
Echocardiography, Natriuretic Peptides, and Risk for Incident
Heart Failure in Older Adults:
The Cardiovascular Health Study

Andreas P. Kalogeropoulos, MD*, Vasiliki V. Georgiopoulou, MD*, Christopher R. deFilippi,
MD†, John S. Gottdiener, MD†, and Javed Butler, MD, MPH* for the Cardiovascular Health
Study

*Emory Clinical Cardiovascular Research Institute, Emory University, Atlanta, Georgia †Maryland
Heart Center, University of Maryland, Baltimore, Maryland

Abstract
Objectives—To examine the potential utility of echocardiography and NT-proBNP for heart
failure (HF) risk stratification in concert with a validated clinical HF risk score in older adults.

Background—Without clinical guidance, echocardiography and natriuretic peptides have
suboptimal test characteristics for population-wide HF risk stratification. However, the value of
these tests has not been examined in concert with a clinical HF risk score.

Methods—We evaluated the improvement in 5-year HF risk prediction offered by adding an
echocardiographic score or/and NT-proBNP levels to the clinical Health ABC HF Risk Score
(base model) in 3752 participants of the Cardiovascular Health Study (age, 72.6±5.4 years; 40.8%
men; 86.5% white). The echocardiographic score was derived as the weighted sum of independent
echocardiographic predictors of HF. We assessed changes in Bayesian information criterion
(BIC), C index, integrated discrimination improvement (IDI), and net reclassification
improvement (NRI). We examined also the weighted NRI across baseline HF risk categories under
multiple scenarios of event versus nonevent weighting.

Results—Reduced left ventricular ejection fraction, abnormal E/A ratio, enlarged left atrium, and
increased left ventricular mass, were independent echocardiographic predictors of HF. Adding the
echocardiographic score and NT-proBNP levels to the clinical model improved BIC
(echocardiography: −43, NT-proBNP: −64.1, combined: −68.9; all p<0.001) and C index
(baseline 0.746; echocardiography: +0.031, NT-proBNP: +0.027, combined: +0.043; all p<0.01)
and yielded robust IDI (echocardiography: 43.3%, NT-proBNP: 42.2%, combined: 61.7%; all
p<0.001), and NRI (based on Health ABC HF risk groups; echocardiography: 11.3%; NT-
proBNP: 10.6%, combined: 16.3%; all p<0.01). Participants at intermediate risk by the clinical
model (5% to 20% 5-yr HF risk; 35.7% of the cohort) derived the most reclassification benefit.
Echocardiography yielded modest reclassification when used sequentially after NT-proBNP.
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Conclusions—In older adults, echocardiography and NT-proBNP offer significant HF risk
reclassification over a clinical prediction model, especially for intermediate risk individuals.
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Subclinical changes in cardiac structure and function, including left ventricular (LV)
hypertrophy, enlargement, wall motion abnormalities, diastolic dysfunction, or reduced
ejection fraction (EF), and left atrial enlargement, often precede development of manifest
(Stage C) heart failure (HF) (1). These changes, detected mostly through echocardiography,
have been strongly associated with HF risk in large cohort studies (2–7) Similarly, elevated
natriuretic peptide levels are associated with structural and functional cardiac abnormalities
(8), and in turn with HF risk (8–11). However, the value of echocardiography and natriuretic
peptides for HF risk stratification has not been assessed in concert with a validated clinical
risk score. Moreover, due to suboptimal test characteristics from a screening perspective and
concerns regarding costs and consequences of unnecessary testing (4,12–16), these tests are
not recommended currently as standalone tools for identification of individuals at high risk
for HF. However, guidance by a clinical risk score, e.g. the Health ABC HF Risk Score
(17,18), may render these tests more appealing as risk stratification tools for targeted
population groups.

We hypothesized that echocardiography and N-terminal pro-B-type natriuretic peptide (NT-
proBNP) levels, used individually or in combination (simultaneously or sequentially), will
have incremental predictive value over the clinical Health ABC HF Risk Score for 5-year
HF risk assessment in older adults and yield clinically relevant risk reclassification. To
evaluate this hypothesis, we analyzed data from 3752 participants of the Cardiovascular
Health Study (CHS) with available echocardiography and NT-proBNP data.

METHODS
Study Population

The design of CHS has been previously published (19). Participants were non-
institutionalized persons 65 to 100 years old recruited from Medicare eligibility lists. An
original cohort of 5201 persons was recruited in 1989-90, and a second cohort of 687
African-Americans was recruited in 1992-93. The present study included participants with
available (1) baseline NT-proBNP levels and (2) echocardiographic data, obtained at
baseline for the original and at year 2 for the second cohort. From the 4522 participants with
available baseline NT-proBNP levels we excluded (1) participants with prevalent HF at
baseline (n=212) and those from the second cohort with prevalent HF at year 2 (n=35); (2)
those with missing data on Health ABC HF Risk Score variables (n=162); and (3) those with
missing data on echocardiography (n=361). In all, 3752 participants were included in the
primary analysis. In a secondary analysis, we examined 2538 participants with available
quantitative M-mode data on LV dimensions and mass.

Definition of Risk Factors and Health ABC HF Score
We calculated the Health ABC HF Risk Score and categorized participants into <5%, 5–
10%, 10–20%, >20% 5-yr HF risk, as previously described (17,18). To incorporate the
second CHS cohort, we calculated the score at baseline for these participants; however,
echocardiography for these participants was available at year 2. For calculation of Health
ABC HF Risk Score, classification of prevalent CHD was based on self-report of coronary
revascularization, myocardial infarction, or angina (20). Smoking was classified as current,

Kalogeropoulos et al. Page 2

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2013 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



past, or never. The Minnesota 3.1 code was used to classify electrocardiographic LV
hypertrophy (21). The core laboratory at University of Vermont, Colchester, VT, analyzed
fasting serum chemistry.

Echocardiographic Assessment in CHS
Two-dimensional echocardiography was performed at baseline for the original cohort and at
year 2 for the second cohort. Studies were centrally interpreted at the University of
California, Irvine (22). We classified LV systolic function as normal, borderline, or
abnormal, corresponding to EF ≥0.55, 0.45 to 0.54, and <0.45, respectively (23). Based on
previous findings from CHS showing values <0.7 and >1.5 to be associated with increased
HF risk (4), the mitral inflow E to A peak velocity ratio (E/A ratio) was classified into <0.7,
0.7 to 1.5, and >1.5. Left atrial enlargement was based on American Society of
Echocardiography (ASE) recommended M-mode antero--posterior diameter of >23 mm/m2

(24). Quantitative LV M-mode measurements were available in 3410 participants of the
original cohort, with age being the strongest correlate of missing data (23), and 405
participants of the second cohort. LV mass was calculated with the Devereux formula (25).
To define LV hypertrophy and enlargement we used gender-specific cut-offs proposed by
ASE; 95 g/m2 for women and 115 g/m2 for men for LV mass; and >32 mm/m2 for women
and >31 mm/m2 for men for LV diameter at diastole (24).

Natriuretic Peptide Assay
NT-proBNP was measured with the Elecsys 2010 system (Roche Diagnostics, Indianapolis,
IN) in serum collected at baseline. Coefficient of variation was 2% to 5% and range was 5 to
35,000 pg/ml. In a previous analysis from CHS (9), NT-proBNP >190pg/ml optimally
predicted HF risk and cardiovascular mortality; we therefore used this cut-off for additional
analyses.

Definition of Incident Heart Failure
Methods used to assess cardiovascular events in CHS, including HF, have been reported
previously (26,27). An HF event was confirmed if, in addition to a physician diagnosis,
there were (1) documented symptoms (e.g. shortness of breath, fatigue, orthopnea,
paroxysmal nocturnal dyspnea) and physical signs (e.g. edema, pulmonary rales, gallop
rhythm) consistent with HF; (2) supporting clinical findings like pulmonary edema on chest
X-ray; or (3) therapy for HF, including diuretics, digitalis, angiotensin-converting enzyme
inhibitors, or beta-blockers. In the current analysis, incident HF was defined as adjudicated
first hospitalization for HF.

Statistical Analysis
NT-proBNP values were log-transformed prior to analyses because of lognormal
distribution. To identify echocardiographic variables that predict HF independently of
clinical risk factors, we used the Health ABC HF Risk Score as a covariate in multivariable
Cox proportional hazards models and followed an iterative, clinically guided approach to
reach the final echocardiography-added model. The final set of echocardiographic predictors
was treated subsequently as a single score (weighted sum of covariates) to assess model
improvement.

To assess the incremental value of NT-proBNP and echocardiographic score for 5-year HF
risk prediction, we used Health ABC HF Risk Score as the base clinical model and
calculated: (1) changes in the Bayesian information criterion (BIC), a likelihood-based
measure of model fit that penalizes for complexity (28); (2) changes in the C index; (3) the
integrated discrimination improvement (IDI), which quantifies improvement in prognostic
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separation (29,30); and relative IDI (rIDI), which quantifies the relative contribution of an
added variable to separation (30); (4) the net reclassification improvement (NRI), a
clinically-oriented measure of reclassification that considers any correct upwards movement
of events (in the new vs. the old model) and any downwards movement of non-events as
model improvement and vice versa (29). To facilitate prospective interpretation, we used the
censored data versions of IDI (31) and NRI (32).The Kaplan-Meier estimates for 5-year HF
incidence served as observed event rates. We calculated the continuous NRI, which counts
all movements of probabilities and does not rely on categories (NRI0), and the NRI based on
5-year risk groups (i.e., <5%, 5–10%, 10–20%, and >20%) (17), which counts only
movements of predicted probabilities that result in a change in risk category (NRIcat).
Because event and non-event NRI components are weighted by event incidence (32), and
thus NRI is not comparable across risk categories, we calculated the weighted NRI for
events and non-events (wNRI) (32) to compare reclassification across baseline risk
categories. Currently, no established thresholds for action regarding HF risk exist, and thus,
the relative merit of correctly classifying an event vs. a non-event is unknown. We
calculated thus wNRI assigning weights from 1:1 (equal importance) to 16:1 (events 16×
more important). The NRI formulas (NRI0, NRIcat, and wNRI) are provided in the Online
Data Supplement and Supplemental Table 1.

To examine the incremental value of NT-proBNP and echocardiographic score for risk
prediction among participants with normal LV ejection fraction at baseline, we replicated
the analyses in the subcohort of participants with LVEF ≥0.55. Analyses were performed
with STATA 11 (StataCorp LP, TX).

RESULTS
Clinical Characteristics and HF Incidence

Average age was 72.6±5.4 years; 40.8% were men; 86.5% were white. Table 1 summarizes
the clinical characteristics of participants by Health ABC HF risk group. There were 286
incident HF events during the first 5 years of follow-up, corresponding to 8.0% 5-year HF
incidence.

Echocardiographic Findings and NT-proBNP Levels
Figure 1 presents the prevalence of echocardiographic abnormalities according to clinically
projected HF risk by the Health ABC HF Risk Score. Left atrial diameter, LV diameters,
and LV mass, all had strong increasing trends across Health ABC HF risk groups (Table 2).
Abnormal EF (<0.45%) or restrictive-type diastolic (E/A >1.5) dysfunction was present in
5.8%, 6.5%, 11.5%, and 16.8% of participants in the escalating HF risk groups. Absolute
NT-proBNP levels and prevalence of increased (>190 pg/ml) NT-proBNP levels both had
strong increasing trends across clinical HF risk groups (Figure 2).

Echocardiographic Parameters, NT-proBNP, and HF Risk Prediction
Among the echocardiographic parameters examined, EF, enlarged left atrium, and E/A ratio
were independent predictors of HF risk when added to Health ABC HF Risk Score (Table
3). In the subset with M-mode data on LV dimensions and mass available (N=2538), LV
fractional shortening was a stronger predictor than EF, and LV mass index was an additional
independent predictor of HF (Table 3). The weighted sum of echocardiographic parameters
constituted the echocardiographic score used subsequently to determine risk stratification
improvement. For completeness, we have created separate scores for the main cohort (EF,
enlarged left atrium, and E/A ratio) and for the quantitative LV subset (fractional shortening,
enlarged left atrium, and E/A ratio, LV mass) to test for incremental value, although only the
main cohort parameters were converted to a point system for practical use.
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NT-proBNP levels were independently associated with 5-year HF risk when added to Health
ABC HF Risk Score; hazard ratio (HR) per natural log-increase of NT-proBNP was 1.61
(95% confidence interval [CI]: 1.44, 1.81; p<0.001). Increased NT-proBNP as a binary
variable (>190pg/ml) was associated with 2.7-fold increased risk (95% CI: 2.1, 3.6;
p<0.001).

Both NT-proBNP and echocardiographic score significantly improved fit, discrimination,
and risk classification when added to Health ABC HF Risk Score (Table 4). Combined NT-
proBNP and echocardiography had further incremental value over each modality alone,
achieving further improvements in integrated discrimination (0.064 or 61.7% relative
increase) and net reclassification (35.9% for continuous NRI and 16.3% for category-based
NRI). The impact of echocardiography was stronger when quantitative LV parameters were
considered (Table 4).

When the echocardiographic score was used sequentially after adding NT-proBNP to the
base model, it still provided significant but less robust improvements in integrated
discrimination (0.019 or 12.8% relative increase) and net reclassification (20.0% for
continuous NRI and 7.9% for category-based NRI; both p<0.01). In the subset with
quantitative LV data, echocardiography further improved classification compared to the NT-
proBNP-added model (0.041 or 30.1% for IDI; 31.0% for continuous NRI [p<0.001]; and
13.2% for category-based NRI [p<0.01]).

Reclassification of Heart Failure Risk According to Baseline HF Risk Group
In participants with <5% projected risk, neither echocardiographic score nor NT-proBNP
provided clinically relevant reclassification under a wide range of scenarios (Figure 3). In
the 5%–10% category, clinically relevant reclassification was observed both with
echocardiography (wNRI ≥15%) and NT-proBNP (wNRI >10%) across assigned weights.
The 10%–20% HF risk category derived the most reclassification benefit both from
echocardiography and NT-proBNP; wNRI was ≥20% for both modalities regardless of
weights assigned to events vs nonevents. In the >20% risk category, reclassification gain
was evident only when 1:1 weights were assigned. Modest synergistic gains were observed
when echocardiography and NT-proBNP were used simultaneously. When risk was first
refined by NT-proBNP, echocardiography provided gains over the NT-proBNP-added
model (≥10% wNRI) in the 5%–10% and 10%–20% categories.

Echocardiography and NT-proBNP in Participants with Normal Left Ventricular Ejection
Fraction

Among the 3480 participants with LVEF ≥0.55, there were 236 incident HF events during
the first 5 years of follow-up, corresponding to 7.1% 5-year HF incidence. Both
echocardiography and NT-proBNP conferred significant reclassification of heart failure risk
in these participants (Supplemental Table 2). When measured by the IDI, the magnitude of
reclassification benefit by echocardiography or NT-proBNP in this subcohort was
diminished relative to that observed in the entire study cohort, because risk variance was
lower in this relatively healthier subcohort. However, both the continuous and the
categorical NRI for echocardiography were practically unaffected. NT-proBNP exhibited
slightly smaller NRI values relative to the entire cohort. In the subset with quantitative LV
measurements and LVEF ≥0.55 (N=2384), the reclassification properties of
echocardiography were enhanced.
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DISCUSSION
In this study, we demonstrated that echocardiography and NT-proBNP could have
incremental value over a validated clinical model for HF risk prediction in older adults.
Improvements in HF risk prediction were not limited to formal improvements in model fit
and discrimination, but also resulted in clinically relevant risk reclassification among the
35.7% of participants deemed to be at intermediated risk (5%–10% and 10%–20% predicted
5-year HF risk) by the clinical score. Of note, LV diastolic function proxy parameters (E/A
ratio and left atrial size) were independent determinants of HF risk in this cohort. The risk
reclassification potential of echocardiographic parameters and NT-proBNP was also evident
among participants with normal (≥0.55) LVEF at baseline. Quantitative assessment of LV
mass further strengthened the value of echocardio-graphy for risk reclassification; this was
more pronounced in participants with normal LVEF, potentially because LV mass plays a
central role in HF risk determination in these individuals.

There is a fundamental difference between screening for subclinical disease and risk
stratification for future disease. The detection of the former is by definition the ‘end-
product’, e.g. breast cancer, which necessitates treatment. The latter needs further evidence
for effective prevention strategies and action thresholds to be clinically relevant. Currently,
besides treatment of asymptomatic LV systolic dysfunction, there are no specific HF
prevention strategies beyond usual risk factor management, e.g. hypertension. However,
most participants who developed HF in CHS did not have reduced EF at baseline (4), and
the prevalence of asymptomatic LV systolic dysfunction in the community is too low to
justify population-wide screening (16). In fact, even combining abnormal systolic (EF
<0.45) or restrictive-type diastolic (E/A >1.5) dysfunction would miss 80% of CHS
participants who developed HF within 5 years. On the other hand, if all echocardiographic
predictors in our study (any degree of LV systolic or diastolic dysfunction or left atrial
enlargement) were considered as subclinical disease, the yield would be too high (43%,
53%, 65%, and 80% for the ordered Health ABC HF Risk Score groups) to be clinically
meaningful. Thus, screening for asymptomatic abnormalities is unlikely to be very effective
by itself for HF prevention in the general population of older adults.

In line with previous studies (4,6,38), the echocardiographic markers associated with HF
risk in our study were related to both systolic and diastolic LV function. Despite adjustment
for the Health ABC HF Risk Score, which incorporates clinical risk factors associated with
diastolic dysfunction (17), echocardiographic surrogates of diastolic dysfunction were
strongly associated with HF risk in our study, highlighting the importance of diastolic
dysfunction when considering incorporation of echocardiography in HF prevention efforts
(39). Although we cannot suggest that echocardiography be used for HF risk stratification at
this point, considering that a number of patients undergo echocardiography for other
indications, we provide a modification table for the Health ABC HF Risk Score based on
echocardiographic findings (Supplemental Table 3).

Similar to echocardiography, most studies have concluded that natriuretic peptides are not
cost-effective for detection of asymptomatic structural heart disease (33,34). This is rooted
in the fact that natriuretic peptides are conceptually used to select individuals for
echocardiographic screening (16), bearing all the limitations noted above. Based on our
results, the effect of echocardiographic screening on HF prevention would still be modest at
best, even after NT-proBNP-based selection (16,35). On the other hand, NT-proBNP refined
risk assessment in our study, in line with observations from younger cohorts (36,37).
Currently, no data support use of NT-proBNP as a HF risk tool in unselected older adults.
However, our findings underscore the potential of a strategy incorporating natriuretic
peptides for intermediate-risk individuals when considering HF prevention efforts. In this
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respect, we provide a practical approach to refine HF risk based on NT-proBNP levels if
these are available (Supplemental Table 4).

Abnormal systolic or restrictive-type diastolic LV dysfunction often has causes amenable to
treatment (ischemia, cardiomyopathy, LV hypertrophy, valvular disease etc). Therefore, it
might be worth screening with echocardiography older adults with projected 10%–20% or
>20% 5-year HF risk. In these groups, which combined constituted 16.5% of our cohort;
abnormal systolic or restrictive-type diastolic dysfunction was present in 11.5% and 16.8%,
respectively. Based on analyses showing that prevalence rates of >5% in the target
population are likely to result in cost-effective echocardiographic screening (35), the Health
ABC HF Risk Score might serve as a useful selection tool. Similarly, incorporation of NT-
proBNP in the Health ABC HF Risk Score for screening selection appears to be an attractive
target for future investigations.

What are the practical implications of our findings? First, there are currently no prevention
strategies for individuals at increased HF risk, barring treatment of asymptomatic LV
dysfunction or individual risk factors. Thus, it is difficult to translate improvement in HF
risk classification into actionable items or cost-effectiveness gains at his point. This gap
highlights the need for prospective data on HF prevention strategies. Second, we
demonstrated that echocardiographic screening with a “subclinical disease” approach alone
would fail to detect most patients at risk for HF, even for a 5-year horizon. A strategy
providing HF risk assessment and risk factor modification based on projected HF risk, and
potentially novel preventive interventions, would likely be more effective from a population
perspective. Echocardiography and natriuretic peptide testing might be reserved for selected
individuals. Such a strategy, however, would need prospective validation. Third,
extrapolating from the CHD prevention paradigm, it may be reasonable at this point to
follow-up more closely individuals at >10% 5-year HF risk, with the aim to intensify risk
factor control, monitor for symptoms, and potentially screen with echocardiography for LV
dysfunction based on the rationale described above.

Our study has several limitations. First, definition of incident HF was based on admissions
and this may have underestimated HF incidence. However, because of central adjudication,
underestimation is most likely distributed evenly across risk groups and thus our
reclassification estimates should be relatively unbiased. On the other hand, we cannot
exclude the possibility of ascertainment bias in determining the relative importance of the
echocardiographic measures. Participants with possible clinical HF were perhaps more
likely to be admitted if a clinically performed echocardiogram revealed LV systolic
dysfunction (as opposed to isolated left atrial dilatation or increased LV mass). This could
partly explain why LVEF was strongly associated with HF risk compared with other
echocardiographic measures. Second, diastolic function by echocardiography was assessed
by the E/A ratio and, indirectly, by the left atrial volume. These measures do not reflect
contemporary assessment or classification of diastolic dysfunction. Third, our study
population comprised of white and black participants, and blacks were under-represented.
Thus our findings may not be applicable to other races. Finally, we studied participants aged
65 or older; thus our findings may not be applicable to younger populations.

In conclusion, echocardiography and NT-proBNP significantly reclassify 5-year HF risk in
older adults when added to a clinical model, mainly among intermediate risk individuals. A
strategy incorporating echocardiography or NT-proBNP for these individuals may be worth
investigating prospectively. Echocardiography at this point might be reserved for those at
>10% projected 5-year HF risk because of the prevalence of potentially treatable underlying
abnormalities in this group. However, a strategy based solely on screening for asymptomatic
abnormalities is unlikely to have dramatic impact on HF prevention in older adults. An
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alternative strategy, based on risk stratification and tiered preventive interventions, might be
more effective and warrants further investigation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Abnormal echocardiographic findings according to projected heart failure risk
Prevalence of abnormal echocardiographic findings according to projected Health ABC HF
Risk in 3752 participants without heart failure at baseline. M-mode left ventricular diameter
and mass were available in 2538 participants. *Indexed left atrial diameter >23 mm/m2

(24). †Indexed internal diameter at diastole >32 mm/m2 for women, >31 mm/m2 for men
(24). ‡Indexed left ventricular mass >95 g/m2 for women, >115 g/m2 for men (24).
Parameters indexed for body surface area. P<0.001 for linear trend across categories for all
parameters.
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Figure 2. NT-proBNP levelsaccording to projected heart failure risk
Distribution of NT-proBNP levels (left) and prevalence of increased (>190pg/ml) (9) NT-
proBNP levels (right) according to projected Health ABC HF Risk. P<0.001 for linear trend
across categories in both analyses.
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Figure 3. Net reclassification improvement by echocardiography and NT-proBNP according to
baseline heart failure risk
Net reclassification improvement (NRI) across the Health ABC HF Risk categories with
addition of the echocardiographic score (A), NT-proBNP (B), or both (C) to the Health ABC
HF model; in (D) echocardiographic score is added after refinement of risk with NT-
proBNP. Five different scenarios are presented with varying weights (from 1:1 to 16:1) for
correct reclassification of events vs. nonevents, representing increasing importance of
events; 1:1 denotes that correct reclassification is equally important for events and
nonevents whereas 16:1 denotes that correct reclassification of an event is 16 times more
important than correct reclassification of a nonevent. Clinically relevant correct
reclassification (indicated by >10% positive bars) was observed with echocardiography (A)
and NT-proBNP (B) across assigned weights for participants with baseline 5%–10% (green
bars) or 10%–20% (yellow bars) heart failure risk as clinically determined by the Health
ABC HF Risk Score. Modest synergistic gains were observed when NT-proBNP and
echocardiography were used simultaneously (C). When risk was first refined by NT-proBNP
(D), echocardiography provided modest incremental benefit. wNRI: average weighted NRI,
the weighted percentage of participants correctly reclassified.
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Table 1

Baseline Clinical Characteristics According to Health ABC HF Risk Group

Characteristic

Health ABC 5-yr HF Risk

<5% 5–10% 10–20% >20%

N=2228 N=907 N=433 N=184

Age, years 70.6 (3.9) 74.4 (5.4) 76.5 (6.0) 79.3 (6.9)

Men, % 34.0 48.2 56.1 51.6

White, % 88.5 83.7 83.8 82.6

Smoking

 Current, % 6.3 15.3 16.4 22.8

 Former, % 42.3 42.1 41.8 33.2

Coronary heart disease 3.4 25.3 50.8 66.9

Left ventricular hypertrophy*, % 1.2 3.9 11.5 24.5

Systolic blood pressure, mmHg 129 (17) 143 (21) 149 (23) 158 (25)

Heart rate, beats/min 63 (10) 66 (12) 68 (13) 74 (18)

Creatinine, mg/dl 0.97 (0.23) 1.09 (0.28) 1.21 (0.39) 1.38 (0.64)

Fasting glucose, mg/dl 105 (22) 117 (40) 125 (46) 139 (85)

Albumin, g/dl 4.04 (0.28) 3.97 (0.28) 3.96 (0.30) 3.86 (0.28)

Total cholesterol, mg/dl 215 (38) 211 (40) 206 (39) 206 (43)

*
by ECG
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Table 3

Echocardiographic Predictors of Incident Heart Failure

Univariate* Multivariate*

HR (95% CI) P value HR (95% CI) P value

Main cohort (N=3752)

LV ejection fraction

 Borderline (0.45 to 0.54) 1.20 (0.76–1.89) 0.43 1.17 (0.74–1.84) 0.50

 Abnormal (<0.45) 3.48 (2.35–5.15) <0.001 2.91 (1.96–4.33) <0.001

E/A ratio

 <0.7 1.61 (1.24–2.10) <0.001 1.56 (1.19–2.03) 0.001

 >1.5 3.23 (2.25–4.63) <0.001 2.70 (1.87–3.09) <0.001

Enlarged LA (>23 mm/m2) 1.60 (1.27–2.03) <0.001 1.50 (1.18–1.91) 0.001

Wall motion abnormalities (yes, no) 1.54 (1.13–2.11) 0.007 - -

Quantitative LV subset (N=2538)

LV ejection fraction

 Borderline (0.45 to 0.54) 1.47 (0.84–2.57) 0.17 - -

 Abnormal (<0.45) 3.78 (2.22–6.46) <0.001 - -

LV fractional shortening, per 5% decrease 1.23 (1.13–1.34) <0.001 1.16 (1.07–1.27) 0.001

E/A ratio

 <0.7 1.98 (1.42–2.77) <0.001 1.72 (1.22–2.42) 0.002

 >1.5 3.27 (2.08–5.14) <0.001 2.92 (1.84–4.63) <0.001

Enlarged LA (>23 mm/m2) 1.55 (1.15–2.08) 0.004 1.42 (1.04–1.93) 0.028

LV end-diastolic diameter, per cm/m2 1.69 (1.18–2.43) 0.005 - -

LV end-systolic diameter, per cm/m2 2.40 (1.71–3.36) <0.001 - -

LV mass index, per 10 g/m2 1.16 (1.10–1.21) <0.001 1.11 (1.06–1.17) <0.001

*
Adjusted for Health ABC HF Risk Score; LV=left ventricular; LA=left atrium
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