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the research made in this area, the exact mechanism of natriu-
retic peptide suppression in obese patients with heart failure 
is still unknown. A plausible explanation is the attenuation of 
natriuretic peptides synthesis or secretion in patients with obe-
sity due to a reduced cardiac distensibility (Gruden et al 2014; 
Madamanchi et al 2014).
The existing link between obesity and heart failure is at least 
partially explained by the secretion of various adipokines. 
Adipokines are cytokines released by the adipose tissue that 
have various physiological effects. There are over 50 adipo-
cytokines which have been described, some of which are pro-
duced almost exclusively by adipocytes. One of them is lep-
tin, a peptide hormone consisting of 167 amino acids. Leptin 
levels are elevated in obesity, but they are also influenced by 
cardiac diseases (Jong et al 2018). Although leptin is main-
ly expressed in white adipose tissue, it was also found in the 
heart (Hall et al 2015). There still are controversies regarding 

Introduction
Obesity has reached pandemic proportions worldwide and is a 
common finding in people with heart failure. The risk of heart 
failure increases by 5 % in men and 7 % in women for every 1 
kg/m2 increment in body mass index (BMI) (Mathew et al 2008). 
Natriuretic peptides are cardiac hormones secreted at the atrial 
or ventricular level due to myocardial parietal stress, known as 
important tools in the diagnosis, prognosis and management 
of heart failure. The physiological effects of the BNP are va-
sodilatation, enhancement of natriuresis and diuresis and renin-
angiotensin-aldosterone system suppression (Wirth et al 2014). 
NT-proBNP levels are influenced by age, renal function, atrial 
fibrillation, arterial hypertension and other cardiac or non-cardi-
ac conditions which can weaken their diagnostic and prognostic 
value. There is now overwhelming evidence that obesity is as-
sociated with lower levels of B-type natriuretic peptides (BNP) 
in patients with CHF (Ponikowski et al 2016). But, despite all 
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leptin’s cardio-protective effects in obese heart failure patients 
(Dadarlat et al 2018). There is evidence incriminating leptin, a 
satiety adipokine that increases proportionally with the BMI as 
one of the most important hormones implicated in heart failure 
development. Hyperleptinemia, which is commonly found in 
obese patients, leads to endothelial dysfunction, pro-inflamma-
tory effects, oxidative stress, cardiomyocyte hypertrophy and 
proliferation of vascular smooth muscle cells (Jong et al 2018; 
Pop et al 2015). On the other hand, there are studies showing 
the deleterious effects of the deletion of leptin receptors in the 
heart, which was associated with a decreased myocardial con-
tractile function and glucose metabolism. Therefore, the lack 
of cardiac leptin receptors increases mortality and morbidity 
in patients with coronary heart disease (Hall et al 2015). In the 
heart, leptin is responsible for fatty acid and glucose metabo-
lism modulation and also has anti- steatosis and apoptosis ef-
fects (Hall et al 2015).
The aim of this study was to investigate the association between 
leptin and the N-terminal prohormone of B-type natriuretic pep-
tide (NT-proBNP) in obese heart failure population, stratified 
by the presence of AF.

Materials and methods
We conducted a cross-sectional study of 88 patients with over-
weight or obesity hospitalised in the Rehabilitation Hospital, 
Cardiology Department, Cluj-Napoca in 2016–2018 for wors-
ening heart failure. The selected patients were informed about 
the study protocol and gave their signed informed consent. The 
institutional ethics committee of “Iuliu Hatieganu” University 
of Medicine and Pharmacy approved the study protocol.
We categorised participants according to body mass index 
(BMI). BMI was calculated according to the following formula: 
weight in kilograms divided by the square of the height in me-
ters. Clinical history, ECG, laboratory data and current medi-
cations were recorded. The NYHA classification was used to 
assess functional capacity. Hypertension (HTN) was defined as 
systolic blood pressure ≥ 140 mm Hg, diastolic blood pressure 
≥ 90 mm Hg, or current use of antihypertensive medication.  
Echocardiographic measurements were performed. 
All patients received optimal heart failure therapy according to 
current guidelines.
Blood samples for laboratory assessments were obtained from 
the patients on the day of the arrival. Serum was separated by 
centrifugation at 1500 g for 10 minutes at 4°C, then was trans-
ferred into 1 mL cryotubes, and stored at −70°C for later anal-
ysis. Leptin was measured using the ELISA method (Human 
Leptin BioVendor kit). Calibration of the assay was performed 
according to the manufacturer’s recommendations. The limit of 
detection for leptin was 0.2 ng/ml. NT-proBNP was measured 
using the chemiluminescence method. The estimated glomeru-
lar filtration rate (eGFR) was calculated using the Cockcroft-
Gault Equation. 

Statistical Analysis
Statistical analysis was carried out using MedCalc (v 10.3.0.0, 
MedCalc Software, Ostend, Belgium) and SPSS Statistics for 
Windows (v 16.0, IBM Corporation, Armonk, NY, USA) soft-
ware programs. Normal distribution was assessed using the 
Kolmogorov–Smirnov test. The results regarding categorical 

variables are presented as numbers and percentages. For nu-
merical data, mean, standard deviation and median values were 
calculated (depending on distribution’s normality). Baseline 
characteristics were stratified by the presence of atrial fibrilla-
tion. Mann-Whitney U test was used in order to compare nu-
merical variables with non-normal distribution, after normality 
assessment with Wilk test. Inter-group differences were tested 
using the Student’s t-test. Both raw data (using Spearman’s 
coefficients) and log-transformed data (using Pearson’s coef-
ficient) were computed.
A two-sided P-value of < 0.05 was determined to be statisti-
cally significant.

Results
Out of all patients, 46 patients (52%) had permanent atrial fi-
brillation. In the overall population the mean age was 69 ± 9 
years and 51% were females. Median BMI was 36 (27–48) kg/
m2. The most common aetiology of heart failure in our patients 
was ischaemic. Seventy-three percent of the participants were 
hypertensive, 38% had diabetes mellitus, 34% were current 
smokers and 18% had a positive history of myocardial infarc-
tion. The clinical characteristics of the studied groups are pre-
sented in Table 1, stratified by the presence of atrial fibrillation.
Obesity grade 3 was found in 24% of patients with atrial fibril-
lation in comparison with patients without AF where grade 3 
obesity was seen only in 14%. Overweight was found twofold 
more frequently in patients in sinus rhythm. The left ventricle 
ejection fraction was not significantly different between the two 
groups of patients (45 ± 11 in patients with AF vs 45 ± 12; p =0.9). 
We found a significant difference between HDL-cholesterol 
levels between the two groups, patients with atrial fibrillation 
presented significant lower levels (37 ± 10 mg/dl vs 44 ± 11 
mg/dl; P-value = 0.004). 
NT-proBNP median value was 1342 pg/mL (923-3076 pg/mL). 
NT-proBNP levels were not significantly influenced by the pres-
ence of atrial fibrillation 1579 pg/mL (963-3600 pg/mL) vs. 
1120 pg/mL ( 893-2700 pg/mL) with a P = 0.1 in heart failure 
patients with overweight or obesity.

Fig 1. Correlation between leptin levels and left ventricle ejec-
tion fraction in overweight or obese heart failure patients with 
or without AF
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An inverse relationship was found between NT-proBNP values 
and creatinine clearance estimated by Cockcroft-Gault equation 
(r=-.35, p=0.001). Also, NT-proBNP values negatively corre-
lated with BMI (r=-.3, p=0.04).
Moderate and severe mitral regurgitation were found more fre-
quently in patients with atrial fibrillation (p-value=0.01). We 
found no significant differences in terms of other valvular diseases 
(aortic insufficiency, aortic stenosis) between the two groups.
Left atrial dilatation was significantly more common in patients 
with atrial fibrillation compared with patients without AF, with 
a mean anteroposterior diameter of 47 ± 9 mm vs. 42 ± 10 mm; 
P= 0.01 and an area of 31 ± 7 cm2 vs 27 ± 10 cm2; P=0.01.

Median leptin value was 25 ng/mL. A positive correlation (r= 
0.347, p= 0.001) was found between leptin concentrations and 
BMI. No correlation was found between leptin serum levels and 
left ventricle ejection fraction (r= 0.183, p=0.08), regardless of 
the presence of AF- figure 1. Leptin levels were not significantly 
higher in women compared with men (40.3 ± 38.2 vs. 27 ± 26.2, 
p = 0.06) - figure 2. Leptin levels were not significantly differ-
ent in patients with atrial fibrillation (35 ± 32 ng/mL), median 
value 26 ng/mL in comparison with patients in sinus rhythm 
(32 ± 34 ng/mL), median value 24 ng/mL, p=0.68 - figure 3. 
We found no relationship between NT-proBNP levels and leptin 
serum levels in overweight or obese heart failure patients with 
or without AF, as you can see in figure 4.

Discussion
There is robust data showing that patients with obesity have 
lower NT-proBNP values (Horwich et al 2018), limiting its prog-
nostic and risk stratification value in this subgroup of patients. 
Moreover, a recent study showed that excluding heart failure 
with preserved ejection fraction in patients with overweight and 

Overweight and obese 
patients with chronic 

heart failure:
with AF without AF P

Demographics
Patients- No (%) 46 (52.2%) 42 (47.7%) 1
Age, mean years ± 
standard deviation 

69.48 ± 
8.81 69.38 ± 10.15 0.962

Female sex – No (%) 24 (57.1 
%) 21 (50%) 0.9

Aetiology
•Ischaemic heart 
disease 20 (43.5%) 26 (56.5%) 0.101

•Dilated 
cardiomyopathy 10 (21.7%) 5 (10.9%) 0.029

•Valvular 10 (21.7%) 6 (13.0%) 0.120

•Tachyarrhythmias 14 (30.4%) 2 (4.3%) 0.000

•       Others 5 (10.9%) 6 (13.0%) 0.828

NYHA functional 
class I- II- No (%) 

0.098
13 ( 

28.2%) 19 (45%) OR=2.1

NYHA functional class 
III-IV- No (%) 33 (71.7%) 23 (54.7%)

Smoking status – No 
(%) 12 (26.1%) 18 (39.1%) 0.072

Laboratory
HDL-cholesterol mg/
dl (mean ± SD)

37.31 ± 
10.42 44.14 ± 11.46 0.004

LDL-cholesterol mg/dl 
(mean ± SD) 

107.91 ± 
44.62 99.43 ± 30.53 0.298

Triglycerides- mg/dl 
(mean ± SD) 

142.55 ± 
43.80

127.84 ± 
51.21 0.15

Glycemia- mg/dl 119.71 ± 
40.25

115.91 ± 
38.86 0.654

(mean ± SD) 
Creatinine (mg/dl) 1.16 ± 0.39 1.09 ± 0.46 0.432
NT-pro-BNP- pg/dl 1579 

(963-3600)
1120 

(893-2700) 0.1
median (IQR)

Table 1. Baseline demographic characteristics in patients with 
heart failure and overweight or obesity, stratified by the pres-
ence of atrial fibrillation.

Fig. 2. Leptin levels in overweight and obese women and men 
with heart failure.

Fig. 3. Leptin levels in patients with atrial fibrillation vs pa-
tients in sinus rhythm.
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obesity based solely on NT-proBNP determination is strongly 
discouraged, recommending the use of lower NT-proBNP diag-
nostic thresholds (Buckley et al 2018). Although, the exact patho-
physiological mechanism is not fully understood, the reduced 
cardiac distensibility is a possible explanation (Madamanchi et 
al 2014). Also, there are many other conditions that affect NT-
proBNP levels in a patient, such as atrial fibrillation and renal 
disease. There is evidence that NT-proBNP values are elevated 
in AF,  with implications in prognostic stratification and thera-
peutic decisions. In the current study, higher NT-proBNP lev-
els were not registered in overweight and obese patients with 
atrial fibrillation compared with their counterparts without AF. 
Other studies had also similar results (Zheng et al 2014). So, it 
is possible that the presence of obesity in AF patients has simi-
lar effects on NT-proBNP levels as in heart failure patients in 
sinus rhythm.
Also, an inverse relationship is described between NT-proBNP 
levels and renal function impairment (Ponikowski et al 2016). 
In the present study, in accordance with existing data, an inverse 
relationship between NT-proBNP and creatinine levels, respec-
tively estimated glomerular filtration rate (eGFR) was found. 
Overweight and obese patients are usually hyperleptinemic, 
serum leptin levels being strongly correlated with BMI. Also, 
females usually have higher leptin levels than men (Lieb et al 

2009). In our study female patients did not present statistically 
significant higher leptin levels. In the current study, the median 
serum leptin level was 25 ng/mL in overweight and obese heart 
failure patients. Serum leptin levels in patients with chronic heart 
failure have shown previous conflicting results. There are stud-
ies correlating hyperleptinemia found in obese patients with a 
favourable prognosis in heart failure (Van Berendoncks et al 
2013; Szabó et al 2014). Other studies suggest that increased 
leptin may predict progression to HF in patients at high risk 
(Barbosa-Ferreira et al 2013). In the current study there was 
no significant relationship between leptin levels and left ventri-
cle ejection fraction. Also, high leptin levels were predictors of 
HF independent of BMI in patients without pre-existing coro-
nary heart disease. Therefore, the association between obesity 
and HF may in part be mediated by leptin in patients without 
pre-existing ischaemic heart disease. On the other hand, other 
studies have shown decreased leptin levels in patients with HF, 
especially those with cardiac cachexia or advanced HF. In ad-
dition, leptin levels also correlate with the functional class of 
HF. Richartz et al. demonstrated increased levels of leptin in 
patients with functional class II and decreased levels in patients 
with functional class III and IV (Richartz et al 2001). 
In the current study leptin was not associated with NT-proBNP. 
This finding is in line with existing data which shows that only 

Fig. 4. Correlation between leptin and NT-proBNP levels in overweight and obese heart failure patients, stratified by the pres-
ence of AF.
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adiponectin, but not leptin is independently associated with 
NT-proBNP (Allison  et al 2015). But, there are studies show-
ing that leptin remains an important diagnostic and prognostic 
marker for HF. So, in a population where NT-proBNP levels are 
highly influenced, leptin may represent an efficient alternative 
tool for heart failure diagnosis and prognosis.
We have to acknowledge that the relatively small cohort of pa-
tients is a major limitation of our study.

Conclusion
NT-proBNP levels in patients with heart failure and overweight 
or obesity are not significantly influenced by atrial fibrillation. 
Lower levels of NT-proBNP were found in patients with high-
er BMI. Moreover, leptin levels were strongly correlated with 
BMI. But, we found no significantly association between leptin 
serum levels with NT-proBNP values in overweight and obese 
patients with or without AF. Even though, leptin doesn’t correlate 
with NT-proBNP levels in this subgroup of patients, it still may 
represent an important prognostic tool in heart failure patients.
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