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Is B-Type Natriuretic Peptide a Useful Screening
Test for Systolic or Diastolic Dysfunction in
Patients with Coronary Disease? Data from the
Heart and Soul Study
Kirsten Bibbins-Domingo, PhD, MD, Maria Ansari, MD, Nelson B. Schiller, MD,
Barry Massie, MD, Mary A. Whooley, MD
BACKGROUND: Whether B-type natriuretic peptide (BNP)
levels can be used to screen for ventricular dysfunction in patients at risk of heart failure but without overt symptoms is not
known. We examined the characteristics of a BNP test for identifying systolic and diastolic dysfunction in outpatients with stable coronary disease.
METHODS: In a cross-sectional study of 293 outpatients who
had stable coronary disease and no history of heart failure, we
compared elevations in plasma BNP levels with echocardiography for the diagnosis of systolic dysfunction (ejection fraction
⬍55%) and diastolic dysfunction (diastolic dominant pulmonary vein flow with ejection fraction ⱖ55%).
RESULTS: A total of 48 patients (16%) had systolic dysfunction, and among the remaining 245 with preserved systolic
function, 31 (13%) had diastolic dysfunction. At the standard

cutpoint of ⬎100 pg/mL, an elevated BNP level was 38% sensitive (80% specific) for systolic dysfunction and 55% sensitive
(85% specific) for diastolic dysfunction. Negative likelihood ratios were 0.8 (95% confidence interval [CI]: 0.6 to 1.0) for systolic dysfunction and 0.5 (95% CI: 0.4 to 0.8) for diastolic dysfunction. Positive likelihood ratios were 1.9 (95% CI: 1.2 to 2.9)
for systolic dysfunction and 3.8 (95% CI: 2.4 to 5.9) for diastolic
dysfunction. Areas under the receiver operating characteristic
curves were 0.59 (95% CI: 0.49 to 0.69) for systolic dysfunction
and 0.79 (95% CI: 0.71 to 0.87) for diastolic dysfunction.
CONCLUSION: These data suggest that BNP is not a useful
screening test for asymptomatic ventricular dysfunction in patients with stable coronary disease. Am J Med. 2004;116:
509 –516. ©2004 by Excerpta Medica Inc.

B

echocardiography or cardiac catheterization for evaluation of symptoms of heart failure (8 –14).
The ease and low cost associated with a plasma test for
heart failure has led to the suggestion that BNP levels
could also be used to screen for ventricular dysfunction
among patients without overt symptoms of heart failure
(15–17); furthermore, there are data supporting the early
initiation of medical therapy for systolic dysfunction even
before the onset of symptoms (18,19). Based in part on
this evidence, the current American Heart Association
guidelines recommend initiation of both angiotensinconverting enzyme inhibitors and beta-blockers in patients with asymptomatic left ventricular systolic dysfunction (20).
Evaluating the potential use of BNP measurement as a
screening test for ventricular dysfunction requires examination of BNP levels in patients without dyspnea because
the differing prevalence and spectrum of disease in patients with or without overt symptoms of heart failure
may result in different sensitivities and specificities for
ventricular dysfunction. To determine whether BNP levels can be used to identify patients with asymptomatic
systolic or diastolic dysfunction, we investigated the asso-

-type natriuretic peptide (BNP) is a neurohormone that is secreted from the ventricle in response to elevated volume and filling pressures (1–
3). Elevated BNP levels are highly sensitive and specific
for distinguishing heart failure from other causes of dyspnea in symptomatic patients (4 –7), and strongly predict
systolic and diastolic dysfunction in patients referred for
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ciation between plasma BNP levels and ventricular dysfunction in patients with stable coronary disease. Since
patients with coronary disease are at high risk of heart
failure (21), this group represents a relevant target population in which a BNP screening strategy might reasonably be adopted.

METHODS
Study Participants
The Heart and Soul Study is a prospective cohort study of
how psychosocial factors influence the outcomes of patients with coronary disease. We recruited patients with
coronary disease who were identified through administrative databases from two Department of Veterans Affairs Medical Centers (San Francisco and Palo Alto, California) and one university medical center (University of
California, San Francisco). Eligible participants had at
least one of the following criteria: a history of myocardial
infarction; angiographic evidence of ⱖ50% stenosis in
one or more coronary vessels; evidence of exercise-induced ischemia by treadmill electrocardiogram or stress
nuclear perfusion imaging; a history of coronary revascularization; or a clinical diagnosis of coronary disease as
documented by an internist or a cardiologist.
Eligible patients were invited by mail to attend a baseline study appointment, and a total of 510 participants
were enrolled between September 2000 and December
2001. Patients were excluded if they were unable to walk
one block or were planning to move out of the local area
within 3 years. For this cross-sectional study, we excluded
participants for whom we could not obtain a blood sample (due to dislodged or thrombosed butterfly needle)
after the 30-minute rest, leaving 368 participants. We excluded another 75 patients who reported a history of
heart failure (as indicated by a “yes” answer to the question, “Has a doctor or nurse ever told you that you have
congestive heart failure?”), leaving 293 patients for this
analysis. The Institutional Review Board at each of the
sites approved this protocol. All participants provided
written informed consent.

Measurements
B-type natriuretic peptide. Prior to the study appointment, subjects completed an overnight fast, except for
taking their regularly prescribed medications. After a 30minute supine rest, blood samples were drawn into
chilled ethylenediaminetetraacetic acid tubes, mixed with
aprotinin, then aliquoted and stored at –70°C for up to 9
months. We used the Triage BNP fluorescence immunoassay (Biosite Diagnostics, La Jolla, California) to measure BNP levels in frozen plasma samples thawed to room
temperature. The lowest detectable measurement for this
assay was 5 pg/mL. The interassay coefficient of variation
was 10.1% for 28.8 pg/mL, 12.4% for 586 pg/mL, and
510
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16.2% for 1180 pg/mL. The laboratory technician who
measured BNP levels was at a different site and blinded to
the results of the echocardiogram.
Systolic and diastolic dysfunction. After plasma was
drawn and frozen, participants underwent resting echocardiography using an Acuson Sequoia Ultrasound
System (Mountain View, California) with a 3.5-MHz
transducer. A complete resting two-dimensional echocardiogram, including imaging and Doppler in all standard views and subcostal imaging of the inferior vena
cava, was performed. We obtained standard two-dimensional parasternal short-axis and apical two- and fourchamber views during held inspiration; these were
planimetered using a computerized digitization system to
determine end-diastolic and end-systolic left ventricular
volume and ejection fraction. One author (NBS) interpreted all of the echocardiograms, blinded to the results
of the BNP assay.
For the primary analysis, we considered patients with
an ejection fraction ⬍55% to have systolic dysfunction.
As a secondary analysis, we also evaluated the association
between BNP levels and more severe systolic dysfunction,
using a lower cutpoint (ejection fraction ⬍45%). We categorized patients as having diastolic dysfunction if they
had an ejection fraction ⱖ55% and the velocity time integral in their pulmonary vein was greater during diastole
than during systole (22).
Other measurements. Participants underwent full exercise treadmill testing using a standard Bruce protocol
with continuous 12-lead electrocardiographic monitoring. An echocardiogram was performed immediately before and following exercise. Inducible ischemia was defined as the presence of new wall motion abnormalities at
peak exercise or electrocardiographic evidence of ischemia during exercise. Self-reported age, sex, ethnicity,
medical history, and smoking status were determined by
questionnaire. Alcohol use was measured using the AUDIT-C questionnaire (23), with a score of ⱖ4 indicating
regular alcohol use. Self-reported physical activity was
determined using the question, “Which of the following
statements best describes how physically active you have
been during the last month, that is, done activities such as
15–20 minutes of brisk walking, swimming, general conditioning, or recreational sports?” Participants who answered “fairly”, “quite”, “very”, or “extremely active” (vs.
“not at all” or “a little active”) were considered physically
active. We measured angina symptoms using the angina
subscale of the Seattle Angina Questionnaire (24), and
defined current angina as a score of ⬍75 on the 100-point
scale. We also measured weight and height, and calculated body mass index (kg/m2).
Medication use was assessed with a detailed interview.
Subjects were instructed to bring their medication bottles
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Table 1. Characteristics of 293 Participants with Coronary Disease
B-Type Natriuretic Peptide
Characteristic

ⱕ100 pg/mL
(n ⫽ 226)

⬎100 pg/mL
(n ⫽ 67)

P Value

Number (%) or Mean ⫾ SD
Age
Male sex
White race
Hypertension
Chronic obstructive pulmonary disease
Diabetes
Prior myocardial infarction
Prior stroke
Prior revascularization
Current angina
Current smoking
Regular alcohol consumption
Minimal or no physical activity
Body mass index (kg/m2)
Inducible ischemia
Total cholesterol (mg/dL)
Low-density lipoprotein cholesterol (mg/dL)
High-density lipoprotein cholesterol (mg/dL)
Creatinine clearance (mL/min)
Current beta-blocker use
Current renin-angiotensin inhibitor use
Current aspirin use
Current diuretic use
Current statin use

to the study appointment during which study personnel
recorded all medications. Levels of creatinine, total cholesterol, and high-density lipoprotein and low-density lipoprotein cholesterol were measured from sera after the
overnight fast. We calculated creatinine clearance from
24-hour urine collections.

Data Analysis
We divided subjects into those with plasma BNP levels
ⱕ100 pg/mL and those with levels ⬎100 pg/mL, based on
a cutpoint used in prior studies (6,7). Differences in characteristics were compared using the Student t test and
chi-squared test, as appropriate.
We compared BNP values in subjects with and without
ventricular dysfunction using a Wilcoxon rank sum test.
To determine the association of BNP levels with systolic
and diastolic dysfunction, we used logistic regression
analyses with levels ⬎100 pg/mL as the independent variable and ventricular dysfunction as the dependent variable. To obtain adjusted risk estimates, we entered all
variables associated with elevated BNP levels (at P ⬍0.10)
into multivariable models. For the logistic regression
analyses, we report odds ratios with 95% confidence intervals. Since beta-blockers, renin-angiotensin system in-

67 ⫾ 11
206 (91)
140 (62)
146 (65)
38 (17)
46 (21)
117 (52)
26 (12)
146 (65)
33 (15)
37 (16)
68 (30)
82 (37)
28 ⫾ 5
79 (36)
183 ⫾ 41
107 ⫾ 34
47 ⫾ 15
85 ⫾ 27
124 (55)
95 (42)
185 (82)
48 (21)
157 (69)

75 ⫾ 9
64 (96)
45 (67)
47 (70)
6 (9)
19 (28)
42 (63)
13 (19)
43 (64)
9 (13)
7 (10)
22 (33)
25 (37)
28 ⫾ 4
31 (48)
169 ⫾ 42
99 ⫾ 32
44 ⫾ 12
66 ⫾ 28
44 (66)
43 (64)
51 (76)
21 (31)
47 (70)

⬍0.001
0.24
0.44
0.45
0.11
0.18
0.14
0.10
0.88
0.81
0.22
0.72
0.92
0.29
0.07
0.02
0.11
0.12
⬍0.001
0.12
0.001
0.30
0.09
0.92

hibitors, and diuretics are important medications in the
treatment of heart failure, we tested for interactions between BNP values and use of these medications. We also
tested for interactions between BNP level and age based
on reports from previous studies (25).
We calculated sensitivity, specificity, and likelihood ratios (with exact binomial 95% confidence intervals) using
standard formulas (26). In addition, we examined test
characteristics of BNP levels using a lower cutpoint (⬎30
pg/mL). We used continuous BNP measurements to generate receiver operating characteristic (ROC) curves, and
calculated areas under the ROC curves by the trapezoidal
rule (27). All analyses were performed using Stata, version 7 (College Station, Texas).

RESULTS
Of the 293 subjects, 67 (23%) had plasma BNP levels
⬎100 pg/mL (Table 1). Compared with those with lower
BNP levels, these subjects were older, had lower total serum cholesterol levels, had lower creatinine clearance,
and were also more likely to be taking renin-angiotensin
system inhibitors.
April 15, 2004
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Table 2. Association of B-Type Natriuretic Peptide Levels ⬎100 pg/mL with Systolic and Diastolic Dysfunction among 293 Subjects
with Coronary Artery Disease
Category of Ventricular Function

Proportion (N) with BNP
Levels ⬎100 pg/mL

Adjusted Odds Ratio
(95% Confidence Interval)*

20% (49/245)
38% (18/48)
65% (11/17)

1.0
3.0 (1.4–6.7)
6.4 (1.9–21)

15% (31/213)
55% (17/31)

1.0
5.6 (2.2–14.1)

Systolic function
Normal systolic function (ejection fraction ⱖ55%)
Any systolic dysfunction (ejection fraction ⬍55%)
Moderate systolic dysfunction (ejection fraction ⬍45%)
Diastolic function
Normal diastolic function with ejection fraction ⱖ55%
Diastolic dysfunction with ejection fraction ⱖ55%

P Value

0.006
0.003
⬍0.001

* Adjusted for variables in Table 1 associated with BNP levels ⬎100 pg/mL at P ⬍0.1, including older age, presence of inducible ischemia, decreased
creatinine clearance, lower cholesterol levels, use of renin-angiotensin inhibitors, and use of diuretics.
BNP ⫽ B-type natriuretic peptide.

Systolic Dysfunction
Forty-eight subjects (16%) had systolic dysfunction
(ejection fraction ⬍55%), in whom BNP levels were
higher than in those with normal ventricular function
(median [interquartile range], 122.0 pg/mL [52.4 to
272.0 pg/mL] vs. 32.0 pg/mL [14.4 to 68.9 pg/mL], P ⫽
0.05). Twenty-seven percent (18/67) of subjects with
BNP levels ⬎100 pg/mL had evidence of systolic dysfunction, compared with 13% (30/226) of those with lower
levels (unadjusted odds ratio [OR] ⫽ 2.4; 95% confidence interval [CI]: 1.2 to 4.7; P ⫽ 0.01). In adjusted
models, BNP levels ⬎100 pg/mL were associated with a
threefold increased odds of systolic dysfunction (Table
2). BNP levels ⬎100 pg/mL were also strongly associated
with lower ejection fraction (ejection fraction ⬍45%).
We did not observe any interaction between BNP values
and use of beta blockers, renin-angiotensin system inhibitors, or diuretics.

0.80 (Figures 1 to 3). At the cutpoint of ⬍100 pg/mL,
BNP levels had poor sensitivity for both systolic dysfunction and diastolic dysfunction (Table 3). Although a
lower cutpoint of ⬍30 pg/mL improved the sensitivity of
BNP measurements for both forms of ventricular dysfunction, the overall test characteristics remained poor
(Table 4).
The test characteristics of BNP measurements varied
by age. The area under the ROC curve of BNP values for
the detection of ejection fraction ⬍55% was 0.53 (95%
CI: 0.38 to 0.67) in subjects younger than 65 years, 0.60
(95% CI: 0.39 to 0.81) in those aged 65 to 75 years, and
0.75 (95% CI: 0.62 to 0.88) in those older than 75 years.
Similar variations by age were observed with test characteristics for BNP and the detection of diastolic dysfunction, with an area under the ROC curve of 0.63 (95% CI:

Diastolic Dysfunction
Among the 245 subjects with preserved systolic function
(ejection fraction ⱖ55%), 244 had an assessment of pulmonary vein flow. Of these 244 subjects, 31 (13%) had
diastolic dysfunction, with higher BNP levels than in
those with normal ventricular function (median [interquartile range], 104.0 pg/mL [38.0 to 170.0 pg/mL] vs.
28.0 pg/mL [13.2 to 49.4 pg/mL], P ⬍0.001). Thirty-five
percent (17/48) of subjects with BNP levels ⬎100 pg/mL
had evidence of diastolic dysfunction, compared with 7%
(14/196) of subjects with levels ⱕ100 pg/mL (unadjusted
OR ⫽ 7.1; 95% CI: 3.2 to 15.9; P ⬍0.001). BNP levels
⬎100 pg/mL were associated with a more than fivefold
increased odds of diastolic dysfunction in adjusted analyses (Table 2). We did not observe any significant interactions between BNP values and use of beta blockers,
renin-angiotensin system inhibitors, or diuretics.

Test Characteristics
The areas under the ROC curves for BNP and the detection of systolic and diastolic dysfunction were all under
512
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Figure 1. Receiver operating characteristic curve for B-type natriuretic peptide and ejection fraction ⬍55% in 293 patients
with coronary artery disease. Area under the curve ⫽ 0.59 (95%
confidence interval: 0.49 to 0.69).
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Figure 2. Receiver operating characteristic curve for B-type natriuretic peptide and ejection fraction ⬍45% in 293 patients
with coronary artery disease. Area under the curve ⫽ 0.75 (95%
confidence interval: 0.62 to 0.88).

0.47 to 0.80) in subjects younger than 65 years, 0.85 (95%
CI: 0.75 to 0.95) in those 65 to 75 years of age, and 0.83
(95% CI: 0.72 to 0.94) in those older than 75 years.

DISCUSSION
We found that elevated plasma BNP levels (⬎100 pg/mL)
were associated with both systolic dysfunction and dia-

Figure 3. Receiver operating characteristic curve for B-type natriuretic peptide and diastolic dysfunction in 244 patients with
coronary artery disease and ejection fraction ⱖ55%. Area under
the curve ⫽ 0.79 (95% confidence interval: 0.71 to 0.87).

stolic dysfunction among outpatients with stable coronary disease. However, strong epidemiological associations do not necessarily yield good diagnostic tests, and
the overall test characteristics of BNP measurements were
poor. The ability of BNP levels to detect ventricular dysfunction was greatest for more severe forms of systolic
dysfunction and among patients older than 75 years, but
even in these subgroups the area under the ROC curve
was ⱕ0.85. Thus, although BNP assays may be important
diagnostic tools in symptomatic cohorts (4 –14,28), their
utility in detecting asymptomatic ventricular dysfunction
in patients with stable coronary disease appears limited.
The poor test characteristics of BNP levels for the detection of systolic dysfunction that we demonstrated are
similar to those found in other studies (29 –33), including
one that (as in our study) measured BNP levels in patients
with known coronary disease (32). However, several
studies have demonstrated excellent sensitivity and specificity for BNP screening in unselected patients (34 –36).
One potential explanation for these conflicting results is
that BNP levels may be more accurate for detecting systolic dysfunction in unselected patients than in patients
with coronary disease. The poor test characteristics in
patients with coronary disease may reflect a greater prevalence of competing diagnoses, including ischemia
(37,38), left ventricular hypertrophy (30,39,40), and diastolic dysfunction (8), which may also cause elevations in
BNP levels.
Another potential reason for the differences in results
is that previous studies used lower ejection fraction
thresholds (14,34 –36,40) that may have yielded better
test characteristics. However, none of these studies excluded patients with a history of heart failure, and test
characteristics are usually enhanced with greater disease
prevalence and severity. Thus, a more likely explanation
for the better BNP test characteristics in unselected patients is that patients with symptomatic heart failure were
included in such studies.
Our results also differ from those of studies involving
patients with overt symptoms of dyspnea (4 –14,28),
likely owing to the differing prevalence and spectrum of
disease. Patients with dyspnea are likely to have more
severe disease than patients in a screening cohort, since
symptoms such as dyspnea are highly correlated with the
pressure and volume overload that result in BNP elevation. Thus, although BNP measurement may be a useful
tool in patients with heart failure symptoms, it has limited utility in detecting ventricular dysfunction in patients without overt symptoms.
The ease and relative low cost of BNP assays have led to
suggestions that BNP measurement might be a useful first
step in a multiphasic screening approach, in which all
patients undergo BNP screening but only those with positive test results undergo echocardiography (29,35,41).
The primary goal of using BNP measurements as a diagApril 15, 2004
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Table 3. Test Characteristics of B-Type Natriuretic Peptide ⬎100 pg/mL for Identifying Ventricular Dysfunction in 293 Participants with Coronary Heart Disease

Ventricular Function
Systolic Function
Ejection fraction ⬍55%
Ejection fraction ⬍45%
Diastolic Function
Diastolic dysfunction with
ejection fraction ⱖ55%

Sensitivity
(%) (n/N)*

Specificity
(%) (n/N)†

38 (18/48)
65 (11/17)
55 (17/31)

Likelihood Ratio
(95% Confidence Interval)
Positive

Negative

80 (196/245)
80 (220/276)

1.9 (1.2–2.9)
3.2 (2.1–4.9)

0.8 (0.6–1.0)
0.4 (0.2–0.8)

85 (182/213)

3.8 (2.4–5.9)

0.5 (0.4–0.8)

* True positives/all with diagnosis.
†
True negatives/all without diagnosis.

tients for echocardiography, this strategy would still miss
24% (17/70) of patients with an ejection fraction ⬍45%.
Thus, it is unclear whether using BNP testing to identify
patients who would benefit from echocardiography is any
better than performing echocardiography in all 1000 patients with coronary disease, especially since echocardiography provides other information besides ejection
fraction.
We observed a strong association between BNP levels
and diastolic dysfunction, as has been observed in a previous study (8). Currently, there are no guidelines for the
management of patients with asymptomatic diastolic
dysfunction, and detection of diastolic dysfunction is unlikely to change current management patterns. However,
the association between BNP elevations and asymptomatic diastolic dysfunction highlights the high prevalence
of other diagnoses in high-risk patients, which may cause
“falsely” elevated plasma BNP levels and thus limit the
ability of elevated BNP levels to detect systolic dysfunction (for which guidelines do exist).
Our study has several limitations. The sample was predominantly male. Some subjects may have had symptoms of heart failure and thus would not have met the
criteria for a screening cohort. However, since we ex-

nostic test would be to identify as many patients as possible who would benefit from a diagnostic echocardiogram. To accomplish this goal, we would choose a low
BNP cutpoint that maximizes sensitivity (and minimizes
false negatives). Since false-negative tests would result in
missed cases of systolic dysfunction, such patients would
not only fail to benefit from the early initiation of medical
therapies, they would also be subject to future delays in
diagnosis if clinicians viewed the negative test as definitive.
Consider BNP testing in a sample of 1000 patients with
stable coronary disease. Assuming a 16.4% prevalence of
an ejection fraction ⬍55% (as in our study), referring
those with BNP levels ⬎30 pg/mL for echocardiography
would result in 98 new diagnoses of systolic dysfunction.
However, 40% (66/164) of cases would be missed, and
443 patients would undergo unnecessary echocardiograms. Assuming a 7.0% prevalence of an ejection fraction ⬍45%, a BNP cutpoint of 30 pg/mL would identify
53 patients with systolic dysfunction. However, 930 patients would receive unnecessary BNP tests, and 484 patients would require unnecessary echocardiograms.
Although performing 484 unnecessary echocardiograms would be more efficient than sending the 1000 pa-

Table 4. Test Characteristics of B-Type Natriuretic Peptide ⬎30 pg/mL for Identifying Ventricular
Dysfunction in 293 Participants with Coronary Heart Disease

Ventricular Function
Systolic Function
Ejection fraction ⬍55%
Ejection fraction ⬍45%
Diastolic Function
Diastolic dysfunction with
ejection fraction ⱖ55%

Sensitivity
(%) (n/N)*

Specificity
(%) (n/N)†

60 (29/48)
76 (13/17)
90 (28/31)

Positive

Negative

47 (116/245)
48 (131/276)

1.2 (0.9–1.5)
1.5 (1.1–1.9)

0.8 (0.6–1.0)
0.5 (0.2–1.2)

53 (113/213)

1.9 (1.6–2.3)

0.2 (0.1–0.5)

* True positives/all with diagnosis.
†
True negatives/all without diagnosis.
514
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cluded patients who reported a history of heart failure,
and all of the participants completed an intensive daylong examination that included an exercise treadmill test,
it is unlikely that any of them had overt symptoms of
heart failure. We used an echocardiographic definition of
diastolic dysfunction, but the exact association of these
abnormal contractile properties with the clinical entity of
heart failure is still uncertain (42).
In summary, we found that elevated BNP levels are
associated with systolic and diastolic dysfunction in outpatients with stable coronary disease, but the poor test
characteristics of this assay do not warrant its routine use
as a screening tool for asymptomatic ventricular dysfunction in patients with coronary heart disease.
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