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Background. A diabetic state is causally related to heart failure (HF); therefore, there
should be a close correlation between the severity of diabetes and HF. However, a direct
relationship between these conditions has rarely been reported and remains unclear. This
study was designed to precisely examine this relationship, taking into consideration the
possible association between natriuretic peptide (NP) levels and insulin resistance.

Material andmethods.We examined various hemodynamic parameters and simultaneously
performed blood biochemical analyses of consecutive patients who underwent cardiac
catheterization at our institution (n = 840).

Results. Simple regression analyses showed that hemoglobin A1c (HbA1c) levels were not
significantly changed by the left ventricular end-diastolic pressure (LVEDP) and left
ventricular ejection fraction (LVEF), which were correlated with a low cardiac index.
Rather, there was a negative correlation between the HbA1c levels and plasma BNP levels as
a marker of HF. A multivariate analysis showed no correlations between the HbA1c levels
and cardiac functional parameters (LVEDP, LVEF or the plasma BNP levels), suggesting that
the trend toward high HbA1c levels in HF cases is likely to be limited for unknown reasons.
To search for an explanation of this finding, we examined the potential biological
interactions between BNP and insulin resistance. A multivariate analysis revealed that
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the plasma BNP levels were positively correlated with age, creatinine levels and LVEDP and
inversely correlated with the male gender, body mass index and HOMA-IR (homeostasis
model assessment-insulin resistance) (P < 0.001, respectively), but not HbA1c levels. This
analysis indicated a close correlation between plasma BNP levels and insulin effectiveness inHF.

Conclusions.HF and diabetes tend to worsen with each other; however, the appearance of
an association between them was likely blunted due to the considerable effect of NP in
counteracting insulin resistance, even during the metabolically harmful condition of HF.
© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Diabetes is often associated with hypertension, ischemic
heart disease (IHD) and chronic kidney disease, all of which
are major risk factors for heart failure (HF) [1]. The presence of
diabetes markedly increases the likelihood of HF and results
in worse outcomes for patients with HF [2,3]. Furthermore, the
Framingham Study firmly established an epidemiological link
between diabetes and HF [4], and similar findings have since
been noted in a number of other studies [5,6]. Therefore, there
is no doubt that diabetes is a critical risk factor for HF in the
future. Conversely, the onset of HF is an independent risk
factor for developing or worsening diabetes [7].

The pathophysiology of HF is complex and includes a variety
of underlying mechanisms. Among these elements, neurohu-
moral factors, such as the renin–angiotensin aldosterone system
(RAAS), sympathetic nervous system and others, deeply contrib-
ute to the pathophysiology of HF [8]. Oxidative stress is also
important for the progression of cardiac remodeling, which leads
to HF. Many studies have recognized that remodeling stimuli,
such asmechanical strain and the level of tumor necrosis factor-
α, may increase the formation of reactive oxygen species (ROS) in
themyocardium [9,10]. On theotherhand, thepathophysiologyof
diabetes is also very complicated, although someof its underlying
mechanisms appear to be similar to those of HF. For example, the
RAAS, sympatheticnervous systemandoxidative stress also each
contribute to the pathogenesis of diabetes [11]. Furthermore,
cardiac function subsequentlydeteriorates asa result of increased
atherosclerosis and myocardial damage caused by diabetic
microangiopathy. Therefore, it is reasonable to speculate that
diabetes is associated with the deterioration of HF.

To the best of our knowledge, few reports have shown a close
correlation between the HbA1c level and the current degree of HF
as evaluated by hemodynamic and other parameters. We
suppose that this may be a paradox of the relationship between
diabetes andHF in that the relationship betweendiabetes and the
future onset ofHFmaybe different from the relationship between
diabetes and the current degree of HF. Importantly, this informa-
tionwouldbeuseful to resolve variousquestionspertaining to the
association between energy metabolism and HF, and there may
be compensatory mechanism(s) involved in the pathophysiology
of HF that could potentially rescue metabolic abnormalities,
including glucose intolerance and reduced lipid catabolic activity.

A-type natriuretic peptide (ANP) and B-type natriuretic
peptide (BNP), also known as atrial and brain natriuretic
peptides, respectively, are cardiac hormones with a wide
range of potent biological effects, including vasodilation,
natriuresis and inhibition of the RAAS and sympathetic
nervous system. BNP is selectively secreted from the ventricles,
and the magnitude of this secretion varies as a function of the
severity of HF [12]. We and others have previously shown that
ANP and BNP are anti-inflammatory hormones; the infusion of
human ANP (carperitide) is useful for improving hemodynamics
as well as inhibiting ROS production in patients with HF [13].
Furthermore, an important report using BNP transgenic mice
revealed that BNP is ametabolic regulator by demonstrating that
the natriuretic peptide (NP)/cyclic guanosine monophosphate
(c-GMP)-dependent protein kinase (cGK) cascade promotes mus-
cle mitochondrial biogenesis and lipid oxidation, thus preventing
obesity and glucose intolerance [14]. However, the effects ofNP on
energymetabolismhavenot yet been clearly proven or elucidated
in humans because the only disease related to high NP levels is
HF, and many other humoral factors associated with HF may
cause the deterioration of glucose and catabolic lipidmetabolism.
Hence, the favorable actions of NP on energymetabolismmay be
hidden or outstripped by these other factors.

We continue to believe in the pluripotency of endogenous NP
secreted from the failing heart and herein hypothesize that NP
counteracts both hemodynamic deterioration and the develop-
ment ofmetabolic abnormalities inHF. In this study,we examined
the possible hidden actions of NP, especially on glucose metabo-
lism, in patients with cardiovascular disease using common
indicators, including hemoglobin A1c (HbA1c) levels, homeostasis
model assessment-insulin resistance (HOMA-IR) as a marker of
insulin resistance, bodymass index (BMI) and plasma BNP levels.
2. Material and Methods

2.1. Study Patients

The study population consisted of 840 consecutive patients
admitted to the Jikei University Hospital from February 2012 to
July 2014 in whom left heart catheterization, including hemo-
dynamic measurements, coronary angiography (n = 840) and
left ventriculography (n = 797), and blood sampling tests of the
plasma BNP level were performed and reviewed. The insulin
and serum glucose levels were also measured in each patient.
Among them, right heart catheterization with a Swan–Ganz
catheterwas performed in addition to left heart catheterization
(n = 218). Individuals requiring an urgent catheter intervention
for acute coronary syndrome were excluded from this study
because the plasmaBNP level rapidly and considerably changes
within the acute phase of acute myocardial infarction [15]. We
also excluded patients with type 1 diabetes mellitus and those
receiving insulin therapy. The subjects’ baseline characteristics,
including clinical parameters and biochemical data, were
collected retrospectively from their medical records, and the



Table 1 – Clinical characteristics of the patients.

n = 840

IHD, n (%) 559 (66.5)
Cardiomyopathy, n (%) 88 (10.5)
Valvular disease, n (%) 91 (10.8)
Congenital heart disease, n (%) 11 (1.3)
AF, n (%) 51 (6.1)
Hypertension, n (%) 623 (74.2)
Diabetes Mellitus, n (%) 258 (30.7)
Dyslipidemia, n (%) 614 (73.1)
Current + past smoker, n (%) 559 (66.5)
HD and CAPD, n (%) 74 (8.8)
Age (yrs ± SD) 65.2 ± 11.1
Male, n (%) 692 (82.4)
Body mass index (kg/m2 ± SD) 24.1 ± 3.9
BNP (pg/mL ± SD) 177.2 ± 486.1
Log BNP ± SD 1.7 ± 3.3
Fasting plasma glucose (mg/dL ± SD) 111.8 ± 26.0
HbA1c (% ± SD) 6.1 ± 0.9
Fasting IRI (μU/mL ± SD) 7.3 ± 12.8
HOMA-IR ± SD 2.2 ± 3.3
Log HOMA-IR ± SD 0.23 ± 0.28
s-Cr (mg/dL ± SD) 1.58 ± 2.30
Hemoglobin (g/dL ± SD) 13.3 ± 2.0
Albumin (g/dL ± SD) 4.0 ± 0.4
LVEF (% ± SD) (At LVG) 57.0 ± 12.0
LVEDP (mmHg ± SD) (At preLVG) 16.5 ± 5.9
CI (L/min/m2 ± SD) (n = 218) 2.81 ± 0.78
SBP (mmHg ± SD) (At LVG) 133.4 ± 25.0
DBP (mmHg ± SD) (At LVG) 70.4 ± 15.6
Heart rate (beat/min ± SD) (At LVG) 71.3 ± 12.8
Calcium-channel blockers, n (%) 465 (55.4)
ACE-inhibitors/Angiotensin receptor Blockers, n (%) 507 (60.4)
Nitrates/Nicorandil, n (%) 223 (26.5)
Beta-blockers, n (%) 334 (39.8)
Aldosterone blocker, n (%) 60 (7.1)
Statins, n (%) 474 (56.4)
Fibrates, n (%) 4 (0.5)
Diuretics, n (%) 136 (16.2)
Oral hypoglycemia Agents, n (%) 160 (19.0)

IHD, ischemic heart disease; AF, atrial fibrillation; HD, hemodialysis;
CAPD, continuous ambulatory peritoneal; BNP, B-type natriuretic
peptide; Log BNP, logarithmic B-type natriuretic peptide; HbA1c,
hemoglobin A1c; IRI, immunoreactive insulin; HOMA-IR, homeostasis
model assessment ratio; Log HOMA-IR, logarithmic HOMA-IR; s-Cr,
serum creatinine; LVEF, left ventricular ejection fraction; LVEDP, left
ventricular end-diastolic pressure; CI, cardiac index; SBP, systolic blood
pressure; DBP, diastolic blood pressure.
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datawereanalyzedanonymously. This studywasapprovedby the
ethics committee of the Jikei University School of Medicine (Study
protocol: 24-355[7121]); and we complied with the routine ethical
regulation of our institution as follows. This is a retrospective
study and the informed consent could not be obtained from each
patient. Instead of informed consent from each patient, we
publicly posted a notice about the study design and contact
information at a publicly-known space in our institution.

2.2. Underlying Cardiac Diseases

Within the study population, patients with IHD exhibited
newly diagnosed coronary stenosis on angiography; amedical
history of coronary artery disease, including myocardial
infarction; a post-percutaneous coronary intervention or
post-coronary artery bypass grafting status; and newly
diagnosed coronary spastic angina (CSA) upon an acetylcho-
line provocation test or a diagnosis of CSA. In addition,
patients with valvular heart disease, cardiomyopathy and/or
hypertension were included in this study.

2.3. Measurement of the Plasma BNP, HbA1c and
Insulin Levels

Whole blood (5 mL) was collected in tubes containing
potassium EDTA (1 mg/mL blood). The plasma BNP levels
were determined according to an enzyme-linked immuno-
sorbent assay (non-extracted) using an antibody against
human BNP (Shionogi, Tokyo, Japan). The HbA1c levels were
measured using high-performance liquid chromatography
(HPLC) (HLC723-G9, TOSOH, Tokyo, Japan) by a standardized
laboratory protocol using a method certified by the National
Glycohemoglobin Standardization Program (NGSP), with
intra- and interassay coefficients of variation (CsV) of 1%.
The immunoreactive insulin (IRI) levels were also measured
using HPLC. The HOMA-IR values were calculated according
to the formula in a previous report, i.e., HOMA-IR = fasting IRI
(μU/mL) × fasting plasma glucose (mg/dL)/405 [16]. Blood
sampling was performed immediately before or after cardiac
catheterization. BMI was calculated as the body weight (kg)
divided by the square of the height (m). Hypertension (HTN),
diabetes mellitus and dyslipidemia were defined as previous-
ly described [17].

2.4. Statistical Analysis

Continuous variables are expressed as the mean ± SD. Com-
parisons between groups were made using Pearson’s chi-
square test for categorical variables and the Mann–Whitney U
test or Student’s t-test for continuous variables, where
appropriate. To achieve a normal distribution, the BNP levels
and HOMA-IR values were log transformed prior to the
analysis. The patients were divided into four groups according
to the left ventricular ejection fraction (LVEF) and left ventri-
cular end-diastolic pressure (LVEDP). A multivariate analysis
was performed to compare the values among the quartiles
using one-way analysis of variance (ANOVA) followed by a
Games–Howell post-hoc analysis. A multiple regression analy-
sis was also performed to assess dependent determinants. A P
value of <0.05was considered to be statistically significant, and
all data were statistically analyzed using the SPSS software
package, version 21.0 (SPSS, Chicago, IL).
3. Results

3.1. Study Population

The baseline characteristics of the overall population (n = 840) in
the present study are shown in Table 1. The underlying disease
was IHD in 559 patients (66.5%), cardiomyopathy in 88 patients
(10.5%) valvular disease in 91 patients (10.8%), HTN in 623
patients (74.2%) and diabetes mellitus in 258 patients (30.7%).



Fig. 1 – HbA1c levels in relation to the severity of heart failure. HbA1c, hemoglobin A1c; LVEDP, left ventricular end-diastolic
pressure; LVEF, left ventricular ejection fraction; CI, cardiac index; Log BNP, logarithmic B-type natriuretic peptide. A.
Relationship between the HbA1c and LVEDP levels. The HbA1c levels and LVEDP values are represented as scatter plots in the
figure. B. Relationship between the HbA1c and LVEF levels. The HbA1c levels and LVEF values are represented as scatter plots
in the figure. C. Relationship between the HbA1c and CI levels. The HbA1c levels and CI values are represented as scatter plots
in the figure. The solid black line indicates the regression curve for the logarithmic fitted equation. D. Relationship between the
HbA1c and Log BNP levels. The HbA1c levels and Log BNP values are represented as scatter plots in the figure. The solid black
line indicates the regression curve for the logarithmic fitted equation.
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3.2. HbA1c Levels in Relation to the Severity of HF

A single regression analysis showed that the HbA1c levels
were not correlated with LVEDP and LVEF (P = NS, respective-
ly, n = 840), whereas there was an inverse correlation
between the HbA1c levels with the cardiac index (CI)
(P < 0.01, n = 218). This suggests that the trend for high
HbA1c levels in patients with HF is likely limited for unknown
reasons. Interestingly, another single regression analysis
showed that the HbA1c levels continued improving in
proportion to increasing levels of plasma BNP, which is a
sensitive biochemical marker of HF (Fig. 1).

In addition, a multiple regression analysis for determining
the HbA1c level was conducted using explanatory factors,
including age, gender (male), BMI, dyslipidemia, smoking,
serum creatinine (s-Cr), LVEDP, HTN and plasma BNP levels.
As shown in Table 2, the plasma BNP levels disappeared as a
significant factor (P = NS), but the LVEDP values were not
significantly associated with the HbA1c levels (P = NS).
Moreover, we performed statistical analysis using LVEF
instead of LVEDP; however, the results were similar (P = NS)
to those obtained in the analysis using LVEDP (precise data
not shown). The multivariate analysis suggests that an
increase in HbA1c would be blunted in HF for some reasons.

3.3. Associations Between the BMI, HbA1c, Log HOMA-IR,
Fasting IRI, LVEF and Log BNP Levels

We performed single regression analyses of two factors
among the BMI, HbA1c, Log HOMA-IR, fasting IRI, LVEF and
Log BNP levels to provide a helpful perspective. As shown in
Fig. 2 (A–D) and Fig. 3 (A–I), there were significantly negative
correlations between the Log BNP levels and Log HOMA-IR
levels, Log BNP levels and BMI values, Log BNP levels and
Fasting IRI levels, and Log BNP levels and LVEF values
(P < 0.001, respectively), while significant positive correlations
were observed between Log HOMA-IR levels and HbA1c levels,
Log HOMA-IR levels and BMI values, Log HOMA-IR levels and
fasting IRI levels, BMI values and Fasting IRI levels, BMI values
and HbA1c levels (P < 0.001, respectively), and Fasting IRI
levels and HbA1c levels (P < 0.01). The LVEF values were not
correlated with the Log HOMA-IR, BMI and fasting IRI (P = NS,
respectively, n = 797). Among them, significant associations
between the Log BNP and Log HOMA-IR and between the Log



Table 2 – Results of the multiple regression analysis of the HbA1c levels in all patients (n = 840).

Explanatory variable Regression coefficient Standard regression coefficient P 95% CI VIF

BMI 0.040 0.183 <0.001 0.024–0.057 1.286
Age 0.012 0.161 <0.001 0.007–0.018 1.257
Dyslipidemia 0.201 0.104 <0.01 0.070–0.332 1.085
Smoker 0.180 0.099 <0.01 0.051–0.309 1.201
Log BNP −0.097 −0.072 NS (p = 0.104) −0.215 to 0.020 1.801
s-Cr −0.020 −0.055 NS (p = 0.148) −0.048 to 0.007 1.309
LVEDP −0.001 −0.006 NS (P = 0.878) −0.012 to 0.010 1.337
Hypertension 0.014 0.007 NS (p = 0.839) −0.121 to 0.149 1.111
Gender (male) 0.010 0.004 NS (p = 0.905) −0.155 to 0.176 1.281

BMI, body mass index; Log BNP, logarithmic B-type natriuretic peptide; s-Cr, serum creatinine; LVEDP, left ventricular end-diastolic pressure.
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BNP and BMI (Fig. 2A and B) would have profound meaning in
this study.

3.4. Multivariate Analysis for Determining the
HbA1c Levels

As shown above (Table 2), the trend towards higher HbA1c
levels in the HF patients would be limited. To identify hidden
Fig. 2 – Associations between the LogHOMA-IR, BMI, Fasting IRI,
homeostasis model assessment ratio; BMI, body mass index; IRI
fraction; Log BNP, logarithmic B-type natriuretic peptide. A. Rela
Log HOMA-IR levels and Log BNP values are represented as scat
regression curve for the logarithmic fitted equation. B. Relations
Log BNP values are represented as scatter plots in the figure. Th
logarithmic fitted equation. C. Relationship between the fasting
values are represented as scatter plots in the figure. The solid blac
equation.D. Relationship between the LVEF and Log BNP levels. T
plots in the figure. The solid black line indicates the regression c
mechanisms underlying this finding, we performed a multiple
regression analysis of factors determining the plasma BNP
levels using the variables age, gender (male), BMI, s-Cr, LVEDP,
Log HOMA-IR and HbA1c. As shown in Table 3A, s-Cr, LVEDP
andage positively correlatedwith the Log BNP levels,while BMI,
Log HOMA-IR and gender (male) inversely correlated with the
Log BNP levels (P < 0.001, respectively). In contrast, HbA1c levels
were not correlated with the Log BNP levels (P = NS).
LVEF and LogBNP levels. Log HOMA-IR, logarithmic
, immunoreactive insulin; LVEF, left ventricular ejection
tionship between the Log HOMA-IR and Log BNP levels. The
ter plots in the figure. The solid black line indicates the
hip between the BMI and Log BNP levels. The BMI levels and
e solid black line indicates the regression curve for the
IRI and Log BNP levels. The fasting IRI levels and Log BNP
k line indicates the regression curve for the logarithmic fitted
he LVEF levels and Log BNP values are represented as scatter
urve for the logarithmic fitted equation.



Fig. 3 – Associations between the Log HOMA-IR, BMI, Fasting IRI, HbA1c, and LVEF levels. Log HOMA-IR, logarithmic homeostasis
model assessment ratio; BMI, bodymass index; IRI, immunoreactive insulin; HbA1c, hemoglobin A1c; LVEF, left ventricular
ejection fraction. A. Relationship between the HbA1c and Log HOMA-IR levels. The HbA1c levels and Log HOMA-IR values are
represented as scatter plots in the figure. The solid black line indicates the regression curve for the logarithmic fitted equation. B.
Relationship between the BMI and LogHOMA-IR levels. The BMI levels and LogHOMA-IR values are represented as scatter plots in
the figure. The solid black line indicates the regressioncurve for the logarithmic fitted equation. C. Relationship between the fasting
IRI and LogHOMA-IR levels. The fasting IRI levels andHOMA-IR values are represented as scatter plots in the figure. The solid black
line indicates the regression curve for the logarithmic fitted equation. D. Relationship between the fasting IRI and BMI levels. The
fasting IRI levels and BMI values are represented as scatter plots in the figure. The solid black line indicates the regression curve for
the logarithmic fitted equation. E. Relationship between the HbA1c and BMI levels. The HbA1c levels and BMI values are
represented as scatter plots in the figure. The solid black line indicates the regression curve for the logarithmic fitted equation. F.
Relationship between the HbA1c and fasting IRI levels. The HbA1c levels and fasting IRI values are represented as scatter plots in
the figure. The solid black line indicates the regression curve for the logarithmic fitted equation. G. Relationship between the Log
HOMA-IR and LVEF levels. The Log HOMA-IR levels and LVEF values are represented as scatter plots in the figure. H. Relationship
between the BMI and LVEF levels. The BMI levels and LVEF values are represented as scatter plots in the figure. I. Relationship
between the fasting IRI and LVEF levels. The fasting IRI levels and LVEF values are represented as scatter plots in the figure.
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We also performed multivariate analysis by using fasting
IRI instead of Log HOMA-IR. The multiple regression analysis
for the Log BNP levels showed that fasting IRI was a
significant factor (P < 0.01) as shown in Table 3B.

3.5. Additional Analysis in Other Subgroups

There were 160 patients who used anti-diabetic drugs. We
excluded these patients and analyzed the remaining 680
patients by the same statistical analysis. As a result, there was
no significant correlation between the Log BNP levels and the
HbA1c levels by simple regression analysis (P = NS); the Log
BNP levels showeda significant correlationwith the LogHOMA-
IR levels (P < 0.001), but not with the HbA1c levels (P = NS), by
the multivariate analysis. This analysis clearly showed a close
correlation between the plasma BNP levels with insulin
effectiveness but not with the diabetic condition in HF.

In patients with a fasting glucose level greater than
140 mg/dl, glucose toxicity would decrease beta-cell function,
possibly leading to a different analysis from that with patients



Table 3 – Results of the multiple regression analysis of the Log BNP levels in all patients (n = 840).

Explanatory variable Regression coefficient Standard regression coefficient P 95%CI VIF

A
s-Cr 0.097 0.351 <0.001 0.083–0.112 1.073
LVEDP 0.040 0.369 <0.001 0.034–0.046 1.089
Age 0.014 0.238 <0.001 0.011–0.017 1.126
BMI −0.021 −0.131 <0.001 −0.031 to −0.011 1.464
Log HOMA-IR −0.264 −0.115 <0.001 −0.400 to −0.128 1.382
Gender (male) −0.160 −0.096 <0.001 −0.248 to −0.071 1.085
HbA1c −0.018 −0.025 NS (P = 0.378) −0.059 to 0.022 1.167

B
s-Cr 0.096 0.346 <0.001 0.081–0.110 1.069
LVEDP 0.041 0.377 <0.001 0.035–0.047 1.083
Age 0.014 0.240 <0.001 0.011–0.017 1.128
BMI −0.025 −0.154 <0.001 −0.035 to −0.016 1.312
Fasting IRI −0.007 −0.088 <0.01 −0.011 to −0.003 1.096
Gender −0.162 −0.097 <0.001 −0.250 to −0.073 1.087
HbA1c −0.038 −0.051 NS (p = 0.058) −0.077 to 0.001 1.076

Log BNP, logarithmic B-type natriuretic peptide; s-Cr, serum creatinine; LVEDP, left ventricular end-diastolic pressure; BMI, body mass index;
Log HOMA-IR, logarithmic HOMA-IR; IRI, immunoreactive insulin; HbA1c, hemoglobin A1c.
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whose glucose levels were less than 140 mg/dl [18]. We thus
performed a multivariate analysis only in the patients whose
glucose level less than 140 mg/dl (n = 740). The result
remained essentially the same; Log HOMA-IR inversely
correlated with the Log BNP levels (P < 0.001), while the
HbA1c levels were not significant (P = NS).

The insulin secretory capacity deteriorates in relation to the
degree of DM.Wedivided the study population into two groups,
DM (258 patients) and non-DM (582 patients). As a result, the
Log BNP levels were inversely correlated with the Log HOMA-IR
levels by simple linear regression analysis (r = −0.220, P < 0.001)
and also by multivariate analysis (P < 0.001) in the non-DM
group. The Log BNP levels were inversely correlated with
the Log HOMA-IR levels by simple linear regression analysis
Fig. 4 – Schematic illustration.There are substantial associations
suppress the BMI and HOMA-IR values.HOMA-IR, homeostasis m
hemoglobin A1c; BNP, B-type natriuretic peptide, CI, cardiac inde
ventricular ejection fraction.
(r = −0.235, P < 0.001) and also by multivariate analysis
(P < 0.05) in the DM group.

Patients with AF, HD and CAPD were included who had
factors that could influence NP. The plasma BNP levels were
significantly higher in patients with AF (317.7 ± 638.7 pg/mL),
HD and CAPD (938.9 ± 1319.1 pg/mL in all). We also performed
the same statistical analysis by using the remaining 718
patients without AF, HD and CAPD. As a result, there was an
inverse correlation between the Log BNP levels with Log
HOMA-IR by simple linear regression analysis (r = −0.223,
P < 0.001) and multivariable analysis (P < 0.001).

There is a possibility that poor appetite associatedwith severe
HF reduces body weight and may also superficially improve the
diabetic condition. The condition of nutrition might have been
between the HOMA-IR, BMI and HbA1c levels. BNP would
odel assessment ratio; BMI, body mass index; HbA1c,
x; LVEDP, left ventricular end-diastolic pressure; LVEF, left
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slightly reduced, even in the present study population. However,
the serum albumin levels were 4.0 ± 0.4 g/dL (N = 840) and the
hemoglobin levels were 13.3 ± 2.0 g/dL (N = 839); the absolute
levels of both were almost within normal limits.
4. Discussion

It is well recognized that metabolic abnormalities, such as
diabetes, produce cardiovascular disease and HF. In addition,
the underlying mechanisms of diabetes and HF partly overlap
and may be confounded, as many neurohumoral factors are
activated in a similar manner in both diseases. Therefore, a
close correlation between HbA1c levels and the degree of HF
should be conceivable, although there have curiously been
few reports showing a close correlation between these
parameters. The present study also showed no sensible
correlation between HbA1c levels and the severity of HF in a
multiple regression analysis. We took an interest in this
phenomenon and hypothesized that there is a hidden, but
firm, effect of neurohumoral factors on the onset of metabolic
abnormalities in patients with HF. Notably, the multivariate
analysis clearly showed that the Log BNP levels inversely
correlated with the HOMA-IR values, suggesting that BNP
partially halts the progression of diabetes by improving
insulin resistance, even under the metabolically harmful
conditions of HF.

Considering possible mechanisms, as for the substantial
inverse relationship between the plasma BNP level and
insulin resistance, it is necessary to discuss high BMI (obesity)
and its relationship to plasma BNP levels, as obesity is
crucially involved in the development of insulin resistance
[19]. In the current study, the statistical analyses revealed an
inverse correlation between the plasma BNP levels and BMI.
This association matches the findings of pioneering work
showing that obese individuals in the cohort of the Framing-
ham Heart Study had considerably lower plasma NP levels
than those with a normal weight [20]. We also previously
reported that the secretion of NP from the heart is reduced
and that the circulating NP levels are decreased in obese
patients compared with non-obese patients [21,22]. It is
important to discuss the pathophysiological function of
adipocytes and their relationship to NP. First, it is probable
that NP reduces BMI by improving the form and function of
adipocytes. Second, it is likely that unknown factors secreted
from adipocytes attenuate the production of NP in the heart
and/or augments NP clearance at some sites in the body.
Although it is unclear at present which mechanism is correct
or predominant, it is conceivable that these pathways are
mutually related as follows.

It can be supposed that a high BNP level plays a causative
role in lowering BMI and improving insulin resistance. In this
regard, there is a definitive report using BNP transgenic mice
that showed that NP/cGK cascades promote muscle mito-
chondrial biogenesis and fat oxidation via the upregulation of
peroxisome proliferator-activated receptor-gamma coactiva-
tor-1α (PGC-1α) and peroxisome proliferator-activated recep-
tor (PPAR) γ, thus preventing obesity and glucose intolerance
[14]. In addition, it has been reported that NP stimulates
triglyceride lipolysis in adipocytes, a process also regulated by
the sympathetic nervous system [23]. These two pathways
promote the uncoupling of mitochondrial respiration and
thermogenesis in brown adipocytes [24,25]. It is thus reason-
able that an increased BNP level accelerates lipolysis in
adipose tissue, resulting in a lower BMI and improvements
in insulin resistance. On the other hand, it is conceivable that
high BMI plays a causative role in lowering the plasma BNP
level. It has been reported in patients with obesity that the
heart utilizes fatty acids exclusively as a source of energy,
with the concomitant suppression of glucose utilization via
the activation of PPARα [26,27]. PPARα has also been reported
to suppress BNP production [28]. Hence, it is thus conceivable
that increased fatty acid availability, as reflected by elevated
plasma free fatty acids, suppresses BNP production, thereby
resulting in a lower plasma BNP level. In addition, it has been
demonstrated that hypoxia-inducible factor (HIF-1α) plays a
crucial role in BNP production [29,30]. Insulin induces the HIF-
1α level [31,32] and it is therefore conceivable that BNP
production is reduced under conditions of insulin resistance
via HIF-1α suppression in obese patients [21].

Adiponectinmay play an important role in the link between
a low BNP level and insulin resistance. The production of
adiponectin is reduced in relation to the severity of obesity [33]
and increased by successful therapy for obesity [34]. In addition,
the adiponectin level is known to inversely correlate with
insulin resistance [35]. Remarkably, NP itself potentially en-
hances the production of adiponectin inhumanadipocytes [36].
Therefore, a low NP level is expected to play a causative role in
the onset of insulin resistance via low adiponectin production.
Moreover, NP itself potentially reduces inflammation [13]. The
relatively high activity of inflammation occurring under a low
NP level may further reduce the production of adiponectin [37].

Recently, we reported that a low plasma BNP level was
associated with patients with stable IHD, which suggests that
low BNP plays a causative role in the progression of IHD [38].
Considering that IHD is associated with insulin resistance
[39], there may be close links between IHD, insulin resistance
and a low BNP level; this topic is anticipated to become a hotly
debated subject in the immediate future.

As mentioned above, an increased plasma BNP level is
mutually related to a decrease in BMI and improvement in insulin
resistance. From the viewpoint of energymetabolism,methods to
increase the endogenous NP level may constitute a therapeutic
strategy for treating insulin resistance. For example, drugs
inhibiting neutral endopeptidase (NEP) activity, the major NP
degrading enzyme,maybeuseful for improving insulin resistance;
theexogenousadministrationofNP isalsohelpful for thispurpose.
Upregulating the NP level represents a therapeutic strategy for
improving hemodynamics in cases of HF as well as ameliorating
metabolic abnormalities, such as obesity and insulin resistance. In
addition, there was an inverse correlation between BNP levels and
fasting IRI levels. Taking into consideration a cardio-toxic effect of
hyperinsulinemia [40], this result would suggest that BNP partly
rescues cardiotoxicity by suppressing hyperinsulinemia.

In recent history, the potential of NP to reduce insulin
resistance has been reported at several institutions [41,42].
The present study provides a new way of thinking about a
formerly inexplicable relationship between a diabetic state
estimated according to the HbA1c level and the degree of HF.
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Finally, a schematic illustration of our findings is shown in
Fig. 4. It is well known that there is a substantial association
between the HOMA-IR, BMI and HbA1c levels. We herein
demonstrated that BNP suppresses the BMI and HOMA-IR
values, although it is difficult to distinguish between the
cause and effect in each case.
5. Study Limitation

We speculate that the HbA1c levels would become higher in
relation to the severity of HF; this can likely be shown by using
a better marker of HF. Unfortunately, we could not find a
suitable marker that was firmly associated with HbA1c levels
in the current study. There are generally many markers of
cardiac dysfunction, such as hemodynamic parameters
during cardiac catheterization, echocardiographic measure-
ment values, cardiac scintigraphic measurement values and
others. Among the markers, there would surely be a good
marker associated with HbA1c levels in HF. CI seems to be
highly associated with HbA1c levels compared with LVEDP or
LVEF in this study; however, the study patient number was
limited and the association remains unclear. In any case, it is
interesting to see that the plasma BNP levels, which should be
a sensitive biological marker of HF, were never a suitable
marker associated with the diabetic condition but rather
tended to be inversely associated with the diabetic condition
through improved insulin resistance. Furthermore, BMI re-
flects not only fat accumulation but also body fluid excess in
HF. BMI might not be a suitable marker for an analysis of the
diabetic condition. Even so, the previous reports using BMI as
a potential index of obesity clearly showed a negative
correlation between plasma BNP levels and obesity [43,44].

This study was a cross-sectional study, and a further study
would be warranted to determine the counter-regulatory effect
of natriuretic peptides on insulin resistance in patientswithHF.

In conclusion, HF and diabetes tend to worsen with each
other; however, the appearance of the association between
them was likely blunted because of a considerable effect of NP
in counteracting insulin resistance, even during the metaboli-
cally harmful condition of HF.
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