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Importance of B-Type Natriuretic Peptide in
the Detection of Patients With Structural
Heart Disease in a Primary Care Setting

Wataru Fujimoto, MD, PhD; Susumu Odajima, MD, PhD; Hiroshi Okamoto, MD, PhD;
Masamichi Iwasaki, MD; Manabu Nagao, MD, PhD; Akihide Konishi, MD, PhD;
Masakazu Shinohara, MD, PhD; Ryuji Toh, MD, PhD; Masanori Okuda, MD, PhD;
Ken-ichi Hirata, MD, PhD, FICS; Hidekazu Tanaka, MD, PhD, FICS

Background: Early detection and intervention for preclinical heart failure (HF) are crucial for restraining the potential increase in
patients with HF. Thus, we designed and conducted a single-center retrospective cohort study to confirm the efficacy of B-type
natriuretic peptide (BNP) for the early detection of preclinical HF in a primary care setting.

Methods and Results: We investigated 477 patients with no prior diagnosis of HF who were under the care of general practitioners.
These patients were categorized into 4 groups based on BNP concentrations: Category 1, 0 pg/mL<BNP<35pg/mL; Category 2,
35pg/mL<BNP<100pg/mL; Category 3, 100 pg/mL<BNP<200pg/mL; and Category 4, BNP >200pg/mL. There was a marked and
statistically significant increase in the prevalence of preclinical HF with increasing BNP categories: 19.9%, 57.9%, 87.5%, and 96.0%
in Categories 1, 2, 3, and 4, respectively. Compared with Category 1, the odds ratio of preclinical HF in Categories 2, 3, and 4 was
determined to be 5.56 (95% confidence interval [Cl] 3.57-8.67), 23.70 (95% CI 8.91-63.11), and 171.77 (95% CIl 10.31-2,861.93),
respectively.

Conclusions: Measuring BNP is a valuable tool for the early detection of preclinical HF in primary care settings. Proactive testing

in patients at high risk of HF could play a crucial role in addressing the impending HF pandemic.

Key Words: B-type natriuretic peptide; Preclinical heart failure; Structural heart disease

eart failure (HF) has become a global pandemic,
H with increasing prevalence, affecting an estimated

26 million people worldwide.!2 The overall preva-
lence of HF is expected to increase 2.3-fold by 2040 and
3-fold by 2060.3 Furthermore, the mortality rate of patients
with HF is 13.5% at 1 year and 43.3% at 5 years.* Clinical
HF in particular has poor outcomes, with 5-year survival
rates of 75% and 20% for Stage C and D HF, respectively.5
The number of patients with HF is expected to increase
further as the population ages.®? Although the prognosis
of individuals experiencing symptomatic HF is unfavor-
able, that of patients with structural heart disease (SHD)
who lack signs or symptoms of HF is more favorable.’
Hence, early detection and intervention in patients with
HF in the asymptomatic phase, often referred to as pre-
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clinical HF, is imperative to delay progression to clinical
HF. Nonetheless, patients in the preclinical stage of HF
are commonly managed by general practitioners, necessi-
tating the identification of HF in primary care settings.
Echocardiography plays a pivotal role in identifying
structural anomalies of the left ventricle (LV). Echocar-
diography can detect not only valvular heart disease and
LV systolic dysfunction, but also LV hypertrophy, left
atrial (LA) enlargement, and impaired LV systolic and
diastolic performance beyond the LV ejection fraction
(LVEF) owing to global longitudinal strain (GLS).8 Thus,
echocardiography is an excellent tool for detecting pre-
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629 consecutive patients with echocardiography and BNP data
between May 2020 and January 2023

Exclusion of
* 79 patients already diagnosed with heart failure
* 73 patients with poor echocardiographic images

477 Patients with no prior diagnosis of heart failure

Category 1 Category 2

N=272 N =140

(0 pg/mL< BNP <35 pg/mL) || (35 pg/mL < BNP < 100 pg/mL)

Category 3 Category 4
(100 pg/mL < BNP <200 pg/mL) | | (200 pg/mL < BNP)
N=40 N=25

Figure 1. Flowchart of patient recruitment to this study. BNP, B-type natriuretic peptide.

clinical HF. Nonetheless, for all patients at high risk, con-
ducting echocardiography to identify those who are at the
preclinical HF stage is neither economically nor logically
feasible. Echocardiography is a highly specialized proce-
dure and performing it with high precision is often chal-
lenging for non-specialist cardiovascular practitioners.

A B-type natriuretic peptide (BNP) assay is commonly
used to determine the presence and severity of HF. The
measurement of BNP concentrations is easy for non-spe-
cialist cardiovascular practitioners. Along with US and
European guidelines,>!? the Japanese Heart Failure Society
has endorsed the use of BNP for the early diagnosis of
HF.1' However, evidence demonstrating the contribution
of BNP to the early detection of preclinical HF in primary
care settings in Japan is lacking. Therefore, we conducted
a single-center retrospective cohort study to confirm the
efficacy of BNP for the early detection of preclinical HF
among patients in a primary care setting.

Methods

Study Population
In all, 629 consecutive patients with suspected cardiac dis-
ease who underwent simultaneous echocardiography and
measurement of BNP concentrations at the Okamoto Car-
diology Clinic between May 2020 and January 2023 were
retrospectively enrolled in this study (Figure 1). Of these
629 patients, 73 were excluded owing to poor echocardio-
graphic images and a further 79 were excluded because
they had already been diagnosed with HF. Therefore, the
final enrolment included 477 patients without a prior diag-
nosis of HF.

This study was approved by the Ethics Review Board of
the Awaji Medical Center (No. 23-45) and was conducted
in accordance with the Declaration of Helsinki.

Echocardiographic Examination
Echocardiography was performed using commercially avail-

able ultrasound systems (EPIQ System; Philips Medical
Systems, Andover, MA, USA), and standard echocardio-
graphic measurements were obtained in accordance with
the American Society of Echocardiography.!? Specifically,
the early diastolic velocity (E) was measured by means of
pulsed wave Doppler recording from the apical 4-chamber
view. Spectral pulsed-wave Doppler-derived early diastolic
velocity (¢) was obtained by averaging the septal and lat-
eral mitral annulus, and the E/e’ ratio was then calculated
to obtain an estimate of LV filling pressure. LV mass was
estimated from the formula proposed by Devereux et al,
and the LV mass index (LVMI) was calculated for each
subject by dividing LV mass by body surface area. LA
volume was calculated with the biplane modified Simp-
son’s method using apical 2- and 4-chamber views at ven-
tricular end-systole. GLS was assessed using 2-dimensional
speckle-tracking longitudinal strain from 3 standard apical
views with the aid of a single dedicated software program
(AutoSTRAIN; Philips Medical Systems) and was expressed
as an absolute value in accordance with the aforemen-
tioned current guidelines.

Measurement and Classification of Plasma BNP
Concentrations
Venous blood samples were collected using a tube contain-
ing edetic acid as an anticoagulant and aprotinin to pre-
vent the degradation of natriuretic hormones. Blood
samples were collected by clinicians under standard clinical
conditions. BNP was subsequently assayed using an immu-
nochromatographic method (Rapid tip; SEKISUI, Japan).
All patients were categorized into 4 groups based on BNP
concentrations. Specifically, 272 patients (57.0%) had BNP
concentrations ranging from 0 to 35pg/mL (Category 1);
140 patients (29.4%) had concentrations exceeding 35 but
not 100 pg/mL (Category 2); 40 patients (8.4%) had BNP
concentrations above 100 but not 200 pg/mL (Category 3);
and 25 patients (5.2%) had BNP concentrations exceeding
200 pg/mL (Category 4).
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Table 1. Baseline Characteristics of Patients According to BNP Category
Category 1 Category 2 Category 3 Category 4 P value
(n=272) (n=140) (n=40) (n=25)
BNP range (pg/mL) 0, <35 >35, <100 >100, <200 >200
Clinical characteristics
Age (years) 58.8+16.0 72.6+11.5* 77.3+8.7¢ 76.0+£8.3* <0.001
Female sex 124 (45.6) 76 (54.3) 20 (50.0) 10 (40.0) 0.317
BMI (km/m2) 24.3+3.8 23.6+£3.8 24.1+12.7 24.1+£3.2 0.366
Symptom
Shortness of breath 22 (8.1) 12 (8.6) 4 (10.0) 4 (16.0) 0.603
Edema 11 (4.0 11 (7.9) 1(2.5) 1(4.0) 0.324
Hemodynamics
Systolic BP (mmHg) 129.1+19.5 133.9+21.7 135.8+18.4 142.0+24.2 0.003
Diastolic BP (mmHg) 70.9+13.5 68.0+13.0 67.9+12.9 77.9+19.1t% 0.005
Comorbidities
Hypertension 151 (55.5) 98 (70.0)* 35 (87.5)* 21 (84.0)* <0.001
Diabetes 40 (14.7) 23 (16.4) 9 (22.5) 3(12.0) 0.593
Dyslipidemia 101 (37.1) 61 (43.6) 22 (55.0) 13 (52.0) 0.089
Atrial fibrillation 0(3.7) 16 (11.4)* 13 (32.5)*t 18 (72.0)* 1+ <0.001
Coronary intervention 24 (8.8) 19 (13.6) 10 (25.0)* 6 (24.0) 0.006
Obesity 21 (7.7) 7 (5.0) 2(5.0) 1(4.0) 0.664
Atherosclerosis 8(2.9) 4 (2.9) 2 (5.0) 0 (0.0) 0.717
Sleep apnea syndrome 4 (1.5) 2(1.4) 0 (0.0) 0 (0.0) 0.812
Laboratory data
Hemoglobin (g/dL) 13.8+1.6 13.2+1.6* 13.1£1.9 13.5+1.8 <0.001
BUN (mg/dL) 14.8+4.8 17.7+5.3* 19.5+7.8* 16.8+4.0 <0.001
Creatinine (mg/dL) 0.8+0.5 0.9+0.2 1.0+0.8 0.9+0.2 0.166
Medication
B-blocker 29 (10.7) 34 (24.3)* 10 (25.0) 11 (44.0)* <0.001
ACEi/ARB 90 (33.1) 52 (37.1) 19 (47.5) 15 (60.0) 0.017
MRA 9 (3.3) 8(5.7) 3(7.5) 0(0.0) 0.320
SGLT2i 24 (8.8) 18 (12.9) 3(7.5) 3(12.0) 0.562
Ca antagonist 58 (21.3) 36 (25.7) 14 (35.0) 7 (28.0) 0.247
Other diabetes drugs 28 (10.3) 18 (12.9) 6 (15.0) 2(8.0) 0.701
Insulin 6(2.2) 2(1.4) 0(0.0) 0(0.0) 0.656

Unless indicated otherwise, data are given as the mean+SD or n (%). “P<0.05 compared with Category 1; fP<0.05 compared with Category 2;
#P<0.05 compared with Category 3. ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin Il receptor blocker; BMI, body mass
index; BNP, B-type natriuretic peptide; BP, blood pressure; BUN, blood urea nitrogen; MRA, mineralocorticoid receptor antagonists; SGLT2i,

sodium-glucose cotransporter 2 inhibitors.

Definitions of Preclinical HF and Comorbidities

Although numerous reports have addressed preclinical
HF,13 a consistent definition of preclinical HF is yet to be
established.! In the present study, preclinical HF was
defined based on the evidence of SHD. We expanded the
spectrum of SHD to include not only overt conditions such
as LV systolic dysfunction and valvular heart disease, but
also subtle structural alterations that contribute to HF
progression. These include heightened LV myocardial
mass and LA enlargement, an elevated E/e’ ratio indicative
of increased LA pressure, and diminished GLS as an early
marker of left heart dysfunction. Finally, the definition of
SHD included the following criteria: LAVI >34mL/m? in
sinus rhythm or >40mL/m? in atrial fibrillation (AF);!3
LVMI 2149 g/m? in men or 2122 g/m? in women;'3 LVEF
<50%; GLS <16%;13 E/e’ >215;'3 or significant valvular
heart disease (defined as more than moderate in severity).
Obesity was operationally defined as a body mass index
(BMI) >30kg/m?. Atherosclerosis was defined as a medical
history indicative of treatment of a peripheral artery or
aortic condition.

Statistical Analysis

Continuous variables are presented as the mean=SD or
median with interquartile range (IQR) and were compared
using one-way analysis of variance followed by Scheffé’s
post hoc analysis for normally distributed data, or the
Kruskal-Wallis test followed by a Conover post hoc analysis
for non-normally distributed data. Categorical variables
are presented as numbers or frequencies (%) and were
compared using the X? test or Fisher’s exact test. Associa-
tions between clinical parameters and SHD were analyzed
using linear logistic regression models for univariate and
multivariate analyses. To select independent variables for
entry into the multivariate model, Pearson’s correlation
analyses between independent variables were performed in
advance to avoid multicollinearity. If >2 variables were
used to measure the pathophysiological parameters (BMI
and obesity), more clinically relevant parameters were
added to the model. Variables with a univariate value of
P<0.05 were incorporated into the multivariate analysis.
Statistical significance was set at P<0.05. All statistical
analyses were conducted using MedCalc version 19.0.7
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Figure 2. Box plots showing the association of B-type natriuretic peptide (BNP) categories with (A) left atrial volume index (LAVI),
(B) left ventricular mass index (LVMI) in men, and (C) LVMI in women. The boxes show the interquartile range, with the median
value indicated by the horizontal line; whiskers show the range. Category 1. Opg/mL<BNP<35pg/mL; Category 2:
35pg/mL<BNP<100pg/mL; Category 3: 100 pg/mL<BNP<200pg/mL; Category 4: 200 pg/mL<BNP.
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Figure 3. Box plots showing the association of B-type natriuretic peptide (BNP) categories with (A) left ventricular ejection fraction
(LVEF), (B) global longitudinal strain (GLS), and (C) early transmitral flow velocity and early diastolic mitral annular velocity ratio
(E/e”). The boxes show the interquartile range, with the median value indicated by the horizontal line; whiskers show the range.
Category 1: 0pg/mL<BNP<35pg/mL; Category 2: 35pg/mL<BNP<100 pg/mL; Category 3: 100 pg/mL<BNP<200 pg/mL; Category
4: 200pg/mL<BNP.

(MedCalc Software, Mariakerke, Belgium). acteristics of the 477 patients are summarized in Table 1.
Patients in Category 1 were the youngest among all catego-
ries. The prevalence of hypertension was lowest in Cate-

Results gory 1, and systolic blood pressure was highest in Category
Patient Characteristics 4. Furthermore, an increase in the prevalence of AF was
The mean age of the overall population was 65.3+15.9 years, observed in patients with high BNP concentrations.

and 48.2% of participants were women. The baseline char-

Circulation Journal Vol.88, May 2024
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P<0.05

P<0.05 P<0.05

Prevalence of Preclinical HF (%)

Category 1
(0 pg/mL< BNP <35 pg/mL)

Category 2
(35 pg/mL < BNP < 100 pg/mL)

Figure 4. Prevalence of preclinical heart failure (HF) according to B-type natriuretic peptide (BNP) category.
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Figure 5. Prevalence of preclinical heart failure (HF) according to B-type natriuretic peptide (BNP) concentrations.

Associations of Echocardiographic Parameters With BNP
Category

The associations BNP categories and both LAVI and
LVMI are shown in Figure 2. This increase was statistically
significant in comparisons between Categories 1 and 2
(P<0.01) and between Categories 2 and 3 (P<0.01; Figure 2A).
Similarly, LVMI increased with increasing BNP concen-
trations, regardless of sex (Figure 2B,C). It was of note that
LVMI was lowest in Category 1.

The associations between BNP category and LVEF, GLS,
and E/e” are shown in Figure 3. LVEF tended to decrease
as BNP concentrations increased, reaching its lowest value
in Category 4 (Figure 3A). Furthermore, GLS decreased

significantly as BNP concentrations increased (Figure 3B).
The E/e’ ratio exhibited a pattern of increasing with higher
BNP categories. Category 1 consistently had the lowest
E/e’ values (Figure 3C).

Prevalence of Preclinical HF According to BNP Category

Figure 4 shows the prevalence of preclinical HF in relation
to the BNP categories. There was a marked and statisti-
cally significant increase in the prevalence of preclinical
HF with increasing BNP category (19.9%, 57.9%, 87.5%,
and 96.0% in Categories 1, 2, 3, and 4, respectively). We
conducted a more detailed examination of this association
by assessing finer increments in BNP values to further

Circulation Journal Vol.88, May 2024
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Table 2. Univariate and Multivariate Logistic Regression Analysis for Predicting Structural Heart Disease
. Univariate Multivariate

Covariate
OR 95% ClI P value OR 95% CI P value
Age 1.06 1.05-1.08 <0.01 1.03 1.00-1.05 0.04
Female sex 0.77 0.53-1.11 0.16
BMI 1.09 1.03-1.14 <0.01 1.18 1.10-1.27 <0.01
Hypertension 4.26 2.76-6.58 <0.01 1.85 0.97-3.54 0.06
Diabetes 1.73 1.05-2.83 0.03 0.77 0.34-1.71 0.52
Atrial fibrillation 5.47 2.90-10.33 <0.01 1.23 0.51-2.95 0.65
Coronary intervention 3.95 2.19-7.11 <0.01 2.44 1.08-5.51 0.03
Obesity 1.22 0.59-2.53 0.60
Atherosclerosis 1.10 0.37-3.21 0.87
Sleep apnea syndrome 0.73 0.13-4.01 0.71
Hemoglobin 0.88 0.78-0.98 0.02 0.88 0.75-1.04 0.13
BUN 1.08 1.04-1.12 <0.01 0.97 0.93-1.03 0.32
Creatinine 1.71 0.93-3.17 0.09
Log[BNP] 17.51 9.95-30.83 <0.01 15.39 7.37-32.16 <0.01
B-blocker 3.06 1.87-4.98 <0.01 1.00 0.51-1.96 0.99
ACEi/ARB 2.68 1.83-3.94 <0.01 1.29 0.71-2.33 0.40
MRA 2.83 1.11-7.23 0.03 2.63 0.74-9.32 0.13
SGLT2i 2.44 1.33—4.50 <0.01 1.84 0.72-4.67 0.20
Insulin 1.47 0.36-5.94 0.59

Cl, confidence interval; OR, odds ratio. Other abbreviations as in Table 1.

validate the prevalence of preclinical HF (Figure 5). The
findings demonstrated a consistent increase in the preva-
lence of preclinical HF as the BNP concentration
increased, surpassing the 40% threshold at a BNP concen-
tration of 235 pg/mL.

Predictors of SHD

Odds ratios (ORs) and 95% confidence intervals (Cls) for
each variable in the univariate and multivariate logistic
regression analyses for predicting SHD are listed in
Table 2. In multivariate analysis, variables including age,
BMI, history of coronary intervention, and Log[BNP]
emerged as statistically significant predictors of SHD. In
addition, compared with Category 1, the ORs of SHD for
Categories 2, 3, and 4 were determined to be 5.56 (95% CI
3.57-8.67), 23.70 (95% CI 8.91-63.11), and 171.77 (95% CI
10.31-2,861.93), respectively.

Discussion

In this study we demonstrated that the prevalence of pre-
clinical HF markedly and significantly increased in with
increasing BNP concentrations. Furthermore, an increase
in BNP category emerged as a statistically significant pre-
dictor of the development of preclinical HF.

Utility of BNP for Detecting Preclinical HF

BNP is well established as an effective tool for the early
diagnosis of HF, a recommendation supported by numer-
ous guidelines.®!! The Japanese Heart Failure Society
recently recommended that in cases where BNP concentra-
tions are measured during the initial diagnosis of suspected
HF, further close examination should be performed if the
value is 235pg/mL.15 In a meta-analysis focusing on the
diagnosis of HF in an acute care setting, BNP <100 pg/mL
had a sensitivity of 95% and a negative predictive value of

94%.16 In primary care settings, the utility of measuring
BNP concentrations as a rule-out test for HF in patients
managed by general practitioners has been established.!?-1
Nonetheless, a substantial portion of the evidence empha-
sizing the utility of BNP in the primary care setting has
primarily focused on its diagnostic value for patients pre-
senting with symptoms such as shortness of breath, rather
than its role in detecting SHD in asymptomatic patients,
often referred to as preclinical HF.

Young et al assessed the rate of progression of preclini-
cal HF in a study involving 413 patients with Stage B HF
over a 4-year follow-up period.?* Among the patients with
Stage B HF, 6% experienced progression to clinical HF.
The early detection of SHD in asymptomatic individuals is
crucial to prevent eventual progression to clinical HF. One
of the strengths of the present study is the inclusion of
86.2% of patients without HF-like symptoms, such as
shortness of breath or edema (Supplementary Table A). In
addition, an increase was observed in the prevalence of
SHD with higher BNP concentrations. These results sug-
gest that BNP is exceptionally valuable for detecting
asymptomatic SHD in preclinical HF to prevent its pro-
gression to clinical HF.

Association of SHD in Stage B HF With Cardiovascular
Events

Based on the guidelines, SHD in Stage B HF is defined as
abnormal LV morphology (including LA enlargement and
LV hypertrophy), LV systolic dysfunction (including low
LVEF and GLS), and LV diastolic dysfunction.

For LA enlargement, LAVI >34mL/m? independently
predicted cardiovascular events, including cardiovascular
death and HF hospitalization, in patients without AF or
significant valvular heart disease.132-23 In addition, LAVI
>40mL/m? in patients with AF was determined as a key
factor in the diagnosis of HF with preserved ejection frac-
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tion (HFpEF) according to the Heart Failure Association
of the European Society of Cardiology.!® In the present
study, LA VI increased significantly as BNP concentrations
increased, and the prevalence of LAVI 234 mL/m? in sinus
rhythm or 240mL/m? in AF was 11.4%, 41.4%, 77.5%, and
80.0% in Categories 1, 2, 3, and 4, respectively (Supplementary
Figure 1A).

For LV hypertrophy, the relative risk of death was 1.22
for each 50-g/m? increase in LVMI in patients with HF.24.25
Cardiovascular morbidity has also been reported to
increase with LVMI in patients with hypertension.26-?7
Moreover, a cut-off value of LVMI 2149 g/m? in men and
>122g/m? in women has been identified as an important
factor in the diagnosis of HFpEF.!3 In the present study,
the prevalence of LVMI 2149 g/m? in men or 2122 g/m? in
women was 0.0%, 2.1%, 7.5%, and 16.0% in Categories 1,
2, 3, and 4, respectively (Supplementary Figure 1B).

For LV systolic dysfunction, GLS has been reported to
be a more accurate and sensitive parameter than conven-
tional cardiac functional parameters; abnormal GLS has
been associated with the occurrence of cardiovascular
events. Wang et al showed that GLS <16% was associated
with a higher risk of developing clinical HF in 290 patients
with Stage B HF.8 In the present study, the prevalence of
GLS <16% was 6.6%, 14.3%, 30.0%, and 72.0% in Catego-
ries 1, 2, 3, and 4, respectively (Supplementary Figure 1C).

For LV diastolic dysfunction, E/e’ reflects the mean
pulmonary capillary wedge pressure,?2 and E/e’ >15 has
also been reported as a worsening prognostic factor in
patients with HFpEF 2! Prognostic stratification by E/e” is
possible in patients with AF.3 In the present study, the
prevalence of E/e’ >15 was 5.1%, 12.9%, 22.5%, and 32.0%
in Categories 1, 2, 3, and 4, respectively (Supplementary
Figure 1D).

Clinical Implications

Identifying patients with SHD who have no prior HF
diagnosis in primary care settings may play a crucial role
in mitigating the increasing number of patients with clini-
cal HF. However, screening patients for SHD in primary
care settings remains challenging. In the present study, the
prevalence of preclinical HF increased significantly in
direct proportion to increasing BNP values. Furthermore,
the ascending BNP category emerged as a statistically sig-
nificant predictor of SHD in multivariate logistic regres-
sion analyses. Therefore, BNP assessment is an easy-to-use
method for predicting SHD in primary care settings and
could be a step towards mitigating the HF pandemic.

Study Limitations

This study has several limitations. First, it was a single-
center retrospective study conducted among cardiologists,
which may have introduced selection bias. An additional
limitation of this study is the potential that the selected
patients may not exclusively represent individuals in a pure
pre-HF state. The basis for patient selection rested on
suspicion of some cardiovascular disease, introducing the
possibility of including individuals with mild HF symp-
toms. The inherent challenge arose from the absence of a
definitive criterion to conclusively determine whether
symptoms such as shortness of breath and swelling are
unequivocally linked to cardiac issues. As a result, the
categorization of asymptomatic individuals as experiencing
HF became a complex and nuanced undertaking. Further
studies should include similar research targeting the gen-

eral population and other cohorts to validate our findings.

Another limitation of this study is the lack of a general
consensus on the definition of SHD in Stage B HF.
Although various studies have investigated preclinical HF,
its definition varies among studies.!* When applying the
definition of Stage B HF according to the HF guidelines
provided by the American Heart Association/American
College of Cardiology/Heart Failure Society of America,®
a staggering 82.0% of our study patients met the criteria for
SHD, even among patients in Category 1 (Supplementary
Figure 2; Supplementary Table B). This raises concerns
regarding the suitability of using this definition for screening
for preclinical HF in the Japanese population. Although
we used the already established cut-off value for the defini-
tion of SHD in the present study, the appropriateness of
the applied definition of SHD as a cut-off value for predict-
ing the onset of symptomatic HF in the Japanese popula-
tion requires further verification in separate studies.

Conclusions

BNP measurement is a valuable tool for the early detection
of preclinical HF in primary care settings. Proactive testing
in patients at a high risk of HF could play a crucial role in
addressing the impending HF pandemic.

Sources of Funding
This study did not receive any specific funding.

Disclosures

H.T. has received remuneration from AstraZeneca Plc., Ono
Pharmaceutical Company Ltd., Pfizer Inc., Otsuka Pharmaceutical
Co., Ltd., Daiichi Sankyo Company, Limited, Eli Lilly and Company,
Boehringer Ingelheim GmbH, Abbott Japan LLC, and Novartis
International AG. K.H. has received research funding from Daiichi
Sankyo Company, Limited, Actelion Pharmaceuticals Japan, Terumo
Corporation, Abbott Vascular Japan, Otsuka Pharmaceutical Co.,
Ltd., Kowa Company Limited, Takeda Pharmaceutical Company
Limited, Nihon Medi-Physics Company Limited, Novartis Pharma
Company Limited, Bayer Company Limited, Biotronic Japan Company
Limited, FUJIFILM Toyama Chemical Company Limited, Medtronic
Japan Company Limited, and Sysmex Company Limited. K.H. is a
member of Circulation Journal's Editorial Team. The remaining
authors declare that they have no conflicts of interest.

IRB Information

This study was approved by the Ethics Review Board of Awaji Medical
Center Clinical and Translational Research Center (Reference no.
23-45).

References

1. Savarese G, Lund LH. Global public health burden of heart
failure. Card Fail Rev2017;3:7—11.

2. Ambrosy AP, Fonarow GC, Butler J, Chioncel O, Greene SJ,
Vaduganathan M, et al. The global health and economic burden
of hospitalizations for heart failure: Lessons learned from hospi-
talized heart failure registries. J Am Coll Cardiol 2014; 63:
1123-1133.

3. Danielsen R, Thorgeirsson G, Einarsson H, Olafsson O, Aspelund
T, Harris TB, et al. Prevalence of heart failure in the elderly and
future projections: The AGES-Reykjavik study. Scand Cardio-
vasc J 2017; 51: 183-189.

4. Jones NR, Roalfe AK, Adoki I, Hobbs FDR, Taylor CJ. Sur-
vival of patients with chronic heart failure in the community: A
systematic review and meta-analysis. Eur J Heart Fail 2019; 21:
1306—1325.

5. Ammar KA, Jacobsen SJ, Mahoney DW, Kors JA, Redfield
MM, Burnett JC Jr, et al. Prevalence and prognostic significance
of heart failure stages: Application of the American College of
Cardiology/American Heart Association heart failure staging
criteria in the community. Circulation 2007; 115: 1563—1570.

Circulation Journal Vol.88, May 2024



BNP for Detecting SHD in Primary Care

739

10.

11.

12.

13.

14.

15.

16.

17.

18.

Fujimoto W, Toh R, Takegami M, Hayashi T, Kuroda K, Hatani
Y, et al. Estimating incidence of acute heart failure syndromes in
Japan: An analysis from the KUNIUMI Registry. Circ J 2021;
85: 1860—1868.

Shimokawa H, Miura M, Nochioka K, Sakata Y. Heart failure
as a general pandemic in Asia. Eur J Heart Fail 2015; 17: 884—892.
Wang Y, Yang H, Huynh Q, Nolan M, Negishi K, Marwick TH.
Diagnosis of nonischemic stage B heart failure in type 2 diabetes
mellitus: Optimal parameters for prediction of heart failure.
JACC Cardiovasc Imaging 2018; 11: 1390—1400.

Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ,
Colvin MM, et al. 2022 AHA/ACC/HFSA guideline for the
management of heart failure: A report of the American College
of Cardiology/American Heart Association Joint Committee on
Clinical Practice Guidelines. Circulation 2022; 145: e895-¢e1032.
McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach
A, Bohm M, et al. 2021 ESC guidelines for the diagnosis and
treatment of acute and chronic heart failure: Developed by the
Task Force for the diagnosis and treatment of acute and chronic
heart failure of the European Society of Cardiology (ESC). With
the special contribution of the Heart Failure Association (HFA)
of the ESC. Eur J Heart Fail 2022; 24: 4—131.

Tsutsui H, Ide T, Ito H, Kihara Y, Kinugawa K, Kinugawa S, et
al. JCS/JHFS 2021 guideline focused update on diagnosis and
treatment of acute and chronic heart failure. J Card Fail 2021;
27: 14041444,

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A,
Ernande L, et al. Recommendations for cardiac chamber quan-
tification by echocardiography in adults: An update from the
American Society of Echocardiography and the European
Association of Cardiovascular Imaging. J Am Soc Echocardiogr
2015; 28: 1-39.¢14.

Pieske B, Tschope C, de Boer RA, Fraser AG, Anker SD, Donal
E, et al. How to diagnose heart failure with preserved ejection
fraction: The HFA-PEFF diagnostic algorithm: A consensus
recommendation from the Heart Failure Association (HFA) of
the European Society of Cardiology (ESC). Eur Heart J 2019; 40:
3297-3317.

Bergamasco A, Luyet-Déruaz A, Gollop ND, Moride Y, Qiao
Q. Epidemiology of asymptomatic pre-heart failure: A system-
atic review. Curr Heart Fail Rep 2022;19: 146—156.

The Japanese Heart Failure Society. https://www.asas.or.jp/jhfs/
topics/bnp20231017.html (accessed December 18, 2023) (in
Japanese).

Roberts E, Ludman AJ, Dworzynski K, Al-Mohammad A,
Cowie MR, McMurray JJ, et al. The diagnostic accuracy of the
natriuretic peptides in heart failure: Systematic review and diag-
nostic meta-analysis in the acute care setting. BMJ 2015; 350:
h910.

Zaphiriou A, Robb S, Murray-Thomas T, Mendez G, Fox K,
McDonagh T, et al. The diagnostic accuracy of plasma BNP and
NTproBNP in patients referred from primary care with sus-
pected heart failure: Results of the UK natriuretic peptide study.
Eur J Heart Fail 2005; 7: 537—541.

Cowie MR, Struthers AD, Wood DA, Coats AJ, Thompson SG,
Poole-Wilson PA, et al. Value of natriuretic peptides in assess-

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

ment of patients with possible new heart failure in primary care.
Lancet 1997; 350: 1349-1353.

Fuat A, Murphy JJ, Hungin AP, Curry J, Mehrzad AA,
Hetherington A, et al. The diagnostic accuracy and utility of a
B-type natriuretic peptide test in a community population of
patients with suspected heart failure. Br J Gen Pract 2006; 56:
327-333.

Young KA, Scott CG, Rodeheffer RJ, Chen HH. Progression of
preclinical heart failure: A description of stage A and B heart
failure in a community population. Circ Cardiovasc Qual Out-
comes 2021; 14: e007216.

Almeida P, Rodrigues J, Lourengo P, Maciel MJ, Bettencourt P.
Left atrial volume index is critical for the diagnosis of heart
failure with preserved ejection fraction. J Cardiovasc Med
(Hagerstown) 2018; 19: 304—-309.

Abhayaratna WP, Seward JB, Appleton CP, Douglas PS, Oh JK,
Tajik AJ, et al. Left atrial size: Physiologic determinants and
clinical applications. J Am Coll Cardiol 2006; 47: 2357—-2363.
Tsang TS, Abhayaratna WP, Barnes ME, Miyasaka Y, Gersh
BJ, Bailey KR, et al. Prediction of cardiovascular outcomes with
left atrial size: Is volume superior to area or diameter? J Am Coll
Cardiol 2006; 47: 1018—1023.

Markus MR, Freitas HF, Chizzola PR, Silva GT, Lima AC,
Mansur AJ. Left ventricular mass in patients with heart failure.
Arq Bras Cardiol 2004; 83: 232-236; 227-231.

Shah AM, Cikes M, Prasad N, Li G, Getchevski S, Claggett B,
et al. Echocardiographic features of patients with heart failure
and preserved left ventricular ejection fraction. J Am Coll Cardiol
2019; 74: 2858—-2873.

Gradman AH, Alfayoumi F. From left ventricular hypertrophy
to congestive heart failure: Management of hypertensive heart
disease. Prog Cardiovasc Dis 2006; 48: 326—341.

Schillaci G, Verdecchia P, Porcellati C, Cuccurullo O, Cosco C,
Perticone F. Continuous relation between left ventricular mass
and cardiovascular risk in essential hypertension. Hypertension
2000; 35: 580-586.

Nagueh SF, Smiseth OA, Appleton CP, Byrd BF 3rd, Dokainish
H, Edvardsen T, et al. Recommendations for the evaluation of
left ventricular diastolic function by echocardiography: An
update from the American Society of Echocardiography and the
European Association of Cardiovascular Imaging. Eur Heart J
Cardiovasc Imaging 2016; 17: 1321 -1360.

Sharifov OF, Schiros CG, Aban I, Denney TS, Gupta H. Diag-
nostic accuracy of tissue Doppler index E/e’ for evaluating left
ventricular filling pressure and diastolic dysfunction/heart failure
with preserved ejection fraction: A systematic review and meta-
analysis. J Am Heart Assoc 2016; 5: €002530.

Okura H, Takada Y, Kubo T, Iwata K, Mizoguchi S, Taguchi
H, et al. Tissue Doppler-derived index of left ventricular filling
pressure, E/E’, predicts survival of patients with non-valvular
atrial fibrillation. Heart 2006; 92: 1248 —-1252.

Supplementary Files

Please find supplementary file(s);
https://doi.org/10.1253/circj.CJ-23-0930

Circulation Journal Vol.88, May 2024


https://www.asas.or.jp/jhfs/topics/bnp20231017.html
https://www.asas.or.jp/jhfs/topics/bnp20231017.html

