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4. Rationale:

Heart failure (HF) is a common, costly, disabling, and often fatal disorder that affects
approximately 5.7 million Americans. Despite improvements in medical care and advances in
therapy, hospital discharges for HF have increased 155% over the past two decades' and HF has
become the most common condition for hospital admission® and readmission.” Although the
considerable morbidity and mortality attributed to HF can be reduced by treatment,*’
approximately half of those with HF die within five-years of diagnosis.' Thus, the aging U.S.
population, combined with HF treatment costs that are the most expensive of all Medicare
diagnoses,” make HF a major - and growing - public health burden.

Numerous studies have evaluated associations between HF and acquired risk factors, including
previous coronary heart disease (CHD), diabetes, elevated blood pressure, atrial fibrillation,
hypercholesterolemia, overweight/obesity, cigarette smoking, and arrhythmias’* and how such
associations vary by race and sex.'” " Yet, few have explicitly measured the population impact
of these acquired risk factors.'* '* Population burden measures, such as the attributable fraction
(AF) and potential impact fraction (PIF) are of direct relevance to public health professionals
given the policy implications of measures that estimate the proportion of cases that could be
prevented if a risk factor was eliminated. Similarly, disability adjusted life years (DALYs) and
years of life lost (YLL) are disease burden measures that inform on the years lived with disability
and premature mortality, respectively, associated with a specific exposure.'*'° Traditional
measures of incidence, prevalence, or mortality do not combine morbidity and mortality effects
into metrics comparable across different diseases.

5. Main Hypothesis/Study Questions:
a. First, we propose to estimate the following using ARIC cohort data:

The risk of developing HF by race and sex conditional on survival without disease
at index ages of 45, 55, 65, and 75 years

The proportion of HF cases attributed to hypertension, overweight/obesity,
diabetes, hypercholesterolemia, and cigarette smoking (estimated individually).

The estimated potential impact on the population HF burden of interventions that
reduce the prevalence of hypertension, diabetes, hypercholesterolemia, and
cigarette smoking (estimated individually).
b. ARIC community surveillance data from 2005 will then be used to estimate age-, race-
and sex-specific one-year HF incidence and mortality rates. Based on these rates we will
calculate:

YLLs and DALY for HF by race and sex

c. Results from parts (a) and (b) would then be combined to estimate:



HF DALYs attributable to hypertension, overweight/obesity, diabetes,
hypercholesterolemia, and cigarette smoking (estimated individually).

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).

ARIC COHORT:

Exclusions: Participants with prevalent HF at baseline will be excluded (i.e. those who reported
taking medications for HF (n=83) or those with stage 3 HF defined by the Gothenburg criteria
(n=699)). Other exclusions are participants that self-report race other than black or white or
blacks from the Minneapolis and Washington County study centers (n=89).

Outcome definition: Incident hospitalized HF is identified by the first occurrence of hospital
discharge diagnosis codes 428.X or 150.x.

Main exposures:

1) BMI at baseline: BMI < 25 kg/m” = normal weight, BMI 25-30 kg/m” = overweight, and BMI
> 30 kg/m® = obese.

2) Hypertension at baseline: either a diastolic blood pressure > 90 mm Hg or a systolic blood
pressure > 140 mm Hg, or anti-hypertensive medication use during the previous 2 weeks.

3) Diabetes at baseline: either fasting plasma glucose > 126, self-report of physician diagnosis of
diabetes, or use of diabetes medication in the prior 2 weeks

4) Hypercholesterolemia at baseline: either total cholesterol >240 mg/dl or use of cholesterol
lowering drugs in the prior 2 weeks.

ARIC SURVEILLANCE:

Outcome definition: Year 2005 adjudicated HF events and associated mortality data as well as
death certificates listing HF as an underlying or contributing cause of death.

Covariates: Age, sex, and race.
STATISTICAL METHODS

Lifetime risk calculation: Lifetime risks of HF, adjusted for the competing risk of death, are
given by:




where A represents age, j indexes ordered failure times among N participants, h is the hazard or
conditional probability estimate of developing HF at time t; given survival beyond time t; ,,

and U is the estimated survival probability.'” The variance of the cumulative incidence adjusted
for competing risk of death is estimated using a Taylor series linear expansion.'®
AF Calculation: AF estimates will be calculated as follows:

AF,, =(RR —1)/RR

As the above formula is biased in the presence of confounding,'” we will estimate AFs in each
confounder stratum separately. The resulting AFs will be combined with weights determined by
the proportion of cases in each stratum.”’

Calculation of DALYSs: The burden of disease for any cause, expressed in DALYs, years of life
lost (YLL), and years of life with disability (YLD) is:

DALYs=YLLs + YLDs,

where

YLLs = Z number of deaths x life expectancy at age of death

and

YLDs = Z number of years with a disability x disability weight

For YLD estimation, we will adopt an incidence-based approach that measures years with
disability as incidence x duration, defined as the one-year incidence of disease multiplied by the
mean duration of disability.”' Here, the mean duration of disability is estimated by the median
survival, as HF is considered an irrecoverable condition.

The burden of disease due to mortality (YLLs) will be calculated as the age-specific one-year
mortality rate (e.g. any mention on death certificate) multiplied by the age-specific life
expectancy based on standard life-table analysis. Year 2004 U.S. life tables will be used as the
reference.”

For calculation of DALY attributable to hypertension, diabetes, hypercholesterolemia, or
overweight/obesity, the DALY's estimated above are multiplied by the AF for the specific risk
factor, assuming that disease progression is the same for any given risk factor.”

The expected proportional change in average HF incidence after a reduction in the prevalence of
a categorical outcome with n discrete levels is given by the potential impact fraction (PIF):

i=1 i=1
i=1

where RR(i) represents the relative risk at exposure level i, P(i) is the population prevalence, and
P’(x) is the counterfactual population prevalence.** Community surveillance sampling weights
will be applied when appropriate and confidence intervals will be estimated using bootstrapping
techniques.
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