
Higher BNP/NT-pro BNP levels stratify prognosis
equally well in patients with and without heart failure:
a meta-analysis

Stefanie Hendricks, Iryna Dykun, Bastian Balcer, Matthias Totzeck, Tienush Rassaf and Amir A. Mahabadi*

West German Heart and Vascular Center Essen, Department of Cardiology and Vascular Medicine, University Hospital Essen, Essen, Germany

Abstract

Aims The initial and dynamic levels of B-type natriuretic peptide (BNP) and N-terminal-prohormone BNP (NT-proBNP) are
routinely used in clinical practice to identify patients with acute and chronic heart failure. In addition, BNP/NT-proBNP levels
might be useful for risk stratification in patients with and without heart failure. We performed a meta-analysis to investigate,
whether the value of BNP/NT-proBNP as predictors of long-term prognosis differentiates in cohorts with and without heart
failure.
Methods and results We systematically searched established scientific databases for studies evaluating the prognostic value
of BNP or NT-proBNP. Random effect models were constructed. Data from 66 studies with overall 83 846 patients (38 studies
with 46 099 patients with heart failure and 28 studies with 37 747 patients without heart failure) were included. In the analysis
of the log-transformed BNP/NT-proBNP levels, an increase in natriuretic peptides by one standard deviation was associated
with a 1.7-fold higher MACE rate (hazard ratio [95% confidence interval]: 1.74[1.58–1.91], P < 0.0001). The effect sizes were
comparable, with a substantial overlap in the confidence intervals, when comparing studies involving patients with and with-
out heart failure (1.75[1.54–2.0], P < 0.0001 vs. 1.74[1.47–2.06], P < 0.0001). Similar results were observed when stratifying
by quartiles of BNP/NT-proBNP. In studies using pre-defined cut-off-values for BNP/NT-proBNP, elevated levels were associ-
ated with the long-term prognosis, independent of the specific cut-off value used.
Conclusions BNP/NT-proBNP levels are predictors for adverse long-term outcome in patients with and without known heart
failure. Further research is necessary to establish appropriate thresholds, especially in non-heart failure cohorts.

Keywords BNP; NT-proBNP; Prognosis; General population cohorts

Received: 6 October 2021; Revised: 13 May 2022; Accepted: 3 June 2022
*Correspondence to: Amir Abbas Mahabadi, West German Heart and Vascular Center, Department of Cardiology and Vascular Medicine, University Hospital Essen,
Hufelandstr. 55, 45147 Essen, Germany. Phone: +49 (0)201/723 84822; Fax: +49 (0)201/723 5484. Email: amir-abbas.mahabadi@uk-essen.de

Introduction

Natriuretic peptides (B-type natriuretic peptide [BNP] and N-
terminal-prohormone BNP [NT-proBNP]) are cardiac hor-
mones secreted in the atria and ventricles. They play impor-
tant roles in electrolyte and water homeostasis, lipolysis and
blood pressure regulation. Both are synthesized in response
to mechanic stress and neurohormonal stimulation (i.e. the
release of noradrenalin and angiotensin II).1,2 The initial
and dynamic levels of BNP and NT-proBNP are routinely
used in clinical practice to identify patients with acute and
chronic heart failure and to stratify them according to risk.3

In addition to its value in patients with heart failure, BNP/
NT-proBNP may also serve as a predictor of the manifesta-
tion of cardiovascular disease in primary prevention cohorts
independent of whether traditional cardiovascular risk
factors are present.4,5 In addition, in a large registry, BNP/
NT-proBNP levels were effectively used to stratify patients
with coronary artery disease but without heart failure ac-
cording to survival.6 Considering those observations, BNP/
NT-proBNP levels are gaining interest as predictors of major
adverse cardiac events (MACEs) and all-cause mortality
and can potentially be used for cardiovascular risk
stratification.
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The standardized cut-off levels for BNP and NT-proBNP
that are currently used in clinical practice are based on the
stratification of patients with heart failure. In patients with-
out heart failure, however, relatively lower values are ob-
served. This leads to the assumption that the prognosis for
patients with BNP/NT-proBNP levels at the upper limit of
the normal range might be worse than the prognosis for pa-
tients with BNP/NT-proBNP levels lower in the range, even if
both are determined to be within the normal boundaries.
However, a specific cut-off level of BNP/NT-proBNP for the
prediction of prognosis in patients without heart failure has
not yet been determined. Therefore, we performed a
meta-analysis of existing studies investigating the value of
BNP/NT-proBNP as a predictor of long-term prognosis in pa-
tients with heart failure and the general population.

Methods

We performed a systematic review and meta-analysis of
existing studies to evaluate the predictive ability of BNP/NT-
proBNP for the long-term prognosis in patients with and with-
out heart failure. The systematic review and meta-analysis
of studies were performed following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines7 and in accordance with the ‘Meta-analysis Of Ob-
servational Studies in Epidemiology (MOOSE)’
recommendations8 and the Cochrane Handbook for System-
atic Reviews of Interventions.9 The study was registered in
INPLASY with the ID 202240175.

Data sources, searches, and selection

The database searches were performed by two authors (S. H.
and I. D.) in PubMed, the Cochrane Library, SCOPUS, and
Web of Science. We used the following key search terms:
‘BNP’ or ‘NT-proBNP’ and ‘prognosis’. Manuscripts with pro-
spective data assessments published prior to 24 April 2020
were included in our search. We made our search specific
and sensitive using Medical Subject Heading terms and free
text. The search was restricted to full-text articles with
human subjects that were published in English. All duplicates
were identified and removed manually. We screened 8401
articles by reading the abstracts. Two authors (S. H. and
I. D.) independently reviewed the titles and abstracts of the
studies. Studies that remained after the initial screening were
subjected to full-text assessments to identify the studies that
met the inclusion criteria. This process was supervised by
A. A. M., and a consensus was negotiated in cases of
disagreement.

Data inclusion criteria

We included prospective studies evaluating the prediction of
all-cause mortality or MACEs based on BNP or NT-pro BNP
levels. Only studies with a follow-up duration >90 days were
included. There were no restrictions on comorbidities. Only
studies in adults were included (inclusion criteria: age
>18 years). We included studies analysing clinical as well as
population based cohorts.

Data exclusion criteria

Studies evaluating the occurrence of events other than
MACEs or all-cause mortality (e.g. atrial fibrillation) were ex-
cluded. Records were screened and studies were excluded
with undesired topic, if no or only the abstract was available,
if the full text article was not available in English language.
Secondly, only full text articles were assessed for eligibility.
Retrospective, meta-analysis, systematic reviews and unde-
sired study designs were excluded. We excluded, studies
not subdividing heart failure and non-heart failure individ-
uals. However, analysing increase or decrease of BNP/NT-
proBNP levels or lack of comparability were excluded. Studies
including individuals <18 years of age were excluded.

Outcomes and measures of association

The primary endpoint was defined as all-cause mortality or
major cardiac events (MACE). MACE was defined differently
in the included studies, however only studies including at
least one of the following definitions were added: cardiovas-
cular or all-cause mortality, myocardial infarction, stroke, or
heart failure hospitalization. Details on the definition of
MACE in the included studies are depicted in Table 1.
Outcome measure was defined as hazard ratios and corre-
sponding confidence intervals.

Exposure

To ensure comparability, we analysed studies by dividing and
analysing them based on the increments and BNP/NT-proBNP
thresholds. We separated by (i) log-transformed BNP/NT-pro
BNP levels and increment of 1 SD increase; (ii) increment of 1
SD; (iii) those that separated the BNP/NT-proBNP levels into
quartiles; and (iv) using pre-defined cut-off levels. While
some studies subdivided BNP/NT-proBNP levels into quartiles
before analysing them, some studies predefined specific
cut-off levels for analysing increased risk.

Included studies were not specific heart failure cohorts.
Studies including cohorts with only a minority of heart failure
patients in the included individuals like the one of Peet et al.
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were assigned to ‘non-heart failure’. Likewise, in general pop-
ulation cohorts also individuals with existing heart failure may
be included. However, as subjects with present heart failure
represent only a minority of these cohorts, only account for
these studies were categorized as non-heart failure cohorts.

Data extraction

Data were extracted independently by S. H. and I. D. using a
pre-specified collection form. The following data were col-
lected: year of publication, overall sample size, mean age,
percentage of male patients, existing heart failure, percent-
age of patients with chronic kidney disease (if available),
clinical cohort or general population, follow-up in years,
median or mean BNP/NT-proBNP levels at baseline, left ven-
tricular ejection fraction (LV-EF), hazard ratios (HR) and their
associated confidence intervals (CI), and the increments or
cut-off values used in the regression analysis. We extracted
the values for the primary endpoint, the overall cohort, and
fully adjusted multivariable models, as defined by the respec-
tive studies. If multivariable models were not available,
univariate model results were included. Whenever BNP or
NT-proBNP was reported in pmol/L, we converted the values
to pg/mL to allow comparisons.

Data analysis

The mean/median age, percentage of patients who were
male, mean/median BNP/NT-proBNP levels, LV-EF and
percentage of patients with chronic kidney disease are pre-
sented for all participants in each study. To ensure compara-
bility, we analysed studies by dividing those that separated
the BNP/NT-proBNP levels into quartiles using pre-defined
cut-off levels and those that calculated hazard ratios via log-
transformed BNP/NT-proBNP levels or per 1 SD increase
and analysing them. Data are expressed as hazard ratios
and 95% confidence intervals for dichotomous outcomes.
The definition of the outcomes used was that reported in
the individual studies. Heterogeneity was assessed using
the I2 statistic. A value >75% indicated considerable
heterogeneity.9 All hazard ratios and corresponding confi-
dence intervals are displayed in the form of forest plots. All
analyses were performed using Review Manager 5.4 (The
Cochrane Collaboration).

Results

Trial recruitment and patient characteristics

The initial search resulted in 8401 citations. A total of 7686
studies were excluded after the titles and abstracts wereTa
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read. The full text of the remaining 715 articles were read,
and 647 records were excluded based on study design, lack
of the outcomes of interest, and short follow-up durations
(<90 days). The PRISMA chart showing the study selection
and exclusion process is shown in Figure 1. Overall, 66 studies
with a total of 83 846 patients were included. The mean/me-
dian age in the included studies ranged from 41 to 85 years.
The mean/median BNP/NT-proBNP levels ranged from 11.5
to 832 pg/mL for BNP and 8.23 to 10 997 pg/mL for NT-
proBNP. As expected, in studies including general population
cohorts and individuals without known heart failure, the
BNP/NT-proBNP levels were lower than in studies including
heart failure patients. The mean/median LV-EF ranged from
24 to 67%. Twenty-one studies used log-transformed BNP/
NT-proBNP levels, eight studies defined the BNP/NT-proBNP
level increase per SD, and 25 used predetermined cut-off
values. Twelve studies stratified BNP/NT-pro BNP levels into
quartiles before analysing the predictive ability. Two studies
stratified BNP/NT-pro BNP levels into tertiles and one study
stratified them into quintiles; these studies were excluded
because of the lack of comparability.

BNP/NT-pro BNP as a predictor of long-term
prognosis

All included studies were performed prospectively. The lon-
gest follow-up duration was 13 years,10 and the shortest
was 6 months.11–14

In the 21 studies using log-transformed BNP/NT-pro BNP
levels, an increased risk of 74% for the primary endpoint
was observed in patients with elevated levels (HR [95% CI]:
1.74 [1.58, 1.91]) (Figure 2A).

Eight of the included studies defined the hazard ratio per 1
SD increase and showed a 45% higher risk of the primary end-
point in patients with elevated levels of BNP/NT-proBNP (1.45
[1.24–1.70]) (Figure 3). Six studies used community-based
cohorts,15–20 limiting the analysis of studies that only included
patients with known heart failure (n = 2).

Comparable effect sizes and overlapping confidence inter-
vals were observed in studies comparing the fourth quartile
of BNP/NT-proBNP levels to the first as a reference (2.77
[1.80–4.25]) (Figure 4).

We performed subgroup analysis for studies using log
transformed BNP/NT-pro BNP as well as for studies using
BNP/NT-pro BNP in quartiles. We observed similar effect
sizes without significant differences in the subgroups of heart
failure and non-heart failure individuals (P for subgroup dif-
ferences in log transformed = 0.85; P for subgroup differ-
ences in quartiles = 0.20) (Figures 2B and 4). We did not per-
form subgroup analysis for studies presenting BNP/NT-pro
BNP per 1 SD increase because only two of those studies in-
cluded heart failure individuals. Subgroup analysis did not
seem to be appropriate due to lack of comparability.

As duration of follow-up varied among the included
studies, we performed a subgroup analysis in the group of
log-transformed BNP/NT-pro BNP values and observed
similar effect sizes after separating the studies according
to duration of follow-up (till <1 year, till 1–5 years, and
longer than >5 years for the analysis of log-transformed
BNP/NT-proBNP values and observed similar effect sizes in-
dependent of duration of follow-up (HF [95% CI)]: 1.87
[0.94, 3.71]; 1.86 [1.56, 2.22]; 1.64 [1.37, 1.95]). The test
for subgroup differences among the subgroups was not sig-
nificant (P = 0.59).

Almost all studies include male and female participants,
except for the study of Wannamethee et al. 2014, and
Zethelius et al. 2008, which included only male participants.
Considering this, we evaluated the effect when removing
these two studies from the analysis and reported similar
effect sizes. Removing the study of Zethelius et al. we
documented a hazard ratio of 1.43 [1.22–1.67] compared
with including the study of Zethelius et al. 1.45 [1.24–1.7].
Likewise, similar effect sizes were observed when removing
the study of Wannamethee et al. (2.49 [1.64–3.78]
compared with including the study of Wannamethee (2.77
[1.8–4.25]).

Assuming that clinical cohorts are already on higher risk of
all-cause mortality we performed another subgroup analysis.
We separated the studies to their setting clinical vs popula-
tion based cohorts and observed relevant differences. As
expected, we observed higher effect sizes in the subgroup
of clinical cohorts (clinical cohorts: 2.32 [1.94, 2.79], popula-
tion based cohorts: 1.46 [1.28, 1.65] Supporting Information,
Figure S2).

When comparing studies that used cut-off values for BNP/
NT-proBNP, the predictive value remained consistent (2.68
[1.69–4.24]) (Supporting Information, Figure S1). Indepen-
dent of whether the pre-determined BNP/NT-proBNP cut-off
levels were in the normal range or drastically higher, the
effect sizes were similar (Figure 5). This supports the
assumption that BNP/NT-proBNP levels have predictive prog-
nostic value in general population cohorts, independent of
whether the cut-off value used is inside the normal range
or above the cut-off values routinely used for the diagnosis
of heart failure.

Due to the large number of included studies and difficul-
ties of comparability, we observed considerable heterogene-
ity among all primary analyses, with an I2 > 75%.

In order to preclude publication bias we performed
publication bias analysis. Overall, the funnel plots did not
suggest that publication bias was of relevant concern
(Supporting Information, Figure S3). Only for the analysis
using log transformed BNP/NT-pro BNP values, there was
a signal that was caused by the study of D’Amato et al.
However, effect sizes remained stable when removing the
study of D’Amato et al. from the analysis (detailed data
not shown).
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Discussion

BNP/NT-proBNP is a well-established marker used in routine
clinical practice for the diagnosis of heart failure and the
evaluation of therapeutic response. Moreover, in patients
with heart failure, BNP/NT-proBNP levels provide prognostic
information. In addition, recent data suggest that in general
population cohorts and cohorts of patient without heart fail-
ure, BNP/NT-proBNP levels can be used to identify individ-
uals at increased cardiovascular risk. In this meta-analysis,
we confirmed that BNP is a strong predictor of MACEs. Effect
sizes were comparable for patients with and without heart
failure and were independent of the thresholds used. Our re-
sults indicate that in general population cohorts or clinical
cohorts of patients without heart failure, BNP/NT-proBNP
levels can be used for the assessment of cardiovascular risk,
with lower cut-off values than those used in heart failure
cohorts.

When using BNP/NT-proBNP levels in clinical practice, sev-
eral influencing factors should be considered: with increasing
age, BNP/NT-proBNP levels normally increase. Sex-based
cut-off values are reasonable, given that BNP levels are

significantly higher in women than in men.21 Furthermore,
kidney function is a matter of concern, because decreasing
kidney function is associated with elevated levels of BNP/
NT-proBNP. We found a stable association of BNP/NT-proBNP
with MACEs in heterogeneous cohorts, including diverse age
groups and populations with high proportions of patients
with chronic kidney disease, and after the application of a
wide variety of cut-off values, suggesting that despite the
observation of various ranges in different cohorts, BNP/NT-
proBNP levels can be used as reliable predictors of the risk
of MACEs.

BNP versus NT-proBNP

NT-proBNP, which is a biologically inactive peptide, is se-
creted from cardiomyocytes at the same time as BNP, which
is the biologically active peptide.1,2 Due to different elimina-
tion mechanisms, the half-life of NT-proBNP is longer and
its plasma concentrations are higher.22 Additionally, the sta-
bility of NT-proBNP makes it easier to measure in routine clin-
ical practice. Previous data showed that NT-proBNP is a more

Figure 1 PRISMA flowchart for the search strategy of selected studies.
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sensitive predictor of MACEs in the general population4; how-
ever, this finding was not confirmed in a clinical cohort.23 For
the primary analysis, we combined BNP and NT-pro BNP in
the same analysis. However, when stratifying by specific
BNP and NT-proBNP thresholds, we observed no relevant dif-
ference of the effect sizes based on whether BNP or
NT-proBNP was used in the studies (Figure 5A,B). This obser-
vation is in line with the current ESC guidelines for the

diagnosis and treatment of acute and chronic heart failure,
where cut-off values for BNP and NT-proBNP are defined
without preferring one biomarker over the other.3

Thresholds in non-heart failure cohorts

While clinical cut-off values have been established for pa-
tients with heart failure, the thresholds associated with in-

Figure 2 (A) Forest plot of all included studies using log-transformed BNP/ NT-pro BNP. (B) Forest plot of all included studies using log-transformed
BNP/NT-pro BNP, subgroups.
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creased cardiovascular risk in patients without heart failure
are unclear. In a large general population cohort, cut-off
values for BNP/NT-proBNP were determined by the 90th per-
centile in healthy subjects, resulting in values of 31.3 pg/mL
(men) and 45.5 pg/mL (women) for BNP and 106 pg/mL
(men) and 173 pg/mL (women) for NT-proBNP. Applying
these thresholds in a general population cohort improved
the prediction of the risk of cardiovascular events indepen-
dent of the presence of traditional cardiovascular risk factors
over a follow-up period of 9 years.4 In accordance with the
findings of the present meta-analysis, these findings sug-
gested that lower cut-off values for BNP/NT-proBNP than
those used for the diagnosis of heart failure could be used
for risk stratification in patients without heart failure. There-

fore, our findings highlight the need for additional research
to establish and validate the thresholds for the levels of
BNP and NT-pro BNP in patients without heart failure that
are indicative of an increased cardiovascular risk.

Strengths and limitations

The strengths of our analysis include the large number of
studies, including more than 89 000 subject, and the broad
spectrum of inclusion criteria. However, due to the variability
in cohorts, the endpoints also varied in the included studies.
Furthermore, whenever available, fully adjusted multivariate
hazard ratios were used in this meta-analysis; however, the

Figure 4 Forest plot and subgroup analysis of all included studies using quartiles.

Figure 3 Forest plot of all included studies using BNP/NT-pro BNP levels per 1 SD increase.
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variables used for adjustment differed among the studies. In
some included studies, multivariable models were not avail-
able, so univariate models were used.13,24–28 Furthermore, a
total of 11 studies had to be excluded due to a lack of compa-
rability of the increments used. Last, we did not stratify stud-
ies according to acute or chronic heart failure status.

Conclusions

BNP/NT-proBNP can be used as predictors of the long-term
prognosis in patients with and without heart failure patients.
Our results also support the routine assessment of natriuretic
peptides for the assessment of risk in non-heart failure co-

Figure 5 Association of elevated BNP (A) and NT-proBNP (B) values with MACE events, stratified by level of threshold.

BNP/NT-pro BNP levels stratify prognosis 3207

ESC Heart Failure 2022; 9: 3198–3209
DOI: 10.1002/ehf2.14019



horts, highlighting the need for studies establishing and vali-
dating the thresholds for the levels of BNP and NT-pro BNP in
patients without heart failure that are indicative of an in-
creased cardiovascular risk.
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