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Abstract

Background: Increased basal metabolic index (BMI) is associated 
with decreased levels of B-type natriuretic peptide (BNP). This makes 
the diagnosis of the congestive heart failure challenging in the obese 
population. We sought to determine the association and strength of the 
relationship between the two variables.

Methods: The association between BMI and BNP was examined in 
405 patients utilizing a retrospective chart review in a single center 
study. Pearson correlation and regression analyses were performed to 
identify trends. BNP trends were also correlated with age.

Results: The mean age of patients was 77 years with 45% men and 
55% women. Mean BNP level was 1,158 standard deviation (SD) ± 
1,537. Mean BMI was 33 SD ± 28. BNP levels were found to be in-
versely related to increasing BMI (P value < 0.001). Using a cut-off 
of 3,500 pg/mL, there was a linear negative correlation on the dotted 
graph. In regression analysis the measure of effect of BMI on BNP 
levels was -0.90 pg/mL. There was no significant association between 
age and BNP levels (P = 0.90).

Conclusions: Irrespective of age, obese patients have lower BNP lev-
els, complicating the diagnosis of heart failure exacerbation in such 
patients. Our results suggest that BNP levels in patients with BMI 
greater than 33 should be adjusted 9 pg/mL per unit increase in BMI.
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Introduction

The diagnosis of acute heart failure (HF) is based primarily on 

clinical judgment, supported by diagnostic testing. This chal-
lenge is accentuated in patients having a high basal metabolic 
index (BMI), as obesity not only obscures the physical exami-
nation findings of acute HF, but also diagnostic biomarker B-
type natriuretic peptide (BNP). This is further complicated by 
a rising trend in obesity around the world. BNP levels were 
recently found to be inversely related to BMI in HF patients [1-
3]. However, these studies had small patient populations with a 
limited range of BNP levels compared to a small range of BMI. 
We included patients with an extensive range of continuous 
variables in an effort not only to clarify the association but also 
to quantify the relationship between BMI and BNP in acute 
HF patients. Furthermore, we also took efforts to establish the 
effect of age on the BNP levels, as it is believed that increasing 
age is associated with higher BNP levels [4].

Materials and Methods

A retrospective chart review was performed at Abington Hos-
pital-Jefferson Health from 2015 to 2019. Four hundred four 
patients with the diagnosis of HF exacerbation on admission 
were included. The initial diagnosis of HF exacerbation was 
made clinically, based on signs, symptoms and echocardio-
graphic findings. For all patients with confirmed HF exacerba-
tion, we retrospectively searched for the BNP and BMP on the 
time of presentation to the emergency room. Patients having 
false elevation of BNP due to other causes were excluded such 
as sepsis, pulmonary embolism, and chronic kidney disease.

Data was collected into an excel sheet by two independent au-
thors and was cross-checked by the third author. The demographic 
characteristics like age and gender were also retrieved. The con-
tinuous data was reported as means and standard deviations (SD). 
The association between the two continuous variables was per-
formed utilizing a Pearson correlation test and the relationship be-
tween the same variables was assessed using a regression analysis 
model. The alpha criteria for significance were set at a value less 
than 0.05. Analysis was performed using the SPSS v22.

For ethical compliance with human/animal study, IRB was 
approved by the ethical committee of the institution.

Results

Mean BNP for all 404 patients was 1,158 SD ± 1,537. Mean 
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BMI was 33 SD ± 28. The mean data was distributed in a bell-
shaped normal distribution curve as shown in Figure 1.

Association between BNP and BMI was determined using 
a Pearson correlation test. There was an inverse Pearson corre-
lation value (r) between BNP and BMI (r = -0.16), which was 
statistically significant with a P value of 0.001 (< 0.05). The 
coefficient of determination was determined by calculating the 
variance (i.e. r-squared, r2). The adjusted r2 value was com-
parable to the conventional r2 indicating that the sample size 
was large enough and the study had significant large power to 
detect the relationship between the two variables. These meas-
ures are shown in Table 1 and Figure 2.

The relationship between the BNP and BMI was also de-
termined using a linear regression model. The purpose was to 
gauge the effect of change in the BMI on the amount of variation 
in BNP. The analysis of variance (ANOVA) through regression 
model showed a value (F) of 11.4 with a statistically significant 
P value of 0.001, degree of freedom (df) 1. The strength of the 
relationship was calculated using coefficient values. It showed 
that for every unit increase in BMI, there is an associated BNP 
decrease of 9.07 pg/mL (beta coefficient, -0.16). This relation-
ship between the two variables had a T value of -3.38 and P 
value of 0.001 (confidence interval (CI), -14.3 to -3.7). The nar-
row CI depicts the large sample size and decreased variance in 
the mean BNP of the included population. The mean residual 
value (0.00) further validated the analysis. This is shown in Fig-
ure 3 and Table 2.

The mean age of patients was 77 SD ± 10 (41 - 98) years. 

We also checked the association between the age and BNP lev-
els. We found that age has a very weak inverse correlation with 
the BNP levels (r = -0.006) which was not statistically signifi-
cant (P = 0.45). On ANOVA testing, F value was 0.15 with a 
nonsignificant P value of 0.90 and df 1. This is shown in Figure 
4 and Table 3.

Coefficient analysis revealed that for every 1-year increase 
in the age, there is an associated BNP fall of about 9.26 (beta 
coefficient, -0.006), T value of -0.123 and P value of 0.902 
(CI of -15.6 to 13.8). The narrow CI depicts the large sample 
size and decreased variance in the mean BNP of the included 
population. The mean residual value (0.00) further validated 
the analysis as shown in Table 4.

Discussion

BNP is a natriuretic peptide secreted by cardiac myocytes in 
response to the stretch and high ventricular filling pressure. 
The plasma concentration of BNP aids in the diagnosis of HF 
exacerbations when used in concert with physical examination 
and clinical imaging [5]. BNP levels can increase drastically in 
severe cardiac dysfunction. A BNP value less than 100 pg/mL 
has a high negative predictive value to rule out an HF diagno-
sis. Most patients with HF presenting as dyspnea have a BNP 
level more than 400 pg/mL [6, 7].

Plasma BNP concentrations can be affected by many vari-
ables including age, gender and BMI. Prior studies suggest a 
positive correlation of age and BNP levels. Gender differences 
showed higher BNP in women as compared to men [8]. Our 
study is unique in a sense that we found a very weak inverse 
linear correlation of age with BNP levels (r = -0.006), which 
was not statistically significant (P = 0.45). Our study showed 
that for 1-year increase in the age, there is an associated BNP 
fall of about 9.26 (beta coefficient, -0.006), but it was nonsig-

Table 1.  The Measure of Central Tendency and Pearson Correlation of the BMI and BNP

Mean Standard deviation r r2 P value Adjusted r2 Standard error
BNP 1,158.27 1,536.81 0.16 0.028 0.001 0.025 1,517.2
BMI 33.31 28.19

Figure 1. Normal distribution curve for the BNP across the central ten-
dency.

Figure 2. Inverse Pearson correlation of BNP levels with the rising BMI.
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nificant (T value of -0.12, P value of 0.90, CI of -15.6 to 13.8). 
The regression analysis in our study showed a very weak re-
lationship of old age with BNP levels. Thus, older age does 
have some weak inverse effect on BNP levels. Our patients, 
however, had no pediatric population and the mean age was 76 
years with a range of 41 - 98 years, signifying that middle- and 
old-aged population was included.

Another modifiable variable of BNP level is BMI. Obese 
patients have a lower BNP levels as compared to people with 
normal BMI [9]. In 2004, Wang et al were the first ones to 
demonstrate an inverse relationship between BMI and BNP in 

3,389 non-HF subjects from the original Framingham Heart 
Study offspring cohort. Multivariable regression analysis was 
adjusted for left atrial size and left ventricular mass. The mean 
plasma BNP levels were 12.7, 15.5 and 21.4 in obese, over-
weight and lean participants, respectively. This study was una-
ble to conclude causation of low BNP given the cross-sectional 
design [10]. This result was further supported by a large pop-
ulation-based cohort of the Dallas Heart Study, demonstrating 
an inverse relationship of BMI, BNP, and an additional marker, 
N-terminal pro-brain natriuretic peptide (NT-proBNP). The 
study included a random sample of 2,707 patients aged 30 to 
65. Multivariable regression analysis adjusted for ethnicity, 
age, gender, hypertension, left ventricular mass and end dias-
tolic volume demonstrated high BMI level with low BNP and 
NT-proBNP levels (P < 0.001) [9]. Our study also shows an 
inverse relationship between BMI and BNP, but it is unique in 
the sense that measurement of BMI and BNP was in acute con-
gestive heart failure (CHF) patients. In our study, the Pearson 

Table 2.  Regression Model Analysis of BMI and BNP Quantifying the Measure of Relationship

Model Unstandardized coefficients Standardized coefficients t Sig. 95.0% CI
B Standard error Beta Lower Upper

BMI -9.06 2.68 -0.16 -3.38 .001 -14.335 -3.795

Table 3.  Mean and Pearson Correlation of the Age Against BNP

Mean Standardized deviation r P value r2 Adjusted r2

BNP 1,155.7259 1,535.76869 -0.006 0.451 0.000 -0.002
Age 76.5136 10.19527

Table 4.  Regression Analysis Model Showing a Weak Relationship of Old Age With BNP Levels

Model Unstandardized coefficients Standardized coefficients t Sig. 95.0% CI
B Standard error Beta Lower Upper

Age -0.92 7.50 -0.006 -0.12 0.90 -15.67 13.82

Figure 3. Regression analysis model showing the negative association 
between BNP and BMI.

Figure 4. Non-linear association of increasing age with the BNP trend.
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correlation value (r) between the BNP and BMI was found to be 
inverse (r = -0.16), which was statistically significant with a P 
value of 0.001 (< 0.05). The relationship between the BNP and 
BMI was also determined using a linear regression model. The 
purpose was to gauge the effect of change in the BMI on the 
amount of variation in the BNP. ANOVA demonstrated a value 
(F) of 11.4, with a statistically significant P value (0.001, df 1). 
The strength of relationship using the coefficient values showed 
that for every unit increase in the BMI, there is an associated 
BNP fall of 9.07 (B of -0.16, T value of -3.38, P value of 0.001 
and CI of -14.3 to -3.7). The narrow CI depicts the large sample 
size and decreased variance in the mean BNP of the included 
population.

A variety of explanations were proposed to explain in-
verse relationship between BMI and BNP. Some of the or-
gans involved to explain this physiology include the kidney, 
adipose tissue and heart. Regarding the role of the kidney, one 
hypothesis is that obesity increases the glomerular filtration 
rate thereby increasing the clearance of BNP [11]. Regarding 
the role of adipose tissue, several studies have suggested that 
obese patients have low levels of BNP due to alterations of 
BNP clearance and degradation. Receptors that facilitate re-
moval of BNP from the circulation in obese patients include 
natriuretic peptide clearance receptors (NPR-C) [12-14]. This 
increased clearance of BNP linked to the decreased inhibition 
of renin-angiotensin system, decreased natriuretic effect and 
enhanced sodium retention in obese patients [15, 16]. Fast-
ing and weight loss are known to decrease expression of adi-
pose cellular NPR-C which can lead to increased BNP levels 
[17]. Regarding the role of the heart, the inverse relationship 
of BMI with BNP is thought to be due to decreased produc-
tion rather than decreased clearance. This is supported by data 
from animal studies that find both BNP and NT-proBNP were 
more closely related to the muscle mass rather than fat mass. A 
study performed in rats by Cabiati et al reported significantly 
lower levels of mRNA of BNP in obese rats as compared to 
control rats [18]. A human study by Shah et al also suggested 
decreased production of BNP in obese people with low levels 
of coronary sinus BNP, as evidence of production [19].

Obesity is one of the major risk factors for HF. It can cause 
HF through lipoapoptosis, impaired fatty acid oxidation, or in-
creased cardiopulmonary volume due to enhance vasodilation 
[15, 20, 21]. Researchers have theorized a “bidirectional rela-
tionship” between BNP and adiposity. Lipolysis in adipocytes 
has been shown to be caused by BNP. A lower BNP level de-
creases lipolysis.

Limitations

We did not study other factors which could have falsely el-
evated the BNP levels such as end-stage renal disease, sepsis 
and pulmonary embolism. The pediatric and younger popula-
tion populations were not included.

Conclusions

Patients with high BMI have lower BNP levels, making the 

diagnosis of HF exacerbation more difficult in such patients. 
Based on our data we suggest adjusting BNP levels in patients 
with BMI greater than 33 kg/m2. Their BNP should be adjusted 
9 pg/mL per unit increase in BMI, provided the patient has 
no other confounding factors. Larger scale studies including 
all population groups with consideration of their comorbidi-
ties can confirm these findings. We believe that this study will 
provide direction for these future studies.
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