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BACKGROUND: Measurement of B-type natriuretic pep-
tide (BNP) in plasma may have its greatest potential in
primary care, as general practitioners need to rapidly
identify patients who warrant further medical review.
The aim of the present study was to examine the prog-
nostic information of BNP measurement on all-cause
mortality in a large Danish primary care cohort.

METHODS: This study covered a cohort of Danish primary
care patients (n � 61665) with a median follow-up period
of 4.36 years (interquartile range, 2.29–6.62 years). BNP
was measured in plasma using the ADVIA Centaur/
CentaurXP platform. The association of BNP with mortal-
ity was assessed with a hazard ratio for all-cause mortality
from a multivariable Cox proportional hazards model.

RESULTS: Kaplan–Meier curves showed decreasing survival
probability with increasing BNP (P � 0.001). Each dou-
bling of BNP increased mortality by 32.3% (95% CI,
30.8–33.8) when adjusted for sex and age, and by 25.3%
(95% CI, 23.8–26.8) when further adjusted for Charlson
comorbidity index, hemoglobin, estimated glomerular fil-
tration rate, glycohemoglobin, and thyroid-stimulating hor-
mone. Also, in a subcohort (n � 10824) without biochem-
ical signs of severe kidney failure, anemia, polycythemia,
hypothyroidism or hyperthyroidism, or dysregulated diabe-
tes, each doubling of BNP increased mortality by 28.6%
(95% CI, 22.8–34.7).

CONCLUSIONS: Our results show that even in a primary
care population, BNP measurements contain prognostic
information regarding all-cause mortality.
© 2018 American Association for Clinical Chemistry

In plasma, B-type natriuretic peptide (BNP)4 and its mo-
lecular precursor (proBNP) are recommended plasma
markers for heart failure diagnosis (1–3 ). In addition to
their use as diagnostic tools, they also provide important
prognostic information for patients suffering from chronic
heart failure (4).

Although most studies have focused on patients with
cardiovascular disease, some studies have examined the
utility of BNP and N-terminal-proBNP (NT-proBNP)
as general prediction markers of later morbidity and
death (5–14). Although BNP is the biological active
component, NT-proBNP often has been the preferred
marker, partly because of its preanalytical stability in
samples (15 ). However, BNP and NT-proBNP have
been tested in only a limited number of studies that in-
cluded primary care patients, for whom the markers may
have their greatest potential (16–19). Primary care pa-
tients are usually more heterogeneous than patients in
specialized hospital departments, and the symptomatol-
ogy for cardiovascular disease may resemble many other
medical conditions. In particular, dyspnea is common in
elderly people presenting in primary care, but the under-
lying cause may be difficult to establish based on clinical
presentation alone.

In the present study, we examined the prognostic
value of BNP measurement for all-cause mortality in a
large Danish cohort of primary care patients suspected of
having heart failure by their general practitioner (GP).
Although most studies concerning prognosis have been
performed using NT-proBNP as the marker, we exam-
ined BNP. Notably, this cohort is largely unselected and
has a low morbidity when compared with hospital-based
cohorts and thereby reflects the general population at
large seeking help from their GPs. Our results will con-
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tribute to demonstrating the prognostic value of BNP
measurement in a primary care setting.

Materials and Methods

The present study includes data from primary care pa-
tients in the Copenhagen area of Denmark. In Denmark,
all citizens have direct access to primary care at no cost,
and access to other practicing specialists and hospital care
is also free in case a referral from a GP has been provided.
Approximately 98% of Danish citizens are listed with a
GP, and Danish GPs are important gatekeepers to more
specialized patient care (20 ). This organization of the
Danish healthcare system leads to relatively uniform and
efficient disease detection and control. The population of
the Copenhagen area is predominantly of Danish descent
(83%) or non-Danish European descent (9%) as defined
by Statistics Denmark in 2008 (21 ).

The GPs in the Copenhagen area were served by the
Elective Laboratory of the Capital Region (ELCR) until
December 2015. ELCR covered approximately 1.2
million inhabitants and provided a wide range of biochem-
ical, physiological, and cardiac tests. The ELCR was accred-
ited for International Organization for Standardization
(ISO) standards ISO17025 and ISO15189. All results of
the analyses performed by the ELCR since July 2000 have
been saved in the Copenhagen Primary Care Laboratory
(CopLab) database.

GPs were instructed by the laboratory to obtain
BNP measurements as a rule-out analysis in patients sus-
pected of chronic heart failure. If the BNP results ex-
ceeded 100 ng/L, the GP was advised to refer the patients
for echocardiography. Current international guidelines
recommend 2 BNP cutoff concentrations, with no age or
sex differentiation, for gradual (35 ng/L) and acute (100
ng/L) onset of heart failure (1 ). A single cutoff concen-
tration (100 ng/L) was used by ELCR for ruling out
suspected heart failure, but in the present study we in-
cluded both cutoff concentrations endorsed by current
guidelines for further analysis.

The study population comprised all patients referred
to ELCR between November 1, 2006, and December 31,
2015, for measurement of plasma BNP (n � 104957
requests). Results that met 1 of the following 5 criteria
were subsequently excluded: (a) requests from non–
primary care physicians (n � 3826), (b) measurements
from people with a nonvalid social security number (n �
129), so that all measurements could be linked to the
Danish Civil registration systems, (c) patient age �18
years (n � 352), (d) nonnumeric results [including re-
sults marked as �2 ng/L (n � 1847) and �5000 ng/L
(n � 15)], and (e) technically failed results (n � 657),
resulting in n � 98131 requisitions after exclusion crite-
ria were applied. If �1 BNP concentration was present
from a patient, a random selection was performed,

resulting in a total of 61670 unique patients with 1
BNP result each. Random selection was used because
it was unknown whether the patient had been tested
before. Five patients who died the same day as the
BNP was measured were excluded, ultimately result-
ing in a total of 61665 unique patients with 1 BNP
result each. For more details, see Fig. 1.

Circulating BNP concentration is affected by age
(22 ), sex (22 ), renal failure (23 ), obesity (24 ), and met-
abolic dysfunction (25 ); studies investigating the cor-
relation between thyroid dysfunction and BNP and
NT-proBNP concentrations show conflicting results
(26–28). In the general population, moderate anemia
has been found to be associated with significantly in-
creased concentrations of NT-proBNP (29 ). Moreover,
all the aforementioned conditions are known to be re-
lated to mortality. Hence, apart from age and sex, we
collected results from the following blood tests: hemoglo-
bin (Hb) (available for 85.3% of the included patients),
glycohemoglobin (HbA1c) (37.2%), thyroid-stimulating
hormone (TSH) concentration (73.1%), and creatinine
(CR) needed to calculate the estimated glomerular filtra-
tion rate (eGFR) (88.3%). The test result needed to be
obtained within �30 days from the BNP measurement
to be considered timely, and if �1 Hb, HbA1c, TSH, or
CR was obtained in that period, the 1 closest to the BNP
measurement was chosen.

To adjust for possible confounding by comorbid
conditions, we computed Charlson comorbidity index
(CCI) scores (30 ), which are based on chronic condi-
tions, each weighted according to its potential to influ-
ence mortality. We used diagnoses in the National Hos-
pital Register (31 ) during the 3-year period before the
BNP measurement to define the occurrence of the
chronic conditions among the patients.

To investigate whether the predictive value of BNP
is different when testing people without markers of heart
disease, a low-risk subpopulation was defined by omit-
ting patients with eGFR �60 mL/min/1.73 m2, anemia,
polycythemia, HbA1c suggestive of diabetes, hypothy-
roidism, and hyperthyroidism according to the criteria
described below, and patients with unknown status in
any of the above-mentioned biomarkers from the pri-
mary cohort, ultimately resulting in a low-risk subpopu-
lation of 10824 patients.

Anemia was defined as Hb �11.7 g/dL (women)
and �13.4 g/dL (men), according to suggested reference
intervals in the Nordic reference interval project
(NORIP). Polycythemia was accordingly defined as
Hb �15.3 g/dL (women) and Hb �17.0 g/dL (men)
(32 ). HbA1c �48 mmol/mol was considered as the
cutoff for diabetes according to the WHO definition
(33 ). Thyroid function was defined as hyperthyroid at
TSH levels �0.2 IU/L and hypothyroid at TSH levels
�5 IU/L according to criteria set by the ELCR. Kid-
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ney function was categorized according to KDIGO
2017 into kidney failure (eGFR, �15 mL/min/1.73
m2), severely decreased (eGFR, 15–29 mL/min/1.73
m2), moderately to severely decreased (eGFR, 30 – 44
mL/min/1.73 m2), mildly to moderately decreased
(eGFR, 45–59 mL/min/1.73 m2), mildly decreased
(eGFR, 60 – 89 mL/min/1.73 m2), and normal or high
(�90 mL/min/1.73 m2) (34 ).

Complete cases (n � 17256) were defined as pa-
tients who had no missing values for any of the covariates.

The study was approved by the Danish Data Protec-
tion Agency through the joint notification of the Faculty
of Health and Medical Sciences at the University of Co-
penhagen. According to Danish legislation, no ethical
approval or patient consent was required because the pa-
tients were not approached at any time during the con-
duct of the study.

BIOCHEMICAL ANALYSES

BNP analysis. BNP was measured in plasma using the
ADVIA Centaur/CentaurXP platform (Bayer/Siemens
Healthcare Diagnostics). Blood samples were collected at
the laboratory and centrifuged, with plasma immediately
analyzed (55% of the samples), or blood samples were
collected at the GP’s office, transported and stored over-
night at ambient temperature, then centrifuged, with
plasma analyzed immediately (45% of the samples). The
assay was standardized according to an internal standard
of the manufacturer, which was produced using synthetic
human BNP-32 (amino acids 77–108). The measuring
range was 2.0 ng/L to 5000 ng/L, and the interserial
CV% was �20% (at levels �2.5 ng/L) and 20% (at level
2.5 ng/L) as reported by the manufacturer of the assay.
The interserial CV% was 4.6% (at level 43.5 ng/L,

Fig. 1. Flowchart summarizing inclusion and exclusion criteria from the total number of BNP requisitions in the CopLab database.

BNP and Mortality in Danish Primary Health Care
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n � 20), 3.4% (at level 447 ng/L, n � 20), and 2.8%
(at level 1611 ng/L, n � 20). The assay was subject to
external quality control through participation in the ex-
ternal quality assessment (EQA) scheme of the BNP
(LabQuality). The assessment scheme included 4 distri-
butions annually, each comprising 1 or 2 samples. The
results from EQA through the entire study period (from
2006 to 2015) confirmed the reliability of the assay. The
results from the ELCR deviated less than the target limit
of �15% set by LabQuality. The mean deviation from
the method mean in samples with clinically relevant con-
centrations (�35 ng/L) was 4.8% (n � 60).

Other biochemical analyses. Hb and HbA1c were assessed
in whole blood (35 ). TSH was determined in serum by
the ADVIA Centaur/CentaurXP TSH assay (Bayer/Sie-
mens). CR was assessed in serum as described (35 ), and
the 2009 CKD-EPI CR equation was used to calculate
the eGFR (36 ). The assays for determination of Hb,
HbA1c, CR, and TSH were all subject to external quality
control through participation in the EQA scheme
(LabQuality). The results of the EQA confirmed the re-
liability of the assays.

STATISTICAL ANALYSIS

The outcome was defined as the time from a given BNP
measurement until death of any cause or end of follow-up
on December 31, 2016. The association between BNP
groups and survival was assessed with Kaplan–Meier
curves and a log-rank test. Cox proportional hazards
models were used to assess the association between the
concentration of BNP (transformed with the base-2 log-
arithm) adjusted for sex and age (centered at age 65 years)
in both the whole and low-risk subpopulations. To fur-
ther adjust for other potential confounders CCI, Hb,
HbA1c, TSH (transformed with the base-2 logarithm),
and eGFR, a Cox proportional hazards model was fitted
in combination with multiple imputation by chained
equations to account for missing observations in these
covariates (37 ). To assess the sensitivity of the results, the
same model was fitted only to the complete data cases.
The statistical analyses were performed with the statisti-
cal software R (version 3.4.1). A P value of 5% was con-
sidered significant.

Results

The study included a total of 61665 patients. Baseline
characteristics of the study population are shown in Ta-
ble 1. Mean (SD) age at baseline was 64.9 years (16.2),
and the participants included 34317 women (55.6%).
The median concentration of plasma BNP was 29.8 ng/L
[interquartile range (IQR) 13.8–70.6], and only 616 of
patients (1.0%) had a concentration �2.5 ng/L. The
median of the CCI was 0 (IQR, 0–2), indicating a cohort

with a low degree of comorbidity. The frequency distri-
butions of BNP, Hb, HbA1c, TSH, and eGFR measure-
ments are shown in Table 1. The median follow-up pe-
riod was 4.36 years (IQR, 2.29–6.62).

A total of 13633 (22.1%) patients died during the
follow-up period. In Fig. 2, Kaplan–Meier curves are plot-
ted for overall survival probability in patients stratified into 4
groups: �35 ng/L, �35 ng/L and �100 ng/L, �100 ng/L
and �175 ng/L, and �175 ng/L. The survival probability
decreased significantly as BNP increased (P � 0.001).

Fig. 3 shows the overall survival as a function of BNP
stratified into sex and population (whole population and
low-risk subpopulation). In both populations and sexes,
mortality increased with BNP. Each doubling of BNP
increased mortality by 32.3% (CI, 30.8–33.8) adjusted
for sex and age in the whole population, and by 28.6%
(CI, 22.8–34.7) in the low-risk subpopulation (Table 2).

Further adjusted for covariates (CCI, Hb, HbA1c,
TSH, and eGFR), each doubling of BNP increased mortal-
ity by 25.3% (CI, 23.8–26.8) (Table 3). Analysis of the data
after exclusion of BNP values �2.0 ng/L and �2.5 ng/L
showed identical mortality percentages and CIs as those pre-
sented in Tables 2 and 3, indicating that the higher impre-
cision of the BNP assays at very low concentrations did not
change the results. Complete case analyses mirrored these
results (see Table 1 in the Data Supplement that accompa-
nies the online version of this article at http://www.
clinchem.org/content/vol64/issue12). Separate analysis of
results from blood samples collected at the laboratory and
the GPs’ offices mirrored the results in Table 2 and demon-
strated that transport and storage of the samples before anal-
ysis did not change the overall results and conclusions (see
Table 2 in the online Data Supplement).

Discussion

The current study is the first of this magnitude to exam-
ine the association between BNP concentrations in
plasma and all-cause mortality in a primary care popula-
tion of patients suspected of having heart failure. Most
other studies investigating the association between BNPs
and all-cause mortality implemented NT-proBNP as the
marker, whereas we investigated BNP. The large cohort
enabled us to include covariates from a considerable frac-
tion of the original cohort, which is homogenous with
respect to origin of country and general health status.
Most of the patients had normal levels of Hb, HbA1c,
TSH, and eGFR, and the prevalence of comorbidity was
low. The present study demonstrates that circulating
BNP is predictive of mortality in a primary care popula-
tion of patients suspected of having heart failure by their
GPs, confirming earlier studies of BNP (17, 18 ) and
NT-proBNP (16, 19 ) measured in smaller primary care
populations.
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Primary care represents the first line of medical con-
tact, and GPs often must decide whether a patient re-
quires further cardiovascular investigation based on the
clinical presentation and a few diagnostic aids. Hence,
the predictive value of BNP measurement in the present
population is of clinical relevance, although it has been
investigated infrequently compared with the general
population and patients referred to hospitals.

Current international guidelines recommend 2 cut-
off BNP concentrations with no age or sex distinctions

for gradual (35 ng/L) and acute (100 ng/L) onset of heart
failure (1 ). In the present study, we found a significant
decrease in survival probability at BNP concentrations
�35 ng/L, but as echocardiographic results and data on
causes of death were not included in this study, we were
not able to distinguish between cardiovascular and non-
cardiovascular death.

Alehagen et al. examined the risk of total and cardio-
vascular mortality in a Swedish primary care cohort of
474 patients and found that patients who died during the

Table 1. Baseline characteristics of the whole population.

Number of
observations Mean (SD) Median (IQR)

Number of
missing

Female/male 34317/27348

Age (years, both sex) 64.9 (16.2) 0

CCI 61665 0 (0–2) 0

BNP 61665 29.8 (13.8–70.6) 0

≥2.0 ng/L and <2.5 ng/L 616

≥2.5 ng/L and <35 ng/L 33572

≥35 ng/L and <100 ng/L 16539

≥100 ng/L and <175 5111

≥175 ng/L 5827

Hb 9017

Female: 29501 131.3 (13.7) 4816

Polycythemia (>15.3 g/dL) 1239

Normal (11.7–15.3 g/dL) 24610

Anemia (<11.7 g/dL) 3652

Male: 23147 141.9 (16.1) 4201

Polycythemia (>17.0 g/dL) 380

Normal (13.4–17.0 g/dL) 16731

Anemia (<13.4 g/dL) 6036

HbA1c 22914 40.4 (10.7) 38751

Normal (<48 mmol/mol) 19842

Elevated glycohemoglobin (≥48 mmol/mol) 3072

TSH 45056 1.5 (1.0–2.3) 16609

Hyperthyroidism (<0.2 IU/L) 620

Normal (0.2–5.0 IU/L) 42584

Hypothyroidism (>5 IU/L) 1852

eGFR 54451 81.1 (22.3) 7214

Kidney failure (<15 mL/min/1.73 m2) 111

Severely decreased (15–29 mL/min/1.73 m2) 935

Moderately to severely decreased (30–44 mL/min/1.73 m2) 2863

Mildly to moderately decreased (45–59 mL/min/1.73 m2) 5483

Mildly decreased (60–89 mL/min/1.73 m2) 23806

Normal or high (≥90 mL/min/1.73 m2) 21253

Baseline characteristics of the study population, showing the number of observations, mean (SD), median (IQR), and number of missing covariates sex, age, CCI, BNP, Hb, HbA1c, TSH,
and eGFR.

BNP and Mortality in Danish Primary Health Care
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Fig. 2. Overall survival by plasma BNP concentrations.
Kaplan–Meier curves plotted for overall survival probability in patients stratified into 4 BNP groups: <35 ng/L, ≥35 ng/L and <100 ng/L, ≥100
ng/L and <175 ng/L, and ≥175 ng/L. The survival probability decreased significantly as BNP increased (P < 0.001).

Fig. 3. Predicted overall survival by plasma BNP concentrations, sex, and population based on Cox models in Table 2.
The curves are depicted for each doubling of BNP concentration. In both populations and sexes, probability of survival decreased as BNP
increased.
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follow-up period had significantly higher initial mean
plasma concentrations of BNP, and that those who died
from cardiovascular causes had significantly higher mean
BNP values than those who died of other causes (18 ).
Similarly, Tsuchida et al. found BNP to be an important
prognostic marker of cardiovascular events and all-cause
mortality in 3123 outpatients from general practice in
Japan (17 ). Both studies were performed on much
smaller populations and with a BNP assay (Shionogi)
different from ours. As interracial differences in BNP
concentrations in patients hospitalized with heart failure
have been demonstrated by Krim et al., we could specu-
late that similar interracial differences may apply in a
primary care setting (38 ). Furthermore, the organization
of the Japanese healthcare system is markedly different
from the Danish. Therefore, verification in a large Dan-
ish predominantly white population is valuable. Rosen-
berg et al. (19 ) and Gustafsson et al. (16 ) examined the
association between NT-proBNP and all-cause mortality
in Danish primary care populations quite like ours.

Rosenberg et al. studied 5875 patients with symptoms
indicative of heart failure and found that an NT-proBNP
concentration of 229 to 363 ng/L was associated with a
factor 1.8 increase in risk of death compared with peptide
level �34 ng/L after adjusting for covariates (19 ). Simi-
larly, Gustafsson et al. examined 367 Danish primary
care patients referred for echocardiography by their GP
because of suspected heart failure and found that the
mortality rate was significantly higher in patients with
NT-proBNP �125 ng/L than in patients with normal
values after adjusting for age, sex, and left ventricular
ejection fraction (LVEF) (16 ). NT-proBNP and BNP
are both endorsed in clinical guidelines, and they are
produced from the same prostructure (proBNP), but dif-
ferences in processing and peripheral elimination of the
peptides, together with major assay differences, make di-
rect comparison of the results difficult.

Several studies have demonstrated an association be-
tween BNP or proBNP and all-cause mortality in the
general population (5–14). Kara et al. performed a

Table 2. Hazard ratio for all-cause mortality with BNP, sex, and age as covariates in whole population and low-risk
subpopulation.

HR 95% CI P value

Whole population (n = 61665)

log2 (BNP) 1.323 1.308–1.338 <0.001

Sex (female) 0.671 0.648–0.694 <0.001

Age 1.076 1.074–1.078 <0.001

Low-risk subpopulation (n = 10824)

log2 (BNP) 1.286 1.228–1.347 <0.001

Sex (female) 0.680 0.598–0774 <0.001

Age 1.087 1.080–1.094 <0.001

Hazard ratio (HR) for all-cause mortality using the Cox proportional hazards model. BNP, sex, and age were included as covariates in the whole population and low-risk subpopulation.

Table 3. Hazard ratios (HR) for all-cause mortality by Cox regression models.

HR 95% CI P value

log2 (BNP) 1.253 1.238–1.268 <0.001

Sex 0.656 0.633–0.680 <0.001

Age 1.073 1.071–1.075 <0.001

CCI 1.160 1.151–1.170 <0.001

Hb 0.988 0.987–0.989 <0.001

HbA1c 1.003 1.001–1.006 0.017

log2 (TSH) 0.966 0.945–0.982 <0.001

eGFR 1.001 1.000–1.003 0.082

Hazard ratio (HR) for all-cause mortality using the Cox proportional hazards model (n = 61 665). BNP, sex, age, CCI, Hb, HbA1c, TSH, and eGFR were included as covariates. To account
for missing observations, multiple imputations by chained equations (MICE) was used. Complete case analysis can be seen in Table 1 of the online Data Supplement.
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population-based prospective cohort study in Germany
using the Advia Centaur BNP assay, and found that the
all-cause mortality was higher in patients with BNP
�100 ng/L (28.2%) than in those with BNP �100 ng/L
(5.5%) (5 ). Kistorp et al. did a population-based pro-
spective study of 764 participants from Copenhagen,
Denmark, and found that increased NT-proBNP con-
centrations were associated with increased mortality
(11 ). The population in our study, however, differs sub-
stantially from the general population, as the patients of
our study contacted their GP with symptoms raising sus-
picion of heart failure. Investigating the association be-
tween BNP concentrations and all-cause mortality in a
population like ours is particularly relevant, as there is no
screening program of the general population and the GP
represents the first contact to medical care.

Furthermore, our study demonstrates that even in a
low-risk subpopulation free of renal failure, anemia,
polycythemia, dysregulated diabetes, or dysregulated
thyroid disease, BNP measurement remains predictive of
increased hazard of all-cause mortality.

The limitations of this study are that we were not
able to control for LVEF, tobacco, body mass index, or
blood pressure. Gustafsson et al. found a significantly
higher all-cause mortality rate in patients with NT-
proBNP �125 ng/L even after controlling for age, sex,
and LVEF (16 ). Dietl et al. performed a general
population-based cohort study in Germany with a me-
dian follow-up period of 12.9 years to evaluate whether
NT-proBNP concentrations were associated with long-
term cardiovascular or overall mortality independent of
clinical cardiac remodeling measured as left ventricular
hypertrophy, diastolic dysfunction, and LVEF. They
confirmed that NT-proBNP and BNP were strong pre-
dictors of cardiovascular disease, death, and all-cause
mortality, and that NT-proBNP was a strong predictor
of cardiovascular mortality independent of echocardio-
graphic signs of remodeling. The relative risk for all-cause

death was not significantly increased by higher concen-
trations of NT-proBNP when adjusted for clinical and
echocardiographic risk factors (13 ). Similarly, Wang et
al. found that adjusting for increased left ventricular
mass, left atrial diameter, and left ventricular systolic dys-
function, in addition to clinical covariates, attenuated the
association between log(BNP) and death, whereas BNP
continued to be significantly predictive of the risk of
heart failure (6 ). Further studies must be performed to
investigate the role of BNP for mortality in a primary care
population when adjusting for echocardiographic signs
of cardiac remodeling.

In conclusion, our study demonstrates that BNP mea-
surement provides important prognostic information re-
garding mortality in a large Danish primary care population.
The patients in this cohort had contacted their GP with
symptoms raising suspicion of heart failure, whereas most
studies have looked at either the general population or pa-
tients in specialized hospital departments. Examining the
association between BNP concentrations and all-cause mor-
tality in a primary care population like ours is very relevant,
as it represents the patients’ first contact with the primary
healthcare system, and through this contact the patients
eventually gain access to secondary care.
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