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Abstract
Objectives—To estimate the population burden of heart failure and the influence of modifiable
risk factors.

Background—Heart failure is a common, costly, and fatal disorder, yet few studies have
evaluated the population-level influence of modifiable risk factors.

Methods—From 14,709 Atherosclerosis Risk in Communities study participants we estimated
incidence rate differences (IRD) for the association between five modifiable risk factors (cigarette
smoking, diabetes, elevated low density lipoproteins, hypertension, and obesity) and heart failure.
Potential impact fractions were used to measure expected changes in the heart failure incidence
assuming achievement of a 5% proportional decrement in the prevalence of each risk factor.

Results—Over an average of 17.6 years of follow-up, 1 in 3 African American and 1 in 4
Caucasian participants were hospitalized with heart failure, defined as the first hospitalization with
ICD-9 discharge codes of 428.x. Of the five modifiable risk factors, the largest IRD was observed
for diabetes, which was associated with 1,058 (95% CI: 787–1,329) and 660 (95% CI: 514–805)
incident hospitalizations of heart failure/100,000 person-years among African American and
Caucasian participants, respectively. A 5% proportional reduction in the prevalence of diabetes
would result in approximately 53 and 33 fewer incident heart failure hospitalizations per 100,000
person-years in African American and Caucasian ARIC participants, respectively. When applied
to U.S. populations, this reduction may prevent approximately 30,000 incident cases of heart
failure annually.
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Conclusions—Modest decrements in the prevalence of modifiable heart failure risk factors such
as diabetes may substantially decrease the incidence of this major disease.
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INTRODUCTION
Heart failure is a common, costly, disabling, and often fatal disorder that affects
approximately 5.8 million Americans (1). Despite improvements in medical care and
advances in therapy, hospital discharges for heart failure have increased 155% over the past
two decades (2) and heart failure has become the most common cause for hospital admission
(3) and readmission (4). Although the considerable morbidity and mortality attributed to
heart failure can be reduced by treatment (5,6), approximately half of those with heart
failure die within five-years of diagnosis (2). Thus, the aging U.S. population combined with
heart failure treatment costs that are the most expensive of all Medicare diagnoses (7), make
heart failure a major - and growing-public health burden.

Numerous studies have evaluated associations between heart failure and risk factors
including previous coronary heart disease (CHD), elevated blood pressure,
hypercholesterolemia, overweight/obesity, cigarette smoking, and arrhythmias (8,9). Yet,
few have explicitly measured the population burden of heart failure attributable to
modifiable risk factors (10–12). Population burden measures, for example the population
impact fraction (13), are of direct relevance for primary prevention, resource allocation and
research prioritization, as they estimate the number of events that may be preventable if the
prevalence of a modifiable risk factor was reduced. Similarly useful for informing heart
failure research agendas and primary prevention efforts are disability adjusted life years
(DALYs), which inform on premature mortality and years lived with disability (14,15).
Therefore, we evaluated the population burden of heart failure measured by the lifetime risk,
incidence rate differences (IRD), DALYs, and potential impact fractions (PIF) in 14,709
Atherosclerosis Risk in Communities (ARIC) Study participants.

MATERIALS AND METHODS
Study Population

The ARIC study includes an ongoing population-based cohort of 15,792 Caucasian and
African American males and females aged 45–64 years at baseline that was recruited in
1987–89 using probability sampling from four United States communities: Forsyth County,
North Carolina, the northwest suburbs of Minneapolis, Minnesota, Washington County,
Maryland, and Jackson, Mississippi (16). Standardized physical examinations and
interviewer-administered questionnaires were conducted at baseline, and at three triennial
follow-up examinations. Participant follow-up through annual telephone interviews, review
of hospitalization records and vital status is ongoing. Institutional Review Boards at each
participating institution approved the ARIC Study and all participants provided informed
consent before each examination.

We excluded a total of 1,083 participants (6.8% of the total ARIC cohort) from the analysis:
755 participants with prevalent heart failure; 280 participants missing data on variables used
to assess prevalent heart failure; and 48 participants who did not self-report a race of
Caucasian or African American. After these exclusions, the total sample size was 14,709
participants.
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Exposure and covariate definitions
We examined five potentially modifiable cardiovascular risk factors, which were assessed at
study baseline and three triennial examinations: current smoking, diabetes, elevated low
density lipoprotein concentration (LDL), hypertension, and obesity. Criteria for inclusion in
this study included the availability of measures at all four ARIC visits, previously
documented associations with the incidence of heart failure, and amenability to change.
Current smoking status was ascertained by interviewer-administered questionnaire. Diabetes
was defined as fasting plasma glucose ≥ 126 mg/dl, non-fasting glucose ≥ 200 mg/dl, self-
reported use of diabetes medications, or self-reported physician diagnosis of diabetes.
Elevated LDL was defined as LDL ≥ 160 mg/dl or self-reported use of lipid-lowering
medications. Participants with systolic blood pressure ≥ 140 mmHg, diastolic blood pressure
≥ 90 mmHg or who reported the use of medications for blood pressure control were
classified as hypertensive. Body mass index dichotomized at ≥ 30 kg/m2 was used to define
obesity. Serum creatinine was measured and analyzed as previously described (17). We
calculated estimated glomerular filtration rate using the CKD-EPI equation (18). Medication
use was ascertained by medication inventory using Therapeutic Classification System codes.

Ascertainment of incident heart failure events
Heart failure events were ascertained through active surveillance of local hospital discharge
lists to identify hospitalizations with cardiovascular disease diagnoses. Yearly interviews of
cohort members during which all hospitalizations were reported were also conducted to
identify hospitalizations that occurred outside the ARIC catchment areas. Incident heart
failure hospitalizations were defined as the first recorded hospitalization with International
Classification of Diseases, Ninth Revision discharge codes of ‘428.x’ in any position.
Validation of heart failure hospitalizations indicated that the positive predictive value of
‘428.x’ was 93% for acute decompensated heart failure and 97% for chronic heart failure
(19). Heart failure hospitalization data were available from study baseline through
December 31, 2008.

Ascertainment of incident coronary heart disease and stroke events
To facilitate comparisons with lifetime risk estimates of heart failure, we also examined
incident CHD and stroke events. Incident CHD was defined as a validated definite or
probable hospitalized MI, a definite CHD death, or an unrecognized MI defined by ARIC
electrocardiogram readings. The criteria for definite or probable hospitalized MI were based
on combinations of chest pain symptoms, ECG changes, and cardiac enzyme levels (20). An
incident stroke occurrence was defined as a first definite or probable hospitalized stroke
occurring in a participant free of a history of physician-diagnosed stroke at the baseline
interview. Adjudicated events were available from baseline through December 31, 2008.

Statistical analysis
Race-specific lifetime risk estimates conditional on survival free of each disease to age 45
and accounting for the competing risk of death were calculated as:

where A represents age, j indexes ordered failure times among N participants, h is the hazard
or conditional probability estimate of developing the disease at time tj given survival beyond
time tj−1, and Ûis the estimated survival probability (21). The timescale of interest was age;
participants contributed to the risk set beginning at their age of entry into the cohort.
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Accounting for competing risks was necessary because traditional survival analytic
techniques (e.g. the Kaplan-Meier method (22)) assume that heart failure is still possible
beyond the time of censoring (21); since heart failure, stroke, and CHD cannot occur after
death, death was defined as a competing risk. The variance of the cumulative incidence was
estimated using a Taylor series linear expansion (23). Confidence intervals for incidence
rates were estimated using a method described by Haenszel (24). Age-adjusted rates were
directly standardized to the entire population. Poisson regression was used to estimate race-
specific IRDs for the five modifiable risk factors adjusting for age (in 10-year categories)
and sex. Event time was defined as the time until the first heart failure hospitalization.

Using the PIF, we estimated the expected proportional change in the average heart failure
incidence assuming a reduction in the prevalence of a categorical outcome with n discrete
levels:

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 (13). Proportional reductions in the
prevalence of a given risk factor imply a shift below the risk factor threshold of the
corresponding proportion of the population (i.e. into the unexposed population group).
Race-, sex-, and age-specific (10-year categories) RRis were recombined by race using a
case-load weighted sum method (10).

DALYs were used to quantify disability, as direct measures of disability and functional
limitations were unavailable. DALYs are a commonly used health metric that was
introduced in the mid-1990s by the World Health Organization Global Burden of Disease
project so that nonfatal outcomes spanning cancers, cardiovascular diseases, and infectious
diseases could be considered on a common scale for the evaluation of health resource use
and research prioritization (15,25). Specifically, DALYs combine data on mortality (years of
life lost, YLL) and non-fatal health outcomes (years of life lived with disability, YLD) into a
single measure that estimates the difference between current and ideal health states (26–28).
DALYs were developed DALYs were calculated as the sum of YLL and YLD:

where:

and:

Disability following heart failure hospitalizations was not directly measured. Instead, a
disability weight was used to indicate the severity of disease on a scale from 0 to 1. A
disability weight of ‘0’ indicates perfect health (i.e. no disability) and a disability weight of
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‘1’ indicates death. The disability weight assigned to heart failure by the Global Burden of
Disease panel of reviewers was 0.201 (29).

The burden of disease due to mortality (i.e. YLLs) was calculated as the race-, sex-, and age-
specific (five-year age groups) one-year mortality rate multiplied by the age-specific life
expectancy based on Year 2004 U.S. life tables. For YLD estimation, an incidence-based
approach was adopted that measured years with disability as incidence × duration, defined
as the incidence of heart failure multiplied by the mean duration of disability, in race, sex,
and five year age intervals (14). The mean duration of disability was estimated by the
median survival time following the first heart failure hospitalization. For the calculation of
DALYs attributable to heart failure risk factors, DALYs were multiplied by the population
attributable fraction (30) for each risk factor and the specified proportional reduction in the
exposure (5% assumed), assuming a constant disease progression for each risk factor. This
resulting metric is interpreted as the absolute reduction in DALYs (measured in years)
associated with a population-level reduction in a given exposure. All statistical analyses
were performed using SAS 9.1 (Cary, North Carolina).

RESULTS
ARIC participants contributed an average of 17.6 years of person-time through 2008, during
which 2,102 heart failure cases were identified (Table 1). The one-year age-adjusted
incidence rate of heart failure was higher in African Americans (1,126/100,000 person-
years) compared to Caucasians (676/100,000 person-years) (Table 2), as was the prevalence
of hypertension, diabetes, and chronic kidney disease. Median survival among Caucasian
participants with heart failure following the index hospitalization was 8.6 years,
approximately four years longer than the median survival among African American
participants (4.9 years). An estimated 196 African Americans (27.4%) and 349 Caucasians
(25.2%) died within one year of their incident heart failure hospitalization.

The lifetime risk of heart failure adjusted for competing risk of death for adults over 45
years old was 32.8% (95% CI: 27.4, 36.1) or 1 in 3 for African Americans and 25.9% (95%
CI: 22.7, 28.0) or 1 in 4 for Caucasian participants (Figure 1). For both Caucasian and
African American participants, the lifetime risk of hospitalized heart failure was higher than
the lifetime risk of incident CHD and incident stroke.

Of the five modifiable risk factors we examined (current smoking, diabetes, elevated LDL,
hypertension, and obesity), diabetes was associated with the largest incidence rate difference
(Figure 2). Specifically, diabetes accounted for 1,058 (95% CI: 787, 1,329) and 660 (95%
CI: 514, 805) incident cases of heart failure per 100,000 person-years among African
American and Caucasian participants, respectively. IRD estimates for current smoking,
elevated LDL, hypertension and obesity were generally consistent across African American
and Caucasian populations, although IRD estimates for elevated LDL and hypertension were
slightly elevated among African American ARIC participants. As a sensitivity analysis, we
examined how robust IRD estimates were to adjustment for all risk factors together and beta
blockers, ACE inhibitors and diuretic use. Inferences were robust to adjustment for both
(results not shown).

Heart failure was also associated with disability and early mortality. In the ARIC cohort,
heart failure was associated with 9,527 YLLs. Approximately 12,473 years of life were lived
following the incident heart failure hospitalization; multiplying this estimate by the heart
failure disability weight of 0.201 yielded 2,507 YLD. Together, the YLD and YLL estimates
indicated that, on average, ARIC participant with heart failure experienced 5.7 DALYs, the
majority representing early mortality.
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Finally, we evaluated how population-level reductions in the prevalence of modifiable heart
failure risk factors may influence estimates of the incidence of disease, disability, and early
mortality. As shown in Table 3, modest decrements in the population prevalence of
modifiable risk factors would decrease the heart failure incidence. For example, a 5%
proportional reduction in the prevalence of diabetes in ARIC African American participants
(i.e. reducing the diabetes prevalence from 31.0% to 29.5%) would result in approximately
53 fewer heart failure cases per 100,000 person-years (Table 3). A 5% proportional
reduction in the prevalence of diabetes in ARIC would also decrease the estimated number
of heart failure DALYs by 183 years overall, largely reflecting a reduction in the number of
YLL.

DISCUSSION
In this biracial cohort of middle-aged males and females, we estimated a lifetime risk of
heart failure of 1 in 3 for African Americans and 1 in 4 for Caucasians. Heart failure was
also associated with early mortality and disability. However, we estimated that 5% reduction
in modifiable heart failure risk factors would markedly decrease the incidence of disease as
well as heart failure-related early mortality and disability in this population.

Few studies have reported estimates of the population burden of heart failure (10–12).
Lifetime risk estimates, for example, are useful as they may be more easily understood by
clinicians and patients than relative effect measures and can be compared across diseases to
understand competing causes of morbidity and mortality (31). Several studies have reported
lifetime risk estimates of heart failure in populations of European descent (11,32,33), which
were comparable in magnitude to lifetime risks of heart failure we estimated among
Caucasians. However, to our knowledge, we are the first to present such estimates in an
African American population and show that the lifetime risk of heart failure is 1 in 3, which
is higher than that of stroke or CHD in the same population.

Evaluating disability is especially important for conditions such as heart failure, which
occurs primarily in the elderly and is characterized by a heavy comorbidity burden. Yet, few
studies have quantified the heart failure disability burden and compared it to other major
diseases. One exception is a Dutch study from the mid-1990s, which reported that heart
failure early mortality and disability were comparable in magnitude to dementia and colon
and rectal cancer (34). It is difficult to extrapolate these results to present-day populations,
given demographic shifts and differences in risk factor burdens among countries. Future
studies of heart failure should therefore leverage validated outcome measurements from
contemporary studies.

Analyses examining five modifiable heart failure risk factors suggested that in the ARIC
study, diabetes was associated with the greatest population burden of heart failure when
compared to current smoking, elevated LDL, hypertension and obesity. Diabetes is a known
risk factor, being associated with stage A heart failure (35), although hypertension and CHD
are traditionally viewed as the strongest heart failure risk factors. Although IRD estimates
presented herein may seem of small magnitude, extrapolations to U.S. African American
and Caucasian population aged 45 years or greater suggest that approximately 30,000 annual
incident cases of heart failure may be prevented by modest decrements in this modifiable
risk factor. Of note, this estimate does not consider the effect of reducing incident HF cases
on subsequent rehospitalizations for these prevented incident events.

Although population attributable risk estimates are more commonly reported in studies
examining the population burden of heart failure (12,36), we chose to present potential
impact fractions, as these estimates do not presume complete elimination of a given risk
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factor. Here, we considered a 5% proportional reduction in five modifiable risk factors that
have been consistently associated with heart failure. A 5% proportional reduction in the
prevalence of diabetes is less ambitious than Healthy People 2010 goals, which aim to
reduce the age-adjusted prevalence of clinically diagnosed diabetes from a baseline of 40
cases/1,000 people (in 1997) to the Healthy People 2010 target of 25 cases/1,000 people, a
37.5% reduction. However, age-adjusted rates for diabetes, obesity and cigarette smoking
increased over the past decade (37), underscoring the need for more aggressive evidence-
based prevention efforts. It also highlights the importance of focusing on interventions that
are practical, as the estimates presented herein are meaningless unless interventions are
available and feasible to implement.

The strengths of this study include the standardized and repeated assessment of heart failure
risk factors in a biracial, population-based cohort and an extended follow-up of participants
with high retention (>90%). One limitation is that we did not include outpatient events,
although Roger (2004) suggested that the majority of heart failure cases identified in
outpatient settings were hospitalized within 1.7 years (2). It is also unclear whether our
results are generalizable to the present day U.S., as only four communities were represented
in the ARIC study and we included heart failure events that occurred in the late 1980s and
1990s. However risk factor profiles estimated in ARIC participants are similar to those
reported in other population-based U.S. studies (1). We also report PIF estimates that
consider each potentially modifiable risk factor separately, although these five risk factors
often cluster together and interventions to reduce the prevalence of one would likely affect
the prevalence of the others. Likewise, we did not evaluate the influence of population shifts
in physical activity and diet on the incidence of heart failure, although such interventions
would likely be necessary to achieve lasting population-level changes in cardiometabolic
risk factors. Future research examining the interrelationship between the modifiable heart
failure risk factors examined herein and the utility of shifting physical activity and diet
patterns is clearly needed.

Finally, we focused on clinically defined cutpoints for potentially modifiable risk factors,
including diabetes, elevated LDL, adiposity, and elevated blood pressure, as opposed to
interval scale exposure values. One advantage of predefined cutpoints was that we were able
to avoid strong assumptions about the relation between the exposures and risk of disease.
The clinical cutpoints are also well-understood and provide estimates of the potential impact
clinicians could achieve by adhering to current practice guidelines. However, small
reductions in heart failure risk factors, such as a one or two mg/dl shifts in the population
distribution of fasting plasma glucose, may be more easily achievable on a population level
and should be examined further (38,39). Examining the burden of modifiable risk factors in
populations at high risk for heart failure, including those with atrial fibrillation, coronary
heart disease, or chronic kidney disease, is also warranted.

Randomized clinical trials have supported the utility of pharmacological interventions to
improve survival in populations with heart failure (5,6), yet prognosis remains bleak. Given
the aging of the population, improved post-MI survival and the increasing prevalence of
modifiable heart failure risk factors, primordial prevention of heart failure likely provides
the greatest opportunity for reducing the incidence of this major disease. Although
additional studies are needed to verify the estimated magnitude of effect between the
modifiable risk factors we examined and heart failure, our results suggest that modest
improvements in the population prevalence of modifiable heart failure risk factors may
decrease both the incidence of disease and the number of years lost or lived with disability.
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FIGURE 1. Lifetime risk estimates of heart failure, CHD, and stroke
Race-specific lifetime risk of incident hospitalized heart failure (panel A), incident CHD
(panel B), and incident stroke (panel C), the Atherosclerosis Risk in Communities study,
1987–2008. Lifetime risks are estimated conditional on survival to age 45 and adjusted for a
competing risk of death.
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FIGURE 2. Incidence rate differences for five modifiable heart failure risk factors
Race-specific estimated heart failure incidence rate differences for current smoking,
diabetes, elevated LDL, hypertension and obesity, the Atherosclerosis Risk in Communities
study, 1987–2008. Incidence rate difference estimates are adjusted for age and sex and
presented per 100,000 person years.
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TABLE 1

Baseline characteristics of ARIC Study participants (N=14,709) by race, 1987–1989.

Characteristics
African Americans

(n=3,902)
Caucasians
(n=10,807)

Mean age in years, (SD) 53 (5.8) 54 (5.7)

Female, N (%) 2,374 (60.8) 5,140 (47.6)

Mean BMI in kg/m2 (SD) 29.4(6.1) 26.9 (4.8)

Prevalent CHD, N (%) 117(3.0) 483 (4.5)

Current smoker, N (%) 1,169(30.0) 2,645 (24.5)

Diabetes, N (%) 706 (18.6) 918(8.5)

≥ High school education, N (%) 2,314(59.4) 8,971 (83.1)

Hypertension, N (%) 2,080 (53.3) 2,741 (25.4)

eGFR in ml/min/1.73 m2, (SD) 104.0 (19.6) 95.7(14.9)

eGFR < 60 ml/min/1.73 m2, N (%) 84 (2.2) 159(1.5)

Mean LDL in mg/dl, (SD) 137.4 (42.7) 137.7 (37.9)

ACE inhibitor use, N (%) 305 (2.8) 161 (4.3)

Diuretics use, N (%) 846(22.1) 1,226(11.4)

Beta blocker use, N (%) 367 (9.4) 1,083 (10.1)

ACE, angiotensin-converting enzyme; ARIC, Atherosclerosis Risk in Communities Study; BMI, body mass index; CHD, coronary heart disease;
eGFR, estimated glomerular filtration rate; LDL, low density lipoprotein concentration; N, number; SD, standard deviation.
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TABLE 2

Race-specific incidence rates of heart failure per 100,000 person-years, the ARIC cohort study, 1987–2008.

African Americans Caucasians

Age group N. events
Incidence

rate/100,000 N. events
Incidence

rate/100,000

45–54 years 34 260 40 132

55–64 years 238 818 308 379

65–74 years 334 1,581 662 946

>75 years 110 2,410 376 2,039

Total 716 1,126* 1,386 676*

ARIC, Atherosclerosis Risk in Communities Study; HF, heart failure;

*
HF incidence rate is age-adjusted
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