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Serum level of apelin-13 negatively correlated with  
NT-proBNP in heart failure patients

Nivelul seric al apelin-13 este corelat negativ cu NT-proBNP  
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Abstract
Background: Apelin is a potent endogenous inotropic peptide with a major role in counteracting the aldosterone 
and angiotensin II and their negative effects on the cardiovascular system. The exact role of apelin in the patho-
physiology of this disease is not well understood. We aimed to investigate the possible associations of apelin-13 
with clinical and paraclinical characteristics in HF patients as well as studying its dynamics during the course of 
the heart failure. Method: We performed a prospective observational cohort single-center study. We compared the 
baseline serum levels of apelin-13 and NT-proBNP level in 53 heart failure patients (acute heart failure, chronic 
compensated heart failure and chronic decompensated heart failure). We divided the patients according to the 
apelin-13 level: above and below the median, and we analyzed the relationship between serum apelin-13 and the 
clinical, echocardiographic, electrocardiographic and biological parameters. Twenty patients were followed-up 
(after an average time interval of 9 months), investigating the same parameters. Results: The median of apelin-13 
was 495pg/mL (IQR 276-845pg/mL). We found strong, negative correlation between the serum levels of apelin-13 
and NT-proBNP (Spearman rho= -0.83, p<0.001). For the reassessed patients the median apelin level was signifi-
cantly higher at follow-up (460 pg/mL, IQR 342-871 pg/mL) as compared with the baseline level (395 pg/mL, IQR 
270-603 pg/mL), p=0.019, and maintained the negative correlation with NT-proBNP level (Spearman’s rho -0.7, 
p<0.001. The Low Apelin-13 group have higher NT-proBNP levels and also contains all the patients in NYHA IV 
class heart failure, 71% of the acute HF patients, and 7 of 8 patients who died before follow-up. Conclusion: Ape-
lin-13 was negatively correlated with NT-proBNP. The Low Apelin-13 group contained the majority of the patients 
with a negative outcome (death before follow-up), most of the patients who presented with acute HF and all the 
patients in NYHA IV class.
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Rezumat
Introducere: Apelinul este un peptid endogen inotrop pozitiv cu rol important în contrabalansarea aldosteronului 
și angiotensinei II și limitarea efectelor negative ale acestora. Nivelul apelinului se reduce pe parcursul evoluției 
insuficienței cardiace însă rolul său exact în fiziopatotologia bolii nu este încă cunoscut. Scopul studiului a fost de 
a investiga posibila asociere dintre nivelul seric al apelin-13 și caracteristicile clinice și paraclinice ale pacienților 
cu IC, precum și analiza modificărilor lui pe parcursul bolii. Metodă: Am efectuat un studiu de cohortă, prospectiv, 
într-un singur centru. Au fost incluși 53 de pacienți cu insuficiență cardiacă (insuficiență cardiacă acută, cronică 
compensată și cronică decompensată) la care s-au comparat nivelele serice ale apelin-13 și NT-proBNP. În funcție 
de mediana apelin-13 pacienții au fost împărțiți în două grupuri: apelin-13 mai mare și respectiv mai mic decât 
mediana, și s-a analizat relația dintre nivelele apelin-13 și caracteristicile clinice, ecocardiografice, electrocar-
diografice și biologice ale pacienților. Douăzeci de pacienți au fost reevaluați după un interval mediu de timp de 
9 luni, analizând aceiași parametri. Rezultate: Valoarea mediană a apelin-13 a fost 495pg/mL (IQR 276-845pg/
mL). Rezultatele au arătat că apelinul este strâns și negativ corelat cu nivelul NT-proBNP (coeficient Spearman’s 
rho= -0.83, p<0.001). La pacienții reevaluați nivelul apelin-13 a crescut semnificativ (460 pg/mL, IQR 342-871 pg/
mL) comparativ cu nivelul bazal (395 pg/mL, IQR 270-603 pg/mL), p=0.019, și a menținut corelația negativă cu 
NT-proBNP (coeficient Spearman’s rho -0.7, p<0.001. În grupul cu Apelin-13 scăzut au fost prezenți toți pacienții în 
clasa NYHA IV, 71% din cei cu IC acută și 7 din 8 pacienți care au decedat înainte de reevaluare. Concluzie: Ape-
lin-13 este corelat negativ cu NT-proBNP. Grupul cu Apelin-13 scăzut a conținut majoritatea pacienților cu evoluție 
nefavorabilă (deces înainte de reevaluare) și a celor cu IC acută, precum și toți pacienții încadrați în clasa NYHA IV.

Cuvinte cheie: insuficiența cardiacă, apelin, NT-proBNP, peptide.
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Background

The heart failure is a severe, progressive disease, 
with a rising incidence around the world due to 
the prolonged life span and ageing of the world 
population. It is a particular epidemiological 
problem in the developed countries where its in-
cidence is about 1-2% from the whole population 
and up to 10% in the population above the age 
of 70. Besides its increasing incidence, its poor 
prognosis is another concern. Although there is 
an increasing number of treatment options for 
cardiovascular diseases and in particular for heart 
failure patients, the prognosis for this disease re-
mains more severe than for malignancies [1-7].

The progressive pathophysiology of heart 
failure is, at least in part, secondary to over-ex-
pression of some molecular pathways; they are 
chronically activated by the impaired tissue per-
fusion and their purpose is to rise the cardiac out-
put, but in the end it leads to severe injuries of the 
heart, vessels and kidneys. The best known mo-

lecular systems involved in heart failure patho-
physiology are the renin-angiotensin-aldosterone 
system (RAAS) and the adrenergic nervous sys-
tem (ANS); their chronical stimulation produces 
a cascade of molecular changes in the myocardi-
um and endothelium, some of which are meant 
to compensate for the injurious effects of RAAS 
and ANS. The apelin and its receptor (APJ recep-
tor) is one of the molecular systems which coun-
teracts the negative effects of aldosterone on the 
myocardial cells and limits the inflammatory re-
actions and the oxidative stress that are increased 
in chronic, severe, heart failure. Although apelin 
is also synthesized in the adipose tissue and was 
listed as adipocytokine and studied as one [8-11], 
its major site of synthesis and target is the en-
dothelium and the cardiovascular system. It is the 
most potent endogenic positive inotropic agent 
and is a positive regulator of angiotensin convert-
ing enzyme type 2, and so it is a RAAS antag-
onist [12, 13]. Experimental studies conducted 
so far have attributed apelin a protective role on 
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the cardiovascular system, but also on the nerv-
ous system, liver, pancreas and kidneys [14-16]. 
It seems to be a guardian of the living organism, 
human or animal, which regulates basic functions 
of the systems and tissues, helps in the process 
of recovery after an injury and appears to delay 
the onset of diseases. Although some of the re-
sults reported so far give apelin anti-inflammatory 
properties, the exogenous administration of apelin 
being able to lower the inflammatory factors such 
as tumor necrosis factor 𝛼 (TNF𝛼) and interleu-
kin 1𝛽 (IL-1𝛽) [17, 18], its level being increased 
after lowering the cholesterol level by dietary or 
pharmacological measures [19] or being in re-
verse relationship with the level of inflammation 
in the body [8], other studies do not have such 
clear results about its relationship with the inflam-
matory markers [20, 21]. This is probably due to 
the complex actions exerted by apelin and its re-
ceptor in vivo compared with in vitro conditions. 

 The plasmatic level of apelin is known 
to progressively decrease during the course 
of heart failure after an initial rise in the early 
stages of the disease [15]. These dynamics are 
considered to be an attempt to compensate and 
increase the contractile force of the failing heart 
[22], but these effects are progressively altered 
in the course of heart failure. These assumptions 
were made after observing the effects of exper-
imental iv administration of apelin to animals 
and humans with heart failure: it acts as a potent 
inotrope and increases the contractility of the 
heart, the ejection fraction and the cardiac output 
and lowers the left ventricle diastolic pressure . 
These effects were described initially on isolated 
hearts on which apelin exerted a clear inotrop-
ic effect, especially on failing myocardium [23, 
24], and then were reproduced on healthy and 
heart failure human volunteers [25, 26]. All these 
scientific results are proof of the beneficial role 
of apelin in the human body and in particular in 
the functioning of the cardiovascular system but 

it suggests its limited protective effect until it is 
overcome by the injurious molecular pathway 
and its tissular and serum level begin to fall.

Apelin-13 is the shortest fragment derived 
from preproapelin and it is the most potent pep-
tide from all the fragments cleaved by angioten-
sin-converting enzyme from this 77-aminoacid 
protein; its action is 8 times higher than ape-
lin-17 and 60 times higher than apelin-36 and it 
is the main biological activator of the APJ recep-
tor. Its pyroglutamated form was found to be the 
predominant form of myocardial apelin in the 
human heart and plasma [27-30]. 

In our research we aimed to investigate the 
possible associations of apelin-13 with clinical 
and paraclinical characteristics in HF patients as 
well as studying its dynamics during the course 
of the heart failure.

Method

Patients
We enrolled 53 patients consecutively admitted 
for heart failure in the Cardiology Department of 
our hospital between November 2014 and March 
2016. The diagnosis of acute heart failure was 
made after clinical evaluation, NT-proBNP de-
termination and echocardiographic examination. 
We included only the patients with heart failure 
secondary to ischemic heart disease or dilative 
cardiomyopathy. We excluded the patients with 
acute coronary syndromes, uncontrolled arterial 
hypertension, severe valvular diseases (except 
mitral regurgitation and tricuspid regurgitation 
secondary to ventricular and valvular ring di-
lation), diabetes mellitus, severe renal disease 
(creatinine clearance <35ml/min), known malig-
nancies, acute viral or bacterial infections.

A control group was formed with 13 patients 
from the same center, with controlled essential hy-
pertension and no other cardiovascular pathologies, 
treated with beta-blockers and/or ACE inhibitors.
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Study protocol
We performed a prospective observational cohort 
single-center study. The patients were examined 
at two different moments in time: the clinical, 
laboratory and echocardiographic assessments 
were performed at the first hospital admission 
and again after a time interval of 6-12 months.

Clinical (demography, smoking status, al-
cohol consumption, personal and familial med-
ical history, blood pressure), biological (blood 
count, C reactive protein, liver enzymes, uric 
acid, cholesterol and its fraction, triglycerides, 
creatinine clearance, MB creatinine kinase) and 
echocardiographic characteristics, (left ventricle 
(LV) systolic diameters and volumes, ejection 
fraction (EF%), global or regional wall motion 
abnormalities, the presence or absence of severe 
mitral regurgitation or pulmonary arterial hyper-
tension) were recorded for all patients and used 
to assess the exclusion criteria. We also noted the 
type of heart failure at baseline for each patient 
(acute heart failure, chronic decompensated and 
chronic compensated heart failure, according to 
the terminology used by the European Society of 
Cardiology for the time course related character-
istics of heart failure [31]).

All the patients were treated according to the 
severity of their disease and the guidelines rec-
ommendations for acute heart failure with ACE 
inhibitors, beta-blockers and diuretics. 

The study obtained approval from the Bio-
ethics Commission of the University of Medi-
cine and Pharmacy “Iuliu Hațieganu”, Cluj-Na-
poca (No. 377/03NOV2014).

Echocardiography
Two dimensional echocardiographic exami-
nations were performed for all patients using a 
Siemens Acuson X300 by the same investigator. 
The quantitative measurements of the LV dimen-
sions and functional parameters were performed 
in conformity with the recommendations of the 

American Society of Echocardiography (ASE) 
[32]. The EF%, LV end-diastolic and end-systol-
ic volumes were calculated using the Simpson bi-
plan method. The LV mass was calculated from 
end-diastolic LV internal diameter, interventricu-
lar septum and posterior wall dimensions using 
the ASE formula [33, 34], and indexed for body 
surface calculated with the Dubois formula.

Serum Apelin and NT-proBNP determination
A sample of serum was collected from each pa-
tient and then stored at -80°. For a homogeneous 
evaluation of the NT-proBNP for all the patients, 
its determination was made using the commer-
cial ELISA kit from Cloud-Clone Corp, Houston, 
USA, with a detection rage between 39-2500pg/ml,  
an intra-assay coefficient of variability (CV) of 
<10% and an inter-assay CV<12%).

The serum levels of apelin-13 were assayed 
using commercially available ELISA kit from 
Elabscience, Wuhan, China, with a detection 
range of 125-8000  pg/ml and an intra and in-
ter-assay CV<10%.

Statistical analyses
The statistical analyses were performed using R 
environment for statistical computing and graph-
ics, version 3.2.3 [35]. The normally distributed 
continuous variables were presented as mean ± 
SD and those not normally distributed were pre-
sented as median and 25th and 75th percentile 
(interquartile range, IQR). 

According to the baseline median apelin-13 
level, two groups of patients were formed: High 
Apelin-13 level (above the median) and Low Ape-
lin-13 level (below the median). There were also 
additional groups formed according to the type 
of heart failure (acute, chronic compensated and 
chronic decompensated heart failure) and according 
to the EF% (>36%, 30-35%, 25-29% and <25%).

To assess relationships between two cate-
gorical variables we used the Chi square test or 
the Fisher exact test (for low expected values).  
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Table 1. The baseline characteristics of patients and controls

Patients (n=53) Controls (n=13) P-value
Age (years) 67.94 (11.81) 55.38 (10.69) <0.001
BMI (kg/m²) 26.2 (24.2 - 30) 29.38 (26.6 - 30.37) 0.273
Sex (female) 15 (28.3) 9 (69.23) 0.01
Cigarette smoking 15 (28.3) 4 (30.77) 1
Alcohol drinking 10 (18.87) 2 (15.38) 1

Heart failure
Acute (de novo) HF 14 (26.42)

- -Chronic compensated HF 19 (35.85)
Chronic decompensated HF 20 (37.74)

NYHA class
II 25 (47.17)

- -III 19 (35.85)
IV 9 (16.98)

Medication
Betablocker 2 (3.77) 1 (7.69)

0.185ACE inhibitor 11 (20.75) 0 (0)
Betablocker + ACE inhibitor 28 (52.83) 7 (53.85)
None 12 (22.64) 5 (38.46)

LV end-diastolic 
volume (ml) 146 (120 - 190) - -

LV mass (g/m2) 162.5 (41) 90.6 (17) <0.001
Ejection fraction (%) 25 (20 - 35) 55 (55 - 60) <0.001

Mitral  
regurgitation

Absent/mild 15 (28.3) 13 (100)
<0.001Moderate 18 (33.96) 0 (0)

Severe 20 (37.74) 0 (0)

Pulmonary arterial 
hypertension

Absent 25 (47.17) 13 (100)

0.007Mild 12 (22.64) 0 (0)
Moderate 12 (22.64) 0 (0)
Severe 4 (7.55) 0 (0)

QRS duration (msec) 120 (80-140) 80 (80-100) 0.012
NT-proBNP (pg/mL) 1241 (875 - 1531) 254 (100 - 334) <0.001
Apelin-13 (pg/mL) 495 (275 - 845) 515 (402 - 1005) 0.223
Uric acid (mg/dL) 7.5 (6.5 - 8.9) 4.6 (3.8 - 5.2) <0.001
Total cholesterol (mg/dL) 155 (140 - 174) 212 (181 - 219) <0.001
LDL-cholesterol (mg/dL) 93 (72 - 106) 135 (109 - 157) <0.001
HDL-cholesterol (mg/dL) 41 (34 - 48) 50 (41 - 62) 0.047
Triglycerides (mg/dL) 108 (87 - 144) 89 (69 - 112) 0.116
C reactive protein (mg/dL) 0.5 (0.4 - 0.8) 0.5 (0.3 - 0.5) 0.142
Creatinine Clearance (mL/min) 72.73 (32.87) 103.89 (23.54) 0.002
Corrected Creatinine Clearance (mL/min/1,73m²) 65.65 (26.08) 97.54 (19.92) <0.001

BMI – body mass index; HF – heart failure, ACE inhibitor - angiotensin-converting-enzyme inhibitor; 
LV – left ventricle; LDL– low density lipoprotein; HDL – high density lipoprotein. Categorical data are 
presented as number (percentage), normally distributed continuous data are presented as mean (stand-
ard deviation) and ones those not normally distributed are presented as median and interquartile range.
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To check for differences between two independ-
ent groups of continuous data, the t-test for in-
dependent samples (for data following the nor-
mal distribution) the Mann Whitney U test was 
used (for skewed data). Normality of the data 
was checked with quantile-quantile plot and 
Shapiro-Wilk test. Comparisons between three 
or more independent groups regarding continu-
ous variables were made with the Kruskal Wallis 
test for skewed data. We compared baseline and 
follow-up meassurements for skewed continous 
data with Wilcoxon signed-rank test.

To evaluate the association between NT-proB-
NP and apelin-13 the Spearman correlation coef-
ficient, the test of statistical significance and the 
95% confidence interval (CI- calculated by boot-
strapping) and a scatter plot chart type were used. 

A multiple linear regression model was 
built to assess the relation between initial val-

ues of NT proBNP as dependent variable and 
apelin, adjusted for age, gender, LDL and HDL 
cholesterol, and BMI corrected clearance. The 
model was verified for normality of residuals, 
heteroskedasticity, multicolinearity. The results 
are presented by model coefficients and robust 
confidence intervals (CI -computed using the 
sandwich estimators).

For all statistical tests the two tailed P-value 
was computed, and the level of statistical signif-
icance was set as 0.05.

Results

Baseline assessment
The baseline characteristics of the patients and 
the control subjects are described in Table 1. The 
median value of apelin-13 in the group of patients 
and controls was 495 pg/mL (IQR 276-845 pg/mL)  
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Figure 1. The level of apelin-13 between the NYHA class groups, at baseline.
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and 515 pg/mL (IQR 402-1005 pg/mL) respec-
tively, p=0.223.

In the HF patients group we found a sig-
nificant association between apelin-13 and the 
NYHA class; NYHA class IV had the lowest ape-
lin-13 level (250  pg/mL, IQR 225-270  pg/mL,  
p=0.009) (Figure 1). When the patients were 
analyzed according to the heart failure type, al-
though not statistically significant, the acute HF 
group had the apelin-13 of all groups, as can be 
seen in Table 2 (all the groups were compared 
two by two).

Apelin-13 is negatively and strongly corre-
lated with NT-proBNP level in HF group [Spear-
man’s rho -0.83, (95% CI -0.89 - -0.61), p<0.001] 
and this correlation is maintained when all the 
subjects were analyzed [patients and controls, rho 
-0.7, (95% CI -0.74 - -0.44), p<0.001].

After adjusting initial values of apelin for 
age, gender, LDL and HDL cholesterol, and 

BMI corrected clearance in a multiple linear re-
gression, apelin remained statistically significant 
inversely associated with NT proBNP (the ad-
justed determination coefficient of the full model 
was 0.42, and the unadjusted determination co-
efficient for apelin was 0.33) (Table 3).

Females had significantly lower levels of ape-
lin-13 (372.5pg/mL, IQR 243.75-552.5pg/mL)  
compared with males (617.5pg/mL IQR 360-
902.5 pg/mL), p=0.027.

Serum levels of HDL-cholesterol were weak-
ly but statistically significant correlated with the 
level of apelin in the HF patients (Spearman’s 
rho 0.27, p=0.048). 

The LV mass was 165.5 ± 32.6g (90.6 ± 
17 g/m²) in the control group and 302.5 ± 42 g 
(162.5 ± 41.1 g/m²) in the HF patients. All the 
controls had normal LV diameters, volumes and 
ejection fraction. In the HF group the LV end-di-
astolic volume was 161 ± 67 ml. For the whole 

Table 2. The baseline apelin-13 level in the heart failure groups and controls

Acute HF
(n=14)

Chronic com-
pensated HF
(n=19)

Chronic decompensated 
HF (n=20)

Controls
(n=13)

p value

Apelin (pg/mL),
median (IQR)

355
(271-592)

595
(385-869)

537.5
(261-846)

515
(402-1005) 0.433 

HF – heart failure, IQR – interquartile range.

Table 3. Multiple linear regression model of initial values of NT proBNP as dependent variable 
and apelin, adjusted for age, gender, LDL and HDL cholesterol, and creatinine clearance.

Adjusted B (95% CI) p
Age (years) 9.83 (-4.11 - 23.78) 0.172 
Sex (Male) 98 (-187.33 - 383.33) 0.503 
LDL-cholesterol (mg/dL) -3.56 (-6.73 - -0.38) 0.032 
HDL-cholesterol (mg/dL) -4.69 (-16.04 - 6.66) 0.421 
Creatinine Clearance (mL/min/1,73m²) 1.61 (-4.24 - 7.47) 0.591 
Apelin (pg/mL) -0.56 (-0.84 - -0.29) < 0.001

LDL– low density lipoprotein; HDL – high density lipoprotein; CI – confidence index; Adjusted B – 
adjusted regression coefficient.
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Table 4. The baseline characteristics of patients with Low and High Apelin-13 level.

Low Ap13
(n=27)

High Ap13
(n=26)

P Val-
ue

Age (years) 67.67 (12.51) 68.23 (11.29) 0.864
BMI (kg/m²) 26.9 (25.25 - 30.68) 26.05 (22.88-29.25) 0.223
Sex (female) 12 (44.44) 3 (11.54) 0.008
Cigarette smoking 6 (22.22) 9 (34.62) 0.317
Alcohol drinking 3 (11.11) 7 (26.92) 0.175

Heart failure
Acute (de novo) HF 10 (37.04) 4 (15.38)

0.199Chronic compensated HF 8 (29.63) 11 (42.31)
Chronic decompensated HF 9 (33.33) 11 (42.31)

NYHA class
II 9 (33.33) 16 (61.54)

0.003III 9 (33.33) 10 (38.46)
IV 9 (33.33) 0

Medication
Betablocker 0 2 (7.69)

0.242ACE inhibitor 8 (29.63) 3 (11.54)
Betablocker + ACE inhibitor 13 (48.15) 15 (57.69)
None 6 (22.22) 6 (23.08)

LV end-diastolic volume (ml) 170 (130 - 198.5) 130 (120 - 175) 0.104
LV mass (g/m2) 166.22 (42.52) 158.81 (43.03) 0.531
Ejection fraction (%) 25 (22.5 - 30) 32.5 (20 - 38.75) 0.357

Mitral regurgita-
tion

absent/mild 7 (25.93) 8 (30.77)
0.874moderate 10 (37.04) 8 (30.77)

severe 10 (37.04) 10 (38.46)

Pulmonary arteri-
al hypertension

Absent 11 (40.74) 14 (53.85)

0.652Mild 6 (22.22) 6 (23.08)
Moderate 8 (29.63) 4 (15.38)
Severe 2 (7.41) 2 (7.69)

QRS duration (msec) 120 (80 - 135) 115 (80 - 140) 0.805
NT-proBNP (pg/mL) 1531 (1340 - 1737.5) 889 (616.7 - 1054) <0.001
Uric acid (mg/dL) 7.1 (6.7 - 8.95) 7.75 (6.2 - 8.88) 0.965
Total cholesterol (mg/dL) 144 (126.5 - 170.5) 161.5 (151.25 - 181.5) 0.048
LDL-cholesterol (mg/dL) 83 (71 - 104.5) 98 (79.25 - 105.25) 0.152
HDL-cholesterol (mg/dL) 37 (32.5 - 44) 45 (35.5 - 51.5) 0.089
Triglycerides (mg/dL) 102 (78 - 145) 112 (91 - 141.75) 0.488
C reactive protein (mg/dL) 0.6 (0.5 - 1.27) 0.5 (0.23 - 0.6) 0.071
Creatinine Clearance (mL/min) 74.07 (29.49) 71.33 (36.59) 0.765
Corrected Creatinine Clearance (mL/min/1.73m²) 66.57 (22.34) 64.7 (29.9) 0.797

BMI – body mass index; HF – heart failure, ACE inhibitor - angiotensin-converting-enzyme inhibitor; 
LV – left ventricle; LDL– low density lipoprotein; HDL – high density lipoprotein. Categorical data are 
presented as number (percentage), normally distributed continuous data are presented as mean (stand-
ard deviation) and ones those not normally distributed are presented as median and interquartile range.
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study population the baseline LV mass was 
weakly correlated with the serum levels of ape-
lin-13 (Speraman’s rho 0.28, p=0.023). The rest 
of registered echocardiographic parameters had 
no significant influence on the apelin-13 level.

We tested the HF patients group for any 
other significant differences between males and 
females and we found that women had signifi-
cantly lower LV mass than males; their values 
were lower by 60.29 (95% CI 13.88-106.71, 
p=0.012) for the calculated LV mass and by 
24.33 (95% CI 0.15-48.52, p=0.049) for the in-
dexed LV mass.

Fourthy-six percent of the females versus 
only 5.26% of the men were in NYHA IV class. 
In NYHA III class there were 33.33% of the fe-
males and 36.84% of the males, whereas 20% 
of the females and 57.89% of the males were in 
NYHA II class. The association between gen-
der and NYHA class was statistically significant 
(p<0.001).

When divided into EF% subgroups, 
NT-proBNP was significanlty lower in the 
group with EF%>36% comparing with the other 
groups, p=0.013. The median NT-proBNP val-
ues were 403pg/mL (IQR 303-1021pg/mL) for 
the EF%>36% group, 1806pg/mL (IQR 1603-
1881pg/mL) in the group with the EF% between 
30 and 35%, 1189pg/mL (IQR 1060-1297pg/mL)  
for the group between 25-29% and 1536pg/mL 
(IQR 1210-1536pg/mL) for the patients with 
EF%<25%. Apelin-13 values were similar in 
these groups.

High and low Apelin-13 baseline comparisons
The baseline characteristics of the Low and 
High Apelin-13 patient groups are described in 
Table 4. There were no significant differences 
in age, BMI, cigarette smoking, alcohol drink-
ing and the medication used between the Low 
and High groups. A significantly greater num-
ber of females were found in the Low Apelin-13  
(p= 0.008).

NT-proBNP is higher in Low Apelin-13 
group (1531 pg/mL, IQR 1340-1737.5 pg/mL vs 
889 pg/mL, IQR 616.7-1054 pg/mL, p<0.001).

A significant difference between the two 
HF groups was noted for the total cholesterol 
level, being higher in the High apelin-13 group 
(p=0.034). The fractions of serum cholesterol 
were not significantly different between the Low 
or High Ap13 groups.

Follow-up assessment
Twenty-seven patients were assessed at fol-
low-up after an average time interval of  
9 months. Eight patients died before the fol-
low-up assessment, and these patients had lower 
baseline apelin-13 level compared to the patients 
who were assessed at follow-up (395 pg/mL, IQR 
270-603 vs 275  pg/mL, IQR 225-355  pg/mL)  
(Figure 2).

For the reassessed patients the medi-
an apelin-13 level was significantly high-
er at follow-up (460 pg/mL, IQR 342-
871  pg/mL) compared with the baseline 
level (395  pg/mL, IQR 270-603  pg/mL)  
(Wilcoxon paired test, p=0.019), and maintained 
the negative correlation with NT-proBNP lev-
el (Spearman’s rho -0.7, p<0.001). There were 
no differences in the EF% and NYHA class for 
the reassessed patients. NT-proBNP level was 
1324.5 (IQR 1122 - 1428.24 pg/mL) at baseline 
and 1175  pg/mL (IQR 984.5 – 1551  pg/mL),  
p= 0.245.

In the acute HF group the median base-
line apelin was 355  pg/mL (IQR 271.25-
592.5  pg/mL) and it rose slightly at fol-
low-up to 410 pg/mL (361.25-818.75 pg/mL).  
We analyzed the changes in apelin-13 lev-
el for the BB/IECA naïve patients from the 
acute heart failure group: at baseline ape-
lin-13 was 332.5 pg/mL (IQR 270-395 pg/mL)  
and it rose at follow-up to 687.5  pg/mL  
(IQR 395  pg/mL-988  pg/mL), a difference of 
355 pg/mL, p= 0.875 (Wilcoxon paired test).
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Discussion

We chose to analyze the association between the 
serum levels of apelin-13 and NT pro-BNP in the 
heart failure patients in two different moments in 
their disease course, and compare it with a group 
of controls most of them already treated with be-
ta-blocker and/or ACE inhibitors for essential ar-
terial hypertension and with no alterations in LV 
systolic function. To our knowledge this is the 
first study investigating the dynamics of the se-
rum apelin-13 level in the heart failure patients, 
whether it was a natural one or a therapeutically 
influenced one. Since the majority of heart fail-
ure patients receive neurohormonal treatment as 
part of their pharmacological long-term treat-
ment, we tried to analyze the changes in serum 
level of apelin-13 and their potential correlations 
with betablocker and ACE inhibitor treatment. 

We found out that the apelin-13 serum lev-
el of the chronic HF patients, whether they are 
compensated or decompensated, is similar with 
the controls, and this values are according to 
some of the data reported in literature [36]. All 
the chronic HF patients and most of the controls 
were already under treatment with betablokers 
and/or ACE inhibitors. Nevertheless, the sam-
ples being relatively small, this is not a proof of 
an absence of difference.

The acute HF patients, with 71% having no 
betablocker or ACE inhibitor treatment (the rest 
of them were only on ACE inhibitors for other 
indications), had lower baseline apelin-13 than 
all the other groups, and it was slightly increased 
at follow-up, after the initiation of medical treat-
ment. The fact that the majority of patients who 
were reassessed at follow-up had a higher level 
of apelin-13 than the baseline suggests a benefi-
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Figure 2. The relationship between baseline apelin-13 and NT-proBNP for all subjects.
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cial influence of the medical treatment in the long 
term, but the absence of statistical significance 
and being an observational study does not permit 
us to advance a conclusion about this aspect.

The most important finding from our data is 
the negative, very strong correlation between se-
rum levels of apelin-13 and NT-proBNP, which 
is in contradiction with other previous results 
[15], but in agreement with other scientific re-
searches that showed lower apelin level in ad-
vanced heart failure, as well as with the theory 
that this decrease of serum apelin is negatively 
influenced by the course of the disease. Our find-
ings showed that the Low apelin-13 group has 
higher NT-proBNP levels and also contains all 
the patients in NYHA IV class heart failure, 71% 
of the acute HF patients, and 7 of 8 patients who 
died before follow-up. Although these last men-
tioned results have limited statistical power due 
to the small number of patients, they suggest a 
prognostic role of apelin, at least in theory, in the 
course of heart failure; the negative, very strong, 
correlation with the NT-proBNP level, which is 
already known as a very important prognostic 
biomarker for the heart failure patients, is a key 
element of this research that gives confidence 
for furthers studies to investigate the potential 
prognostic role of apelin-13 in this disease. Al-
though there are larger experimental studies or 
reviews which reported no influence of apelin on 
prognosis, and especially on mortality, none of 
them used the apelin-13 fragment, which is the 
predominant form of the myocardial apelin in 
human plasma and cardiac tissue.

The strong correlation we observed between 
apelin-13 and NT-proBNP is a very important as-
pect, although the statistical significance was not 
obtained for the difference in apelin-13 level be-
tween heart failure patients versus controls. We 
consider this to be an important starting point for 
further research in order to establish the cut off 
value for apelin-13. As for NT-proBNP and BNP 

where different values have different meanings 
in acute versus chronic heart failure (the diag-
nostic values are much higher in acute than in 
chronic heart failure) or in the acute coronary 
syndrome (where the natriuretic peptides have 
a prognostic value), further research on larger 
groups should find significant differences.

All the patients with acute HF were started 
on betablockers and/or ACE inhibitors. The fact 
that median level of apelin-13 rose at follow-up 
for this group of patients and its level were not 
very different among the chronic HF patients, 
whether they were compensated or decompen-
sated, might be a possible explanation on how 
the neurohormonal treatment is effective on im-
proving the survival of HF patients, other than 
reducing the aldosterone, angiotensin II and cat-
echolamines plasma levels, but this hypothesis 
needs to be investigated in further studies. 

Another important result of our study is the 
significantly greater number of women in the 
Low Apelin-13 group. To our knowledge, there 
are no differences reported so far between gen-
ders, but already published studies either have a 
limited number of female subjects [15, 37-39], 
or the research focused mainly on male subjects 
[13, 40]. The fact that there were no differenc-
es between genders other than apelin-13 level, 
NYHA class and LV mass and that apelin-13 
was weakly correlated with LV mass when all 
subjects were analyzed (patients and controls) 
(Spearman’s rho 0.28, p=0.023) give grounds 
for further research. The fact that the correlation 
between apelin-13 and LV mass was maintained 
in the whole study group limits the NYHA class 
influence on the apelin-13 level and reinforces 
the theory that the LV tissue is the main source 
for the serum level of this peptide.

Our study included a limited number of sub-
jects and not all of them were assessed at fol-
low-up and the statistical power of the test to 
detect differences can be low; therefore, the dy-
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namics of apelin-13 needs to be evaluated on a 
larger number of heart failures. The fact that the 
apelin-13 level was not significantly different 
between heart failure and control groups may be 
partially explained by the fact that 38.46% of the 
subjects in the control group had no neurohor-
monal treatment administered at the moment of 
inclusion.

In conclusion, we can state that apelin-13 
was negatively correlated with NT-proBNP, both 
in the HF group and in the whole study popu-
lation. The Low Apelin-13 group contained the 
majority of the patients with a negative outcome 
(death before follow-up), most of the patients 
who presented with acute HF and all the patients 
in NYHA IV class.

Abbreviations

ACE == Angiotensin converting enzyme
ANS == Adrenergic nervous system
APJ == Apelin receptor
ASE == American Society of Echocardi-

ography
BMI == Body mass index
CV == Coefficient of variability 
EF% == Ejection fraction
ELISA == Enzyme linked immunosorbent 

assay
High Ap13 == Patients with apelin-13 level 

below the median value
HF == Heart failure
IL 1𝛽 == Interleukin 1𝛽
IQR == Interquartile range
Low Ap13 == Patients with apelin-13 level 

above the median value
LV == Left ventricle
NT-proB-
NP

== N-terminal prohormone of brain 
natriuretic peptide

NYHA 
class

== New York Heart Association class

RAAS == Renin-angiotensin-aldosterone 
system

SD == Standard deviation
TNF𝛼 == Tumor necrosis factor alpha 𝛼
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