
Cardiovascular diseases are the primary cause of
death in older adults, and among those without clinical
disease, high levels of subclinical disease are associated
with poor survival.1 Vascular disease is so strongly age
related that it has been proposed as a biomarker of
ageing.2 Studies of �healthy ageing� or �successful
ageing� show that those who survive with intact health
or function have low levels of modifiable risk factors
for common chronic diseases, particularly risk factors
for cardiovascular disease.3-6 Risk factor modification
can prevent cardiovascular events and mortality in older
adults. Successful ageing means remaining free of
major, life-threatening chronic diseases i.e. no prior
diagnosis of cancer, an absence of cardiovascular
disease (angina, myocardial infarction, cardiac
revascularization procedure, congestive heart failure,
stroke, transient ischemic attack, or claudication), no
chronic obstructive pulmonary disease (chronic
bronchitis, emphysema, or asthma), no reported difficulty
with any activities of daily living (ADL), and a modified
Mini-Mental State Examination score in the 80th
percentile or higher, and having normal physical and
cognitive functioning.7

Besides lipid levels, diabetes, sedentary lifestyle,
and genetic factors, advancing age is an independent
risk factor for coronary artery disease, hypertension,
congestive heart failure, and stroke which are the
quintessential cardiovascular diseases within our society.
The prevalence of these diseases increases steeply
with advancing age. Recent studies of subclinical
cardiovascular disease suggest that some measures
of the extent of vascular disease are associated with
adverse health effects even in those with no symptoms
of vascular disease or history of myocardial infarction,
stroke, or other vascular events.8-9 For example,
paients with subclinical peripheral arterial disease have
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mobility impairment even without claudication, those
with white matter changes on brain magnetic resonance
imaging but no history of stroke have demonstrably
lower levels of physical performance, and those with
subclinical disease appear to be more frail.10,11,12
These data suggest that subclinical cardiovascular
disease has adverse effects on health and function and,
in addition to causing morbidity from heart disease
directly, may contribute to disability and cognitive
impairment.

There are several possible explanations for the
dominant effect of age on the likelihood for occurrence
of these cardiovascular diseases. Increasing age
contributes to an increased exposure time to these
other age dependent risk factors. In addition
cardiovascular structure and function change with time
due to �ageing process", and this process alters the
substrate on which specific pathophysiological disease
mechanisms become superimposed. Accordingly the
enhanced risk for older persons  is due to age disease
interaction. Age impacts the severity of disease
manifestations for a given time at risk. Thus, age
associated changes in cardiovascular structure and
function become �partners� with pathophysiological
disease mechanisms to determine the threshold,
severity, and prognosis of cardiovascular disease
occurrence in older persons. However, the true
interactions are more complex and involve age, multiple
risk factors, and genetics.13

To define why age (or an ageing process x
exposure time interaction) is a major risk factor for
cardiovascular diseases, the specific component of the
risk associated with age is being looked for. Two
complimentary approaches have evolved. On the one
hand, epidemiologists are searching for novel measures
of �sub clinical disease� (in addition to the more
established risk factors that have already been well
characterized) in large, unselected study cohorts
composed of persons both with and without
cardiovascular disease. In contrast, gerontologists are
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attempting to develop quantitative information on
cardiovascular structure and function in apparently
healthy individuals to define and target the specific
characteristics of ageing that render it such a major
risk factor for cardiovascular disease, even in the
absence of clinically apparent comorbidities.
Age associated changes in cardio vascularsystem
Arterial changes

Age associated changes in the arterial properties
of healthy individuals have relevance to the steep age-
dependent increase in vascular diseases. With age,
arterial wall thickening and dilatation of large elastic
arteries, endothelial dysfunction, arterial stiffening, and
arterial pulse pressure widening are prominent
changes.14 Combinations of these processes occurring
in varying degrees determine the overall vascular ageing
profile of a given individual. Additional risk factors,
including hypertension, smoking, dyslipidemia, diabetes,
diet, and heretofore unidentified genetic factors, interact
with vascular ageing to activate an atherosclerotic
plaque. These traditional risk factors may themselves
accelerate ageing of the vascular wall.

The aortic wall thickening that occurs with ageing
consists mainly of intima media (IM) thickening which
is independent of atherosclerosis.15There is marked
heterogeneity in IM thickness among individuals of a
given age. The increased IM thickness is an independent
predictor of future cardiovascular events.

Age associated increase in IM thickening is
accompanied by both luminal dilatation and a reduction
in compliance or distensibility, with an increase in
vessel wall stiffness. Pulse wave velocity (PWV), a
relatively convenient, noninvasive index of vascular
stiffening, increases with age both in men and women.
The structural alterations in the vascular media include
increased collagen, reduced elastin content, elastin
fractures, and calcification. The cross-links, due to
nonenzymatic glycation, which increase with age and
markedly with diabetes contribute to age and disease
related increase in large artery stiffening. However, the
stiffness is governed not only by the structural changes
within the matrix, as noted above, but also by
endothelial regulation of vascular smooth muscle tone
and of other aspects of vascular wall structure/function.
Thus, there is evidence of a vicious cycle: altered

mechanical properties of the vessel wall influence the
development of atherosclerosis and the latter, via
endothelial cell dysfunction and other mechanisms,
influence vascular stiffness.16

As large arteries become stiff, central systolic
arterial pressure increases, diastolic arterial pressure
decreases, and the pulse pressure increases for a given
pattern of left ventricular ejection. The elevated levels
of pulse pressure are associated with progression of
IM thickening which in turn, is associated with widening
of pulse pressure. Numerous studies have concurred
that elevated pulse pressure is an independent risk
factor for future cardiovascular events.17-20Thus, an
increased PWV reflects three potential risk factors:
increased systolic pressure, widened pulse pressure,
and altered vascular wall properties. The elevated pulse
wave velocity and reduced total systemic compliance
assessed by stroke volume/pulse pressure, over and
above blood pressure, are independent predictors of
cardiovascular events. This suggests that altered
structure/function of the stiff vessel wall, in addition to
the associated increase in systolic arterial pressure
and pulse pressure, is a risk factor for future vascular
events.21

In addition to stroke volume, arterial pressure is
determined by the interplay of peripheral resistance and
central artery stiffness; the former raises both systolic
and diastolic pressure to a similar degree, whereas the
latter raises systolic but lowers diastolic pressure.
Pulse pressure is a useful hemodynamic indicator of
conduit artery vascular stiffness. Framingham
investigators and others have reported an age dependent
rise in average systolic blood pressure across all adult
age groups. In contrast, average diastolic pressure was
found to rise until 50 years of age, level off from ages
50 to 60, and decline thereafter. The age dependent
changes in systolic, diastolic, and pulse pressure are
consistent with the notion that in younger individuals,
blood pressure is determined largely by peripheral
vascular resistance, whereas in older individuals, it is
determined to a greater extent by central conduit vessel
stiffness.18-20

Owing to the decline in diastolic pressure in older
men and women in whom systolic pressure is increasing,
isolated systolic hypertension emerges as the most
common form of hypertension in individuals over the
age of 50.22 Isolated systolic hypertension, even when
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mild in severity (stage 1), is associated with an
appreciable increase in cardiovascular disease risk.18
Based on long-term follow up of middle-aged and older
subjects, however, Framingham researchers have found
pulse pressure to be a better predictor of coronary
disease risk than the systolic or diastolic pressure.19
When considered jointly with the systolic blood pressure
in older subjects, diastolic blood pressure is inversely
related to coronary risk. Consideration of the systolic
and diastolic pressures jointly may be preferable to
consideration of either value alone.18,19,22

Vascular ageing and vascular diseases are partners;
each contributes specific components to what is
presently referred to as �vascular disease.� Thus, what
clinical medicine and epidemiology now refer to as
vascular disease should be regarded as the �vascular
ageing�vascular disease interaction.�13 Ageing blood
vessels provide the milieu in which vascular diseases
can flourish. If vascular ageing is a risk factor for
disease, then age-associated vascular changes represent
a potential target for treatment and prevention.
Cardiac Changes

There is a continuum of expression of cardiac
structural and functional alterations that occurs with age
in healthy humans, and these age-associated cardiac
changes seem to have relevance to the steep increase
in left ventricular hypertrophy, chronic heart failure, and
atrial fibrillation seen with increasing age. 23

Cardiac structure
The left ventricular (LV) wall thickness increases

progressively with age in both sexes. Cardiac myocyte
enlargement and decrease in the estimated myocyte
number was observed at autopsy in older hospitalized
patients without apparent cardiovascular disease. An
increase in the amount (focal increases) and a change
in the physical properties of collagen (purportedly due
to nonenzymatic cross-linking) also occur within the
myocardium with ageing.
Left ventricular diastolic function

The left ventricular early diastolic filling rate
progressively slows after the age of 20 years, so that
by 80 years the rate is reduced, on an average, up
to 50%.24 Structural (fibrous) changes within the left
ventricular myocardium or residual myofilament calcium
activation from the preceding systole are putative

mechanisms for a reduced early diastolic left ventricular
filling rate. Despite the slowing of left ventricular filling
early in diastole, more filling occurs in late diastole,
due in part, to a more vigorous atrial contraction, which
produces an exaggerated A wave. The augmented atrial
contraction is accompanied by atrial hypertrophy and
enlargement and on auscultation is manifested as a
fourth heart sound (atrial gallop). Multiple regression
analyses indicate that age is the major determinant
of the E: A ratio; hence, the age-associated decrease
in the doppler transmittal E: A ratio is identical in healthy
Baltimore longitudinal study on ageing (BLSA) participant
and in Framingham study participants.25, 26

Despite the age associated changes in the
diastolic filling pattern in older healthy persons, their
left ventricular end diastolic volume index (EDVI) (end
diastolic volume normalized for body surface area)  in
the supine position is not compromised and does not
substantially differ from their younger counterparts.
There are altered responses of cardiac volumes to
postural maneuvers associated with ageing.27

Left ventricular systolic function
The LV ejection fraction (EF), the most commonly

used clinical measure of LV systolic performance, is
preserved during ageing. However, there is age-associated
failure to augment EF with exercise due to a remarkable
age associated deficit in the ability to reduce end-
systolic volume index (ESVI); the acute ESV reserve
at age 85 is only about one-fifth of that at age 20,
and there is a similar age associated loss of EF reserve.

The net result of the age associated changes in
EDV and ESV regulation during exercise is that the
stroke volume index (SVI) is preserved in these older
persons over a wide range of performance demand
because of a greater use of the Frank Starling
mechanism.
Heart rate and cardiac output

In the supine position at rest, heart rate (HR) in
healthy men does not change with age. With assumption
of the seated position from the supine position, HR
increases slightly, but significantly less in older than
in younger men.27 The maximum heart rate during
exhaustive, dynamic exercise decreases with age, and
the magnitude of this age-associated reduction in peak
HR is about 30% between 20 and 85 years of age..
The reduction in HR response to exercise is the reason
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why the maximum acute cardiac output reserve in
healthy volunteers decreases, on average, by about
30% between ages 20 and 85 years. Healthy individuals
at the older end of the age range can augment their
cardiac index 2.5 fold, whereas those at the younger
end of the age spectrum can increase their cardiac
index 3.5 fold.
Left ventricular after load and vascular-ventricular
load matching

Cardiac afterload has two components, one of
which is generated by the heart itself and the other
generated by the vasculature. The cardiac component
of afterload during exercise can be expected to increase
slightly with age because the heart size increases in
older persons throughout the cardiac cycle during
exercise.28 The vascular load on the heart has four
components: conduit artery compliance characteristics,
reflected pulse waves, inertance, and resistance. There
is considerable evidence to indicate that each becomes
altered during ageing and that at rest, the vascular load
on the LV increases with age. Increased vascular
loading on the heart is a likely cause of the increase
in LV wall thickness associated with ageing.

There is optimal and efficient ejection of blood from
the heart when ventricular and vascular loads are
matched. It has been suggested that the precise
cardiac and vascular load matching that is characteristic
in younger persons is preserved at older ages, at least
at rest, because the increased vascular stiffness in
older persons at rest is matched by increased resting
ventricular stiffness.29

Heart rhythm
Beat-to-beat fluctuation of heart rate, commonly

known as heart rate variability, declines steadily with
age. Reduced heart rate variability is an indicator of
cardiac autonomic regulation commonly found in older
people and has been linked to increased risk for morbid
and fatal outcomes.30

An increase in the prevalence and complexity of
both supraventricular and ventricular arrhythmias e.g.
isolated atrial premature beats, short bursts of paroxysmal
supraventricular tachycardia, atrial fibrillation, and
ventricular ectopy, occurs in otherwise healthy older
patients. Neither the prevalence nor the complexity of
these is a determinant of future coronary events.

Deficits in sympathetic modulation of heart rate
and LV contractility

All of the factors that have been identified to play
a role in deficient cardiovascular regulation with ageing,
including HR (and thus filling time), afterload (both
cardiac and vascular), myocardial contractility, and
redistribution of blood flow, exhibit a deficient sympathetic
modulatory component.

Depending on the duration of the stress, enhanced
or deficient neurotransmitter release might be a basis
for apparent impairment of sympathetic cardiovascular
regulation that occurs with ageing.

The age associated increase in neurotransmitter
spillover into the circulation during acute stress implies
a greater cellular receptor occupancy by these
substances, which leads to desensitization of post-
receptor signaling.

Potential age associated changes in the tissue
levels or responses to growth factors, catecholamines,
angiotensin II, endothelin, tumor growth factor ß (TGFß),
or fibroblast growth factor (FGF) that influence myocardial
or vascular cells or their extracellular matrices may also
have a role.14

Newman et al examined a composite measure of
several noninvasive measures of the extent of cardio
vascular disease including carotid doppler study, ankle-
arm index (AAI), and electrocardiogram findings. The
composite measure of any sub clinical disease was
defined as presence of any of the following: common
or internal carotid wall thickness above the 80th
percentile of the distribution for all participants at
baseline, maximum percent stenosis of the internal
carotid artery greater than 25%, AAI of 0.9 or less, any
major electrocardiogram abnormality, or Rose
questionnaire findings that were positive for angina or
claudication.12, 31

Men and women who reach old age in good health
without disability or cognitive impairment vary widely
in the likelihood of continuing to age successfully. The
initial age at study entry was the strongest predictor
of continued success, but even within age strata the
number of expected years of success was strongly
related to other factors, including the extent of subclinical
vascular disease and health habits. Participants without
sub clinical vascular disease continued to successfully
age approximately 5 to 6 years longer than those with
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sub clinical disease (women 6.5 years, men 5.6
years).31

The independent association of diabetes mellitus,
smoking, and physical activity with fewer years of
success is important because these risk factors are
modifiable. Furthermore, it suggests that their adverse
effects on maintaining health and function may be
mediated by pathways other than vascular disease. A
study in the Honolulu Heart Program cohort showed
that smoking, diabetes mellitus, and hypertension are
common factors underlying a composite outcome of
successful ageing.4 Smoking and physical activity were
shown to dramatically affect active life expectancy in
the MacArthur studies of successful ageing as well.32
C-reactive protein level and increased physical activity
were also associated with successful ageing. Higher
CRP levels have previously been documented to predict
mortality, cardiovascular disease, and its related events
in older adults. Inflammation as measured by
interleukin 6 has been shown to predict disability, while
associations with CRP are less consistent. Factors
that predict higher levels of disability include smoking
and obesity, but the pathophysiologic basis of these
associations is not well defined. Additional work is
needed to examine these factors, as well as other
factors such as insulin like growth factor, sex steroid
hormones, and homocysteine levels that are
hypothesized to affect the ageing process.33-37

There are increasing opportunities to identify
genetic factors that might affect the age of onset of
vascular disease. There is also a growing recognition
that there may be protective genetic factors that result
in delayed onset of vascular disease, even in the
presence of modifiable risk factors such as smoking
and cholesterol.38 Family history also continues to
predict vascular disease in late life, and its role is being
examined in longevity and successful ageing.

Improving the quality of late life and maintaining
intact health and function are important public health
goals. Prevention of cardiovascular disease should be
a major priority for the achievement of successful
ageing.  If the burden of vascular disease is shifted to
later phase in life, the age related trajectory of decline
would be attenuated by several years. Current treatments
for cardiovascular risk factors, including smoking
cessation, lipid lowering, blood pressure treatment, and
avoidance of obesity through diet and exercise, are

underutilized. Recent recommendations for risk factor
modification suggest that markers of the extent of
subclinical vascular disease may be useful to target
intervention in older adults, especially those without
elevations in cardiovascular risk factors.39

Lifestyle interventions or pharmacotherapies to
retard the rate of progression of subclinical disease
might be considered before the clinical disease becomes
manifested. Lifestyle changes are an effective approach
to cardio vascular disease prevention. Patient education
and counseling on nonpharmacologic preventive
strategies like moderate exercise, proper diet, weight
reduction and smoking cessation are useful.

With respect to lifestyle, the risk factor of lack
of vigorous exercise increases dramatically with age
in otherwise healthy persons. It is noteworthy that pulse
pressure, PWV, and carotid augmentation index are
lower and baroreceptor reflex function is improved in
older persons who are physically conditioned compared
with sedentary persons.40 Exercise conditioning also
improves endothelial function in older persons.

Preventive pharmacotherapies are efficacious and
cost effective in the older population. Antiplatelet
therapy, ACE inhibitors, beta blocker therapy, and
cholesterol lowering drugs (statins) have shown to
reduce cardio vascular disease risk. The cumulative
impact of these four cardioprotective medication classes
in post-MI patients is about 70%.41

Despite the demonstrated benefits of polypharmacy
in the prevention of cadiovascular events, possible
adverse effects and drug interactions must be considered
whenever prescribing multiple agents in the older
persons. Older patients often are receiving a number
of drugs for the treatment of various conditions common
with ageing. With concomitant medications use comes
the increased potential for drug interactions and
cumulative adverse effects. In elderly it is essential to
evaluate complete medication profile, to eliminate any
unwanted drugs and to use lowest effective dose of
all agents to maintain effectiveness and promote safety
and tolerability.
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