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It is not by the gray of the hair that one knows the age of the heart.
~Edward Bulwer-Lytton

Introduction
According to the most recent estimates from United States, cardiovascular disease (CVD)
death rates have declined but the disease burden still remains substantially high.1 The risk of
developing CVD is largely (75–90%) explained by the presence or absence of traditional
CVD risk factors.2 Age is a well known traditional risk factor, which is generally considered
to be non-modifiable for obvious reasons. In this review, we discuss the common use of an
individual’s age in prediction of CVD incidence using different risk scores, examine
whether age as a risk factor can be modified or not, discuss the methods used to evaluate
long- and short-term CVD risk, appropriate communication of an individual’s risk based on
their age group and CVD risk, and conclude by discussing the influence of age on cardiac
and vascular risk factors.

Assessment of CVD risk using Age as part of Risk Scores
With aging, there is an incremental acquisition of several CVD risk factors in an individual’s
lifespan. When these risk factors are incorporated in a multivariable regression model, age
still remains an independent risk factor. There are several risk prediction scores currently
available to assess an individual’s risk of CVD, and all of them include ‘age’ as a predictor.
Older age, as assessed by these risk scores, is associated with greater risk of CVD.
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Although there are several risk scores available, the Framingham Risk Score (FRS)3 is one
of the most-widely adopted screening tools in United States and is recommended by
National Heart Lung and Blood Institute to assess an individual’s CVD risk.4,5 Other risk
scores which are tested in Britain,6 Scotland,7 New Zealand8 or China9 have not been
formally tested in the United States. In addition to the traditional risk factors (age, gender,
smoking, total cholesterol, HDL-cholesterol and systolic blood pressure which are part of
FRS), risk scores developed in Britain and Scotland also incorporate family history and
social deprivation as risk factors, and these additional variables marginally improve
prediction of CVD risk over the FRS when applied to the British and the Scottish
populations, respectively. The Reynolds risk score also includes age as a component and is
constructed using a database of middle-aged American women and requires the additional
measurements of C-reactive protein and HbA1c (in diabetics).10 Lastly, the risk prediction
score reported in prior European studies11 and currently adopted by the Joint European
societies12 is based on models which predict CVD death, and therefore underestimates the
burden of CVD by not including the non-fatal events. Note that although CVD death rates
have declined in some developed European countries (quite similar to the trend in the United
States), the overall CVD burden still remains high.

Age is an Independent Risk Factor for Cardiovascular Disease
As discussed above, even after adjusting for traditional risk factors in a multivariable CVD
prediction model, age remains a fundamental predictor of CVD risk. However, when age
and other risk factors are used jointly to examine an individual’s future risk of CVD, it has
been postulated that the contribution of age in the multivariable models may be a reflection
of the intensity and the duration of exposure to other traditional CVD risk factors.13 If this
observation were true, avoidance of these other risk factors should result in a reduction of
CVD risk associated with age per se. To examine this hypothesis prior studies from
Framingham Heart Study have shown that the absence of each of these traditional risk
factors is associated with a reduction in the risk of CVD even at an older age.14 When the
absence of multiple risk factors is factored into an individual’s CVD risk assessment, the
reduction in CVD risk is further augmented. Similarly, using the Framingham cohort,
investigators have observed that lower midlife blood pressure and total cholesterol levels,
absence of glucose intolerance, smoking abstinence, higher education and female gender all
predicted increased survival up to 85 years of age.15 Additionally at an older age, the
contribution of age to CVD risk prediction declines, in part because there is less time left for
an individual to acquire other modifiable CVD risk factors. Therefore, age at any given
point influences the assessment of both the short- and long-term CVD risk of an individual.
The absence of these CVD risk factors not only prevents the development of CVD but also
decreases the risk of age-associated co-morbidities and mortality.15 In another prior study,
after excluding individuals with cancer, cardiovascular disease and diabetes before 50 years
of age, investigators followed the Framingham cohort to evaluate who was likely to reach 75
years of age. They concluded that smoking fewer cigarettes per day, lower systolic blood
pressure, and higher forced vital capacity were associated with longevity in both sexes.16

Moreover, these observations relating to presence and absence of traditional risk factors
have also been confirmed in a population-based study in the Japanese cohort from the
Honolulu Heart Program,17 and the large scale, multiethnic and international InterHeart
Study.18 The InterHeart study investigators also tested this hypothesis in a case-control
fashion among all age groups and observed similar results for prevention of myocardial
infarction.18 Therefore, it is now well established that life expectancy of an individual is
dependent on modification of traditional risk factors and age-associated risk of CVD can be
minimized by correcting or avoidance of these risk factors. Though, it is important to note
that risk factor modification is equally important for both young and older individuals, and
will decrease their subsequent risk of CVD.
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Relative risk versus Absolute risk Assessment
Current CVD risk assessment using Framingham risk score comprises of the traditional risk
factors i.e. cholesterol (total and HDL), blood pressure, history of smoking and age.5,19

While assessing risk of CVD, it is important that both short-term (10-year CVD risk) and
long-term (>10 year) risk for CVD are evaluated, and communicated appropriately to an
individual.20 At a younger age, an individual with several CVD risk factors (i.e. smoker,
increased cholesterol and high blood pressure) will have a lower absolute short-term risk
(compared to an older individual with similar CVD risk factors), and the absolute risk
increases as the person gets older. However, the relative risk remains relatively invariant
throughout a person’s lifespan provided other risk factors (except age) do not change, and it
may actually decrease over time. Similarly, an older individual with several risk factors will
have a higher short-term absolute risk (compared to a younger individual with a similar risk
factor profile) even though the relative risk may remain constant through the lifespan,
provided there is no change in risk factors.

Communicating CVD Risk to Young and Old
Communicating either short- or long-term CVD risk to a patient can be challenging and
might over or under-estimate the importance of risk factor reduction and therefore impact
how a person would react by changing lifestyle for future risk reduction. For example,
communicating an overestimated relative risk to a young individual might result in
emotional or financial stress (may require them to take medications) whereas
communicating an under-estimated absolute risk may result in a lower level of motivation
on the part of an individual to work towards changing his/her lifestyle to reduce CVD risk.21

Present guidelines from Adult Treatment Panel (ATP-III) for treatment of high blood
cholesterol appropriately incorporates both relative and absolute risk assessment aspects (as
discussed above) for an individual and provides flexibility for discussion by a treating
physician in primary prevention settings.4,5 Prior investigators have cautioned treating
physicians to distance themselves from communicating the magnified relative risk of an
individual (compared to lower absolute risk) in order to achieve professionally desirable
goals.21

Influence of Age on Other Individual Risk Factors
It is intuitive that if age is an independent risk factor for developing CVD, the lifetime risk
of CVD for an individual would continue to increase with age. However, the lifetime risk for
CVD is lower at age 70 than at age 50 years, for an individual whose lifestyle risk factors
remains unchanged.14 Similarly, lifetime risk of coronary artery disease,22 stroke,23

hypertension24 and heart failure25 does not continue to increase with age. One explanation
for this observation is that there is shorter time period left for older individuals to develop
the disease and a greater hazard of death due to competing causes. Other reasons are that
those who live longer have inherent bias of lower burden of cardiovascular risk factors
which lowers their risk of developing an event, or a genetic makeup with resistance to
develop cardiovascular disease. Framingham cohort enrolled individuals at their midlife
(30–62yrs) primarily but InterHeart study included some young participants (<40yrs) and
both showed similar results that reduction or absence of risk factors is additive and improves
mortality. Consequently, it is important to note that screening for risk factors and advice
about modifications of risk factors should start at an early age.
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Influence of Individual Risk Factors on Age-associated CVD Risk
A sex-specific analysis from Framingham cohort suggests about 11.9% ( men) to 40.3%
(women) of age-associated CVD risk may be attributable to the concomitant burden of other
CVD risk factors.26 These estimates are based on comparing unadjusted regression
coefficients for age with those obtained after adjusting for other CVD risk factors in
multivariable models (systolic blood pressure, diabetes, total to high-density lipoprotein
cholesterol ratio, history of smoking and body mass index).

Conclusion
The risk of developing CVD is generally dependent on the presence or absence of traditional
risk factors. Increasing age is an independent risk factor for CVD, however. The burden of
CVD risk associated with rising age can be reduced partly by the modification of traditional
coexisting CVD risk factors. When communicating an individual’s CVD risk regardless of
age, both short-term (10-year) and long-term (>10 years) risks (both absolute and relative
risks) should be discussed and the subsequent management of CVD risk factors should be
individualized.
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Synopsis

The risk of developing CVD is generally dependent on the presence or absence of
traditional risk factors. Age is a well known traditional risk factor, which is generally
considered to be non-modifiable for obvious reasons. In this review, we discuss the
common use of an individual’s age in prediction of CVD incidence using different risk
scores, examine whether age as a risk factor can be modified or not, discuss the methods
used to evaluate long- and short-term CVD risk, appropriate communication of an
individual’s risk based on their age group and CVD risk, and conclude by discussing the
influence of age on cardiac and vascular risk factors
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