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R

ISK STRATIFICATION FOR CAR-

diovascular events among the
general population and among
high-risk individuals is of considerable interest because of the potential for such strategies to help guide use
of primary and secondary preventive
therapies. Brain-type natriuretic peptide (BNP) and the amino terminal fragment of the prohormone BNP (NTproBNP) appear to provide prognostic
information in individuals following
hospital admission for decompensated heart failure1-5 or acute coronary
syndrome,6-12 and may also be important markers of long-term prognosis in
ambulatory patients.13-18
Despite the potential of a plasma
biomarker such as NT-proBNP to aid
clinicians in risk stratification, questions remain about the added value of
NT-proBNP relative to other available
prognostic measures, such as traditional risk factors, left ventricular ejection fraction (LVEF), diastolic dysfunction, left ventricular hypertrophy, and
measures of ischemia. Demonstrating
the additional usefulness of NTproBNP level to these other measureFor editorial comment see p 212.

Context Identification of individuals at high risk for cardiovascular events is important for the optimal use of primary and secondary prevention measures.
Objective To determine whether plasma levels of amino terminal fragment of the
prohormone brain-type natriuretic peptide (NT-proBNP) predict cardiovascular events
or death independent of other available prognostic tests.
Design, Setting, and Participants Prospective cohort study (2000-2002) of 987
individuals in California with stable coronary heart disease in the Heart and Soul Study,
who were followed up for a mean of 3.7 (range, 0.1-5.3) years.
Main Outcome Measures The association of baseline NT-proBNP levels with death
or cardiovascular events (myocardial infarction, stroke, or heart failure). Traditional
clinical risk factors, echocardiographic measures, ischemia, other biomarkers, and New
York Heart Association classification were adjusted for to determine whether NTproBNP levels were independent of other prognostic factors. Receiver operating characteristic (ROC) curves were used to assess the incremental prognostic value of adding NT-proBNP level to these other measures.
Results A total of 256 participants (26.2%) had a cardiovascular event or died. Each
increasing quartile of NT-proBNP level (range of quartile 1, 8.06-73.95 pg/mL; quartile
2, 74-174.5 pg/mL; quartile 3, 175.1-459 pg/mL; quartile 4, ⱖ460 pg/mL) was associated with a greater risk of cardiovascular events or death, ranging from 23 of 247 (annual event rate, 2.6%) in the lowest quartile to 134 of 246 (annual event rate, 19.6%) in
the highest quartile (unadjusted hazard ratio [HR] for quartile 4 vs quartile 1, 7.8; 95%
confidence interval [CI], 5.0-12.1; P⬍.001). Each SD increase in log NT-proBNP level (1.3
pg/mL) was associated with a 2.3-fold increased rate of adverse cardiovascular outcomes (unadjusted HR, 2.3; 95% CI, 2.0-2.6; P⬍.001), and this association persisted after adjustment for all of the other prognostic measures (adjusted HR, 1.7; 95% CI, 1.32.2; P⬍.001). The addition of NT-proBNP level to standard clinical assessment and complete
echocardiographic parameters significantly improved the area under the ROC curves for
predicting subsequent adverse cardiovascular outcomes (0.80 for clinical risk factors and
echocardiographic parameters plus log NT-proBNP vs 0.76 for clinical risk factors and
echocardiographic parameters only; P=.006).
Conclusions Elevated levels of NT-proBNP predict cardiovascular morbidity and mortality, independent of other prognostic markers, and identify at-risk individuals even
in the absence of systolic or diastolic dysfunction by echocardiography. Level of NTproBNP may help guide risk stratification of high-risk individuals, such as those with
coronary heart disease.
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ments is particularly important for highrisk individuals in which testing with
echocardiography, stress tests, and
other biomarkers is common and unlikely to be replaced by a single test.
We assessed the association of plasma
NT pro-BNP levels with subsequent cardiovascular events and mortality in a
cohort of 987 ambulatory patients with
coronary heart disease (CHD). To determine the value of NT-proBNP level
as an independent predictor of cardiovascular outcomes, we adjusted for
other available prognostic measures, including systolic and diastolic dysfunction, left ventricular mass index, inducible ischemia, exercise capacity,
C-reactive protein (CRP), cardiac troponin T, and New York Heart Association (NYHA) classification.
METHODS
Study Participants

The Heart and Soul Study is a prospective cohort study investigating how psychosocial factors influence outcomes of
patients with CHD. Methods have been
described previously.19,20 We recruited
outpatients with CHD who were identified through administrative databases
from 2 Department of Veterans Affairs
Medical Centers in California (San Francisco and Palo Alto), 1 university medical center (University of California, San
Francisco), and 9 public health clinics
in the Community Health Network of
San Francisco. Eligible participants had
at least 1 of the following: history of myocardial infarction (MI); angiographic evidence of stenosis of 50% or greater in 1
or more coronary vessels; evidence of exercise-induced ischemia by treadmill
electrocardiogram or stress nuclear perfusion imaging; or a history of coronary
revascularization.
All eligible patients were invited by
mail to make an appointment for a baseline study visit. Patients were excluded
if they were unable to walk 1 block or
were planning to move out of the local
area within 3 years. Between September
2000 and December 2002, a total of 1024
participants were enrolled in the study.
For this cross-sectional study, 37 were
unable to provide blood samples and

were excluded, leaving 987 individuals
for this analysis. The institutional review board at each of the sites approved
this protocol. All participants provided
written informed consent.
Measurement of NT-ProBNP Level

Prior to the study appointment, participants completed an overnight fast
except for taking their regularly prescribed medications. Blood samples
were drawn into chilled tubes containing EDTA; plasma was aliquoted and
stored at −70°C until January 2005. We
used the Roche Diagnostics Elecsys NTproBNP electrochemiluminescence immunoassay (Elecsys proBNP, Roche Diagnostics, Indianapolis, Ind). The assay
range is 5 to 35 000 pg/mL. Levels
higher than 35 000 were recoded as
35 000 pg/mL. The intraassay and interassay coefficients of variation ranged,
respectively, from 1.8% and 2.3% at NTpro BNP concentrations of 4962 pg/mL
to 2.7% and 3.2% at NT-pro BNP concentrations of 175 pg/mL. The technician who ran the assays was blinded to
the echocardiographic results.
Echocardiographic Measurements

A complete resting 2-dimensional
echocardiogram using an Acuson Sequoia ultrasound system (Siemens
Medical Solutions, Mountain View,
Calif) with a 3.5-MHz transducer and
Doppler ultrasound examination, including all standard views and subcostal imaging of the inferior vena cava, was
performed just prior to and immediately following exercise treadmill testing. One of us (N.B.S.), who was blinded
to the results of the NT-proBNP assay,
interpreted all of the echocardiograms.
Standard 2-dimensional parasternal
short-axis and apical 2- and 4-chamber
views during held inspiration were obtained; these were planimetered using
a computerized digitization system to determine end-diastolic and end-systolic
left ventricular volume.
The LVEF was calculated as (end diastolic volume − end systolic volume)/
end diastolic volume. Diastolic dysfunction was defined as the presence of at least
1 of the following: impaired relaxation
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defined as a ratio of peak mitral early diastolic and atrial contraction velocity (E/A)
of 0.75 or less and systolic dominant pulmonary vein flow; pseudonormal defined
as an E/A of 0.75 or less than 1.5 and diastolic dominant pulmonary vein flow; or
restrictive filling defined as an E/A of 1.5
or greater and diastolic dominant pulmonary vein flow.21 All individuals
underwent echocardiography, although
the echocardiographic measures necessary for ventricular dysfunction classifications were missing for some (LVEF
missing in 2 persons; diastolic dysfunction classification missing in 112 persons because of a rhythm other than
sinus, moderate to severe mitral regurgitation, or difficulty determining velocity time integral in the pulmonary vein).
We also examined 3 mutually exclusive
categories of ventricular dysfunction
defined as systolic dysfunction (LVEF
⬍50%), normal systolic function (LVEF
ⱖ50%) with diastolic dysfunction, and
normal systolic function without known
diastolic dysfunction.
We performed a symptom-limited,
graded exercise treadmill test according to a standard Bruce protocol.22 To
achieve maximal heart rate, participants who were unable to continue the
standard Bruce protocol were switched
to lower settings on the treadmill and encouraged to exercise for as long as possible. Continuous, 12-lead electrocardiographic monitoring was performed
throughout and exercise capacity was
calculated as the total metabolic equivalents achieved at peak exercise (1 metabolic equivalent=3.5 mL of oxygen uptake per kg per minute).23 Participants
underwent an echocardiogram immediately after exercise, and inducible ischemia was defined as the presence of
wall motion abnormalities at peak exercise that were not present at rest.
Other Measurements

Self-reported age, sex, ethnicity, medical history, and smoking status were determined by questionnaire. The NYHA
classification was assessed as a selfreported limitation of physical activity due to cardiovascular symptoms (fatigue, shortness of breath, or chest
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pain). Responses were dichotomized
into NYHA class I or II vs NYHA class
III or IV. To assess medication use, participants were instructed to bring their
medication bottles to the study appointment and study personnel recorded all
current medications.
Creatinine clearance was calculated
from 24-hour urine samples. Levels of
total cholesterol, high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol were measured from
sera samples drawn after an overnight
fast.
High-sensitivity CRP was measured
using the Cobas Integra assay (Roche
Diagnostics) in approximately 25% of
the participants. The Beckman Extended Range high-sensitivity CRP assay (Beckman Coulter Inc, Fullerton,
Calif) was used for the remaining 75%.
Because high-sensitivity CRP levels
were not normally distributed, this variable was log-transformed.
Cardiac troponin T level was measured using the Elecsys troponin T electrochemiluminescence immunoassay
(Roche Diagnostics). The lower limit
of detection for this assay is 0.01 ng/mL
or greater. These values were dichotomized into detectable vs undetectable
cardiac troponin T level.
Cardiovascular Events

The primary outcome was a composite
of death from any cause or hospitalization for MI, stroke, or heart failure. The
censor date was August 24, 2006. We
conducted annual telephone follow-up
interviews with participants (or their
proxy) and asked about death or hospitalization for “heart trouble.” For any reported event, medical records, electrocardiograms, death certificates, and
coroner’s reports were retrieved and reviewed by 2 independent and blinded adjudicators. If the adjudicators agreed on
the outcome classification, their classification was binding. In the event of disagreement, the adjudicators conferred,
reconsidered their classification, and requested consultation from a third blinded
adjudicator.
All-cause mortality was determined by
review of death certificates. Nonfatal MI

wasdefinedusingtheAmericanHeartAssociation diagnostic criteria.24 A CHD
death was defined as (1) a death occurring during the same hospitalization in
which an acute MI was documented or
(2) a death occurring within 1 hour of the
onsetofterminalsymptomsnotexplained
by other etiologies. Stroke was defined as
a new neurological deficit not known to
be secondary to brain trauma, tumor, infection, or other cause. Heart failure was
definedashospitalizationforaclinicalsyndrome involving at least 2 of the following: paroxysmal nocturnal dyspnea, orthopnea,elevatedjugularvenouspressure,
pulmonary rales, third heart sound, and
cardiomegaly or pulmonary edema on
chestradiography.Theseclinicalsignsand
symptoms must have represented a clear
changefromthenormalclinicalstatusand
must have been accompanied by either
decreased cardiac output as determined
by peripheral hypoperfusion (in the absence of other causes such as sepsis or dehydration) or peripheral or pulmonary
edemarequiringintravenousdiuretic,inotropicagents,orvasodilatortherapy.Supportivedocumentationofreducedcardiac
output, elevated pulmonary capillary
wedge pressure, decreased oxygen saturation,andend-organhypoperfusionwere
assessed when available.21 We also examined incident heart failure as an outcome
among the 814 individuals who did not
report a history of heart failure.
Statistical Analyses

Because baseline levels of NT-proBNP
among the study participants were not
normally distributed, we analyzed the association between quartiles of NTproBNP levels and cardiovascular events.
Our study had greater than 80% power
(2-tailed ␣=.05) to detect a 5% difference (5% vs 10%) in the annual rate of
cardiovascular events among the 246 participants who had NT-proBNP levels in
the highest quartile compared with the
247 participants who had NT-proBNP
levels in the lowest quartile. Differences in participant characteristics by
quartile of NT-proBNP level were compared using 2 tests for dichotomous variables and analysis of variance for continuous variables. We calculated annual
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rate of cardiovascular outcomes per quartile of NT-proBNP level.
We used multivariable Cox proportional hazards models to compare the rate
of cardiovascular outcomes across quartiles of NT-proBNP level. We further
examined risk associated with the continuous value of NT-proBNP level after
log-transformation to normalize the distribution, and expressed risk per SD
increase of log NT-proBNP level. We
adjusted for known clinical prognostic
factors (age, sex, smoking status, systolic blood pressure, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, history of diabetes,
and creatinine clearance), echocardiographic measures (LVEF, diastolic dysfunction, left ventricular mass index),
measures of ischemia (presence of inducible ischemia and exercise capacity),
serum biomarkers (log CRP and cardiac troponin T), and NYHA classification. All models were run with and without adjustment for baseline use of
␤-blockers, renin-angiotensin system
inhibitors, aspirin, and statins, and we
verified proportionality assumptions and
absence of colinearity for all models.
In a supplementary analysis, we used
smoothed linear splines to examine the
association between NT-proBNP level
and cardiovascular outcomes across NTproBNP values from 0 to 2000 pg/mL.
We also explored possible cut points to
distinguish low-risk and high-risk populations. We used receiver operating characteristic (ROC) curves to determine the
incremental prognostic value of NTproBNP measures added to other measures. We tested for interactions between log NT-proBNP level and age, sex,
creatinine clearance of less than 60 mL/
min, ventricular dysfunction, inducible
ischemia, log CRP, and ␤-blocker and renin-angiotensin inhibitor use, and conducted stratified analyses by variables
found to have significant interactions
(P⬍.10). All analyses were performed using SAS software version 9.1 (SAS Institute Inc, Cary, NC).
RESULTS
The median NT-proBNP level among the
987 participants was 174.8 pg/mL (in-
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Table 1. Baseline Characteristics of 987 Individuals With Stable Coronary Heart Disease
by Amino Terminal Fragment of the Prohormone Brain-Type Natriuretic Peptide (NT-proBNP)
Quartile*
NT-proBNP Quartiles, pg/mL
1
2
(8.06-73.95) (74-174.5)
(n = 247)
(n = 247)

3
(175.1-459)
(n = 247)

4
(ⱖ460)
(n = 246)

P
Value†

61 (10)

67 (10)

68 (10)

72 (11)

⬍.001

Men

197 (80)

210 (85)

188 (76)

209 (85)

.03

Race/ethnicity
White

133 (54)

143 (58)

154 (62)

165 (67)

.02

Black

52 (21)

39 (16)

30 (12)

39 (16)

.06

Other

62 (25)

64 (26)

63 (26)

42 (17)

.06
⬍.001

Age, mean (SD), y

Medical history
Myocardial infarction

114 (47)

118 (48)

135 (55)

160 (66)

Stroke

24 (10)

30 (12)

43 (17)

43 (17)

.03

Heart failure

19 (8)

26 (11)

52 (21)

76 (31)

⬍.001

Diabetes

57 (23)

56 (23)

66 (27)

80 (33)

.05

Revascularization

122 (50)

146 (59)

146 (59)

164 (67)

.002

Current smoking

64 (26)

44 (18)

49 (20)

39 (16)

.03

Measurement
Systolic BP, mean (SD), mm Hg

129 (17)

131 (20)

134 (21)

137 (25)

⬍.001

Cholesterol, mean (SD), mg/dL
Total

184 (42)

178 (40)

179 (43)

171 (45)

.01

Low-density lipoprotein

109 (32)

104 (34)

104 (34)

101 (35)

.03

High-density lipoprotein

45 (13)

46 (13)

46 (15)

45 (15)

.90

99 (27)

86 (26)

77 (24)

61 (24)

⬍.001

14 (6)

35 (15)

58 (25)

122 (54)

⬍.001

100 (40)

142 (57)

160 (65)

165 (67)

⬍.001

91 (37)

113 (46)

138 (56)

163 (66)

⬍.001

Aspirin

192 (78)

200 (81)

199 (81)

171 (70)

.008

Statin

143 (58)

169 (68)

167 (68)

154 (63)

.05

Creatinine clearance, mean (SD),
mL/min
⬍60 mL/min
Current medication use
␤-Blocker
ACE inhibitor

Abbreviations: ACE, angiotensin-converting enzyme; BP, blood pressure.
SI conversion factor: To convert total, low-density lipoprotein, and high-density lipoprotein cholesterol to mmol/L, multiply by 0.0259.
*Values are expressed as number (percentage) unless otherwise indicated.
†Analysis of variance was used for continuous variables and the 2 test was used for categorical variables.

Table 2. Baseline Measures of Other Known Prognostic Markers by Amino Terminal
Fragment of the Prohormone Brain-Type Natriuretic Peptide (NT-proBNP) Quartile Among
987 Individuals With Stable Coronary Heart Disease*
NT-proBNP Quartiles, pg/mL
1
(8.06-73.95)
(n = 247)

2
(74-174.5)
(n = 247)

3
(175.1-459)
(n = 247)

4
(ⱖ460)
(n = 246)

P
Value†

LVEF, mean (SD), %

65 (6)

64 (7)

61 (10)

56 (12)

⬍.001

Diastolic dysfunction

51 (22)

77 (33)

97 (44)

114 (59)

⬍.001
⬍.001

Left ventricular mass index, mean (SD)

87 (18)

92 (21)

98 (23)

115 (32)

Inducible ischemia

23 (10)

39 (17)

71 (31)

84 (41)

⬍.001

Exercise capacity, mean (SD), METs

8.9 (3.6)

8.1 (3.2)

6.7 (2.8)

5.5 (2.6)

⬍.001

C-reactive protein, mean (SD), mg/dL

3.02 (3.81)

3.34 (5.40)

5.86 (11.36)

6.14 (9.66)

⬍.001

3 (1)

3 (1)

8 (3)

44 (18)

⬍.001

43 (17)

45 (18)

59 (24)

72 (29)

.004

Detectable troponin T
NYHA class III or IV

Abbreviations: LVEF, left ventricular ejection fraction; MET, metabolic equivalent; NYHA, New York Heart Association.
*Values are expressed as number (percentage) unless otherwise indicated.
†Analysis of variance was used for continuous variables and the 2 test was used for categorical variables.

172 JAMA, January 10, 2007—Vol 297, No. 2 (Reprinted)

terquartile range, 73.95-459 pg/mL).
Compared with those in the lowest NTproBNP quartile (8.06-73.95 pg/mL),
participants in the highest quartile (ⱖ460
pg/mL) were older and more likely to be
white. Participants in the highest NTproBNP quartile were more likely to have
clinical risk factors for adverse cardiovascular events, including a history of
hypertension, MI, or revascularization,
higher systolic blood pressure, and
lower creatinine clearance (TABLE 1).
Participants in the highest NT-proBNP
quartile were also more likely to be taking
␤-blockers, renin-angiotensin inhibitors, and statins. Each of the other prognostic markers was also significantly
associated with increasing levels of NTproBNP (TABLE 2).
Participants were followed up for a
mean of 3.7 (range, 0.1-5.3) years. During this period, 256 (26.2%) participants developed a cardiovascular event
or died; only 9 individuals (1%) were lost
to follow-up. The event rate increased
with each successive quartile of NTproBNP level (FIGURE). The same graded
increase in risk associated with increasing NT-proBNP concentration was observed for each of the events included
in the composite outcome (TABLE 3).
Individuals with NT-proBNP concentrations in the highest quartile had a
nearly 8-fold increased rate of cardiovascular events or death compared with
those in the lowest quartile (unadjusted hazard ratio [HR], 7.8; 95% confidence interval [CI], 5.0-12.1; P⬍.001).
We evaluated the continuous NTproBNP values and found each SD increase in log NT-proBNP (1.3 pg/mL)
was associated with an increased rate
of adverse cardiovascular outcomes,
even after adjusting for other prognostic markers, including clinical factors,
echocardiographic parameters, ischemia, serum biomarkers, and functional limitations (TABLE 4). The addition of baseline medication use to the
full model did not alter this association (adjusted HR for quartile 4 [ⱖ460
pg/mL] vs quartile 1 [8.06-73.95 pg/
mL], 3.9; 95% CI, 1.9-8.0; adjusted HR
for each SD increase in log NTproBNP, 1.8; 95% CI, 1.4-2.3).
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eters only; P=.006). A trend toward
more predictive capability was also
observed when NT-proBNP level
was added to clinical risk factors,
echocardiographic parameters, and ischemia and treadmill exercise capacity (AUROC, 0.80 for clinical risk factors, echocardiographic parameters,
ischemia, and treadmill exercise capacity plus log NT-proBNP level vs 0.79
for clinical risk factors, echocardiographic parameters, ischemia, and
treadmill exercise capacity only; P=.07),
as well as these factors plus CRP and
cardiac troponin T (AUROC, 0.81 for
clinical risk factors, echocardiographic parameters, ischemia, and
treadmill exercise capacity, log CRP,

and cardiac troponin T plus log NTproBNP vs 0.79 for clinical risk factors, echocardiographic parameters, ischemia, treadmill exercise capacity, log
CRP, and cardiac troponin T only;
P =.09).
The association between log NTproBNPlevelandthecompositeoutcome
did not vary by age, inducible ischemia,
creatinine clearance, or log CRP (P for
interaction ⬎.10). However, we did find
significant interactions between NTproBNP level and LVEF (P=.05) and use
of cardiovascular medications (P=.01).
Although we observed the association
between log NT-proBNP level and cardiovascular outcomes among all individuals, the association was somewhat

Figure. Survival Free of Cardiovascular Events or Death by NT-proBNP Quartile
1.0
0.9
0.8
0.7

Proportion

Level of NT-proBNP predicted each
of the individual events included in the
composite outcome, with the exception of MI (TABLE 5). The magnitude
of the association was greatest for NTproBNP level predicting incident heart
failure among the 814 individuals without a history of heart failure. These associations remained unchanged after
adjusting for baseline medication use.
We used spline functions to examine
possible nonlinear associations between NT-proBNP level and adverse cardiovascular events. Individuals with NTproBNP levels greater than 500 pg/mL
were at highest risk for future events, and
the association between NT-proBNP level
and adverse outcomes was linear above
500 pg/mL. At NT-proBNP levels between 50 and 500 pg/mL, each increase
in NT-proBNP level was more predictive of future adverse events, and based
on this observation, we explored possible cut points at lower NT-proBNP concentrations that would distinguish lowrisk and high-risk individuals (TABLE 6).
These post-hoc analyses suggested that
100 pg/mL may be optimal for distinguishing high and low risk, particularly
among older individuals. Participants
aged 70 years or older with NT-proBNP
levels greater than 100 pg/mL had more
than 3 times the rate of adverse events
compared with those with lower NTproBNP levels.
Areas under receiver operating characteristic curves (AUROC) were compared to determine the additional prognostic value of NT-proBNP level used
in conjunction with measures available by clinical assessment, echocardiography, and cardiac stress testing.
The addition of NT-proBNP level to
clinical risk factors was significantly
more predictive of adverse cardiovascular outcomes than clinical risk factors alone (AUROC, 0.80 for clinical
risk factors plus log NT-proBNP vs 0.73
for clinical risk factors alone; P⬍.001),
or clinical risk factors plus echocardiographic parameters (AUROC, 0.80 for
clinical risk factors plus echocardiographic parameters plus log NTproBNP level vs 0.76 for clinical risk
factors plus echocardiographic param-

0.6
0.5
0.4
0.3
0.2
0.1
0

NT-proBNP Quartile (pg/mL)
1 (8.06-73.95)
2 (74-174.5)
3 (175.1-459)
4 (≥460)
6

12

18

24

30

36

42

48

54

230
217
200
138

227
216
197
128

226
215
193
120

224
210
185
113

Time, mo
No. at Risk
Quartile
1
2
3
4

247
247
247
246

246
246
237
225

245
242
227
210

242
236
218
182

239
227
211
168

235
221
206
154

NT-proBNP indicates amino terminal fragment of the prohormone brain-type natriuretic peptide.

Table 3. Adverse Cardiovascular Outcomes by Quartile of Amino Terminal Fragment of the
Prohormone Brain-Type Natriuretic Peptide (NT-proBNP)*
NT-proBNP Quartiles, pg/mL†
Total

1
(8.06-73.95)

2
(74-174.5)

3
(175.1-459)

4
(ⱖ460)

All-cause mortality
CHD death
Myocardial infarction
Stroke

158 (4.3)
34 (0.9)
88 (2.5)
27 (0.7)

12 (1.3)
2 (0.2)
10 (1.1)
4 (0.4)

21 (2.2)
4 (0.4)
14 (1.5)
3 (0.3)

35 (3.8)
6 (0.7)
23 (2.6)
4 (0.4)

90 (10.7)
22 (2.6)
41 (5.3)
16 (2.0)

Heart failure
Incident heart failure with no history
of heart failure (n = 814)

112 (3.2)
67 (2.3)

3 (0.3)
2 (0.2)

8 (0.8)
7 (0.8)

21 (2.4)
11 (1.5)

80 (11.2)
47 (9.0)

Any event or death

256 (7.6)

23 (2.6)

37 (4.0)

62 (7.4)

134 (19.6)

Abbreviation: CHD, coronary heart disease.
*Values expressed as number (annual rate).
†P⬍.001 for all comparisons except for CHD death in which P = .001; calculated using 2 test for trend.
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more pronounced among the 865 individuals with LVEF greater than 50% (adjusted HR, 2.0; 95% CI, 1.7-2.4) than
among the 111 individuals with LVEF
of 50% or less (adjusted HR, 1.8; 95%
CI, 1.2-2.7). We further examined
whether the association varied by the
presence of diastolic dysfunction among
those with LVEF greater than 50% (P for
interaction=.06) and found again that
NT-proBNP level was associated with adTable 4. Association of NT-proBNP With
Any Cardiovascular Event or Death After
Adjusting for Available Prognostic Markers
HR (95% CI)*

7.8 (5.0-12.1)

Log
NT-proBNP
per 1-SD
Increase
2.3 (2.0-2.6)

5.2 (2.9-9.3)
4.3 (2.1-7.8)
3.1 (1.5-6.4)
3.4 (1.7-6.9)
3.4 (1.7-6.9)

2.1 (1.8-2.5)
2.0 (1.6-2.5)
1.7 (1.4-2.2)
1.7 (1.3-2.2)
1.7 (1.3-2.2)

Quartile 4 vs
Quartile 1
Unadjusted
Adjusted model
1†
2‡
3§
4㛳
5¶

Abbreviations: CI, confidence interval; HR, hazard ratio; NTproBNP, amino terminal fragment of the prohormone braintype natriuretic peptide.
*P⬍.001 for all comparisons except for model 3 comparison of quartile 4 with quartile 1 in which P = .002.
†Adjusted for clinical risk factors (age, sex, history of diabetes, current smoking, systolic blood pressure, lowdensity lipoprotein cholesterol, high-density lipoprotein cholesterol, continuous creatinine clearance).
‡Adjusted for clinical risk factors in model 1 plus echocardiographic parameters (left ventricular ejection fraction, diastolic dysfunction, left ventricular mass index).
§Adjusted for models 1 and 2 plus inducible ischemia and
treadmill exercise capacity (metabolic equivalents).
㛳Adjusted for models 1, 2, and 3 plus serum biomarkers (Creactive protein concentration and detectable troponin T).
¶Adjusted for models 1 through 4 plus New York Heart Association classification.

verse cardiovascular events among all
individuals, with a somewhat stronger
association among the 278 individuals
with LVEF greater than 50% and diastolicdysfunction(adjustedHR,2.4;95%
CI, 1.8-3.3) than among the 496 with
LVEF greater than 50% without known
diastolic dysfunction (adjusted HR, 1.7;
95% CI, 1.2-2.3). Log NT-proBNP level
appeared more strongly associated
with adverse cardiovascular outcomes
among the 232 participants not taking
a ␤-blocker or renin-angiotensin inhibitor (adjusted HR, 3.5; 95% CI, 2.3-5.4)
than among the 184 participants taking
a renin-angiotensin inhibitor only (adjusted HR, 2.7; 95% CI, 1.9-3.9), the 242
participants taking a ␤-blocker only (adjusted HR, 1.9; 95% CI, 1.4-2.7), or the
320 participants taking both medications
(adjusted HR, 1.8; 95% CI, 1.4-2.4).
COMMENT
In an ambulatory population of 987 individuals with stable CHD, we found
that NT-proBNP level predicts subsequent cardiovascular events and death,
independent of traditional cardiac risk
factors and other prognostic markers
commonly used to assess risk, even
when these measurements are used in
combination. These findings suggest
that a simple blood test for NTproBNP level may aid in the risk stratification of high-risk patients, such as
those with CHD, and may guide fur-

ther testing and treatment strategies
aimed at reducing future cardiovascular morbidity and mortality.
By examining the independent association of NT-proBNP level with multiple cardiovascular outcomes in a highrisk ambulatory population with known
CHD, this study extends the existing literature on NT-proBNP level and prognosis in several important ways. Previous studies have found that NT-proBNP
level is predictive of subsequent morbidity and mortality independent of
systolic dysfunction14,15,25 and other
biomarkers including high-sensitivity
CRP.13,14 However, these findings leave
open the possibility that elevations in NTproBNP level may simply reflect elevated
filling pressures due to diastolic dysfunction or inducible ischemia, which were
not accounted for in these studies. We
describe an independent association
between elevated NT-proBNP concentration and cardiovascular morbidity and
mortality after accounting for multiple
prognostic factors including systolic and
diastolic dysfunction, left ventricular
mass, inducible ischemia, exercise capacity, CRP, cardiac troponin T, and functional status, suggesting that these parameters are not the sole explanation for the
prognostic power of NT-proBNP level.
Why elevations in NT-proBNP level
predict adverse cardiovascular outcomes is a subject of substantial investigation. Elevations of NT-proBNP level

Table 5. Association of Log Amino Terminal Fragment of the Prohormone Brain-Type Natriuretic Peptide (NT-proBNP) per 1 SD Increase With
Specific Cardiovascular Outcomes After Adjusting for Other Prognostic Markers
HR (95% CI)

Unadjusted
Adjusted model
1*
2†
3‡
4§
5㛳

CHD Death

Myocardial
Infarction

Stroke

Heart Failure

2.8 (2.0-3.9)

2.0 (1.6-2.4)

1.8 (1.3-2.6)

3.4 (2.8-4.0)

Incident Heart Failure
With No History
of Heart Failure
3.6 (2.9-4.5)

2.0 (1.6-2.4)
2.0 (1.6-2.6)
1.7 (1.3-2.3)
1.6 (1.2-2.1)

2.6 (1.7-4.0)
3.2 (1.8-5.6)
2.9 (1.5-5.6)
2.6 (1.3-5.0)

1.7 (1.3-2.3)
1.6 (1.2-2.3)
1.3 (0.9-1.8)
1.2 (0.8-1.8)

1.8 (1.1-3.0)
1.7 (0.9-3.4)
1.8 (0.9-3.8)
1.8 (0.9-3.7)

3.6 (2.8-4.7)
2.8 (2.0-4.1)
2.5 (1.7-3.7)
2.4 (1.6-3.7)

3.8 (2.7-5.3)
3.1 (1.9-5.1)
2.7 (1.5-4.8)
2.6 (1.5-4.8)

1.6 (1.2-2.2)

2.6 (1.3-5.0)

1.3 (0.9-1.8)

1.8 (0.9-3.8)

2.4 (1.6-3.7)

2.7 (1.5-4.8)

All-Cause
Mortality
2.3 (2.0-2.7)

Abbreviations: CHD, coronary heart disease; CI, confidence interval; HR, hazard ratio.
*Adjusted for clinical risk factors (age, sex, history of diabetes, current smoking, systolic blood pressure, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol,
continuous creatinine clearance).
†Adjusted for clinical risk factors in model 1 plus echocardiographic parameters (left ventricular ejection fraction, diastolic dysfunction, left ventricular mass index).
‡Adjusted for models 1 and 2 plus inducible ischemia and treadmill exercise capacity (metabolic equivalents).
§Adjusted for models 1, 2, and 3 plus serum biomarkers (C-reactive protein concentration and detectable troponin T).
㛳Adjusted for models 1 through 4 plus New York Heart Association classification.
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may reflect subclinical levels of ventricular dysfunction or inducible ischemia not detectable by standard
echocardiographic or stress test measures.19 Because natriuretic peptides are
secreted from the ventricle in response to wall stress from volume or
pressure overload, elevations in NTproBNP level may also signal important adverse hemodynamic alterations
not captured in these other measures.
Elevated NT-proBNP level may also signal vascular dysfunction, in which the
natriuretic peptides produce changes in
vascular smooth muscle proliferation
or contractility, in part via cyclic GMP
signaling cascades or nitric oxide synthesis.26,27 Although elucidating the exact biological mechanism whereby elevations in NT-proBNP level are
associated with future cardiovascular
morbidity and mortality is outside the
scope of this study, it is notable that
the postulated mechanisms are not
easily assessed by current standard
cardiovascular tests. Importantly, our
results suggest that elevated NTproBNP level predicts adverse events
strongly in patients without echocardiographic evidence of systolic or diastolic dysfunction.

Only a few studies have examined the
ability of NT-proBNP level to predict
multiple types of cardiovascular outcomes in an ambulatory population, and
most of these have focused on community-dwelling adults without known cardiovascular disease.14,18 We have examined multiple outcomes among
individuals with known CHD, a population at highest risk for future cardiovascular morbidity and mortality and
therefore a population with the potential to benefit from risk stratification.
However, individuals with CHD are also
more likely to undergo various different types of cardiovascular testing to assess risk, and the true value of any new
prognostic marker must be measured
against existing tests. Demonstrating the
added value of NT-proBNP measurements to the various types of testing that
a patient with CHD is likely to undergo
may make it more likely that such a test
could be of benefit in clinical practice.
We found that NT-proBNP level significantly increased predictive capability
when added to standard measures used
to assess risk. Furthermore, there was
a linear association between NTproBNP levels and future events among
those at greatest risk (NT-proBNP level

⬎500 pg/mL); and NT-proBNP levels
less than 100 pg/mL signaled a very low
risk of future adverse events.
Similar to studies of communitydwelling populations, we found that elevated levels of NT-proBNP predict a variety of cardiovascular outcomes. The
mechanism for the association between
NT-proBNP level and the risk of stroke
that we and others14,18 have observed has
yet to be elucidated, although a link between a genetic polymorphism of atrial
natriuretic peptide and the risk of stroke
has been described.28 We did observe an
association between elevated NTproBNP level and the risk of MI, although the magnitude was less than the
other cardiovascular events and was significantly attenuated after adjusting for
the other prognostic markers. Although this weaker association may simply reflect the relatively high baseline risk
for this outcome in our cohort (in which
more than half of participants had a history of prior MI), similar results have
been noted in other studies of community-dwelling populations14,18 as well and
merit further investigation.
We observed the strongest association between NT-proBNP level and risk
of incident heart failure. The ability to

Table 6. Association of Various Cut Points of Amino Terminal Fragment of the Prohormone Brain-Type Natriuretic Peptide (NT-proBNP)
Cardiovascular Events or Death
No. of Events/No. at Risk
for Cardiovascular Events
or Death by Cut Point Position
NT-proBNP Level, pg/mL
Entire cohort (N = 987)
⬎50 vs ⱕ50
⬎100 vs ⱕ100
⬎125 vs ⱕ125
⬎150 vs ⱕ150
Age ⬍70 y (n = 554)
⬎50 vs ⱕ50
⬎100 vs ⱕ100
⬎125 vs ⱕ125
⬎150 vs ⱕ150
Age ⱖ70 y (n = 424)
⬎50 vs ⱕ50
⬎100 vs ⱕ100
⬎125 vs ⱕ125
⬎150 vs ⱕ150

Above

Below

Adjusted HR (95% CI)*

P Value

241/828
225/659
218/594
205/532

15/150
31/319
38/384
51/446

1.4 (0.7-2.7)
2.2 (1.4-3.6)
2.1 (1.4-3.3)
1.8 (1.2-2.7)

.30
.001
.007
.006

89/427
79/313
78/275
74/238

11/127
21/241
22/279
26/316

1.7 (0.7-4.2)
1.7 (0.9-3.4)
2.0 (1.0-3.9)
2.0 (1.0-3.9)

.20
.10
.04
.04

152/401
146/346
140/319
131/294

4/23
10/78
16/105
25/130

0.9 (0.3-2.7)
3.2 (1.4-7.0)
2.2 (1.2-4.0)
1.6 (0.9-2.7)

.90
.004
.01
.10

Abbreviations: CI, confidence interval; HR, hazard ratio.
*Adjusted for clinical risk factors (age, sex, history of diabetes, current smoking, systolic blood pressure, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol,
continuous creatinine clearance), echocardiographic parameters (left ventricular ejection fraction, diastolic dysfunction, left ventricular mass index, inducible ischemia, and treadmill exercise capacity [metabolic equivalents]), serum biomarkers (C-reactive protein concentration and detectable troponin T), and New York Heart Association classification.
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identify individuals at risk for developing heart failure has considerable appeal
because the early initiation of preventive therapies may alter the course of this
disease with very high rates of morbidity and mortality. Consistent with preventive therapies lowering risk is our
observation that elevations in NTproBNP level were most strongly predictive of future adverse events in individuals not taking renin-angiotensin
converting enzyme inhibitors or ␤-blockers at baseline. However, the utility of an
algorithm for risk stratification that
includes NT-proBNP level ultimately
rests in the ability to alter disease trajectory, and whether individuals identified
as high risk on the basis of an elevated
NT-proBNP level benefit from additional therapies beyond those already
indicated on the basis of their comorbid
conditions is not known.
Several limitations should be noted
when interpreting our results. Because the sample was predominantly
male, our findings may not be as generalizable to women. We defined incident heart failure by hospitalization for
this disease; individuals who were diagnosed and treated for new-onset heart
failure in the outpatient setting were
therefore not captured in this analysis, and thus our results may have been
biased to the detection of more acute
presentations of heart failure.
In summary, we found that NTproBNP level is a predictor of adverse cardiovascular events among ambulatory individuals with stable CHD, independent
of other prognostic markers available by
echocardiography, ischemic stress testing, or serum measurement. Use of a
simple blood test for NT-proBNP level
may help guide risk stratification and
may focus efforts toward preventing adverse cardiovascular events in high-risk
patients with stable CHD.
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