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Abstract

Background: Average lifetime risk for heart failure (HF) is high, but differs significantly across 

and within sex-race groups. No models for estimating long-term risk for HF exist, which would 

allow for earlier identification and interventions in high-risk subsets. The authors aim to derive 

30-year HF risk equations.

Methods: Adults between the ages of 20 to 59 years and free of cardiovascular disease 

at baseline from 5 population-based cohorts were included. Among 24,838 participants (55% 

women, 25% Black based on self-report), follow-up consisted of 599,551 person-years. Sex- and 

race-specific 30-year HF risk equations were derived and validated accounting for competing 

risk of non-HF death. HF was based on a clinical diagnosis. Model discrimation and calibration 

were assessed using 10-fold cross-validation. Finally, the model was applied to varying risk factor 

patterns for systematic examination.

Results: The rate of incident HF was 4.0 per 1000 person-years. Harrell’s c statistics were 0.82 

(0.80–0.83) and 0.84 (0.82–0.85) in White and Black men, and 0.84 (0.82–0.85) and 0.85 (0.83–

0.87) in White and Black women, respectively. Hosmer-Lemeshow calibration was acceptable, 

with χ2 <30 in all subgroups. Risk estimation varied across sex-race groups: for example, in an 
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average 40-year-old non-smoker with an untreated systolic blood pressure of 140 mm Hg and 

body mass index of 30 kg/m2, risk was estimated to be 22.8% in a Black man, 13.7% in a White 

man, 13.0% in a Black woman, and 12.1% in a White woman.

Conclusions: Sex- and race-specific equations for prediction of long-term risk of HF 

demonstrated high discrimination and adequate calibration.

Graphical Abstract

This study demonstrates that long-term risk for incident heart failure varies significantly among 

young and middle-aged adults and can be reliably estimated using clinical risk factor levels that 

are readily available in the primary care setting. We derived and validated a novel risk tool 

that can guide discussions between patients and clinicians about strategies to lower risk of heart 

failure across the life course through a combination of lifestyle and pharamaceutical approaches. 

Furthermore, emerging therapies such as sodium glucose co-transporter 2 inhibitors may be 

considered earlier in individuals at high long-term risk to prevent heart failure. Our findings 

translate the epidemiologic evidence about lifetime risk of heart failure into a practical risk tool 

that can be applied in the clinical setting.
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INTRODUCTION

Heart failure (HF) is an important and growing contributor to loss of total and healthy life 

years.1–3 In the US alone, it accounts for over 1.2 million hospitalizations and contributes 

to over 300,000 deaths annually.4 Age-adjusted mortality rates for HF are increasing, 

particularly among young adults <65 years.5 Without effective risk-based prevention 

strategies for HF that can be implemented in younger adulthood, prevalence of HF is 

expected to exceed 8 million by 2030.6 The high and growing prevalence of HF is associated 

with a significant burden on the US healthcare system, with direct annual costs of $11 

billion in 2014, and projected direct annual costs of $53 billion dollars by 2030 if current 

trends continue.2, 7 Significant and pervasive race-based disparities persist with higher rates 

of incident HF in Black compared with White men and women that are due, in large part, 

to differences in risk factor levels, healthcare access, and upstream social determinants of 

health.8
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Recent guidelines by American College of Cardiology/American Heart Association (ACC/

AHA) prioritize identifying individuals at increased risk of developing HF so they can 

be undergo more detailed surveillance (e.g., biomarker testing, echocardiography) and be 

targeted for aggressive preventive interventions, such as intensive blood pressure (BP) 

lowering or emerging therapies for HF prevention (e.g., sodium glucose co-transporter 

2 inhibitors [SGLT2i]).9, 10 Cumulative exposures to known modifiable risk factors are 

largely responsible for HF risk, and validated short-term risk estimation models, such as 

our recently published Pooled Cohort Equations to Prevent Heart Failure (PCP-HF), can 

enhance identification of individuals at high short-term (10-year) risk for incident HF.11 

However, long-term risk can not be readily extrapolated from short-term (10-year) risks. 

Further, some individuals at low 10-year risk of HF may be at high long-term risk for HF.12 

Therefore, understanding both short- and long-term risks for HF may be especially relevant 

among younger adults who, because of their age, have a low absolute 10-year risk. Some of 

these adults likely have a high lifetime risk and will experience greater relative benefits from 

interventions earlier in the life course.13

Average lifetime risk estimates of HF vary significantly between 20 to 46% in the 

population.14, 15 However, to date, no models for individualizing long-term risk estimates 

of HF (which must account for competing risks) exist. Therefore, we sought to derive risk 

models to estimate individualized long-term risk of incident HF and determine the impact of 

varying risk factor levels and combinations.

METHODS

Data Availability.

All data and materials utilized in this manuscript are made publicly available by the National 

Heart, Lung, and Blood Institute Biologic Specimen and Data Repository Information 

Coordinating Center (BioLINCC).

Study Sample.

For the derivation sample, we included pooled individual-level data from 5 large, racially 

and geographically diverse, National Heart Lung and Blood Institute (NHLBI)-sponsored 

cohort studies with long-term follow-up: the Atherosclerosis Risk in Communities (ARIC) 

Study, Coronary Artery Risk Development in Young Adults (CARDIA) Study, Framingham 

Heart Study (FHS), Framingham Offspring Cohort (FOF), and Multi-Ethnic Study of 

Atherosclerosis (MESA).16 The study designs of each cohort have been previously 

described.16–21 All cohorts represent community-based or population-based samples with 

direct measurement of risk factors and surveillance and adjudication for incident HF. In each 

cohort, race was based on self-report and is included with the acknowledgement that race 

is as a social construct. Participants who self-reported race other than Black or White were 

excluded due to small sample sizes.

Patient and Public Involvement.

Development and validation of the risk prediction equations did not directly involve patients, 

as pre-existing databases were utilized that did not require additional patient involvement 
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or consent. Dissemination of results to study participants directly is not feasible but our 

published results will be available to any relevant study participant in addition to the greater 

public.

Model Inputs: Exposure and Outcome Ascertainment.

The protocols used to measure and define demographic and clinical phenotypes (predictor 

variables) and ascertainment of outcomes (HF events and non-HF related deaths) for 

the included model derivation cohorts (ARIC, CARDIA, FHS, FOF, MESA) have been 

described previously and were generally similar across the included cohorts.16–21 Height, 

weight, BP, and fasting glucose and cholesterol were measured directly in all participants 

at in-person examinations; smoking status was self-reported. All included cohorts had near 

complete (>99%) ascertainment of vital status during follow-up. Incident HF events were 

adjudicated with the use of strategies selected by each cohort’s investigator group with 

available clinical records and pre-specified criteria (detailed descriptions are provided in 

the Expanded Methods in the Online Supplement). We defined non-HF related death (the 

competing risk in our analyses) as death due to other causes in participants without prior HF. 

Black and White participants from the pooled cohorts were included in the analysis if they 

were between the ages of 20 to 59 years old, and free from cardiovascular disease at baseline 

(coronary heart disease, stroke, and HF). Participants were excluded if they had incomplete 

baseline measurement of risk factors. The study protocol was approved by the Institutional 

Review Board at Northwestern University.

Long-term Risk Prediction Modeling.

Long-term risk estimation conveys the cumulative risk of developing a disease during the 

remainder of an individual’s life. Competing risk analyses are recommended in analyses 

such as these where a significant proportion of participants may not experience the outcome 

of interest (such as HF), because they have already experienced a “competing event” 

such as death from non-HF related causes. Failure to account for non-HF related death 

as a competing risk tends to lead to overestimation of HF risk, especially among older 

populations.15 Therefore, we used cause-specific hazard modeling to account for competing 

risks and we developed sex- and race-specific long-term models to estimate 30-year risk 

of HF with death from non-HF causes accounted for as a competing risk. We used the 

same predictor variables as the published 10-year PCP-HF model, which included age, 

systolic BP, body mass index (BMI), total cholesterol, high density lipoprotein cholesterol, 

and smoking, diabetes, and hypertension treatment status across sex-race groups.11 These 

covariates are established risk factors for HF.

To predict cumulative incidence rates for HF events and non-HF death, two Cox regression 

models for cause-specific risk of HF events and non-HF death were fitted to the data. 

The baseline cumulative hazard function and regression coefficients were estimated, which 

were then used to estimate the long-term or 30-year HF risk using a previously published 

formula to derive the competing cumulative incidence function (detailed descriptions of 

analytic approach in Online Supplement).22, 23 Specifically, this formula multiplies the 

hazard contribution for HF at a given age by the probability of being alive and free 

of HF at that age, and then sums these estimates across the age range of interest. It 
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can be used to calculate the cumulative incidence function for an individual participant 

based on age at baseline and long-term follow-up, and can also incorporate the patient’s 

covariate values to estimate individual cumulative incidence values. We used the cut point 

of 30-years of follow-up in our definition of long-term risk estimation as this is consistent 

with the available data. We compared the estimates derived from the age-specific ten-year 

sub-datasets (age 20–29, 30–39, 40–49, 50–59 years) with the overall sample (age 20–59 

years), and there was no significant difference for the estimated probability values and their 

pattern with varying risk profile for long-term HF risk. Finally, we combined all participants 

and fitted continuous age as a predictor. The analysis was employed separately for each 

sex and race group based on self-report, given known differences in both HF risk and 

competing risks of death across sex-race groups.14 However, it must be acknowledged that 

race was incorporated as a social construct to develop unique models based on participant 

self-report for each sex-race group and race does not reflect a predictor or risk factor. Model 

performance was assessed using C-statistic and Hosmer-Lemeshow calibration statistics. 

Based on prior publications, we defined the C-statistic a priori as less than 0.70, 0.70 to 

0.80, and greater than 0.80 as inadequate, acceptable, and excellent discrimination levels, 

respectively. Model calibration was evaluated by the Greenwood-Nam-D’Agostino (GND) 

approach with adequate calibration defined a priori as χ2<20.24

Systematic Examination: Variation of Single and Multiple Risk Factors.

In order to systematically examine the chracteristics of the 30-year HF risk estimation 

models and examine the distribution of long-term risk estimates across sex-race groups, 

we applied the newly derived 30-year models across varying risk factor profiles.25, 26 

Specifically, we generated 30-year risk estimates for a hypothetical White man, Black man, 

White woman, and Black woman from 20 to 59 years of age. This approach does not 

examine risk for a specific person or specific populations; rather, it varies risk factor levels 

individually and in pre-specified combinations in a systematic manner to examine the range 

of outputs for the 30-year HF risk prediction tool. We used age-adjusted national mean 

values for risk factor levels derived from published analyses for US adults aged 20–59 

years from the National Health and Nutrition Examination Survey (NHANES) cycles 2013–

2016 (Online Table I).25 For treated and untreated systolic BP (SBP) and BMI, we used 

age-specific values to reflect changes in these risk factor values with normative aging and 

among those who were and were not treated with antihypertensive medications (See Online 

Supplement for detailed analyses).

All statistical analyses were performed with the use of SAS statistical software version 9.4 

(SAS institute) and R Studio version 3.1.2. Two-sided values of P < 0.05 were considered 

statistically significant.

RESULTS

Characteristics of the Derivation Sample.

Baseline characteristics and total counts of incident HF among White and Black adults 

who formed the study sample are shown in Table 1. We identified 24,838 participants 

aged 20–59 years at baseline for the derivation cohort, of whom 55% were women and 
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25% were Black based on self-report; mean age of the overall sample was 43±12 years. 

Prevalence of risk factors varied across sex-race groups with lower prevalence of diabetes 

in White men and women compared with Black men and women. Overall, risk factor 

levels are representative of the general US population. Baseline demographics and mean 

risk factor values by cohort are shown in Online Table II. Over a combined follow-up of 

599,551 person-years, rate of incident HF was 4.0 per 1000 person-years (Online Table III). 

Significant sex-race differences existed with highest rates of incident HF in Black men (5.1 

per 1,000 person-years) and lowest rates in White women (3.5 per 1,000 person-years).

Model Development & Performance.

Sex- and race-specific equations for 30-year risk of HF included age, SBP, BMI, total 

cholesterol, high density lipoprotein cholesterol, and smoking, diabetes, and hypertension 

treatment status (Online Table IV). Similar coefficients were calculated for White adults 

when FHS and FOS were excluded (Online Table V). Discrimination of the 30-year risk 

model for HF, adjusted for competing risk of non-HF death, was excellent in all groups, with 

Harrell’s c statistics (95% confidence interval) of 0.82 (0.80, 0.83) and 0.84 (0.82, 0.85) 

in White and Black men, and 0.84 (0.82, 0.85) and 0.85 (0.83, 0.87) in White and Black 

women, respectively. Hosmer-Lemeshow calibration statistic χ2 was <30 in all subgroups 

with a statistically significant p-value in White women only (Figure 1). The R Function of 

the model for use is available in the Online Supplement. The risk factor levels must be in the 

following clinical range for continuous inputs based on the available range in the derivation 

sample (SBP [80 to 200 mm Hg]; TC [100 to 300 mg/dL]; HDL-C [30 to 100 mg/dL]). This 

is consistent with previously published risk prediction equations like the 2013 ACC/AHA 

Pooled Cohort Equations for ten-year risk prediction of ASCVD.

Distribution of 30-year Predicted HF Risk.

When all other risk factors were held constant at the age-adjusted national mean levels 

(based on NHANES 2013–2016) for each sex-race group, 30-year predicted HF risk was 

substantially higher with older age (Figure 2). Estimated 30-year HF risks for a Black and 

White man and woman across individual levels of SBP and BMI are shown in Figure 3 and 

Online Figures I–IV; for each analysis, all other risk factors are held constant at age-adjusted 

mean levels with normative values of non-smoking and non-DM status. The absolute risks 

and slopes of association across risk factor values were more prominent at older ages, and 

generally highest for Black men.

Thirty-year predicted HF risk with simultaneous variation of multiple risk factors is 

demonstrated for a hypothetical 40-year-old of each sex and race group in Figure 4 and 

Online Figures V–VIII. In all sex and race groups with TC and HDL-C at age-adjusted 

national means, the lowest 30-year predicted HF risk was observed in a hypothetical 

individual with the following optimal risk factor levels entered: non-smoker, non-DM with 

untreated SBP of 120mmHg and BMI of 20 kg/m2. The highest observed 10-year predicted 

HF risk (with TC and HDL-C at sex-race specific age-adjusted means) was in a hypothetical 

individual with treated SBP of 160 mm Hg and BMI of 35 kg/m2. Thirty-year predicted 

HF risk in a hypothetical 40-year-old varied from 5.4% to 63.7% in a White man, 10.2% to 
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63.6% in a Black man, 5.7% to 45.6% in a White woman, and 7.0% to 70.0% in a Black 

woman.

DISCUSSION

Summary of Principal Findings.

In this study, we developed novel sex- and race-specific 30-year risk prediction models for 

incident HF using individual-level data from 5 population-based cohorts. The present study 

integrates clinical variables routinely available in the primary care setting into a robust tool 

to provide a summary estimate of an individual’s likelihood of experiencing symptomatic 

HF (ACC/AHA Stage C/D) over a 30-year period. Importantly, the current model does 

not use biomarkers or variables from imaging (e.g., electrocardiogram, echocardiography) 

that are not standard of practice in asymptomatic adults for screening, which supports the 

potential for widespread and cost-effective implementation of this tool. The 30-year HF risk 

models were derived from a sample of participants without prevalent CVD from US-based 

population-based cohorts and demonstrate excellent discrimination and good calibration in 

all sex-race groups. We also systematically examined the intrinsic properties of the 30-year 

derived HF risk prediction tool under various risk factor combinations that can inform 

clinician-patient discussions regarding potential clinical interventions to reduce risk for HF 

(e.g., intensive BP lowering).

Findings in Context of Prior Studies on Lifetime Risk of HF.

Our findings build upon and expand prior reports estimating average levels of lifetime 

risk for HF in the general population. While other studies have reported overall lifetime 

risk estimates for risk strata (e.g. BMI categories) at specific ages, ours is the first to 

model individual-level 30-year risk of incident HF based on objective clinical data inputting 

continuous risk factor levels across a broad range of ages from participants enrolled in 

community-based cohorts representative of the general US population.14, 15, 27–29 We also 

confirm previously demonstrated associations of risk factors with short-term risk of HF and 

extend these with assessment of long-term risk and adjustment for competing risk of non-HF 

death that did not differ between cohorts.11

Race-Based Disparities in Short-Term and Long-Term Risk of HF.

Significant health disparities in HF risk factors and incidence of HF exist across sex and 

race groups that have been previously demonstrated in the cohorts included here. In the 

Coronary Artery Risk Development in Young Adults Study, premature development of 

incident HF occurred far more commonly among Black than White adults with 26 of 27 

CARDIA participants who developed HF before 50 years of age being Black.8 These racial 

disparities are, in part, attributable to differences in risk factor burden as well as upstream 

social determinants of health (e.g., access to health care). Specifically, differences in HF 

risk may be related to differences in prevalence of HF risk factors of obesity, diabetes, and 

hypertension. The root cause of disparities in HF and HF risk factors are well-documented 

in upstream social determinants of health that contribute to both development of risk factors 

and risk of HF and include structural and systemic barriers, such as anti-Black racism, 

residential segregation, and exposure to adverse life events and stressors disproportionately 
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borne by Black adults in the US.30 Among Black adults in the CARDIA cohort, participants 

who moved to a more segregated neighborhood experienced a greater increase in BP over 25 

years of follow-up, a key risk factor for HF. This may also contribute to distinct mechanisms 

of HF that are observed by race, with preceding history of MI noted less commonly among 

Black adults with HF.31 Specifically, Black adults may be exposed to higher cumulative 

levels of key risk factors such as obesity and hypertension across the life course, which 

may also lead to earlier onset of HF in addition to greater risk of HF. By deriving the 

long-term risk prediction models in each self-described race-sex group, we identified unique 

coefficients that would be applicable to similar groups.

Urgent Need for Prevention Efforts in HF Earlier in the Life Course.

Age-adjusted mortality rates due to HF are increasing with greatest relative increases 

among younger adults before the age of 65 years.5, 32 Ample evidence supports successful 

prevention or postponement of HF development through modification or prevention of risk 

factors with the greatest population attributable fraction for hypertension associated with 

HF.33, 34 Therefore, focused efforts on prevention of HF are of paramount importance 

and have been highlighted in the research priorities of the National Heart, Lung, and 

Blood Institute as an overarching strategic goal.35 Given the rising prevalence and 

significant morbidity and mortality associated with HF, the ACC/AHA and ESC have 

emphasized recognition of individuals at high risk for HF to target with primary prevention 

strategies.9, 10 While several short-term risk models for HF exist, risk estimates are driven, 

in large part, by age and therefore, lack sensitivity to identify risk at younger ages. 

Individual assessment of long-term risk for HF, which has been lacking to date, will provide 

another much-needed tool in our armamentarium.

In adults identified to be at high 30-year risk of HF, comprehensive prevention strategies that 

target both lifestyle modifications and risk factor control (e.g. maintenance of a healthy body 

weight, adequate moderate-vigorous physical activity, smoking cessation, BP and glucose 

management) while addressing and accounting for adverse social factors that enhance risk 

for HF are needed for public health translatability of a risk-based prevention paradigm in 

HF.36 The importance of aggressive BP lowering to reduce risk of HF was demonstrated 

in the Systolic Blood Pressure Reduction Intervention Trial. Similar to the implementation 

of ASCVD risk estimation to guide SBP targets described in the 2017 ACC/AHA HTN 

guidelines with a goal SBP<130/80mm Hg for those at a 10-year ASCVD risk of ≥7.5%, 

an elevated HF risk may be helpful to inform clinician-patient risk discussions regarding 

aggressive BP management for HF prevention.37 However, national data suggests that 

BP control has worsened in the last decade and race-based disparities in BP control are 

pervasive. Disruptive strategies that focus on community-engaged approaches, such as 

barbershops, should be considered to ensure optimal implementation of evidence-based 

guidelines for risk factor modification.

In addition to targeted risk factor modification, the 30-year HF risk estimates also provide 

a framework that may be useful to test the efficacy of specific emerging therapies for 

treatment of risk factors, such as diabetes, among individuals at high risk for HF. For 

example, sodium-glucose cotransporter 2 inhibitors (SGLT2i) are an appealing therapeutic 
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approach among those at high risk given robust data demonstrating improvement in cardiac 

mechanics in preclinical and clinical studies in those with and without diabetes.38–40 

However, it is of paramount importance to ensure that clinical practice and research 

equitably promote prevention of HF in all adults.

Study Limitations.

There are several limitations to this study. First, the current model is not able to discriminate 

between HF with reduced or preserved ejection fraction and the pre-specified definitions to 

adjudicate incident HF events varied somewhat between cohorts. However, refinement of 

risk specifying each HF subtype may not be clinically meaningful as interventions targeting 

primordial and primary prevention strategies focus on shared antecedent risk factors (e.g., 

intensive BP lowering, choice of SGLT2i for DM management) regardless of HF subtype. 

Additionally, prognosis is equally poor with each subtype of HF.41 As a result, a composite 

HF risk model will allow broader upstream clinical utility and generalizability.42, 43 Second, 

while our ten-fold cross validation is a robust method for model derivation, external 

validation is still needed in follow-up studies. Third, our study relied on self-report of 

race to stratify participants for model development. We acknowledge that race is a social 

construct and we were not able to incorporate social determinants of health in the risk 

model. However, adverse social factors are key contributors to risk of HF that need to be 

addressed and future models should incorporate the explicit social determinants of health 

that race is reflecting. Socioeconomic variables were not consistently ascertained in each 

of the cohorts and therefore have considerable challenges in harmonization for model 

development and translatability in clinical settings where these factors are not assessed. Our 

analysis does capture proximate key clinical risk factors which are on the causal pathway 

through which social determinants are likely largely operating. Fourth, the individual cohorts 

represent specific geographic regions, particularly among the Black adults included in the 

study. These regional differences may confound race-based differences and may limit the 

generalizability of the risk model. Fifth, our study was limited to examination of White 

and Black adults based on the limited sample size of other race and ethnic groups and 

further research is needed to evaluate the accuracy of the predicted 30-year HF risk in 

other race and ethnic groups as we may under- or over-estimate true HF risk in selected 

subgroups. Sixth, the present observational study design cannot predict the effect of specific 

antihypertensive or antidiabetic therapies on reducing risk for incident HF. Nevertheless, 

our estimates of risk for HF based on these clinical covariates may help guide clinicians 

and patients in decision-making regarding prevention strategies and/or intensification of 

therapies in individuals at higher risk for HF (e.g. aggressive BP lowering). Seventh, the 

risk models are based on historical data to allow sufficient follow-up for long-term risk 

prediction over which time secular trends in risk factor levels and treatment approaches have 

changed. However, prior studies have demonstrated that birth cohort effects do not change 

the relationship between risk factors and cardiovascular disease and calculated coefficients 

did not change meaningfully when we excluded FHS and FOS for White adults.44 Lastly, 

the cohorts included here overlap with those utilized in ten-year risk prediction (PCP-HF).
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Conclusion.

In summary, we present an analysis from 24,838 men and women from 5 population-based 

cohorts describing the development of a new model to estimate long-term risk of HF. 

We further performed a 10-fold cross validation, which demonstrated excellent model 

discrimination and good calibration. Our approach may help refine and further personalize 

risk stratification of HF on a population-level and may facilitate risk communication on an 

individual level beginning earlier in the life course. Lastly, the present study examining the 

new model outputs for various risk factor combinations provides clinical context to guide 

physician-patient risk-based decision.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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NOVELTY AND SIGNIFICANCE

What Is Known?

• In the past decade, hospitalizations and mortality due to heart failure have 

increased significantly, particularly among young to middle-aged adults.

• Concurrently, prevalence of risk factors (e.g., obesity and diabetes) have 

increased and risk factor control (e.g., hypertension) has declined in the 

United States with significant race-related disparities that are due to upstream 

social determinants of health

• Short-term risk prediction models for heart failure that exist under-estimate 

risk as they are highly dependent on age and can not be extrapolated to 

long-term risk for young to middle-aged adults.

What New Information Does This Article Contribute?

• This study reports the derivation and validation of the first set of long-term 

risk prediction models over a 30-year period for adults aged 20 to 59 years 

that integrates clinically relevant continuous risk factor levels that are readily 

available in the primary care setting

• Risk estimates varied significantly across risk factor levels within each sex 

and race group and can inform clinician-patient discussions to optimize 

lifestyle and risk factor management (e.g., intensive blood pressure lowering) 

for risk-based prevention of heart failure beginning earlier in the life course
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Figure 1. (A-D). Calibration Plots of 30-year risk model of heart failure adjusted for competing 
risk of non-HF death.
Observed compared with predicted 30-year risk of heart failure (HF) among White men (A), 

Black men (B), White women (C), and Black women (D) adjusted for competing risk of 

non-HF death using a 10-fold cross validation approach. Each data point represents one of 

the ten-fold cross validation runs with the average represented by the red line. Risk factor 

values are restricted to the clinical range in the derivation sample, including systolic blood 

pressure 80 to 200 mm Hg, total cholesterol 100 to 300 mg/dL, high density lipoprotein 

cholesterol 30 to 100 mg/dL.
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Figure 2. (A-D) and Central Illustration. 30-year risk of heart failure across sex-race and age 
groups adjusted for competing risk of non-cardiovascular death.
30-year predicted risk for heart failure (HF) for a hypothetical White or Black man or 

woman at interval selected ages, with risk factors held constant at approximate age-adjusted 

national means (among nonsmokers). (A) 30-year HF risk estimates for those without DM 

and not taking antihypertensive medications (B) 30-year HF risk estimates for those without 

DM and taking antihypertensive medications. (C) 30-year HF risk estimates for those with 

DM but not taking antihypertensive medications. (D) 30-year HF risk estimates for those 

with DM and taking antihypertensive medications. BP= blood pressure; DM= diabetes 

mellitus; HTN=hypertension; RF=risk factor
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Figure 3. (A-H). 30-year predicted heart failure risk across different age groups with varying 
risk factor levels of systolic blood pressure (untreated) and body mass index adjusted for 
competing risk of non-HF death.
Ten-year predicted risks for heart failure by varying levels of single risk factors in 

a hypothetical White man at selected ages, with other risk factors held constant at 

approximate age-adjusted national means (including nonsmoking). SBP= systolic blood 

pressure; BMI=body mass index; NH=non-Hispanic
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Figure 4. (A-D): 30-year predicted heart failure risk in a hypothetical 40-year old adult varying 
multiple risk factors and adjusted for competing risk of non-HF related death
Ten-year predicted risks for heart failure by varying levels of multiple risk factors in a 

hypothetical White man (A) and Black man (B) at 60 years of age. BMI= body mass index; 

BP= blood pressure; DM= diabetes mellitus; SBP = systolic blood pressure
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Table 1.

Baseline Characteristics among Black and White Men and Women in the Derivation Sample from 5 

Population-Based Cohorts*

Black White

Men
N=2626

Women
N=3659

Men
N=8647

Women
N=9906

Mean age, years (SD) 39.9 (14.0) 40.8 (13.6) 44.5 (11.6) 44.5 (11.5)

Diabetes, n (%) 255 (9.7) 357 (9.8) 462 (5.3) 377 (3.8)

Current smoking, n (%) 941 (36) 1001 (27) 2800 (32) 3123 (32)

Mean systolic blood pressure, mm Hg (SD) 123 (18) 119 (20) 122 (16) 116 (18)

Hypertension treatment, n (%) 515 (20) 970 (27) 963 (11) 1216 (12)

Mean total cholesterol, mg/dL (SD) 193 (42) 196 (43) 204 (41) 206 (43)

Mean HDL cholesterol, mg/dL (SD) 51 (16) 56 (16) 45 (13) 56 (16)

Mean BMI, kg/m 2 26.8 (5.1) 29.1 (7.1) 26.7 (4.0) 25.5 (5.2)

Incident heart failure, n (%) 292 (11.1) 376 (10.3) 861 (10.0) 855 (8.6)

*
Individual-level participant data pooled across 5 cohorts, which included ARIC, CARDIA, FHS, FOF, and MESA.
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