stressors, which
eventually results in functional decline or death!®-13. Conversely, mechanisms that preserve the
homeostasis of different physiological systems may favor resilience to stressors, and eventually

delay functional decline or death.

The homeostasis of the cardiovascular system is crucial for preserving cognitive and functional

statusi4-17,

However, the mechanisms behind homeostasis may change with ageing. With ageing, changes
in different physiological parameters may occur. The optimal values of these parameters as
well as the threshold of disease may shift with age. Blood pressure and thyroid status may be

among these parameters. Older adults may benefit from different set-point of homeostasis,
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compared to younger adults. A deeper insight in the homeostasis of older adults is necessary

to tailor interventions aimed at delaying functional decline and mortality in old age.

The aim of this thesis is to explore the homeostasis of older adults, with emphasis on the
cardiovascular system. This thesis will examine the associations of cardiovascular parameters
(blood pressure and its variability, heart rate, heart rate variability) and thyroid status with

clinically relevant outcomes (functional and cognitive status, mortality).

Blood pressure: shifting the cut-off values

With ageing, systolic blood pressure increases, while diastolic blood pressure increases until
the age of 60 years and then gradually decreases!8. Optimal blood pressure targets in old age
are still controversial, as reflected by divergent recommendations in different international
guidelines'®23, In middle-age, higher blood pressure is strongly and consistently associated
with adverse health outcomes, including increased risk for dementia and mortality?*. However,
these associations attenuate or even reverse with ageing?*. Findings from population-based
studies have suggested that these associations may be modified by chronological and biological
age?>3, Indeed, lower blood pressure may be associated with increased mortality risk in the

oldest and in the frailest adults?5-30.

In contrast, findings from trials indicate that
antihypertensive treatment effect may not vary according to frailty®!. For instance, the
Hypertension in the Very Elderly Trial (HY VET) showed no difference in antihypertensive
treatment benefit between the frailer and the fitter participants®!. However, HY VET excluded

older adults with dementia, thus potentially limiting the generalizability of its findings3!.

Thyroid status: shifting the cut-off values

Thyrotropin (TSH), free thyroxine (fT4) and free triiodotironine (fT3) have profound effects
on the ageing process, which may vary according to sex and age3*34. Optimal thyroid status in
old age is an area of controversy3*?4. The distribution of TSH progressively shifts towards
higher values with ageing3>3. This shift may arise from a higher prevalence of occult thyroid

disease or from selective survival of individuals with a constitutively lower thyroid status37-38,



Therefore, it is debated whether the upper reference limit for TSH should be age- and sex-

specific3334,

Heart rate, heart rate variability

Heart rate variability is the physiological variation in the beat-to-beat time interval®®. By
modulating heart rate and heart rate variability, the autonomic nervous system keeps blood
pressure constant within a certain range, so to maintain adequate perfusion to vital organs. In
particular, higher heart rate variability is a homeostatic mechanism to buffer detrimental

variations in blood pressure in response to stressors#®41,

Blood pressure variability

Visit-to-visit blood pressure variability is the intra-individual variation in blood pressure
measures over different clinic visits*?. Higher blood pressure variability, independent of mean
blood pressure, has been associated with clinical and subclinical vascular organ damage®?.
Higher blood pressure variability may reflect impaired homeostasis, in particular impaired
baroreflex function, in the context of central autonomic dysregulation*?. Furthermore, it may
cause oscillations in perfusion of vital organs, including the brain, the heart and the kidney,

thus leading to damage of these organs.

The Milan Geriatrics 75+ Cohort Study

Current evidence for the treatment of older adults comes from population-based cohort studies
and randomized clinical trials. However, this evidence may not be easily extrapolated to patient
populations, whom clinicians encounter in everyday clinical practice (Figure 1). Clinical trials
tend to selectively recruit fit older adults with few comorbidities. The HYVET trial aimed at
solving the controversies on antihypertensive treatment in the very old individuals, by
specifically enrolling adults aged 80 years or over**. However, a recent population based study
showed that only one out of ten older adults would have been eligible for inclusion in

HYVET#. Despite HYVET’s focussed aim and large sample, the benefits and harms of
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antihypertensive treatment in frailer old adults remain a controversial topic. Population-based
studies may enrol older adults with a broader spectrum of impairment and co-morbidities.
However, also population-based studies may be affected by a response bias, as particularly frail
older adults tend to refuse participation in these studies*. The generalizability of data from
trials and population-based studies to patients’ populations is debatable. Clinicians are
confronted with lack of data in patients’ populations, in which comorbidities, functional and
cognitive impairment may be more prevalent and severe, and their interplay within homeostasis

more complex.

Population-based cohort studies Randomized controlled trials

Outpatients cohort study

Figure 1. Bridging the gap. Current evidence is derived from population-based cohort studies and randomized
controlled trials. Both types of studies may be biased by failing to include frail individuals, due to either lower
response rate in the frailer or exclusion criteria. Data are lacking on older outpatients, a potentially diverse

population, thus the need for an outpatients cohort study.

To bridge the gap between current evidence and clinical practice needs, we designed the Milan
Geriatrics 75+ Cohort Study, a prospective hospital-based outpatient cohort study (Figure 1).
This study included 1861 men and women aged 75 years and older who were consecutively
referred for a first comprehensive geriatric visit to the Geriatric Unit of the IRCCS Ca’ Granda,
Milan, Italy, in the period between January 3, 2000 and March 25, 2004. These participants
routinely underwent an extensive standardized structured medical examination and

comprehensive geriatric assessment. As the Italian health care system guarantees universal



coverage, the Milan Geriatrics 75+ Cohort Study represents the population seeking geriatric

care with no restriction based on socio-economic status*’.

The Milan Geriatrics 75+ Cohort Study enrolled mainly women (about two thirds of
participants). This may have resulted from higher life expectancy, higher prevalence of
comorbidities such as dementia, and higher health care utilization in women compared to
men*®#, This significant proportion of women allowed us to explore sex-differences in the

association between thyroid status and mortality.

The PROSPER Study

The PROspective Study of Pravastatin in the Elderly at Risk (PROSPER) was a randomised,
double blind, placebo controlled trial designed to investigate the effect of pravastatin in the
prevention of vascular events3*5!. The PROSPER cohort included older adults aged 70-82
years with pre-existing, or risk factors for, cardiovascular disease, from three collaborating
centres in Ireland, Scotland, and the Netherlands. Approximately half of the participants had a
diagnosis of cardiovascular disease, defined as myocardial infarction or stable angina,
intermittent claudication, stroke or transient ischaemic attack, or previous vascular surgery.
The rest of the participants had one or more major cardiovascular risk factors, defined as
hypertension, cigarette smoking, or diabetes mellitus. The PROSPER participants had high
functional and cognitive status at baseline. Therefore, the PROSPER cohort allowed us to
explore the associations between cardiovascular risk factors (heart rate, heart rate variability
and blood pressure variability) and functional decline in a cohort with high baseline functional

status and at high risk for cardiovascular disease.
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Outline of this thesis
Chapter 2, 3 and 4 report findings from the Milan Geriatrics 75+ Cohort Study.

Chapter 2 explores the association between blood pressure and cognition, and whether it varies

according to age and functional status.

Chapter 3 examines the relationship between blood pressure and mortality risk, and whether

it varies according to functional and cognitive status.

Chapter 4 investigates the association between thyroid status and mortality risk in euthyroid

older adults, and whether it differs by sex and age.
Chapter 5 and 6 report findings from the PROSPER cohort.

Chapter 5 presents new evidence on the association of heart rate and heart rate variability with

functional decline in older adults at high risk of cardiovascular disease.

Chapter 6 analyses the relationship between blood pressure variability and functional decline

in older adults at high risk of cardiovascular disease.

Chapter 7 summarises and discusses the main findings of this thesis.
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