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Abstract
Objective Obstructive sleep apnea (OSA) and obesity are in-
creasingly prevalent worldwide. Both promote endothelial
dysfunction contributing to systemic and pulmonary hyper-
tension over time. Endothelin-1 (ET-1) plays a pivotal role
in the development of pulmonary hypertension (PH). The
aim of the present study was to assess the association between
plasma ET-1 and echocardiographic findings in obese individ-
uals with and without OSA, as well as in non-obese patients
with OSA.
Methods Ninety-seven subjects (56 males) were enrolled in
the study. All subjects underwent the following tests: venous
endothelin-1 levels, pulmonary function testing, and arterial
blood gas analysis. All patients except controls underwent
transthoracic echocardiography and portable testing for
sleep-disordered breathing.
Results Plasma ET-1 levels were significantly higher in obese
patients, both with and without OSA (respectively, n=30
(mean value, 268.06±49.56 pg/ml) and n=32 (mean value,
263.12±65.26 pg/ml)), compared with non-obese patients
with OSA or to healthy controls (respectively, n=20 (mean

value, 149.8±23.09 pg/ml) and n=15 (mean value, 152.3±
27.64 pg/ml); p<0.0001). Pulmonary artery pressure (PAPs)
in obese patients with OSA were significantly higher than in
obese patients without OSA (p<0.0001), while there was no
statistical difference between PAPs of obese patients without
OSA, compared with the group of non-obese OSA patients.
Plasma ET-1 levels significantly correlated with systolic PAPs
in obese patients both with and without OSA (respectively, n=
30, r=0.385, p=0.03567; n=32, r=0.3497, p=0.0497).
Conclusions Our study suggests that endothelin levels are
more strongly associated with weight than the presence of
sleep-disordered breathing, but pulmonary artery hyperten-
sion is associated with both weight and OSA.
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Abbreviations
AHI Apnea hypopnea index
BMI Body mass index
cPAP Continuous positive airway pressure
ET-1 Endothelin-1
OSA Obstructive sleep apnea
PAPs Systolic pulmonary artery pressure
PH Pulmonary hypertension
TAPSE Tricuspid annular plane systolic excursion

Introduction

Obstructive sleep apnea (OSA) is increasing in prevalence
globally, in large part due to the increasing prevalence of
overweight and obesity, which are common hallmarks of the
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disorder [1]. OSA is accompanied by local and systemic in-
flammation [2, 3]. Indeed, there is evidence that oxidative
stress [2] as well as circulating inflammatory factors [3] are
elevated in OSA patients. In addition, recent studies have dem-
onstrated a strongly positive correlation between C-reactive
protein and severity of OSA [4]. Increased inflammation in
OSA is likely due to the activation of nuclear factor-κB by
increased circulating adipokines and free fatty acids and/or by
stress hypoxia. The release of adipokines and free fatty acids by
excess adipose tissue links obesity, OSA, and the metabolic
syndrome, both individually and synergistically [5]. In addition,
intermittent hypoxia plays an important role not only by stim-
ulating the release of pro-inflammatory cytokines, thus acceler-
ating the course of the disease [6], but also by contributing to
hypoxic vasoconstriction by the release of several vascular me-
diators. One such mediator is endothelin-1 (ET-1) [7], which
actively participates in the development of endothelial dysfunc-
tion with irreversible vascular remodeling and effects on the
systemic and pulmonary circulations [8, 9]. It has been recently
documented that pulmonary hypertension (PH) affects 20 to
40 % of those with OSA, in the absence of other known car-
diopulmonary disorders, and that these disorders have impor-
tant interacting clinical effects in patients affected [10].

The prevalence of obesity is increasing globally, now af-
fecting 10 to 25 % of the world population. Obesity is associ-
ated with a wide range of pathophysiological alterations, in-
cluding elevated systemic and pulmonary artery pressures [11]
and is sustained by systemic inflammation [12]. Further, obe-
sity is characterized by increased production and secretion of a
wide range of inflammatory molecules, including TNF-alpha
and interleukin-6, which have both local effects on adipose
tissue physiology and systemic effects on other organs [12,
13]. Among a wide spectrum of pro-inflammatory and growth
factor mediators, Endothelin-1 plays a crucial role in obese
individuals, not only by contributing to the link between obe-
sity, inflammation and endothelial dysfunction [14], but also
by actively participating in vascular remodeling with subse-
quent pulmonary hypertension. Plasma ET-1 concentrations
are increased in human obesity, independent of the arterial
pressure [15]. These findings aside, there is limited data on
the prevalence of PH in obese people. A retrospective single
center study reported that 5% of otherwise healthy individuals
with a body mass index (BMI) >30 kg/m2 had moderate or
severe pulmonary hypertension (estimated pulmonary artery
systolic pressure (PAPs) greater than 50 mm/Hg on echocar-
diogram) [16]. Although measurable changes in the structure
and function of the right ventricle have been reported in asso-
ciation with OSA and obesity [17], the clinical significance of
these changes is uncertain.

The aim of the present study was to assess the association
between plasma levels of endothelin-1 and echocardiographic
findings of PH in obese patients with and without OSA, as
well as in OSA patients with normal BMI.

Methods

Patient population

Ninety-seven subjects (56 males) being followed in the outpa-
tient clinic of Institutes of Pulmonary Disease and Cardiovas-
cular Disease, University of Bari, and in the outpatient clinic of
Santa Maria della Pietà, from March 2011 to July 2014, were
enrolled into the study. Thirty-two (14 males) obese subjects
without OSA were included in group 1, 30 obese individuals
(19 males) with polysomnographic signs of OSAwere enrolled
in group 2, 20 OSA patients (15 males) with normal BMI
comprised group 3, and 15 healthy subjects (8 males) with
normal BMIs participated as the control group. Patients with
respiratory, cardiovascular, or other organ failure, cancer, or
inability to cooperate were excluded from the study. At the time
of inclusion into the study, all the patients were non-smokers or
ex-smokers, in stable condition, and free from respiratory tract
infections. No patients were receiving steroids. No change in
medical therapy was made in the week prior to the study. The
study was approved by the Institutional Review Board of Bari
University General Hospital and carried out in accordance with
the principles of the Helsinki Declaration. All patients gave
prior written informed consent to take part in the study. The
IRB approval number was ST 3389, 15 Aug 2009.

All subjects underwent the following tests: venous
endothelin-1 levels, pulmonary function testing, and arterial
blood gas analysis. All patients except controls underwent
transthoracic echocardiography and polysomnographic evalu-
ation for sleep-disordered breathing. The anthropometric char-
acteristics of the patients recruited are shown in Table 1.

Measurement of ET-1

Peripheral venous blood samples were obtained in all subjects
from an antecubital vein after at least 30 min, seated at rest.
Venous blood samples were collected in plastic tubes contain-
ing EDTA centrifuged at 5000×g for 10 min, and plasma was
frozen and stored at −80 °C until assay. A specific enzyme
immunoassay (EIA) kit (Cayman Chemical, Ann Arbor,
Michigan, USA) was used to measure ET-1 concentrations
in the blood samples. The evaluation was conducted at Clinic
of Internal Medicine, University of Bari.

Pulmonary function testing and arterial blood gas analysis

Pulmonary function tests were performed in the pulmonary
function laboratory of our Institutes using a spirometer (PK
Morgan Ltd; Gillingham, UK). The equipment was calibrated
daily using a 3-l syringe, and the analysis was performed in
accordance to the guidelines of the American Thoracic Soci-
ety [18]. The best of three reproducible values was expressed
as a percentage of the predicted normal value.
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Echo-Doppler assessment

All patients except controls were investigated using real-time,
phased array, two-dimensional Doppler (2-D) echocardiogra-
phy (CFM 750 CV 2.5 or 3.25MHz transducer; GE Vingmed,
Milan, Italy). The examinations were performed at the Divi-
sion of Cardiovascular Disease, University of Bari, with the
patients in the semi-recumbent left lateral position, and images
were taken from sub-xiphoid, parasternal, and apical views.
The mean value of three measurements was included in anal-
ysis. Tricuspid valve regurgitation pressure was identified by
color flow mapping, then maximal pressure gradient between
right ventricular and right atrial was obtained using continu-
ous wave Doppler on the guidance of the color Doppler signal
of the tricuspid regurgitation. Peak pressure gradient measure-
ment was estimated by means of a simplified Bernoulli equa-
tion [19]. PAP was calculated by adding the Bernoulli derived
pressure gradient to an assumed right atrial pressure of
10 mmHg. Tricuspid annular plane systolic excursion
(TAPSE) was measured from the tricuspid lateral annulus. A
TAPSE <16 mm indicates right ventricular systolic
dysfunction.

Sleep study

All patients in groups 1, 2, and 3 were evaluated in the sleep
laboratory of the Institutes of Respiratory Diseases of the Uni-
versity of Bari for one night. They were monitored continu-
ously for about 8 h using a portable cardiorespiratory

monitoring (POLYMESAM®, MAP, Martinsried, Germany).
The POLYMESAM® (PM) device consists of a recorder, to
which multiple sensors are linked for the detection of the
following signals: oxy-hemoglobin saturation (by a finger
sensor), heart rate (derived from three electrocardiogram
(ECG) electrodes placed on the chest), snoring sound (by a
microphone placed on the thyroid cartilage), body posture,
oro-nasal airflow (by a threefold thermocouple sensor for both
nostrils and mouth), and thoracic and abdominal movements
(by stretch belts). Apnea was identified if the airflow was
absent or nearly absent for at least 10 s. Hypopnea was defined
as at least a 30 % reduction in airflow or thoraco-abdominal
movement below baseline values for at least 10 s, accompa-
nied by a decrease in oxyhemoglobin saturation of ≥4 %.
Table 1 shows the polysomnographic analysis of the groups
1, 2, and 3.

Statistical analysis

Distributions were defined by the Kolmogorov-Smirnov test.
As all data were parametrically distributed, they are expressed
as mean±SD. Comparisons between continuous variables
were obtained with ANOVA and Student’s t test for unpaired
data. The Pearson’s correlation coefficient was used to analyze
correlations between variables. The level of significance was
set at p<0.05 in all analyses. Statistical analyses were per-
formed using GraphPAD Prism, version 4 (GraphPAD Inc,
San Diego, CA, USA).

Table 1 Anthropometric, functional, electrocardiographic, and polysomnographic features of the 97 subjects

OB nOSA OB OSA OSA nOB HC p value OB nOSA vs
OB OSA

p value OB nOSA vs
OSA nOB

p value OB OSA vs
OSA nOB

n 32 30 20 15

Sex M/F 14/18 19/11 15/5 8/7

Age (years) 45.9±10.3 50.1±8.8 43±7.1 39.6±8.8 0.09 0.275 0.004

BMI 31±3.4 32±3.6 25.2±2.7 24±3.2 0.265 <0.001 <0.001

FEV1 92.2±4.7 88.6±4.6 95.4±4.3 96.7±4.1 0.003 0.017 <0.001

FEV1/FVC% 89.5±4.6 92.2±5.4 92.3±3.9 94.8±3.7 0.039 0.028 0.94

PaO2 82±5.3 79.2±6.6 88.4±3.4 96±2.3 0.07 <0.001 <0.001

PaCo2 39±4.5 41.1±3.8 40.6±3.3 38±3.4 0.052 0.176 0.634

ET-1 (pg/ml) 263.1±65.3 268.1±49.6 149.8±23.1 152.3±27.6 0.73 <0.001 <0.001

PAPs (mmHg) 31.8±3.3 49.5±5.0 29.9±3.6 <0.001 0.06 <0.001

TAPSE (mm) 24.7±1.9 19.5±1.5 25.4±2.4 <0.001 0.25 <0.001

AHI (events/h) 3.1±0.65 15.2±2.2 18.1±4.0 <0.001 <0.001 0.026

ODI (events/h) 1.6±0.7 8.4±4.2 9.6±4.8 <0.001 <0.001 0.355

SpO290 (%) 1.2±0.23 9.1±3.4 10.3±4.3 <0.001 <0.001 0.277

Data are presented as mean (±SD). Significant difference between groups: p<0.05

Abbreviations: AHI apnea–hypopnea index, BMI body mass index, ET-1 endothelin-1, FEV1 forced expiratory volume at first second, FVC forced vital
capacity, OB obese, ODI oxygen desaturation index, OSA obstructive sleep apnea, PAPs systolic pulmonary artery pressure, SpO290 (%) time spent
lower than 90 % of O2 saturation, TAPSE tricuspid annular plane systolic excursion
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Results

Demographic and clinical characteristics of 97 subjects are
presented in Table 1. Endothelin-1 was detectable in the blood
of all subjects. Plasma ET-1 levels were significantly higher in
obese patients, both with or without OSA (respectively, n=30
(268.06±49.56 pg/ml) and n=32 (263.12±65.26 pg/ml)), as
compared with patients with OSA with a normal BMI, or to
healthy controls (respectively, 149.8±23.09 pg/ml and 152.3
±27.64 pg/ml; (p<0.0001) (Fig. 1).

PAPs in obese patients with OSAwere significantly higher
than in obese patients without OSA (p<0.0001), while there
was no statistical difference between PAPs of obese patients
without OSA, compared with the group of non-obese OSA
patients (p=0.07) (Table 1).

There was a significant positive correlation between plasma
ET-1 levels and PAPs in obese patients with or without OSA
(respectively, n=30, r=0.385, p=0.03567; n=32, r=0.3497,
p=0.0497) (Fig. 2). No such relationship existed in OSA pa-
tients with normal BMI (n=20, r=−0.11, p=0.5) (Fig. 2).

TAPSE in obese patients with OSA was significantly lower
than in obese patients without OSA (p<0.001), while there was
no statistical difference between TAPSE of obese patients without
OSA and TAPSE of non-obese OSA patients (p=0.25) (Table 1).

A significant positive correlation was found between plas-
ma ET-1 levels and PAPs in all patients (n=97, r=0.39, p=
0.0003) (Fig. 3), while a statistical negative correlation was
observed between plasma ET-1 levels and TAPSE in all pa-
tients (n=97, r=−0.34, p=0.002) (Fig. 4).

Discussion

The present study demonstrated increased plasma ET-1 levels
in obese patients with or without OSA, as compared with

patients affected by OSA with a normal BMI. Indeed, ET-1
levels in non-obese patients with OSA were not significantly
elevated and were very similar to those observed in normal
subjects. In addition, there was a positive correlation between
PAPs and ET-1 levels in all obese subjects (62) but an inverse-
ly significant relationship between echocardiographic TAPSE
values and plasma ET-1 levels in the entire study group. On
the other hand, PAPs were higher in obese patients with OSA
than in obese patients without OSA, suggesting that the effects
of OSA and obesity on PH are additive.

Obstructive sleep apnea and obesity are both recognized as
important risk factors for PH. More than 20 years ago, the
prevalence of OSA was reported to be 40 % of obese men
with PH [22]. OSA has been formally recognized as a cause
of PH since 2009, and classified in the third group of the
recent classification [23]. The pathogenic mechanisms leading
to PH in OSA include by repetitive nocturnal hypoxemia,
diurnal hypercapnia, blood acidosis, and increased sympathet-
ic tone, which induce pulmonary artery hypoxic vasoconstric-
tion with subsequent pulmonary arteriolar remodeling. In iso-
lation, OSA typically causes only mild PH, which generally
does not require treatment [24]. However, OSA patients often
present with more severe degrees of PH when they have co-
morbid conditions contributing to hypoxemia, such as obesity
hypoventilation syndrome (OHS) [25]. In addition, cardiomy-
opathy characterized by eccentric ventricular hypertrophy and
diastolic heart failure is a well-recognized condition in severe-
ly obese patients [26]. The chronically elevated left ventricular
filling pressure is transmitted into the pulmonary venous sys-
tem, leading to elevated pulmonary venous pressures, arterio-
lar remodeling, and ultimately to persistent elevated pulmo-
nary vascular resistance [27]. The interplay between OSA,
insulin resistance [28], and elevated left ventricular filling is
likely responsible for endothelial dysfunction, with conse-
quent PH in obesity individuals. Further support for this con-
cept is a recent study that showing that the majority of patients
with OSA and PH had elevated left ventricular filling pres-
sures [29].

The relationship between plasma ET-1 levels and echocar-
diographic findings has previously been reported in COPD
patients with pulmonary hypertension [30], but this associa-
tion has not been previously demonstrated in obese patients
with or without OSA. In the present study, we found a positive
correlation between estimated systolic pulmonary artery pres-
sure and plasma ET-1 levels only in obese subjects, both with
and without OSA, while in normal weight patients with OSA,
ET-1 levels did not correlate to PAPs. These data confirm
previous observations in patients with OSA, in which ET-1
plasma levels were not elevated as compared with the control
group. Furthermore, these concentrations did not significantly
change during sleep or after continuous positive airway pres-
sure (cPAP) therapy [31]. Conversely, a more recent study of
OSA patients showed increased circulating ET-1 levels which

OB nOSA OB OSA OSA nOB HC
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Fig. 1 Endothelin-1 (pg/ml) concentration in the venous blood of the four
groups: Obese without OSA [32], obese with OSA [30], OSA without
obesity [20], and healthy subjects (HS) [15]. Significance was established
at a p value <0.05. The horizontal lines represent median value. ET-1 in
venous sample was increased in all obese patients as compared with OSA
non obese (p<0.0001) and to control group (p<0.0001)
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did not decrease after 1 year of cPAP [21]. However, both of
these observational studies were performed in a small number
of patients.

With regard to obesity, plasma ET-1 levels have been pre-
viously found to be significantly higher in obese patients than
in controls [32]. In addition, increased plasma ET-1 levels
have been observed in obese normotensive and hypertensive
subjects [15]. Whether ET-1 plays a pathogenic role in obesity
is not clear; however, increased vascular ET-1 mRNA and
protein levels have been disclosed in experimental obesity
[20]. The presence of higher circulating levels of ET-1 in
obese patients in the present study which correlate with echo-
cardiographic assessment suggests an important role of obesi-
ty in determining increased concentrations of some crucial
vasoconstrictor and remodeling mediators, such as
Endothelin-1. Interestingly, ET-1 plasma concentrations were
similar in all obese patients, while the value of PAPs was
significantly higher only in obese patients with OSA. Thus,
obesity may promote endothelial pulmonary dysfunction,
while the coexistence with OSA might accelerate the evolu-
tion toward PH. These data are confirmed by another study,
which disclosed obesity as an important risk factor for devel-
oping PH; in particular, OHS patients were significantly more
likely to suffer “cor pulmonale” compared with patients with

OSA only [33]. However, the role of obesity induced endo-
thelial dysfunction in pulmonary hypertension is still under
active investigation. In addition, despite the prevalence of
sleep-disordered breathing and central sleep apnea appears
to be much higher in PH patients than controls [34], our find-
ings did not confirm this previous observation, thus the num-
ber of central apneas of the patients recruited was very low.

There are several limitations to this study. One is the lack of
observation of follow-up plasma ET-1 levels and PAPs in
OSA patients after cPAP treatment. It would be interesting
to observe whether this relationship still persists after cPAP
therapy, in order to determine whether these relationships are
modifiable. Furthermore, a better characterization of the com-
parison cohorts would have been ideal, but that data was not
available to us. The golden standard for the diagnosis of PH is
not echocardiography but right heart catheterization (RHC). A
recent systematic literature review revealed that the correla-
tions between estimated pulmonary artery systolic pressure on
echocardiography and PAPs measured by RHC differed de-
pendent on the etiologies of PH [35]; however, we used other
echocardiographic parameters to reinforce the diagnosis of
PH, such as increased size of the right heart chambers, right
heart dysfunction (assessed by TAPSE), and abnormal move-
ment of the interventricular septum. Finally, the number
of patients evaluated is too small to make definitive
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Fig. 3 Positive relationship between venous ET-1 levels and
systolic pulmonary artery pressure (PAPs) in all patients (n=97,
r=0.39, p=0.0003)
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statements, however the results are significant and we
believe that they demonstrate that obesity plays a more
significant role than OSA in predisposing patients to-
ward to PH.

In conclusion, we found a positive relationship between
echocardiographic assessment and plasma endothelin-1 levels
in obese patients with and without obstructive sleep apnea.We
suggest that pulmonary hypertension should be early consid-
ered in patients with obesity and exertional dyspnea. If elevat-
ed pulmonary pressures are documented by echocardiogra-
phy, further investigations are needed to define the diagnosis
and eventually establish an accurate therapy.
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