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Introduction

Obesity hypoventilation syndrome (OHS) was described 
initially in 1955 and was later associated with the term 
Pickwickian syndrome to reflect its association with 

obesity (1,2). OHS is defined as the presence of obesity 

[body mass index (BMI) ≥30 kg/m2], chronic hypercapnia 

during wakefulness [arterial partial pressure of carbon 

dioxide (PaCO2) >45 mmHg], and sleep-disordered 
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breathing in the absence of other causes of chronic 
hypoventilation (3). OHS patients are more exposed than 
obese control subjects to a considerable hospitalization 
rate and excessive comorbidities such as hypertension, 
heart failure, pulmonary hypertension (PH), asthma and 
diabetes mellitus, resulting in higher medical resource 
utilization and shorter life expectancy (3,4). The incidence 
of OHS is increasing in parallel with the rising global 
incidence of extreme obesity and is therefore considered a 
rapidly growing public health problem. 

The relationship between obstructive sleep apnea 
(OSA) and cardiovascular  d isease  (CVD) i s  wel l 
established (5). In contrast, few studies have systematically 
described the cardiovascular comorbidities of patients 
with OHS. One important cardiovascular morbidity that 
has been reported in OHS is the development of right 
ventricular overload (RVO) and PH. Only a few studies 
have assessed the prevalence of PH among OHS patients, 
and these studies have reported that up to 50–88% of 
patients with OHS present with peripheral edema, PH 
and right heart failure (6-10). However, most previous 
studies have been retrospective, included small numbers 
of patients and lacked strict inclusion criteria to exclude 
PH due to other causes, and the reported severity of PH 
in OHS was variable (6). Therefore, we designed this 
study to assess the prevalence of PH in a large sample of 
OHS patients.

Methods

Ethics statement

The study protocol was approved by the institutional 
review board at King Saud University (ID: 09/2361/E), and 
informed consent was obtained from all participants prior 
to inclusion in this study.

Study protocol

This prospective observational study is a part of a large 
project to assess OHS patients and was conducted between 
January 2002 and December 2012 (4,11). Consecutive 
positive airway pressure therapy-naive patients (≥18 years 
old) who were referred to the University Sleep Disorders 
Centre (USDC) with clinical suspicion of OSA and had 
polysomnography (PSG) were included. The exclusion 
criteria consisted of hypnotic medications and disease 
that may cause hypoventilation and/or hypoxemia such 
as chronic lung or neurological diseases, congestive heart 
failure, and thoracic vertebral deformities. Figure 1 shows a 
flowchart of the patient recruitment process. Comorbidities 
were determined from the patients’ medical fi les. 
Medication lists were obtained from patients and caregivers 
to confirm which medications were being used at the time 
of the assessment. As per the USDC protocol, all patients 
with sleep-disordered breathing underwent arterial blood 
gas (ABG) analysis, spirometry, and thyroid function tests. 
For this study, when OHS was diagnosed, the patients were 
asked to undergo a transthoracic echocardiogram. 

Details of the thyroid function tests and spirometry 
measurements have been described previously (4,11). 
All patients with hypothyroidism were on thyroxine 
replacement and their thyroxine levels were normal at the 
time of performing echocardiography.

PSG

All patients underwent a standard type I overnight attended 
sleep study with neurological, cardiac and respiratory 
monitoring using Alice® diagnostic equipment (Philips, 
Respironics Inc., Murrysville, PA, USA) (4,11). Details 
of the procedure have been previously described (4,11). 
Scoring was performed manually according to the American 
Academy of Sleep Medicine (AASM) scoring criteria (12). 
The desaturation index was defined as the number of 
desaturation events [≥3% decrease in oxygen (O2) saturation 
from the pre-event baseline] per hour of sleep. 

1 ,973 patients were referred with 
clinical suspicion of SDB between 
January 2002 and December 2012

144 were diagnosed to have OHS and 
met the inclusion criteria

88 patients agreed to have 
echocardiogram

Refused to do echocardiogram (n=56)

Echo was technically difficult (n=11)

77 patients have complete data

48 men

21 men

96 women

56 women

SPAP <40 mmHg 
n=24

SPAP >40 mmHg 
n=53

Figure 1 A flowchart of the patient recruitment process.
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OHS diagnosis

The AASM criteria were used to diagnose OHS: (I) awake 
hypercapnia (PaCO2 >45 mmHg), based on arterial PaCO2; 
(II) obesity (BMI >30 kg/m2); and (III) hypoventilation 
not primarily due to a chronic lung disease, a chest wall 
deformity, medication use, a neuromuscular disorder, 
or a known congenital or idiopathic central alveolar 
hypoventilation syndrome (13).

Echocardiography

Tr a n s t h o r a c i c  e c h o c a r d i o g r a p h y  a n d  D o p p l e r 
were performed while the patient was awake in the 
morning after PSG by an experienced sonographer. As 
echocardiogram had been performed over several years, 
different echocardiographic machines had been used for 
the image acquisition. However, most of the studies were 
done using a Philips iE33 (Philips Ultrasound Bothell, 
WA, USA) cardiac ultrasound machine, with an electronic 
transducer of variable frequency and capacity for two-
dimensional, M-mode, continuous and pulsed wave 
Doppler and color images. The data were stored digitally 
using commercial software (Xcelera Cardiovascular) 
and reported by a senior echocardiologist in accordance 
with published guidelines (14). Standard complete two-
dimensional echocardiography was performed in all 
participants with chamber quantification assessment 
according to published criteria (15). Systolic pulmonary 
artery pressure (SPAP) was estimated by imaging the 
peak velocity of the tricuspid regurgitant jet velocity 
(TRV) and applying the simplified Bernoulli equation 
(right ventricular systolic pressure SPAP =4 TRV2+ right 
atrial pressure) (16). For standardization, a right atrial 
pressure of 10 mmHg was assumed for all patients unless 
clear features were present such as an inferior vena cava 
(IVC) diameter of >21 mm with <50% collapsibility. In 
such cases, 15 mmHg was used (17). Because the resting 
physiologic range of SPAP of normal subjects depends 
on age and BMI and can be as high as 40 mmHg in both 
normal subjects >50 years and obese people (BMI >30 kg/m2) 
(18,19), and to avoid false positives, PH was defined as an  
SPAP >40 mmHg.

The severity of PH was categorized in this study as 
follows: 41–55, >55–70 and >70 mmHg.

None of the included patients was on home noninvasive 
ventilation (NIV) treatment prior to the echocardiographic 
assessment.

Statistical analysis

The data are expressed as the mean and standard deviation 
(SD) in both the text and tables. Student’s t-tests were used 
to compare the means for continuous data and the Chi-
square test was used for categorical variables. The results 
were considered statistically significant if P<0.05. The data 
were analyzed using Statistical Package for Social Sciences 
(SPSS), IBM version 22 (SPSS Inc., Chicago, IL, USA) 
software.

Results

During the study period, 144 patients were diagnosed 
with OHS. Among them, 88 patients agreed to undergo 
echocardiography. Echocardiography was not possible in 
11 of these patients (12.5%) due to technical difficulties 
(Figure 1). There was no difference between the OHS 
patients who underwent echocardiography (n=77) and 
those who did not (n=67) in terms of demographics, 
respiratory function, and sleep parameters. Table 1 presents 
the demographics, baseline characteristics and respiratory 
findings of the 77 patients who underwent a proper 
SPAP assessment. The participants had a mean age of 
60.5±11.7 years, a BMI of 43.2±10.4 kg/m2, and an ESS 
score of 11.4+5.5, with women representing 72.7% of the 
population. Hemoglobin level was normal in both groups, 
which may reflect that OHS patients have a mixed picture 
of chronic illness anemia and some degree of hypoxemia 
induced polycythemia and hence hemoglobin appears 
normal.

Among the study group, 53 (68.8%) had elevated 
SPAP (PH), with a mean SPAP of 64.1±17.1 mmHg. 
There were no differences between the OHS patients 
with PH and those with normal PAP in terms of BMI, 
ABG, and PFT parameters (Table 1). However, OHS 
patients with PH were older and therefore might have a 
greater history of disease without therapy. Moreover, there 
was no difference between the OHS patients with PH 
and those with normal SPAP with regard to presenting 
symptoms and comorbidities (Table 2). At the time of the 
assessment, 20 (26%) patients were already on home O2. 
Table 2 presents a list of medications that may affect the 
SPAP in the entire group as well as in patients with normal 
and elevated SPAP. No difference was found between the 
two groups. Twenty patients were on bronchodilators as 
they were diagnosed to have bronchial asthma.

Table 3 presents the PSG parameters of all OHS patients, 
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OHS patients with PH and those with normal PAP. There 
were no significant differences between the OHS patients 
with PH and the OHS patients with normal SPAP.

Echocardiography

Ten patients (13%) exhibited systolic left ventricular 
(LV) ejection function (EF) <55% (range, 15–50%). LV 
diastolic dysfunction was reported in nine patients (12%) 
(with normal LVEF): grade I in 6 patients, grade II in  
2 patients and grade III in 1 patient. Figure 2 presents the 
distribution of the severity of PH in the OHS patients 
based on SPAP. Approximately 71.4%of women and 61.9% 
of men with OHS also had PH. SPAP was >40–55 mmHg 
in19 (24.7%) patients (18 women), >55–70 mmHg in  
15 (19.5%) patients (6 women) and >70 mmHg in 19 
(24.7%) patients (16 women). In women with OHS (n=56), 
the SPAP was 55.0±23.0 mmHg, and in men (n=20), the 

SPAP was 51.5±21.6 mmHg (P=0.26). Among women, 
28.6% had normal SPAP versus 38.1% of the men. Severe 
PH (SPAP >70 mmHg) was diagnosed in 28.6% of the 
women and 14.3% of the men.

Discussion

Although PH is one of the characteristic comorbidities 
of OHS, only a few studies have addressed this topic. 
Our study is the largest study to assess the prevalence of 
PH among OHS patients. This study revealed that PH 
is prevalent among patients with OHS presenting to a 
sleep medicine clinic: 71.4% of women and 61.9% of men 
with OHS also had PH. In an earlier small study, Kessler 
et al. used right heart catheterization (RHC) in 27 OHS 
patients and reported PH, as defined as a mean pulmonary 
artery pressure (mPAP) >20 mmHg, in 59% of patients (9). 
A recent retrospective study that used echocardiography 

Table 1 Demographic and sleep characteristics of all participants and comparisons between patients with low and high PAP

Variables All (n=77)
High SPAP (n=53)  
(SPAP >40 mmHg) 

Normal SPAP (n=24)  
(SPAP ≤40 mmHg)

P value

Males (%) 21 (27.3) 13 (24.5) 8 (33.3) 0.5

Age (years) 60.5±11.7 62.0±11.5 56.3±11.4 0.057

BMI (kg/m2) 43.2±10.4 44.3±11.6 42.8±10.1 0.6

Smoking

Active (%) 4 (5.2) 4 (7.5) 0 1.0

Ex-smoker (%) 10 (13.0) 6 (11.3) 4 (16.6) 0.5

ESS 11.4±5.5 11.4±5.5 9.7±4.3 0.2

pH 7.38±0.08 7.4±0.1 7.4±0 0.5

PaCO2 (mmHg) 55.7±9.2 56.5±12.7 41.6±6.7 0.6

PaO2 (mmHg) 61.6±13.1 61.0±13.2 78.0±12.9 0.3

HCO3 (mmol/L) 33.0±6.3 33.0±6.2 25.7±3.4 0.7

Hemoglobin level (g/dL) 13.3±2.5 14.1±1.8 13.7±2.5 0.1

Hematocrit 39.5±7.2 41.6±5.3 40.6±7.3 0.2

FEV1 (% predicted) 57.8±26.3 56.8±26.1 85.3±18.0 0.2

FVC (% predicted) 57.3±29.0 57.4±24.6 86.6±19.3 0.2

FEV1/FVC (%) 82.1±9.9 85.5±10.1 84.5±11.2 0.4

SPAP (mmHg) 54.1±22.5 65.5±16.3 27.0±4.3 <0.001

PAP, pulmonary artery pressure; BMI, body mass index; ESS, Epworth Sleepiness Scale; PaCO2, arterial partial pressure of carbon dioxide; 
PaO2, arterial partial pressure of oxygen; FEV1 forced expiratory volume in 1 second; FVC, forced vital capacity; SPAP, systolic pulmonary 
artery pressure. 
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Table 2 Symptoms, comorbidities and medications of the study group

Variables
Whole group,  

% (n)
High PAP  

(SPAP >40 mmHg), % (n)
Normal PAP  

(SPAP ≤40 mmHg), % (n)
P value

Symptom

Excessive daytime sleepiness 57.1 [44] 56.6 [30] 58.3 [14] 0.97

Difficulty falling asleep 19.5 [15] 15.1 [8] 29.2 [7] 0.29

Snoring 75.3 [58] 73.6 [39] 79.2 [19] 0.13

Witnessed apnea 36.4 [28] 32.1 [17] 45.8 [11] 0.94

Acidic mouth 31.2 [24] 28.3 [15] 37.5 [9] 0.48

Chest pain 26.0 [20] 24.5 [13] 29.2 [7] 0.86

Choking attacks during sleep 40.3 [31] 42.5 [22] 37.5 [9] 0.77

Palpitation 22.1 [17] 24.5 [13] 16.7 [4] 1.00

Morning headache 36.4 [28] 32.1 [17] 45.8 [11] 0.50

Dry mouth 55.8 [43] 52.8 [28] 62.5 [15] 0.49

Nocturia 48.1 [37] 49.1 [26] 45.8 [11] 0.95

Comorbidity

Hypertension 76.6 [59] 79.2 [42] 70.8 [17] 0.95

Ischemic heart disease 15.6 [12] 18.9 [10] 8.3 [2] 0.20

Diabetes mellitus 55.8 [43] 54.7 [29] 58.3 [14] 0.90

Renal impairment 10.4 [8] 7.5 [4] 16.6 [4] 1.00

Compensated heart failure 16.9 [13] 20.8 [11] 8.3 [2] 0.20

Bronchial asthma 28.6 [22] 24.5 [13] 37.5 [9] 0.65

Hypothyroidism 23.4 [18] 18.9 [10] 33.3 [8] 0.26

Medication

ACEIs and ARBs 24.7 [19] 22.4 [12] 29.2 [7] 0.60

β-Blocker 13.0 [10] 11.3 [6] 16.7 [4] 0.50

Calcium-channel antagonists 22.1 [17] 22.6 [12] 20.8 [5] 0.90

Diuretics 33.8 [26] 28.3 [15] 45.8 [11] 0.20

Bronchodilator agents 26.0 [20] 24.5 [13] 29.2 [7] –

Anti-platelet agents 40.3 [31] 50.9 [27] 16.7 [4] 0.01

Warfarin 5.2 [4] 5.7 [3] 4.2 [1] 0.90

Sildenafil 1.3 [1] 1.9 [1] 0 0.90

Home O2 26 [20] 26.4 [14] 25.0 [6] 0.80

PAP, pulmonary artery pressure; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor antagonists.
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Table 3 Polysomnographic findings of all OHS patients, patients with high SPAP and patients with normal SPAP

Variables All (n=88)
High PAP  

(SPAP >40 mmHg) (n=53)
Normal PAP 

 (SPAP ≤40 mmHg) (n=24)
P value

Total sleep time (min) 195.1±89.0 186.3±88.4 145.9±54.9 0.04

Sleep efficiency (%) 63.4±22.1 73.3±18.7 64.8±21.2 0.50

Stage N1 (%) 14.0±14.0 12.0±11.8 13.7±13.7 0.60

Stage N2 (%) 72.5±16.9 68.8±14.7 73.4±17.7 0.50

Stage N3 (%) 3.4±8.4 4.5±8.4 3.2±7.9 0.07

Stage REM (%) 9.2±11.4 12.7±9.9 8.3±11.4 0.20

AHI (events/hr) 65.6±45.4 70.2±44.3 55.9±46.5 0.15

AHI during NREM (events/hr) 64.3±47.3 69.3±46.0 53.4±49.1 0.15

AHI during REM (events/hr) 54.8±41.7 66.8±40.7 47.0±31.7 0.12

Desaturation index (events/hr) 48.5±41.7 50.4±42.2 43.0±40.5 0.50

Duration of nSpO2 <90% (min) 83.1±35.1 92.2±35.3 64.1±34.7 0.30

t<90 (%TST) 47.2±24.4 48.9±25.1 45.3±23.7 0.60

Lowest recorded nSpO2 (%) 64.7±17.3 65.1±17.4 63.3±17.4 0.70

Mean nSpO2 (%) 84.3±7.9 83.7±8.4 86.1±5.7 0.20

Arousal index (arousals/hr) 64.9±42.3 66.8±43.0 59.6±41.1 0.50

OHS, obesity hypoventilation syndrome; SPAP, systolic pulmonary artery pressure; N1, stage 1 sleep; N2, stage 2 sleep, N3, stage 3 
sleep; REM, rapid eye movement sleep; AHI, apnea hypopnea index; nSpO2, nocturnal oxygen saturation; t<90 (%TST), percentage of 
sleep time with SpO2 <90%.

Figure 2  The distribution of the severity of pulmonary 
hypertension (PH) in obesity hypoventilation patients based on 
systolic pulmonary artery pressure (SPAP).

to assess SPAP reported a prevalence of PH of 52% in 
25 patients with OHS (10). In another study that used 
RHC to assess PH in 26 OHS patients undergoing bariatric 
surgery and defined PH as an mPAP >20 mmHg, PH was 
diagnosed in 88% of the patients (20). OHS patients are 
more prone to develop PH and corpulmonale compared 
with patients with isolated OSA (21). In a small study of  

20 patients with OHS (obtained from a population registry), 
Berg et al. reported that OHS patients were significantly 
more likely to suffer corpulmonale compared with OSA 
patients (odds ratio of 9; 95% CI: 1.4–57.1) (22). Table 4 
summarizes the studies that have assessed PH in patients 
with OHS, sample characteristics, PH diagnostic criteria 
and PH prevalence. The differences in the prevalence of 
PH among the different studies could be related to the 
different study designs, definitions used to diagnose OHS 
and PH and the wide range of OHS severity in the studied 
patients; in addition, there were differences in the BMI and 
age of the participants.

The underlying mechanism of PH in patients with 
OHS is thought to be chronic diurnal and nocturnal 
hypoxia, hypercapnia, and acidosis (21,26). Other factors 
that contribute to PH in patients with OHS include 
restrictive lung disease related to severe obesity and the 
large intrathoracic pressure shifts in the respiratory cycle 
due to increased upper airway resistance (21). Upper airway 
obstruction results in profound negative intrathoracic 
pressures during inspiration, which increases venous return 

50
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Table 4 A summary of previous studies that assessed pulmonary hypertension (PH) in patients with obesity hypoventilation syndrome 

Study Study design Sample characteristics
PAP assessment 

method
Definition of PH Prevalence of PH

Kessler  
et al. (9)

Prospectively 
collected clinical 
data

n=27; age =61 yr;  
BMI =40 kg/m2

Right-heart 
catheterization

Mean PAP >20 mmHg 59%

Kauppert  
et al. (23)

Prospective 
cross-sectional 
study of patients 
who were on NIV 
therapy

n=21; BMI =45 kg/m2; prior 
to enrollment, patients were 
treated with NIV for a mean 
of 1.9 yr. PCO2 and PO2 
data prior to NIV were not 
reported

Right-heart 
catheterization

Mean PAP >20 mmHg 81% had mild to 
moderate PH

Alawami  
et al. (10)

A retrospective 
analysis of 
dataset

n=25 Transthoracic 
echocardiography

Systolic PAP >30 mmHg 88%

Sugerman  
et al. (24)

Prospective 
study

n=26; age =44 yr; BMI not 
reported; did not use the 
standard diagnostic criteria 
for OHS; pre-operative 
assessment for Bariatric 
surgery

Right-heart 
catheterization

Mean PAP ≥20 mmHg 88%

Held et al. (8) Retrospective 
study

n=12 (3 of them had co-
existing COPD); age =62 yr; 
BMI =36 kg/m2

Right-heart 
catheterization 
and transthoracic 
echocardiography

Mean PAP at rest  
≥25 mmHg or mean 
PAP at rest <25 mmHg 
and mean PAP at 
exercise ≥50 mmHg or, 
an echocardiographic 
systolic PAP ≥50 mmHg 
at rest 

Not reported 
(mean PAP = 
49±13 mmHg)

Marik &  
Desai (25)

Retrospective 
study

n=61 (77% women and 92% 
black); age =59 yr;  
BMI =48.9 kg/m2

Transthoracic 
echocardiography; 
the peak tricuspid 
regurgitant 
velocity was used; 
to estimate the 
systolic PAP

Systolic PAP >35 mmHg; 
systolic PAP >45 mmHg 
(moderate to severe PH)

77%; 41% 
(moderate to 
severe PH)

Current study Prospective 
observational 
cross-sectional 
study

n=77; age =60.5 yr; no prior 
treatment with NIV

Transthoracic 
echocardiography

Systolic PAP >40 mmHg 68.8%

and right ventricle filling, causing a leftward shift of the 
interventricular septum. Hence, LV filling will be reduced, 
and LV stroke volume will decrease.

There was no difference between OHS with PH and 
those without in most measured parameters. However, 
OHS patients with PH were older, which may indicate 
a greater history of disease without therapy, and hence a 
higher risk of developing PH. Moreover, some patients 

may genetically have a better adaptation to chronic 
hypoxia (27). Recent data suggest that there are several 
candidate genes that may underlie the adaptation or 
maladaptation to chronic hypoxia (27).

The established mainstay treatment of OHS is NIV, 
which is effective at improving blood gas and respiratory 
parameters, sleep quality, daytime vigilance and quality of 
life (3,28). Despite limited data, current evidence suggests 
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that NIV is effective at treating PH secondary to OHS. 
Therefore, proper assessment of PAP is needed in all 
patients with OHS. In an earlier study, Castro-Añón et al. 
used echocardiography to assess PAP and right ventricular 
dilatation among 30 OHS patients and reported RVO 
in 43.3% of the patients (20). After 6 months of NIV, 
the authors reported a reduction in PAP from 58 to  
44 mmHg (P=0.014); however, there were no significant 
changes in the RVO percentage (20). Two recent studies 
assessed the effect of NIV on PAP in patients with OHS. 
In 21 OHS patients who were treated with NIV for a 
mean of 1.9 years, Kauppert et al. used RHC to assess 
PH (defined as Mpap >25 mmHg) and then assessed the 
effect of NIV on mPAP (NIV ≥3 months) (23). PH was 
diagnosed in 43% of patients; however, 3 of the 9 patients 
with PH had a pulmonary capillary wedge pressure 
(PCWP) >15 mmHg (23). mPAP was inversely related to 
the long-term use of NIV. Nevertheless, PH persisted in 
some patients despite regular use of NIV, which suggests 
that some degree of vascular remodeling or endothelial 
dysfunction may persist even after amelioration of nocturnal 
gas exchange (23). In another study, Held et al. reported  
18 patients with severe PH due to alveolar hypoventilation, 
who markedly improved after 3 months of NIV (8). At 
baseline, mPAP and pulmonary vascular resistance (PVR) 
were 50 mmHg and 6–7 Wood units, respectively, which 
decreased to 30 mmHg and 3–4 Wood units with NIV (8). 
The above findings indicate the need for early recognition 
and treatment of patients with OHS using NIV to prevent 
the progression of PH and the occurrence of permanent 
vascular remodeling changes. Nevertheless, compliance 
with NIV in patients with OHS is a major problem (29,30). 
Recent data suggest that bariatric surgery may improve PH 
in the short-term (31).

The strengths of this study include the size of the cohort 
and that every single subject who was referred underwent 
PSG, provided an arterial blood sample, and underwent 
thyroid and pulmonary function tests (PFT). However, 
there are some limitations that must be acknowledged. One 
limitation of this study is the use of echocardiography to 
assess PH because assessment of SPAP by echocardiography 
may not be accurate (32). Nevertheless, echocardiography 
tends to underestimate SPAP rather than overestimate it 
(33-35). Moreover, Doppler techniques have been used to 
assess pulmonary vascular hemodynamics with accuracy 
and good reproducibility in obese patients with OSA. In 
one study, Sajkov et al. showed a correlation of r=0.96 
(P<0.001) between catheter-measured and Doppler-

estimated PAP (36). In another study of patients with 
OSA and a BMI of 34±6 kg/m2, Alchanatis et al. showed 
that Doppler echocardiography-derived PAP is valid and 
accurate with a good correlation with catheter-measured 
PAP (r=0.957, P<0.001) (37). Unfortunately, using cardiac 
catheterization in patients with OHS is too invasive to 
complete safely on a presentation on NIV naïve OHS 
patients. In one study that assessed PAP using RHC, OHS 
patients were treated with NIV for a mean of 1.9 years prior 
to performing RHC (23). Another potential limitation is the 
fact that most of the studied samples are women. However, 
recent data suggest that OHS is more prevalent among 
women (11,25,29).

In conclusion, our data suggest that PH is common 
among patients with OHS who are referred to sleep 
disorders clinics. Although the role of PH in the long-
term prognosis of OHS patients is unknown, PH should be 
considered in the regular clinical assessment of all patients 
with OHS.
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