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INTRODUCTION

Pulmonary arterial hypertension (PAH) is a debilitating
and progressive disease that can be associated with right-

sided heart failure and death. It is characterized by an

Background: Pulmonary arterial hypertension (PAH) is a progressive and fatal
disease. Studies have shown a link between sleep disorders and pulmonary
hypertension; however, sleep disorders generally remain undiagnosed. This
study aimed to investigate the types of sleep disorders and their prevalence
among patients with pulmonary hypertension.

Materials and Methods: A total of 68 patients with a definitive diagnosis of
pulmonary hypertension were examined for the existence of sleep disorders.
The STOP-BANG, IS, ESS, RLS, and parasomnia questionnaires were used to
evaluate sleep disorders, including obstructive sleep apnea, insomnia, excessive
sleepiness, and movement disorders, such as restless leg syndrome and
parasomnia, respectively. The data were analyzed using SPSS software.

Results: The average age of the patients was 48.0 + 14.2 years while 64.7% were
women. The most prevalent (45.6%) sleep disorder among the patients was
probable obstructive sleep apnea (STOP-BANG positive). Among STOP-BANG
positive and negative groups, the ratios of men were 48.4% and 24.3%,
respectively (P=0.046). In addition, there was a significant difference between
STOP-BANG positive and negative groups regarding the variables of gender,
age, having high systemic blood pressure, insomnia index, and daytime
sleepiness (P values= 0.020, 0.046, 0.011, 0.023, and 0.011, respectively). The
prevalence of parasomnia (P= 0.039) and daytime sleepiness (P=0.072) was
significantly higher in people suffering from insomnia. The body mass index
was significantly higher in people with idiopathic pulmonary hypertension
than in those with thromboembolic pulmonary hypertension (P= 0.001). There
was a significant association between age and the functional class of the
patients (P=0.003).

Conclusion: The prevalence of sleep disorders, especially obstructive sleep
apnea, is relatively high in patients with PAH, and its presence seems to worsen
the prognosis of PAH necessitating identifying at-risk people and properly
treating them to improve their quality of life.

Keywords: Pulmonary hypertension; Obstructive apnea; Insomnia;
Restless leg syndrome; Parasomnia

increase in the average pulmonary arterial pressure of
more than 20 mmHg, which encompasses various
hemodynamic types according to its new definition as

shown in Table 1 (1).



Table 1. The Hemodynamic Definitions of Pulmonary Hypertension

Clinical
Definition Characteristics inica
Groups
MPAP>20 mmHg
Precapillary Pulmonary hypertension PAWP<15 mmHg 1345
PVR>3 WU
Isolated post capillary pulmona MPAP>20 mmHg
h erten’;ion e Y PAWP>15 mmHg 25
" PVR<3 WU
Combined precapillary and post capilla MPAP>20 mmHg
I i i
- ry P — PAWP>15 mmHg 25
pulmonary hypertension
PVR>3 WU

mPAP: mean pulmonary arterial pressure, PAWP: pulmonary arterial wedge pressure,
PVR: pulmonary vascular Resistance, WU: Wood Unit, group1: PAH group2: PH due to left
heart disease, group 3: PH due to lung disease, 4: PH due to pulmonary artery obstruction,
5: PH with unclear or multifunction mechanism.

These patients are expected to have some degree of
right-sided heart failure and related symptoms, affecting
the quality and quantity of sleep and predisposing them to
various types of sleep disorders. The most common types
of sleep disorders can be listed as insomnia sleep breathing
disorders (SBD), and movement disorders, especially
restless legs syndrome. Regarding the link between the
lungs, chest, and upper respiratory tracts, ventilation-
perfusion mismatch in pulmonary hypertension, and
congestion in all lower organs, people with pulmonary
hypertension are predisposed to breathing disorders
during sleep. On the other hand, pulmonary hypertension
can lead to symptoms such as nausea, fatigue, dyspnea at
night, and interrupted sleep, which can overlap with the
symptoms of sleep disorders. Also, sleep breathing
disorders themselves can predispose to PAH. Accordingly,
timely diagnosis and treatment of sleep disorders in
patients with pulmonary hypertension can not only
improve their quality of sleep but also prevent disease
progression in the case that they are the primary etiology
of the condition or associated with the primary cause,
reducing the need for PAH medications and the number of
hospitalizations. In this study, we investigated the types
and prevalence of sleep disorders among patients with
pulmonary hypertension using the Restless Leg Severity

Scale (RLS) questionnaire.
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MATERIALS AND METHODS

This cross-sectional analytical study conducted on
patients with PAH who were periodically visited at the
Pulmonary Hypertension Clinic and the Institute for
Tuberculosis and Pulmonary Diseases of Masih
Daneshvari Hospital, affiliated with Shahid Beheshti
University of Medical Sciences, in Tehran. Those patients
fulfilling the inclusion criteria were enrolled in the study.
A total of 68 patients were included in the study. For a
definitive diagnosis of PAH, the patients underwent
examinations for the basic hemodynamic status, lung
functional tests, echocardiography, ventilation-perfusion
scan, screening for pulmonary artery thromboembolism,
and right and left heart catheterization by a cardiologist
and a pulmonologist. In cases where pulmonary
hypertension was not consistent with the clinical condition,
patients who provided positive responses to the following
questions: "Do you wake up several times during sleep?",
"Do you feel sleepy during the day?", and "Do you snore?",
underwent polysomnography so that sleep-breathing
disorders could be ruled out as the primary cause of
pulmonary hypertension.

Sleep breathing disorders and hypoventilation were
diagnosed if, in polysomnography, AHI was>15, oxygen
saturation fell below 90% in above 25% of total sleep time,
or hypercapnia was more than 45 mmHg. Patients with
hypoventilation due to obesity, neuromuscular conditions,
drug consumption, and other medical causes were further
investigated and referred to a pulmonologist for further
evaluation; these patients were excluded from the study.

Most of the patients were placed in either of the two
groups: PAH 1(PAH) or PAH 4 (ie, chronic
thromboembolic pulmonary hypertension (CTPH) or pre-
capillary type in terms of hemodynamic classification
(Table 1). After right heart catheterization and determining
the hemodynamic status, the STOP-BANGs questionnaire,
the ISI scale, and the questionnaire related to other sleep
disorders (i.e., IRLS and parasomnia) were completed.

Data Analysis
In this research, the data were either quantitative (such

as age, blood pressure, insomnia, STOP-BANG, pro-BNP
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level, height, weight, and body mass index) or
qualitative/nominal  (such as marital status and
occupation). The main independent variable in this study
was PAH while insomnia, STOP-BANG, and restless leg
syndrome were the main dependent variables. After
collection and classification, the data were entered into
SPSS version 24 software and analyzed. Tables and graphs
were used to describe qualitative data. The relationship
between qualitative variables was assessed using the Chi-
square test, and parametric and non-parametric tests were
used to determine relationships between quantitative
variables. All quantitative data were reported as mean and
standard deviation. The association between the main
variables and the STOP-BANG score was investigated
using Spearman correlation. The statistical significance
level was designated as P<0.05.
Ethical Considerations

The ethics committee of Shahid Beheshti University of
Medical Sciences approved this study (IR.SBMU.NRITLD.
REC.1402.09).

RESULTS

Sixty-eight patients diagnosed with PAH were
included in the study of whom, 35% were men
and 65% were women. The mean age of the patients was
48.0+14.2 years.
Clinical Findings

Thirty-one patients (45.6%) were STOP-BANG positive,
and 37 (54.4%) patients were STOP-BANG negative. Table
2 compares the studied variables based on the diagnosis.
The BMI variable in the CTEPH group was significantly
higher than other diagnostic groups (P=0.001); however,
there was no significant difference in terms of other
variables such as age, pro-BNP level, neck circumference,
functional class, sleepiness, the severity of pulmonary
hypertension, and the presence or absence of parasomnias.

Based on the peak prevalence of the disease, the
patients were categorized into two main classes: IPAH,
CTEPH, and other diseases. Table 3 compares the
distribution of the studied variables between STOP-BANG

positive and negative groups. Men constituted 48.4% and
24.3% of patients in the STOP-BANG positive and negative
groups, respectively, showing a disparity in disease
distribution according to gender (P=0.046). This finding
indicated that men with PAH were more likely to become
STOP-BANG positive than their female counterparts.

The proportion of people with HTN was significantly
different between the STOP-BANG positive (51.7%) and
negative (17.4%) groups (P=0.011). Also, individuals with
positive STOP-BANG had a significantly higher mean age
than those with negative STOP-BANG (52.4+15.3 versus
44.3+12.2, P=0.006).

The mean ESS was significantly higher in the STOP-
Bang positive group than in the STOP-BANG negative
group (7.4+5.4 versus 4.3+3.8, P=0.011). Also, mean ISI was
significantly higher in those with positive STOP-BANG
(13.6£7.5) than in patients with negative STOP-BANG
(9.5+6.1, P=0.023).

In this study, patients with an ISI score of 0 to 7 were
regarded to have no insomnia, while those with a score of 7
and above were considered to suffer from insomnia (2).
Among the studied variables, the functional class was

significantly associated with age (P=0.003).

Table 2. Comparison of the study variables based on the disease diagnosed

Diagnosis
Items IPAH CTEPH Other P-value
43 14 11

Male 16(37.2) 6(49.2) 2(18.2)
Gender 0.411

Female 27(62.8) 8(57.1) 9(81.8)
Age 45.5+13.6 52.5+14.2 52.6+15.3 0.154
BMI 251435 27.8+6.1 21.1£2.9 0.001*
Neck 36.9+34 37.6+34 34.8+4.2 0.157
HTN 14(41.2) 3(30.0) 2(25.0) 0.647
pro-BNP 574145737  420.744152  475.50+459.7 0.780
Insomnia S| 10.5+6.6 12.746.5 144493 0.397
Severity of disease 2.310.8 2.640.9 2.3+0.5 0.422
ESS 5.545.1 7.645.1 5.3+3.2 0.351
STOP- Bang (+) 19(613) 8(25.8) 4(12.9) 0550
STOP- Bang (-) 24(64.9) 6(16.2) 7(18.9)
Mallampati 3.0£1.0 32413 2017 0.412
6mwt (m) 343.8+111.1 386.8+£92.7 314.8+104.7 0.464
Mean PAP 62.2+11.8 55.2+15.6 74.8+24.9 0.110
Sys PAP 86.7+26.8 85.9+28.9 87.5+48.9 0.994
Parasomnia (yes) 13(37.1) 2(20.0) 2(25.0) 0.619

*: Significant at 0.05 level
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Table 3. Comparison of the study variables based on the STOP-BANG status

STOP- Bang
Items Stop Bang+  Stop Bang- Total P-value
n=31 n=37 n=68

Male 15(48.4) 9(24.3) 24(35.3)
Gender 0.046*

Female 16(51.6) 28(75.7) 44(64.7)
IPAH 19(613) 24(64.9) 43(63.2)
CTEPH 8(25.8) 6(16.2) 14(20.6) 0.559
Other 4(12.9) 7(18.9) 11(16.2)
Age 52.4£15.3 44.3+12.2 48.0+14.2 0.020%
BMI 259459 24.3£3.1 25.0+4.5 0.242
Neck 37.244.5 36.4+2.4 36.8+3.6 0.369
HTN(YES) 15(51.7) 4(17.4) 19(36.5) 0.011*
Pro BNP 533.8£592.9  533.6+501.1  533.7+349.3 0.355
Insomnia Severity Index 13.617.5 9.5+6.1 11.4+6.9 0.023*
Functional Class 2.50.7 2.2+0.8 24%0.7 0.156
ESS 7454 4.3+3.8 5.8+4.8 0.011*
Mallampati 3.0¢1.1 2.8+1.0 2.9+1.1 0.648
6Minute walking Test
(meter) 318.4+115.0 373.8+94.2 349.0+106.3 0.111
Mean pap 57.2¢114 66.5+17.2 62.9£15.7 0.109
Systolic Pulmonary Arterial
Pressure 86.8+30.7 86.5+31.7 86.7+£30.9 0.971
Parasomnia (yes) 9(34.6) 8(29.6) 17(32.1) 0.697
*: Significant at 0.05 level
Table 4. Comparison of the study variables based on insomnia

18I
ltems ISl+ ISl- P-value
n=51 n=12

Male 19(37.3) 3(25.0)
Gender 0.516

Female 32(62.7) 9(75.0)
Diagnosis (IPAH) 33(64.7) 10(83.3)
Diagnosis (CTEPH) 11(21.6) 1(8.3) 0.377
Diagnosis (Other) 7(13.7) 1(8.3)
Age 49.1+124 44.0+18.0 0.252
BMI 25.2+4.5 247442 0.796
Neck 37.1+3.7 35.6+2.0 0.102
HTN 13(34.2) 4(40.0) 0.727
pro-BNP 603.6+609.0 219.1+90.7 0.360
Functional class 2.8+0.8 2.140.8 0.298
ESS 6.545.2 3.0£2.7 0.072*
Mallampati 29+1.1 2.841.3 0.720
6mwt (m) 354.3+96.5 333.3£1354 0.636
mean pap 62.7£16.7 64.0£15.0 0.851
sys pap 84.7+£28.3 92.5+23.3 0.471
Parasomnia (yes) 16(31.3) 1(8.3) 0.039*

*:Significant at 0.05 level, **:Significant at 0.10 level
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Based on the definition provided and the data obtained
from the restless leg syndrome questionnaire, 17 (52%)
patients were diagnosed with this syndrome (RLS
positive). None of the demographic or clinical variables
and other sleep disorders, except for parasomnia (P<0.001),
had a significant relationship with the restless leg
syndrome.

Regarding the parasomnia index, the data of 54 patients
were analyzed, 17 of whom (32%) presented with
parasomnia. Except for insomnia and RLS, there was no
significant relationship between parasomnia and other
anthropometric, clinical, and demographic variables or
other sleep disorders. According to the ESS questionnaire,
12 (2%) patients had degrees of daytime sleepiness. ESS

more than or equal to 10 was considered abnormal.

DISCUSSION

There are a few studies investigating the link between
pulmonary hypertension and sleep disorders. This is while
by evaluating relatively prevalent sleep disorders and their
relationships with PAH and demographic characteristics, it
is possible to provide effective solutions for PAH-related
comorbidities. In this regard, the diagnosis of sleep
disorders co-existing with breathing disorders can lead to
the administration of effective treatments, improving the
prognosis of both pulmonary hypertension and sleep
disorders. Accordingly, this study aimed to investigate the
prevalence and severity of sleep disorders among patients
with pulmonary hypertension and to evaluate the risk
factors (demographic, anthropometric, clinical variable,
etc.) of obstructive sleep apnea, restless leg syndrome, and
other related disorders in patients diagnosed with various
types of pulmonary hypertension.

Based on the highest prevalence regarding the disease
subtype, the patients were divided into two main groups:
IPAH, i.e.,, PH due to pulmonary artery obstruction, and
chronic  thromboembolic ~ pulmonary  hypertension

(CTEPH). In addition, in this study accounted for other
subtypes of patients (2, 3).
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Similar to previous studies, we observed in the present
study that the prevalence of PAH was higher in women.
The reason for the higher prevalence of PAH among
women is unclear; however, factors such as sex hormones,
autoimmune conditions, and the presence of an extra
chromosome X have been proposed as possible causes (4,
5).

The average age of people at the time of PAH diagnosis
is about 50 years (5, 6), which is consistent with the results
of the present study. In contrast to pulmonary
hypertension, the prevalence of obstructive apnea is higher
in men than in women, which is supported by our data as
we observed a higher ratio of moderate to severe
obstructive apnea in men with positive (n=15, 48.4%)
compared to negative (n=9, 24.3%) STOP-BANG (P<0.05)
(7-12). The effects of hormones on the flexibility and tone
of the muscles of the upper airways, as well as differences
in the distribution of fat mass and the anatomy of the
parapharyngeal region between men and women, can be
the contributing factors to the higher incidence of
obstructive apnea among men (7).

The results of various studies support the sensitivity
and accuracy of the STOP-BANG in the diagnosis of
obstructive apnea, especially the moderate-to-severe form;
so, in the present study, a positive screening for STOP-
BANG was considered to be diagnostic for obstructive
apnea (8, 9).

Various studies have shown a relationship between
hypoxemia during sleep disorders and the development of
PAH (10-12). It has been shown recently that this
relationship can be reciprocal (i.e., PAH can trigger sleep
disorders) (13). A possible explanation for the development
of sleep breathing disorders due to PAH can be the return
of fluids from the lower limbs’ veins to the head and neck
at night, predisposing to airway obstruction (14).

In previous studies, the incidence of PAH due to
obstructive sleep apnea has been reported to be about 40%
(15-17), which is in agreement with the incidence rate
reported in the present study. Minic et al. (18) reported a

prevalence of 71% for sleep disorders of which, 56% were

diagnosed as obstructive sleep apnea. In our study,
positive STOP-BANG was the most common sleep
disorder. On the contrary, Badesch et al. reported that the
prevalence of obstructive sleep apnea among 2438 patients
with PAH was about 21% (6). The differences in the
incidence of obstructive sleep apnea in these studies can be
due to variations in diagnostic methods, differences in the
body mass index in different populations, and
discrepancies in the definition of obstructive sleep apnea
and PAH.

Age is one of the most important determinants in the
development of obstructive apnea knowing that its
incidence rises with age (7). In accordance, the prevalence
of the disease is higher among individuals older than 65
years old (19). The average age of patients with pulmonary
hypertension in our study was higher in the individuals
rendering positive STOP-BANG (i.e. suffering from
obstructive apnea) than those with negative STOP-BANG.

After excluding cases with high AHI and
hypoventilation, the STOP-BANG status in this study was
determined using a questionnaire and based on positive
responses to the three questions: "Do you wake up several
times during sleep?", "Do you feel sleepy during the day?"
and "Do you snore during sleep?". Considering the high
prevalence (45%) of obstructive apnea, as the most
common sleep disorder observed in this study, and taking
into account the high probability of obstructive apnea
among individuals with positive STOP-BANG, it is
important to investigate sleep breathing disorders in
patients with PAH, even in those who give negative
responses to routine diagnostic questions for obstructive
sleep apnea.

About 36.5% of patients in this study had systemic
hypertension. The cause of this association is not clearly
understood, but it is thought that pulmonary hypertension
can be a reflection of the systemic elevation of blood
pressure. In such cases, pulmonary hypertension can be
resolved by the proper treatment of systemic hypertension
(20). Nevertheless, some researchers believe that systemic

hypertension in the absence of left heart dysfunction and
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diastolic dysfunction cannot cause PAH. Systemic
hypertension is one of the most important cardiovascular
diseases and an independent risk factor for obstructive
sleep apnea (18, 21-23). Our results showed that the ratio of
people with hypertension was significantly higher in the
STOP-BANG positive (52%) than negative (17%) group,
which was similar to the values reported by Ahbab et al.
(24) and Nieto et al. (25).

It has been noted that in people younger than 60 years
of age, a reduction in sleep duration to less than five hours
increases the risk of developing systemic hypertension
even if weight and blood sugar are controlled (26). Other
causes of systemic hypertension in individuals with
obstructive sleep apnea include systemic inflammation,
oxidative  stress, endogenous vasoactive factors,
endothelial dysfunction, increased sympathetic activity,
and metabolic deregulation (27).

Another point worth mentioning is the existence of
symptoms such as nausea, nocturnal dyspnea, and
interrupted sleep in patients with PAH, which can also
mimic the symptoms of sleep-breathing disorders such as
obstructive sleep apnea. Sometimes, these symptoms can
be linked to an underlying disease, which may cause
conditions like sleep apnea to be overlooked. On the other
hand, considering the higher mortality and lower quality-
of-life of patients suffering from obstructive sleep apnea
and PAH, the diagnosis of sleep breathing disorders
becomes crucial. So, it is recommended to screen patients
with PAH for sleep-breathing disorders using the Stop
Bang questionnaire (28).

Obstructive apnea and insomnia are both sleep
disorders that commonly occur together (29). Respiratory
apneas can lead to night-time awakenings, leading to
chronic insomnia (30). Krakow et al. reported that frequent
night awakenings, as the main complaint of individuals
suffering from insomnia, are caused by respiratory events
(31). The concept of this argument agrees with the model
(i.e., the stress-response model) proposed by Spielman et
al. (32).

Another hypothesis is that respiratory events can boost

sympathetic activity and lead to hyperarousal, which are

key factors in the development of insomnia (33). In this
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study, the mean insomnia index (based on the ISI
questionnaire) was obtained as 9.5 in STOP-BANG
negative patients and 13.6 in STOP-BANG positive patients
(i.e., those with obstructive apnea), indicating a statistically
significant difference. The coexistence of obstructive sleep
apnea and insomnia can increase the risk of cardiovascular
diseases (34).

Regarding the association of the mentioned variables
with the etiology of PAH, studies indicate that mPAP,
quality of life, and pulmonary vascular resistance are
lower, while cardiac output is higher in patients with
CTEPH compared to those with IPAH (35). According to
studies, advanced age and higher BMI are major
contributors to the development of CTEPH following PTE
(36). In the present study, out of the assessed variables,
only BMI was significantly higher in the CTEPH group
than in other groups, which can be related to the higher
incidence of thromboembolic events in overweight people
compared to normal-weight individuals.

Restless leg syndrome is a movement disorder with a
prevalence of about 5%-20% in adults. This condition has
negative impacts on sleep, daily activities, and quality of
life. Regarding the link between this syndrome and
cardiovascular events, such as PAH, it has been proposed
that increased sympathetic activity contributes to both
complications (37). Also, some researchers have suggested
that RLS-related hypoxia may be a culprit linking this
condition to pulmonary hypertension (38). It is noteworthy
that the 25% prevalence of RLS found in this study is
significantly higher than the rate reported in the general
population of our country (39).

Parasomnias can occur at any age (40). In the present
study, we witnessed no statistically significant difference
in the incidence of parasomnia in various age groups. The
overall prevalence of parasomnia among adults has been
reported to vary between 4% and 67% (41). Obstructive
apnea and other sleep breathing disorders have been
suggested to trigger parasomnias (42). In this study,
although parasomnia and RLS were observed to be

significantly related to each other, such a link cannot be
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affirmed due to the lack of possibility for evaluating
parasomnia-associated nightmares in the patients, which is
one of the limitations of this study.

In the study of Dauvilliers and Buguet, the insomnia
index (ISI) correlated with RLS, but such an association
was not observed in our study. According to the ESS
questionnaire, daytime sleepiness was observed in 12 (2%)
of our patients, which was lower than the net average (4%
to 6%) in society (43).

Addressing the limitations of this study, it is important
to note that central sleep apneas were not assessed. Future
research should consider investigating this aspect.
Furthermore, since nighttime nightmares, along with
several other criteria, are used to classify parasomnia, it
would be beneficial for future studies to utilize a

comprehensive questionnaire that includes these criteria.

CONCLUSION

Considering the well-known relationship between
obstructive sleep apnea and pulmonary hypertension, as
well as the 45% prevalence of positive STOP-BANG
observed in this study (indicating the coexistence of
obstructive sleep apnea and PAH), it is important to
complete this questionnaire for patients with pulmonary
hypertension. The results of this study showed a high rate
of STOP-BANG positivity in patients with PAH; so, more
than 45% of patients fulfilled diagnostic criteria in the
initial screening and even after excluding cases with more
evident symptoms of obstructive apneas. Therefore, in
addition to the need for completing the aforementioned
questionnaire, all patients with PAH are recommended to
undergo polysomnography to timely diagnose and treat
obstructive sleep apnea and, reduce the complications of

both disorders.

REFERENCES
1. Batal O, Khatib OF, Bair N, Aboussouan LS, Minai OA. Sleep
quality, depression, and quality of life in patients with

pulmonary hypertension. Lung 2011;189(2):141-9.

10.

11.

Kovacs G, Dumitrescu D, Barner A, Greiner S, Griinig E,
Hager A, et al. Definition, clinical classification and initial
diagnosis ~ of = pulmonary  hypertension: = Updated
recommendations from the Cologne Consensus Conference
2018. Int J Cardiol 2018;2725:11-19.

Simonneau G, Montani D, Celermajer DS, Denton CP,
Gatzoulis MA, Krowka M, et al. Haemodynamic definitions
and updated clinical classification of pulmonary hypertension.
Eur Respir ] 2019;53(1):1801913.

Cheron C, McBride SA, Antigny F, Girerd B, Chouchana M,
Chaumais MC, et al. Sex and gender in pulmonary arterial
hypertension. Eur Respir Rev 2021;30(162):200330.

Manes A, Palazzini M, Dardi F, D'Adamo A, Rinaldi A, Galie
N. Genere femminile e ipertensione arteriosa polmonare: una
relazione complessa [Female gender and pulmonary arterial
hypertension: a complex relationship]. G Ital Cardiol (Rome)
2012;13(6):448-60.

Badesch DB, Raskob GE, Elliott CG, Krichman AM, Farber
HW, Frost AE, et al. Pulmonary arterial hypertension: baseline
Chest

characteristics from  the

2010;137(2):376-87.

REVEAL  Registry.

Franklin KA, Lindberg E. Obstructive sleep apnea is a
common disorder in the population-a review on the
epidemiology of sleep apnea. ] Thorac Dis 2015;7(8):1311-22.
Pivetta B, Chen L, Nagappa M, Saripella A, Waseem R,
Englesakis M, et al. Use and Performance of the STOP-Bang
Questionnaire for Obstructive Sleep Apnea Screening Across
Geographic Regions: A Systematic Review and Meta-Analysis.
JAMA Netw Open 2021;4(3):e211009.

Hwang M, Zhang K, Nagappa M, Saripella A, Englesakis M,
Chung F. Validation of the STOP-Bang questionnaire as a
screening tool for obstructive sleep apnoea in patients with
cardiovascular risk factors: a systematic review and meta-
analysis. BM] Open Respir Res 2021;8(1):e000848.

Adir Y, Humbert M, Chaouat A. Sleep-related breathing
disorders and pulmonary hypertension. Eur Respir ]|
2021;57(1):2002258.

Jilwan FN, Escourrou P, Garcia G, Jais X, Humbert M,
Roisman G. High occurrence of hypoxemic sleep respiratory
disorders in precapillary pulmonary hypertension and

mechanisms. Chest 2013;143(1):47-55.

Tanaffos 2024; 23(3): 256-265



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Bradley TD, Rutherford R, Grossman RF, Lue F, Zamel N,
Moldofsky H, et al. Role of daytime hypoxemia in the
pathogenesis of right heart failure in the obstructive sleep
apnea syndrome. Am Rev Respir Dis 1985;131(6):835-9.
Rafanan AL, Golish JA, Dinner DS, Hague LK, Arroliga AC.
Nocturnal hypoxemia is common in primary pulmonary
hypertension. Chest 2001;120(3):894-9.

Yumino D, Redolfi S, Ruttanaumpawan P, Su MC, Smith S,
Newton GE, et al. Nocturnal rostral fluid shift: a unifying
concept for the pathogenesis of obstructive and central sleep
apnea in men with heart failure. Circulation
2010;121(14):1598-605.

Fletcher EC, Schaaf JW, Miller ], Fletcher JG. Long-term
cardiopulmonary sequelae in patients with sleep apnea and
chronic lung disease. Am Rev Respir Dis 1987;135(3):525-33.
Sajkov D, Cowie R], Thornton AT, Espinoza HA, McEvoy RD.
Pulmonary hypertension and hypoxemia in obstructive sleep
apnea syndrome. Am ] Respir Crit Care Med 1994;149(2 Pt
1):416-22.

Sajkov D, Wang T, Saunders NA, Bune AJ, Neill AM, Douglas
Mcevoy R. Daytime pulmonary hemodynamics in patients
with obstructive sleep apnea without lung disease. Am |
Respir Crit Care Med 1999;159(5 Pt 1):1518-26.

Minic M, Granton JT, Ryan CM. Sleep disordered breathing in
group 1 pulmonary arterial hypertension. J Clin Sleep Med
2014;10(3):277-83.

Bixler EO, Vgontzas AN, Lin HM, Ten Have T, Rein ], Vela-
Bueno A, et al. Prevalence of sleep-disordered breathing in
women: effects of gender. Am ] Respir Crit Care Med
2001;163(3 Pt 1):608-13.

Dusaj RS, Mukherjee M, Furmark L, Katz R], Choi BG, Lewis
JE.  Pulmonary Hypertension Complicating Systemic
Hypertension, Is Diastolic Dysfunction the Culprit?. J Cardiol
2014;2(1):1015.

Kaw R. Obesity and Pulmonary Hypertension. Bjmp
2009;2(2):4-5.

Ghoreshi K, Alturaif N, Roth R, Cho Y, Harding C, Mehta NM,
et al. Risk Factors for Obstructive Sleep Apnea in Patients
2019;140

With Pulmonary Hypertension. Circulation

(Suppl_1):A16453.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Khoundabi B, et al. 263

Parish JM, Somers VK. Obstructive sleep apnea and
cardiovascular disease. Mayo Clin Proc 2004;79(8):1036-46.
Ahbab S, Ataoglu HE, Tuna M, Karasulu L, Cetin F, Temiz LU,
et al. Neck circumference, metabolic syndrome and
obstructive sleep apnea syndrome; evaluation of possible
linkage. Med Sci Monit 2013;19:111-7.

Nieto FJ, Young TB, Lind BK, Shahar E, Samet JM, Redline S,
et al. Association of sleep-disordered breathing, sleep apnea,
and hypertension in a large community-based study. Sleep
Heart Health Study. JAMA 2000;283(14):1829-36.

Gangwisch JE, Heymsfield SB, Boden-Albala B, Buijs RM,
Kreier F, Pickering TG, et al. Short sleep duration as a risk
factor for hypertension: analyses of the first National Health
and  Nutrition  Examination  Survey.  Hypertension
2006;47(5):833-9.

Shamsuzzaman AS, Gersh BJ, Somers VK. Obstructive sleep
apnea: implications for cardiac and vascular disease. JAMA
2003;290(14):1906-14.

Kholdani C, Fares WH, Mohsenin V. Pulmonary hypertension
in obstructive sleep apnea: is it clinically significant? A critical
analysis of the association and pathophysiology. Pulm Circ
2015;5(2):220-7.

Ong JC, Crawford MR. Insomnia and Obstructive Sleep
Apnea. Sleep Med Clin 2013,8(3):389-398.

Al-Jawder SE, Bahammam AS. Comorbid insomnia in sleep-
related breathing disorders: an under-recognized association.
Sleep Breath 2012;16(2):295-304.

Krakow B, Romero E, Ulibarri VA, Kikta S. Prospective
assessment of nocturnal awakenings in a case series of
treatment-seeking chronic insomnia patients: a pilot study of
subjective and objective causes. Sleep 2012;35(12): 1685-92.
Spielman AJ, Caruso LS, Glovinsky PB. A behavioral
perspective on insomnia treatment. Psychiatr Clin North Amn
1987;10(4):541-53.

Chung KF. Insomnia subtypes and their relationships to
daytime sleepiness in patients with obstructive sleep apnea.
Respiration 2005;72(5):460-5.

Vozoris NT. Sleep apnea-plus: prevalence, risk factors, and

association with cardiovascular diseases using United States

population-level data. Sleep Med. 2012 Jun;13(6):637-44.

Tanaffos 2024; 23(3): 256-265



264 Sleep Disorders in PH

35.

36.

37.

38.

Minhas J, Narasimmal SP, M Bull T, Marco T, McConnell JW,

Lammi MR, et al. Health-related quality of life and

hospitalizations in chronic thromboembolic pulmonary

hypertension  versus idiopathic =~ pulmonary  arterial

hypertension: an analysis from the Pulmonary Hypertension
Association  Registry = (PHAR).  Pulm  Circ 2021
;11(4):20458940211053196.

Barros A, Baptista R, Nogueira A, Jorge E, Teixeira R, Castro
G, et al. Predictors of pulmonary hypertension after
intermediate-to-high risk pulmonary embolism. Rev Port
Cardiol 2013;32(11):857-64.

Ussavarungsi K, Kaplan J, Burger C, Arunthari V. Survey of
restless legs syndrome in a pulmonary hypertension
population. Clin Respir ] 2015;9(1):98-103.

Patton SM, Ponnuru P, Snyder AM, Podskalny GD, Connor
JR. Hypoxia-inducible factor pathway activation in restless

legs syndrome patients. Eur ] Neurol 2011;18(11):1329-35.

39.

40.

41.

42.

43.

Fereshtehnejad SM, Rahmani A, Shafieesabet M, Soori M,
Delbari A, Motamed MR, et al. Prevalence and associated
comorbidities of restless legs syndrome (RLS): Data from a
large population-based door-to-door survey on 19176 adults in
Tehran, Iran. PLoS One 2017;12(2):e0172593.

Fleetham JA, Fleming JA. Parasomnias. CMA]
2014;186(8):E273-80.

Singh S, Kaur H, Singh S, Khawaja I. Parasomnias: A
Comprehensive Review. Cureus 2018;10(12):e3807.

De Gennaro L, Ferrara M, Bertini M. EEG arousals in normal
sleep: variations induced by total and selective slow-wave
sleep deprivation. Sleep 2001;24(6):673-9.

Dauvilliers Y, Buguet A. Hypersomnia. Dialogues Clin

Neurosci 2005;7(4):347-56.

Tanaffos 2024; 23(3): 256-265



Khoundabi B, et al. 265

APPENDIX
Sleep Disorder Assessment Tool

The Stop-BANG Questionnaire (Assessment of Obstructive Apnea)

This questionnaire consists of eight items, and obtaining a score higher than three raises the possibility of the person
suffering from obstructive sleep apnea. A positive response to three or more questions of the Stop-Bang questionnaire will
place the person in the high-risk group for obstructive sleep apnea; otherwise, the subject will be considered to be low-risk.
Insomnia Severity Index (ISI) (Insomnia Assessment)

The items of the ISI questionnaire scrutinize the symptoms of insomnia and their negative impacts on people’s lives within
the past two weeks. This questionnaire contains seven questions evaluating the severity of sleep-onset disorder, difficulties
in remaining asleep, early awakening, sleep satisfaction, interference with daily activities, and the awareness of others
regarding one’s sleep issues, which may cause them to become concerned.

Each question is scored based on a 5-point Likert scale from 0 to 4, and the total score of the questionnaire is from 0 to 28. A
higher score in this questionnaire reflects more severe insomnia; so, a score of 0-7 indicates no insomnia, a score of 14-8
indicates subclinical insomnia, a score of 21-15 indicates moderate insomnia, and a score of 22-28 shows severe insomnia.
Parasomnia Diagnosis

The presence or absence of parasomnia was decided based on the existence of each of the following symptoms: abnormal
events or experiences during sleep, including tooth-grinding, strange behaviors, walking and talking during sleep, and
having nightmares (requiring specific criteria).

ESS Questionnaire (Daytime Sleepiness Assessment)

This questionnaire comprises eight questions, and the participant is requested to rate his/her dozing and sleepiness during
doing the activities noted in the questionnaire (i.e., reading, watching television, sitting at rest in a public place such as a
theater, resting in evening, conversing with a person, sitting after having lunch, and sitting behind the role in traffic) from 0
to 3. A score equal to or above ten was considered abnormal.

The RLS Questionnaire (Assessing RLS and Sleep-related Movement Disorders)

The following four questions were used to assess RLS and sleep-related movement disorders:

1. Have you ever had an unpleasant sensation such as numbness, tingling, or pain, in your legs that causes you to move
suddenly?

2. Do the symptoms occur while resting, and do they resolve by moving?

3. Do the symptoms exacerbate at night, especially when resting, compared to the morning?

4. Does moving the legs (or walking and rubbing them together) improve the symptoms?

Restless legs syndrome was considered to be likely when positive responses (i.e., yes) were given to the above four questions,

and the symptoms had been experienced more than five times a month.
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