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Abstract

Aims Recently, B-type natriuretic peptide (BNP) has been attracting attention as a predictor of stroke in patients with atrial
fibrillation or those with prior stroke experience. However, the association between BNP and stroke has not been examined in
patients with chronic heart failure (CHF). In the current study, we assessed whether BNP is associated with future occurrence
of stroke in patients with CHF.
Methods and results We prospectively studied 1803 consecutive patients who were admitted for decompensated HF and
assessed the predictive value of circulating BNP levels for occurrence of post-discharge stroke.
A total of 69 (3.8%) patients experienced a stroke (the stroke group) during the post-discharge follow-up period of a median of
1150 days. The stroke group showed a higher CHADS2 score. With respect to past medical history, the stroke group had a
higher prevalence of arterial hypertension, atrial fibrillation, prior stroke, and chronic kidney disease. Echocardiographic pa-
rameters showed no significant differences between the two groups. In contrast, BNP levels were significantly higher in the
stroke group than in the non-stroke group (452.1 vs. 222.7 pg/mL, P < 0.001). Multivariate Cox proportional hazard analysis
indicated that BNP levels were independently associated with post-discharge stroke (hazard ratio 2.636, 95% confidence inter-
val 1.595–4.357, P < 0.001). The survival classification and regression tree analysis revealed that the accurate cut-off point of
BNP in predicting post-discharge stroke was 187.7 pg/mL. We added high BNP level (BNP ≥ 180 pg/mL) as one point to CHADS2
score. The BNP-added CHADS2 score was compared with CHADS2 score alone by using c-statistics. The areas under the curve of
CHADS2 score, BNP, and BNP-added CHADS2 score were 0.698, 0.616, and 0.723, respectively. The predictive value of
BNP-added CHADS2 score was higher compared with those of CHADS2 score (P = 0.026).
Conclusions The assessment of BNP may predict the occurrence of stroke in CHF patients used alone or in combination with
established CHADS2 score.
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Introduction

Currently, the mortality in patients with heart failure (HF) re-
mains significantly high compared with those without HF.1

Apart from cardiac causes, the high mortality rate of patients
with HF is also related to non-cardiac causes.2 Stroke is

considered one of the leading comorbidities among
non-cardiac diseases responsible for approximately 1% of
death in this patient cohort.2 The mortality rate from stroke
has been unchanged in the last decade, and the prediction
of stroke in this population remains an urgent clinical issue.2

In the general population, atrial fibrillation (AF) is regarded as
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a leading cause of stroke, and CHADS2 score has been used to
predict the occurrence of stroke in HF patients.3–5 However,
the predictive value of clinical criteria in the occurrence of
stroke in these patients has not been sufficiently investigated.

B-type natriuretic peptide (BNP) is a neurohormone se-
creted by cardiomyocytes of the ventricles in response to vol-
ume expansion and pressure overload.6–8 Furthermore, BNP
is a diagnostic marker of cardiac overload in patients with
HF8–10 and is generally used for diagnosis of HF and/or
merkmal in HF management. BNP can be used as an indepen-
dent predictor of functional status of the myocardium in pa-
tients with chronic HF (CHF).8 Previous studies have
identified BNP as a predictor of stroke in patients with AF
or those with prior stroke experience.11–13 However, the as-
sociation between the levels of BNP and stroke has not been
investigated in patients with CHF. Thus, in the current study,
we assessed whether BNP is associated with future occur-
rence of stroke in patients with CHF.

Methods

Study population

We conducted a prospective observational study of 1960 con-
secutive decompensated HF patients who were both admitted
to, and discharged from, Fukushima Medical University Hospi-
tal between 2010 and 2018. The diagnosis of decompensated
HF was made by the patient’s attending cardiologist based on
the HF guidelines of the European Society of Cardiology
(ESC).14We excluded 157 patients who were receiving dialysis.
Consecutively, 1803 patients with decompensated HF were in-
cluded in the study. During the follow-up period, which was a
median of 1150 days (ranging 2–3318 days), 69 patients expe-
rienced acute stroke (from 2–2945 days), 426 patients were
re-hospitalized from worsening HF (from 5–3039 days), and
458 experienced all-cause mortality (from 12–3146 days).
Stroke was diagnosed by experienced neurologists and de-
fined as an acute episode of focal dysfunction of the brain, ret-
ina, or spinal cord lasting longer than 24 h or of any duration if
computed tomography and/or magnetic resonance imaging or
autopsy showed focal brain infarction or haemorrhage rele-
vant to the patient’s symptoms.3,4 We divided the study pop-
ulation into two groups: patients who experienced a stroke
after discharge (stroke group, n = 69, 3.8%) and those who
did not (non-stroke group, n = 1,734, 96.2%).

The recording of patient age, sex, body mass index, past
medical history, prescribed medications, laboratory data, and
echocardiographic data was performed prior to discharge.
The presence of comorbidities and past medical history was
defined in accordance with previous reports.15–19 These as-
sessments were performed during hospitalization. We evalu-
ated CHADS2 score, which consists of clinical parameters,

such as congestive HF, arterial hypertension (AH),
age ≥ 75 years old, diabetes mellitus, and prior stroke.5 Data
regarding history of prior HF hospitalization, coronary artery
disease, peripheral arterial disease, stroke, and malignant can-
cer were obtained from the patients’ medical records. The
presence of AF was determined via electrocardiogram per-
formed upon hospital admission and/or from medical
records.15–19 Peripheral artery disease was diagnosed accord-
ing to the guidelines using computed tomography, angiogra-
phy, and/or ankle-brachial index based on the peripheral
arterial disease guidelines of American College of
Cardiology/American Heart Association.20,21 The patients
were followed up until March 2019 for occurrence of stroke.
The data on clinical status andmortality of study patients were
obtained from the patients’ medical records, attending physi-
cians at the patient’s referring hospitals, or by contacting pa-
tients by telephone.15–19 Survival time was calculated from
the date of discharge. The study protocol was approved by
the ethical committee of FukushimaMedical University, the in-
vestigation conforms with the principles outlined in the Decla-
ration of Helsinki, and reporting of the study conforms to the
Strengthening the Reporting of Observational Studies in Epide-
miology statement.15–19 The written informed consent was
obtained from all study participants at discharge.

Blood samples

Blood samples were obtained with the patients in a stable con-
dition without changes in medications prior to discharge. BNP
levels were measured using a specific immunoradiometric as-
say (Shionoria BNP kit, Shionogi, Osaka, Japan).

Assessment of echocardiographic data

Echocardiography was blindly performed by experienced car-
diologists using standard techniques within 1 week prior to
discharge. The left ventricular ejection fraction (LVEF) was de-
termined and measured from the four-chamber view using
Simpson’s methods.15–19 HF with preserved ejection fraction
was defined as LVEF ≥ 50%, HF with mid-range ejection frac-
tion was defined as LVEF 40–49%, and HF with reduced ejec-
tion fraction LVEF <40%.22 In the present study, there were
862 (47.8%) HF with preserved ejection fraction patients,
233 (12.3%) HFmrEF patients, and 390 (21.6%) HF with re-
duced ejection fraction patients. All measurements were per-
formed using ultrasound systems (ACUSON Sequoia, Siemens
Medical Solutions USA, Inc., Mountain View, CA, USA).

Statistical analysis

The Shapiro–Wilk test showed that all continuous variables
were non-parametric and were therefore presented as
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median (interquartile range). Categorical variables were
expressed as numbers and percentages. Continuous variables
were compared using the Mann–Whitney U test, and the
chi-square test was used for comparisons of categorical vari-
ables. Adjusted hazard ratios (HRs) and 95% confidence inter-
vals (CIs) of each variable associated with stroke were
calculated by the Cox proportional hazard model. The best
cut-off points of BNP for a new stroke were explored using
survival classification and regression tree (CART) analysis.
Kaplan–Meier analysis was used for presenting
post-discharge new stroke, and the log-rank test was used
for initial comparisons. To evaluate improvements of prog-
nostic value by adding BNP, we also performed c-statistics
to compare conventional CHADS2 score and the BNP-added
CHADS2 score. We included high BNP level as one component
to the CHADS2 score (high BNP level was determined via

CART analysis). A P value of<0.05 was considered statistically
significant for all comparisons. These analyses were per-
formed using statistical software packages (SPSS ver. 24.0,
IBM, Armonk, NY, USA; EZR ver. 1.37, Saitama Medical Cen-
ter, Jichi Medical University, Saitama, Japan).

Results

Of the 1803 hospitalized HF patients, stroke occurred in 68
(3.8%) after discharge. The clinical characteristics of the study
patients are presented in Table 1. The stroke group had a
higher CHADS2 score compared with the non-stroke group,
which may be explained by higher prevalence of AH, AF, prior
stroke, and/or chronic kidney disease in these patients. The

Table 1 Baseline patient characteristics

Non-stroke (n = 1,734) Stroke (n = 69) P value
Demographic data
Age (years old) 69.0 (59.0–77.0) 72.0 (62.0–79.0) 0.070
Male sex (n, %) 1,037 (59.8) 38 (55.1) 0.432
Body mass index (kg/m2) 22.8 (20.5–25.7) 23.0 (20.7–25.8) 0.674
NYHA class 68 (3.9) 5 (7.2) 0.144

III or IV at discharge (n, %)
CHADS2 Score 3 (2–3) 4 (3–5) <0.001
Type of HF 0.829

HFrEF (n, %) 377 (26.4) 13 (23.6)
HFmrEF (n, %) 223 (15.6) 10 (18.2)
HFpEF (n, %) 830 (58.0) 32 (58.2)

Past medical history
Smoking status (n, %) 876 (51.7) 36 (54.5) 0.655
Prior HF admission (n, %) 543 (32.4) 26 (38.2) 0.313
Arterial hypertension (n, %) 1,164 (67.1) 55 (79.7) 0.029
Diabetes mellitus (n, %) 671 (38.7) 26 (37.7) 0.865
Dyslipidemia (n, %) 1,228 (70.8) 45 (65.2) 0.317
Atrial fibrillation (n, %) 688 (39.7) 37 (53.6) 0.021
Coronary artery disease (n, %) 499 (28.8) 21 (30.4) 0.766
Peripheral arterial disease (n, %) 174 (17.3) 7 (14.3) 0.579
Prior stroke (n, %) 278 (16.0) 37 (53.6) <0.001
Chronic kidney disease (n, %) 881 (50.8) 44 (63.8) 0.035
Anaemia (n, %) 835 (48.2) 37 (53.6) 0.373
Malignant tumour (n, %) 329 (19.7) 18 (26.5) 0.174
Medication at discharge
β blocker (n, %) 1,301 (75.0) 55 (79.7) 0.377
ACEI/ARB (n, %) 1,225 (70.6) 60 (87.0) 0.003
MRA (n, %) 717 (41.3) 29 (42.0) 0.911
Calcium-channel antagonist (n, %) 568 (32.8) 36 (52.2) 0.001
Loop diuretic (n, %) 1,188 (68.5) 52 (75.4) 0.229
Inotropic agent (n, %) 186 (10.7) 5 (7.2) 0.357
Anticoagulant (n, %) 1,012 (58.4) 47 (68.1) 0.107

Vitamin K antagonist (n, %) 770 (44.4) 35 (50.7) 0.300
Direct oral anticoagulants (n, %) 318 (18.3) 13 (18.8) 0.916

Antiplatelet agent (n, %) 785 (45.3) 33 (47.8) 0.676
Laboratory data
BNP (pg/mL) 222.7 (77.5–552.2) 452.1 (199.2–779.3) <0.001
Echocardiographic data
Left ventricular ejection fraction (%) 54.1 (39.0–63.9) 53.0 (40.2–63.4) 0.823

NYHA, New York Heart Association; HF, heart failure; HFrEF, HF with reduced ejection fraction; HFmrEF, HF with mid-range ejection
fraction; HFpEF, HF with preserved ejection fraction; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker;
MRA, mineralocorticoid receptor antagonist; BNP, B-type natriuretic peptide.
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number of stroke patients who received
angiotensin-converting enzyme inhibitors and/or angiotensin
receptor blockers and calcium-channel antagonists was
higher than that of non-stroke patients. In contrast, sex, body
mass index, New York Heart Association (NYHA) functional
class, the HF type, other co-morbidities, and medications
did not significantly differ between the two groups. BNP
levels were significantly higher in the stroke group compared
with the non-stroke group (452.1 vs. 222.7 pg/mL, P < 0.001,
respectively). Echocardiographic parameters showed no sig-
nificant differences between the two groups.

The univariate Cox proportional hazard analysis revealed
that age, NYHA functional class of HF, CHADS2 score, AF, prior
stroke, chronic kidney disease, the use of
angiotensin-converting enzyme inhibitors and/or angiotensin
receptor blockers, calcium-channel antagonists, as well as
the levels of BNP were associated with post-discharge stroke
(Table 2). Furthermore, we performed a multivariate Cox pro-
portional hazard analysis, which revealed that NYHA class,
(HR 3.276, 95% CI 1.269–8.456, P = 0.014), prior stroke (HR
8.715, 95% CI 3.573–21.259, P < 0.001), the prescription of

calcium-channel antagonists (HR 2.058, 95% CI 1.241–3.414,
P = 0.005), and levels of log-BNP (HR 2.562, 95% CI 1.556–
4.220, P < 0.001) were independent predictors of
post-discharge stroke. The survival CART analysis revealed
the cut-off point of BNP in predicting stroke (BNP of
187.7 pg/mL). Finally, this cut-off point was evaluated by
the Kaplan–Meier analysis (Figure 1). We have shown that pa-
tients with BNP of ≥187.7 pg/mL experienced a high inci-
dence of stroke (log-rank P < 0.001).

We included a BNP level of ≥180 pg/mL as an additional
parameter to CHADS2 score based on the optimal cut-off
points obtained by CART analysis. The BNP-added CHADS2
score was compared with CHADS2 score alone for predicting
future stroke by using a receiver operating characteristic
curve (Figure 2). The areas under the curve of CHADS2 score,
BNP, and BNP-added CHADS2 score were 0.698, 0.616, and
0.723, respectively. The predictive value of BNP-added
CHADS2 score was higher compared with that of CHADS2
score alone (P = 0.026), suggesting that adding BNP may im-
prove the predicting role of this score for future occurrence
of stroke in patients with CHF.

Table 2 Cox proportional hazard analysis for predicting stroke

Unadjusted Multiple

HR 95% CI P value HR 95% CI P value

Age 1.027 1.008–1.047 0.006 1.011 0.987–1.035 0.363
Male sex 0.865 0.538–1.390 0.549 – – –

Body mass index 1.014 0.958–1.073 0.628 – – –

NYHA class III or IV at discharge 3.794 1.510–9.532 0.005 3.276 1.269–8.456 0.014
CHADS2 Score 1.690 1.422–2.009 <0.001 0.734 0.512–1.052 0.092
Type of HF – – –

HFrEF Reference 0.666
HFmrEF 1.199 0.526–2.735 0.830
HFpEF 1.073 0.563–2.045

Smoking history 1.106 0.681–1.795 0.685 – – –

Prior HF 1.261 0.773–2.059 0.353 – – –

Arterial hypertension 1.619 0.899–2.916 0.108 – – –

Diabetes mellitus 0.951 0.584–1.547 0.838 – – –

Dyslipidemia 0.629 0.382–1.035 0.068 – – –

Atrial fibrillation 1.853 1.154–2.977 0.011 1.224 0.751–1.996 0.417
Coronary artery disease 1.090 0.653–1.820 0.742 – – –

Peripheral arterial disease 0.815 0.366–1.814 0.616 – – –

Prior stroke 5.673 3.534–9.107 <0.001 8.715 3.573–21.259 <0.001
Chronic kidney disease 1.885 1.153–3.083 0.011 1.249 0.739–2.108 0.406
Anaemia 1.289 0.803–2.069 0.293
Malignant tumour 1.656 0.965–2.839 0.067 – – –

β blocker 1.174 0.652–2.111 0.593 – – –

ACEIs/ARB 2.236 1.108–4.510 0.025 1.695 0.827–3.473 0.150
MRA 0.980 0.607–1.581 0.934 – – –

Calcium-channel antagonist 2.108 1.314–3.381 0.002 2.058 1.241–3.414 0.005
Loop diuretics 1.473 0.851–2.547 0.166 – – –

Inotropic agents 0.778 0.313–1.933 0.588 – – –

Anticoagulant 1.400 0.843–2.324 0.193 – – –

Antiplatelet agent 0.958 0.597–1.537 0.858 – – –

Log-BNP 2.862 1.812–4.523 <0.001 2.562 1.556–4.220 <0.001
LVEF 0.998 0.982–1.015 0.847 – – –

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CI, confidence interval; HF, heart failure; HF with
mid-range ejection fraction; HFmrEF, HFpEF, HF with preserved ejection fraction; HFrEF, HF with reduced ejection fraction; HR, hazard
ratio; log-BNP, log-transformed B-type natriuretic peptide; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor
antagonist; NYHA, New York Heart Association.
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FIGURE 1 Kaplan–Meier analysis for stroke in high [B-type natriuretic peptide (BNP) ≥ 187.7 pg/mL] and low BNP (BNP ≤ 187.7 pg/mL) groups. Event
rates were analysed by a log-rank test.

FIGURE 2 Receiver operating curves of CHADS2 score, B-type natriuretic peptide (BNP), and BNP-added CHADS2 score for predicting stroke. The
BNP-added CHADS2 score was compared with CHADS2 score for predicting future stroke by using c-statistics. The predictive value of BNP-added
CHADS2 score was higher than that of CHADS2 score (P = 0.026). AUC, area under the curve; CI, confidence interval.
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Discussion

To the best of our knowledge, the present study was the first
to report that increased BNP level is an independent predic-
tor of a high incidence of stroke in patients with CHF. The in-
cidence of new stroke was significantly higher in CHF patients
with high BNP levels compared with those with low levels of
BNP. The optimal cut-off point was more than 187.7 pg/mL as
determined by CART analysis.

Patients with HF are at an increased risk of having a
prothrombotic or hypercoagulable state because of abnormal
blood flow, particularly in the left atrial appendage, and en-
dothelial dysfunction secondary to dilatation and fibrotic
changes in the left atrium. Such states can cause a stroke.
Thus, HF is an independent risk factor for stroke and systemic
embolism.11,23,24 This is a reason why the CHADS2 score, one
of the scoring systems to predict stroke risk in patients with
AF, has congestive HF as one component.5,25 Moreover, HF
and AF are interrelated conditions. HF leads to structural
and electrical atrial remodelling and can thus cause AF. On
the other hand, AF can cause acute decompensation of CHF
due to haemodynamic deterioration, which can also cause a
stroke.26–28 In the present study, we have shown that high
levels of BNP are predictors of stroke in patients with CHF.
This may be explained by the significant remodelling of the
atrium and ventricle, a high occurrence of AF, and develop-
ment of peripheral and/or pulmonary oedema in patients
with severe HF, which consecutively increased the risk of
stroke development in this patient cohort.

Previous studies have shown that levels of BNP were asso-
ciated with occurrence of stroke in heterogeneous groups of
patients (e.g. general population, patients with AH, AF, or
acute ischaemic stroke).11–13,29,30 However, the association
of BNP levels with incidence of stroke has never been inves-
tigated in patients with CHF. BNP was reported to be a bio-
marker for predicting the incidence of cardioembolic stroke
in the general population, although the detail of the general
population such as comorbidities has not yet been fully
examined.13 A previous prospective observational study of
AH patients showed that plasma BNP level (≥143 pg/mL) is
a predictor for lacunar infarcts and ischaemic cerebral small
vessel disease, which accounts for approximately 20% of all
stroke cases.31 BNP levels are affected by the presence of
AH and/or stroke, and the simultaneous presence of AH
and stroke results in a more significant increase in BNP levels,
than the presence of either stroke or AH alone.32 Addition-
ally, a prospective study of patients with non-valvular AF
showed that high plasma BNP levels (≥170 pg/mL) were asso-
ciated with thromboembolic events, and BNP may be a useful
biomarker, which can either be used alone or in combination
with scoring systems for stroke such as CHADS2 score.

11 An-
other retrospective study showed that high level of BNP
(≥173 pg/mL) was the only independent predictor of left
atrial appendage thrombus in anticoagulated AF patients.33

The cut-off values of BNP in these studies were similar to that
in the present study for CHF patients. Thus, the present study
is first to show that BNP is an independent predictor of
post-discharge stroke in hospitalized HF patients. The assess-
ment of BNP levels seems to be useful for predicting progno-
sis and incidence of stroke in patients with CHF. In the
established scoring systems for predicting stroke (e.g.
CHADS2 score), only the presence of CHF itself has been con-
sidered. The results of the present study suggest that the pre-
dictive value of CHADS2 score alone for stroke seems to be
insufficient in patients with CHF, and that adding the BNP
levels (BNP ≥ 180 pg/mL) might improve prediction of stroke
in patients with CHF. Not only the presence but also severity
of HF, as manifested by BNP levels, seems to be associated
with occurrence of future stroke. BNP is a neurohormone se-
creted by the cardiac ventricles in response to cardiac wall
stress such as volume or pressure overload to act in the
body’s various tissues and induce vasodilation and natriuresis
and is used to monitor the progression of cardiac
congestion.8,34,35 The increased wall stress may act directly
or indirectly via cellular mediators to adjust a variety of mo-
lecular and cellular remodelling events determining the struc-
tural and functional properties of the myocardium.7

Haemodynamic changes therefore occur in the cardiac atrium
or ventricle, which results in a prothrombotic or hypercoagu-
lable state.11,23 Additionally, higher BNP levels may indicate
asymptomatic or non-recorded AF, which is one of the causes
of stroke. The levels of BNP increase depend on the states of
haemodynamic stress or neurohumoral activation in HF
patients,34 and might be associated with stroke, as well as
poor cardiac prognosis. In conclusion, the BNP levels can pre-
dict the incidence of stroke in patients with CHF either alone
or in combination with established CHADS2 score.

Study limitations

The present study has several limitations. First, the study in-
cluded a relatively small number of patients from a single
centre with low occurrence of stroke (3.8%); therefore, the
results do not represent the general HF population. Second,
because the present study included variables during hospi-
talization for decompensated HF, without taking into consid-
eration changes in medical parameters and post-discharge
treatment, we should take care when extrapolating our find-
ings to patients with stable CHF. Third, because of the
study’s observational design, we could not explain the causal
relationship between BNP levels and stroke. Fourth, the per-
centage of patients who developed decompensated HF due
to AF was not investigated and will be addressed in future
studies. Therefore, the present results should be viewed as
preliminary, and further studies with a larger population
are needed.
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