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Abstract

Background—Although HF disproportionately affects older adults, little data exist regarding the 

prevalence of American College of Cardiology/American Heart Association heart failure (HF) 

stages among older individuals in the community. Additionally, the role of contemporary measures 

of longitudinal strain (LS) and diastolic dysfunction in defining HF stages is unclear.

Methods—HF stages were classified in 6,118 participants in the Atherosclerosis Risk in 

Communities study (age 67 – 91 years) at the fifth study visit as follows: stage A (asymptomatic 

with HF risk factors but no cardiac structural or functional abnormalities), B (asymptomatic with 

structural abnormalities, defined as left ventricular hypertrophy, dilation or dysfunction, or 

significant valvular disease), C1 (clinical HF without prior hospitalization), and C2 (clinical HF 

with prior hospitalization).

Results—Using the traditional definitions of HF stages, only 5% of examined participants were 

free of HF risk factors or structural heart disease (Stage 0), 52% were categorized as Stage A, 30% 

Stage B, 7% Stage C1, and 6% Stage C2. Worse HF stage was associated with a greater risk of 

incident HF hospitalization or death at a median follow-up of 608 days. LVEF was preserved in 
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77% and 65% in Stages C1 and C2 respectively. Incorporation of LS and diastolic dysfunction into 

the Stage B definition reclassified 14% of the sample from Stage A to B and improved the net 

reclassification index (p=0.028) and integrated discrimination index (p=0.016). Abnormal LV 

structure, systolic function (based on LVEF and LS), and diastolic function (based on e′, E/e′, and 

left atrial volume index) were each independently and additively associated with risk of incident 

HF hospitalization or death in Stage A and B participants.

Conclusions—The majority of older adults in the community are at risk for HF (Stages A or B), 

appreciably more compared to previous reports in younger community-based samples. LVEF is 

robustly preserved in at least two-thirds of older adults with prevalent HF (Stage C), highlighting 

the burden of HFpEF in the elderly. LV diastolic function and LS provide incremental prognostic 

value beyond conventional measures of LV structure and LVEF in identifying persons at risk for 

HF hospitalization or death.

Journal Subject Codes

Heart failure; epidemiology; echocardiography

Introduction

Heart failure (HF) is common, causes significant morbidity and mortality, and 

predominantly affects the elderly.1 The clinical syndrome of HF is characterized by 

symptoms of dyspnea and excise intolerance, and signs of pulmonary and systemic venous 

congestion, due to impairments in the filling or ejection of blood from the left ventricle 

(LV).2 The American College of Cardiology (ACC) and American Heart Association (AHA) 

HF staging system emphasizes identification of asymptomatic patients with clinical risk 

factors for HF without (Stage A) or with (Stage B) evidence of cardiac structural and 

functional abnormalities to facilitate preventive measures to halt progression to symptomatic 

HF, defined as Stage C (current or prior symptoms of HF) and D (refractory symptoms 

despite optimal medical therapy or specialized cardiac support).2 Despite recognition of the 

progressive course of HF and increasing focus on preventive strategies, the aging population 

and frequency of risk factors including hypertension,3 diabetes,4 and obesity5, contribute to 

an increasing pool of individuals at heightened risk for HF development. Findings from the 

Atherosclerosis Risk in Communities (ARIC) study demonstrate a cumulative lifetime 

incidence of clinical HF of 26% in the community.6 However, few data currently exist 

regarding the prevalence of HF stages among older adults in the community.

LV ejection fraction (LVEF) <50% and LV hypertrophy (LVH) are powerful risk factors for 

HF.7,8 Since the initial description of the HF Stages, Stage B has been defined as evidence of 

structural or functional cardiac abnormalities, and operationalized as the presence of reduced 

LVEF or wall motion abnormalities, LVH, and ventricular enlargement, in addition to 

significant valvular disease. However, LVEF is preserved in approximately half of HF 

overall and in the majority of HF in the elderly.9,10 The majority of patients with HF with 

preserved LVEF (HFpEF) in community based-studies do not have LVH,11 although 

abnormalities of LV diastolic function and novel measures of systolic function based on 

strain imaging are frequently impaired and predict adverse outcomes.12,13 Indeed, although 

increasingly described as important and prognostic in cardiac assessment, more 
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contemporary measures of systolic function, such as longitudinal strain, and diastolic 

function based on e′, E/e′ and left atrial size, have not typically been incorporated in the 

Stage B definition. Therefore, the goals of this analysis were to: (1) define the distribution of 

HF stages in a large, elderly, primarily biracial community dwelling cohort; and (2) 

determine the impact of incorporating novel measures of LV diastolic and systolic function 

into ACC/AHA HF staging system with respect to participant prognosis.

Methods

Study Population

ARIC is a prospective epidemiologic cohort study, the design and methods of which have 

been previous described.14 Between 1987 and 1989, 15,792 middle-aged subjects were 

enrolled in 4 communities in the United States: Forsyth County, NC, Jackson, MS, suburban 

Minneapolis, MN, and Washington County, MD. Participants underwent four exam visits 

between 1987 and 1998. Between 2011 and 2013, 6,538 participants returned for a fifth 

study visit; these participants are the focus of the current analysis. HF stages were defined 

based on the presence of clinical HF risk factors, cardiac structural and functional 

abnormalities, and clinical HF as defined in Table 1. The study protocol was approved by 

institutional review boards at each field center, and all participants provided written 

informed consent.

Ascertainment of Heart Failure Risk Factors

Since study inception, ARIC participants have undergone surveillance for cardiovascular 

events including incident hospitalized coronary heart disease events (definite or probable 

MI, or coronary revascularization) and stroke as previously described.15,16 Peripheral 

arterial disease was defined as an ankle-brachial index at Visit 5 of <0.9 in either leg.17 

Hypertension was classified based on self-reported medication use or blood pressure 

≥140/90 mmHg at any ARIC visit. Diabetes was defined based on self-report of a physician 

diagnosis of diabetes, anti-diabetic medication use, fasting glucose ≥126 mg/dL, or non-

fasting glucose ≥200 mg/dL, at any ARIC visit. Body mass index (BMI) was assessed at 

Visit 5 and obesity defined as BMI ≥30 kg/m2. Metabolic syndrome was defined as the 

presence of at least 3 of the following 5 metrics assessed at Visit 5: waist circumference 

≥102 cm in men and ≥88 cm in women, fasting triglycerides ≥150 mg/dL, systolic blood 

pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg or prevalent hypertension, and 

fasting glucose >100 mg/dL or prevalent diabetes.18 Chronic kidney disease was defined as 

an estimated glomerular filtration rate (eGFR) <60 mL/min per 1.73 m2 using the CKD-Epi 

equation.19

Echocardiographic Assessment of Cardiac Structure and Function

Echocardiography in ARIC at Visit 5, including reproducibility metrics, has been previously 

described.20 Studies were acquired at Visit 5 by certified sonographers using uniform 

imaging equipment and acquisition protocol. Quantitative measures were performed by a 

dedicated Echocardiography Reading Center. LVEF was based on the modified Simpson’s 

method or, when volumes could not be accurately assessed, on the Teichholz’s method 

(n=27) or visual estimation by board certified echocardiographers at the Echocardiography 
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Reading Center (n=166). LVMi was calculated from linear dimensions as recommended by 

the American Society of Echocardiography, and indexed to height2.7.21 Age-related changes 

in cardiac structure and function are well recognized, including smaller LV size, greater 

LVEF, and lower tissue Doppler relaxation velocities (TDI e′), even in older adults free of 

CV risk factors.22,23,24,25,26,27,28,29 Existing guildeline norms are based predominantly on 

data from younger populations and current guideline recommendations specifically cite the 

need for more data in the elderly.21,30 Therefore, for echocardiographic measures of 

structure and function, abnormal was based on sex-specific 95th percentile limits derived 

from a subgroup of 413 healthy ARIC participants without prevalent cardiovascular (CV) 

disease or risk factors. Prevalent CV disease was defined as coronary heart disease (CHD; 

includes myocardial infarction history or regional wall motion abnormality on 

echocardiography), prior HF hospitalization or HF self-report, atrial fibrillation, moderate or 

greater valvular disease. CV risk factors included hypertension, diabetes, Visit 5 body mass 

index (BMI) of >30 or <18.5 kg/m2, chronic kidney disease defined as an eGFR <60 

ml/min/1.73 m2 at Visit 5, QRS duration ≥120 msec at Visit 5, and active smoking. As 

empiric estimates of distribution limits can vary substantially in small to moderate sized 

samples, we used quantile regression (STATA qreg) to define the 95th percentile limit of 

distribution in this healthy group. Regional wall motion abnormalities (RWMA) were 

identified by staff echocardiographers.

Abnormal LV structure and LVEF were used to classify Stage B HF and defined as follows: 

abnormal LVEF based on ARIC reference limits (<57.4% in women or <59.0% in men), 

regional wall motion abnormality; LV enlargement based on LVEDV indexed to BSA above 

ARIC reference limits (>51.9 ml/m2 in women or >60.2 ml/m2 in men); left ventricular 

hypertrophy based on ARIC reference limits for LV mass indexed to height2.7 (>41.5 g/m2.7 

in women or >45.0 g/m2.7 in men); moderate or greater aortic stenosis defined as a peak 

transaortic velocity >3.0 m/sec; moderate or greater aortic regurgitation based on visual 

estimation by a staff echocardiographer; moderate or greater mitral regurgitation based on a 

mitral regurgitation jet area-to-left atrial area ratio of >0.20; and moderate or greater mitral 

stenosis based on a mean antegrade transmitral gradient of at least 5 mmHg. While the 

median LVEF in the healthy ARIC cohort was higher in women (66.8, IQR 63.8–69.5%) 

than in men (65.6, IQR 62.8–68.8%), the range was greater, leading to a lower value for 

normal LVEF in women based on the 95th percentile.

To test incorporation of more contemporary systolic function assessment into HF staging, 

LS was measured in the apical 4-chamber and 2-chamber views using the TomTec Cardiac 

Performance Analysis package, which has been validated against MRI and sono-

micrometry31,32 as previously described.20 Abnormal LS and measures of diastolic function 

were also defined based on sex-specific 95th percentile limits derived from the ARIC healthy 

subgroup as follows: LS <15.2% and <14.7% in women and men respectively; TDI e′septal 

<4.1 cm/s and <4.3 cm/s respectively; E/e′septal >17.4 and >14.8 respectively; and LA 

volume indexed to BSA >32.4 ml/m2 and >34.2 ml/m2 respectively. These limits are 

generally concordant with guideline recommendations for LV mass indexed to height2.7, E/e

′septal ratio, and LAVi (Supplemental Table 1). The limit employed for LVEF was higher, 

and for TDI e′septal was lower, compared to guideline recommendations but agreed well 

with reference values from other healthy populations of similar age33,34,35,36,37,38
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Ascertainment of Prevalent (Stage C) and Incident HF Post-Visit 5

Prevalent HF in ARIC at Visit 5 was ascertained from multiple sources: physician 

adjudicated HF hospitalization occurring since 2005 as previously published;39 International 

Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM) 428 code for 

hospitalizations prior to 2005;15 or HF self-report at Visits 3–5 or on annual follow-up 

phone calls. In ARIC, the positive predictive value of ICD-9-CM 428 code for HF relative to 

physician adjudication is 0.77.39 In this analysis, HF Stage C2 was defined as HF identified 

through a prior hospitalization (an adjudicated HF hospitalization since 2005 or 

hospitalization with a HF ICD code prior to 2005). HF Stage C1 was defined as HF not 

identified through a prior hospitalization: self-report of HF or treatment for HF among those 

without a prior hospitalization with at least one of the following: (a) subsequent 

confirmation of self-report by treating physician or the participant, or (b) an NT-proBNP at 

Visit 4 or 5 of at least 125 pg/ml.40 Stage D HF could not be distinguished from Stage C2 on 

the basis of symtoms, as HF symptom severity was not assessed at Visit 5. Therefore, Stage 

D was defined based on therapy with a left ventricular assist device (LVAD) or chronic 

intravenous inotropes (milrinone or dobutamine), which were assess at Visit 5.

For incident HF and death post-Visit 5, incident HF was based on HF hospitalization or HF 

death according to ICD codes (code 410 in any position) obtained by ARIC surveillance of 

hospital discharges.15 Deaths were ascertained using the National Death Index.16

Cardiac Biomarker Assessment

Blood for cardiac biomarker measurement at Visit 5 was stored centrally at −80°C. Hs-TnT 

was measured using a highly sensitive assay (Elecsys Troponin T, Roche diagnostics, 

Indianapolis, IN). NT-proBNP was measured using electrochemiluminescent immunoassay 

(Roche Diagnostics) with a lower detection limit of ≤5 ng/mL.

Statistical Methods

Participants were first categorized based on HF stage using the standard criteria outlined in 

Table 1. Clinical and echocardiographic features were compared between categories using 

Wilcoxon rank sum test (continuous variables) and Chi-squared tests (categorical variables) 

for pair-wise between group comparisons. Prevalence of these HF stages was described in 

the sample overall and stratified by age category (65 – 70, 71 – 75, 76 – 80, >80 years old). 

Age-adjusted prevalence was presented by subgroups based on sex and race. Multivariable 

Cox proportional hazards models were used to assess the relationship of the HF stage at 

Visit 5 to incident HF hospitalization and mortality post-Visit 5.

We then assessed the impact of incorporating novel measures of systolic function (LS) and 

diastolic function (based on TDI e′, E/e′, and LAV/BSA). Among HF stage A and B 

participants, we assessed the associations of abnormal LV structure (defined based on LV 

mass indexed to height2.7, LVEDV/BSA, and ≥moderate valvular disease), systolic function 

(defined based on LVEF, RWMA, and LS), and diastolic function (defined based on TDI e′, 

E/e′, and LAV/BSA) – individually and in combination – with incident HF hospitalization 

or death using univariate and multivariable Cox proportional hazards models. We assessed 

the incremental prognostic value of LS and diastolic measures beyond conventional 
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measures of LV structure and LVEF for incident HF hospitalization or death based on the 

continuous net reclassification improvement (NRI) and integrated discrimination 

improvement (IDI) at 2 years using time-to-event data,41 and by comparing the C-statistic of 

predictive models with and without inclusion of the additional measures. We quantified the 

reclassification of participants from HF stage A to stage B when abnormalities of LS and 

diastolic function were included as stage B criteria. Finally, among HF stage A and stage B 

participants with HF risk factors, we characterized 5 cardiac phenotypes: (1) those with no 

abnormalities of LV structure (defined as abnormally high LV mass/height2.7, LVEDV/BSA, 

or ≥moderate valvular disease), LV systolic function (defined as abnormally low LVEF or 

LS), or LV diastolic function (defined as abnormally low TDI e′ or high E/e′ or LAV/

BSA); (2) those with an abnormality of only one of these domains who were labeled as 

having isolated structural abnormality, isolated systolic abnormality, or isolated diastolic 

abnormality; and (3) those with abnormalities of more than one of these domains who were 

labeled as having combined abnormalities.

For time to event analyses, two multivariable models were constructed. The first adjusted for 

age, sex, race, and ARIC Field Center. The second additionally adjusted for history of 

hypertension, diabetes, atrial fibrillation, chronic kidney disease, obesity, prior myocardial 

infarction, and prior stroke. The proportional hazards assumption was tested for all analyses, 

and there was no evidence of violation of the proportional hazards assumption.

To assess the impact of potential bias due to Visit 5 non-attendance, we performed a 

sensitivity analysis using inverse probability of attrition weighting.42,43 Visit 5 non-

attendance was modeled among participants alive at the initiation of Visit 5 using the 

following covariates from Visit 1: age, gender, race, study center, systolic and diastolic 

blood pressure, heart rate, body mass index, smoking and drinking status, diabetes, 

hypertension, and chronic kidney disease. The resulting calculated weights were 

incorporated into multivariable models for HF stage estimates. Analyses were performed 

using STATA 14. NRI and IDI analyses were performed using R version 3.2.0. Two-sided P-

values of less than 0.05 were considered significant.

Results

Of the 15,792 participants enrolled in the ARIC cohort at study inception, 10,742 (68%) 

were alive at the initiation of Visit 5 and 6,538 participants (62% of those alive) attended. 

Both clinical and echocardiographic assessments necessary to determine HF stage were 

available in 6,118 participants.

Prevalence of HF Stages

Five percent of participants were free of both clinical HF risk factors and structural heart 

disease (Stage 0), with the majority of ARIC participants (52%) classified as Stage A HF 

(Figure 1, panel A). The prevalences of Stage B and Stage C HF were 30% and 13% 

respectively. One participant had an LVAD (<0.1%) and no participants were receiving 

continuous intravenous inotropic therapy. The prevalences of Stages C1 and C2 HF were 

higher in older compared to younger participants, men compared to women, and blacks 

compared to whites (Figure 1, panels B and C). However, across all subgroups, Stage A was 
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the most prevalent HF stage. Worse HF stage was characterized by higher levels of NT-

proBNP and high sensitivity troponin T (Table 2). At a median follow-up of 608 days (25th 

to 75th percentile range 469–761 days), 194 participants died or experienced a HF 

hospitalization. In multivariable adjusted analysis, worse HF stage was associated with a 

higher risk of death and the composite of death or HF hospitalization in a graded fashion 

(Figure 2; see Supplemental table 2 for results after additional adjustment for hypertension, 

diabetes, chronic kidney disease, obesity, prior stroke, myocardial infarction, and atrial 

fibrillation).

Cardiac Structure and Function in Persons at Risk for Heart Failure (Stages A and B)

Among Stage A participants, despite the absence of overt structural heart disease or 

hypertrophy, greater risk factor burden was associated with greater wall thickness and mass, 

smaller LV size, worse longitudinal systolic function (LS), worse early diastolic relaxation 

(TDI e′), higher filling pressure (E/e′ ratio), and higher levels of high sensitivity troponin T 

(Table 3). Number of risk factors was not related to LVEF.

Among the 1,801 Stage B participants, LVEF was reduced in 25%, LVH was present in 

68%, LV enlargement was present in 24%, and moderate or greater left-sided valve disease 

was present in 9% (Table 2). Among these Stage B participants, men were more likely than 

women to have reduced LVEF (42 vs 14% respectively, p<0.001) and a regional wall motion 

abnormality (5 vs 2% respectively, p<0.001), but less likely to have LVH (54 vs 79% 

respectively, p<0.001).

Structural Heart Disease and LVEF in Stage C Heart Failure

Among participants with Stage C2 HF, 75% had abnormalities of LV structure (hypertrophy, 

enlargement, regional wall motion abnormality, or ≥moderate valvular disease) or LVEF 

(Figure 3, panel B). LVEF was below the ARIC-based reference value in 35%, and was 

<50% in 20% and <40% in 10%. Compared to women, men had a higher prevalence of 

structural abnormality or a reduced LVEF (Figure 4B, all p ≤0.001), but not of diastolic 

dysfunction. Abnormal LV structure or LVEF and abnormal LVEF alone were less common 

in Stage C1 compared to Stage C2 HF (57 versus 75% and 23 versus 35% respectively; 

Figure 3, panel A).

Impact of Novel Measures of LV Function on HF Stages

Among Stage A and B participants at risk for clinical HF, diastolic function (based on TDI e

′, E/e′ ratio, and LAV/BSA) was abnormal in 30%. Systolic function was abnormal by 

LVEF in 9% and by LS in 10%, while the LVEF was <50% in only 2% and was <40% in 

0.4%. Notably, only 3% demonstrated both abnormal LVEF and LS. Abnormalities of LV 

structure, diastolic function, and systolic function (based on either LVEF or LS) were each 

independently and additively associated with the risk of incident HF hospitalization or death 

among Stage A and B participants at risk for HF (Table 4). Furthermore, among HF Stage A 

and B participants, incorporating information on LS and diastolic dysfunction provided 

incremental prognostic information beyond conventional measures of LV structure and 

LVEF based on the continuous NRI (12.1% [95% CI 1.8–20.4%], p=0.028) and IDI (0.3% 

[95% CI 0.0–1.5%], p=0.016), although the improvement in C-statistic was not statistically 
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significant (C-statistic 0.70 with conventional measures alone versus 0.71 additionally 

including LS and diastolic measures; p=0.19).

Incorporating diastolic measures and LS into the definition of Stage B HF resulted in 

reclassification of 14% of the study population from Stage A to Stage B, with a drop in 

prevalence of Stage A HF from 52 to 38% and an increase in prevalence of Stage B HF from 

30 to 44% (Supplemental Figure 1). Similar to findings using conventional criteria alone 

(Figure 2), worse HF stage when defined using diastolic measures and LS in the Stage B 

definition was also associated with a higher risk of death or the composite of death or HF 

hospitalization in a graded fashion (Supplemental Figure 2). Participants reclassified to 

Stage B had a hs-TnT level equivalent to existing Stage B participants (12 [8–17] vs 12 [8–

17] ng/L respectively, p=0.29), and significantly higher than non-reclassified Stage A 

participants (9 [7–14] ng/L, p<0.0001; Supplemental Table 3). NT-proBNP levels in the 

reclassified participants were significantly higher than the non-reclassified Stage A 

participants (133 [68–288] vs 101 [56–180] respectively, p<0.0001) but lower than existing 

Stage B participants (158 [78–344, p=0.0003). The rate of death or incident HF 

hospitalization during the follow-up period was 12.1 (9.0–16.2) per 1,000 person-years in 

non-reclassified Stage A, 16.3 (10.8–24.5) in reclassified participants, and 31.1 (25.1–38.4) 

in existing Stage B participants (p for trend <0.001; Supplemental Table 3). No statistical 

difference was noted in the event rates between the reclassified participants and non-

reclassified Stage A participants (p=0.26), possibly related to limited power given the small 

number of events in the reclassified group (n=23).

Together abnormalities of LV structure, systolic function, and diastolic function identified 

four phenotypes: isolated structural abnormality, isolated systolic abnormality, isolated 

diastolic abnormality, and combined abnormalities. Cardiac biomarkers differed 

significantly between these groups (Figure 4, panel A), with the highest NT-proBNP and hs-

TnT level noted among those with combined abnormalities. When compared to those 

without abnormalities of structure or function, a greater number of abnormalities in these 

domains was associated with higher risk of incident HF hospitalization or death (Figure 4, 

panel B). However, among the large number of participants with only one abnormality, no 

significant difference was noted in the risk associated with isolated structural abnormality, 

isolated systolic abnormality, or isolated diastolic abnormality (Figure 4, panel B; 

Supplemental Table 4).

Among participants with Stage C2 HF, beyond traditional measures of LV structure and 

LVEF, LS was abnormal in 39% (59% of whom also had an abnormal LVEF) and 

abnormalities of diastolic measures were present in 67%. Including these novel measures, an 

abnormality of LV structure and/or function was identifiable in 91% of Stage C2 

participants. Abnormal LV structure or LVEF (57%), LS (22%), and diastolic function 

(48%) identified an LV abnormality in 75% of Stage C1 participants.

Discussion

Our analysis of HF stages among 6,118 participants in the community-based ARIC cohort 

aged 66 to 90 years has three major findings. First, the vast majority of this elderly cohort 
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was at risk for symptomatic HF (i.e. 82% were Stages A or B), with only 5% of participants 

totally free of clinical risk factors or abnormalities of cardiac structure or function. Worse 

HF stage was associated with greater risk of death or incident HF hospitalization in a graded 

fashion. Within Stage A HF, a broad spectrum of risk factor burden, alterations in cardiac 

structure and function, and biomarker levels was observed. Second, among Stage A and B 

participants, abnormal LV structure, systolic function, and diastolic function were 

independently and additively associated with incident HF hospitalization or death. Diastolic 

measures and LS provided incremental prognostic value beyond conventional measures of 

LV structure and LVEF. Incorporating LS and diastolic function into the Stage B definition 

increased the prevalence of Stage B HF from 30% to 44% of the sample, and appreciably 

increased the proportion of Stage C participants with an identifiable abnormality of LV 

structure or function. Third, the large majority of participants with clinical HF (Stages C1 

and C2) in this elderly cohort had a robustly normal LVEF (77% and 65%, respectively, with 

LVEF ≥57.4% in women or 59.0% in men).

The construct of the HF stages emphasizes the continuum of risk for the HF syndrome, and 

helps providers identify and optimally manage patients at particularly high risk for 

developing signs and symptoms of HF.2 To our knowledge, ours is the only study to 

characterize HF stages in an elderly, biracial community-based sample. The distribution of 

HF stages differs substantially from previous reports in younger, predominantly white 

cohorts.44,45 Among 2,029 residents of Olmsted County, MN, approximately two-thirds of 

whom were ≤65 years of age, 32% of participants had neither HF risk factors or structural 

heart disease (Stage 0), while only 22% were classified as Stage A.44 Similarly, among 739 

participants in a Portuguese population health survey with a mean age of 62 years, 19% of 

men and 26% of women were Stage 0, while prevalence of Stage A HF was 54% and 44% 

respectively.45 The most prominent difference we observed from these prior studies in 

younger samples was a markedly higher prevalence of Stage A HF (52%) and lower 

prevalence of Stage 0 (5%). Even within the age-range represented in our study sample, we 

observed a decrease in the prevalence of Stage 0 and increase in prevalence of Stages B, C1, 

and C2 with older age. This age-associated growth in clinical risk factors and abnormal 

cardiac structure and function helps explain the appreciable increase in the incidence and 

prevalence of clinical HF in the elderly.46

A unique strength of our study is the use of age-appropriate cut-offs to define abnormal 

cardiac structure and function. Using these cutpoints, which included an LVEF <57.4% in 

women or <59.0% in men, we classified 30% of participants as Stage B HF. This prevalence 

is comparable to that noted in the Portuguese sample,45 although they used a lower LVEF 

cutpoint, and to the younger Olmsted county cohort.44 Importantly, however, HFpEF 

accounts for the majority of HF among elderly persons in the community,10 and the majority 

of these have neither LVH nor LV enlargement.11 Diastolic dysfunction is important in the 

pathophysiology of HFpEF, and echocardiographic measures of diastolic function including 

TDI e′, E/e′ ratio, and LAVi, have been associated with a heightened risk for incident 

HF.47,48,49 More recently, subtle abnormalities of LV systolic strain despite preserved LVEF 

have also been associated with greater risk of mortality and incident HF in the 

community.50,51 Consistent with these data, in our study both abnormal diastolic function 

and systolic function – based on LVEF and LS – were predictive of incident HF 
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hospitalization or death independent of LV structural abnormalities and of each other. An 

isolated abnormality of any one of these was associated with a similar risk. Furthermore, 

among Stage A and B participants at risk for clinical HF, LS and diastolic measures 

provided incremental prognostic value beyond conventional measures of LV structure and 

LVEF. Incorporating abnormalities in these novel imaging-based measures of HF risk into 

the definition of Stage B HF resulted in 14% of the ARIC sample being reclassified as Stage 

B. Reclassified participants demonstrated levels of hs-TnT and NT-proBNP, prognostic 

biomarkers of incident HF,52 significantly higher than non-reclassified Stage A participants. 

In addition, beyond LV structure and LVEF, consideration of diastolic measures and LS 

appreciably increased the prevalence of an identifiable cardiac abnormality in Stage C1 

(from 57% to 75%) and C2 (from 75% to 91%) HF. Together, these findings argue for the 

incorporation of these novel imaging measures of HF risk into the ACC/AHA HF staging 

system and definition of Stage B HF.

Among stage B participants, the overlap between diastolic dysfunction, systolic dysfunction, 

and LV structural abnormalities was modest, with isolated diastolic dysfunction in 25%, 

isolated systolic dysfunction in 12%, and abnormal structure in the absence of abnormal 

function in 26% (Figure 4A). This pattern is in marked contrast to that observed in patients 

with established HFpEF, in whom the large majority demonstrate abnormalities in at least 2 

– and often 3 – of these domains.53 Furthermore, in our study, the risk of incident HF 

hospitalization or death increased in a graded fashion with greater number of abnormal 

domains (structure, systolic, diastolic; Figure 4B). While only cross-sectional 

echocardiographic data are available, these findings suggest that the development of clinical 

HF is characterized by the progressive accumulation of abnormalities in multiple domains – 

LV structure, systolic function, and diastolic function – occurring largely despite preserved 

LVEF. The high prevalence of abnormal diastolic function and LS in Stage C1 and C2 

participants in our study further supports this hypothesis. This also suggests that regular 

assessment of diastolic indices and LS, in addition to conventional measures of LV structure 

and LVEF, can identify elderly persons at heightened risk for progression to symptomatic 

(Stage C) HF, with those demonstrating abnormalities in more than one domain of LV 

performance at the highest risk. Improvements in cardiovascular health factors and behaviors 

from mid- to late-life have been associated with better measures of diastolic function and LS 

in late life.40 In addition, diastolic measures and LS appear modifiable with 

pharmacotherapy.53,54,55 Therefore, elderly persons with abnormalities in one or more 

domains of LV performance may represent an optimal population in which to study lifestyle 

and pharmacologic interventions to prevent the development of clinical HF.

Clinical HF (Stage C) was prevalent in 13% of our study population, considerably higher 

than that in the Portuguese sample but similar to the prevalence reported in the Olmsted 

County study.19,20 Direct comparisons between studies are difficult due to differences in HF 

ascertainment and definition. Of note, when considering participants with evidence of more 

advanced – and definitive – HF (Stage C2), the prevalence in our study was considerably 

higher than the younger Olmsted County sample.44 The large majority of participants with 

symptomatic HF (Stage C) had a preserved LVEF. The low prevalence of abnormal LVEF 

among both Stage C1 and C2 participants (23% and 35%, respectively) and the rarity of an 

LVEF <50% (9% and 20% respectively) is in marked contrast to findings from the younger 
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Olmsted population sample in whom the prevalence of an LVEF <50% among Stage C2 

participants was 52%.44 However, the Cardiovascular Health Study (aged 66–103 year), 

which studied a population of similar age to ARIC at Visit 5, found that 80% of HF cases 

had an LVEF >45%, similar to our findings.10 The low prevalence of reduced LVEF among 

Stage C participants in our cohort suggests that alterations in myocardial function not 

captured by LVEF may have relatively greater contributions to HF risk and pathogenesis in 

the elderly, in particular abnormal diastolic function and LS. Survivor bias may also 

contribute, as mortality rates in HFrEF appear higher than for HFpEF.56,57 Ascertainment 

bias due to differential Visit 5 attendance (lower for those with HF with reduced LVEF than 

HF with preserved LVEF) is also a possibility that cannot be addressed from our data. 

However, participants alive at start of Visit 5 with a hospitalization ICD9 HF code were only 

modestly less likely to attend Visit 5 (prevalence 15% among non-attendees versus 13% 

among attendees, p=0.02), arguing against a large impact of ascertainment bias. 

Additionally, our sensitivity analysis using inverse probability attrition weighting did not 

result in appreciable changes in prevalence estimates (Supplemental Table 5).

Women had a lower prevalence of Stage C HF compared to men. Among participants with 

Stages C1 and C2 HF, women demonstrated a significantly lower prevalence of abnormal 

LVEF regardless of the cutpoint used. These findings are concordant with findings from the 

Cardiovascular Health Study, which found that HFpEF accounted for a significantly higher 

proportion of HF cases in women (67%) compared to men (42%).10 These sex-based 

differences in Stage C HF were mirrored in Stage B, where the prevalence of systolic 

dysfunction in women was less than half that in men. Compared to white participants, black 

participants had a higher prevalence of Stage C HF, while no race-based differences in the 

prevalence of abnormal LVEF or LVH were noted in Stages C1 and C2. Similarly, no 

prominent differences in the prevalence of Stage B HF by race were observed.

This analysis has several limitations. While reference limits for LS in our study are similar 

to those from the Framingham Heart Study and a prior large meta-analysis,58 LS values may 

vary based on measurement platform, and therefore the limits applied in this analysis may 

not be generalizable to LS values measured using other strain measurement platforms. 

Selection bias due to visit non-attendance may influence our estimates of the prevalence of 

HF stages, as 62% of ARIC participants who were alive at the start of Visit 5 attended the 

visit. However, a sensitivity analysis using inverse probability attrition weighting 

(Supplemental Tables 5–7) demonstrated consistent findings with the primary analysis, 

suggesting that the influence of such bias on our findings may be small. We were unable to 

fully quantify the prevalence of Stage D HF, as data on HF symptom severity were not 

available. However, only one participant was receiving advanced HF therapy (LVAD). The 

clinical diagnosis of HF among many participants with Stage C1 HF is less certain than 

Stage C2 participants, as in many Stage C1 participants the classification was based on serial 

self-report. However, the incidence of death or HF hospitalization in Stage C1 participants 

was higher than Stage B participants and similar to that observed in HF patients without 

prior HF hospitalization enrolled in HFpEF clinical trials.59,60 The use of an objective 

physiologic biomarker (NT-proBNP) and/or requirement for at least 1 serial HF report 

should also improve the specificity. Additionally, for Stage C2 participants, those identified 

solely from hospitalizations prior to 2005 were based on ICD code and not adjudicated. 
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However, ICD-based ascertainment demonstrates an acceptable positive predictive value for 

HF when compared to adjudication in the ARIC study.22 Nonetheless, misclassification of 

HF cases is a potential limitation.

Conclusions

In this large community-based sample of older adults, HF risk factors are present in the vast 

majority of elderly persons in the community (82%), significantly higher than estimates 

from younger samples, with a spectrum of risk factor burden and alterations in cardiac 

structure and function among Stage A and B participants. Abnormalities of diastolic 

function and LS identify participants at particularly heightened risk for incident HF 

hospitalization or death, and potentially should be considered in the HF staging system. At 

least two-thirds of older adults with clinical HF (Stage C) have a robustly preserved LVEF, 

but demonstrate a high prevalence of diastolic dysfunction and abnormal LS. These findings 

help define the scope of the HF epidemic in the elderly, particularly the burden of HFpEF, 

and highlight the importance of primordial and primary prevention strategies to prevent the 

development of HF Stages A and B.
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Clinical Perspective

What is new?

• In an elderly community-based cohort, 82% are AHA/ACC heart failure (HF) 

stage A or B (i.e. have risk factors for clinical HF). Worse HF stage is 

associated with greater risk of incident HF hospitalization or death in a graded 

fashion.

• Abnormal LV structure, systolic (LVEF, longitudinal strain), and diastolic 

function are each independently and additively associated with incident HF or 

death. Longitudinal strain and diastolic dysfunction provide incremental 

prognostic value beyond LV structure and LVEF.

• LVEF is preserved in at least two-thirds of older adults with clinical HF, in 

whom prevalence of diastolic dysfunction and abnormal longitudinal strain is 

high.

What are the clinical implications?

• Our findings suggest that the development of clinical HF is characterized by 

the progressive accumulation of abnormalities in multiple domains – LV 

structure, systolic function, and diastolic function – occurring largely despite 

preserved LVEF.

• Regular assessment of diastolic indices and longitudinal strain, in addition to 

conventional measures of LV structure and LVEF, can identify elderly persons 

at heightened risk for progression to symptomatic HF. Elderly persons with 

abnormalities in ≥1 domain of LV performance may represent an optimal 

population in whom to test interventions to prevent the development of 

clinical HF.
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Figure 1. 
Prevalence of heart failure stages. (A) Prevalence in the study population overall; (B) 

prevalence among age categories; and (C) age-adjusted prevalence among subgroups defined 

by sex and race. One participant was classified as Stage D on the basis of having an LVAD 

(prevalence <0.1%).
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Figure 2. 
Kaplan-Meyer survival curves for death (panel A), and the composite of death or HF 

hospitalization (panel B), by HF Stage. Median follow-up time for the composite endpoint 

was 608 days (25th to 75th percentile range 469–761 days). Total number of events was 194. 

For the composite endpoint, estimates for HF Stage C2 are not provided as all participants in 

this stage had, by definition, experienced a previous HF hospitalization. Event rate is 

expressed per 100 person-years. Hazard ratios are adjusted for age, sex, race, and Field 

Center.
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Figure 3. 
Prevalence of cardiac structural abnormalities and abnormal LVEF among (A) Stage C1 and 

(B) C2 heart failure participants in the study population overall, and separately in subgroups 

defined by sex and race.
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Figure 4. 
Prevalence and prognostic relevance of abnormalities of LV structure, systolic, and diastolic 

function among elderly persons in the community. Panel A. Venn diagram demonstrating the 

prevalence of abnormalities of cardiac structure and function among participants with Stage 

B heart failure defined using abnormal LV strain and diastolic measures in addition to 

abnormal LVEF, LVH, LV enlargement, and valvular disease. Values for NT-proBNP and hs-

TnT are median and interquaritile range. For biomarker levels, P for all between group 

comparisons <0.05 except for hs-TnT in isolated structural abnormality vs isolated systolic 

abnormality (p=0.14). Panel B. Hazard ratio for incident HF hospitalization or death 

associated with abnormal LV structure, systolic function, and diastolic function among HF 
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Stage A and B participants relative to those with clinical risk factors but no abnormalities. 

Multivariable models are adjusted for age, sex, race, and ARIC Field Center. See 

Supplemental Table 2 for results with additional adjustment for hypertension, diabetes, 

chronic kidney disease, obesity, prior stroke, myocardial infarction, and atrial fibrillation.
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Table 1

Definition of ACC/AHA heart failure stages and classification criteria employed in this study.

HF Stage ACC/AHA Guideline Definition Operational Definition in This Analysis

Stage 0 Not meeting criteria for HF Stages A, B, C, or 
D

None of the following clinical risk factors: prevalent cardiovascular disease 
(coronary artery disease, stroke, or peripheral arterial disease), hypertension, 
diabetes, obesity, metabolic syndrome, or chronic kidney disease
None of the following cardiac structural or functional abnormalities: Abnormal 
LVEF, regional wall motion abnormality, LV enlargement based on LVEDV 
indexed to BSA, left ventricular hypertrophy based on LV mass indexed to 
height2.7, moderate or greater aortic stenosis, aortic regurgitation, mitral 
regurgitation, or mitral stenosis.

Stage A At high risk for HF but without structural heart 
disease or symptoms of HF

At least one of the following clinical risk factors: prevalent cardiovascular 
disease (coronary artery disease, stroke, or peripheral arterial disease), 
hypertension, diabetes, obesity, metabolic syndrome, or chronic kidney disease
None of the following cardiac structural or functional abnormalities: Abnormal 
LVEF, regional wall motion abnormality, LV enlargement based on LVEDV 
indexed to BSA, left ventricular hypertrophy based on LV mass indexed to 
height2.7, moderate or greater aortic stenosis, aortic regurgitation, mitral 
regurgitation, or mitral stenosis.

Stage B Structural heart disease but without signs or 
symptoms of HF

At least one of the following cardiac structural or functional abnormalities: 
Abnormal LVEF, regional wall motion abnormality, LV enlargement based on 
LVEDV indexed to BSA, left ventricular hypertrophy based on LV mass 
indexed to height2.7, moderate or greater aortic stenosis, aortic regurgitation, 
mitral regurgitation, or mitral stenosis.

Stage C1 Structural heart disease with prior or current 
symptoms of HF

Prevalent HF not identified through a previous hospitalization, and instead 
based on self-report of HF or treatment for HF with at least one of the 
following: (1) subsequent confirmation of self-report by treating physician or 
the participant, or (2) an NT-proBNP at ARIC Visit 4 or 5 of at least 125 pg/ml

Stage C2 Prevalent HF identified through a previous hospitalization based on (1) 
committee adjudicated HF hospitalization since 2005,13 or (2) hospitalization 
with an ICD code 428 prior to 20058

Stage D* Refractory HF requiring specialized 
interventions

Left ventricular assist device or chronic inotropic therapy

Metabolic syndrome was defined as the presence of at least 3 of the following 5 metrics assessed at Visit 5: waist circumference ≥102 cm in men 
and ≥88 cm in women, fasting triglycerides ≥150 mg/dL, systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg or prevalent 
hypertension, and fasting glucose >100 mg/dL or prevalent diabetes.

Abnormal LVEF based on ARIC reference limits (<57.4% in women or <59.0% in men), regional wall motion abnormality; LV enlargement based 

on LVEDV indexed to BSA above ARIC reference limits (>51.9 ml/m2 in women or >60.2 ml/m2 in men); left ventricular hypertrophy based on 

ARIC reference limits for LV mass indexed to height2.7 (>41.5 g/m2.7 in women or >45.0 g/m2.7 in men); moderate or greater aortic stenosis 
defined as a peak transaortic velocity >3.0 m/sec; moderate or greater aortic regurgitation based on visual estimation by a staff echocardiographer; 
moderate or greater mitral regurgitation based on a mitral regurgitation jet area-to-left atrial area ratio of >0.20; moderate or greater mitral stenosis 
based on a mean antegrade transmitral gradient of at least 5 mmHg.

*
Stage D HF could not be distinguished from Stage C2 on the basis of symptoms, as HF symptom severity was not assessed at Visit 5, and was 

therefore defined on the basis of advanced HF therapies (LVAD or chronic inotropic therapy).
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