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BACKGROUND Brain natriuretic peptide (BNP)/N-terminal-pro hormone brain natriuretic peptides (NT-proBNP) enable

risk stratification, diagnosing, and monitoring of heart failure patients. An additional prognostic value for BNP/NT-

proBNP in nonheart failure patients and general population cohorts is described in the literature, but specific cut-off

levels are only described for heart failure patients.

OBJECTIVES This study aimed to determine thresholds for risk stratification in nonheart failure patients.

METHODS Based on the Essen Coronary Artery Disease registry we excluded patients with known heart failure or

elevated BNP/NT-pro BNP levels. The resulting cohort was divided into a derivation and validation cohort using random

sampling. The prognostic value of BNP/NT-proBNP of incident mortality was evaluated in the derivation cohort using

univariate and multivariable cox regression analysis. In receiver operating characteristic analysis and corresponding area

under the curve the optimal threshold was determined using Youdens J index. The findings were verified in the validation

cohort.

RESULTS A total of 3,690 patients (age 62.9 � 12.5 years, 71% male, 68% patients with coronary artery disease) were

included. During a mean follow-up of 2.6 � 3.4 years (median 1.2 [IQR: 0.4-2.88]), 169 deaths of any cause occurred.

Based on Youden’s J index, BNP-thresholds of 9.6 and 29pg/ml and NT-proBNP thresholds of 65 and 77pg/ml for men

and women, respectively, were determined. BNP/NT-proBNP levels above these thresholds were associated with

increased mortality in the derivation cohort (HR: 2.44 [95% CI: 1.32-4.53], P ¼ 0.005). The predictive value was

confirmed in the validation cohort (HR: 2.78 [95% CI: 1.26-6.14], P ¼ 0.01).

CONCLUSIONS We here describe sex-specific BNP/NT-proBNP thresholds that allow prediction of impaired survival in

patients without heart failure, independent of traditional cardiovascular risk factors. (JACC Adv 2023;2:100688) © 2023

The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
N atriuretic peptides are secreted in the
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stress and neurohormonal stimulation.1
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ABBR EV I A T I ON S

AND ACRONYMS

BNP = brain natriuretic peptide

CAD = coronary artery disease

ECAD = Essen Coronary Artery

Disease

NT-pro BNP = N terminal pro

hormone of natriuretic peptide

ROC = receiver-operating

characteristic
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with acute and chronic heart failure and pre-
determined cut-off values are specified in
current heart failure guidelines for diag-
nosing, risk stratification, and therapy moni-
toring in heart failure cohorts.4 Diverse data
document a potential value of BNP/NT-
proBNP serum levels also in the general pop-
ulation and nonheart failure patient cohorts
as a predictor of cardiovascular disease mani-
festation and long-term prognosis in the
absence of heart failure.5-10 In a large meta-
analysis of 66 prospective studies including over
89,000 patients, we demonstrate a similar association
of BNP/NT-proBNP levels and incident cardiovascular
events in patients with and without heart failure. In
this meta-analysis the predictive value of BNP/NT-
proBNP was found to be independent of the cut-off
level used in the included studies.11 For patients
without heart failure, no thresholds are established
for BNP/NT-proBNP in clinical routine to assess the
patient’s individual risk. Therefore, in the present
large database of consecutive patients without heart
failure, we aimed to determine the association of
BNP/NT-proBNP with incident mortality an establish
cut-off levels, applicable for routine risk
stratification.

PATIENTS AND METHODS

STUDY SAMPLE. The present analysis is based on the
cohort of the Essen Coronary Artery Disease [ECAD]-
registry, including patients >18 years who were hos-
pitalized between 2004 and 2019 in the West German
Heart and Vascular Center, Essen, Germany. Details
on the study have been previously reported.12 In
brief, the ECAD registry includes data from 40,461
coronary procedures (dataset as of July 2019). Data
from 6,483 examinations were excluded due to
missing follow-up information. For the present anal-
ysis, also patients with noncoronary exams were
excluded (n ¼ 3,117). Heart failure patients, defined
by symptoms, echocardiography, and natriuretic
peptides, were excluded based on clinical diagnosis.
In addition, all patients with elevated natriuretic
peptides (BNP >100 pg/nL, NT-proBNP >400 pg/nL)
and missing information regarding BNP/NT-proBNP
levels at admission (n ¼ 27,171), were also excluded
to control for any undiagnosed heart failure, leading
to a final cohort of 3,690 patients for the present
analysis. To derivate and subsequently validate a
sex specific BNP/NT-proBNP cut-off value, we
divided the cohort into a derivation and validation
cohort by using random sampling. The derivation
cohort consisted randomly assigned two-thirds of
the cohort (n ¼ 2,471) and the validation cohort of
randomly assigned 1/3 of the cohort (n ¼ 1,219). The
study was approved by the local ethics committee
(19-8956-BO).

CLINICAL CHARACTERISTICS AND COVARIATE ASSESSMENT.

Information on traditional cardiovascular risk factors
from the same hospital stay were automatically
drawn from the hospital information system and
merged into the database. Coronary artery disease
was based on coronary angiogram, as defined by
discretion of treating experienced interventional
cardiologists. Valvular heart disease, hypertension,
coronary artery disease, myocarditis, rhythm disor-
ders, peripheral artery disorder, and aortic diseases
were assessed based on clinical diagnosis and sum-
marized as known cardiac conditions. Laboratory
variables were assessed using standardized enzy-
matic methods (low- density lipoprotein cholesterol
(LDL-C) and high-density lipoprotein cholesterol,
lipoprotein(a), creatinine). Diabetes was defined as
hemoglobin A1c $6.5%. Self-reported information on
current smoking status and family history of prema-
ture CAD was classified as present, absent, or un-
known. In addition, medication information at time
of admission was assessed (beta blockers, ACE in-
hibitors, Ca2þ inhibitors, diuretics, and aspirin).

ASSESSMENT OF BNP/NT-proBNP. Quantification of
BNP/NT-proBNP-levels was performed in the central
laboratory of the University Hospital Essen using
standardized methods. Physiologically active BNP
molecule was measured using the Siemens ADVIA
Centaur BNP assay (Siemens) and NT-proBNP was
quantified using the Roche Assay (Roche Di-
agnostics). The analytic functional sensitivity of the
assay, which represents the lowest BNP and
NT-proBNP concentration determined, were 2 pg/mL
and 5 pg/mL, respectively. As either BNP or NT-
proBNP was available for singular patients and to
adjust for the skewed distribution, we standardized
BNP and NT-proBNP levels based on the respective
sex specific percentile rank in levels from 1 to 100.

ENDPOINT DEFINITION. All-cause mortality was
defined as primary endpoint variable. Information on
survival status was assessed from all available hos-
pital records (including partner healthcare facilities)
as well as insurance information. Any ambulatory or
inpatient presentation to the West German Heart and
Vascular Center, the University Hospital Essen or any
partner health care facility after the coronary exam
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was used for confirmation of survival status. Patients
without confirmed death but no recurrent presenta-
tion to the health care provider were considered as
missing follow-up and excluded from the pre-
sent analysis.

STATISTICAL ANALYSIS. Continuous variables are
reported as mean � SD if normally distributed and as
median (IQR) if nonnormally distributed. Discrete
variables are given in frequency and percentiles.
Continuous variables were compared using 2-sided
t-test or Mann–Whitney U test (for nonnormal
distributed variables) and discrete variables using the
chi-square test.

Cox regression analysis was used to determine the
association of BNP/NT-proBNP with all-cause mor-
tality in unadjusted and risk factor adjusted (multi-
variable) models. Variables adjusted for in each
multivariable model included age, sex, systolic blood
pressure, LDL-C, diabetes, smoking status, and family
history of premature CAD. In addition, a sensitivity
analysis was performed excluding patients with
impaired renal function, defined as creatinine levels
>1.3 mg/dL, as well as excluding patients on diuretic
medication. In further sensitivity analyses, we used
several actual BNP/NT-proBNP numbers as threshold
(20/70, 15/60, 30/100, and 50/150 pg/mL for BNP/NT-
proBNP, respectively) to address a potential differ-
ence in the distribution of natriuretic peptides across
the study population and to check for the robustness
of the findings. Again, these sensitivity analyses were
performed in fully adjusted Cox regression models.
Data are expressed as HR (95% CI) per 1-SD change in
BNP/NT-proBNP rank.

Kaplan-Meier curves illustrate the all-cause mor-
tality stratified by the 29th percentile BNP/NT-
proBNP threshold in the derivation and validation
cohorts using the log-rank test.

Receiver-operating characteristic (ROC) curve
analysis was performed with corresponding area un-
der the curve for identifying specificity and sensi-
tivity. Youden’s J index was assessed to establish a
threshold for prediction of survival. The association
of this threshold with incident mortality was then
tested in the derivation cohort and validated in the
validation cohort using adjusted Cox regression
analysis. Subgroup analyses were performed, strati-
fying by age-groups (<60 vs $60 years), sex, previous
or known cardiac conditions, known CAD, systolic
blood pressure (<140 vs $140 mm Hg), hypertension,
renal function (creatinine <1.3 vs $1.3 mg/dL), and
follow-up duration (<2.6 vs $2.6 years) in fully
adjusted model. The P values for interaction were
obtained by applying a Wald test to the coefficients of
Cox regression models. All subgroup and sensitivity
analyses followed the same methodology as outlined
above.

Harrell’s C statistics was calculated to obtain
improvement in discrimination of incident mortality
BNP/NT-proBNP above vs below the threshold over
traditional cardiovascular risk factors (including age,
sex, systolic blood pressure, LDL-C, diabetes, smok-
ing status, and family history of premature CAD).
Additionally, we analyzed the reclassification ability
of elevated BNP/NT-proBNP using the category-free
Net Reclassification Improvement index as well as
Integrated Discrimination Improvement.13

All analyses were performed using SAS software
(Version 9.4, SAS Institute Inc). A P value of <0.05
indicated statistical significance.

RESULTS

Overall, 3,690 patients (mean age 62.9 � 12.5 years)
were included in our analysis. 71% were male. Of
these, 2,471 patients (mean age 62.9 � 12.5 years,
70% men) were placed into the derivation cohort
and 1,219 into the validation cohort (mean age
62.9 � 12.6 years, 72% men). Baseline characteristics
and frequency of coronary revascularization therapy
did not differ between derivation and validation
cohort. The present cohort includes 68% patients
with coronary artery disease and 9% with other
cardiac conditions.

Detailed patient characteristics depicted in Table 1.
Median BNP level was 35.6 pg/mL (IQR: 18.9-61.8
pg/mL) and mean NT-proBNP level was 120 pg/mL
(IQR: 61.0-219.0 pg/mL). In the derivation cohort the
median BNP level was 35.2 pg/mL (IQR: 19.0-61.8
pg/mL) and the mean NT-proBNP level was 118.0 pg/
mL (IQR: 61.0-217,5 pg/mL), respectively. In the vali-
dation cohort the median BNP level was 36.0 pg/mL
(IQR: 18.9-60.8 pg/mL) and the mean NT-proBNP level
was 124.0 pg/mL (IQR: 61.0-221.0 pg/mL).

ASSOCIATION OF BNP/NT-proBNP LEVELS AND

ALL-CAUSE MORTALITY. During a mean follow-up of
2.6 � 3.4 years (median 1.2 [IQR: 0.4-2.88]), 169
deaths of any cause occurred. Patients without fatal
events had lower BNP/NT-proBNP rank compared to
patients who died (48.4 � 28.8 vs 58.4 � 27.5,
P < 0.0001). Table 2 shows univariate and multivar-
iate analyses of all-cause mortality based on the BNP/
NT-proBNP rank in the derivation cohort. In fully



TABLE 2 Cox-regression Analysis for the Association of

BNP/NT-proBNP With Incident All-cause Mortality in the

Derivation Cohort

HR (95% CI) P Value

Unadjusted 1.56 (1.29-1.89) <0.001

Adjusted for age, sex 1.46 (1.09-1.96) 0.01

Multivariable adjusteda 1.37 (1.08-1.80) 0.01

HR (95% CI) per SD for the BNP/NT-proBNP ranges were calculated using Cox
proportional hazards regression models. aMultivariable model adjusted for sex,
age, LDL-C, diabetes, systolic blood pressure, smoking status, family history for
coronary artery disease.

BNP ¼ brain natriuretic peptide; LDL-C ¼ low-density lipoprotein-cholesterol;
NT-proBNP ¼ N terminal pro hormone of natriuretic peptide.

TABLE 1 Baseline Characteristics

Overall cohort
(N ¼ 3,690)

Derivation cohort
(n ¼ 2,471)

Validation cohort
(n ¼ 1,219) P Value

Demographics

Age, y 62.9 � 12.5 62.9 � 12.5 62.9 � 12.6 0.98

Male 2,604 (70.6) 1,726 (69.79) 878 (72.32) 0.11

Cardiovascular risk factors

Diabetes mellitus 282 (7.6) 191 (7.7) 91 (7.5) 0.84

Family history of CAD 619 (16.8) 413 (16.7) 206 (16.9) 0.89

Current smoker 532 (14.4) 361 (14.6) 171 (14.0) 0.82

Systolic blood pressure (mm Hg) 138.9 � 20.7 139.1 � 21.1 138.6 � 19.8 0.58

Hypertension 2,440 (66.1) 16,401 (66.4) 800 (65.6) 0.65

Laboratory parameters

BNP (pg/mL) 35.6 (18.9-61.8) 35.2 (19.0-61.8) 36.0 (18.9-60.8) 0.77

NT-pro BNP (pg/mL) 120 (61.0-219.0) 118.0 (61.0-217.5) 124.0 (61.0-221.0) 0.68

Hb (g/dL) 13.9 � 1.5 13.9 � 1.5 13.9 � 1.6 0.93

Creatinine (mg/dL) 1.07 (0.94-1.21) 1.07 (0.94-1.21) 1.07 (0.93-1.22) 0.63

LDL-C (mg/dL) 111.9 � 40.1 112.2 � 40.7 111.4 � 40.0 0.61

HDL-C (mg/dL) 50.4 � 15.4 50.4 � 15.3 50.3 � 15.4 0.90

HbA1c (%) 5.8 (5.4-6.4) 5.7 (5.4-6.4) 5.8 (5.4-6.4) 0.98

Clinical presentation

Coronary artery disease 2,520 (68.3) 1,685 (68.2) 835 (68.5) 0.90

Chronic coronary syndrome 1,493 (40.5) 1,000 (40.5) 493 (40.4)

Unstable angina 668 (18.1) 438 (17.7) 230 (18.9)

NSTEMI 222 (6.0) 155 (6.3) 67 (5.5)

STEMI 137 (3.7) 92 (3.7) 45 (3.7)

Noncardiac diagnosis 836 (22.7) 554 (22.4) 282 (23.1)

Other cardiac diagnosis 334 (9.1) 232 (9.4) 102 (8.4)

Medication

Beta-blockers 2,168 (58.8) 1,454 (58.8) 714 (58.6) 0.50

ACE inhibitors 1,642 (44.5) 1,087 (44.0) 555 (45.5) 0.12

Ca2þ inhibitors 768 (20.8) 522 (21.1) 246 (20.2) 0.72

Diuretics 1,233 (33.4) 828 (33.5) 405 (33.2) 0.81

Aspirin 1,988 (53.9) 1,350 (54.6) 638 (52.3) 0.45

Values are mean � SD, n (%), or median (IQR).

ACE ¼ angiotensin-converting enzyme; BNP ¼ brain natriuretic peptide; Hb ¼ hemoglobin; HbA1c ¼ hemoglobin A1c; HDL-C ¼ high-density lipoprotein-cholesterol;
LDL-C ¼ low-density lipoprotein-cholesterol; NSTEMI ¼ non-ST-segment-elevation-myocardial infarction; NT-proBNP ¼ N terminal pro hormone of natriuretic peptide;
STEMI ¼ ST-segment elevation-myocardial infarction.
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adjusted multivariable analyses, 1 SD increase in
BNP/NT-proBNP was associated with 37% increased
risk of mortality (Table 2).

Sensitivity analyses were performed to examine if
similar associations were evident in several groups of
interest. When excluding patients with impaired
renal function, the prognostic value of natriuretic
peptides was altered (HR: 1.6 [95% CI: 1.34-1.92],
P < 0.0001). Likewise, effect size for the association
of elevated natriuretic peptides with all-cause mor-
tality was similar in patients without diuretic medi-
cation at baseline (HR: 1.39 [95% CI: 1.18-1.66],
P ¼ 0.0001). Testing the robustness of the



CENTRAL ILLUSTRATION Natriuretic Peptides Associate With Long-term Mortality

Jehn S, et al. JACC Adv. 2023;2(10):100688.

Evaluation of the prognostic value of BNP/NT-proBNP in nonheart failure patients: natriuretic peptides significantly associated with incident

mortality with the 29th sex-specific percentile as optimal cut-off. BNP/NT-proBNP levels above this threshold were was associated with an

approximately 2.5-fold increased mortality risk. BNP ¼ brain natriuretic peptide; NT-proBNP ¼ N-terminal prohormone brain natriuretic

peptide.
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association of BNP/NT-proBNP with incident mortal-
ity, we further used different BNP/NT-proBNP
thresholds, confirming the association of higher
natriuretic peptides with increased mortality risk in
nonheart failure cohorts (Supplemental Table 1). Ef-
fect sizes decreased with higher BNP/NT-proBNP
thresholds.
DETERMINING BNP AND NT-proBNP THRESHOLDS.

After demonstrating the significant and risk factor
independent association of BNP/NT-proBNP levels
with survival probability in patients without heart
failure, we performed a ROC analysis in the deriva-
tion cohort to assess the predictive ability of BNP/
NT-proBNP for long-term survival. For BNP/
NT-proBNP alone, we observed an area under the
curve of 0.622 (Supplemental Figure 1). Based on the
ROC-analysis and Youden’s J index, the 29th sex
specific percentile was determined as optimal cut-off
value, representing a BNP-threshold of 9.6 and
29 pg/mL and a NT-proBNP threshold of 65 and 77
pg/mL for men and women, respectively (Central
Illustration). Table 3 depicts the univariate and

https://doi.org/10.1016/j.jacadv.2023.100688
https://doi.org/10.1016/j.jacadv.2023.100688


FIGURE 1 Kaplan-M

Kaplan-Meier-curve

patients With BNP/N

test confirmed a sign

peptide; NT-proBNP

TABLE 3 Cox-regression Analysis for BNP/NT-proBNP Thresholds as Predictor for

All-cause Mortality

Derivation Cohort Validation Cohort

HR (95% CI) P Value HR (95% CI) P Value

Unadjusted 3.19 (1.75-5.82) <0.001 3.02 (1.43-6.35) 0.004

Adjusted for age, sex 2.51 (1.36-4.64) 0.003 2.67 (1.23-5.81) 0.01

Multivariable adjusteda 2.44 (1.32-4.53) 0.005 2.78 (1.26-6.14) 0.01

HR (95% CI) per SD for the BNP/NT-proBNP ranges was calculated using Cox proportional hazards regression
models. aMultivariable model adjusted for sex, age, LDL, diabetes, systolic blood pressure, smoking status, family
history for coronary artery disease.

BNP ¼ brain natriuretic peptide; LDL-C ¼ low-density lipoprotein-cholesterol; NT-proBNP ¼ N terminal pro-
hormone of natriuretic peptide.
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multivariable Cox regression analysis for the associ-
ation of natriuretic peptides with mortality. When
controlling for traditional risk factors, BNP/NT-
proBNP levels above these thresholds were associ-
ated with increased mortality (derivation cohort: 2.44
[95% CI: 1.32-4.53], P ¼ 0.005; validation cohort: 2.78
[95% CI: 1.26-6.14], P ¼ 0.01). Figure 1 displays
Kaplan-Meier curves illustrating the all-cause mor-
tality among patients stratified by the 29th percentile
BNP/NT-proBNP threshold in the derivation and
validation cohorts (Figure 1).

In subgroup analyses, there was a trend toward a
stronger association of BNP/NT-proBNP level above
the threshold and all-cause mortality in patients older
than 60 years, female patients and patients with
known cardiac diagnosis, however, without signifi-
cant interaction (Figure 2). No relevant association of
elevated BNP/NT-proBNP levels with all-cause
eier Curve for Survival of Patients With vs. Without Elevated Natriuretic

for survival stratified by the 29th percentile BNP/NT-proBNP threshold in th

T-proBNP levels below the 29th percentile, while the red line depicts the surv

ificant difference between both groups (P < 0.0001 for the derivation coho

¼ N-terminal prohormone brain natriuretic peptide.
mortality was observed in patients with impaired
renal function, while in patients with normal renal
function, increased natriuretic peptides were strongly
and independently associated with all-cause mortal-
ity. Stratifying by patients with shorter
(0.87 � 0.74 years; median 0.66 [IQR: 0.25-1.41] years)
and longer follow-up duration (6.85 � 3.80 years;
median 5.68 [IQR: 3.22-10.19] years), we observed
numerically slightly higher effect sizes for patients
with shorter follow-up duration, while the difference
did not reach statistical significance. In specific, BNP
above the 29th percentile significantly associated with
mortality in subgroups of shorter and longer follow-
up. In subgroup analysis for patients with and
without hypertension, effect sizes for the association
of BNP/NT-proBNP levels above the threshold and all-
cause mortality did not differ significantly. Effect
sizes for patients with coronary artery disease
compared to patients without coronary artery disease
remained strong and independent for the association
of BNP/NT-proBNP levels and all-cause mortality
(Figure 2).

Adding above vs below the 29th percentile of
BNP/NT-proBNP to a multivariable model including
traditional cardiovascular risk factors led to
significant improvement in Harrell’s C statistic
(Table 4). This was supported by an improvement in
net reclassification (67% of events and 33% of
nonevents were correctly reclassified) and a signif-
icant integrated discrimination improvement
(Table 4).
Peptides

e derivation (A) and validation cohort (B). The blue line depicts the

ival curve for patients with higher BNP/NT-proBNP-levels. Log-rank

rt; P ¼ 0.0038 for the validation cohort). BNP ¼ brain natriuretic



TABLE 4 Harrell’s C Statistic, Net Reclassification Improvement, and Integrated

Discrimination Improvement of the BNP Threshold Over Traditional Cardiovascular Risk

Factors for Prediction of All-cause Mortality

Effect size P Value

Harrell’s C for MV model without BNP 0.66952 —

Harrell’s C for MV model with BNP 0.69346 —

Difference in AUC 0.0239 (0.00109-0.0468) 0.04

Category free net reclassification improvement 0.33701 (0.2206-0.4534) <0.0001

Integrated discrimination improvement 0.006307 (0.0039-0.0087) <0.0001

MV models include: age, sex, systolic blood pressure, low-density-lipoprotein-cholesterol, diabetes, smoking
status, and family history of premature coronary artery disease.

AUC ¼ area under the curve; BNP ¼ brain natriuretic peptide; MV ¼ multivariable.

FIGURE 2 Forest Plot for Appropriate Subgroups

Forrest Plot for subgroup analyses for the association of BNP/NT-proBNP thresholds with all-cause mortality, stratifying by other risk factors,

clinical conditions, and follow-up duration. BNP ¼ brain natriuretic peptide; NT-proBNP ¼ N-terminal prohormone brain natriuretic peptide.
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DISCUSSION

In the present analysis of the ECAD-registry, we
determined sex specific thresholds of BNP/
NT-proBNP, which served as a predictor of all-cause
mortality. In the present cohort, 70% of the
included patients had diagnosed coronary artery
disease and 15% had other cardiac conditions.

In a fully adjusted multivariable analysis, BNP/
NT-proBNP levels above the defined thresholds were
associated with an approximately 2.5-fold increase
risk of all-cause mortality. These data suggest that the
utilization of BNP threshold of 9.6 and 29 pg/mL and
NT-proBNP thresholds of 65 and 77 pg/mL for men
and women, respectively, can serve as novel sex-
specific BNP/NT-proBNP cut-offs, qualifying for the
detection of patients with impaired long-term
prognosis.

Natriuretic peptides are well established in clinical
routine for diagnosis and prognosis estimation as well
as guiding therapy in heart failure.4,14,15 It has been
described that hypertensive patients have higher
natriuretic peptides.16 To evaluate, whether the
presence of hypertension may have impacted our re-
sults, we performed a sensitivity analysis in patients
with vs without elevated systolic blood pressure as
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well as with vs without hypertension, demonstrating
that the association of elevated natriuretic peptides
with impaired prognosis is independent of the pres-
ence of hypertension. In addition, previous data sug-
gest that BNP/NT-proBNP may also be associated with
increased cardiovascular risk and all-cause mortality
in patients with coronary artery disease,17-20 being in
particular predictive of cardiac events in symptomatic
patients21 as well as in general population cohorts and
nonheart failure patients.9,22-25 In a healthy reference
sample of a large European population-based study,
the 90th percentile was described as a threshold,
stratifying patients with and without future cardio-
vascular events.9 While effect sizes using this
approach were comparable to our findings, it led to
slightly higher cut-off values for both BNP and
NT-proBNP as compared to the present analysis.
However, a validation of these thresholds has not been
performed so far. In contrast, we stratified our cohort
into a derivation and validation group, establishing
the thresholds based on actual event rate in the deri-
vation cohort. Subsequently we validated the thresh-
olds in the validation cohort, observing similar
predictive ability. In a recently performed meta-
analysis on 66 studies with over 89,000 patients, we
demonstrated that BNP/NT-proBNP levels are of
prognostic value in patients with and without known
heart failure as well as in the general population. We
found that the effect sizes for the association of
natriuretic peptides with MACE were independent of
the predetermined cut-off values.25 This meta-
analysis underlined the need for validated cut-off
values in nonheart failure patient cohorts that
qualify for risk stratification. The present analysis
provides such sex-specific thresholds that are associ-
ated with an increase in all-cause mortality and may
qualify for the improving the risk assessment in clin-
ical routine.

The circulating concentration of BNP/NT-proBNP is
a well-established diagnostic tool for the detection of
heart failure. However, other clinical conditions and
diseases lead to elevated natriuretic peptides that
need to be accounted for when interpreting BNP/
NT-proBNP levels. BNP/NT-proBNP levels depend on
age and sex, with higher values being described in the
elderly and in women.26-28 The present cohort is
mostly representative of male sex; however, we
found comparable results for male and female sex
when using sex specific thresholds.

BNP/NT-proBNP are secreted by cardiomyocytes
due to mechanic wall stress but also myocardial
ischemia leads to augmented BNP gene expression,
resulting in increased BNP/NT-proBNP levels,1,29-32

while successful percutaneous coronary
revascularization therapy decreases plasma concen-
trations.33,34 In subgroup analysis, effect sizes for
patients with coronary artery disease compared to
patients without coronary artery disease remained
strong and independent for the association of BNP/
NT-proBNP levels and all-cause mortality. Impaired
kidney function influences plasma concentrations of
BNP35 and in particular of NT-proBNP due to its renal
elimination.36 We found utilization of the here
described threshold for BNP/NT-proBNP predicted
outcome only in patients with normal renal function,
while its application in patients with chronic kidney
disease was not associated with future events.
Further studies are needed to determine appropriate
thresholds also for patients with concomitant renal
impairment.

In the present analysis patients with heart failure
were excluded. While we observed markedly lower
BNP/NT-proBNP values as in heart failure cohorts,
our results support the hypothesis that within normal
range, elevated BNP/NT-proBNP values are a sign of
multifactorial underlying diseases which is linked
to poorer patient outcome. Therefore, if BNP/
NT-proBNP is increased above the thresholds as
established here, further workup of underlying dis-
eases and subsequent therapy may improve the
prognosis. Further studies are warranted to confirm
our results and establish the mechanistic causality
between underlying disease and prognosis.
STUDY LIMITATIONS. In the ECAD registry, only all-
cause mortality is available as endpoint for longitu-
dinal analyses. Therefore, we were not able to
examine the association of natriuretic peptides with
cardiovascular events, specifically. Our cohort repre-
sents a clinical and symptomatic cohort of patients
undergoing invasive coronary angiography. The pre-
sent findings are based on a predominantly male
cohort. General population cohorts are needed to
confirm, whether the here described thresholds also
apply for asymptomatic and primary prevention co-
horts. As part of the ECAD-registry, only the primary
discharge diagnosis was assessed. Unfortunately, no
further information on secondary diagnoses is avail-
able, ultimately limiting the understanding of the
comorbidities of the patients in the cohort.
Furthermore, body mass index was not available
for the present cohort. When stratifying by duration
of follow-up, we observed numerically higher
effect sizes for patients with follow-up duration
of <2.6 years as compared to $2.6 years, suggesting
that elevated BNP-values associated stronger with
short term mortality. However, also for patients with
follow-up duration of $2.6 years (6.85 � 3.80 years),
we observed a significant association between
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elevated natriuretic peptides and incident mortality,
independent of other cardiovascular risk factors.
Lastly, our results are based on a predominantly
White population; hence generalization to other
ethnic groups remains uncertain.

CONCLUSIONS

In a large cohort of patients with cardiovascular dis-
eases but without heart failure, elevated natriuretic
peptides levels were associated with increased long-
term all-cause mortality. The majority of included
patients had diagnosed coronary artery disease or
other cardiac conditions. These data suggest the uti-
lization of novel sex-specific BNP/NT-proBNP
thresholds, which may qualify for the detection of
patients with impaired long-term prognosis.
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