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Abstract

Objectives—This study was designed to quantify the relationship between the absence of heart 

failure risk factors in middle age and incident heart failure, heart failure-free survival, and overall 

survival.

Background—Quantification of years lived free from heart failure in the context of risk factor 

burden in mid-life may improve risk communication and prevention efforts.

Methods—We conducted a pooled, individual-level analysis sampling from communities across 

the United States as part of 4 cohort studies: the Framingham Heart, Framingham Offspring, 

Chicago Heart Association Detection Project in Industry, and ARIC (Atherosclerosis Risk In 

Communities) studies. Participants with and without hypertension (blood pressure ≥140/90 mm 

Hg or treatment), obesity (body mass index ≥30 kg/m2), or diabetes (fasting glucose ≥126 mg/dl 

or treatment), and combinations of these factors, at index ages of 45 years and 55 years through 95 

years. Competing risk-adjusted Cox models, a modified Kaplan-Meier estimator, and Irwin’s 

restricted mean were used to estimate the association between the absence of risk factors at mid-

life and incident heart failure, heart failure-free survival, and overall survival.

Results—For participants at age 45 years, over 516,537 person-years of follow-up, 1,677 

incident heart failure events occurred. Men and women with no risk factors, compared to those 

with all 3, had 73% to 85% lower risks of incident heart failure. Men and women without 

hypertension, obesity, or diabetes at age 45 years lived on average 34.7 years and 38.0 years 

without incident heart failure, and they lived on average an additional 3 years to 15 years longer 

free of heart failure than those with 1, 2, or 3 risk factors. Similar trends were seen when stratified 

by race and at index age 55 years.

Conclusions—Prevention of hypertension, obesity, and diabetes by ages 45 years and 55 years 

may substantially prolong heart failure-free survival, decrease heart failure-related morbidity, and 

reduce the public health impact of heart failure.
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Introduction

Heart failure is a common, highly morbid, and costly condition with a growing impact on 

public health. The lifetime risk for heart failure ranges from 20% to 45% depending on sex 

and race (1). In America, the prevalence of heart failure among adults is approximately 5.7 

million (2). Overall, heart failure patients have significantly lower quality of life than 

matched controls in a normal population and high mortality rates (2,3). The total estimated 

annual cost is $30.7 billion, and these costs are expected to increase nearly 127% over the 

next 20 years (2). Thus, efforts to prevent this highly prevalent, morbid, and costly disease 

are needed to reduce its substantial public health burden.

Recently, there has been a shift from focusing on disease risk to cardiovascular health 

promotion and preservation of ideal cardiovascular health (2,4). Instead of quantifying risk 

in terms of the relationship between a risk factor and increased chance of cardiovascular 

disease (CVD), estimating how the absence of risk factors translates into years lived free 

from CVD and prolonged longevity may be beneficial (5,6). Quantification of healthy 

survival free from specific CVD endpoints, such as heart failure, may enhance risk 

assessment and communication, promote public health policy to prevent heart failure, and 

provide insight into the mechanistic underpinnings of incident heart failure.

Risk factors for incident heart failure and lifetime heart failure risk have been described in 

numerous studies and include hypertension (HTN), obesity, diabetes mellitus (DM), male 

sex, metabolic syndrome, and atherosclerotic disease (1,2,7–10). Several studies have shown 

how lower risk factor burden during middle age is associated with better outcomes, 

including higher quality of life, less disability, lower CVD rates, higher cognitive abilities, 

and increased survival (4,6,11–13). HTN, obesity, and DM are highly prevalent and 

potentially preventable risk factors for heart failure. The absence of these 3 risk factors are 

key components of ideal cardiovascular health (4). However, to our knowledge, no study has 
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quantified the relationship between the avoidance of HTN, obesity, and DM by mid-life and 

years lived free from heart failure across the remaining lifespan. Therefore, we sought to 

quantify the associations between prevalent HTN, obesity, and DM in mid-life and incident 

heart failure risk, years lived free from heart failure, overall survival, and percentage of life 

lived with heart failure in a large, contemporary epidemiological sample.

Methods

Sample

The methods for the selection and pooling of cohorts and the sample sizes in the 

Cardiovascular Disease Lifetime Risk Pooling Project (LRPP) have been previously 

described (14). Briefly, the LRPP is an individual-pooled dataset of 20 US-based community 

epidemiological cohorts with socio-demographics, CVD risk factors, and CVD outcomes. 

Individual participant data from the following 4 cohorts were sampled: Framingham Heart 

Study, Framingham Offspring Study, ARIC (Atherosclerosis Risk In Communities) study, 

and the Chicago Heart Association (CHA) Detection Project in Industry Study (15–18). 

Public-released datasets were used for all the cohorts except CHA, which was an internal 

set. This project was exempted from review by the institutional review board at 

Northwestern University.

The Framingham Heart Study enrolled white men and women, ages 30 years to 62 years, in 

1948 from Framingham, Massachusetts. The Framingham Offspring Study enrolled white 

men and women, ages 5 to 70 years, in 1971 from Framingham, Massachusetts. Follow-up 

data through 2008 were included for both cohorts. The ARIC study enrolled white and black 

men and women, ages 45 to 64 years, from 1987 to 1989 from 4 sites (Forsyth County, 

North Carolina; Jackson, Mississippi; Minneapolis, Minnesota; and Washington County, 

Maryland). Follow-up data through 2007 were included. The CHA enrolled white and black 

men and women >18 years of age, in 1967 to 1973, from Chicago, Illinois. Follow-up data 

were included through 2008.

Ascertainment of baseline values, follow-up values, and outcomes

The methods for ascertaining baseline values, follow-up values, incident heart failure, and 

vital status have been described elsewhere (1,8,14,19). Participants self-report determined 

race. HTN was defined as blood pressure ≥140 mm Hg systolic or ≥90 mm Hg diastolic or 

treatment. Obesity was defined as a body mass index ≥30 kg/m2. Diabetes was defined as a 

fasting glucose ≥126 mg/dl or treatment. Additional details are included in the Online 

Appendix. Briefly, baseline and follow-up values were obtained during in-person 

examinations. In the Framingham, Framingham Offspring, and ARIC studies, potential heart 

failure events were identified via multiple mechanisms and then adjudicated by a central 

committee. Medicare primary discharge diagnosis coding was used to identify heart failure 

events in the CHA study. The incidence rates for heart failure for CHA participants after age 

65 years were similar to those in the other cohorts. Methods for mortality ascertainment 

included contact with family and employers and matching to Social Security Administration 

files, the National Death Index, and National Death Index-Plus service. Mortality 

ascertainment for all 4 cohorts has been essentially complete.
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Statistical analysis

Participants were grouped by sex and the 3 risk factors of interest—HTN, obesity, and DM

—obtained at study examination within 5 years of index ages 45 years and 55 years. We 

categorized participants into those with and without HTN, obesity, or DM, and combinations 

of these factors, at index ages of 45 years and 55 years.

Cohort-specific analyses were performed as previously described by our group (11) to assess 

for differences in incident heart failure risk due to differences in sampling, geography, 

calendar year of inception, size, follow-up, and definition of outcome. Risk estimates for 

each risk factor group were overall similar across cohorts; therefore, data were pooled.

Competing risk of death Cox incidence models and hazard ratios for incident heart failure 

stratified by sex and race (black and non-Hispanic white) were created using the Lunn-

McNeil method and Fine and Gray method (20,21). Competing risk of death models count 

deaths before incident heart failure as a separate event, not a withdrawal, which reduces 

overestimation of risk (22,23). These models were adjusted for age, education, and smoking 

status. Models stratified by sex were adjusted for race, and models stratified by race were 

adjusted for sex. Models stratified by participants with a single risk factor for heart failure 

were adjusted for the other 2 risk factors of interest. For example, the model for men at 

index age 45 years with HTN was adjusted for obesity and DM. We generated curves for 

cumulative hazard and hazard ratios. We performed interaction testing for sex and individual 

risk factors in pooled race-stratified models and race and individual risk factors in pooled 

sex-stratified models.

To calculate heart failure–free survival and overall survival for index ages 45 years and 55 

years, we first used a modified Kaplan Meier analysis accounting for competing risks of 

death. Rates of incident heart failure and death were summed for participants up to age 95 

years, or to the oldest age. We then used the Irwin’s restricted mean, which is similar to 

measuring the area under the survival curve, to calculate years lived free from heart failure 

and overall survival (6,24). Percentage of life lived with heart failure was calculated by 

dividing mean survival after incident heart failure by mean overall survival. Two-sided z-

tests were used to assess for differences in heart failure–free survival and overall survival by 

risk factor status (HTN/no HTN, DM/no DM, obesity/no obesity, 3 risk factors/0 risk 

factors) for each stratum. To account for multiple comparisons, we used the Bonferroni 

correction. A p value of 0.00078 was considered to be statistically significant. All 

calculations were performed using SAS statistical software (version 9.1, SAS Institute, Cary, 

North Carolina).

Results

Participant risk factor burden is shown in Table 1. At index ages 45 years and 55 years, 

respectively, 53.2% and 43.7% of participants were free of HTN, obesity, and DM. Overall, 

0.98% of participants had all 3 risk factors at age 45 years, and 2.6% had all 3 at age 55 

years. Black participants at ages 45 years and 55 years had overall higher prevalence of 

individual and multiple risk factors. For example, at age 45 years, 36.1% of blacks did not 

have HTN, obesity, or DM; whereas 55.0% of whites were free of all 3 risks factors. Four 

Ahmad et al. Page 4

JACC Heart Fail. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



percent of the black participants had all 3 risk factors at age 45 years, whereas 0.7% of white 

participants at age 45 years had all 3 risk factors.

From the 4 cohorts, 19,249 participants at age 45 years and 23,915 participants at age 55 

years were included in this analysis (Table 1). Women comprised 49.5% and 53.5% of the 

sample at ages 45 years and 55 years, respectively. Black participants comprised 9.6% and 

12.0% of the sample at ages 45 years and 55 years, respectively.

After the index age of 45 years, during 516,537 person-years of follow-up, 1,677 cases of 

incident heart failure were identified. At an index age of 55 years, during 502,252 person-

years of follow-up, 2,976 cases of incident heart failure were identified. The median length 

of follow-up was 27.1 years and 20.3 years for participants at index ages 45 years and 55 

years, respectively.

Risks for incident heart failure

Figure 1 shows competing risk of death adjusted cumulative hazard curves for incident heart 

failure stratified by sex and race at age 45 years. There is a graded increase in risk for 

incident heart failure with increasing risk factor burden for both men and women with 

notable divergence with aging. The trends were similar when stratified by race.

The absence of HTN is associated with lower risk for incident heart failure in all strata 

except for men at index age 45 years (Online Table 1). Lower aggregate risk factor burden is 

consistently associated with lower risk for heart failure. At index age 45 years, for 

participants without HTN, obesity, and DM compared to those with all 3 risk factors, the risk 

of heart failure was substantially lower for men (hazard ratio [HR]: 0.27; 95% confidence 

interval [CI]: 0.16 to 0.44), for women (HR: 0.15; 95% CI: 0.10 to 0.22), for white 

participants (HR: 0.24; 95% CI: 0.16 to 0.38), and for black participants (HR = 0.12; 95% 

CI: 0.07 to 0.20). These trends for the cumulative hazard curves and HR are similar at index 

age of 55 years (Supplemental Figure 1, Supplemental Table 1). Significant interactions 

between race and DM, race and HTN, and sex and obesity were noted among some 

subgroups, but not consistently.

Years lived free from heart failure, overall survival, and percentage of life lived with heart 
failure

Across all strata for index age 45 years, the absence of HTN, obesity, or DM was associated 

with substantially longer heart failure–free survival (Figures 2 and 3). Diabetes appears to 

have the strongest association with shorter heart failure–free survival. At age 45 years, 

compared to those with DM, men and women without DM lived on average 8.6 years and 

10.6 years longer without heart failure, respectively. At an index age of 45 years, black and 

white participants without DM lived an average 10.3 years and 8.6 years longer free from 

heart failure than those with DM, respectively. For each risk factor across the various sex, 

race, and age strata, differences in heart failure–free survival and overall survival were 

statistically significant (p < 0.00078) except for heart failure–free survival and overall 

survival for black participants with and without obesity at ages 45 years and 55 years and for 

black participants with and without HTN at age 45 years, for which estimates were in the 

same direction but not significant.
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Men at age 45 years without any of the 3 risk factors lived an average 10.6 years longer free 

of heart failure than those with all 3 risk factors. Women at age 45 years without any of the 3 

risk factors lived an average 14.9 years longer free of heart failure than those with all 3 risk 

factors. White and black participants without HTN, obesity, or DM, compared to those with 

all 3 risk factors, had heart failure–free survival times that were 12.4 years and 12.9 years 

longer, respectively.

Similar trends were seen across the different strata for index age 55 years (Supplemental 

Figures 2 and 3). Differences in heart failure–free survival and overall survival were 

statistically significant between those without any of the 3 risk factors compared to those 

with all 3 risk factors (p < 0.00078). For the individual values of heart failure–free survival 

rates for each strata, see Supplemental Table 2.

Individuals without risk factors on average had longer overall survival and lower percentage 

of life lived with heart failure in most groups (Table 2, Supplemental Tables 3 to 5). The 

longer overall survival and lower percentage of life lived with heart failure were most 

pronounced when comparing participants with HTN, obesity, and DM to those without all 3 

risk factors. For example, at index age 45 years, men with all 3 risk factors at age 45 years 

on average lived for 25.8 years and lived 6.9% of their life with heart failure. In contrast, 

men with no risk factors lived on average an additional 9.8 years and lived 2.7% of their 

lives with heart failure, suggesting a compression of heart failure–related morbidity.

Discussion

In this large, representative sample, we found that the absence of HTN, DM, and obesity at 

ages 45 years and 55 years is associated with 73% to 86% lower risks for incident heart 

failure over the remaining life course compared to those with all 3 risk factors. Furthermore, 

the absence of all 3 of these risk factors by age 45 years, compared to those with all 3 risk 

factors, is associated on average with >10 years of longer heart failure–free survival and up 

to 13 years longer overall survival. The observed trends were similar across race and sex 

groups. On average, the absence of all 3 individual risk factors at ages 45 years and 55 years 

appears to be associated with a smaller percentage of life lived with heart failure in the 

context of overall longer survival and suggestive of substantial compression of heart failure–

related morbidity.

Pathophysiological mechanisms for the relationship of each of these risk factors and incident 

heart failure have been described (25–27). Numerous epidemiological investigations have 

illustrated the relationship between HTN, DM, and obesity and increased risk for incident 

heart failure, including in cohorts used in this analysis (1,8,10,13,26,28–36). Thus, although 

it is not surprising that the avoidance of these heart failure risk factors is associated with 

lower risk for incident heart failure, the magnitude of the associations observed are 

particularly impressive. This study adds to the understanding of how individual and 

aggregate risk factor levels specifically in middle age affect incident heart failure risk over 

the remaining lifespan. This is also the first study to quantify heart failure–free survival time 

associated with the avoidance of all these risk factors by mid-life. These findings are 

consistent with prior work illustrating the particularly high risk of heart failure associated 
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with the presence of DM (36,37). In our study, men and women without DM at age 45 years 

compared to those with DM are, respectively, 62% and 60% less likely to develop heart 

failure in the adjusted model. It was surprising to see that avoidance of HTN by mid-life did 

not have a significant association with incident heart failure in men at age 45 years; however, 

we suspect the effect of HTN may be been attenuated by antihypertensive medication use. 

This effect would be consistent with SPRINT (Systolic Blood Pressure Intervention Trial), a 

randomized controlled trial that showed aggressive blood pressure treatment substantially 

reduced heart failure risks in patients with HTN (38).

Thinking about risk differently, we show how the absence of these factors at ages 45 years 

and 55 years, compared to those with HTN, obesity, and DM, significantly decreases risk for 

incident heart failure and substantially increases heart failure–free survival and overall 

survival. These data help reframe the heart failure prevention discussion by quantifying how 

primordial prevention—the prevention of the development of 3 heart failure risk factors—

can lengthen healthy and overall survival and could vastly reduce the population burden of 

heart failure.

Lower risk factor burden in middle age has been shown to be associated with lower lifetime 

risks for atherosclerotic CVD, CVD death, and incident heart failure (11,13,33,39,40). 

Wilkins et al.(6) quantified the lifetime risk and years lived free from total CVD—defined as 

atherosclerotic CVD, hemorrhagic stroke, and heart failure—by the aggregate risk factor 

burden in middle age. Lower risk factor burden was consistently associated with longer total 

CVD-free survival. Our study adds to these findings by examining a heart failure–specific 

endpoint and examining the association between individual risk factors and incident heart 

failure. Our analysis also is more tailored to major risk factors for heart failure by including 

obesity and excluding total cholesterol and tobacco use (Table 3).

The concept of compression of morbidity was first posited by Fries in 1980 (41). The theory 

states that ideal healthy behaviors lead to overall longer survival with shortened period of 

chronic illness at the end of life, and some epidemiological investigations have supported 

this theory (5). In our study, the absence of HTN, obesity, and DM, compared to those with 

all 3 risk factors, was associated with a shorter percentage of life lived with heart failure in 

the context of overall longer survival. These findings suggest that the primordial prevention 

of HTN, obesity, and DM are associated with the relative and absolute compression of heart 

failure–related morbidity across the remaining life course. Understanding how to maximize 

years of disease-free living and minimize the years of life burdened with chronic disease, 

lower quality of life, and higher costs may be important patient-centered outcomes relevant 

to policy makers, clinicians, and patients. Our study highlights the importance of preventing 

the development of HTN and other heart failure risk factors to prolong heart failure–free 

survival.

Compared to whites, blacks have higher heart failure prevalence rates, lower average age of 

incidence, and higher rates of morbidity and mortality (42). These disparities are thought to 

be multifactorial, including due to differences in risk factor prevalence, neurohormonal 

imbalance, endothelial dysfunction, genetic polymorphisms, and socioeconomic status (42). 

However, using a competing risk model, Huffman et al. (1)found the lifetime risk of heart 

Ahmad et al. Page 7

JACC Heart Fail. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



failure was similar between black and white women and lower in black men than white men, 

likely due to other competing causes of death, such as chronic kidney disease, HIV, and 

traumatic deaths in blacks. In our analyses stratified by race, the prevalence of HTN, obesity, 

and DM was higher in blacks than in whites. The overall trends in risk of incident heart 

failure, years lived free from heart failure, and percentage of life lived with heart failure 

were similar. However, the differences in the average percentage of life lived with heart 

failure between black and white participants with all 3 risk factors at index age 45 years 

(10.5% vs. 6.3%) and age 55 years (22.1% vs. 12.8%) are particularly striking. The benefits 

of risk factor avoidance and primordial prevention were consistent and substantial in black 

and white participants. These data suggest that a public health strategy focused on 

primordial prevention of risk factors in blacks early on the life course may reduce disparities 

in heart failure incidence and prevalence.

Study limitations

First, some of the cohorts differed in their definitions of incident heart failure, which could 

affect the accuracy of the estimates reported. However, data from individual cohorts were 

examined before pooling, and the associations between HTN, obesity, and DM and incident 

heart failure risk were strikingly similar across cohorts. Moreover, using hospital discharge 

data for follow-up is clinically relevant and has been previously shown to be reliable and 

valid (43). Second, the different enrollment and follow-up periods of the cohorts could lead 

to birth cohort effects. However, although the prevalence of risk factors over time may vary, 

previous analyses from the LRPP have shown remarkably consistent associations between 

risk factors and CVD endpoints (11). Third, our data do not account for the change in risk 

factors before or after index ages 45 years or 55 years or the development or change in risk 

factors after mid-life. Certainly, some individuals prior to mid-life had risk factors but 

through lifestyle changes did not have them by the index ages, and many individuals without 

risk factors at 45 years developed HTN, obesity, or DM across their remaining life course. 

Inclusion of both these types of participants in the no risk factors groups would likely bias 

our findings toward the null, if anything.

Several strengths of this study include the large and well-phenotyped sample, broad 

geographical, community-based representation, in-person measurement of baseline 

characteristics, nearly complete vital status follow-up, and adjudicated outcome assessments.

Conclusions

These data suggest that the absence of HTN, obesity, and DM by ages 45 years and 55 years 

is associated with up to 86% lower risks for incident heart failure in men and women across 

the remaining life course. The avoidance of HTN, obesity, and DM by ages 45 years and 55 

years may substantially prolong heart failure–free survival and reduce heart failure–related 

morbidity. These data underscore the importance of preventing the development of risk 

factors in mid-life for decreasing the public health impact of heart failure. Lastly, 

quantification of heart failure–free survival may be a novel, useful tool for risk 

communication to patients for the purposes of promoting cardiovascular health.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Perspectives

COMPETENCY IN MEDICAL KNOWLEDGE

Patients without hypertension, obesity, and diabetes by mid-life have substantially lower 

risk for developing heart failure, more years lived free from heart failure, and reduced 

heart failure-related morbidity.

TRANSLATIONAL OUTLOOK 1

Preventing the development of risk factors for heart failure may be an effective strategy to 

reduce to the public health burden of heart failure.

TRANSLATIONAL OUTLOOK 2

Novel measures of risk, such as years lived free from heart failure, may be a useful tool 

for communicating risk or for informing public health strategies.

Ahmad et al. Page 12

JACC Heart Fail. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Cumulative Hazard for Incident Heart Failure for Index Age 45 Years
Display of the adjusted cumulative hazard for incident heart failure at index age 45 years by 

risk factor burden for men (A), women (B), white participants (C), and black participants 

(D).
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Figure 2. Heart Failure–Free Survival and Survival After Incident Heart Failure by Sex
Display of heart failure–free survival, survival after heart failure event, and overall survival 

by risk factors (hypertension, obesity, and diabetes) for men and women at index age 45 

years.
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Figure 3. Heart Failure-Free Survival and Survival After Incident Heart Failure by Race
Display of heart failure–free survival, survival after heart failure event, and overall survival 

by risk factors (hypertension, obesity, and diabetes) for black participants and white 

participants at index age 45 years.
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Table 1

Study Sample Characteristics and Distribution of Risk Factor Burden

Men Women White Black

Age 45 yrs

  Number of participants 9,719 9,530 17,392 1,857

  Person-yrs of follow-up 256,193 260,344 474,765 41,772

  No risk factors 4,545 (46.8) 5,695 (59.8) 9,570 (55.0) 670 (36.1)

  HTN 4,367 (44.9) 3,015 (31.6) 6,466 (37.2) 916 (49.3)

  Obesity 1,873 (19.3) 1,579 (16.6) 2,842 (16.3) 610 (32.9)

  DM 357 (3.7) 302 (3.2) 472 (2.7) 187 (10.1)

  1 risk factor 3,835 (39.5) 2,878 (30.2) 5,978 (34.4) 735 (40.0)

  2 risk factors 1,255 (12.9) 853 (9.0) 1,730 (10.0) 378 (20.4)

  3 risk factors 84 (0.9) 104 (1.1) 114 (0.7) 74 (4.0)

  Total incident heart failure events 894 (9.2) 783 (8.2) 1,485 (8.5) 192 (10.3)

  Total deaths 3,930 (40.4) 2,910 (30.5) 6,326 (36.4) 514 (27.7)

Age 55 yrs

  Number of participants 11,124 12,791 21,042 2,873

  Person-yrs of follow-up 223,727 278,525 452,791 49,461

  No risk factors 4,630 (41.6) 5,817 (45.5) 9,748 (46.3) 699 (24.3)

  HTN 5,244 (47.1) 5,614 (43.9) 9,151 (43.5) 1,707 (59.4)

  Obesity 2,439 (21.9) 3,042 (23.8) 4,278 (20.3) 1,203 (41.9)

  DM 859 (7.7) 933 (7.3) 1,230 (5.9) 562 (19.6)

  1 risk factor 4,668 (42.0) 4,748 (37.1) 8,278 (39.3) 1,138 (39.6)

  2 risk factors 1,604 (14.4) 1,837 (14.4) 2,667 (12.7) 774 (26.9)

  3 risk factors 222 (2.0) 389 (3.0) 349 (1.7) 262 (9.1)

  Total incident heart failure events 1,416 (12.7) 1,560 (12.2) 2,512 (11.9) 464 (16.2)

  Total deaths 5,895 (53.0) 5,165 (40.4) 10,047 (47.8) 1,013 (35.3)

Values are n or n (%).

DM = diabetes mellitus; HTN = hypertension.
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Table 3

Summary of Study Design and Key Findings

Prior key findings from 
relevant Cardiovascular 
Disease Lifetime Risk 
Pooling Project studies

• Lifetime risk estimates for total cardiovascular are high for all individuals, but optimal risk factor 
profile in middle age is associated with longer time free from total cardiovascular disease (Wilkins et 
al. [6])

• Lifetime risk estimates for heart failure are high, but they are lower for those with optimal blood 
pressure or lower body mass index in an adjusted model (Huffman et al. [1])

Study objectives • Quantify the association between different mid-life, heart failure-specific risk factor profiles and risk 
for new onset heart failure, years lived free from heart failure, and overall survival

• Examine whether lower risk factor burden in mid-life is associated with heart failure-related 
compression of morbidity

Cohorts sampled from 
Cardiovascular Disease 
Lifetime Risk Pooling 
Project

1 Framingham Heart Study

2 Framingham Offspring Study

3 ARIC (Atherosclerosis Risk In Communities) Study

4 Chicago Heart Association and Detection Study

Key findings • Absence of hypertension, diabetes, and obesity, compared to the presence of all 3 risk factors, in 
mid-life is associated on average with substantially lower risks of new onset heart failure (hazard 
ratios 0.27 for men and 0.15 for women at age 45 yrs), >10 yrs longer heart-failure free survival, and 
up to 13 yrs longer overall survival

• Absence of hypertension, diabetes, and obesity, compared to the presence of all 3 risk factors, in 
mid-life is associated on average with lower percentage of life lived with heart failure in the context 
of longer overall survival
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