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Background: Unexpectedly low natriuretic peptide (NP) levels in proportion to heart failure severity are often
observed in obese individuals. However, the magnitude of NP elevation in response to acute cardiac stress in
obesity has not yet been extensively studied. This study aimed to determine the impact of obesity on the increase
in plasma NP in response to cardiac hemodynamic stress during acute coronary syndrome (ACS) attacks.
Methods and Results: The study population included 557 consecutive patients with ACS for whom data were
collected during emergency cardiac catheterization. To determine the possible impact of body mass index (BMI)
on the relationship between left ventricular ejection fraction (LVEF) and plasma B-type NP (BNP) levels, the
study population was divided into two groups (Group 1: BMI <25, Group 2: BMI >25 [kg/mz]). Both BMI and
LVEF were significantly and negatively correlated with BNP. Although a significant negative correlation between
LVEF and BNP was observed in both groups, the regression line of Group 2 was significantly less steep than that
of Group 1. Accordingly, BNP/LVEF ratio in Group 2, which indicates the extent of BNP increase in response to
LVEF change, was significantly lower than that in Group 1.

Conclusions: Blunted increase in plasma BNP in response to cardiac hemodynamic stress during ACS attacks was
observed in obese individuals. In addition to the relatively low plasma BNP levels at baseline in obese in-
dividuals, the blunted response of BNP elevation to ACS attacks may have important pathophysiological im-
plications for hemodynamic regulation and myocardial energy metabolism.

1. Introduction

Natriuretic peptides (NP), such as A-type natriuretic peptide (ANP)
and B-type natriuretic peptide (BNP), are hormones produced and
secreted in the heart in response to cardiac stress [1,2]. The plasma
levels of NP serve as critical biomarkers of the severity of heart failure in
various cardiovascular diseases [3]. ANP is primarily produced and
secreted in the atria, whereas BNP is mainly produced and secreted in
the ventricles [4]. Since BNP production and secretion are stimulated by
cardiac overload, including end-diastolic wall stress, plasma BNP levels

are closely correlated with disease severity and have been recognized as
biochemical markers of ventricular dysfunction [1,2,5-7]. Likewise,
acute ischemic insult to the heart leads to an immediate increase in
circulating BNP levels, the magnitude of which is proportional to the
severity of ischemia [8]. Accordingly, plasma BNP levels have also been
reported to increase in acute coronary syndrome (ACS), such as acute
myocardial infarction (AMI) and unstable angina pectoris (UAP) [9,10],
and can therefore be a significant prognostic marker [6,11].
Increasing evidence suggests that baseline plasma NP levels are low
in obese individuals without heart failure [12-14]. Furthermore,

Abbreviations: ACS, acute coronary syndrome; AMI, acute myocardial infarction; ANP, A-type natriuretic peptide; ATP, adenosine triphosphate; BMI, body mass
index; BNP, B-type natriuretic peptide; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; LVEDP, left ventricular end-diastolic pressure; LVEDV, left
ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic volume; MR-proANP, midregional pro-atrial natriuretic
peptide; NP, natriuretic peptide; NPR-C, natriuretic peptide clearance receptors; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SEMs, structural equation
models; UAP, unstable angina pectoris.
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unexpectedly low NP levels in proportion to the severity of heart failure
are often observed in obese patients (also known as “NP handicap”)
[15-19]. Considering previous studies, including our own, which sug-
gest that NP regulate the energy metabolism, improved insulin resis-
tance and the promotion of glucose utilization in addition to the classical
actions of hemodynamic regulation [20-26], “NP handicap” may be
unfavorable, particularly for patients with ACS in whom glucose is a
preferential substrate for the cardiac energy metabolism [27,28].

Although BNP plays an essential role as an “emergency” cardiac
hormone against ventricular overload [29], the impact of obesity on the
response of plasma BNP to cardiac stress during the acute phase of
cardiovascular diseases, typically ACS, has not yet been extensively
investigated. In this human clinical study, we investigated whether there
was a blunted increase in plasma BNP levels in response to cardiac
overload during ischemic attacks of ACS in obese individuals, which
may contribute to impaired myocardial glucose utilization.

2. Methods
2.1. Study patients

The study population comprised 976 consecutive patients who un-
derwent emergency cardiac catheterization at our institution for the
evaluation and treatment of ACS between February 2012 and October
2023. ACS was defined as the presence of AMI or UAP, as described
previously [27,30]. All patients with ACS underwent cardiac catheteri-
zation within 24 h of onset [27,30]. Patients were excluded if their
plasma BNP data were not available, if they were receiving dialysis, if
they were in cardiopulmonary arrest just before or at the time of data
sampling, or if they did not undergo left ventriculography. As all pa-
tients underwent left ventriculography in the present study, the cohort
consisted of individuals with relatively stable hemodynamics and
oxygenation. Therefore, there were no cases of cardiogenic shock (i.e.,
Killip class IV) or severe cases requiring mechanical circulatory support
during cardiac catheterization in the present study. If a patient was
enrolled more than once during the study period, only data from the
initial inclusion were included in the analyses. The ethics committee of
the Jikei University School of Medicine approved the study protocol (27-
103[7988]) and we complied with the routine ethical regulations of our
institution. All clinical investigations were conducted in accordance
with the principles of the Declaration of Helsinki. As this was a retro-
spective study, instead of obtaining informed consent from each patient,
we posted a notice about the study design and contact information in a
public location in our institution according to our routine ethical regu-
lations. In this public notification, we ensured that patients had the
opportunity to refuse to participate (opt-put) in the study.

2.2. Data collection

The clinical characteristics of the patients were retrospectively
collected from hospital medical records. Blood samples and hemody-
namic data were collected during cardiac catheterization [26,27,30].
Plasma and serum biochemical analyses, including the BNP levels, were
performed in the central laboratory of our hospital during the study
period [26,27,30]. Some patients had comorbid cardiovascular diseases
such as valvular disease, arrhythmia, cardiomyopathy, and other con-
ditions. Hypertension and diabetes mellitus were defined as described
previously [26,27,30]. The estimated glomerular filtration rate (eGFR)
was calculated as previously described [26,27,30]. The left ventricular
ejection fraction (LVEF), left ventricular end-diastolic pressure (LVEDP),
left ventricular end-systolic volume (LVESV), and left ventricular end-
diastolic volume (LVEDV) were measured at the time of left ven-
triculography [26,27,30].

1JC Heart & Vasculature 54 (2024) 101508

2.3. Statistical analyses

Continuous variables are expressed as median + interquartile range.
Differences between the two groups were evaluated using the Mann-
Whitney U-test. Correlations between two variables (BNP, eGFR, he-
moglobin, C-reactive protein [CRP], age, body mass index [BMI], and
LVEF) were assessed using Spearman’s rank correlation coefficient.
Multiple regression analysis was performed to compare multiple values.
To exclude the possibility of spurious correlations in the Spearman’s
rank correlation coefficient, partial correlation analyses were also per-
formed. In the analysis, we created an indicator variable coded 0/1 for
variables with two categories, such as sex. To examine whether BMI
levels had a statistically significant impact on the relationship between
plasma BNP levels and LVEF, a multiple linear regression analysis was
employed in which the dependent variable was plasma BNP levels, and
the explanatory variables were LVEF, BMI levels, and the interaction
term between LVEF and BMI (LVEF x BMI) [31]. We present scatter
plots by BMI levels to illustrate the modification in the relationship
between plasma BNP levels and LVEF. In the analysis of the BNP/LVEF
ratio, a common logarithmic conversion (log) was performed on the
ratio values because of exponential change. Statistical analyses were
performed using the SPSS Statistics software (version 29.0, SPSS Inc.,
Chicago, IL, USA). Statistical significance was set at P < 0.05.

Path analysis based on covariance structure analysis was used to
elucidate the direct contributions of age, sex, BMI, eGFR, hemoglobin
(Hb), CRP, and LVEF to BNP. In other words, a path model was proposed
to investigate the relationship between the clinical factors in this study
population, and specifically to identify the possible impact of LVEF and
BMI on BNP by considering the relationship between BNP and other
factors. This analysis compared the power of multiple independent
variables that confounded each other [26,27]. Path analysis was per-
formed using the IBM SPSS AMOS software program (version 29.0,
Amos Development Corporation, Meadville, PA, USA), as previously
described [26,27,30]. Briefly, the model defines hierarchical regression
models between clinical factors and BNP levels. For every regression, the
total variance in the dependent variable is theorized to be affected by
either the independent variables included in the model or the extraneous
variables (e). When obtaining the critical ratios of the differences be-
tween the parameters, AMOS was used to display the matrix, which
included a row and column for each parameter of the model [26,27].
The obtained structural equation models (SEMs) were tested and
confirmed at a significance level of P < 0.05.

3. Results
3.1. Characteristics of the study patients

The clinical characteristics of 557 patients are presented in Table 1.
The median BMI was 24.4 kg/m2 (interquartile range [IQR] 22.1-27.1
kg/m?), the median plasma BNP level was 26.5 pg/mL (IQR 11.2-74.8
pg/mL), the median LVEDP was 15 mmHg (IQR 11-20 mmHg), and
the median LVEF was 56.7% (IQR 49.8-63.0%).

3.2. Correlations of BMI or LVEF with BNP

Figures 1A and 1B show Spearman’s rank correlation coefficients
between plasma BNP levels and BMI (Figure 1A) and LVEF (Figure 1B).
Both BMI and LVEF were significantly and negatively correlated with
BNP levels (P < 0.001, each).

3.3. The multiple regression analysis to determine the factors associated
with BNP

Multiple regression analysis was performed to assess independent
determinants of plasma BNP levels (Table 2). LVEF was negatively
correlated with BNP level (P < 0.001), as expected, whereas BMI was
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Table 1
Clinical characteristics

n = 557

Median (IQR) or Number (%)

Age, years old
Gender; Male (%)
BMLI, kg/m?

Diabetes mellitus (%)
Hypertension (%)
Dyslipidemia (%)
Smoking (%)
Laboratory findings
BNP, pg/mL
Albumin, g/dL

eGFR, ml/min/1.73m?

60 (52-70)

474 (85.1%)
24.4 (22.1-27.1)
154 (27.6%)
373 (67.0%)
388 (69.7%)
377 (67.7%)

26.5(11.2-74.8)
4.0 (3.8-4.3)
78.0 (67.0-90.0)

Hb, g/dL 14.2 (13.1-15.0)
HbAlc, % 5.8 (5.6-6.4)
TG, mg/dL 81 (51-139)
LDL-C, mg/dL 120 (94-145)
HDL-C, mg/dL 50 (42-61)

CRP, mg/dL 0.08 (0.04-0.28)
Hemodynamic findings

Blood Pressure, mmHg

Systolic 137 (122-154)
Diastolic 79 (69-88)
Mean 105 (93-114)
LVEDP, mmHg 15 (11-20)
LVEDV, mL 105.5 (87.5-125.1)
LVEDVI, mL/m? 59.8 (50.2-69.7)
LVESV, mL 45.3 (35.1-57.1)
LVESVI, mL/m? 25.2 (20.2-31.8)
LVEF, % 56.7 (49.8-63.0)
Diagnosis

Myocardial infarction (%) 277 (49.7%)
Unstable angina (%) 280 (50.3%)
Rhythm

Sinus rhythm 537 (96.4%)
Atrial fibrillation 12 (2.2%)
Others 8 (1.4%)
Medications

ACE inhibitors (%) 19 (3.4%)

ARBs (%) 159 (28.5%)
ARNIs (%) 2 (0.4%)

Beta blockers (%) 83 (14.9%)
Calcium channel blockers (%) 191 (34.3%)
Diuretics (%) 34 (6.1%)

Abbreviations: ACE = angiotensin converting enzyme; ARB = angiotensin II type
I-receptor blockers; ARNI = angiotensin receptor neprilysin inhibitor; BMI =
body mass index; BNP = B-type natriuretic peptide; CRP = C-reactive protein;
eGFR = estimated glomerular filtration rate; Hb = hemoglobin; HbAlc = he-
moglobin Alc; HDL-C = high-density lipoprotein; IQR = interquartile range;
LDL-C = low-density lipoprotein; LVEDP = left ventricular end-diastolic pres-
sure; LVEDV = left ventricular end-diastolic volume; LVEDVI = left ventricular
end-diastolic volume index; LVEF = left ventricular ejection fraction; LVESV =
left ventricular end-systolic volume; LVESVI = left ventricular end-systolic
volume index; TG = triglycerides.

also negatively correlated with BNP level (P < 0.05). Age, sex (male =0,
female = 1), and CRP level were positively correlated, whereas eGFR
was negatively correlated with BNP levels.

3.4. The concept of the proposed path model

To eliminate any confounding biases and clarify the possible corre-
lations between BMI, LVEF and BNP more directly, a path model based
on covariance structure analysis was proposed (Figure 1C). As a matter
of logic, the theoretical path model was created by positioning the levels
of various clinical factors that potentially influence the BNP levels, such
as, age, sex (male = 0, female = 1), BMI, eGFR, Hb, CRP, and LVEF in
parallel while carefully considering the correlations between each pair
of factors. The association between clinical factors is linked by 2-way
arrows [26,27]. The paths between variables were drawn from inde-
pendent to dependent variables with directional arrows for each
regression model [26,27].
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3.5. The results of the path model

The precise results of the path model are presented in Supplementary
Table 1. Consistent with the results of the multiple regression analyses,
LVEF and BMI were significantly and negatively associated with plasma
BNP levels (path from LVEF to BNP: § = -0.31, P < 0.001; from BMI to
BNP: § = -0.08, P < 0.04).

3.6. Factors that potentially mediate the interactions among the BMI,
LVEF, and BNP levels

Partial correlation analyses were performed to clarify the factors that
might have a substantial impact on the interactions between BMI, LVEF,
and plasma BNP levels (Supplementary Table 2). As expected, a signif-
icant negative correlation between BNP and LVEF was consistently
observed even when various clinical factors were considered as control
variables. Similarly, a significant negative correlation between BNP and
BMI was consistently observed after considering various factors as
control variables, although this correlation failed to reach statistical
significance when age was used as a control variable (P = 0.055). These
data indicate that the negative correlations between BNP and LVEF or
BMI were independent of various other clinical factors and that there
were no spurious correlations.

3.7. The impact of obesity on the relationship between LVEF and BNP

To determine the possible impact of BMI on the relationship between
LVEF and plasma BNP, the study population was divided into two groups
based on BMI with a cutoff value of 25 kg/m2 A BMI >25 kg/m? is
defined as obese by the Japan Society for the Study of Obesity and
overweight according to the World Health Organization [18]. The
clinical characteristics of Group 1 (BMI < 25 kg/m?) and Group 2 (BMI
> 25 kg/m?) are shown in Table 3. The median BMI was 22.4 kg/m? in
Group 1 and 27.4 kg/m? in Group 2. Plasma BNP levels in Group 2 were
significantly lower than those in Group 1, as expected. Importantly,
LVEF values were comparable between the two groups.

Figure 2A shows Spearman’s rank correlation coefficients between
plasma BNP levels and LVEF in Groups 1 and 2. Although a significant
negative correlation between LVEF and BNP was observed in both
groups (P < 0.001, each), the regression line of Group 2 appeared less
steep than that of Group 1, thus suggesting that plasma BNP elevation in
response to LVEF decline is attenuated in obese individuals.

Multiple regression analysis was performed to determine whether
BMI had a statistically significant impact on the relationship between
LVEF and plasma BNP levels (Table 4). Statistical analysis included
LVEF, BMI, and its interaction term (LVEF x BMI) as independent pre-
dictors of plasma BNP levels as the dependent variable. As a result, each
independent parameter was statistically significant (P < 0.04), sug-
gesting that the relationship between LVEF and plasma BNP levels was
significantly modified by BMIL.

Furthermore, we compared the BNP/LVEF ratio between Groups 1
and 2 to assess the degree of plasma BNP elevation in response to the
decline in LVEF (Figure 2B). We found that the ratio in Group 2 was
significantly lower than that in Group 1 (P = 0.008), indicating a
blunted response of the plasma BNP increase to impaired cardiac
contraction during an ACS attack in obese individuals. In addition, the
same analysis was performed exclusively for patients with AMI, which
represents a more severe form of ACS with a greater cardiac overload.
The clinical characteristics of the patients with AMI are shown in Sup-
plementary Table 3. The BNP/LVEF ratio was consistently and signifi-
cantly lower in Group 2 than in Group 1, even in patients with AMI
(Supplementary Figure 1). To determine whether the degree of blunted
BNP elevation response in the high BMI group varies depending on the
severity of pulmonary congestion and thus the severity of heart failure,
further analyses were performed with a focus on LVEDP values, one of
the objective indicators of pulmonary congestion. The study population



T. Okuyama et al.

>

1200 ° p <0.001
. r=-0.255
—~ 1000 .
-
E 800 °
=)
o :
= 600 .
gz e
m 400 LA
.o s .
200

o

BMI (kg/m?)

C

1JC Heart & Vasculature 54 (2024) 101508

w

1200 ° p <0.001
. r=-0.316
~ 1000 °
-
E 800
=]
(=X °
~ 600 .
o
% 400

N
S
]

20 30 40 50 60 70 80

LVEF (%)

Fig. 1. Both BMI and LVEF were negatively correlated with BNP. Correlations between BNP levels and BMI (A) and between BNP levels and LVEF (B) in the
entire study population (n=557 each) are shown. P-values and correlation coefficient values (r) are noted. (C) Path diagrams against plasma BNP levels are shown. A
path model was theoretically proposed to clarify the contribution of various parameters to the BNP. The path has a coefficient that shows the standardized coefficient
of a regressing independent variable on the dependent variable of the relevant path. These variables indicate the standardized regression coefficients (direct effects).
The underlined portions indicate significant values. Sex was coded 0/1 as an indicator variable (male = 0, female = 1). BMI = body mass index; BNP = B-type
natriuretic peptide; CRP = C-reactive protein; e = extraneous variable; eGFR = estimated glomerular filtration rate; Hb = hemoglobin; LVEF = left ventricular

ejection fraction.

Table 2

Multiple regression analyses to identify the clinical factors influencing the plasma BNP levels
R?=0.348 Non-standard coefficient Standard regression coefficients Test statistic P-value 95% CI VIF

Regression coefficient Standard error

Age 2.258 0.457 0.218 4.946 < 0.001 1.361 to 3.155 1.633
Sex (MO, F1) 32.404 13.659 0.091 2.372 0.018 5.573 to 59.234 1.235
BMI -2.307 1.120 -0.077 -2.060 0.040 -4.508 to -0.107 1.185
eGFR -0.835 0.277 -0.116 -3.017 0.003 -1.379 to -0.291 1.244
Hb -2.460 3.335 -0.032 -0.738 0.461 -9.010 to 4.091 1.535
CRP 20.403 2.923 0.252 6.981 < 0.001 14.662 to 26.143 1.100
LVEF -4.171 0.472 -0.312 -8.840 < 0.001 -5.098 to -3.244 1.049

RZ% adjusted coefficient of determination, CI: confidence interval, VIF: variance inflation factor.

Abbreviations: F = female; M = male; other abbreviation as in Table 1.

was divided into two groups based on LVEDP, using a cutoff value of 15
mmHg. LVEDP >15 mmHg is considered to be significantly elevated
according to multiple guidelines/statements, including the guidelines
from the Japanese Circulation Society [32] and the Scientific Statement
from the American Heart Association [33]. Incidentally, the median
LVEDP of the study subjects was 15 mmHg (Table 1). The BNP/LVEF
ratio in Group 2 was significantly lower than that in Group 1 in subjects
with elevated LVEDP, although a similar but non-significant trend was
observed in subjects with non-elevated LVEDP (Supplementary Figure
2). These data suggest that the blunted response of the plasma BNP level
increase in obese individuals becomes more pronounced in more severe
cases with greater pulmonary congestion.

4. Discussion

In this clinical study of ACS, both BMI and LVEF were inversely
correlated with plasma BNP level. Specifically, the BNP levels in the
obese group were significantly lower than those in the non-obese group.
It is noteworthy that the magnitude of plasma BNP elevation in response
to reduced cardiac contractility was smaller in the obese group, sug-
gesting that there is a blunted increase in plasma BNP levels in response
to cardiac hemodynamic stress during the acute phase of an ACS attack
in obese individuals. The present study is significant not only because it
observed lower BNP levels in obese patients, but also because it shows
that plasma BNP elevation in response to impaired EF is significantly
attenuated in obese patients. This indicates a distinct trajectory of BNP
levels in this population during ischemic attacks of ACS.
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Table 3

Clinical characteristics of the two groups divided by BMI levels
Group Group 1 Group 2

BMI<25 25<BMI P-value

n 307 250
Myocardial infarction (%) 152 (49.5%) 125 (50.0%) 0.909
Unstable angina (%) 155 (50.5%) 125 (50.0%) 0.909
BMI, kg/m2 22.4 (20.7-23.6) 27.4 (25.9-29.6) <0.001
Age, years old 64 (53-73) 58 (50-65) <0.001
Gender; Male (%) 243 (79.2%) 231 (92.4%) <0.001

BNP, pg/mL 33.1 (12.7-94.6) 21.5 (10.2-62.0) 0.003
eGFR, ml/min/1.73m? 77.0 (66.5-89.1) 79.4 (68.2-91.1) 0.216
Hb, g/dL 13.8 (12.7-14.7) 14.6 (13.6-15.3) <0.001
CRP, mg/dL 0.06 (0.03-0.22) 0.12 (0.05-0.32) <0.001
LVEF, % 57.2 (49.8-63.7) 56.3 (49.3-61.8) 0.206

Abbreviation as in Table 1.
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Fig. 2. Blunted response of BNP increase to impaired cardiac contraction
in obesity. (A) Correlations between LVEF and BNP in Group 1 (BMI <25, n =
307) (blue squares) versus Group 2 (BMI >25, n = 250) (red circles) are shown.
The P values and correlation coefficient values (r) were noted. (B) The BNP/
LVEF ratios in Group 1 (BMI <25, n = 307) and Group 2 (BMI >25, n = 250)
are shown. Data are presented as medians, and boxes represent the interquartile
ranges. Abbreviations as in Figure 1.

Table 4
Multiple regression analysis for influence of BMI on a relationship between BNP
and LVEF.

Explanatory variable (n = 557) p-Coefficient 95% CI P-value
LVEF -11.645 -17.906, -5.385 <0.001
BMI -21.508 -35.850, -7.165 0.003
LVEF x BMI 0.278 0.027, 0.529 0.030
Constant 872.043 514.231, 1229.855 <0.001

Objective variable: BNP (R% 0.173)
Explanatory variable used in the equation: LVEF, BMI, LVEF x BMI
Abbreviation as in Table 1.
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Several reports have indicated that plasma NP levels are lower in
obese individuals with [15-19] or without [12-14] heart failure.
However, only a few studies have investigated the relatively rapid
reactivity of plasma NP levels to changes in cardiac hemodynamics in
obesity. One study showed a lack of an ANP elevation response to saline
load in obese individuals [34], and another showed reduced BNP con-
centrations despite elevated LVEDP in obese patients [35]. The results of
both studies support our current findings; however, to our knowledge,
this is the first report to compare the degree of plasma BNP elevation in
response to cardiac stress during the acute ischemic phase of ACS based
on obesity levels.

The precise mechanisms underlying unexpectedly low NP levels in
obese individuals are yet to be fully established. The commonly sug-
gested mechanism is increasing NP clearance in obese individuals
because of the high expression of NP clearance receptors (NPR-C), which
are abundant in adipose tissues [12,23,36,37], and/or higher activities
of neprilysin, which is responsible for the degradation of NP [38].
However, this does not appear to be the primary mechanism of the
present findings considering the results of a previous study that showed
that the concentrations of not only BNP, but also N-terminal pro-BNP
(NT-proBNP), which is insensitive to NPR-C and neprilysin, are
reduced in obese individuals despite the elevation of LVEDP [35]. It is
unlikely that NPR-C and/or neprilysin are suddenly activated during
ACS attacks. A more plausible mechanism could be the impaired pro-
duction of “biologically active” NP in obesity [14,24,39], leading to a
blunted increase in plasma BNP in response to ACS attacks. Further
studies are required to determine whether impaired NP production/
secretion in obese individuals is responsible for the blunted NP elevation
response to ACS attacks by measuring NT-proBNP or mid-regional pro-
ANP (MR-proANP) (recently reported as a more sensitive marker [40]),
both of which are unaffected by NPR-C and neprilysin.

In addition to the classical actions of hemodynamic regulation on the
renal and cardiovascular systems, increasing evidence suggests that NPs
also regulate energy balance and glucose homeostasis through inter-
organ metabolic cross-talk with adipose tissues [20-26,36,37]. Our
recent basic research showed that NP ameliorated both systemic and
myocardial insulin resistance in diet-induced obesity [24,25]. Further-
more, our previous clinical study showed that acute action of BNP
promoted glucose utilization and substantially improved insulin resis-
tance in patients with ACS [27]. This indicates the previously under-
appreciated role of NP in glucose metabolism, which counteracts
increased insulin resistance during ACS attacks. Considering our series
of research findings, the blunted NP elevation response in obese in-
dividuals is likely unfavorable owing to the further increase in insulin
resistance during ischemic attacks of ACS, in which myocardial glucose
utilization and metabolism become critical for ATP generation and
cardiomyocyte survival [27,28].

Study limitations

In the present study, we did not investigate prognosis. The clinical
significance of this study would be enhanced by further investigation
into whether patients with a blunted increase in plasma BNP actually
manifest any long-term impairment of their cardiac function (i.e., lack of
reverse remodeling), as well as a higher incidence of cardiovascular
events (e.g., heart failure readmission and/or mortality). In this context,
it would be interesting to see the impact of agents that increase bio-
logically active NP levels (i.e., sacubitril/valsartan) on the clinical
course of patients with a blunted BNP elevation [41]. Given that all of
the subjects in the present study underwent left ventriculography, it is
likely that the majority had relatively stable hemodynamics and
oxygenation, suggesting that this cohort is not ideally suited for
assessing both short-term and long-term prognoses. Further studies are
needed to investigate the prognosis according to cardiac function data
obtained from other modalities, such as echocardiography, in a broader
range of populations under more severe conditions. Moreover, investi-
gating the individual impact of BMI, BNP, and LVEF on the prognosis is
an important focus for research that holds significant clinical
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implications. Another limitation is that we did not investigate the effect
of sex on the increase in plasma BNP levels. A recent study indicated the
presence of sex-associated differences in the regulation of the NP levels
[3,42]. The sample in the current study was predominantly male
(85.1%). Thus, further studies with a larger number of female patients
are warranted. Finally, it would be interesting to determine whether
similar findings occur during the acute phase of other cardiovascular
diseases such as general acute decompensated heart failure.

5. Conclusions

In addition to the generally low plasma BNP levels at baseline in
obese individuals, there was a blunted increase in plasma BNP in
response to cardiac hemodynamic stress during the acute phase of an
ACS attack in this patient population. Therefore, in obese patients, it is
important to recognize that plasma BNP levels are unexpectedly low
relative to the extent of myocardial damage caused by ACS, and care
must be taken to avoid underestimation of disease severity. In other
words, when treating obese patients with reduced LVEF, it is important
to exercise caution even if plasma BNP levels are not substantially
elevated. Likewise, relative NP deficiency due to a blunted increase in
response to cardiac hemodynamic stress during ACS attacks may further
exacerbate insulin resistance and impair myocardial glucose meta-
bolism, which is crucial during ACS attacks, thereby promoting the
progression of ACS pathology. Based on the finding that the blunted
response of the BNP increase becomes more pronounced in more severe
cases, where NP elevation is required to play a compensatory role, the
relative deficiency of NP in patients with high BMI could potentially
result in a poor prognosis. The administration of agents that increase
biologically active NP levels during the acute phase of ACS may there-
fore have therapeutic benefits, particularly in obese individuals
[24,25,27,41].
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