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Abstract

Aging is a dynamic and systemic process, with high inter-individual heterogeneity, likely partially
adaptive. Cardiovascular disease and hypertension are among the leading conditions causing
disabilities in older subjects. If, in accordance with most recent definition, prevention is any
intervention before the patient receives a diagnosis, prevention is possible at any age.
Additionally, disability and CV disease in the elderly may be prevented by targeting factors
underlying and modulating the arterial aging process. Cross-talk between arterial and brain aging
will be discussed in this context as a paradigmatic clinical model fostering prevention in older
subjects.
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The world population is getting older and older. In 2000, there were 600 million people aged
60 and over who will become 1.2 billion by 2025 and 2 billion by 2050. The older
population is also getting older with the number of subjects 80 and older rapidly increasing
(Centers for Disease Control and Prevention, 2003).

Prevalent and incident cardiovascular (CV) diseases are projected to increase-predominantly
in older subjects - by approximately 26% in the next 30 years. Yet, the number of cases in
75- to 84-year-olds will double in the same period (Odden et al, 2011).

CV disease in older subjects and traditional risk factors control

The aforementioned trends in CV disease in older persons may reflect inadequate control of
population-wide traditional CV risk factor levels (Ford et al. 2003, Wang et al 2007, Scuteri
et al. 2009b). Indeed, traditional CV risk factors are more risky at older age (MRC Working
Party 1992, Bertoni et al 2002, Saydah et al 2002): for instance, the same elevation in blood
pressure level is accompanied by a significantly greater risk of CV events in older subjects
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(MRC Working Party 1992). Therefore, a proper therapy should be of great effectiveness in
the prevention — as currently intended - of CV morbidity and disability at older ages.
Conversely, several studies suggest that drug prescription and monitoring remains a key
issue in older subjects.

In fact, a substantial proportion of traditional CV risk factors (hypertension, dyslipi- demia,
diabetes) are not diagnosed and result undertreated, particularly at older ages. For instance,
data from the Third National Health and Nutrition Examination Survey (NHANES I1I)
indicate that only 53.6% of hypertensive subjects were treated and only 27.4% were
controlled to goal levels of <140 mm Hg systolic and <90 mm Hg diastolic (The Sixth
Report of the Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure 1997). The situation is not better in more recent survey
across countries (Wang et al 2007) nor in older subjects (Scuteri et al. 2009a).

Another factor contributing to the inadequate control of CV risk factors in older subjects
may be the adoption of “the lower the better” strategy also in older subjects. Recently, it has
been reported that in older groups a more aggressive control of traditional CV risk factors is
not accompanied by a reduction in CV events (Gerstein et al 2008, The ACCORD Study
Group 2010); conversely, an increase in iatrogenic effects may be observed (Gerstein et al
2008, The ACCORD Study Group 2010). The Action to Control Cardiovascular Risk in
Diabetes (ACCORD) study compared an intensive treatment strategy with standard
treatment in a population with a mean age of 62 years and a baseline duration of diabetes of
10 years in whom the primary outcome was a composite of nonfatal myocardial infarction,
nonfatal stroke, and death from cardiovascular causes (The ACCORD Study Group 2010).
Despite a non significant difference in the occurrence of the composite outcome, 257
patients in the intensive-treatment group (Glycated Hemoglobin - HbAlc - goal <6.0%) and
203 patients in the standard-treatment group (HbA1c goal of 7.0% to 7.9%) died during the
follow-up period (HR =1.22; 95% ClI, 1.01-1.46; P = 0.04). This increased risk of death was
hypothesized to be the result of a higher incidence of hypoglycemia in the intensive
treatment arm. A similar report concerned target BP levels in older subjects. In fact, a
Systolic Blood Pressure (SBP) of <120 mmHg was not associated with a lower rate of CV
events than in subjects attaining SBP<140 mmHg; additionally, serious adverse events
attributable to medications were more common in the group with SBP<120 mmHg (11). Of
note, a recent study remarked that episodes of SBP hypotension are extremely common in
older subjects — affecting approximately 50% of this population (Scuteri et al 2012).

While increasing evidence is emerging against the strategy “the lower the better” in older
subjects, novel threshold values for CV risk factors control in subjects over 75 years are
welcome. For instance, most recent Guidelines of European Diabetes Working Party on
diabetes in the elderly suggested different glycemic targets for older diabetic subjects
without severe disability and comorbidities (suggested target: HbAlc <7% and/or fasting
glucose levels 90-126 mg/dl) or for older subjects with severe comorbid disabling
conditions exposing them to a high risk of hypoglycemia (suggested target: HbAlc < 8%
and/or fasting glucose levels 108-144 mg/dl) (Sinclair).
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Beyond the considerations above, it has been estimated that even by controlling blood
pressure or LDL cholesterol levels a significant increase in the projected incidence of CV
disease will occur in the next 30 years (Odden et al 2011). Additionally, in subjects with
subclinical arterial disease, such as increased arterial stiffness or thickness (arterial aging),
the control of established CV risk factors appears lower than in? (Scuteri et al. 2009a,
Sutton-Tyrrell et al. 2003).

The traditional approach of reducing the burden of CV disease predominantly by lowering
traditional CV risk factors levels appears to be more complex and less successful in older
subjects. Thus in order to implement effective prevention strategies for older subjects the
paradigm should be shifted from traditional CV risk factors to arterial aging.

Aging as the field in which CV diseases flourish and grow

Aging is a dynamic and systemic process that progressively limits our normal functions and
makes us more vulnerable to disease and more likely to die (Comfort 1968). Aging or
functional decline begin early in life, after sexual maturity (age 19) for several functions —
for instance, hearing and flexibility (Bowen et al 2004).

Subjects age at different rates so that the incidence of most age-related changes
vary considerably between individuals. Thus, aging is an heterogeneous process;
heterogeneity means also that greater variations around the mean are observable
with advancing age (Hughes 1969). Arterial aging, measured as aorta Pulse Wave
Velocity (PWV) or Common Carotid Artery Intima Media Thickenss (CCA IMT),
exhibits greater variation with advancing age (Pilia et al 2006).

The heterogeneity of the ageing process represents a great opportunity for prevention:

identifying, assessing, and following-up more intensively older subjects with a “greater than
average” rate of aging will offer a tremendous opportunity for an effective prevention of CV
disease and disability, with dramatic benefits in terms of quality of life and health care costs.

Targeting arterial aging to prevent CV disease and disability in older

subjects: the case of cognitive impairment

Moving towards preventive strategies in older subjects requires a major shift in our cultural
paradigm as clinicians and as researchers. The first novelty (in language and paradigm)
proposed is the shift fromtraditional CV risk factorsto arterial aging. The second step
consists of a progressive re-definition of clinical outcomesin CV geriatric patients. The last
novelty deals with the definition of prevention. Beyond the 1957 classification of primary,
secondary, and tertiary prevention (Caplan 1964), we suggest the more recent definition of
prevention as intervention before the patient receives a diagnosis (Committee on Prevention
of Mental Disorders; Division of Biobehavioral Sciences and Mental Disorders, 1994) -
where treatment is an intervention for patients already with a diagnosis.

Avrterial aging is a continuum that can be identified and followed at different stages. The
most prominent features of clinical relevance are stiffening and thickening of large arteries
(Najjar et al 2005). Both large artery stiffening and thickening can be measured non-
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invasively and in a highly reproducible manner as PWV and CCA IMT, respectively (Najjar
et al 2005, Laurent et al 2006).

Amongst the determinants of arterial aging, the metabolic syndrome (MetS) supports the
concept that prevention is possible at any age. Metabolic syndrome (MetS) is defined by the
simultaneous occurrence of at least three of five CV risk factors of predominantly metabolic
origin (abdominal obesity, elevated fasting glucose, low high-density cholesterol, elevated
triglycerides, and high blood pressure) commonly exhibiting clustering that cannot be
explained by chance alone (Executive Summary of The Third Report of The National
Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, And
Treatment of High Blood Cholesterol In Adults (Adult Treatment Panel I11), 2001). MetS
has been recognized as a major risk factor for CV disease, even in older subjects in whom
MetS confers a 38% higher risk of myocardial infarction and stroke (Scuteri et al 2005a).
Early vascular aging, clinically measurable as increased large artery stiffness and/or
thickness, has been associated with MetS in different populations (Scuteri et al. 2004a,
2010a) - independently of proinflammatory cytokines (Scuteri et al 2011a). Moreover,
accelerated arterial aging is still evident in persons older than 65 years with MetS—
indicating out that MetS associated CV burden is relevant, and thus preventable, even in
older subjects.

Recent findings in the SardiNIA Study suggested that not all the combinations of altered
MetS components that dramatically increasing age-associated arterial changes carry the
same CV burden (Scuteri et al 2010a). Abdominal obesity was common to the cluster of
altered MetS components associated with extremely thick and stiff arteries in the SardiNIA
Study (Scuteri et al 2010a) as well as to the cluster of MetS components reported to confer
higher risk of CV events in the Framingham Study (Franco et al 2009). Of note, abdominal
obesity showed a non linear relationship with arterial aging, that differed with advancing age
(Scuteri et al 2011c).

Cognitive decline and dementia never represented one of the primary outcomes in CV
medicine. Yet, the prevalence of dementia increases with advancing age - affecting around
7% of subjects over 65 years and 30% of those over 80 (Jellinger et al 2008, Kalaria et al
2008) —and it is expected to double over the next 30 years (Melzer et al 1997).

Cogpnitive function declines with advancing age (Scuteri et al 2005b). The age-associated
decline in cognitive functions is also characterized by a great heterogeneity and its
apparently linear trajectory masks the presence of fast and slow decliners (Lamar et al
2003). To simplify, the trajectories of cognitive decline in populations suggest that at least
three major groups of subjects can be identified: subjects with a steady decline of cognition
over time; subjects with an accelerated cognitive decline with age, and subjects with marked
decline in cognitive function without any acceleration over time (Terrera et al 2010).

In the present context, we specifically propose cognitive impairment up to the onset of
dementia as an outcome of primary relevance in older subjects. We suggest the cross-talk
between arterial and brain aging as a target (and, likely, as a “living model” of) for
prevention in older age.
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Both large artery stiffness or thickness have been significantly and inversely associated with
cognitive function in cross-sectional and in longitudinal studies; the greater the arterial
stiffness or thickness, the lower the cognitive performance (Gorelick et al 2011). Macro- and
micro- vascular remodelling are likely major pathophysiological mechanisms leading to
cognitive impairment (Scuteri et al 2011b). Arterial aging has also been involved in left
ventricular remodelling that, in turn, has been linked to cognitive impairment (Scuteri et al
2009a), cerebral white matter lesions (Selvetella et al 2003), and depression (Scuteri et al
2010b)

Therefore, if arterial aging is significantly associated with cognitive impairment it may be
possible to decrease the progress of cognitive impairment — before and after the onset of
clinical overt dementia — by modifying factors known to modulate arterial aging.

For example, obesity, a key component of the MetS - a major determinant of accelerated
arterial aging (see above) -, also has been associated with brain atrophy in cognitively
normal elderly persons (Raji et al 2010). The significant relationship between obesity and
cortical brain atrophy applied not just in healthy older persons but even to those with Mild
Cognitive Impairment or dementia (Hoa et al. 2010). After controlling for age, sex, and
education, every unit increase in Body Mass Index (BMI) is associated with approximately
1%—-2% average brain tissue reduction in the frontal, temporal, and occipital lobes,
brainstem, and cerebellum and an approximately 3% expansion of ventricles in subjects with
mild to moderate Alzheimer type dementia (Hoa et al 2010). In other terms, the significant
positive association between obesity and brain loss forms a continuum that is observable
even when dementia became clinically evident. This suggests that it is never too late to
prevent further deterioration of cognitive impairment by improving arterial properties/
slowing arterial aging.

Specific effective therapeutical interventions are more beneficial than other ones with
respect to improving arterial properties (London et al. 2004, The CAFE Investigators, for the
Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT) Investigators 2006) and left
ventricular remodelling (Klingbeil et al 2003). Of note, the same treatments have been
associated with a reduced burden on cerebral white matter lesions (Hatazawa et al 2004)
and, somehow, with lower occurrence of dementia (Dufouil et al 2005, Forette et al 1998,
Gorelick et al 2011, Lu et al. 2007). Thus, if it is plausible that pathophysiological
mechanisms support the concept that prevention is needed and possible even at older ages,
and that targeting arterial aging and its determinants may result effective in decreasing the
progression of cognitive deterioration (at any stage), yet we lack clear evidence regarding
interventions specifically designed to verify improvement in the rate of cognitive
impairment by modifying arterial aging (Gorelick et al 2011, Scuteri 2007). We look
forward clinical trials that will adopt a set of standardized combination of measurements of
arterial aging and a set of standardized neuropsychological tests and neuroimaging data to
answer this question.

Exp Gerontol. Author manuscript; available in PMC 2015 July 31.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Scuteri and Lakatta

Page 6

Bringing prevention in geriatric medicine: from bedside to bench

The heterogeneity of the ageing process is the result of long-lasting complex interactions
between genetic and environmental factors. Therefore, a more detailed profiling of the
phenotype “arterial aging” at different levels of resolution (blood markers, molecules, cells,
genetically-modified animal models, etc) may contribute to identify those combinations of
specific factors resulting in a greater individual risk of CV disease and dementia. This is the
conceptual relevance of the so called “Human Phenome Project”(Freimer and Sabatti 2003).
At this point, the bedside interrogates the bench, expecting not only more detailed
identification of pathophysiological pathways leading to “greater than average” rate of
arterial aging, not only for novel therapeutic agents with more specific targets, but also
expecting a novel classification of clinical conditions. For instance, PWV represents the
gold standard for measuring arterial stiffness in clinical setting. Yet, as discussed above,
there is tremendous variation of this parameter with advancing age (Pilia et al 2006). In the
near future, combinations of PWV measurement with circulating cytokines, oxidative stress
markers, genetic polymorphysm(s), metabolomic and proteomic, should help to identify
those older subjects with stiff arteries at a greater risk of disease or a greater rate of
progression from health to subclinical damage to clinical overt disease and disability.
Angiotensin Il affects an example of the aforementioned perspective. Angiotensin Il
accelerates aging in the aorta from old monkeys and humans (Wang et al 2005, 2010) and
chronic pharmacological inhibition of the renin-angiotensin system significantly slows down
arterial aging (Basso et al 2007). Pharmacological blockage of angiotensin typel receptors
decreased cognitive dysfunction in experimental model of Alzheimer’s disease (Takeda et al
2009). Thus, the related bedside to bench “phenomic hypothesis”: can alteration in the —
omics of angitonesin Il signalling identify subjects with stiff arteries who more rapidly
develop dementia or progress to clinical overt CV event?

Another example is provided by the observation that the same elevation in blood pressure
level is accompanied by a significantly greater risk of CV events in older subjects (MRC
Working Party, 1992). Additionally, older subjects generally also have higher blood
pressure variability (Convanico et al 1990). Experimental models showed that arterial aging
magnified oxygen radical production in response to increased blood pressure (for the same
increase in intravascular pressure, younger rats presented a threefold increase in oxygen
radical production, whereas old rats presented a sixfold oxygen radical production)
(Jacobson et al 2007).

Novel evidences have been cumulating regarding the differential regulation of steady and
pulsatile stretch in the aorta (Lehoux et al 2005a). A better characterization of pathways
involved in the abovementioned reactions and therapeutical novel agents interfering with
those mechanisms may become powerful weapons to slow down arterial aging.

Similarly, a better characterization of age-associated changes in the organization and
composition of vascular extracellular matrix (Lehoux et al 2005b, Pauly et al 1994) may be
helpful to slow down and prevent the clinical consequences of aging, ending-up with
maladaptive CV remodelling observable in large artery (Scuteri et al 2001, 2004b), small
artery (Jacobsen et al 2008, Scuteri et al 1995), and left ventricular (Ganau et al 1995,
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Scuteri et al 2010b, Selvetella et al 2003, Slotwine et al 1998) level that is risky for CV
events as well as for brain diseases (Scuteri et al 2004b, 2010b, Selvetella et al 2003).

Conclusions

Geriatric medicine and gerontological research have become increasingly relevant. Yet, in
the recent years the dominant paradigm has relegated (and reduced) the geriatric medicine to
the role of “the better management” of disability, when not of instituzionalized patients. In
such a context, remarking the dimension of prevention is dramatically urgent. Prevention is
a critical goal to which clinicians should aspire because it reduces morbidity, may alleviate
suffering by reducing disability, and reduces the cost of health care. We propose that
prevention is possible in geriatric patients at any age.

This working hypothesis requires a major shift in our paradigm to be proven true: from
traditional CV risk factors to arterial aging; defining prevention as any intervention
occurring prior to a diagnosis; a progressive re-definition of clinical outcomes for older
subjects. However, it should be acknowledged that its strong background is not yet
supported by clinical trials clearly showing its effectiveness and its public health impact.

Nonetheless, no evidence will ever be available if geriatric medicine won’t give credit to this
novel paradigm. Consistently, greater resources should be allocated to verify whether a
better phenotypic characterization of arterial aging and its inter-individual variability
(heterogeneity) will significantly improve the accuracy of prevention in older subjects and
will allow significant reduction in healthcare and social costs.

Meanwhile, it should be promoted and diffused the concept that arterial aging — similar to
any other aging process — is a continuous phenomenon that can be identified and followed at
different stages, even in subjects with normal levels of traditional CV risk factors, like blood
glucose and blood pressure (Najjar et al 2008, Scuteri et al 2008). Therefore, prevention
should progressively focus more and more on arterial aging even in younger subjects, as
indicated by the emerging concept of Early Vascular Ageing syndrome (Nilsson et al 2008,
2009).

Aging —whether we welcome it as a blessing or we fear it as a curse — is an inevitable
process. The rate of aging and, thus, the clinical impact of aging is modifiable - likely at any

age.
ABBREVIATIONS
BMI Body Mass Index
CCA Common Carotid Artery
Ccv Cardiovascular
HbAlc Glycated Hemoglobin
IMT Intima-Media Thickness
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MetS Metabolic Syndrome

PWV Pulse Wave Velocity

SBP Systolic Blood Pressure
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