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Abstract
Recent studies report that, in the absence of heart failure and renal failure, plasma B-type natriuretic
peptide (BNP) has prognostic value for mortality. We sought to confirm and extend these previous
studies to assess BNP, measured by 3 distinct assays, as a biomarker for mortality in a strategy to
enhance efforts at primary prevention and to better understand the clinical phenotype of such subjects
at risk. We used a community-based cohort of 2042 subjects from Olmsted County, Minn, and
individuals with heart or renal failure were excluded. BNP was assessed using 3 assays including
Biosite and Shionogi for mature, biologically active BNP and the Roche assay for apparently
nonbiologically active amino-terminal pro-BNP (NT-proBNP). Thorough echocardiographic and
clinical data were recorded for all of the participants. Median follow-up for mortality was 5.6 years.
BNP by all 3 of the assays was predictive of mortality. NT-proBNP and Biosite assays remained
significant even after adjustment for traditional clinical risk factors and echocardiographic
abnormalities including left ventricular hypertrophy and diastolic dysfunction. Echocardiography
documented widespread structural changes in those with increasing BNP levels yet below levels
observed in heart failure. We report in a large, well-characterized community-based cohort, free of
heart failure, the first study to compare 3 distinct BNP assays as biomarkers for mortality in the same
cohort. Our findings confirm the potential use of NT-proBNP and BNP biomarkers for future events
and underscore that these peptides may also serve as biomarkers for underlying cardiac remodeling
secondary to diverse cardiovascular disease entities.
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The cardiac hormone B-type natriuretic peptide (BNP) has proved useful in the diagnosis of
human heart failure (HF).1–3 Recently, studies have provided compelling data that plasma
BNP, even in the absence of HF, has prognostic value for future cardiovascular events.4–6
Specifically, Wang et al4 from the Framingham Heart Study reported in a prospective
investigation in the general population without HF or renal failure that with each 1 SD increase
in log BNP levels, there were significant increases in the risk of death, HF, atrial fibrillation,
stroke or TIA, and first cardiovascular event over 5.2 mean years of follow-up. The reported
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plasma values associated with increased risk were well below the HF diagnosis threshold of
100 pg/mL. These important results suggest that, in the absence of HF, before the development
of overt cardiac disease, modest elevations in plasma BNP are meaningful. Whereas this
previous study provided significant information regarding the prognostic implications of BNP
values below those seen in HF, the Framingham Heart Study4 and others5,7 have asked for
validation of these findings in additional large, community-based studies.

The current study was, therefore, designed to validate, as well as extend these recent seminal
reports. We used the Prevalence of Asymptomatic Ventricular Dysfunction (PAVD), a cohort
of the Rochester Epidemiology Project, composed of 2042 individuals from Olmsted County,
Minn, who underwent thorough echocardiographic examinations, including evaluation for
systolic and diastolic dysfunction.8 We sought to confirm the prognostic utility of BNP for
mortality in the general population without HF or renal failure, using 3 distinct and widely
used BNP assays. Assays include Biosite and Shionogi assays for the mature, biologically
active BNP and the Roche assay for apparently nonbiologically active amino-terminal proBNP
(NT-proBNP). In addition, we sought to provide a descriptive analysis of the clinical and
echocardiographic phenotype of individuals who are at greater risk of death as determined by
elevated plasma BNP.

In the current study, we hypothesized that plasma BNP would have prognostic value for death
in the general population without HF or renal failure. We also predicted that NT-proBNP may
be a superior biomarker for mortality because of its prolonged half-life in comparison to BNP
and its use in identifying a reduced ejection fraction in the general population.9 In addition,
we hypothesized that those individuals who have BNP values that predict increased mortality
risk would have an increased prevalence of clinical and echocardiographic phenotypes that
may predispose these individuals to greater myocardial release of BNP.

Methods
This study was approved by the Mayo Foundation Institutional Review Board.

Study Population
Using the resources of the Rochester Epidemiology Project, a random sample of Olmsted
County residents age ≥ 45 years was identified from the PAVD study cohort, which is a
substudy of the Rochester Epidemiology Project. We used the PAVD study cohort of 2042
participants for the current study. The design and selection criteria of the PAVD study, as well
as the characteristics of the Olmsted County population, have been described previously.8–
10 Analysis of the medical records of 500 nonparticipants revealed no clinical significant
differences between participants and nonparticipants.11 Subjects gave written consent and
underwent echocardiography and phlebotomy. Of the 2042 total participants, 45 were excluded
because of validated HF by Framingham criteria,12 and, consistent with previous reports,4,5
6 were excluded because of renal failure identified by serum creatine > 2.0 mg/dL. The
remaining 1991 participants were used for all of the analyses in this study.

Medical Record Review
All of the Olmsted County healthcare providers have maintained a unified medical record,
which is indexed by the Rochester Epidemiology Project. Trained nurse abstractors reviewed
each subject’s medical record. Each subject completed medication questionnaires. Mortality
data on Olmsted County residents is routinely collected by reviewing community medical
records, death certificates, and obituary notices as part of the Rochester Epidemiology Project.
Participants were followed up until death or November 1, 2004, at which time they were
censored. This provided a mean 5.6 person-years of follow-up, with a median (25th, 75th
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percentile) of 5.6 (5.0, 6.3) person-years. Hypertension was defined as the presence of clinical
diagnosis in the medical record and record of pharmacological treatment. Cardiomegaly was
defined by chest x-ray criteria in the absence of congestive heart failure. Coronary artery
disease was defined as a clinical diagnosis in the medical record with confirmation by exercise
treadmill test, angiogram, or echocardiogram. Diabetes was defined as the presence of clinical
diagnosis in the medical record.

Doppler Echocardiography
All of the echocardiograms were performed by 1 of 3 registered diagnostic cardiac
sonographers with the same echocardiographic instrument (HP-2500) and were interpreted by
a single echocardiologist. 2D and color Doppler imaging were performed to screen for valvular
stenosis and regurgitation. In each subject, ejection fraction was measured by M-mode using
the modified Quinones formula, quantitative 2D (biplane Simpson), and semiquantitative 2D
(visual estimate) as described previously.8,13 Pulsed-wave Doppler examination of mitral
(before and with Valsalva maneuver) and pulmonary venous inflow, as well as Doppler tissue
imaging of the mitral annulus, was performed in each subject. Diastolic function was
categorized as normal, mildly impaired (defined as impaired relaxation without evidence of
increase filling pressures), moderately impaired (defined a impaired relaxation associated with
moderate elevation of filling pressures or pseudonormal filling), and severely impaired
(defined as advanced reduction in compliance).8,14 Diastolic dysfunction was defined as
moderate or severe dysfunction. Left ventricular mass was calculated according to the
Devereux formula15 and indexed to body surface area. The presence of left ventricular
hypertrophy (LVH) was defined on the basis of left ventricular mass index > 130 g/m2 for men
and > 100g/m2 for women.16 The presence of left atrial (LA) enlargement was defined as LA
volume index > 33 mL/m2 in men and > 30 mL/m2 in women.17

BNP Analysis
All 1991 participants underwent BNP measurement using 3 distinct assays. Plasma BNP was
determined by immunoradiometric assay using antibody to human BNP (Shionogi Co Ltd) and
by fluorescence immunoassay (Biosite Diagnostics) as described previously.18 Plasma NT-
proBNP concentrations were measured with the Elecsys pro-BNP electrochemiluminescencse
immunoassay (Roche Diagnostics) as described previously.9,19 Blood was collected in EDTA
vacutainers, placed on ice, centrifuged within 2 hours (most times within 20 minutes), and
separated into multiple aliquots. Aliquots were placed in a freezer at −80°F. A new, never-
thawed aliquot was used for each assay. Interassay and intra-assay coefficients of variation
were 7.2% and 8.0%, respectively, for Shionogi BNP, 8.8% and 9.9%, respectively, for Biosite
BNP, and 3.1% and 2.5%, respectively, for Roche NT-proBNP.

Statistical Analysis
Continuous variables are summarized as a mean± 1 SD, and comparison between groups were
based on the Wilcoxon rank-sum test. Categorical variables are summarized as a percentage
of the group total, and comparisons between groups were based on the χ2 test. Survival from
entry into the study was estimated using the Kaplan-Meier method. The association of all-cause
mortality with clinical, echocardiographic, and BNP assays was assessed using proportional
hazards regression. To assess the relative predictive power of each BNP assay to each other,
sequential proportional hazards models were evaluated. For a particular assay, the change in
overall model fit (log likelihood statistic) relative to the addition of 1 or both of the remaining
assays was calculated to determine whether there was incremental value in performing an
additional assay.
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Results
Baseline Characteristics

Baseline clinical and echocardiographic characteristics of the total study population (n = 1991)
are shown in Table 1. Mean (SD) age at baseline was 62.0 (10.4) years. Participants included
1039 (52.2%) women. Characteristics of the 3 assays (NT-proBNP, Biosite, and Shionogi) in
the study population are presented in Table 2.

Mortality
There were 106 all-cause deaths recorded among the 1991 participants. Among individuals
who died compared with those who were alive at the study completion, baseline median NT-
proBNP was 206.5 versus 63.0 pg/mL (P < 0.001); BNP by Biosite assay was 63.3 versus 22.3
pg/mL (P < 0.001); and BNP by Shionogi assay was 33.6 versus 13.9 pg/mL (P < 0.001).
Mortality according to tertiles for BNP as determined by all 3 assays is presented in Figure 1.
Mortality risk increased with increasing tertiles for all 3 of the assays (P < 0.001) with an
absolute increase in risk of death between the highest and lowest tertiles of 13.1%, 9.5%, and
9.1% for the NT-proBNP, Biosite, and Shionogi assays, respectively.

Hazard ratios for mortality during 7 years of follow-up according to baseline plasma BNP for
all 3 of the assays as a continuous variable are presented in Table 3. Increasing levels of BNP
by all 3 of the assays were independently associated with increased mortality even after
adjustment for clinical phenotypes and echocardiographic abnormalities with the exception of
the Shionogi assay after adjustment for echocardiographic abnormalities.

Specifically, when analyzed as a continuous variable, NT-proBNP was associated with a 63%
increase in mortality per 1-SD increment in log peptide values after the adjustment for clinical
phenotypes (model 1; P < 0.001). Additional adjustment for echocardiographic abnormalities
(model 2), including LVH and diastolic dysfunction, only modestly attenuated the risk of death
with a 44% increase in mortality (P = 0.014). BNP by Biosite assay was associated with a 50%
increased risk of death per 1-SD increment in log peptide values after adjustment for clinical
phenotypes (P = 0.003) and 34% increase in mortality after additional adjustment for
echocardiographic abnormalities (P = 0.045). Similar to the NT-proBNP and Biosite assays,
BNP by Shionogi assay was associated with increased mortality after adjustment for clinical
phenotypes (P = 0.005). However, the inclusion of echocardiographic abnormalities in the
model attenuated the prognostic value of the Shionogi assay as a biomarker for mortality (P =
0.052).

Figure 2 illustrates age- and gender-adjusted sequential modeling to determine the incremental
value of each assay over the remaining 2 assays as a predictor of mortality. Results for models
adjusting for clinical and echocardiographic phenotypes are not shown but are consistent with
the age- and gender-adjusted models (Figure 2). For the Shionogi assay, both the Biosite (P =
0.041) and NT-ProBNP (P = 0.003) assays added significant predictive value beyond that of
Shionogi alone. For the Biosite assay, only NT-ProBNP (P = 0.022) added significant
predictive value beyond that of Biosite alone. In contrast, for NT-proBNP, neither the Shionogi
(P = 0.317) nor Biosite (P = 0.572) assays added significant predictive value. Moreover, NT-
ProBNP added significant mortality predictive value when added to the model that included a
combination of both the Shionogi and Biosite assays (change in model χ2 = 4.45; P = 0.034).

Phenotype of Individuals With Elevated BNP
The prevalence of specific clinical phenotypes and echocardiographic abnormalities according
to NT-proBNP tertiles are presented in Figure 3A and 3B. Results adjusted for age and gender
did not significantly differ from those shown in Figure 3A and 3B. Results for the Biosite and
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Shionogi assays are not shown but are parallel to the NT-proBNP assay. There was an
incremental and significant increase in the prevalence of all of the clinical phenotypes
examined across BNP tertiles (P < 0.001 for all phenotypes except diabetes mellitus; P= 0.030;
Figure 3A). This included coronary artery disease, atrial fibrillation, chronic obstructive
pulmonary disease, hypertension, cardiomyopathy, and previous myocardial infarction. The
same trend held true for echocardiographic characteristics as the prevalence of all of the
recorded echocardiographic abnormalities (Figure 3B) including ejection fraction < 50%,
valvular dysfunction, regional wall motion abnormality, diastolic dysfunction, LA
enlargement, and LVH increased across the tertiles (P < 0.001).

Discussion
The current study demonstrates that circulating concentrations of the cardiac peptide BNP in
our study population, free of HF (FHS criteria) or renal failure (serum creatine > 2.0 mg/dL),
was predictive of increased mortality, thereby confirming earlier studies.4,5 Our studies further
extend previous reports with 3 widely used assays for quantifying BNP, all of which predicted
increased mortality. Whereas all 3 of the assays were predictive of mortality, the NT-proBNP
and Biosite assays had a higher predictive value and remained significant even after the
adjustment for both clinical phenotypes and echo-cardiographic abnormalities. We also
provide important information on the cardiovascular clinical phenotype of those at greatest
risk, as well as key structural and functional cardiac abnormalities as documented by in-depth
echocardiographic examination. Thus, this investigation in adult humans in the general
community provides new insights into BNP as a biomarker for cardiovascular disease and
survival in subjects without HF of renal failure.

The cardiac hormone BNP is currently used in the diagnosis and prognosis of symptomatic
HF.1–3,20–22 To date, both active BNP and the apparently nonbiologically active NT-proBNP
fragment have emerged as potential biomarkers of preclinical asymptomatic left ventricular
dysfunction.9,13,23–26 In this study, we confirm recent reports, which show that BNP may
identify those at increased risk even in the absence of HF and with circulating concentrations
well below the threshold for HF. We and others7,27,28 have speculated that the association
between the natriuretic peptides and mortality may be because of increased filling pressures
in the setting of diastolic dysfunction, which was not assessed in the previous large, population-
based biomarker studies.4,5 In the current study, diastolic dysfunction was indeed more
common among those with higher BNP levels. However, adjustment for diastolic function and
other echocardiographic measurements was not found to alter the prognostic significance of
the NT-proBNP or Biosite assays. This analysis, including diastolic dysfunction, further
confirms the value of BNP as a biomarker for mortality beyond traditional clinical and
echocardiographic risk factors. These findings may impact the clinical utility of these widely
used assays to unmask individuals with increased risk of mortality during the study period of
7 years.

A significant aspect of our study was the use of 3 widely used assays for BNP to predict
mortality in the general population. Importantly, we observed that all 3 of the assays possessed
prognostic properties in predicting death. However, 1 assay emerged as more robust, as is
illustrated in Figure 2. Here, our models compared the relative predictive value for mortality
among the 3 assays and suggested that NT-proBNP may be superior as a biomarker compared
with the Biosite and Shionogi assays. Specifically, NT-proBNP adds significant predictive
value to both the Shionogi and Biosite assays, whereas the predictive value of NT-proBNP is
not improved with the addition of either the Shionogi or Biosite assays. This observation is
also consistent with a recent report by Costello-Boerrigter et al9 of a superiority of NT-proBNP
compared with Biosite BNP in this same cohort in detecting reduced ventricular systolic
function. The superiority of NT-proBNP to BNP is likely secondary to the prolonged half-life
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of the nonbiologically active NT-proBNP that translates to relatively consistent intraday
plasma levels. This is in contrast to the high intraday variability of the biologically active BNP.
It is possible that the relationship between BNP and mortality during the study period may be
stronger if intrasubject variation was minimized by the averaging of multiple plasma
measurements.

In Figure 3, we report among individuals without HF or renal failure that those with higher
BNP levels had higher incidence of cardiovascular drug use. It is important to note that most
drugs used to treat hypertension, including angiotensin-converting enzyme inhibitors,29
aldosterone antagonists,30 and angiotensin II receptor blockers,31 can reduce plasma BNP
levels. Currently there is conflicting evidence regarding the effect of β-blockers on plasma
BNP levels.32,33 The use of these drugs may have reduced both mortality and BNP over the
7 years of the study thereby potentially obscuring an even tighter association between BNP
and mortality during the study period.

Our in-depth clinical and echocardiographic findings offer insight into the mechanism of
modestly increased BNP in the adult general population. We report for the first time the
phenotypic characteristics of individuals without HF or renal failure who are at increased risk
for death during the study period as determined by their plasma BNP levels. In the current
study, in the absence of HF and renal failure, there was an incremental and significant increase
in the prevalence of traditional risk factors and echocardiographic abnormalities with
increasing BNP values. Because our echocardiographic findings documented widespread
structural changes in those with increasing BNP levels, it is tempting to speculate that the
elevation of plasma BNP represents a plasma biomarker for asymptomatic cardiac
abnormalities. Elevated BNP levels may, thus, represent a final common pathway for many
cardiovascular pathologic disease states. Clearly, studies of myocardial structure and function
in such populations free of HF are warranted together with careful assessment of myocardial
secretion of BNP to better understand the underlying mechanism for enhanced plasma
concentrations.

The strengths of our study include a large, well-characterized, community-based sample and
thorough echocardiographic evaluation of cardiac function and structure. The use of 3 widely
used BNP assays is also an important strength. There are several limitations to our study. The
Olmsted County population is predominately white, and our results may not be generalized to
nonwhites. Although we do confirm and report the predictive value of BNP for death, the
mechanism of increased mortality was not defined. In addition, we report all-cause mortality,
because of the number of specific-cause deaths was too few for statistical analysis. Finally, we
do not assess any potential synergistic role of combining BNP with other biomarkers, such as
C-reactive protein, which has been shown to enhance the predictive value of BNP for
cardiovascular events in previous reports.26 However, we do assess the relative predictive
value of 3 different assays.

The current study has clinical implications that deserve further investigation. Our studies and
those of Wang et al4 suggest that a modest elevation of BNP predicts increased mortality during
the study period, and the latter report would suggest that it also is predictive of future HF,
stroke, and atrial fibrillation. Our echocardiographic and clinical data would suggest that the
mechanism of the elevation may be structural abnormalities, such as LVH, diastolic
dysfunction, and other myocardial abnormalities. It is important that future studies be directed
at the use of BNP to detect people at risk and for populations in which BNP is modestly elevated
but below HF and renal failure values. Such use of this cardiac hormone may prompt
echocardiographic examination so as to detect structural changes in the heart and to identify
clinical risk factors, both of which could be more aggressively treated. In addition, it will be
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important to then undertake human therapeutic studies to determine whether reduction of BNP
in such a population results in improved outcomes and survival.

Perspectives
From a clinical perspective, the current findings may change the way we use NT-proBNP and
BNP as biomarkers. It is common clinical practice to use these biomarkers in patients with HF
to confirm diagnosis, assess prognosis, and guide therapy. Our findings go beyond HF and
especially extend to the setting of general practice. Today, health care providers in the
community assess cardiovascular risk factors and attempt to optimally control blood pressure,
diabetes, and lipids so as to positively impact survival. Our studies suggest that the use of NT-
proBNP or BNP could serve as a blood test to aid in identifying the “high-risk” subject with
cardiovascular risk in the general population prompting more aggressive primary prevention.
Such use of NT-proBNP or BNP in the general community might well prompt more use of
echocardiography to look at underlying structural changes of the heart, which could also have
an impact of the cost of care. Most importantly, if future studies clearly demonstrate that a
reduction in NT-proBNP or BNP improves mortality in this type of general population, studies
that clearly need to be done, then the use of NT-proBNP and BNP would evolve into established
clinical practice in the care of the general population without HF.

In summary, we report the first study to compare NT-proBNP and BNP using 3 distinct assays
in the same population-based cohort as a biomarker for mortality. Specifically, the NT-proBNP
assay is most predictive of mortality even after adjustment for clinical phenotypes and
echocardiographic abnormalities. Our findings further underscore that elevated NT-proBNP
and BNP may also serve as biomarkers for underlying cardiac remodeling secondary to diverse
cardiovascular disease entities. This study, thus, confirms the potential use of these peptides
as biomarkers for future events and may enhance efforts at primary prevention.
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Figure 1.
Kaplan-Meier curves for unadjusted cumulative survival in the total population according to
tertiles of BNP by NT-proBNP, Biosite, and Shionogi assays. The peptide levels of tertiles 1,
2, and 3 were ≤ 36.7 pg/mL, 36.7 to 109.0 pg/mL, and > 109.0 pg/mL, respectively, for NT-
proBNP (A); < 7.9 pg/mL, 7.9 to 23.0 pg/mL, and > 23.0 pg/mL, respectively, Shionogi (B);
< 13.4 pg/mL, 13.4 to 39.7 pg/mL, and > 39.7 pg/mL, respectively, for Biosite (C). P for trend
across the tertiles was < 0.001 for NT-proBNP, Biosite, and Shionogi assays.
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Figure 2.
Age- and gender-adjusted sequential modeling to determine the incremental value of each assay
over the remaining 2 assays as a predictor of mortality. For a particular assay, the change in
overall model fit (log likelihood statistic) relative to the addition of 1 or both of the remaining
assays was calculated to determine whether there was incremental value in performing an
additional assay. P values represent the statistical significance of the difference between
models.
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Figure 3.
Percentage prevalence of clinical characteristics and echocardiographic abnormalities
according to tertiles of NT-proBNP. The lowest, middle, and highest tertiles for NT-proBNP
were < 36.7 pg/mL, 36.7 to 109.0 pg/mL, and > 109.0 pg/mL, respectively. The prevalence of
all clinical and echocardiographic phenotypes was significantly increased (P < 0.001) across
the tertiles with the exception of diabetes mellitus (P = 0.030). A Fib indicates atrial fibrillation;
CAD, coronary artery disease; CM, cardiomyopathy; COPD, chronic obstructive pulmonary
disease; CV drug, cardiovascular drug use; DM, diabetes mellitus; EF, ejection fraction; HTN,
hypertension; LAE, left atrial enlargement; LVH, left ventricular enlargement; MI, myocardial
infarction; and RWMA, regional wall motion abnormality.
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TABLE 1
Baseline Characteristics of the Total Study Population

Characteristic Total Population (n = 1991)

Age, mean (SD), y 62 (10)

Women, % 52

Body mass index, mean (SD) 28 (5)

Serum cholesterol

 Total, mean (SD), mg/dL 204 (35)

 HDL, mean (SD), mg/dL 45 (14)

Serum creatinine, mean (SD), mg/dL 1.1 (0.2)

Hypertension, % 29

Diabetes mellitus, % 7

Coronary artery disease, % 11

Left atrial enlargement, % 14

Left ventricular hypertrophy, % 15

EF < 50%, % 5

Diastolic dysfunction, % 6

HDL indicates high-density lipoprotein; EF, ejection fraction.
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TABLE 2
Baseline Characteristics of the 3 BNP Assays in the Total Study Population

Characteristic NT-proBNP (pg/mL) Biosite (pg/mL) Shionogi (pg/mL)

Mean (SD) 134.4 (230.4) 46.2 (74.0) 26.9 (43.2)

Median 66.0 23.0 14.3

Lowest third < 36.7 < 13.4 < 7.9

Middle third 36.7–109.0 13.4–39.7 7.9–23.0

Highest third > 109.0 > 39.7 > 23.0
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TABLE 3
Hazard Ratios (HR) for Mortality During 7 Years of Follow-Up According to
Baseline BNP

BNP Assay HR (95% CI) per 1-SD Increase in Log Variable of BNP
Assay

P Value

NT-proBNP

 Unadjusted model 2.98 (2.39 to 3.72) < 0.001

 Age- and sex-adjusted 1.75 (1.36 to 2.25) < 0.001

 Multivariable model 1* 1.63 (1.25 to 2.13) < 0.001

 Multivariable model 2† 1.44 (1.08 to 1.94) 0.014

Biosite

 Unadjusted model 2.65 (2.11 to 3.33) < 0.001

 Age- and sex-adjusted 1.61 (1.25 to 2.06) < 0.001

 Multivariable model 1* 1.50 (1.15 to 1.95) 0.003

 Multivariable model 2† 1.34 (1.01 to 1.77) 0.045

Shionogi

 Unadjusted model 2.26 (1.87 to 2.75) < 0.001

 Age- and sex-adjusted 1.45 (1.17 to 1.80) < 0.001

 Multivariable model 1* 1.39 (1.10 to 1.74) 0.005

 Multivariable model 2† 1.26 (0.99 to 1.60) 0.052

CI indicates confidence interval.

*
Adjustment for age, sex, total cholesterol, and serum creatinine; presence of diabetes mellitus, hypertension, and coronary artery disease.

†
Adjustment for variables in model 1 in addition to echocardiographic abnormalities including the presence of ejection fraction < 50%, diastolic

dysfunction, valvular dysfunction, left ventricular hypertrophy, left atrial enlargement, and regional wall motion abnormalities.
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