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Abstract

Natriuretic peptides (NPs, B-type natriuretic peptide /BNP and NT-proBNP) are universally used 

biomarkers with established cut-points to aid in the diagnosis of heart failure (HF). It has been 

demonstrated that an inverse relationship exists between obesity, defined by the body mass 

index (BMI), and NPs, such that the application of NPs to diagnostic algorithms in HF remains 

challenging in overweight and obese patients. Some have advocated that lowering the cut-offs 

for NPs or using a correction for high BMI may improve the diagnostic accuracy in obese 

individuals. The inverse relationship of NPs with high BMI is present in both HF with reduced 

(HFrEF) and with preserved (HFpEF) ejection fraction, although levels tend to be higher in 

HFrEF. Nevertheless, data from several studies have shown that the prognostic value of NPs is 

preserved across BMI classes, and that increasing circulating levels of NPs correlate with adverse 

outcomes including all-cause mortality and HF hospitalizations. While NPs can still be used in 

diagnosis of HF in obese individuals, lower thresholds and the clinical context should be utilized 

in decision making. Additionally, given the validated prognostic value even in obesity, NPs can be 

employed in risk-stratification of individuals with obesity and HF, although there remains limited 

evidence about use in those with severe obesity (BMI >40 kg/m2).
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INTRODUCTION:

The natriuretic peptides (NPs), B-type natriuretic peptide (BNP) and N-terminal pro B-type 

natriuretic peptide, (NT-proBNP), are commonly used biomarkers in heart failure (HF). BNP 

is a peptide hormone produced by ventricular myocytes primarily in response to myocardial 
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stretch resulting from volume expansion or pressure overload (1–3). NT-proBNP is the 

biologically inactive fragment from the prohormone of BNP, and is secreted into circulation, 

and thus is a measurable biomarker for hemodynamic stress alongside BNP (4).

There are established cut-points for both BNP and NT-proBNP that are utilized in the 

diagnosis of HF in clinical settings (Table 1) (5, 6). However, the same cut-offs may 

not be as applicable to obese individuals. Circulating levels of NPs are reduced in obese 

individuals, with and without HF (7–9). This makes applying universal cut-offs for NPs 

in the diagnosis of HF among obese patients challenging. However, the prognostic value 

for HF outcomes may still be maintained in this patient population. This article aims to 

review the use of NPs in diagnosis and prognosis of HF in obese individuals and provide 

evidence-based recommendations on how to utilize NPs for HF in obese individuals.

1. Relationship Between NPs and Obesity

It is well known that compared to the general population, levels of NPs are reduced in obese 

individuals (7, 8). A reduction of ~40% in the level of NPs has been reported in obese 

individuals compared with non-obese individuals (8). There is a lack of consensus on the 

mechanism responsible for this reduction of circulating NPs in obesity. Previously, it was 

thought that there was higher clearance of BNP in obesity due to increased expression of 

NP receptor C (NPR-C) on adipose tissue, which binds BNP and leads to its internalization 

and degradation (10). However, this does not explain the decreased levels of NT-proBNP 

in obesity, as NPR-C does not bind this fragment of BNP (1). An alternative hypothesis 

is that there is a reduced release of NPs from myocardial tissue in obese individuals (11). 

Therefore, a combination of increased degradation and decreased release may contribute to 

relative deficiency of NPs in obesity.

NPs also have an effect on obesity as mediators of fat metabolism (12–14) and favorable 

body fat distribution (15). NPs exert their effects by binding to the NPR-A receptors 

expressed on adipose tissue (16). They have been shown to promote lipolysis in human 

adipocytes (17), mitochondrial fat oxidation, conferring protection against diet-induced 

obesity and insulin resistance (12), browning of white adipocytes (13), and augment 

adiponectin production (14), which may have cardioprotective effects. Thus a deficiency 

of NPs may contribute to adverse obesogenic states (Figure 1), providing a mechanistic basis 

for the effects of obesity on cardiac dysfunction and HF (18).

2. NPs in Diagnosis of HF in Obese Individuals

Dyspnea and decreased exercise tolerance are two of the common presenting complaints 

in obese patients. The coexistence of comorbid conditions like obstructive sleep apnea, 

obesity hypoventilation syndrome, and chronic obstructive lung disease in obese individuals 

makes it challenging to diagnose HF and differentiate it from these other conditions which 

could present with similar symptoms. NPs are therefore attractive biomarkers to aid in HF 

diagnosis. Myocardial wall stress induces release of NPs from cardiomyocytes, resulting 

in elevated levels of circulating levels of NPs, which has allowed the utilization of NPs 

in diagnosis of HF. Based on the BNP (6), PRIDE (5), and ICON-RELOADED (19) 
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studies, age appropriate cut-offs for BNP and NT-proBNP were established to rule-in acute 

HF, whereas age independent cut-offs of 100 pg/mL and 300 pg/mL respectively were 

established to rule-out diagnosis of HF (Table 1).

However, NPs can be misleading in this population given that the inverse relationship 

between NPs and obesity is maintained in the setting of HF, with lower levels of circulating 

NPs in obese individuals with acute and chronic HF compared to lean individuals with HF 

(9, 20–22). For example, in a retrospective observational study using a linear regression 

model it was determined that for every unit increase in BMI, there is an associated decrease 

in BNP by 9 pg/mL (23). The mean BMI of participants in this study was 33 kg/m2 and 

the authors recommended adjustment of BNP by 9 pg/mL for every unit increase above 

BMI 33 kg/m2. There have been multiple studies that have assessed the diagnostic accuracy 

of NPs in the obese population (Table 2). Lowering the established cut-off of NPs seems 

to maintain their diagnostic sensitivity in diagnosing HF in obese individuals. Analysis of 

the “Breathing Not Properly” trial revealed that in order to preserve 90% sensitivity for 

HF diagnosis, a lower BNP cut-off of 54 pg/mL for BMI >35 kg/m2 was needed (24). In 

individuals with BMI <35 kg/m2, the use of established cut-off of 100 pg/mL was adequate 

to maintain 90% sensitivity, although it was recommended that cut-off be increased to 170 

ng/mL in normal weight individuals to improve specificity. Another large prospective cohort 

study reported decreased sensitivity of both BNP and NT-proBNP in diagnosing HF with 

increasing BMI class (25). Using the established cut-off points, this study showed that 

the sensitivity for BNP reduced to 85% and 81% in overweight (BMI >25-30 kg/m2) and 

obese individuals (BMI >30 kg/m2) respectively, and to 68% and 69% for NT-proBNP 

in overweight and obese individuals, respectively. Another important finding in this study 

was that the diagnostic accuracy of BNP was similar when compared with NT-proBNP in 

diagnosing decompensated HF in each BMI category. The authors of the study proposed use 

of BMI-specific cut-offs for optimization of sensitivities of NP tests in diagnosis of acute 

HF, although they did not propose values for these cut-offs.

Not all experts agree that NP levels need to be adjusted for BMI for accurate diagnosis 

of HF. A secondary analysis of the ICON study showed that the established age-adjusted 

cut-off for NT-proBNP can be used in obese individuals with heart failure without needing 

to be lowered, despite lower levels of NPs in overweight and obese individuals. The authors 

concluded that despite lower levels of NT-proBNP in overweight and obese individuals, the 

cut-offs for NT-proBNP retained predictive value across all BMI classes (26). The positive 

likelihood ratios for age-adjusted rule-in cutoffs were highly conclusive for likelihood of 

disease in overweight (BMI 25-29.9 kg/m2) and obese (BMI 30 kg/m2 or higher) classes, 

whereas the negative likelihood ratios using the rule-out cutoff of 300 pg/mL were highly 

conclusive of negative likelihood of disease in both classes. However, this finding of 

preserved diagnostic performance of NT-proBNP has not been replicated in other studies.

A limited number of studies have further differentiated between different classes/degrees of 

severity of obesity when evaluating diagnostic accuracy of NPs. An investigation of thirty 

obese patients with BMI between 38-48 kg/m2, with median BMI 42 kg/m2, showed low 

negative predictive value of NT-proBNP in excluding HF diagnosis in HF with preserved 

ejection fraction (EF; HFpEF) patients (27). Another study revealed a similar trend of 
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decreasing NP levels in each obesity class, with the median concentrations of NP being 

lower than established cut-offs in patients with class II or class III obesity (28). This might 

explain the discrepancy in some studies that report preserved diagnostic significance of NPs 

in obese individuals in studies that did not differentiate the obesity classes. These findings 

also suggest that NP concentrations might be less reliable for diagnosis specifically in higher 

classes of obesity.

An explanation for this was presented by Taylor et al in a study where they showed that 

a linear relationship may not exist between left-ventricular end diastolic pressure (LVEDP) 

and NPs in obese individuals (28). This study evaluated 203 patients undergoing cardiac 

catheterization, with 50% obese and 50% non-obese individuals, and compared NPs with 

LVEDP. It was shown that each obesity class had a progressive increase in LVEDP with a 

decrease in NPs. Another single-center study showed that there was no significant difference 

in LVEDP measure by cardiac catheterization between obese and non-obese individuals. 

However, despite having similar LVEDP, there still was an inverse relationship between 

BNP and BMI (29). These findings suggest that NPs are not necessarily reflective of filling 

pressures in obesity, which highlights their potential limitations for HF diagnosis.

There have been several studies evaluating obese populations HFrEF and HFpEF separately, 

but there is limited evidence comparing NPs in the two populations. A retrospective analysis 

of the ARIC study evaluated BNP levels in HFrEF and HFpEF across the BMI classes 

(30). The inverse relationship of BNP with increasing BMI was maintained in reduced 

and preserved EF, however, BNP levels were significantly higher in HFrEF patients when 

compared to HFpEF patients in each obesity class, except in the severely obese (BMI >40 

kg/m2). The authors of a recent study comparing HFpEF and HFrEF proposed that lower 

NP levels seen in HFpEF may be related to muscle mass rather than adiposity (31). The 

study demonstrated an inverse relationship between axial muscle mass and NTproBNP. 

Furthermore, when adjusted for the axial muscle mass, the direct relationship between 

BMI and NT-proBNP was no longer significant. In this study it was reported that HFpEF 

patients have an overall increase in adiposity in all fat depots, whereas HFrEF patients 

demonstrated decreased visceral adiposity and reduced axial muscle mass. This may help 

explain the decreased NP levels in HFpEF patients when compared to HFrEF patients, as 

HFpEF patients tend to be more obese, and therefore likely have a higher muscle mass. 

These differences in NP levels and fat composition between HFrEF and HFpEF indicate that 

diagnosing HFpEF could be more challenging given it often presents in obese individuals.

4. Prognostic Value of NPs in Established HF

NPs might be less accurate in diagnosis of HF in obesity, but they could be valuable in 

prognosis of outcomes in acute and chronic HF. Multiple studies have consistently shown 

that the prognostic value of NPs in HF is preserved across BMI classes (Table 3). In 

a prospective analysis of the PRIDE study, Januzzi et al.(5), determined a NT-proBNP 

concentration above 986 pg/ml as the single strongest predictor of one-year mortality in 

the study participants. Using this prognostic cut-off point in the participants of the ICON 

study, Bayes-Genis et al., showed the prognostic value of NT-proBNP in determining 

1-year all-cause mortality was preserved across all three BMI categories (26). Another 
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large retrospective study established NT-proBNP as a strong independent prognostic factor 

of mortality in each BMI category in patients with decompensated chronic HF (32). With 

increasing NT-proBNP tertiles, there was an increase in incidence of death in all 3 BMI 

categories included in the study (<25 kg/m2, 25-30 kg/m2, >30 kg/m2). This study excluded 

patients with NT-proBNP levels below the established age-adjusted cut-offs for diagnosis of 

HF, which could have impacted the results.

Subgroup analyses of multiple large prospective trials revealed similar findings of increasing 

mortality and worse outcomes with increasing levels of NPs across BMI classes. A post-hoc 

analysis of a sub-study population in the ASCEND-HF trial was performed to delineate 

the relationship between NT-proBNP and post-acute HF outcomes. The study determined 

that WHO obesity classes did not affect the prognostic value of NT-proBNP on 180-day 

mortality, and people with higher NT-proBNP consistently had worse outcomes, including 

30-day death or all-cause hospitalizations (33). Similarly, Nadruz et al reported that in 

patients with established chronic HFrEF (from the PARADIGM trial), NP levels (both BNP 

and NT-proBNP) were predictive of the primary outcome (the composite of death from 

cardiovascular disease (CVD) causes and first HF hospitalization) across all BMI categories. 

Interestingly, this association was weaker in the highest BMI group (BMI >35 kg/m2), 

suggesting that NPs could have a diminished prognostic ability at higher BMIs in patients 

with HFrEF (34).

The prognostic value of NPs has similar significance in patients with stable chronic HFpEF. 

A secondary analysis of the TOPCAT trial to investigate the prognostic value of NP in stable 

patients with established HFpEF showed that elevated NP levels were associated with worse 

outcomes of CVD deaths, HF hospitalizations, or aborted cardiac arrest (35); this association 

was independent of BMI. This study identified that patients with high BMI (above median 

32 kg/m2) and high NPs (above median) are a higher risk group in HFpEF, and have a 2-fold 

higher risk of adverse clinical outcomes. Additionally, the authors reported a U-shaped 

association between BMI and NP (Figure 2), with the lowest NP levels associated with 

BMI 35 and increasing NP levels from there towards both extremes of BMI, suggesting that 

there might a different steady state relationship between BMI and NP in patients with stable 

chronic HFpEF.

When comparing HFrEF with HFpEF, one study concluded that there was a trend of higher 

odds of mortality with increasing NPs, which was preserved across BMI classes in both 

subgroups of HF, with the exception of one group (30). The findings in the study were 

suggestive that BNP may not be useful in predicting mortality in the severely obese group 

(BMI >40 kg/m2) with HFpEF. However, the authors concluded that this findings did not 

have statistical significance, and would need confirmation in future studies.

Employing NPs in risk-stratification of obese patients with HF may be useful in guiding 

treatment. For example, one study developed a prognostic score for 2-year mortality in 

chronic HF patients, and included NT-proBNP as a clinical parameter, with levels above 

1000 ng/ml conferring the highest risk (36). The authors suggested that higher NT-proBNP 

levels can help identify high risk patients, who might benefit from more-intense medical 

therapy or other advanced HF treatments like LVAD and heart transplantation. There is 
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conflicting data regarding the effect of NT-proBNP guided pharmacologic treatment, with 

some studies suggesting benefit (37), while others showing no significant differences in 

outcomes (38). However, there is a limited number of such studies, and additionally there 

are a lack of studies that use NPs based risk-stratification in determining advanced HF 

treatments.

5. How to use NPs in HF

The 2017 ACC/AHA guidelines for HF give a Class Ia recommendation to use NPs in 

diagnosis or exclusion of HF, for its use in establishing prognosis (39). These guidelines do 

not differentiate between the use of NPs for normal weight or overweight/obese patients. 

A lower cut-off value for BNP (54 pg/ml) has been suggested in obese patients with 

BMI >35 kg/m2 by some experts, however is not reflected in the guidelines. Furthermore, 

there has not been a widely accepted NT-proBNP level for use in obese individuals. The 

European Society of Cardiology recommends a 50% reduction in NP cut-off values in obese 

individuals for the diagnosis of HF (40), although this has not been validated in studies.

Given the challenges present when using NPs in the patients with overweight/obesity, 

we propose an algorithm for employing NPs as diagnostic tools in heart failure with 

consideration for the patient’s BMI (Figure 3). In a patient presenting with new onset 

dyspnea or peripheral edema, where HF is suspected, we recommend interpretation of 

NPs based on patient’s BMI. For patient’s in the normal BMI category (<25 kg/m2), the 

established cut-offs can be used for the diagnosis of HF. However, with higher BMIs, lower 

cut offs as proposed should be employed for inclusion of HF as a possible diagnosis, and 

a decision to exclude HF should not be based solely on the measurement of NPs. It is 

important to understand that obesity is an independent risk factor for development of HF 

(41), and individuals in the higher BMI classes might present with HF despite having low 

circulating NPs.

Although there is some evidence that NPs may have better predictive value in diagnosis 

of acute decompensation of HFrEF, a small percentage of patients in the severely obese 

class could still be missed using NPs alone. Therefore, it would be beneficial using NPs 

in conjunction with clinical presentation and other testing for diagnosis of HF and its 

decompensations. If a baseline NP is available, then using the NP trend to guide diagnosis 

can also be helpful.

Another important consideration would be cautious use of NPs as inclusion criteria in 

clinical trials studying HF, as it can introduce biases rendering the conclusions less useful 

in obese individuals. If the existing cut-offs are used as surrogate for HF, then as a result 

obese individuals with HF but lower levels of circulating NPs would not meet criteria to be 

included in the study. This can lead to inherent selection bias in the studies.

However, NPs can be very useful in establishing prognosis and studying effects of various 

risk factors and treatments on outcomes in both HFrEF and HFpEF patients with obesity. 

There is a strong evidence presented in this review that increased NPs are associated with 

worse outcomes including cardiovascular and all-cause morbidity and mortality as well as 
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HF hospitalizations. NPs can be utilized to differentiate severity of HF in obese patients, 

especially in clinically obscure cases, which tend to be a more common theme in obese 

individuals. Classifying patients based on severity can help guide the course of their HF 

treatment, including pharmaceutical treatment, advanced HF therapy, and palliative care. 

There is some evidence that this prognostic value could be diminished in the highest BMI 

classes, and therefore should be used cautiously in this group of patients.

6. Conclusions and Future Directions

As described in the review, there are several issues that need to be addressed in future 

investigations. There is a need for establishment of BMI-adjusted NPs for HF and further 

studies are needed to test the validity of new cut-offs for NPs in obese patients with 

both HFpEF and HFrEF. Further research is needed including HF patients in the higher 

classes of obesity (BMI >40 kg/m2) as there are limited studies including this patient 

population, and there is some evidence that the prognostic value may not be preserved 

in this class of obesity. Furthermore, there is a lack of evidence in evaluating the use of 

NPs in risk-stratification and NP guided medical management and advanced HF treatment, 

specifically in obese individuals. Further research is also needed in establishing differences 

between NPs in HFpEF and HFrEF in obese individuals. There is some data in a limited 

number of studies evaluating NPs, indicating diagnostic and prognostic differences when 

comparing HFpEF and HFrEF, however the evidence remains scant. Finally, there are other 

biomarkers that have been evaluated in HF patients like galectin-3, soluble suppressor of 

tumorgenicity-2 (sST-2), precursor of atrial NP (ANP) called mid regional proANP , matric 

metalloproteinases , and several others (42). These biomarkers should be evaluated for use 

in obese patients with HF for diagnostic or prognostic utility in addition with BNP and 

NT-proBNP.

With the increasing burden of obesity and HF, it is important to understand the interaction 

between obesity and NPs, and its effect on diagnosis and prognosis of HF. The decrease 

in concentration in NPs with increasing BMI renders their use in diagnosing HF in obese 

individuals challenging, and demonstrate the need for new BMI based cut-offs for use in 

diagnosis of HF. The NPs retain their prognostic utility across BMI classes, and should be 

utilized in risk-stratification of patients with HF to identify higher risk patients. Ultimately, 

more studies evaluating NPs in obese individuals with HF are needed to provide solid 

clinical guidance.
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Alphabetical list of abbreviations:

BMI Body Mass Index

BNP B-type natriuretic peptide

CVD Cardiovascular disease
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EF Ejection fraction

HF Heart failure

HFpEF HF with preserved EF

HFrEF HF with reduced EF

LBAT lower body subcutaneous adipose tissue

LVEDP Left-ventricular end diastolic pressure

NP Natriuretic peptides

NT-proBNP N-terminal pro B-type natriuretic peptide

VAT visceral adipose tissue
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Figure 1. Mechanistic Model for Effects of Obesity on Cardiac Dysfunction and HF
Model depicting the feedback loop between adipose tissue and cardiac tissue. NPs released 

by cardiomyocytes have a favorable effect on body fat distribution through various 

mechanisms. A deficiency of NPs in obese individuals with excessive fact accumulation 

leads to adverse obesogenic states (increased visceral and epicardial fat), which in turn 

result in cardiac dysfunction via myocardial wall stress and injury. LBAT = lower body 

subcutaneous adipose tissue; VAT=visceral adipose tissue. Reproduced from reference 18 

with permission.
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Figure 2. Association between BMI and NP Z-score in chronic HFpEF
A U-shape association is shown between BMI and NP levels in patients with chronic 

HFpEF, in the secondary analysis of the TOPCAT trial. NPs were either measured as 

BNP or NT-proBNP, therefore a single, combined, log-transformed Z-score was calculated. 

Reproduced from reference 35 with permission.
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Figure 3. Algorithm for utilizing NPs for diagnosis of HF with consideration for BMI
This algorithm proposes stratifying patients based on BMI prior to interpreting NP levels. In 

overweight and obese individuals, a lower cut-off for BNP should be used for the diagnosis 

of HF. There are no proposed cut-offs for NT-proBNP in these individuals, and up to 50% 

reduction in existing cut-offs can be used based on clinical judgement with utilization of 

other clinical findings.
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