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Abstract
Background—Sudden cardiac death (SCD), the cause of 250,000-450,000 deaths per year, is a
major public health problem. The majority of those affected do not have a prior cardiovascular
diagnosis. Elevated B-type natriuretic peptide levels have been associated with the risk of heart
failure and mortality, as well as sudden death in women.

Objective—To examine the relationship between N-terminal pro-B-type natriuretic peptide (NT-
proBNP) and SCD in the Cardiovascular Health Study population.

Methods—The risk of SCD associated with baseline NT-proBNP was examined in 5447
participants. Covariate-adjusted Cox model regressions were used to estimate the hazard ratios of
developing SCD as a function of baseline NT-proBNP

Results—Over a median follow-up of 12.5 years (maximum of 16), there were 289 cases of
SCD. Higher NT-proBNP levels were strongly associated with SCD, with an unadjusted hazard
ratio of 4.2 (95% CI: 2.9, 6.1, p<0.001) in the highest quintile compared to the lowest. NT-
proBNP remained associated with SCD even after adjustment for numerous clinical characteristics
and risk-factors (age, sex, race, and other associated conditions), with an adjusted hazard ratio for
the 5th versus the 1st quintile of 2.5 (95% CI: 1.6, 3.8, p<0.001).

Conclusion—NT-proBNP provides information regarding the risk of sudden cardiac death in a
community based population of older adults, beyond other traditional risk factors. This biomarker
may ultimately prove useful in targeting the population at risk with aggressive medical
management of comorbid conditions.
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Introduction
Sudden cardiac death (SCD) is a major cause of mortality in the United States, affecting
approximately 250,000-450,000 people a year (1-2). The majority of SCD events are
attributable to coronary heart disease, and over 50% of cardiac disease deaths are sudden(2).
Known risk factors for SCD therefore overlap with those for coronary artery disease, and
include smoking, obesity, hypertension, diabetes, and hypercholesterolemia(3-4).
Unfortunately, the majority of people who die suddenly do not have prior cardiovascular
diagnoses, or indications of high risk(2). Identification of markers that predate the
occurrence of SCD may permit early treatment of those at risk and facilitate the
development of therapeutic strategies aimed at preventing these tragic events.

The neurohormone B-type natriuretic peptide is a regulator of cardiovascular function(5). B-
type natriuretic peptide is produced by the ventricular myocardium, with additional
production in the atrial myocardium and the brain. Although most widely used as a marker
of clinical heart failure, elevated B-type natriuretic peptide levels are also associated with
prognosis after acute coronary syndrome and in heart failure and chronic coronary artery
disease patients(6-7), and was recently shown to predict risk of SCD in white women(8).

The Cardiovascular Health Study (CHS), a longitudinal study of older men and women, is
an ideal population in which to assess the association between levels of NT-proBNP and
SCD in a large, biracial cohort.

Methods
Study Population

The design and objectives of CHS have been described(9). The CHS is a longitudinal study
of 5,888 men and women aged 65 and older, randomly selected from four communities in
the United States and enrolled during two time periods. The ‘original’ cohort was enrolled
from 1989-1990 (N=5201) and the ‘minority’ cohort during 1992-1993 (N=687, African-
Americans). Each participant gave informed consent, and each center underwent
institutional review board approval. The baseline examination included a standardized
questionnaire assessing a variety of behavioral and health risk factors, including smoking,
alcohol intake, history of diabetes, stroke, coronary heart disease, heart failure, self-reported
health status, medication use, and history of prior cardiovascular disease The physical
examination included measurements of height, weight, and seated blood pressure10.

Evaluation included a resting 12-lead electrocardiogram (ECG), which was repeated
annually through the ninth year of follow-up. In a subset of the population (n= 3412), an
echocardiogram which assessed left ventricular dimensions, ventricular septal thickness,
posterior wall thickness, aortic root dimension, left atrial dimension, percent fractional
shortening, left ventricular mass, and end systolic stress was performed at enrollment(11).
The echocardiogram was not performed until year 2 in the minority cohort. Laboratory
examinations included measurement of total cholesterol, high density lipoprotein,
cholesterol, fasting glucose, C-reactive protein, and serum creatinine(12). Participants were
contacted every 6 months for follow-up, alternating between a telephone interview and a
clinic visit for the first 10 years, and by telephone interview only thereafter. Discharge
diagnoses for all hospitalizations were collected. Adjudication of cardiovascular events was
performed by a centralized events committee(10). The maximum follow-up was 16 years
(median 12.5 years).
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Determination of Incident Cardiovascular Events and Sudden Cardiac Death
New cardiovascular events were reported during semiannual contacts with participants,
family members, or other designated informants by telephone or at a clinic visit. Medical
records were obtained to confirm diagnoses, and events were adjudicated by committee.
Details of cardiovascular event or death ascertainment and adjudication has previously been
published (10). Death certificates, inpatient records, nursing home or hospice records,
physician questionnaires, interviews with next-of-kin, and autopsy reports where available,
were reviewed, to determine the cause of death. Sudden cardiac death was defined as a
sudden pulseless condition, presumed due to a cardiac arrhythmia, in a previously stable
individual, occurring out of the hospital or in the emergency room. For unwitnessed deaths,
the participant must have been seen within 24 hours of the arrest in a stable condition and
without evidence of a non-cardiac cause of cardiac arrest. SCD cases could not be under
hospice or nursing home care, or have a life-threatening non-cardiac comorbidity.

Natriuretic hormone assays
NT-proBNP was measured in serum collected at baseline in the original CHS trial cohort
(1989 to 1990) and the minority cohort (1992 to 1993). A second measure of NT-proBNP
was performed on sera collected 3 years later for the original cohort (1992 to 1993), and 2
years later for the minority cohort (1994 to 1995). Measurement of NT-proBNP was
performed using an FDA approved commercially available immuno-assay (Roche
Diagnostics Elescys® proBNP Assay, Indianapolis, Indiana) on the Elescys 2010
instrument. Serum was frozen and maintained at -70 C until testing. All measurements were
performed in a CLIA certified laboratory accredited by the College of American
Pathologists. The core laboratory was blinded as to patient outcome and reported certified
data to the central data repository.

NT-proBNP levels were determined in 5,447 participants. From the original cohort of 5,201
subjects, 3,979 participants had NT-proBNP measured at baseline, and an additional 832 had
only a NT-proBNP measurement 3 years later, for a total of 4,811. From the 687 participants
in the minority cohort, 545 had NT-proBNP measured at baseline and an additional 91 had a
measurement 2 years later, for a total of 636. Follow-up NT-proBNP measures were
available in 2770 participants of the original cohort from the exam 3 years later and in 545
participants of the minority cohort from the exam 2 years later.

Statistical analysis
NT-proBNP levels were analyzed both as a continuous variable, where the natural log of
NT-proBNP was used, and as categorized into quintiles. In initial analyses we examined the
risk of SCD associated with baseline NT-proBNP among the 5,447 subjects. We present
unadjusted Kaplan-Meier survival curves comparing cumulative risk of SCD across
quintiles of baseline NT-proBNP.

We used covariate-adjusted Cox model regressions to estimate the hazard ratios of
developing SCD by quintile of baseline NT-proBNP and using the natural log of NT-
proBNP as a continuous predictor. Failure time for the Cox models for those who developed
SCD was the date of death. For those who did not have SCD, failure time was the date of
last known follow-up or the date of death.

Cox models were adjusted for the statistically significant predictors selected by backward
elimination from the variables shown in Table 1. Interactions were tested for all covariates
that were found to be statistically significant using a p-value of 0.01 for significance. This
analysis was repeated separately for those participants with and without evidence of
cardiovascular disease at baseline (CVD, defined as having no history of myocardial
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infarction, heart failure, or stroke at baseline),. We also carried out time dependent Cox
models additionally adjusting for incident myocardial infarction, heart failure and stroke in
those free of CVD at baseline. Finally, Cox model analyses were conducted of the change in
NT-proBNP after adjustment for baseline covariates and the average of the two NT-proBNP
at the two time points.

In supplementary analyses, the echocardiographic variables left ventricular ejection fraction
((LVEF) coded as normal (≥ 55%), borderline (45-54%), or abnormal (<45%)), left atrial
size, left ventricular dimension, ventricular septal thickness, posterior wall thickness, aortic
root dimension, percent fractional shortening, left ventricular mass, and end systolic stress
were examined. The echocardiographic data was obtained from an M-mode
echocardiogram.

For NT-proBNP measures at exams other than the baseline exam, the covariate values were
taken from the same exam if the variable was measured at that exam or from the nearest
exam in time prior to the NT-proBNP determination if not available at that exam. We report
hazard ratios from the Cox models, along with 95% confidence intervals (CI) and p-values.
All analyses were conducted with STATA 10.0.

Results
The demographic and medical characteristics of the CHS participants according to SCD
status are compared in Table 1. Over the course of 16 years of follow-up (median 12.5
years), 289 subjects experienced SCD. Affected subjects were more likely to be older, male,
and have conventional cardiovascular risk factors (smoking history, diabetes, dyslipidemia),
coronary heart disease, or heart failure. There was a trend toward a higher risk of SCD in
African-Americans compared with the Caucasians. Although only a small percentage of
subjects were treated with cardiovascular medications at baseline, beta-blockers, digoxin,
and angiotensin converting enzyme inhibitors were prescribed significantly more often in
the group that experienced SCD. Subjects who suffered SCD were also more likely to have
abnormalities on baseline electrocardiogram, including abnormal Q waves, a prolonged QT
interval, and any ventricular conduction defect (Table 1).

The baseline NT-proBNP was significantly higher in subjects who suffered from SCD: the
mean ln NT-proBNP was 5.3 (standard deviation 1.4) vs. 4.8 (standard deviation 1.2), in the
unaffected subjects (median NTproBNP of 198 ng/dl with interquartile range 79-472 ng/dl
in SCD group vs. 117 ng/dl with interquartile range of 60-236 ng/dl). The relevant
conditions associated with SCD (age, gender, race, comorbid medical conditions, and
medications) were also associated with quintile of NT-proBNP, with an increasing hazard
ratio with increasing NT-proBNP (Table 2). In the unadjusted Cox model, the hazard ratio
for a standard deviation increment in ln NT-proBNP was 1.9 (95% CI: 1.7, 2.2) (table 3).
The association of NT-proBNP with SCD remained strong after adjustment for significant
covariates by backwards elimination: HR 1.5 per standard deviation of ln NT-proBNP (95%
CI 1.3, 1.7, p< 0.001) (Table 3). There were no significant interactions of any of the selected
covariates with ln NT-proBNP.

The hazard ratio for SCD increased in a dose dependent manner with each quintile of
baseline NT-proBNP (Table 3). The hazard ratio for the highest quintile (unadjusted) was
4.2 (95% CI: 2.9, 6.1, p <0.001) compared to the lowest quintile. This association remained
after adjustment for an extensive number of covariates; the hazard ratio in the fully adjusted
Cox model for the highest quintile was 2.5 (95% CI: 1.6, 3.8, p< 0.001) compared to the
lowest. After 15 years of follow-up, the cumulative incidence of SCD in the highest quintile
was approximately 14%, compared with 4% for those with NT-proBNP in the lowest
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quintile; follow-up shown in the figure was restricted to 15 years because of the small
number of subjects followed beyond that point (Figure 1).

Since only the main cohort had echocardiograms performed at enrollment, coincident with
NT-proBNP, the sample size for analysis was reduced to 3412 with 143 SCD events. LVEF
was the only echocardiographic variable that was selected in the regression. Including LVEF
in the Cox model reduced the coefficient for NT-proBNP, yet it remained statistically
significant (Table 3).

In the subset of subjects without a prior history of myocardial infarction, heart failure, or
stroke, 195 SCD occurred in 4606 participants. The unadjusted HR for ln NT-proBNP was
1.6 per standard deviation increase (95% CI 1.3, 1.9, p< 0.001). Although the hazard ratios
were less in this group, in all quintiles compared with the entire cohort, higher NT-proBNP
remained associated with an increased risk of SCD even after adjustment for clinical and
echocardiographic variables (Table 3). In the cohort of subjects with known CVD (n=841,
94 SCD), the HR for the ln NT-proBNP was also statistically significant in the unadjusted
and adjusted models. The hazard ratios for ln NT-proBNP for those with and without CVD
were not statistically significantly different (test for interaction).

In time dependent Cox models in participants free of CVD at baseline adjusting individually
for incident myocardial infarction, heart failure or stroke, both myocardial infarction and
heart failure were strongly associated with SCD while stroke was non-significant. However,
only the addition of heart failure to the model had any effect on the magnitude of the
association of NT-proBNP and SCD, reducing the coefficient for ln NT-proBNP from 1.4 to
1.2 per standard deviation. Nonetheless, the coefficient remained statistically significant
(p<0.025).

In Cox models including both the average of the ln NT-proBNP (standard deviation units) at
baseline and follow-up and the change in ln NT-proBNP between the two time points, only
the average of the values was significantly associated with SCD after adjustment for
covariates (average ln NT-proBNP HR 1.52 (CI 1.3, 1.8, P<0.001), change in NT-proBNP
HR 1.13 (CI 0.95, 1.34, p=0.18).

Discussion
In this large, population based study of older adults, higher levels of baseline NT-proBNP
were positively associated with an increased risk of SCD. Subjects in the highest quintile of
NT-proBNP had a 2.5 fold increased risk of SCD after adjustment for an extensive array of
comorbid conditions. The association between NT-proBNP and SCD was modestly
attenuated by adjustment for other risk factors, signifying that NT-proBNP may perform as a
marker for these other conditions. However, this association persisted even after these
adjustments, suggesting that either NT-proBNP itself influences SCD risk, or NT-proBNP
serves as a marker of physiologic risk that is more strongly related to the underlying cause
of SCD than this set of covariates. This hypothesis was reinforced by our finding that higher
NT-proBNP levels remained associated in the large cohort of elder participants without
underlying severe cardiovascular disease. Elevated NTproBNP levels should trigger
suspicion regarding the threat of SCD in subjects who would otherwise be considered low-
risk.

Of the more than 250,000 Americans that suffer a cardiac arrest each year, less than 10%
will survive(13), and over half of the survivors will experience anoxic brain injury with
variable sequellae(14). The significance of the morbidity and costs of SCD from a public
health standpoint are widely understood; efforts to reduce the burden of SCD rely on
improved primary prevention strategies, which must include identification of subpopulations
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at risk. Although conventional cardiac risk factors are also strong predictors of increased
risk for SCD, the majority of those affected do not have a prior diagnosis of cardiovascular
disease or risk equivalents(1). In our population of older adults, a single baseline measure of
NT-proBNP provided important information regarding sudden death risk in addition to
comorbid medical conditions, and prior to the development of incident medical conditions.

B-type natriuretic peptide is a well described biomarker predictive of cardiovascular
outcomes(16-18). In 3346 asymptomatic subjects followed in the Framingham Study, an
increase in B-type natriuretic peptide levels was associated with an increased risk of overall
mortality, a first cardiovascular event, heart failure, atrial fibrillation, and stroke,
independent of traditional risk factors(17). NT-proBNP was shown to be predictive of
mortality, coronary events, heart failure, and stroke in a population based study in
Copenhagen of 658 older adults, also independent of conventional risk factors(18).

In addition to overall mortality and cardiovascular events, B-type natriuretic peptide has
been associated with SCD. In 452 ambulatory subjects with an ejection fraction of <35%,
and pre-existing heart failure, B-type natriuretic level was the only significant predictor of
sudden death after controlling for 16 neurohormonal, clinical, and hemodynamic
variables(19). The Nurses’ Health Study recently reported a 1.49 relative risk increase for
SCD for each 1-standard deviation increment in NT-proBNP in a nested, case control
analysis(8). The relationship between NT-proBNP and SCD was strengthened when the
model was adjusted for coronary heart disease risk factors, and when the analysis was
limited to definite arrhythmic sudden death(8). However, the generalizability of these results
has been unclear, since prior studies have revealed sex-specific differences in etiology of
and genetic predisposition to cardiac arrest (20-21).

The limitations of this study include restriction to a population aged ≥65 years, with
attendant comorbid conditions. Since the causes of SCD are likely to differ significantly
when compared with a much younger population, extrapolation of these results may not be
possible. It is important to note that in any observational study, causality is impossible to
determine. While we found that incident heart failure is a confounder of the relationship of
NT-proBNP to SCD, this doesn’t necessarily prove that heart failure alone explains the
relationship. In addition, as in all studies regarding SCD, the phenotype itself is difficult to
ascertain, and may be particularly so in the extremely aged. In a prior study in the CHS
population, NTpro-BNP levels in the highest quintile were associated with a three-fold
greater risk of incident heart failure and cardiovascular mortality 22, and the specificity of
NT-proBNP elevations for SCD is therefore uncertain. However, many conditions
associated with both SCD and cardiovascular mortality (i.e., diabetes and abnormal systolic
ejection fraction) have shown themselves to be clinical useful, and have suggested future
avenues for mechanistic study. The import of finding an association of NT-proBNP with
SCD in the absence of known prior myocardial infarction, heart failure, or stroke may be in
the potential etiologic clues it provides. For example, this finding in the ambulatory elderly
population of the CHS may reflect an underlying substrate, such as cardiac fibrosis and not
necessarily increases in intracardiac pressure or stretch23.

Our findings of an increased risk of SCD associated with higher NT-proBNP levels broaden
our understanding of a useful biomarker. Although we cannot rule out modest interactions,
baseline NT-proBNP levels had similar associations with SCD in both men and women, and
in African-Americans as well as white Americans (both interactions were non-significant);
emphasizing its potential global utility in a large population of older adults. In addition,
there was no evidence of an interaction between cardiovascular disease status and the
association with higher levels of NT-proBNP. That higher baseline NT-proBNP levels were
associated with SCD over a very long follow-up period, in the absence of association with
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echocardiographic abnormalities or the clinical diagnoses of heart failure or coronary
disease, suggests that peptide level elevations are a subclinical marker of underlying
myocardial dysfunction, or may signal a predisposition towards arrhythmogenesis. Further
investigation regarding the electrophysiologic effects of B-type natriuretic peptide and the
consequences of genetic variations of NT-proBNP is of interest.

Conclusion
Few prior studies have focused specifically on NT-proBNP and the risk of SCD. Higher
baseline levels of NT-proBNP in a large population based study of older adults were
associated with an increased risk of SCD over a follow-up period of 16 years, independent
of other comorbid clinical conditions. Further research is needed to determine whether the
use of this biomarker to identify older adults at higher risk and target interventions for
comorbidities reduces the risk of sudden cardiac arrest among older adults in the
community.
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Figure 1.
Cumulative Sudden Cardiac Death Rate by quintile of NT-proBNP
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