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4. Rationale:  

 

Advancing age remains the most powerful and, yet, potentially also the least understood risk 

factor for cardiovascular disease (CVD).
1-3

 The conventional paradigm of age-related 

cardiovascular risk proposes that progressive accumulation of traditional modifiable factors over 

the life course contributes, in aggregate, to steadily increasing risk for all the major adverse 

events. However, prior epidemiologic studies have demonstrated that the prevalence of 

modifiable risk factors changes with age and that, in turn, the effect of certain risk factors on 

outcomes is modified by age.
4-6

 To better understand relative changes in the importance of 

traditional risk factors on cardiovascular outcomes with aging, we propose to conduct an analysis 

of age- and time-stratified ‘population attributable risk’ estimates for cardiovascular disease 

endpoints in the Atherosclerosis Risk in Communities (ARIC) study. We will study age- and 

time-stratified estimates together in a comprehensive analysis, due to the challenges associated 

with studying each separately (i.e. identifying age-related associations that may or may not be 

related to birth cohort effects). Use of the ‘population attributable risk’ method allows 

estimations of the proportion of disease risk in a population that can be attributed to the assumed 

effects of one or more risk factors.
7-10

 Thus, this method offers the ability to assess the relative 

importance of conventional risk factors (with respect to select cardiovascular endpoints) with 

increasing age and over time. Applying this type of an analysis in the ARIC cohort may shed 

light on which risk factors contribute the greatest ‘proportion’ of risk for specific cardiovascular 

events of interest in older versus younger individuals – and the degree to which any age-based 

findings in our study may or may not be related to secular time trends. 

 

5. Main Hypothesis/Study Questions: 

 

Our main hypothesis is that the ‘population attributable risk’ of traditional risk factors varies by 

age group (defined below) with respect to incidence of all cardiovascular endpoints, as well as 

incidence of specific types of cardiovascular disease.  Our specific hypotheses are: 

 

1) The proportion of risk attributable to hypertension increases with age, as well as over time, 

for all cardiovascular events and particularly for incidence of heart failure (HF) and stroke. We 

hypothesize that because the prevalence of hypertension increases with age, and because the 

population at large continues to age, then the population attributable risk of hypertension for all 

major cardiovascular outcomes will increase with both age and over time – particularly for those 

outcomes that tend to present in older age (such as HF and stroke). 

 

2) The proportion of risk attributable to hypercholesterolemia decreases with age, as well as 

over time, for all cardiovascular events including coronary heart disease (CHD). Because 

cholesterol levels are known to decrease with age, and because cholesterol levels in the 

population at large are known to have decreased over time (with improved dietary patterns and 

increased use of cholesterol lower treatments), we hypothesize that the population attributable 



 

 

risk of hypercholesterolemia for all major cardiovascular events will decreased with older age 

and over time. 

 

3) The proportion of risk attributable to smoking is decreases with advancing age, as well as 

over time, for all cardiovascular events. We hypothesize that the proportion of risk for all major 

cardiovascular events that are attributable to smoking will decrease with older age (given lower 

rates of smoking in elderly compared to middle-aged adults) as well as over time (given time 

trends indicating the decreasing prevalence of smoking in the population at large). 

 

 

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 

interest with specific reference to the time of their collection, summary of data analysis, 

and any anticipated methodologic limitations or challenges if present). 

 

The study sample will include individuals who attended ARIC examination Visit 1 and were free 

of cardiovascular disease (CHD, HF, or prior stroke) at the time of this ‘baseline’ examination. 

For time trends analyses, the study sample will include individuals who attended the Visit 1 

examination and remained free of cardiovascular disease when also attending the Visit 4 

examination, which occurred approximately 10 years later.  (In secondary time trend analyses, 

we may consider similarly selected ‘baseline’ samples of individuals attending the Visits 2 and 3 

examinations.) 

 

Descriptive Analyses 

 

We will categorize the Visit 1 study sample by age into 3 groups, approximating tertiles (<50, 

50-59, >=60 years), and also do the same for individuals who remained free of cardiovascular 

disease when attending Visit 4 (<60, 60-69, >=70 years). We will determine the means and 

frequencies of conventionally defined traditional cardiovascular risk factors, by age group, at 

each of the Visit 1 and Visit 4 examinations. (In secondary time trend analyses, the same will be 

done for ‘baseline’ samples comprising individuals who attended Visits 2 and 3.) 

 

Population Attributable Risk 

 

Independent variables. For calculating population attributable risk estimates, it will be necessary 

to define presence versus absence of the main risk factors as binary variables. Therefore, for risk 

factors that are based on continuous measures, the following definitions will be used:  

hypertension will be defined as SBP ≥140 mmHg or DBP ≥90 mmHg or taking anti-hypertensive 

medication; obesity will be defined as BMI ≥30 kg/m2; hypercholesterolemia will be defined as 

a total cholesterol ≥200 mg/dL or taking cholesterol lowering medication; and, diabetes will be 

defined as a fasting glucose ≥126 mg/dL or taking glucose lowering medication. 

 

Dependent variables. The primary dependent variables of interest will include the incidence 

(through year 2008) of CHD, HF, stroke, and cardiovascular death (separate models for each 

endpoint, in addition to a model using the combined endpoint). Analyses of HF will be 

performed using 2 approaches: 1) excluding individuals who developed CHD prior to the onset 

of incident HF, and 2) including individuals who developed CHD prior to HF onset and adjusting 



 

 

for this event, as a ‘prior CHD diagnosis’ variable, in the model. 

 

Analytical approach. There are multiple methods used for calculating PAR % (population 

attributable risk %).
7
 Therefore, we will use a method that is considered internally valid when 

adjusted relative risks must be used to account for possible confounding: PAR % = pdi *[(HRi-

1)/HRi], where pdi is the proportion of total cases in the population arising from the ith exposure 

category and HRi is the adjusted hazards ratio for the ith exposure category. Within each age 

group in the Visit 1 sample, we will calculate the PAR for each of the following risk factors: 

obesity, hypertension, diabetes, hypercholesterolemia, and smoking. The PAR will be estimated 

using the HR estimate derived from multivariable models adjusting for all risk factors in addition 

to age, sex, race, and site. PAR estimates will be calculated for each age group and for each of 

the outcomes listed above.  

 

For time trends analyses, we will create a subcohort of Visit 1 participants and a subcohort of 

Visit 4 participants, where subcohorts from each Visit are matched by age (within 5 years) and 

sex (to account for survival bias in women). We will perform analyses in the Visit 1 subcohort 

with the follow-up duration limited to 10 years. We will then perform the same analyses for 

individuals in the Visit 4 subcohort, also with the follow-up duration again limited to 10 years. 

PAR% estimates will be compared between the Visit 1 and Visit 4 ‘time windows’. 

 

Secondary analyses. We will repeat the main analyses in the Visit 1 sample, using all available 

follow-up data, stratified by sex and race. For time trends analyses, if there are large differences 

observed between Visit 1 and Visit 4 samples, we will consider using similar sampling and 

methods for the Visit 2 and Visit 3 samples to aid in verifying results and potentially provide 

additional information with respect to time-dependent patterns of risk.  

 

Limitations and challenges. It is well known that highly prevalent exposures will result in a loss 

of precision in the estimate of the PAR;
7
 thus, PAR estimates for exposures that may be 

particularly relevant for any given sample (or subgroup) will be interpreted with caution. The 

number of individuals in each age group category will differ over time (with cohort aging), and 

so the main analyses of time trends will focus on age groups that are comparable in size from 

Visit to Visit. With respect to both age-based and time trend analyses, there are no known 

conventional statistics for comparing estimates between age groups or time windows. Therefore, 

comparisons will be reported qualitatively and interpreted as such. 
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