medicina

oh .
Sleep Apnea

Ep ,:‘ , Pathomechanism
and 1 pat ‘ ‘

i N
i y

Edited by
Andras Bikov and Silvano Dragonieri

Printed Edition of the Special Issue Published in Medicina

z
www.mdpi.com/journal/medicina m\D\Py




Obstructive Sleep Apnea






Obstructive Sleep Apnea

Epidemiology, Pathomechanism and
Treatment

Special Issue Editors

Andras Bikov
Silvano Dragonieri

MDPI e Basel o Beijing ¢ Wuhan e Barcelona e Belgrade ¢ Manchester e Tokyo e Cluj e Tianjin



Special Issue Editors

Andras Bikov Silvano Dragonieri
University of Manchester University of Bari
UK Italy

Editorial Office

MDPI

St. Alban-Anlage 66
4052 Basel, Switzerland

This is a reprint of articles from the Special Issue published online in the open access journal
Medicina (ISSN 1010-660X) (available at: https:/ /www.mdpi.com/journal/medicina/special_issues/
Obstructive Sleep_Apnea).

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

LastName, A.A.; LastName, B.B.; LastName, C.C. Article Title. Journal Name Year, Article Number,
Page Range.

ISBN 978-3-03936-078-9 (Hbk)
ISBN 978-3-03936-079-6 (PDF)

© 2020 by the authors. Articles in this book are Open Access and distributed under the Creative
Commons Attribution (CC BY) license, which allows users to download, copy and build upon
published articles, as long as the author and publisher are properly credited, which ensures maximum
dissemination and a wider impact of our publications.

The book as a whole is distributed by MDPI under the terms and conditions of the Creative Commons
license CC BY-NC-ND.




Contents

About the Special Issue Editors . . . . ... .. .. ... ... .. . o L o

Silvano Dragonieri and Andras Bikov
Obstructive Sleep Apnea: A View from the Back Door
Reprinted from: Medicina 2020, 56, 208, d0i:10.3390/medicina56050208 . . . . .. .. ... .. ..

Ioana Madalina Zota, Cristian Stitescu, Radu Andy Sascau, Mihai Roca,

Radu Sebastian Gavril, Teodor Flaviu Vasilcu, Daniela Boisteanu, Alexandra Mastaleru,
Alexandra Jitaru, Maria Magdalena Leon Constantin and Florin Mitu

CPAP Effect on Cardiopulmonary Exercise Testing Performance in Patients with
Moderate-Severe OSA and Cardiometabolic Comorbidities

Reprinted from: Medicina 2020, 56, 80, d0i:10.3390/medicina56020080 . . . . . .. .. ... .. ..

Renata Marietta Bocskei, Martina Meszaros, Adam Domonkos Tarnoki,

David Laszlo Tarnoki, Laszlo Kunos, Zsofia Lazar and Andras Bikov

Circulating Soluble Urokinase-Type Plasminogen Activator Receptor in Obstructive Sleep
Apnoea

Reprinted from: Medicina 2020, 56, 77, d0i:10.3390/medicina56020077 . . . . . .. .. ... .. ..

Hakan Celikhisar and Gulay Dasdemir Ilkhan

The Association of Obstructive Sleep Apnea Syndrome and Accident Risk in Heavy Equipment
Operators

Reprinted from: Medicina 2019, 55, 599, d0i:10.3390/medicina55090599 . . . ... ... ... ...

Carmen Loredana Ardelean, Sorin Pescariu, Daniel Florin Lighezan, Roxana Pleava,
Sorin Ursoniu, Valentin Nadasan and Stefan Mihaicuta

Particularities of Older Patients with Obstructive Sleep Apnea and Heart Failure with
Mid-Range Ejection Fraction

Reprinted from: Medicina 2019, 55, 449, d0i:10.3390/medicina55080449 . . . ... .. ... .. ..

Prakash Mathiyalagen, Venkatesh Govindasamy, Anandaraj Rajagopal, Kavita Vasudevan,
Kalaipriya Gunasekaran and Dhananjay Yadav

Magnitude and Determinants of Patients at Risk of Developing Obstructive Sleep Apnea in a
Non-Communicable Disease Clinic

Reprinted from: Medicina 2019, 55, 391, d0i:10.3390/medicina55070391 . . . . .. .. ... .. ..

Panaiotis Finamore, Simone Scarlata, Vittorio Cardaci and Raffaele Antonelli Incalzi
Exhaled Breath Analysis in Obstructive Sleep Apnea Syndrome: A Review of the Literature
Reprinted from: Medicina 2019, 55, 538, d0i:10.3390/medicina55090538 . . . . .. ... ... ...

Alexia Alexandropoulou, Georgios D. Vavougios, Chrissi Hatzoglou,

Konstantinos I. Gourgoulianis and Sotirios G. Zarogiannis

Risk Assessment for Self Reported Obstructive Sleep Apnea and Excessive Daytime Sleepiness
in a Greek Nursing Staff Population

Reprinted from: Medicina 2019, 55, 468, d0i:10.3390/medicina55080468 . . . . .. ... ... ...






About the Special Issue Editors

Andras Bikov is a post-doc clinical fellow, a specialist in respiratory medicine and an ESRS-certified
somnologist with an academic interest in chronic airway diseases and sleep medicine. He graduated
as a medical doctor from Semmelweis University, Budapest, Hungary, in 2009, and he completed
his PhD training on exhaled breath analysis in 2014 under the supervision of Prof. Ildiko Horvath.
As part of his PhD, he received a long-term fellowship from the European Respiratory Society at
the National Heart and Lung Institute, Imperial College London, under the supervision of Prof.
Peter Barnes. He received his board certificate in respiratory medicine in 2017 and ESRS certification
in somnology in 2019. He is currently a consultant in respiratory medicine with a special interest
in sleep and ventilation at the Wythenshawe Hospital, Manchester University NHS Foundation
Trust, an honorary research physician at the Medicines Evaluation Unit and an honorary clinical
fellow at the Division of Infection, Immunity & Respiratory Medicine working in the group led by
Professor Jorgen Vestbo. Dr Bikov’s research currently focuses on the pathomechanism of COPD
using various methods, including the forced oscillation technique, exhaled breath analysis, induced
sputum and bronchoalveolar lavage. He has contributed to more than 60 research papers, including
the European Respiratory Society technical standard document on exhaled breath analyses. He has
an H-index of 16 on Scopus. He is a regular reviewer for many respiratory journals, editor-in-chief
for Asthma Research and Practice and an editorial board member for the Journal of Asthma. Dr. Bikov
is actively involved in the European Respiratory Society, having served as the Early Career Members
representative for Assembly 5 (Airway Diseases) between 2013 and 2016.

Silvano Dragonieri is a researcher, assistant professor at the University of Bari, Italy, and a
pulmonologist at the University Hospital Policlinico, Bari, Italy. He graduated as a medical doctor
from the University of Bari, Italy, in 2003, specialized in Pulmonology at the University of Bari in 2007
and completed his PhD training in 2012 under the supervision of Prof. Peter Sterk at the University
of Amsterdam, Netherlands, on exhaled breath analysis by electronic nose. He has contributed to
more than 50 research papers. He has an H-index of 16 on Scopus and is a regular reviewer for many
respiratory journals. Dr Dragonieri Bikov is an active member of the European Respiratory Society in

Assembly 5.2 (Monitoring Airway Diseases).

vii






H ? - 5 . e
medicina ﬁd\b\py

Editorial

Obstructive Sleep Apnea: A View from the
Back Door

Silvano Dragonieri '* and Andras Bikov 23*

! Department of Respiratory Diseases, University of Bari, 70124 Bari, Italy

2 North West Lung Centre, Manchester University NHS Foundation Trust, Manchester M239LT, UK

3 Division of Infection, Immunity and Respiratory Medicine, University of Manchester, Manchester M239LT,
UK

* Correspondence: silvano.dragonieri@uniba.it (S.D.); andras.bikov@gmail.com (A.B.)

Received: 22 April 2020; Accepted: 23 April 2020; Published: 25 April 2020

Abstract: Obstructive sleep apnea (OSA) is a common disease that may affect up to 50% of the adult
population and whose incidence continues to rise, as well as its health and socio-economic burden.
OSA is a well-known risk factor for motor vehicles accidents and decline in work performance and
it is frequently accompanied by cardiovascular diseases. The aim of this Special Issue is to focus on
the characteristics of OSA in special populations which are less frequently investigated. In this
regard, seven groups of experts in the field of sleep medicine gave their contribution in the
realization of noteworthy manuscripts which will support all physicians in improving their
understanding of OSA with the latest knowledge about its epidemiology, pathophysiology and
comorbidities in special populations, which will serve as a basis for future research.

Keywords: obstructive sleep apnea; sleep disordered breathing; cardiovascular comorbidities;
biomarkers; inflammation; volatile organic compounds; accident risk; non-communicable diseases;
risk assessment

1. Introduction

Obstructive sleep apnea (OSA) is a common disease that may affect up to 50% of the adult
population [1]. These percentages are comparable to arterial hypertension [2], and even higher than
in diabetes mellitus [3]. Although the exact prevalence in different communities is still unknown, the
incidence of OSA continues to rise, as well as its health and socio-economic burden [4]. This Special
Issue focuses on the characteristics of OSA in special populations which are less frequently
investigated.

OSA is a well-known risk factor for motor vehicles accidents and decline in work performance
[5,6]. Alexandropolou et al. concluded that OSA affects around 20% of the Greek nurses and 8% of
the nurses have OSA with excessive daytime sleepiness [7]. Celikhisar et al. studied 965 heavy
equipment operators in Turkey and found that around 7% of them had OSA [8]. More importantly,
the severity of OSA was directly related to the number of work-related accidents [8].

Despite the increasing awareness of OSA and its consequences, most of the patients with OSA
remain undiagnosed and untreated [9]. Data on OSA prevalence mainly originate from high-income
countries with good healthcare access [4]. In contrast, low- or middle-income countries are less-
represented in epidemiological studies. Mathiyalagen et al. screened a population of patients
attending non-communicable disease clinics in a rural health training center in South India and
reported a 25.8% incidence of OSA [10].

Cardiovascular diseases frequently accompany OSA [11]. Chronic intermittent hypoxia in OSA
leads to airway inflammation [12] which can be analyzed in exhaled breath samples [13]. In this issue,
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Finamore et al. provide a comprehensive summary on the current knowledge of exhaled breath
analysis in OSA [14]. Airway inflammation, together with intermittent hypoxia and surges in the
sympathetic activity, induce systemic inflammation [15] which could be a potential link to
cardiovascular diseases in OSA. The soluble urokinase type plasminogen activator receptor (suPAR)
is a promising biomarker of cardiovascular disease [16]. However, Bocskei et al. reported unaltered
suPAR levels in OSA [17]. Despite the relationship between cardiovascular disease and OSA, little is
known about the characteristics of obstructive sleep apnea in special subgroups of patients. Ardelean
et al. studied 143 patients with heart failure and OSA [18]. They concluded that patients with mid-
range ejection fraction (40%—49%) are characterized by a different profile of comorbidities compared
to low and preserved ejection fraction subgroups [18]. Finally, in their excellent study, Zota el al.
concluded that OSA is related to exercise limitation which is improved after continuous positive
airway treatment [19].

Taken together, these studies will support all physicians in improving their understanding of
OSA with the latest knowledge about its epidemiology, pathophysiology and comorbidities in special
populations, which will serve as a basis for future research.

Acknowledgments: Andras Bikov is supported by the NIHR Manchester BRC.
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Abstract: Background and Objectives: Obstructive sleep apnea (OSA) is associated with daytime
somnolence, cognitive impairment and high cardiovascular morbidity and mortality. Obesity,
associated cardiovascular comorbidities, accelerated erythropoiesis and muscular mitochondrial
energetic dysfunctions negatively influence exercise tolerance in moderate-severe OSA patients. The
cardiopulmonary exercise testing (CPET) offers an integrated assessment of the individual’s aerobic
capacity and helps distinguish the main causes of exercise limitation. The purpose of this study is
to evaluate the aerobic capacity of OSA patients, before and after short-term continuous positive
airway pressure (CPAP). Materials and Methods: Our prospective study included 64 patients with
newly diagnosed moderate-severe OSA (apnea hypopnea index (AHI) 39.96 + 19.04 events/h) who
underwent CPET before and after CPAP. Thirteen patients were unable to tolerate CPAP or were
lost during follow-up. Results: 49.29% of our patients exhibited a moderate or severe decrease
in functional capacity (Weber C or D). CPET performance was influenced by gender but not by
apnea severity. Eight weeks of CPAP induced significant improvements in maximal exercise load
(A =14.23 W, p = 0.0004), maximum oxygen uptake (A = 203.87 mL/min, p = 0.004), anaerobic
threshold (A = 316.4 mL/min, p = 0.001), minute ventilation (A = 5.1 L/min, p = 0.01) and peak oxygen
pulse (A =2.46, p = 0.007) as well as a decrease in basal metabolic rate (BMR) (A = —8.3 kCal/24 h,
p = 0.04) and average Epworth score (A = —4.58 points, p < 0.000001). Conclusions: Patients with
moderate-severe OSA have mediocre functional capacity. Apnea severity (AHI) was correlated
with basal metabolic rate, resting heart rate and percent predicted maximum effort but not with
anaerobic threshold or maximum oxygen uptake. Although CPET performance was similar in the two
apnea severity subgroups, short-term CPAP therapy significantly improved most CPET parameters,
suggesting that OSA per se has a negative influence on effort capacity.

Keywords: obstructive sleep apnea; continuous positive airway treatment; cardiopulmonary exercise
testing; functional capacity; cardiovascular rehabilitation
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1. Introduction

Repetitive nocturnal upper airway collapse, with subsequent hypoxic episodes and
microawakenings, is the hallmark of obstructive sleep apnea (OSA) [1]. While chronic sleep
fragmentation leads to excessive daytime somnolence and cognitive impairment [2], hypoxia is
associated with autonomic and hormonal imbalance, endothelial dysfunction and oxidative stress [3],
explaining the high cardiovascular morbidity and mortality described among OSA patients [1,3].

In-hospital polysomnography is the diagnostic standard for OSA, with cardio-respiratory
polygraphy considered an acceptable alternative [4-6]. According to the apnea—hypopnea index
(AHI), defined as the number of apneic or hypopneic episodes per hour of sleep, OSA is classified as
mild, moderate or severe [7]. Daytime sleepiness is the main symptom in OSA, a subjective parameter
that can be objectively assessed using the Epworth questionnaire.

Treatment is recommended in all cases of moderate-severe OSA (AHI > 15 events/h), as well as
in patients with mild OSA who associate symptoms or cerebrovascular comorbidities [8]. Current
therapy options include continuous positive airway pressure (CPAP), mandibular advancement devices,
maxillo-facial surgery and nocturnal hypoglossal nerve stimulation [9,10]. Although CPAP remains
the gold-standard treatment option for moderate-severe OSA, its use is limited by poor treatment
adherence, especially among children.

Obesity and weight-related lung-function abnormalities (decreased functional residual capacity
and expiratory reserve volume, impaired respiratory system compliance) are highly prevalent among
OSA patients [10]. Associated cardiovascular comorbidities (hypertension, heart failure, pulmonary
hypertension), hypoxia-induced erythropoiesis [11] with subsequent hematological alterations and
muscular mitochondrial dysfunctions also contribute to a decreased exercise tolerance [10,12]. The
cardiopulmonary exercise testing (CPET) provides an integrative assessment of the cardiopulmonary,
muscular, neuropsychological and hematopoietic systems, which directly impact the individual’s
functional capacity [13]. CPET is a valuable cardiovascular instrument for risk stratification and
prognosis assessment, helping to establish a personalized exercise training program for OSA patients.
Current literature [14] offers conflicting results regarding CPET results in OSA patients and the role of
CPAP in improving exercise performance. As such, the purpose of this study is to evaluate the impact
of short-term (8 weeks) CPAP therapy on exercise capacity of patients with moderate-severe OSA and
cardiometabolic comorbidities.

2. Materials and Methods

We performed a prospective study that included newly diagnosed patients with moderate-severe
OSA (prior to the initiation of CPAP therapy), admitted in our local cardiovascular rehabilitation clinic
between October 2017 and December 2018. OSA diagnosis was made by ambulatory or in-hospital
six-channel cardio-respiratory polygraphy, using either a Philips Respironics Alice Night One or a
DeVilbiss Porti 7 device. The recordings were manually scored by a trained physician, according to the
American Academy of Sleep Medicine (AASM) standards. Patients with an apnea—hypopnea index
(AHI) of 15-30 and >30 were considered to have moderate and severe OSA, respectively. A Philips
Respironics DreamStation Auto CPAP or a Resmed Airsense 10 Autoset were used for CPAP effective
pressure autotitration in the sleep laboratory.

All patients signed a written informed consent for inclusion. The study was conducted in
accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee
of the "Grigore T. Popa” University of Medicine and Pharmacy in lasi (ethical approval code 1183). All
subjects underwent physical examination, lipid profile, cardiopulmonary exercise testing and were
asked to complete the Epworth questionnaire, before and after 2 months of CPAP therapy. Obesity was
defined as a body mass index (BMI > 30 kg/m?). High blood pressure (HBP) was defined as current BP
lowering treatment, prior diagnosis of HBP or resting BP values greater than 140 and 90 mmHg for
systolic and diastolic BP, respectively. Dyslipidemia was defined as total cholesterol > 200 mg/dL and/or
triglycerides > 150 mg/dL. Ischemic heart disease was defined as history of myocardial infarction or
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prior angiographically documented significant coronary artery stenosis. According to the results of the
Epworth questionnaire, daytime sleepiness was categorized as normal, mild, moderate and severe (0-10
points, 11-12 points, 13-15 points and 1624 points, respectively). Functional capacity was assessed
according to peak oxygen uptake (VO2), using the Weber classification, as follows: Weber A (little or
no impairment): >20 mL/kg/min, Weber B (mild to moderate impairment): 16-20 mL/kg/min, Weber C
(moderate to severe impairment): 10-16 mL/kg/min and Weber D (severe impairment) < 10 mL/kg/min.

CPET was performed under the direction of a certified pulmonologist on the Piston PRE-201
ergospirometer. This started with a 2 min resting period followed by 1 min warm up pedaling against
no resistance and an incremental test protocol of 10 W/min. The CPET was performed under continuous
heart rate (HR), ECG (electrocardiographic) and pulse oximetry (SpO2) monitoring. BP was recorded
every 2 min. Indications for exercise termination included extreme fatigue, myocardial ischemia,
complex ventricular premature beats, grade 2 or grade 3 atrio-ventricular block, a sudden drop in BP
levels by more than 20 mmHg, increased BP (systolic blood pressure (SBP) > 220 mmHg, diastolic
blood pressure (DBP) > 120 mmHg), SpO2 < 80%, confusion, dizziness and sudden pallor.

Statistical analysis was performed in SPSS v. 20.0, using chi-square and student’s t-test for
comparisons between groups. A potential relationship between variables was evaluated using
Pearson’s correlation coefficient. The ANCOVA test was used for BMI-adjusted comparison of CPET
performance before and after CPAP use. Descriptive data were expressed as means + SD (standard
deviation) or percentages, as appropriate. A p value < 0.05 was considered statistically significant.

3. Results

Our initial study group included 64 patients aged 36-79 years old (57.53 + 8.74 years old), mean
BMI 34.04 + 5.30 kg/m?, with newly diagnosed OSA (AHI 39.96 + 19.04 events/h, desaturation index
38.67 + 19.67 events/h, average nocturnal SpO2 91.63% =+ 3.64%, CPAP pressure 11.27 + 2.43 cmH20).
Almost two-thirds of our study group presented severe OSA (59.37%) (Figure 1). Male sex was
predominant in our study group, with a M/F ratio of 2.55 (Figure 2). Cardiometabolic comorbidities
(particularly hypertension) were highly prevalent among our patients (Figure 3).

= moderate OSA

\ / = severe OSA

Figure 1. Prevalence of moderate and severe obstructive sleep apnea (OSA) in our study group.

o

= male

= female

Figure 2. Gender distribution in our study group.
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Figure 3. Prevalence of cardio-metabolic comorbidities in our study group.

Of our patients, 49.21% exhibited a moderate or severe decrease in functional capacity, according
to the Weber classification (Weber C or D) (Figure 4). Only one in five patients with moderate-severe
OSA had a normal functional capacity (Weber A). We found no significant differences regarding
average AHI values between the four functional capacity subgroups (Weber A to D) (p > 0,05).

-

=Weber A = Weber B Weber C = Weber D

Figure 4. Functional capacity in our study group according to the Weber classification.

Apart from maximal instantaneous forced expiratory flow (MEF)25% that was higher in the severe
OSA subgroup, we did not find any statistically significant differences regarding spirometry results
between patients with moderate and severe OSA (Table 1).

Table 1. Spirometry results in patients with moderate-severe OSA.

Moderate-Severe OSA Moderate OSA Severe OSA

Average SD Average SD Average SD v
FVC (L) 3.76 0.92 3.84 0.85 3.71 0.97 0.46
FVC% (%) 94.89 19.03 94.00 18.47 95.45 19.67  0.79
FEV1.0 (L) 3.05 0.68 3.12 0.66 3.00 0.69 0.54
FEV 1.0% (%) 91.61 19.96 88.00 19.39 93.90 2030 031
FEV1.0/FVC 77.24 2.12 77.54 1.86 77.06 2.28 0.44
FEV1.0/FVC% 101.20 10.82 97.67 11.79 103.32 9.80  0.07
PEF (L/sec) 7.64 1.37 7.73 1.31 7.59 142 072
PEF% (%) 77.00 19.63 75.22 18.92 78.07 2028  0.63
MEEF 25 (L/sec) 1.59 0.39 1.65 0.37 155 0.41 0.43
MEF 25% (%) 69.90 23.39 61.17 24.04 75.33 21.64  0.04
MEF 50 (L/sec) 422 0.61 4.28 0.58 417 0.63 0.56
MEEF 50% (%) 75.93 25.80 68.11 27.96 80.78 2356  0.10
MEEF 75 (L/sec) 6.74 1.16 6.80 112 6.69 120 075
MEEF 75% (%) 76.44 20.75 72.89 21.67 78.65 2022 036

FVC—forced vital capacity; FVC%—percent predicted forced vital capacity; FEV1—forced expiratory volume
in one second; FEV1%—percent predicted forced expiratory volume in one second; PEF—peak expiratory
flow; PEF%—percent predicted peak expiratory flow; MEF—maximal instantaneous forced expiratory flow;
MEF%—percent predicted maximal instantaneous forced expiratory flow.

CPET performance was influenced by gender but not by apnea severity (Tables 2 and 3).
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Table 2. Gender influence on cardiopulmonary exercise testing (CPET) parameters among patients
with moderate-severe OSA.

Male Female
Average SD Average SD P
BMR (kCal/24 h) 1860.18 264.14 1494.06 187.26 <0.0000001

Maximal load (W) 114.85 33.54 80.78 23.41 0.0001

% predicted maximal load 56.74 16.04 70.07 15.49 0.004
VO2 max 1553.20 504.55 1301.67 352.11 0.07

% predicted VO2 max 61.59 21.73 81.83 15.56 0.0005
AT 1202.82 397.46 1083.07 288.10 0.33
Weight-indexed AT 11.82 3.79 11.83 3.15 0.99
VCO2 max 1434.52 460.30 1392.83 330.89 0.75
VE max (L/min) 48.64 12.88 40.29 8.79 0.02
Resting HR 79.20 12.27 83.80 15.85 0.21
Peak HR 117.02 19.34 123.73 18.52 0.25

% predicted peak HR 71.48 11.62 77.80 11.29 0.07
Peak O2 pulse 14.46 5.46 12.37 5.40 0.20
Weight-indexed O2 pulse 0.14 0.06 0.14 0.07 0.97
Baseline SBP 124.72 16.05 127.87 16.12 0.51
Baseline DBP 78.46 9.83 79.27 13.29 0.78
Peak SBP 183.16 28.01 185.33 18.85 0.80
Peak DBP 98.64 17.61 102.53 9.52 0.46

CPET—cardiopulmonary stress test; OSA—obstructive sleep apnea; BMR—basal metabolic rate; VO2—peak oxygen
uptake; AT—anaerobic threshold; VCO2—peak CO2 output; VE—minute ventilation; HR—heart rate; SBP—systolic
blood pressure; DBP—diastolic blood pressure.

Table 3. Differences regarding CPET parameters between moderate and severe OSA subgroups.

Moderate-Severe OSA Moderate OSA Severe OSA

Average SD Average SD Average SD 4
BMR (kCal/24 h) 1755.57 264.14 1726.27 276.57 1776.16 256.87  0.46
Maximal load (W) 105.27 33.54 111.08 34.20 101.29 32.94 0.25
% predicted maximal load 60.02 16.04 61.84 13.81 58.75 1750 046
VO2 max 1482.45 504.55 1464.31 473.61 1494.87 530.57 0.81
% predicted VO2 max 67.28 21.73 67.27 21.98 67.29 21.86 0.99
AT 1168.92 397.46 1109.32 367.95 1211.23 41785 036
Weight-indexed AT 11.83 3.79 11.59 424 12.00 3.49 0.70
VCO2 max 1422.80 460.30 1421.54 476.78 1423.66 455.16 098
VE max (L/min) 46.58 12.88 47.12 9.21 46.21 15.03 0.78
%VE 43.05 12.51 41.89 15.86 44.05 10.40 0.57
Resting HR 80.33 12.27 77.88 11.59 82.03 12.59 0.19
Peak HR 118.67 19.34 121.84 18.81 116.47 19.66 0.29
% predicted maximum HR 73.03 11.62 74.68 11.70 71.89 11.59 0.36
Peak O2 pulse 13.95 5.46 14.00 5.34 13.91 5.62 0.95
Weight-indexed O2 pulse 0.14 0.06 0.15 0.06 0.14 0.06 0.42
Baseline SBP 125.49 16.05 120.04 11.64 129.28 17.69 0.02
Baseline DBP 78.66 9.83 76.88 7.32 79.89 11.18 0.24
Peak SBP 183.70 28.01 175.50 26.32 189.17 28.12 0.06
Peak DBP 99.62 17.61 97.79 13.01 100.83 20.20 0.51

CPET—cardiopulmonary stress test; OSA—obstructive sleep apnea; BMR—basal metabolic rate; VO2—peak oxygen
uptake; AT—anaerobic threshold; VCO2—peak CO2 output; VE—minute ventilation; HR—heart rate; SBP—systolic
blood pressure; DBP—diastolic blood pressure.

Except for baseline SBP, CPET parameters did not significantly differ between the two apnea
severity subgroups (Table 2). Basal metabolic rate (BMR) and minute ventilation (VE) max were
significantly higher among males (A = 366 kCal/24 h and A = 8.35 L/min, respectively). Although
males achieved a higher average peak workload (A = 34.07 W), % predicted workload and % predicted
VO2 max were significantly higher in the female subgroup (A = 13.33% and A = 20.24%, respectively).

Apnea severity was significantly correlated with resting HR (r = —0.30, p = 0,01) (Figure 5), %
predicted workload (r = —0.30, p = 0.01) (Figure 6) and BMR (r = 0.33, p = 0.008) (Figure 7) (Table 4).
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We did not find any statistically significant correlations between AHI and the analyzed spirometry
parameters (p > 0.05).
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Figure 5. Correlation between apnea severity and resting heart rate among patients with
moderate-severe OSA (r = 0.25, p = 0.04). HR—heart rate; AHI—apnea hypopnea index;
OSA—obstructive sleep apnea.
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Figure 6. Correlation between apnea severity and % predicted peak workload among patients with
moderate-severe OSA (r = —0.30, p = 0.01). AHI—apnea hypopnea index; OSA—obstructive sleep apnea.
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Figure 7. Correlation between apnea severity and BMR among patients with moderate-severe OSA
(r = 0.33, p = 0.008). BMR—basal metabolic rate; AHI—apnea hypopnea index; OSA—obstructive

sleep apnea.

Table 4. Correlations between AHI and CPET results among patients with moderate-severe OSA.

r p r p
BMR (kCal/24 h) 0.33 0.008 VCO2 max 0.10 0.42
Maximal load (W) -0.07 0.55 VE max (L/min) 0.05 0.72
% predicted maximal load -0.30 0.01 Resting HR 0.25 0.04
VO2 max 0.02 0.88 Peak HR -0.12 0.33
% predicted VO2 max -0.20 0.10 % predicted peak HR -0.21 0.09
AT 0.15 0.28 Peak O2 pulse —-0.05 0.67
Weight-indexed AT -0.02 0.85 Weight-indexed O2 pulse -0.19 0.13

AHI—apnea hypopnea index; CPET—cardiopulmonary stress test; OSA—obstructive sleep apnea; BMR—basal
metabolic rate; VO2—peak oxygen uptake; AT—anaerobic threshold; VCO2—peak CO2 output; VE—minute
ventilation; HR—heart rate.

All subjects started appropriate continuous positive airway pressure therapy. Thirteen patients
were unable to tolerate CPAP or were lost during follow-up. Fifty-one patients successfully completed
the CPET and the Epworth questionnaires before and after 2 months of CPAP.

The average Epworth score in our study group was 8.11 + 5.23 points. Average CPAP use was
241.67 (+128.38) minutes/night. Only 51.16% of our patients used the device as recommended—at least
4 h/night. CPAP use did not significantly impact basal blood pressure values (SBP A = —4.58 mmHg,
p =0.13; DBP A = -1.52 mmHg, p = 0.35) and was not associated with statistically significant weight
loss (A = -1.01 kg, p = 0.57).

After 2 months of CPAP our study group exhibited significant improvements in maximal exercise
load (A =14.23 W, p = 0.0004), VO2 max (A = 203.87 mL/min, p = 0.004), anaerobic threshold (AT)
(A =316.4 mL/min, p = 0.001) and VE max (A = 5.1 L/min, p = 0.01) (Table 5, Figures 8 and 9). Maximal
exercise load and VO2 max improvement remained significant after adjustment for BMI (Table 5.
p =0.04 and p = 0.02, respectively). We also observed an increase in peak oxygen pulse (A = 2.46,
p = 0.007) and VCO2 max (A = 232.14 mL/min, p = 0.0006), which remained significant after adjusting
for BMI (Table 5, Figures 8 and 9, p = 0.02 and p = 0.01, respectively). The Epworth score in our study
group decreased by 4.58 points (p < 0.000001).

11
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Table 5. CPAP impact on CPET parameters in moderate-severe OSA patients.

Baseline After CPAP
p * p * %
Average SD Average SD

BMR (kCal/24 h) 1771.50 281.49 1763.12 273.79 0.04 0.78
Maximal load (W) 103.16 34.21 117.39 36.17 0.0004 0.04
% predicted maximal load 59.83 16.48 68.69 14.35 0.0001 0.01
VO2 max 1458.27 435.29 1662.14 454.50 0.004 0.02
% predicted VO2 max 64.54 17.49 76.82 18.47 0.000005 0.001
AT 1134.30 419.42 1450.70 450.54 0.001 0.08
Weight-indexed AT 11.41 4.07 14.62 4.66 0.001 0.07
VCO2 max 1464.34  383.13 1696.48  465.62 0.0006 0.01
VE max (L/min) 46.46 13.57 51.56 14.23 0.016 0.09
%VE 43.07 12.69 47.52 11.48 0.04 0.04

Resting HR 80.37 13.15 76.19 14.46 0.05 -

Peak HR 118.22 20.06 121.67 23.94 0.28 -

% predicted maximum HR 72.59 11.84 73.84 11.96 0.42 -
Peak O2 pulse 13.59 4.14 16.05 5.83 0.007 0.02
Weight-indexed O2 pulse 0.14 0.05 0.16 0.06 0.01 0.26

Baseline SBP 126.77 17.63 122.19 15.93 0.13 -

Baseline DBP 78.94 10.29 77.42 8.77 0.35 -

Peak SBP 184.62 29.35 185.35 23.27 0.85 -

Peak DBP 101.52 13.74 98.33 10.40 0.11 -

CPAP—continuous positive airway pressure; CPET—cardiopulmonary stress test; OSA—obstructive sleep apnea;
BMR—basal metabolic rate; VO2—peak oxygen uptake; AT—anaerobic threshold; VCO2—peak CO2 output;
VE—minute ventilation; HR—heart rate; SBP—systolic blood pressure; DBP—diastolic blood pressure; p *—statistical
significance for non-adjusted student’s t-test; p **—statistical significance for BMI-adjusted results of ANCOVA test.
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Figure 8. CPAP induced changes in BMR (A = —8.38 kCal/24 h, p = 0.04), peak VO2 (A = 203.87
mL/min, p = 0.004), AT (A = 316.4 mL/min, p = 0.001) and peak VCO2 max (A = 232.14 mL/min,
p = 0.0006). BMR—Dbasal metabolic rate; peak VO2—peak oxygen uptake; AT—anaerobic threshold;
peak VCO2—peak CO2 output.
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Figure 9. CPAP induced changes in peak workload (A = 14.23 W, p = 0.0004), % predicted peak
workload (A = 8.86 %, p = 0.0001), % predicted peak VO2 (A = 12.28 %, p = 0.000005), % predicted
VE max (A = 4.45 %, p = 0.01) and resting HR (A = —4.18 bpm, p = 0.05), in moderate-severe OSA
patients. CPAP—continuous positive airway pressure; OSA—obstructive sleep apnea; VO2—peak
oxygen uptake; VE—minute ventilation; HR—heart rate.

4. Discussion

Our study included 64 patients aged 57.53 + 8.74 years old with newly diagnosed moderate-severe
OSA. This value is slightly higher than other reports concerning average OSA age at diagnosis (40-50
years old) [15]. Female sex hormones increase genioglossus contractility and prevent upper airway
collapsibility during sleep [16,17]. Furthermore, the distinctive distribution of adipose tissue among
the two genders (with central obesity being more strongly associated with OSA) [18], as well as the
higher pharyngeal resistance in men [19], explain why OSA is more prevalent among male patients.
Despite the evident predominance of the male sex in our study group, our male/female ratio is slightly
lower than in previous studies (2.55:1 vs. 3:1-5:1) [20].

Similar to other literature reports [21], the main reason for premature test halt was dyspnea
accompanied by muscular exhaustion. Extreme fatigue in OSA patients can be explained by the
presence of energetic mitochondrial dysfunctions especially in muscle cells [12]. An exaggerated SBP
response (SBP > 250 mmHg) was the second reason for premature test halt. None of our patients
presented arrhythmic events, confusion or a decrease in BP values during exercise.

Our moderate-severe OSA patients presented baseline mediocre CPET performance. Only 20.63%
of our subjects had a baseline normal functional capacity according to the Weber classification, and
most cases (34.92%) were classified as moderately impaired. In comparison, Przybylowski et al. [22]
reported an overall better CPET performance in 111 obese OSA patients (% predicted peak VO2 85.3
+17.8, peak VCO2 2800 + 900 mL/min, VE max 91.2 + 24.7, % predicted maximum HR 92.5 + 10.3),
despite a minimal difference in OSA severity between the two groups (average AHI 47.2 + 23.1 vs.
39.96 + 19.04 events/h). However, Przybylowski’s study group included an unusually low percentage
of hypertensives (29% vs. 95.31% in our study group), signaling that HBP could be an important
confounding factor when analyzing CPET performance.

Previous reports regarding the impact of OSAS on cardiopulmonary exercise testing performance
have conflicting results and included a limited number of patients [10,12,23-25]. Most studies that
associated OSAS with an impaired exercise capacity (decreased exercise duration, workload, VO?2,
oxygen pulse, AT and/or VE max) were conducted on obese or overweight subjects [10,12,25]. Therefore,
these reports could be biased by the known negative impact of obesity on exercise capacity, as shown
by Rizzi et al. [26].

13



Medicina 2020, 56, 80

Consistent with this theory, another report [27] found that CPET performance is similar among
normoponderal OSAS patients and controls, although it is worth mentioning that the analyzed group
had a relatively low average AHI (15.4 + 9.2) and included an unusually large proportion of females
(63%).

Powell et al. [28] studied exercise performance among military personnel with and without
moderate-severe OSAS. The lack of significant differences among the two subgroups could be
explained by the low average age in the OSAS and control groups (40.7 and 39.4, respectively) but also
by the higher grade of habitual physical activity (characteristic for this population subset) [29].

However, a recent meta-analysis [29] has shown that VO2 max is significantly lower in OSA
subjects compared to controls (A = 2.7 mL/kg/min), the difference being of greater clinical impact
among non-obese patients (A = 4.1 mL/kg/min).

Rizzi et al. [26] reported that male sex associated with diabetes negatively impacts VO2 max.
Consistent with their results, our female subgroup obtained significantly higher percent predicted
workload and percent-predicted maximum HR, suggesting a higher effort capacity.

Apnea severity was previously correlated with several CPET parameters including VO2 max [25],
percent predicted peak VO2 [30] and BP rise during exercise [22]. However, our analysis only found
a significant association between AHI resting HR, BMR and percent predicted workload. The high
prevalence of cardio-metabolic comorbidities in our study group (especially obesity and hypertension)
could explain the lack of statistically significant correlations between AHI and other CPET variables.

Previous studies [24,25,29] reported that OSAS patients have higher DBP values and decreased
HR recovery compared to controls. When analyzing the two apnea severity subgroups, we observed
significantly higher baseline and AT-SBP values (but no significant differences regarding HR response
during exercise) in the severe OSA subgroup.

Literature reports regarding the impact of CPAP on VO2 max in OSAS patients have yielded
inconsistent results. Different CPAP therapy lengths (1 week-8 months) were associated with significant
VO2 max improvements [29,31-33]. However, in another study [34], VO2 max displayed a mild
negative trend (22.52 + 6.62 mL/min/kg to 21.32 + 5.26 mL/min/kg; p = 0.111) in CPAP compliant
patients and a borderline statistically significant decline in patients with suboptimal CPAP use (21.31 +
5.66 mL/min/kg to 19.92 + 5.40 mL/min/kg, p = 0.05).

Despite a mediocre CPAP adherence (241.67 min/night), our patients exhibited a significant
improvement in percent predicted maximum workload, percent predicted VO2 max, AT and oxygen
pulse. Improvements regarding maximal load, VO2 max, VCO2 max, %VE and peak O2 pulse
remained significant even after adjusting for BMI. We observed no statistically significant gender-related
differences regarding these changes. Quadri et al. [33] also studied the effect of 2 months of CPAP
in a smaller group of moderate-severe OSAS patients and reported similar improvements in percent
predicted maximum workload (9 vs. 8.86 W%) and percent predicted VO2 peak (9.7% vs. 12.28%) but a
less marked increase regarding AT (99 vs. 316.4 mL/min). On the other hand, Tapan et al. [21] analyzed
the benefit of 8 weeks of CPAP in patients with severe OSA and observed a greater improvement in
maximum workload and VE (16.9 W and 10.3 L/min respectively) but a less important increase in
percentage-predicted peak VO2 (7.6% vs. 12.28%).

Previous research [35] reported diurnal variations in spirometric indices in OSA patients (especially
among males). The same study [35] observed significant associations between AHI, evening forced
expiratory volume in one second (FEV1) and forced vital capacity (FVC) and demonstrated the important
influence of BMI, hypertension, dyslipidemia and several cardiovascular drugs on the relationship
between lung function and apnea severity. The fact that most of our patients presented cardio-metabolic
comorbidities, and were under treatment with a statin, beta blocker or a renin-angiotensin-aldosterone
axis inhibitor [35], could explain the lack of association between AHI and the analyzed spirometry
parameters (p > 0.05).

The main limitations of our study are the lack of a control group and the high prevalence of
cardio-metabolic comorbidities among our patients. Although obesity and hypertension are important
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confounders regarding the decrease in CPET performance described in OSAS patients, the presence
of these comorbidities reflects the typical, everyday OSAS patient and, in our opinion, should not
be excluded from analysis. Although baseline CPET results did not significantly differ between the
two apnea severity subgroups, the fact that our 2 months of CPAP improved most CPET parameters
in the absence of statistically significant weight loss (A = =1.01 kg, p = 0.57) or basal BP changes
(SBP A = —4.58 mmHg p = 0.13; DBP A = —1.52 mmHg p = 0.35) suggests that OSAS per se impacts
exercise capacity.

5. Conclusions

Moderate-severe OSA patients have a mediocre baseline CPET performance. AHI was correlated
with some CPET parameters (BMR, % predicted effort, resting HR) but not with VO2 or AT. Two
months of CPAP improved most CPET parameters (in the absence of statistically significant weight
loss or basal BP changes) suggesting that OSAS per se negatively impacts effort capacity.
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Abstract: Background and Objectives: Obstructive sleep apnoea (OSA) is associated with heightened
systemic inflammation and a hypercoagulation state. Soluble urokinase-type plasminogen activator
receptor (suPAR) plays a role in fibrinolysis and systemic inflammation. However, suPAR has not been
investigated in OSA. Materials and Methods: A total of 53 patients with OSA and 15 control volunteers
participated in the study. Medical history was taken and in-hospital sleep studies were performed.
Plasma suPAR levels were determined by ELISA. Results: There was no difference in plasma suPAR
values between patients with OSA (2.198 + 0.675 ng/mL) and control subjects (2.088 + 0.976 ng/mL,
p = 0.62). Neither was there any difference when patients with OSA were divided into mild (2.134
+ 0.799 ng/mL), moderate (2.274 + 0.597 ng/mL) and severe groups (2.128 + 0.744 ng/mL, p = 0.84).
There was no significant correlation between plasma suPAR and indices of OSA severity, blood results
or comorbidities, such as hypertension, diabetes, dyslipidaemia or cardiovascular disease. Plasma
suPAR levels were higher in women when all subjects were analysed together (2.487 + 0.683 vs.
1.895 + 0.692 ng/mL, p < 0.01), and also separately in controls (2.539 + 0.956 vs. 1.411 + 0.534 ng/mL,
p = 0.02) and patients (2.467 + 0.568 vs. 1.991 + 0.686 ng/mL, p < 0.01). Conclusions: Our results
suggest that suPAR does not play a significant role in the pathophysiology of OSA. The significant
gender difference needs to be considered when conducting studies on circulating suPAR.

Keywords: biomarkers; fibrinolysis; inflammation; OSAHS; sleep disordered breathing

1. Introduction

Obstructive sleep apnoea (OSA) is a common disease which is characterised by repetitive collapse
of the upper airways during sleep which results in intermittent hypoxia and frequent microarousals.
These processes lead to the development of cardiometabolic comorbidities, such as hypertension,
cardiovascular disease, diabetes and dyslipidaemia, which frequently accompany OSA.

Chronic intermittent hypoxia and increased sympathetic tone induce production of
pro-inflammatory molecules, such as interleukin (IL)-6, IL-1f3, tumour necrosis factor-« [1] or
complement elements [2] and suppresses the release of anti-inflammatory [3,4] molecules. Linked
to inflammation and sympathetic activity, OSA is characterised by a hypercoagulation state [5-9].
Accelerated systemic inflammation and increased coagulation may contribute to the development of
cardiovascular disease and acute cardiovascular events [10].
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Soluble urokinase-type plasminogen activator receptor (suPAR) is a molecule which plays a
role in both inflammation and coagulation. It is produced upon cleavage of the membrane-bound
urokinase-type plasminogen activator receptor (uPAR). The cleavage is facilitated by urokinase-type
plasminogen activator (uPA), plasmin, matrix metalloproteases, neutrophil elastase and cathepsin
G [11]. The urokinase receptor (also known as uPAR) is expressed by endothelial cells, macrophages,
monocytes, neutrophils, lymphocytes, smooth muscle cells and fibroblasts [12,13]. It is upregulated
under infections and as an effect of pro-inflammatory cytokines [11,13-15], while suPAR contributes to
plasminogen activation, cell adhesion, chemotaxis and immune cell activation [16]. However, uPAR
also acts as a scavenger receptor for uPA, inhibiting its actions [17]. In large studies, plasma suPAR
was elevated in coronary artery disease and cerebrovascular disease and correlated with their severity
and cardiovascular mortality [18-20]. Higher suPAR levels were also observed in obesity [21], which is
the main etiological factor for OSA in the Western population [22].

Only one study has investigated suPAR in probable OSA so far [23]. Patients were categorised
to high and low-risk OSA based on the Berlin questionnaire and neck circumferences; however, no
objective sleep tests were performed. In this study, there was a tendency for higher suPAR levels in the
high-risk group, but the difference did not reach a significant level [23].

We hypothesised that circulating suPAR concentrations are elevated in OSA compared to health
and probably relate to disease severity. The aim of the study was to investigate these using standardised
diagnostic tests.

2. Materials and Methods

2.1. Study Design and Subjects

We recruited 68 volunteers (54 + 13 years, 36 men) who were referred for a sleep study to the Sleep
Unit, Department of Pulmonology, Semmelweis University due to suspected OSA (i.e., snoring, daytime
tiredness, obesity, comorbidities). After giving informed consent, medical history was taken and
patients filled out the ESS, which was followed by in-laboratory cardiorespiratory polygraphy (1 = 20)
or polysomnography (1 = 48). In the morning, blood pressure was measured; fasting venous blood
was taken for lipid profile, glucose, creatinine, C-reactive protein (CRP) and suPAR measurements
between 6:00 and 8:00 a.m. Glomerular filtration rate (GFR) was calculated using the Modification of
Diet in Renal Disease equation.

Comorbidities were defined according to the participants’ report, available medical records,
medications, morning blood pressures and fasting blood laboratory results. In detail, hypertension was
excluded if there was no history for high blood pressure. Participants did not take anti-hypertensive
medications, and morning blood pressure was within the normal range. In line with this, diabetes and
dyslipidaemia were excluded if there was no history for these comorbidities, participants did not take
antidiabetic or anti-dyslipidaemia medications, and the fasting blood glucose and lipid results were in
the normal range. Cardiovascular disease was excluded based on absence of symptoms and negative
medical history.

2.2. Sleep Studies

Inpatient polysomnography and cardiorespiratory polygraphy were performed as described
previously [2—4] using Somnoscreen Plus Tele PSG (Somnomedics GMBH Germany). Sleep stages,
movements and cardiopulmonary events were scored manually according to the American Academy
of Sleep Medicine [24] guidelines. Apnoea was defined as a 90% airflow decrease, which lasted for
more than 10 s, and hypopnoea was defined as at least 30% airflow decrease lasting for at least 10's,
which was related to a >3% oxygen desideration or an arousal. Total sleep time (TST), sleep period
time (SPT), total sleep time spent with oxygen saturation below 90% (TST90%) and minimal oxygen
saturation (minSatO,) were recorded, and apnoea-hypopnoea index (AHI), oxygen desaturation index

20



Medicina 2020, 56, 77

(ODI) and arousal index (AI) were calculated. Obstructive sleep apnoea was defined as having an AHI

> 5/h.
2.3. SuPAR Measurements

Venous blood was taken into EDTA tubes. Within 30 minutes, blood samples were centrifuged at
4 °C for 10 min at 1500 rpm, and the plasma was stored at —80 °C until further analysis. Plasma suPAR
levels were measured using a commercially available ELISA kit (ViroGates A/S, Birkered, Denmark) as
described previously [25]. The samples were measured in duplicates, and the mean concentration was
used. The intra-assay coefficient of variation was 9 + 11% with a lower limit of detection of 0.1 ng/mL.
All suPAR concentrations were above the detection limit.

2.4. Statistical Analyses

Statistica 12 (StatSoft, Inc., Tulsa, OK, USA) was used for statistical analyses. The normality of the
data was checked with the Kolmogorov-Smirnov test, which showed normal distribution for suPAR
concentrations. Patient and control groups were compared with unpaired t-test, Mann—-Whitney,
Chi-square and Fisher tests. Plasma suPAR was related to clinical and demographic variables using
linear and logistic regression and compared among different OSA severities with general mixed linear
models. These analyses were repeated following adjustment for age, gender, body mass index (BMI),
type of the sleep tests, anticoagulant and antithrombotic medications and GFR as well. To avoid
the confounding effect of hypertension and diabetes, OSA and control groups were compared when
subjects affected by these comorbidities were excluded. A p value <0.05 was considered significant.
The suPAR results are presented as mean + standard deviation with 95% confidence intervals.

The minimal sample size was estimated to detect differences in plasma suPAR levels between the
OSA and control groups with an effect size of 0.80, power of 0.80 and alpha of 0.05 [26]. These numbers
were based on a distribution of plasma suPAR values in control subjects [25]. Post-hoc sensitivity
analyses ensured it was possible to detect correlations between suPAR and clinical variables within
—0.23 and 0.23, minimal and maximal critical r values, statistical power of 0.80 and alpha of 0.05 [26].

The study was approved by the Semmelweis University Ethics Committee (TUKEB 30/2014 and
172/2018, approved on 26 October 2018) and was conducted according to the Declaration of Helsinki.
Patients provided their written consent.

3. Results

3.1. Patient Characteristics

OSA was diagnosed in 53 cases (6 mild, 25 moderate and 22 severe; AHI 5-14.9/h, 15-29.9/h and
>30/h, respectively). Patients with OSA had higher BMI, systolic (SBP) and diastolic blood pressure
(DBP), AHI, ODI, SPT, TST, TST 90% and lower high density lipoprotein cholesterol (HDL-C) and
MinSatO, compared to controls (all p < 0.05, Table 1). In addition, patients with OSA tended to be
older (p = 0.08) and sleepier (p = 0.05), and the prevalence of dyslipidaemia tended to be higher in OSA
(p = 0.07, Table 1).

Table 1. Subjects’ characteristics *.

Control (n = 15) OSA (n =53) Total (n = 68) 4

Age (years) 48/31-62/ 59/49-64/ 54.6/44-64/ 0.08

Male (1, %) 6, 40% 30, 57% 36, 53% 0.26

BMI (kg/m?) 24.6+4.58 32.37+5.66 30.66+6.31 <0.01
Hypertension (%) 33 70 62 0.01
Diabetes (%) 0 13 10 0.14
Dyslipidaemia (%) 27 53 47 0.07
Cardiovascular disease (%) 13 11 12 0.83
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Table 1. Cont.

Control (n = 15) OSA (n =53) Total (n = 68) 4
Cardiac arrhythmia (%) 13 26 24 0.29
Smokers (%) 20 23 22 0.83
Subjects taking anticoagulants (%) 0 11 10 0.32
Subjects taking antithrombotic 13 1 12 1.00
drugs (%)
SBP (mmHg) 120/118-131/ 138/130-150/ 132/120-140/ <0.01
DBP (mmHg) 70/70-75/ 85/76-90/ 80/70-90/ <0.01
Creatinine (mmol/L) 77.5/66.3-83.5/ 66/61-79/ 70.0/62.0-82.5/ 0.17
GFR (mL/min/1.73m?2) 82.26+15.17 88.37+17.91 86.75+17.3 0.26
CRP (mg/L) 2.34/0.92-3.95/ 3.0/1.36-4.65/ 3.0/1.33-4.48/ 0.23
Glucose (mmol/L) 4.65/4.1-5.3/ 5.2/4.8-6.1/ 5.1/4.7-5.7/ 0.05
Cholesterol (mmol/L) 5.91+1.04 5.33+1.13 5.46+1.13 0.08
HDL-C (mmol/L) 1.84/1.58-2.34/ 1.28/1.06-1.62/ 1.36/1.17-1.82/ <0.01
LDL-C (mmol/L) 3.41+0.89 3.16+1.02 3.22+0.99 0.39
Triglyceride (mmol/L) 1.23/0.94-1.32/ 1.33/1.07-1.97/ 1.28/1.04-1.92/ 0.10
Lipoprotein (a) (mmol/L) 0.2/0.0-0.4/ 0.17/0.10-0.49/ 0.18/0.07-0.44/ 0.56
AHI (1/h) 1.6/1.0-2.4/ 27.5/18.55-42.75/ 21.89/8.9-40.63/ <0.01
ODI (1/h) 0.9/0.4-1.7/ 23.2/14.1-38.95/ 19.65/6.2-32/ <0.01
SPT (min) 395.19+36.1 439.93+72.82 427.81+67.62 0.04
TST (min) 398/319-409.5/ 428/384.5-452/ 410.5/363.25-440.75/ <0.01
TST90% (%) 0.0/0.0-0.1/ 6/1.7-12.5/ 3.85/0.4-11.6/ <0.01
Minimal oxygen saturation (%) 91/88.25-92.75/ 82.5/76.8-85/ 83/77.8-88/ <0.01
ESS 5.0/2.75-7.0/ 7/5-10/ 6/4-8/ 6.6+3.68 0.05

* Data are presented as mean + standard deviation or median/25%~-75% percentile/. Significant differences are
highlighted in bold. AHI—apnoea-hypopnoea index, BMI—body mass index, DBP—diastolic blood pressure,
CRP—C-reactive protein, ESS—Epworth Sleepiness Scale, GFR—glomerular filtration rate, HDL-C—high density
lipoprotein cholesterol, LDL-C—low density lipoprotein cholesterol, ODI—oxygen desaturation index, SBP—systolic
blood pressure, SPT—sleep period time, TST—total sleep time, TST90%—total sleep time spent with oxygen
saturation below 90%.

3.2. Circulating suPAR Results

There was no difference in plasma suPAR concentrations between the controls (2.088 +
0.976/1.548-2.628/ ng/mL) and patients with OSA (2.198 + 0.675/2.012-2.384/ ng/mL, unadjusted
p =0.62, p = 0.99 after adjustment, Figure 1). Similarly, there was no difference between mild (2.134
+ 0.799/1.295-2.974/ ng/mL), moderate (2.274 + 0.597/2.028-2.521/ ng/mL) and severe patients (2.128
+ 0.744/1.798-2.458/ ng/mL, unadjusted p = 0.84, p = 0.78 after adjustment, Figure 2). In line with
this, there was no relationship between plasma suPAR levels and AHI (p = 0.65), ODI (p = 0.58),
TST90% (p = 0.35), minSatO, (p = 0.16), Al (p = 0.38), TST (p = 0.60), SPT (p = 0.41) or ESS (p = 0.44).
We noted two outliers in the control group. These subjects did not differ in their demographics or
clinical characteristics from other controls. Excluding them from analyses resulted in tendency for
higher suPAR levels in OSA (p = 0.050); however, after adjustment for covariates this difference was
not significant (p = 0.259).

Plasma suPAR directly correlated with age when all subjects were analysed together (r = 0.33,
p < 0.01), or when patients with OSA were investigated separately (r = 0.30, p = 0.02). However, when
adjusting for covariates, these correlations were no longer significant (both p>0.05).

Plasma suPAR levels were higher in women when all subjects were analysed together (2.487 +
0.683/2.241-2.733/ vs. 1.895 + 0.692/2.221-2.713/ ng/mL, p < 0.01), in controls (2.539 + 0.956/1.804-3.474/
vs. 1.411 = 0.534/0.851-1.971/ ng/mL, p = 0.02) and in OSA (2.467 + 0.568/2.221-2.713/ vs. 1.991 +
0.686/1.735-2.247/ ng/mL, p < 0.01, Figure 3). These intergender differences remained significant even
after adjustment for covariates. Due to the asymmetric gender distribution in the OSA and control
groups, plasma suPAR levels were compared in control and OSA women and men separately. There
was no difference in women (2.467 + 0.568/2.221-2.713/ vs. 2.539 + 0.956/1.804-3.474/ ng/mL, OSA vs.
controls, p = 0.79). However, plasma suPAR tended to be higher in male patients with OSA (1.991
+ 0.686/1.735-2.247/ ng/mL, n = 30) compared to controls (1.411 + 0.534/0.851-1.971/ ng/mL, n = 6,
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p = 0.059). Despite this potential signal, there was no relationship between AHI and suPAR levels in
either men or women (both p > 0.05).
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Figure 1. Comparison of plasma soluble urokinase-type plasminogen activator receptor (suPAR) levels
between patients with OSA and controls. There was no difference between the two groups in plasma
suPAR levels (p = 0.62). Mean + standard deviation is presented.
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Figure 2. Comparison of plasma suPAR levels among different disease severities. There was no
difference among the groups in plasma suPAR levels (p = 0.87). Mean =+ standard deviation is presented.
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Figure 3. Comparison of plasma suPAR levels between women and men. Plasma suPAR levels were
higher in women in patients with OSA, in controls and when the subjects were analysed together. Mean
+ standard deviation is presented.
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Patients with OSA who took anticoagulants had higher plasma suPAR levels (2.739 +
0.547/2.164-3.313/ vs. 2.129 + 0.663/1.934-2.323/ ng/mL, p = 0.03); however, this difference became
insignificant after adjusting for covariates (p>0.05). None of the other correlations between plasma
suPAR concentrations, demographics, clinical variables or comorbidities, such as hypertension, diabetes,
dyslipidaemia or cardiovascular disease were significant in any of the studied groups (all p>0.05).

3.3. Plasma suPAR Results in Control and OSA Participants without Hypertension or Diabetes

There was no difference in plasma suPAR levels when controls without hypertension (1.903
+ 0.922/1.244-2.562/ ng/mL, n = 10) were compared to OSA patients without hypertension (2.110
+ 0.671/1.753-2.467/ ng/mL, n = 16, p = 0.51). Similarly, no difference was found between controls
without diabetes (2.088 + 0.976/1.548-2.628/ ng/mL, n = 15) and OSA patients without diabetes (2.203 +
0.676/2.002-2.403/, n = 46, p = 0.61). In line with this, there was no difference when controls without
hypertension and diabetes (1.903 + 0.922/1.244-2.562/ ng/mL, n = 10) were compared to OSA patients
without hypertension and diabetes (2.165 + 0.656/1.802-2.528/ ng/mL, n = 15, p = 0.41).

4. Discussion

In the current study, we analysed plasma suPAR levels in OSA, but did not find any difference
compared to controls, nor did suPAR concentrations correlate with disease severity. This implies that
suPAR may not play a significant role in the pathophysiology of OSA; however, due to the small number
of controls and the significant gender effect on suPAR levels, our results must be interpreted carefully.

Obstructive sleep apnoea is associated with heightened systemic inflammation, theoretically
contributing to higher uPAR expression [11,13-15]. However, the cleavage of uPAR may be slower in
OSA due to decreased levels of uPA [8] and plasmin [5,6,23]. The expression of uPA is induced by female
sexual hormones [20] and the proto-oncogenic survivin [27], which presented decreased expressions
in OSA [3,28]. Plasmin is formed by plasminogen, and this reaction is blocked by plasminogen
activator-inhibitors (PAI), shown to be upregulated in OSA [5,6,23]. In addition, OSA is associated
with decreased levels of transforming growth factor-f [8], an inducer of uPAR transcription [29,30].
These studies suggest that although uPAR expression may be upregulated by systemic inflammation
in OSA [11,13-15]; this is counterbalanced by the reduced cleavage.

It has been shown that plasma suPAR levels are higher in women [20] and related to BMI and
waist circumference only in females [20]. In addition, plasma suPAR levels were prognostic for
cardiovascular events only in women [19] and more strongly related to coronary artery calcification in
women than in men [31]. Our results are in line with the previous findings [20], namely that suPAR
was higher in women in both OSA and controls. A potential reason for the gender differences is
that uPA is released upon stimulation by progesterone and oestradiol [32] resulting in higher uPAR
cleavage. Female sexual hormones are protective in OSA [33], contributing to male predominance in
sleep apnoea [33,34]. To exclude this effect, analyses were performed after adjustment for gender and
suPAR was compared between OSA and controls in women and men separately. Although there was a
tendency for higher suPAR levels in men in OSA, there was no relationship with OSA severity in males.
Of note, the number of men in the control group was small, and these analyses were underpowered.
Nevertheless, this difference could be a potential signal which should be investigated in further studies.
We believe that our current results would provide basis for further study design. In line with the
previous findings [35], plasma suPAR levels were directly related to age; however, this correlation
disappeared after adjustment for covariates. Although higher suPAR levels were associated with
obesity [21], this has not been confirmed by the current study.

Our study has limitations. First, the sample size, especially in the control group, was low.
This could have potentially led to type II error, especially due to significant difference in age, gender
and comorbidity distribution. To avoid this, our analyses were adjusted on potential confounders.
The plasma suPAR levels were not different between patients with OSA and controls either in unadjusted
or adjusted comparisons. Still, our results should be interpreted carefully, especially considering the
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exclusion of the two outliers which resulted in differences between the two groups. The sample size
calculations were based on our previous study [25], showing higher suPAR levels in COPD. Although
the number of participants may seem low, it may not be the likely reason for the lack of differences
between OSA and controls considering the wide overlap of suPAR values between the two groups and
the lack of significant relationship between markers of OSA severity and suPAR levels. In line with
this, a second limitation is the unbalanced proportion of comorbidities in the OSA and control groups.

Elevated suPAR levels are associated with cardiovascular disease and diabetes [36]. OSA represents
a risk for cardio metabolic disease [22], which was reflected in the asymmetric proportion of
comorbidities in the OSA and control groups. However, we did not find any relationship between
plasma suPAR concentrations and comorbidities. To further evaluate this, we performed additional
analyses in participants without hypertension or diabetes. We did not find any difference in plasma
suPAR values between controls and patients with OSA in non-hypertensive or nondiabetic volunteers.
Of note, the study has not been powered to address this question. We believe our results could provide
a basis to design further studies involving groups balanced on the profile of comorbidities. The third
limitation is that although patients represented a large range of OSA severity, in average, they were
minimally symptomatic. It has recently been reported that patients with OSA and excessive daytime
sleepiness have a higher risk for cardiovascular disease [37]. Inclusion of more symptomatic patients
in studies investigating systemic inflammation is therefore warranted. The fourth limitation is the
significant gender-effect which has been discussed above. The strengths of the study include the
application of objective sleep tests, detailed characterisation of the studied population and robust
methodology for plasma suPAR measurement.

Only one study has examined suPAR in possible OSA. Von Kanel et al. divided 329 South African
teachers based on their response to the Berlin questionnaire and/or neck circumference into a high-risk
and low-risk OSA group. Most notably, no objective sleep study has been performed. Although the
levels of fibrinogen and PAI-1 were elevated together with slower clot lysis time, there was only a
tendency for higher suPAR levels in the high-risk group [23]. The Berlin questionnaire is a moderately
sensitive, but not specific screening tool for OSA [38]; therefore, these results must be interpreted
carefully. Nevertheless, the previous [23] and the current findings indicate that hyper-coagulation in
OSA is driven by high fibrin formation, reduced plasminogen activation by increased PAI-1 and lower
uPA without a significant difference in the uPAR signalling.

5. Conclusions

In conclusion, we did not find altered plasma suPAR levels in patients with OSA vs. controls.
Our results suggest that this molecule does not play a significant role in hyper coagulation and
accelerated systemic inflammation in OSA and cannot be applied as a readout signal for these
pathophysiological processes. However, the significant gender differences are noteworthy and must be
considered when designing future studies with suPAR.
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Abstract: Background and Objectives: Obstructive sleep apnea syndrome (OSAS) is the most frequent
sleep disorder, characterized by the repeated collapse of the upper respiratory tract during sleep.
In this study, we aimed to determine the prevalence of OSAS in heavy equipment operators and to
determine the relationship between the work accidents that these operators were involved in and
the OSAS symptoms and severity. In doing this, we aimed to emphasize the association of OSAS,
which is a treatable disease, and these accidents, which cause loss of manpower, financial hampering,
and even death. Materials and Methods: STOP BANG questionnaire was provided to 965 heavy
equipment operators and polysomnography (PSG) was performed, in Izmir Esrefpasa Municipality
Hospital, to the operators at high risk for OSAS. Demographic data, health status, and accidents
of these operators were recorded. Results: All operators who participated in the study were male.
The ages of the cases ranged from 35 to 58 and the mean age was 45.07 + 5.54 years. The mean STOP
BANG questionnaire results were 4.36 + 3.82. In total, 142 operators were identified with high risk
for OSAS and PSG could be performed on 110 of these 142 operators. According to the PSG results
of the operators, 41 (37.3%) patients had normal findings, while 35 (31.8%) had mild, 20 (18.2%)
had moderate, and 14 (12.7%) had severe OSAS. Among those 110 patients, 71 (64.5%) of the cases
had no history of any accidents, 25 (22.8%) were almost involved in an accident due to sleepiness,
and 14 (12.7%) were actually involved in an accident. There was a statistically significant relationship
between the accident rate and OSAS severity (p: 0.009). Conclusion: Based on the data acquired in
the present study, a positive correlation was determined between the accident statuses of drivers
with OSAS severity. We want to attract attention to the necessity of evaluating the OSAS symptoms
in professional heavy equipment operators during the certification period and at various intervals
afterwards, and to carry out OSAS evaluations by PSG for those having a certain risk.

Keywords: polysomnography; heavy equipment operators; STOP BANG Questionnaire; Obstructive
Sleep Apnea Syndrome

1. Introduction

Sleep is the temporary, partial, periodic, and reversible loss of the communication of the organism
with the environment, which is an indispensable factor for a healthy life [1]. Obstructive sleep apnea
syndrome (OSAS) is characterized by the repeated collapse of the upper respiratory tract during sleep,
causing nocturnal hypoxemia and interrupted sleep [1]. It is the most frequent sleep disorder. OSAS
prevalence has been determined as 3%-7% for males and 2%-5% for females all over the world [2].
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The most common night symptom of OSAS is snoring, while the day symptom is excessive
sleepiness [3,4]. The most important risk factors are indicated as male gender, advanced age,
neck circumference, and obesity [5].

Various questionnaires are used for identifying risky groups and Berlin questionnaire is one of
these arranged for community screenings. There are a total of 10 questions in three categories. Positive
results in two or more categories indicate that the participant is carrying high risk [6]. STOP-BANG is
another questionnaire defined to have high sensitivity to predict OSAS [7]. Polysomnography (PSG) is
the gold standard in OSAS diagnosis and treatment management [5]. OSAS has been classified into
three different classes according to apnea hypopnea index (AHI) as mild OSAS (AHI = 5-15), moderate
OSAS (AHI = 15-30), and severe OSAS (AHI > 30) in accordance with the American Academy of
Sleep Medicine Criteria [5]. Continuous positive air pressure (CPAP) is the standard treatment for
OSAS [8,9].

Even though the nighttime symptoms of OSAS are generally ignored by the patient, its daytime
symptoms are quite striking. Daytime excessive sleepiness may be so severe that it may affect work
performance, prevent driving a vehicle carefully, and increase the accident risks [3]. For that reason,
patients under high risk for OSAS should be diagnosed and treated. In this study, we aimed to
determine the prevalence of OSAS in heavy equipment operators and to determine the relationship
between the work accidents that these operators were involved in and the OSAS symptoms and
severity. In this way, we aimed to emphasize the association of OSAS, which is a treatable disease,
and these work accidents causing loss of manpower, financial hampering, and even death, which may
be preventable.

2. Patients and Methods

The present study was planned as a prospective study at the Esrefpasa Municipality Hospital after
the ethical approval was obtained from the Metropolitan Municipality (Number 54022451-050.05-04-
from 1 February 2017). STOP BANG questionnaire was applied to 965 heavy equipment operators
and PSG was performed in Izmir Esrefpasa Municipality Hospital to the operators at high risk for
OSAS. The machines used by the operators include dumpers, hydraulic backhoes, crawled dozers,
graders, wheeled front-end loaders, wheeled vibrating rollers, hydraulic breakers, drills, bucked wheel
excavators, and backhoe loaders. Signed informed consent forms were obtained from all participants.

For the determination of STOP-BANG scores, snoring, daytime sleepiness (tiredness), observed
apnea, high blood pressure (antihypertensive drug use), body mass index (positive if BMI > 35), age
(positive if > 50 years), neck circumference (positive if > 40 cm.), and gender (male gender positive)
were recorded. If participants chose the answer ‘yes’ for 3 of 8 questions; they were accepted as having
high risk for OSAS.

Between February 2017 and March 2019, all of the operators examined in our hospital were
male. Demographic characteristics such as age, weight, height, body mass index, neck circumference,
waist/hip ratio, alcohol and cigarette smoking, and medical history were recorded. At the same time,
the municipal official records of the accidents were questioned and recorded.

All patients included in our study were monitored all night by a trained sleep technician using
a PSG device at our sleep center. At least 6 h of PSG recordings were acquired. Sleep staging and
respiratory- and movement-scoring were done according to the American Academy of Sleep Medicine
manual (version 2.0) by a sleep technician [10]. Apnea hypopnea index (AHI) was defined as the
number of apneas and hypopneas per hour of sleep. Apnea was defined as the drop of airflow >90%
of baseline for at least 10 s and hypopnea as a decrease in airflow of at least 30% for at least 10 s with
oxygen desaturation of more than 4% from baseline. The severity of OSA was determined by the AHI
as mild if AHI is between 5 and 15, as moderate if AHI is between 15 and 30, and severe if AHI is
greater than 30.
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3. Statistical Analyses

IBM SPSS Statistics v. 22 (IBM Corp., Armonk, NY, USA) software was used for statistical analyses.
Shapiro-Wilks test was used for evaluating the accordance of the parameters with normal distribution.
In addition to descriptive statistical methods (mean, standard deviation, frequency), one-way ANOVA
test was performed for the comparison of quantitative data, as well as Tukey HDS test and Tamhane’s T2
test for the intergroup comparison of parameters with normal distribution and the determination of the
group that causes the difference. Kruskal-Wallis test was used for carrying out intergroup comparisons
of parameters without normal distribution. Whereas Chi Square test and Fisher—Freeman-Halton tests
were performed for comparing qualitative data. Regression analysis was performed to determine the
factors affecting the accident risk. Level of significance was evaluated as p < 0.05.

4. Results

The study was carried out between February 2017 and March 2019. In total, 142 operators
were identified with high risk for OSAS and PSG could be performed on 110 of these 142 operators.
All operators were male and their ages ranged from 35 to 58 years. The mean age of the operators
was 45.07 + 5.54 years. According to the PSG results of the study, 41 (37.3%) of the operators had
normal findings, 35 (31.8%) had mild, 20 (18.2%) had moderate, and 14 (12.7%) had severe OSAS.
The distribution of the general characteristics of the operators who participated in the study is shown
in Table 1.

Table 1. Distribution of general characteristics.

Min-Max Mean + SD
Age 35-58 42.07 +5.54
BMI * (kg/m?) 21.89-42.14 31.89 + 3.67
Neck circumference (cm) 34-52 42.32 +2.65
Waist to Hip ratio 0.81-1.13 0.96 + 0.04
STOP BANG score 0-8 347 +3.73
Number of cigarette packs smoked annually 1-44 18.65 +7.89
Smoking
Never smoked 34 30.90%
Quit smoking 20 18.50%
Current smoker 56 50.60%
Alcohol
Not drinking 81 73.50%
Drinking 29 26.50%

*: Body Mass Index.

Of the cases, 87 (79.1%) did not have an accident, while 18 (16.4%) almost had an accident,
and 5 (4.5%) had an accident. While 41 (37.3%) of the patients had normal PSG results, 35 (31.8%) had
mild, 20 (18.2%) had moderate, and 14 (12.7%) had severe OSAS. The distribution of OSAS classification
and accident status is summarized in Table 2. There was a statistically significant relationship between
the accident rate and OSAS severity (p: 0.009).
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Table 2. Distribution of obstructive sleep apnea syndrome (OSAS) classification and accident status.

Normal (n: 41) Mild OSAS (n: 35) Moderate OSAS Severe OSAS
(n: 20) (n: 14)
No accident o o, o, o,
history 41 (100%) 29 (82.8%) 13 (65.0%) 4 (28.5%)
Almost involved o o o,
in an accident 0 6 (17.2%) 6 (30.0%) 6 (43.0%)
Involved in an 0 0 1(5.0%) 4(28.5%)

accident

The present results indicate that there was a statistically significant difference between accident
histories with regard to apnea prevalence (p: 0.009). Apnea prevalence in those who had not
been involved in any accident (37.2%) was observed to be lower at a statistically significant level
in comparison to those who were almost involved in an accident due to sleepiness (64.8%) and
those who were involved in an accident (61%) (p1: 0.019; pp: 0.047, respectively). No statistically
significant difference with regard to apnea prevalence was observed between those who were almost
involved in an accident due to sleepiness and those who had been involved in an accident (p > 0.05).
A statistically significant difference was observed between accident histories with regard to snoring +
apnea prevalence (p: 0.004). The snoring + apnea prevalence in those who had not been involved in
any accident (35.8%) was observed to be lower at a statistically significant level in comparison to those
who were almost involved in an accident (63.1%) and those who had been involved in an accident
(62%) (p1: 0.011; py: 0.031, respectively).

Table 3 presents the assessment of age, BMI, neck circumference, waist-hip ratio, and Epworth
score among the OSAS classification groups.

Table 3. Evaluation of age, BMI, neck circumference, waist-hip ratio and STOP BANG, smoking and
alcohol use states among OSAS classification groups.

OSAS * Classification
Mild OSAS Moderate Severe OSAS

Normal (n: 41) (n: 35) OSAS (n: 20) (n: 14) P
Mean + SD Mean + SD Mean + SD Mean + SD

Age (years) 4231 +5.8 41.39 +£5.62 42.32 +6.08 42.34 +4.89 0.866
BMI ** (kg/m?) 28.79 +2.7 30.98 + 4.56 31.98 +3.31 34.01 +2.89 0.001 *
Neck circumference (cm) 4099 +2.2 40.51 +£3.22 41.45 +2.54 4478 +2.1 0.001 *
Waist-Hip ratio 0.94 + 0.04 0.94 + 0.06 0.97 +0.04 0.98 + 0.65 0.002 *
STOP BANG score 391 +24 4.69 + 3.69 4.89 + 4.59 4.37 +3.89 0.952
Epworth score 4.11 +2.09 431+221 471+221 4.89 +2.04 0.012

*: Obstructive sleep apnea syndrome, **: Body mass index.

According to the results of the present study, there was a statistically significant difference between
the OSAS groups determined by PSG, regarding the BMI values and neck circumference (p: 0.001).
The patients without OSAS had statistically significantly lower BMI values than those with moderate
and severe OSAS (p;: 0.032; pp: 0.000, respectively). The BMI values of those with severe OSAS were
determined to be higher at a statistically significant level in comparison with the BMI values of those
with mild or moderate OSAS (p;: 0.004; pp: 0.017, respectively). The neck circumference values of those
without OSAS were determined to be lower at a statistically significant level in comparison with that
of the patients with moderate or severe OSAS (p;: 0.019; py: 0.001, respectively). Neck circumference
values of those with severe OSAS were determined to be higher at a statistically significant level in
comparison with the mild OSAS group (p: 0.001). The waist-hip ratio of individuals with mild OSAS
was determined to be lower at a statistically significant level in comparison with the waist-hip ratio of

32



Medicina 2019, 55, 599

individuals with moderate or severe OSAS (p;: 0.046; py: 0.004, respectively). Epworth score of the
severe OSAS group was significantly higher than that of the healthy cases (p: 0.001).

There was a statistically significant difference between the OSAS groups with regard to accident
status (p: 0.001;). The ratio of being almost involved in an accident due to sleepiness (0%) for drivers
without OSAS was determined to be lower at a statistically significant level in comparison to drivers
with mild (15.4%), moderate (28.6%), or severe (39.6%) OSAS (p1: 0.026; po: 0.001; p3: 0.001, respectively).
The ratio of being involved in an accident for drivers with severe OSAS (34%) was determined to be
higher at a statistically significant level in comparison to those of drivers with mild (0%) or moderate
(5.7%) OSAS (p:0.001). No statistically significant difference could be determined between the drivers
with mild and moderate OSAS with regard to the ratios of being involved in an accident (p > 0.05).

In Table 4, the results of regression analysis performed to determine the factors increasing accident
risk are summarized. Regarding these findings, only AHI had significant effects on accident risk.

Table 4. Regression analysis performed to determine the factors increasing accident risk.

t 4
BMI -1.886 0.071
AHI 7.960 0.001
Epworth score 1.572 0.118
Waist/hip ratio —-0.291 0.772
Neck 1.107 0.270
STOP BANG score —1.486 0.112

5. Discussion

Daytime sleepiness and loss of concentration is a common cause of accidents [11]. Short-term and
poor quality sleep causes excessive daytime sleepiness, which increases the risk of accidents. Sleep
disturbances such as obstructive sleep apnea syndrome are common causes of excessive sleepiness.
In this study, in heavy equipment operators we determined a significant increase in accident risk with
an increase in OSAS severity and in a regression analysis, there was a strong relationship between the
AHI score and accident risk.

The studies on this subject are generally performed on long-distance drivers or taxi drivers,
and the number of studies with the heavy equipment operators is limited. The majority of these
studies are survey-oriented and the results obtained from the surveys are based on subjective data.
Various surveys conducted with truck drivers showed a positive correlation between daytime excessive
sleepiness and accidents [12-14]. In our study, we found that daytime sleepiness in heavy equipment
operators was not a significant risk factor for accidents. However, this result may be related to the
fact that the work was planned specifically for the heavy equipment operators and the maximum
speed of the machines they were driving was limited at a speed of 20 km/h. However, in the case of
heavy equipment operators, a distraction may cause serious accidents that can result in loss of life and
property [15].

According to the results of STOP BANG survey, operators who were found to be at high risk for
OSAS were evaluated with the results of PSG, performed in our sleep laboratory. Our study is one of
the studies with a large sample group, which was performed with the participation of professional
operators and evaluated the relationship between the accidents and PSG results. On the one hand,
working with objective data will give more accurate results, on the other hand, the difficulty of doing
PSG for each participant may be the obvious reason for not giving up surveys. Subjective symptoms
such as snoring and apnea, which are questioned in terms of OSAS, are the symptoms they cannot
detect on their own. On the other hand, financial anxiety may result in bias and the surveys may not
reflect the realities. Results with similar concerns may be deceptive during job applications or health
checks. Therefore, OSAS symptom questioning alone may be inadequate, and delays in diagnosis
and treatment of OSAS cases may cause severe issues for the patients as well as the society due to the
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accidents [16,17]. With this fact, in some parts of the European Union countries, driver’s licenses are
not given to OSAS patients because they do not have healthy driver qualifications [18,19].

The STOP BANG questionnaire was used to determine daytime sleepiness. In our study, the STOP
BANG questionnaire score was below three in the majority of patients, including those describing
daytime sleepiness (EDS). Regarding this data, the STOP BANG questionnaire completed by the
operators may be suggested as inadequate and unsuitable for determining the EDS. We also did not
determine an association between STOP BANG score and accident risk in regression analysis. On the
other hand, the work and material concerns of our patients may make the questionnaire-based survey
results illusory.

When compared to normal healthy individuals, accidents with OSAS operators were reported to
be seen seven times higher [20,21]. As the apnea hypopnea index (AHI) increased in the study of Young
etal., the risk of accident was found to be increased, in accordance with our study [22]. In another study
by Teran-Santos et al., a significant relationship was found between the risk of accident and presence of
OSAS. According to the results of the same study, when the operators with OSAS were evaluated with
the increase in severity of the disease, the risk of accidents also increased, in parallel with our study.
Accident rates in our study were determined as 28.5% in severe OSAS, 5.0% in moderate OSAS, and 0%
in mild OSAS patients. Statistically, these rates show a positive correlation between the severity of
OSAS and accident frequency. On the other hand, according to the results of STOP BANG survey,
PSG was performed on a high-risk group and some of them did not have OSAS. No accident history
was found in healthy group. Regarding the demographic data in our study; body mass index (BMI),
neck circumference, and waist-hip ratio did not show any association with the accident risk. However,
in the study of Amra et al., increased neck circumference was determined as a factor increasing the risk
of accident [13].

In the light of all these data, it seems that the questioning of OSAS symptoms alone will not be
enough to predict the risk of accidents. However, there are many studies demonstrating the relationship
between the severity of OSAS and accident risk. Regarding the increased morbidity and mortality
due to the accidents, it is a necessity to inquire about the OSAS symptoms in the professional drivers,
such as heavy equipment operators, during the certification phase and to perform polysomnography
on the drivers with high risk. It is concluded that in order to prevent the morbidity and mortalities,
in the groups involved in the field of occupational risk, routine PSG studies may be required. For this
purpose, it is necessary to question the number of sleep centers and to determine the OSAS symptoms
periodically during the certification and after, and to increase the screening.

There are some limitations of this study that should be mentioned. The STOP BANG questionnaire
is based on the patient responses, and this may carry some bias that the vehicle operators may not
respond correctly; since they may be afraid of losing their job. Second, this is the report of single center
results and larger, prospective studies investigating the treatment responses in this group of patients
are warranted.

6. Conclusions

We want to attract attention to the necessity of evaluating the OSAS symptoms of professional
heavy equipment operators during the certification period and at various intervals afterwards and to
carry out OSAS evaluations by PSG for those with a certain risk.
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Abstract: Background and objectives: Obstructive sleep apnea syndrome (OSAS) and heart failure (HF)
are increasing in prevalence with a greater impact on the health system. The aim of this study was
to assess the particularities of patients with OSAS and HF, focusing on the new class of HF with
mid-range ejection fraction (HFmrEF, EF = 40%-49%), and comparing it with reduced EF (HFrEF, EF
< 40%) and preserved EF (HFpEEFE, EF > 50%). Materials and Methods: A total of 143 patients with OSAS
and HF were evaluated in three sleep labs of “Victor Babes” Hospital and Cardiovascular Institute,
Timisoara, Western Romania. We collected socio-demographic data, anthropometric sleep-related
measurements, symptoms through sleep questionnaires and comorbidity-related data. We performed
blood tests, cardio-respiratory polygraphy and echocardiographic measurements. Patients were
divided into three groups depending on ejection fraction. Results: Patients with HFmrEF were older (p
=0.0358), with higher values of the highest systolic blood pressure (mmHg) (p = 0.0016), higher serum
creatinine (p = 0.0013), a lower glomerular filtration rate (p = 0.0003), higher glycemic levels (p = 0.008)
and a larger left atrial diameter (p = 0.0002). Regarding comorbidities, data were presented as
percentage, HFrEF vs. HFmrEF vs. HFpEF. Higher prevalence of diabetes mellitus (52.9 vs. 72.7 vs.
40.2, p = 0.006), chronic kidney disease (17.6 vs. 57.6 vs. 21.5, p < 0.001), tricuspid insufficiency (76.5
vs. 84.8 vs.59.1, p = 0.018) and aortic insufficiency (35.3 vs.42.4 vs. 20.4, p = 0.038) were observed in
patients with HFmrEF, whereas chronic obstructive pulmonary disease(COPD) (52.9 vs. 24.2 vs.18.3,
p =0.009), coronary artery disease(CAD) (82.4 vs. 6.7 vs. 49.5, p = 0.026), myocardial infarction
(35.3 vs. 24.2 vs. 5.4, p < 0.001) and impaired parietal heart kinetics (70.6 vs. 68.8 vs. 15.2, p < 0.001)
were more prevalent in patients with HFrEFE. Conclusions: Patients with OSAS and HF with mid-range
EF may represent a new group with increased risk of developing life-long chronic kidney disease,
diabetes mellitus, tricuspid and aortic insufficiency. COPD, myocardial infarction, impaired parietal
kinetics and CAD are most prevalent comorbidities in HFrEF patients but they are closer in prevalence
to HFmrEF than HFpEF.

Keywords: obstructive apnea; heart failure; risk factors; elderly; comorbidities
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1. Introduction

In recent years, obstructive sleep apnea syndrome (OSAS) has increased in prevalence, occurring
in up to 10% of healthy subjects, due to the greater frequency of obesity and the aging of the population.
Consequently, this has had an increasingly important impact on the health system [1]. The prevalence
of OSAS in subjects with cardiovascular disease, reported in earlier studies, was between 50% and
80% [2—4], and in half of subjects with heart failure (HF), it is associated with increased mortality [5]
and worse prognosis [6].

OSAS is globally known as a major factor for the occurrence of cardiometabolic comorbidities due
to intermittent hypoxia which leads to oxidative stress, endothelial dysfunction, increase of sympathetic
activity and systemic inflammation [7]. Furthermore, activation of the sympathetic nervous system
leads to activation of the renin-angiotensin-aldosterone system, which increases hydro-saline retention
and thus the level of blood pressure [8]. However, hydro-saline retention due to heart failure can
also play an important role in the pathogenesis of OSAS [9]. These data suggest that the relationship
between HF and OSAS is not fully understood.

Large studies have demonstrated that OSAS prevalence is higher in patients with coronary artery
disease (CAD), HF, resistant arterial hypertension associated with risk of stroke, and uncontrolled
arrhythmias [10].

Patients with OSAS present a variety of symptoms that correlate with anthropometric
measurements, smoking habits, sedentarism and association of comorbidities [1]. In recent years,
new perspectives regarding clinical presentations of OSAS with description of different phenotypes
and clusters have emerged [11-13].

Different structural or functional cardiac abnormalities can lead to occurrence of typical symptoms
and signs of HF as defined by the European Society of Cardiology (ESC) guidelines, increased morbidity
and mortality and higher costs for the health system [14]. HF is more common in elderly patients,
especially those over 60 years [15].

The measurement of the left ventricle ejection fraction (LVEF) is used to define HE. Accordingly,
HF is classified as HF with preserved LVEF, >50% (HFpEF) and HF with reduced LVEF, <40% (HFrEF).
Recently, the latest guidelines on the diagnosis and management of heart failure published by the
European Society of Cardiology proposed a new class of HF patients with LVEF = 40%-49% called HF
with mid-range EF (HFmrEF), in order to better differentiate HF patients from the point of view of
etiology, developing mechanisms and response to treatment strategy [16,17].

2. Materials and Methods

2.1. Study Subjects

We enrolled consecutive patients evaluated for OSAS at the “Victor Babes” Timisoara Hospital
between 2014 and 2018 and for HF at the Timisoara Institute for Cardiovascular Diseases.
Inclusion criteria were patients with age over 40 years, with a diagnosis of heart failure and OSAS who
performed cardio-respiratory polygraphy, echocardiography and blood test evaluation. Patients with
incomplete evaluation and those with no OSAS or with predominantly central sleep apnea (CSA)
were excluded. This study was approved by the Ethical Committee of the University of Medicine
and Pharmacy “Victor Babes” Timisoara as a subject for a PhD thesis (number 14728/15 NOV 2013).
The clinics where the patient’s evaluations were performed have an established agreement with the
university through which all the data obtained from the patients may be used for research purposes.
Informed consent was signed by all the patients.

Patients were initially evaluated through a standard datasheet with the following parameters:
Age (years), gender (male/female), weight (kg) and height (cm), followed by measurement of body
mass index (BMI = weight in kg/squared height in m), neck and abdominal circumference (cm),
presence and duration of hypertension, maximum and current value of blood pressure, medication,
reported apneas, snoring, sleepiness, Epworth Sleepiness Scale, SAS score (sleep apnea syndrome score),
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morning headache, restless sleep, nocturia, nocturnal awakenings, chronic obstructive pulmonary
disease (COPD), diabetes, dyslipidemia, CAD, HF, arrhythmias, stroke, nasal septum deviation,
polyposis, hypertrophic uvula and smoking status (pack x years). Since it is not routine practice in our
cardio-respiratory unit, we did not collect data about physical activity.

For the sleep study we followed the European standards for diagnosis of OSAS [18].

Cardio-respiratory polygraphy recording was performed with Stardust Respironics and Porti.
Several parameters were measured: The number of apnea (individually, central, obstructive and mixed)
and hypopnea per hour of sleep and per night, the AHI (apnea-hypopnea index), the desaturation
index, the mean saturation, the lowest saturation, and the longest desaturation period below 88%
(seconds). Because we did not perform full night assisted polysomnography, data about sleep duration
and duration of the lowest desaturation were not recorded. Approximately one-third of the patients
enrolled in this study used CPAP (continuous positive airway pressure) due to the non-reimbursement
of the cost of this therapy. Therefore, data related to the use of CPAP have not been included in
this study.

The cardio-respiratory polygraphy recording was performed and scored manually as stated
by American Academy of Sleep Medicine standards and European Sleep Research Society
recommendations [19].

Laboratory tests were performed in Romanian Accreditation Association-RENAR certified medical
laboratories, as follows: ESR (erythrocyte sedimentation rate) (mm/h), glucose (mg/dL), uric acid
(mg/dL), creatinine (mg/dL), erythrocyte count (x10°/uL), hemoglobin (g/dL), sodium (mmol/L),
potassium (mmol/L) and lipid profile (total cholesterol, LDL (low-density lipoprotein)-cholesterol,
HDL (high-density lipoprotein)-cholesterol, triglycerides, mg/dl). Glomerular filtration rate,
(GFR, mL/min/1.73 m?) was calculated for each patient, using CKD-EPI (Chronic Kidney Disease
Epidemiology Collaboration) formula [20]. Blood samples were collected early in the morning after
fasting, and within 1-2 days of informed consent if signing took place at a different time of day.

Cardiological evaluation was performed, for all patients, at the Institute of Cardiovascular Diseases
in Timisoara, using the same diagnostic algorithm and equipment. We used the modified Simpson’s
rule for echocardiographic measurement of EF [21], and HF was classified depending on the LVEF, HF
with preserved ejection fraction, LVEF > 50% (HFpEF); HF with reduced ejection fraction, LVEF < 40%
(HFrEF); and HF with mid-range ejection fraction, LVEF = 40%-49% (HFmrEF). We also recorded
end-diastolic volume (mL), end-systolic volume (mL), left atrium surface (cm?), left atrium diameter
(cm), right ventricle diameter (cm), mitral E and A wave (m/s), E/A ratio, pulmonary artery pression
(mm Hg) and percentage of patients with impaired parietal heart kinetics. Although, the assessment of
the left ventricular internal dimension, left ventricular posterior wall, interventricular septum thickness
is performed in current practice and provides valuable information about the HF etiology, in this study
they were not recorded because we enrolled patients with heart failure, regardless of the underlying
cardiac disease. We studied patients regarding LVEF only, as the main cardiac marker.

The morphological aspect, area (cm), degree of regurgitation and stenoses and transvalvular
pressure gradients were determined for the mitral, aortic, tricuspid and pulmonary valves [22].

2.2. Statistical Analysis

Data are presented as proportions, medians and interquartile range (IQR) for variables with
a skewed distribution. The differences in the characteristics of the subjects were evaluated after being
divided into three groups, depending on the EF (EF < 40%, EF = 40%—49%, EF > 50%). We used
the chi-squared test (two degrees of freedom) for comparison of categorical data between groups of
patients. Continuous data were tested for normality using the Kolmogorov—Smirnov test. Data with
non-normal distributions were compared using the Kruskal-Wallis test. The p values for all hypothesis
tests were two-sided, and the p value was set to the statistical significance threshold of <0.005. All data
analyses were performed with Stata 15.1 (Statacorp, TX, USA).
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3. Results

A total of 143 patients with OSAS and HF were evaluated in three sleep labs of Timisoara “Victor
Babes” Hospital, Western Romania.

3.1. Socio-Demographic and Anthropometric Data

Patients were divided into three groups depending on EF, with the following characteristics,
presented as median and interquartile range: 17 patients (11.88%) with HFrEF, of which 15 male
(88%), age 61 (56-69) years, BMI 35 (31-36) kg/mz, neck circumference 44 (39-46) cm, abdominal
circumference 120 (114-128) cm; 33 patients (23.07%) with HFmrEF, of which 22 male (67%), age 64.5
(57.5-71) years, BMI 36 (31.5-41.5) kg/m2, neck circumference 45 (42-46) cm, abdominal circumference
120 (114-130) cm; 93 patients (65.93%) with HFpEF, of which 62 male (67%), BMI 35 (31-41) kg/mz,
neck circumference 44 (41-46) cm, abdominal circumference 122 (115-130) cm (Table 1).

Table 1. Socio-demographic and anthropometric data.

EF < 40% (HFrEF) EF = 40%-49% (HFmrEF) EF > 50% (HFpEF)

General Data =17 =33 =93 p-Value

Age (years) 61 (56-69) 64.5 (57.5-71) 61 (56-67) 0.0358

Male (n0., %) 15 (88%) 22 (67%) 62 (67%) 0.187

BMI (kg/m?) 35 (31-36) 36 (31.5-41.5) 35 (31-41) 0415

Neck circumference (cm) 44 (39-46) 45 (42-46) 44 (41-46) 0.6573
Abdominal circumference 120 (114-128) 120 (114-130) 122 (115-130) 0.8569

(cm)

Data are presented as proportions, medians and interquartile range (IQR). EF, ejection fraction; HFrEF, heart failure
with reduced ejection fraction; HFmrEF, heart failure with mid-range EF; HFpEF, heart failure with preserved EF;
BMI, body mass index.

Patients from the HFmrEF group were significantly older. More males were found in the HFrEF
group. There were no differences in terms of BMI, neck and abdominal circumference (Table 1).

3.2. Sleep Study and Blood Pressure Data

There were no differences between groups of patients regarding blood pressure (BP) measurement
and sleep study, systolic and diastolic BP at visit, AHI, type of apneas, desaturation index, medium and
lowest desaturation, longest desaturation <88% and sleep questionnaire. Significant differences were
observed in patients with HFmrEF regarding the highest systolic BP reported by the patients (p = 0.016)
(Table 2).

Table 2. Blood pressure and sleep study.

Sleep/Blood Pressure EF <40% (HFrEF)  EF = 40%—-49% (HFmrEF)  EF > 50% (HFpEF)
_ _ = p-Value
Parameters n=17 n=33 n=93

Highest Systolic BP (mmHg) 161 (161-179) 202 (177.5-220) 191 (170-210) 0.0016
Highest Diastolic BP (mmHg) 90 (80-100) 100 (90-110) 100 (90-110) 0.1472
Duration (";e}a‘fslie“e“s“’“ 12 (7-20) 10 (8-14.5) 10 (5-15) 0.3899
AHI (events/h) 42 (24-53) 38 (24-48.5) 44 (27-62) 0.1633
Central apneas 1(0.4-9.5) 1.25 (0.25-4.66 1.7 (0.3-5.4) 0.8947
Obstructive apneas 13.2 (8.9-21.3) 14.55 (7.2-23.8) 19.2 (12-38.2) 0.0704
Mixed apneas 2(0.9-6) 1.75 (0.45-3.2) 2.1(0.7-6.1) 0.3153
Desaturation index 24 (14.5-51) 30.5 (13.4-46.4) 39.5 (19-53) 0.1856
Medium SpO2 (%) 93 (90-94) 92.5 (91-94) 92 (89-93) 0.1403
Lowest SpO2 (%) 78 (76-83) 76 (66-83) 77 (62-83) 0.6183
Longest d“‘?;‘e"c’)‘ SpO2 <88% 50 (21-115) 61 (27-110.5) 83 (30-139) 03311
Epworth Sleepiness Scale 13 (12-17) 12 (9-15) 13 (10-18) 0.0819
SAS score 49 (4.5-5.4) 43 (4.1-4.85) 4.8 (4.1-5.3) 0.0857

Data are presented as medians and interquartile range (IQR). BP, blood pressure; AHI, apnea-hypopnea index;
SpO2, oxygen saturation; SAS score, sleep apneas syndrome score.
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3.3. Blood Tests

Routine blood tests revealed significant statistical difference in HFmrEF patients regarding level
of glucose (p = 0.0081), creatinine (p = 0.0013) and GFR (p = 0.0003) (Table 3). There were no differences
for ESR, uric acid, erythrocytes, hemoglobin, Na, K, total cholesterol, LDL and HDL cholesterol,
or triglycerides.

Table 3. Blood tests.

EF < 40% (HFrEF)  EF = 40%-49% (HFmrEF)  EF > 50% (HFpEF)

Blood Tests =17 n=33 =093 p-Value

ESR (mm/h) 10.5 (8-25) 15 (8-32) 12 (6-25) 0.4202
Glucose (mg/dL) 122.5 (104-130.5) 126 (107-180.5) 108.5 (94-127) 0.0081
Uric acid (mg/dL) 7 (4.9-8.3) 6.6 (5.2-8.1) 5.9 (5-6.9) 0.2547
Creatinine (mg/dL) 1.15 (0.98-1.3) 1.33 (1.13-1.6) 1.075 (0.9-1.33) 0.0013
GFR (mL/min/1.73 m?) 61.8 (58.9-78) 48.8 (38.7-61) 65.7 (51.3-82.3) 0.0003
Erythrocytes(*10%/uL) 4.73 (4.42-5.06) 4.80 (4.45-5.13) 4.77 (443-5.12) 0.8399
Hemoglobin (g/dL) 14.1 (12-15.9) 14 (12.3-15.1) 14.5 (13.2-15.45) 0.3972
Na+ (mmol/L) 140 (138.5-142) 141 (139-144) 141 (139-142) 0.5287

K+ (mmol/L) 4.13 (4-4.65) 4.35 (3.9-4.) 4.2 (4-4.6) 0.8157
Cholesterol (mg/dL) 166 (143-182.5) 163 (130-195) 164 (135-205) 0.9128
LDL cholesterol (mg/dL) 123 (87-132) 94.5 (84-117) 98 (69-132) 0.9003
HDL cholesterol (mg/dL) 45 (36-48) 45 (32-54) 43 (37-52) 0.7776
Triglycerides (mg/dL) 128.5 (90-166) 96 (82-151) 125 (92-193) 0.3465

Data are presented as medians and interquartile range (IQR). ESR, erythrocyte sedimentation rate; GFR, glomerular
Filtration Rate; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

3.4. Echocardiographic Measurements

Regarding echocardiographic measurements, statistically significant differences were found for
end-diastolic and end-systolic volumes, ejection fraction, and left atrial diameter. LA (left atrium)
diameter was higher in patients with HFmrEF (p = 0.0002), similar to other publications (Table 4)

Table 4. Echocardiographic measurements.

EF = 40%-49%

Echocardiography EF < 40% (HFrEF) (HFmrEF) EF > 50% (HFpEF) p-Value
Parameters n=17 n=93
n =233

End-diastolic volume (ml) 185 (140-220) 118 (94-155) 130 (110-147.5) 0.0027
End-systolic volume (ml) 123.5 (90-154) 64.9 (53-84.5) 60 (48.5-65.5) 0.0001
EF (%) 31.58 (30-35.71) 44,87 (43.37-46.13) 55 (50.98-59) 0.0001

LA surface (cm?) 27 (21-32) 28 (24.5-31) 25 (23-29) 0.4666

LA diameter (cm) 4.7 (4.6-5) 4.95 (4.5-5.3) 4.3 (3.94.64) 0.0002

RV diameter (cm) 3.24 (2.5-3.6) 2.9 (2.6-3.25) 2.8 (2.5-3.14) 0.2684
Mitral E wave (m/s) 0.74 (0.63-1) 0.76 (0.58-1.07) 0.73 (0.55-0.9) 0.298
Mitral A wave (m/s) 0.70 (0.5-1.07) 0.8 (0.6-1) 0.7 (0.6-0.9) 0.6517
E/A ratio 0.86 (0.74-1.65) 0.79 (0.64-1.4) 0.87 (0.73-1.3) 0.6883

PAP (mmHg) 47.5 (25-63.3) 45 (34.5-50) 36 (25.5-45.5) 0.1303

Data are presented as medians and interquartile range (IQR). LA, Left atrium; RV, right ventricle; PAP, pulmonary
artery pressure.

3.5. Comorbidities

Regarding comorbidities, data were presented as proportions, HFrEF vs. HFmrEF vs. HFpEF.
We observed that the group with HFmrEF has significantly more cases of diabetes mellitus (52.9 vs.
72.7 vs. 40.2 p = 0.006), chronic kidney disease (17.6 vs. 57.6 vs. 21.5, p < 0.001), valvular disease,
tricuspid insufficiency (76.5 vs. 84.8 vs. 59.1, p = 0.018) and aortic insufficiency (35.3 vs. 42.4 vs.
20.4, p = 0.038). The group with HFrEF had more cases of COPD (52.9 vs. 24.2 vs. 18.3, p = 0.009),
myocardial infarction (35.3 vs. 24.2. vs 5.4, p < 0.001), CAD (82.4 vs. 66.7 vs. 49.5, p = 0.026) and
impaired heart parietal kinetics (70.6 vs. 68.8 vs. 15.2, p < 0.001). The presence of myocardial infarction,
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CAD and impaired heart parietal kinetics were much lower in HFpEF patients compared with HFmrEF
and HFrEF (Table 5).

Table 5. Comorbidities.

EF < 40% (HFrEF)  EF = 40%-49% (HFmrEF)  EF > 50% (HFpEF)

Comorbidities % =17 =133 =93 p-Value
Hypertension 100 97 95.7 0.670
Smoking 35.3 15.2 36.6 0.070
COPD 52.9 24.2 18.3 0.009
Diabetes mellitus 529 727 40.2 0.006
Dyslipidemia 76.5 66.7 66.7 0.719
Atrial fibrillation 58.8 57.6 37.6 0.065
Stroke 59 6.1 12.9 0.781
Myocardial infarction 35.3 242 54 <0.001
CAD 82.4 66.7 49.5 0.026

CKD 17.6 57.6 21.5 <0.001
Mitral insufficiency 94.1 90.9 774 0.088
Tricuspid insufficiency 76.5 84.8 59.1 0.018
Aortic insufficiency 353 42.4 20.4 0.038
Pulmonary insufficiency 17.65 15.63 129 0.840
PAH 471 39.4 25.8 0.298

Pulmonary

thromboembolism 59 30 54 0-863

Impaired parietal heart 70.6 68.8 152 <0.001

kinetics

COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease; CDK, chronic kidney disease; PAH,
pulmonary arterial hypertension.

4. Discussion

In our population, 23.07 % of the patients had HFmrEF, higher than reports from recent studies
where the percentage of the HFmrEF category is between 13% and 17% [23-26].

Men are more likely to have OSAS in patients with HE. Moreover, men have a higher incidence of
HF in patients with OSAS [27]. In our study, patients with HFmrEF were older, with no significant
differences regarding gender or neck and abdominal circumferences.

It is well known that obesity is an important risk factor for heart failure, and this association
leads to multiple complications. In addition, obesity seems to be more prevalent in HF patients with
preserved ejection fraction; this may occur due to poor echocardiographic images and error in LVEF
measurement [28]. In our study, we included only patients with OSAS, and patients with HFmrEF were
in stage 2 of obesity, with higher BMISs, but differences were not statistically significant. Central sleep
apnea (CSA) is particularly noted in patients with HFrEF, and decompensated HF has been recognized
as a risk factor for CSA [29].

Some studies have demonstrated that patients with heart failure and OSAS are less symptomatic,
regardless of AHI, and Epworth Sleepiness Scale does not correlate with AHI [30]. Questionnaires do
not accurately predict OSAS in patients with cardio-vascular disease (CVD) [31]. Epworth Sleepiness
Scale and SAS score can be beneficial in predicting OSAS, but in our groups of patients, although the
values are high, differences between groups are insignificant [32].

In our group, all the patients have severe OSAS, regardless of EF. Patients with severe,
untreated OSAS have a higher risk of fatal cardiovascular events, some studies show [33].

Our patients with HFmrEF have higher blood glucose, serum creatinine and decreased glomerular
filtration rate.

Nielson demonstrated in a large study that patients with elevated blood glucose levels but without
confirmed diabetes have an increased risk of developing HF. Therefore, these patients should be
carefully monitored in order to prevent the onset of HF [34].

Many studies demonstrated that even mild impaired renal function, with transitory elevated
level of serum creatinine, represents an important predictor for worsening of heart failure.
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The pathophysiology remains unclear, but venous congestion and intrabdominal pressure serve
as a challenge for the development of new therapeutic approaches [35,36]. OSAS severity was
correlated with elevated serum creatinine [37], while CKD stage 3 is considered a significant predictor
of CSA, as was demonstrated by Fleischmann et al. [38].

In this study, lipid profile is not different as in a cohort with all severities of disease where OSAS
severity was independently correlated with cholesterol and triglycerides levels, probably because all
our patients have severe OSAS [39].

Often, patients with HFpEF present only increased wall thickness of the LV or the size of
LA, which makes it even more difficult to diagnose. In our study, LA diameter was higher in
patients with HFmrEF (p = 0.0002), similar to other publications [40]. Moreover, the role of the left
atrium in modulating LV function is well-known [41], and there are considerable amounts of data
demonstrating that the size of the LA is directly proportional to the increased risk of cardiovascular
events; this parameter is not used enough in clinical practice to determine the HF progression [42].

Wang et al. demonstrated in a recent meta-analysis that patients with moderate to severe tricuspid
regurgitation (TR) have a higher risk of hospitalization for worsening HF and cardiac mortality.
Patients with TR, regardless of severity, have a higher risk of all-cause mortality, compared with
patients without tricuspid valvular disease [43]. Asymptomatic patients with HFpEF, but with severe
aortic regurgitation (AR), have a higher risk of fatal cardiac events [44].

Comorbidities are very important in HF. Thus, comorbidity management plays a leading role in
the treatment and progression of heart failure.

COPD is significantly more prevalent in HFrEF in our population. COPD and OSAS have common
pathophysiological mechanisms, such as activation of sympathetic nervous system and inflammation,
which can lead to increased cardiovascular risk. Furthermore, patients with association of these
diseases, so called “overlap syndrome”, are exposed to an even greater risk [7].

Some patients with advanced stages of COPD have right HF with peripheral edema and have
increased likelihood of OSAS because of the shift of the rostral fluid from the legs during the night [45].

Chronic kidney disease is significantly more prevalent in the group of HFmrEFE. Reports from
ESADA (Sleep apnea network/European sleep apnea database) cohort study identify that in OSAS
patients, decrease of GFR was predicted by baseline characteristics like older age, female gender,
obese patients and severe nocturnal hypoxemia and by comorbidities like heart failure and
arterial hypertension [46].

Several studies reported that HFmrEF patients have an increased risk of CAD as HFrEF
patients, but all-cause mortality was similar to HFpEF [47,48]. The prognosis of HFE, regardless
of EF, was correlated with common risk factors, such as age, underlying disease and comorbidities [49].

Chioncel et al. found that the long-term mortality rate in HFmrEF was between those patients
with HFpEF and HFrEF [50], whereas Pascual-Figa et al. showed that HFmrEF patients match a clinical
profile similar to HFrEF, with an increased risk of cardiovascular mortality, rather than HFpEF [51].
Still, there are contradictory data from other recent studies which showed that HFmrEF patients have
a prognosis similar to HFpEF patients [52,53]. The results of treatment in the latest publication show
increased controversies [54].

5. Study Limitations

This study has several limitations. The studied population is relatively small, and even smaller
for the subjects with HFrEF. There are no data about sleep since we did not perform full-night assisted
polysomnography. The results need to be confirmed by larger studies.

6. Conclusions

Patients with OSAS and HF with mid-range EF may represent a new group of patients with
increased risk of developing life-long chronic kidney disease, diabetes mellitus, and tricuspid and
aortic insufficiency. COPD, myocardial infarction, impaired heart parietal kinetics and CAD are the
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most prevalent comorbidities in HFrEF patients, but the prevalence of these is closer to that of HFmrEF
than HFpEF. More studies are needed, on larger groups of patients, to determine how OSAS is involved
in the progression of HF, from borderline ejection fraction to more severe heart failure.
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Abstract: Background and Objective: Obstructive sleep apnea (OSA) is a common chronic disorder
worldwide, which can adversely affect the cardiovascular system among non-communicable disease
(NCD) patients. It is underdiagnosed—or rather not diagnosed—in primary care settings due
to the costly diagnostic techniques involved. This study aimed to assess the number of study
participants at risk of developing OSA and to assess and quantify the risk factors associated with this
disorder. Materials and Methods: A cross-sectional study was performed in an NCD clinic of a rural
health training center, Karikalampakkam, Puducherry of South India from August 2018 to October
2018. A Modified Berlin Questionnaire (MBQ) was used to screen the study participants at risk for
OSA. Four-hundred-and-seventy-three people aged 18 years and above were included in the study,
using systematic random sampling. Respondents’ socio-demographic and morbidity characteristics,
as well as clinical and anthropometric parameters including body weight, height, blood pressure, neck,
hip and waist circumference were collected. Data was captured using Epicollect5 and analyzed using
SPSS version 20.0. Results: One-fourth (25.8%) of the respondents were at high risk of developing OSA.
In terms of gender, 27.9% of the men and 23.8% of the women were at high risk for OSA. In univariate
analyses, the risk of developing OSA was significantly associated with a history of diabetes mellitus,
hypertension, dyslipidemia and gastro-esophageal reflux disease, weight, body mass index, neck,
waist and hip circumference, waist-hip ratio, and systolic and diastolic blood pressure. Multivariate
logistic regression analysis showed that a history of dyslipidemia (aOR, 95% CI = 2.34, 1.22-4.48),
body mass index (aOR, 95% CI = 1.15, 1.06-1.22) and waist circumference (aOR, 95% CI = 1.10,
1.07-1.14) emerged as significant predictors of risk for OSA. Conclusions: A considerable proportion
of NCD patients with easily detectable attributes are at risk of developing OSA, but still remain
undiagnosed at a primary health care setting. The results obtained using MBQ in this study were
comparable to studies performed using polysomnography. Dyslipidemia, body mass index and waist
circumference were independent risk factors for predicting a risk of developing OSA. Prospective
studies are needed to confirm whether a reduction in these risk factors could reduce the risk for OSA.

Keywords: obstructive sleep apnea; non-communicable disease; Modified Berlin Questionnaire;
dyslipidemia; body mass index; waist circumference
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1. Introduction

Obstructive sleep apnoea (OSA) is a common disorder, characterized by repeated episodes of
a complete or partial collapse of the upper airway (chiefly the oropharyngeal tract) at the time of
sleep, with a subsequent reduction of the airflow [1]. In India, OSA prevalence varies from 9.3% to
13.7% [2,3]. The causes of developing OSA are multifactorial, comprising of a multifaceted interaction
between anatomic, neuromuscular issues, along with an underlying genetic predisposition toward the
disease [4]. The risk factors consist of snoring, a male gender, middle age, menopausal women, obesity
and a range of craniofacial and oropharyngeal structures such as a bulky neck circumference, retro-or
micrognazia, a nasal impediment, expended tonsils, and a low-lying soft palate [4,5].

As the ailment advancements, the sleepiness gradually becomes dangerous, resulting in reduced
accomplishments at work and major job- and road-related mishaps [6]. Furthermore, many patients can
suffer from cognitive and neurobehavioral impairment, an inability to concentrate, memory loss and
mood variations such as irritability and depression. This further disrupts a person’s performance at
work with significant results [7]. Sleep-related hypoxia has been linked with a systemic inflammation
that may contribute to the commencement or quickening of the process of atherogenesis [8]. In addition,
a significant metabolic deterioration arises in OSA independently from weight [6]. Insulin resistance,
type 2 diabetes, and disturbed serum lipid parameters—broadly observed in patients with OSA—further
increase in risk of cardiovascular illness [6,9-11].

Regrettably, numerous sufferers of OSA are undiagnosed [12]. This is likely because the standard
measurement for diagnosis is overnight polysomnography (PSG) which is costly and not generally
available [13]. Likewise, the attendant uneasiness of patients spending the whole night in sleep
laboratories makes it rather impractical for large numbers of patients—whether as a diagnostic
measurement tool or as a screening protocol [13].

A reasonable explanation for the foregoing difficulties in sleep study has been the advancement
of questionnaires estimating sleep-related disorders and OSA [14]. Previous studies have utilized the
standardized questionnaires like the Epworth sleepiness scale (ESS), the STOP (snoring, tiredness,
observed apnea, high blood pressure) questionnaire, and the Cleveland sleep habits questionnaire
(CSHQ) [13-15]. Still, the Berlin Questionnaire (BQ) remains the most extensively used screening
questionnaire for OSA [15]. A Modified Berlin Questionnaire has been developed to suit Asian
populations. Previously, the predictive value of the Modified Berlin Questionnaire for identifying the
risk of developing OSA has been analyzed by using the receiver operating characteristic (ROC) curve,
that resulted in a sensitivity of 85% and specificity of 95%. The positive predictive value was 96%
and the negative predictive value was 82%. Questions about the symptoms demonstrated internal
consistency (Cronbach o correlations 0.92-0.96) [16].

Research conducted in developed countries to illustrate and establish the risk factors linked
with OSA reported that few of the risk factors are preventable [6,17,18]. Therefore, in this study,
we focused on assessing and quantifying the risk factors associated with OSA and estimating the
proportion of study participants who are at high risk of developing OSA, visiting an NCD clinic in
a rural health training center attached to a tertiary care hospital of Puducherry, using the Modified
Berlin Questionnaire. Additionally, we analyzed the cut-off value of waist circumference and BMI to
predict the risk of developing OSA in the recruited subjects.

2. Materials and Methods

2.1. Study Setting

This facility-based cross-sectional study was undertaken in a peripheral health care setting
from August 2018 to October 2018, among patients attending a non-communicable disease clinic.
The rural health training centre (RHTC), Karikalampakkam, is one of the field practice areas of the
department of community medicine—Indira Gandhi Medical College and Research Institute—located
in the Union Territory of Puducherry, India. This RHTC caters for a population of around 37,000.
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Non-communicable disease clinics are conducted on a bi-weekly basis where new (i.e., referred from
an out-patient department and an in-patient department) and old diabetic, hypertensive and cardiac
cases come for a regular check-up as well as to collect their medication. Routinely, between 150 and
200 NCD patients are seen in a single NCD clinic day.

2.2. Inclusion Criteria

All Patients more than or equal to 18 years of age and less than or equal to 70 years attending
NCD clinic for the first time during the study period were included in the study.

2.3. Exclusion Criteria

Those with inadequate time (<6 h) in bed for sleeping (as adequate sleep is defined as between 6
and 8 h per night regularly) [19-23], extraneous sleep disruption (e.g., babies/children) and with shift
work were excluded from the study.

2.4. Sample Size Estimation

Considering that the prevalence of OSA among the adult population is 13.7% [3], and taking the
alpha error as 5% and absolute error of margin as 5%, the minimum sample size was calculated as 185.
With the design effect of 2 for this systematic random sampling technique and the 10% non-response
rate, we decided to take a minimum of 410 samples.

2.5. Sampling Technique

The study was conducted by interviewing every 3rd patient attending the NCD clinic following
systematic random sampling.

2.6. Study Tool

The study participants were interviewed using a pre-tested semi-structured questionnaire,
with questions on socio-demographic data, anthropometric data for assessing risk factors and the
Modified Berlin questionnaire [16] for screening OSA. Physical parameters like height, weight,
neck circumference, waist circumference, hip circumference, and BP were measured using standard
procedures. A score of 2 or more positive categories indicates a high risk for OSA syndrome and only 1
or no positive category indicates a low risk for OSA syndrome.

2.7. Ethics

The data collection began after obtaining permission from the Institutional Ethics Committee
located in Indira Gandhi Medical College & Research Institute, Kathirkamam, Puducherry, with its
approval letter No. 17/IEC/IGMC/F-7/2017/28 dated 12 August 2017. Informed written consent was
obtained from the study participants after explaining the objectives of the study.

2.8. Statistical Methods

The data was collected using epicollect5 and analyzed using Epi-info and SPSS version 20.
The normality of the data distribution was assessed using the Shapiro-Wilk Test. Since the p value of
the Shapiro-Wilk Test was greater than 0.05, the data distribution was normal and parametric tests were
applied. The quantitative data was represented as mean and standard deviation and the qualitative
data was described by proportions and percentages. The chi-squared test and Student t-test were used
based on the data variables. A binomial logistic regression analysis was performed to determine the
confounding factors and find the adjusted odds’ ratio. A receiver operating a characteristic curve
analysis with the Youden index | statistic was performed to assess the optimal cut-off point for the
significant anthropometric indices predicting risks of developing OSA. A p value of less than 0.05 was
considered statistically significant.
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3. Results

A total of 473 NCD patients participated in this study. The mean age of the study participants
was 51 + 11.34 years. The descriptive profile and univariate analyses of the study subjects are shown
in Table 1. About 51% of the study subjects were males and so the male—female proportion is almost
equal. The majority (67%) were less than 60 years old. Most of them (85%) were married. Almost
54% were sedentary workers, while the remainder were either moderate workers or heavy workers.
A majority (75%) were non-smokers and non-drinkers of alcohol. About half of them were diabetic and
hypertensive, and more than 15% had higher blood cholesterol and respiratory illness. Table 1 gives
the association of socio-demographic and morbidity factors with risks of developing OSA. Among the
study participants, 25.8% had a high risk of developing OSA based on the modified Berlin questionnaire
criteria. From this study, it was found that a history of diabetes mellitus, hypertension, dyslipidemia
and GERD were significantly associated with a greater risk of developing OSA.

Table 1. Association of socio-demographic and morbidity factors with risks of developing obstructive
sleep apnea (OSA) (n = 473).

. High Risk for Low Risk for # Unadjusted OR

Variable OSA (%) OSA (%) p Value 95% CI)
Gender
Male 64 (27.9) 165 (72.1) 0.299 1.244 (0.823-1.879)
Female 58 (23.8) 186 (76.2)
Age
</=60 years 84 (26.3) 235 (73.7) 0.700 1.091 (0.701-1.699)
>60 years 38 (24.7) 116 (75.3)
Marital status
Others (unmarried/widow/divorce) 20 (29.9) 47 (70.1)
Married 102 (25.1) 304 (74.9) 0.413 1.268 (0.718-2.241)
Occupation
Sedentary worker 66 (25.6) 192 (74.4)
Moderate worker 47 (26.4) 131 (73.6) 0.847 0.958 (0.620-1.480) Ref
Heavy worker 9 (24.3) 28 (75.7) 0.870 1.069 (0.480-2.383) Ref
Smoking history
Smoker 38 (31.9) 81 (68.1) 0.077 1.508 (0.955-2.381)
Non-smoker 84 (23.7) 270 (76.3)
Alcohol history
Drinker 36 (31.0) 80 (69.0) 0.137 1.418 (0.893-2.251)
Non-drinker 86 (24.1) 271 (75.9)
History of diabetes mellitus
Yes 75(32.3) 157 (67.7) 0.001 1.972 (1.294-3.004)
No 47 (19.5) 194 (80.5)
History of hypertension
Yes 83 (31.0) 185 (69.0) 0.003 1.910 (1.237-2.948)
No 39 (19.0) 166 (81.0)
History of Dyslipidemia
Yes 32(45.1) 39(54.9) <0.001 2.844 (1.686-4.799)
No 90(22.4) 312(77.6)
History of Respiratory illness *
Yes 24(30.8) 54(69.2) 0.272 1.347 (0.791-2.294)
No 98(24.8) 297(75.2)
History of GERD
Yes 32(38.1) 52(61.9) 0.004 2.044 (1.241-3.369)
No 90(23.1) 299(76.9)
History of Sore throat
Yes 10(30.3) 23(69.7) 0.539 1.273 (0.588-2.758)
No 112(25.5) 328(74.5)

* Asthma/COPD; # Chi-square test; OR: odds ratio; CI: confidence interval; OSA: obstructive sleep apnoea; GERD:
gastro-esophageal reflux disease.
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The mean neck circumference, waist circumference and hip circumference of the study participants
with a high risk of developing OSA was 37.26 + 3.51 cm, 95.03 + 8.49 cm and 104.47 + 7.78 cm respectively.
The mean waist-hip ratio among those with a high risk of developing OSA was 0.91, compared to a
ratio of 0.89 among those with a low risk of developing OSA. The mean weight among those with
a high risk of developing OSA (72.83 + 10.75 kg) was a little higher than those with a low risk of
developing OSA (63.83 + 10.59 kg). As shown in Table 2, there was a statistically significant difference
in the mean neck circumference, weight, body mass index, waist circumference, hip circumference,
waist-hip ratio, systolic blood pressure and diastolic blood pressure between groups considered to be
at a high risk and those considered to be at a low risk of developing OSA. In the univariate analyses,
it was found that six out of seven anthropometric factors were significantly associated with a high risk
of developing OSA.

Table 2. Association of clinical and anthropometric factors with risk for OSA (n = 473).

Variable High Risk for OSA Low Risk for OSA Value $ Mean Difference
b (N=122) (Mean +SD) (N =351) (Mean +SD)  P~V31€ (95% CI)

Neck circumference (cm) 37.26 (3.51) 36.18 (3.34) 0.003 1.080 (0.362-1.798)
Weight (kg) 72.83 (10.75) 63.83 (10.59) <0.001 8.99 (6.77-11.21)
Height (cm) 159.20 (8.27) 158.08 (8.29) 0.198 1.12 (~0.59-2.84)
BMI (kg/sq.m) 28.81 (4.23) 25.57 (4.03) <0.001 3.24 (2.37-4.11)
Waist circumference (cm) 95.03 (8.49) 86.62 (8.87) <0.001 8.41 (6.63-10.19)
Hip circumference (cm) 104.47 (7.78) 97.40 (7.79) <0.001 7.06 (5.45-8.67)
Systolic blood pressure 141.57 (14.86) 133.77 (15.75) <0.001 7.81 (4.68-10.93)
(mmHg)
Diastolic blood pressure 86.42 (9.00) 83.07 (10.49) 0.001 3.35 (1.40-5.30)
(mmHg)
Waist Hip Ratio 0.911 (0.067) 0.892 (0.088) 0.015 0.019 (0.0037-0.0338)

$ Students t test; SD: standard deviation; CI: confidence interval; OSA: obstructive sleep apnoea; BMI: body
mass index.

In Table 3, the variables which were found to be significant from the univariate analyses (p < 0.05)
in Tables 1 and 2 were considered for binomial logistic regression analysis. However, on further analysis
using binary logistic regression, only three risk factors were found to be associated significantly with a
high risk of developing OSA. These were dyslipidemia (aOR 2.342, 95% CI 1.224—4.482), body mass
index (aOR 1.147, 95% CI 1.075-1.223) and waist circumference (aOR 1.102, 95% CI 1.065-1.141),
as presented in Table 3.

Table 3. Predictors of risk for OSA by binary logistic regression analysis (1 = 473).

Adjusted Odds

B S.E. Wald p-Value Ra]tio (95% CI)
History of DM (No as reference) 0.380 0.252 2274 0.132 1.462 (0.892-2.394)
History of Dyslipidemia (No as 0.851 0331 6.601 0010 2342 (1.224-4.482)
reference)
History of GERD (No as reference) 0.093 0.309 0.092 0.762 1.098 (0.600-2.010)
Neck circumference 0.017 0.037 0.210 0.647 1.017 (0.947-1.092)
Body mass index 0.137 0.033 17.344 0.000 1.147 (1.075-1.223)
Waist circumference 0.097 0.017 31.090 0.000 1.102 (1.065-1.141)
Systolic blood pressure 0.019 0.010 3.748 0.053 1.019 (1.000-1.038)
Diastolic blood pressure —0.006 0.014 0.166 0.683 0.994 (0.968-1.021)
Constant -16.670 2.248 54.985 0.000 0.000

OSA: obstructive sleep apnoea; B: estimated logit coefficient; SE: standard error of the coefficient; Wald: test statistic
using chi-square test; CI: confidence interval; DM: diabetes mellitus; GERD: gastro-esophageal reflux disease.

As depicted in Table 4, the area under the ROC curve was statistically significant in terms of waist

circumference and body mass index, and the cut-off value had a high level of predictive accuracy
for detecting the risk of developing OSA in both genders. In Figure 1, the values 94.0 cm for waist
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circumference (sensitivity, 73%; specificity, 74%), and 24.0 kg/m2 for body mass index (sensitivity, 94%;
specificity, 44%) represented the optimum cut-off for males. In Figure 2, the values of 92 cm for waist
circumference (sensitivity, 62%; specificity, 77%), and 27 kg/m2 for body mass index (sensitivity, 78%;
specificity, 60%) represented the optimum cut-off for females.

Table 4. Cut-off values for waist circumference and body mass index to predict the risk of developing
OSA in males and females.

Waist Circumference Body Mass Index

Male Female Male Female
Area under the ROC
curve (95% CI) 0.79 (0.70-0.87)  0.74 (0.65-0.83)  0.74 (0.64-0.82) 0.73 (0.63-0.82)
p-value <0.001 <0.001 <0.001 <0.001
Cut-off value 94.0 cm 92.0 cm 24.0 kg/m? 27.0 kg/m?
Sensitivity 73% 62% 94% 78%
Specificity 74% 77% 44% 60%

ROC curve: receiver operating characteristic curve; CI: confidence interval.
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Figure 1. Receiver operating characteristic analysis to determine the optimal cut-off values of the
significant anthropometric indices to predict the risk of developing obstructive sleep apnea (OSA) in
males. WC: waist circumference; BMI: body mass index; AUC: area under the curve.
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Figure 2. Receiver operating characteristic analysis to determine the optimal cut-off values of the
significant anthropometric indices to predict the risk of developing obstructive sleep apnea (OSA) in
females. WC: waist circumference; BMI: body mass index; AUC: area under the curve.

4. Discussion

This facility-based study was conducted among NCD clinic attendees in a rural health training
center under a medical college in Puducherry, using a Modified Berlin questionnaire which is a
widely used, validated, reliable and simple tool for predicting the risk of developing OSA [11,12].
The proportion of patients attending the NCD clinic who were at a high risk of developing OSA was
found to be 25.8% in this study. Viswanathan et al. documented that 23.65% of the study subjects
attending diabetic clinic in Chennai had OSA [24]. Though this study utilized the Apnea-Hypopnea
Index (AHI) to determine OSA, the present questionnaire-based study result matches with the above
findings. Rashid et al. reported that 19.4% of the primary care clinic attendees in Malaysia were at a
high risk of developing OSA when assessed using the BQ [25]. The lower prevalence in that study
could be due to the fact that all of the patients attending the hospital were randomly assessed, whereas
the present study focused only on the NCD clinic attendees. The present study observed that males
(27.9%) were at a higher risk of developing OSA compared to females (23.8%). Similarly, a higher male
preponderance for developing OSA has been documented by different researchers [24,26].

Despite the biologic plausibility of an association between smoking and the development of OSA,
and the high prevalence of both the disorders, there is no adequate evidence to establish a significant
relationship clinically [27]. This finding from the systematic review agrees with our study results.
Simou et al. stated in their meta-analysis that people who consumed alcohol were about 25% more
likely to suffer from OSA [28]. Consumption of alcohol increases the risk of developing OSA by
reducing genioglossal muscle tone, leading to upper airway collapse and increased upper airway
resistance [28]. The present study exhibited an association, though not one which was statistically
significant. The reason could be that their treatment for the non-communicable disease may have
prevented them from consuming alcohol and smoking.

Huang et al. identified a bidirectional association between OSA and diabetes mellitus in a
large population-based study [29]. A similar association has been observed in the present study
in the univariate analyses. Recurrent catecholamine production due to recurrent hypoxemia in
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OSA can impair glucose tolerance, reduce insulin sensitivity and cause type 2 diabetes mellitus [29].
Regarding diabetes mellitus and incident OSA, plausible factors like insulin resistance, leptin resistance,
elevated systemic inflammatory metabolites and oxidative stress could reduce the airway response to
hypercapnia, impair the neuromechanical control of airways and weaken the upper airway respiratory
muscles—predisposing a person to developing OSA [29].

In a systematic review, Hou et al. reported that OSA and hypertension had a significant
association [30], which corroborates the present study’s findings in the univariate analyses. Intermittent
hypoxia in recurrent OSA can upregulate the sympathetic nervous system and cause sustained
hypertension [30,31].

Kim et al. ascertained that esophagogastroduodenoscopy-proven GERD was significantly
associated with OSA, which substantiates our study’s results. A recurrent upper airway narrowing
among OSA patients during sleep could result in negative intra-thoracic pressure during inspiration [32].
The increased intrathoracic pressure might facilitate acid reflux into the esophagus, which finally leads
to GERD [32]. GERD could deteriorate OSA by aggravating the airway resistance by causing posterior
laryngitis [32].

The present study observed a strong association between dyslipidemia and OSA, which
corroborates the findings which have been stated by Adedayo et al. in their systematic review [33].
Gilindiiz et al. observed a significant association between higher total cholesterol, higher
LDL-cholesterol, elevated triglycerides, lower HDL-cholesterol and OSA [34]. Recurrent hypoxia
during sleep in OSA patients could generate stearoyl-coenzyme A desaturase-1 and oxygen free
radicals, leading to lipid peroxidation and eventually, dyslipidemia [33].

Kang HH et al. conducted a study among patients attending sleep clinics in Korea and found that
the adjusted odds’ ratio and 95% CI for body mass index, neck circumference and waist circumference
were 1.364 (1.22-1.53), 1.414 (1.24-1.62) and 1.114 (1.07-1.16) respectively [35]. The present study
identified a similar risk in the anthropometric indices, except for neck circumference, as this study
was conducted in non-communicable disease clinic. In a study which was conducted among the
Turkish population, Soylu et al. found that BMI values over 28.93 kg/m? in males and over 27.77 kg/m?
in females increased the risk of developing OSA [36]. Kang HH et al. found, in a study which
was conducted among the Korean population, that BMI values over 24.95 kg/m? in males and over
23.05 kg/m2 in females increased the risk of developing OSA [35]. The cut-off value for BMI being
a risk factor for the development of OSA was over 24.00 kg/m? in males and over 27.00 kg/m? in
females in the present study. The waist circumference cut-off for predicting the risks of developing
OSA mentioned by Kang HH et al. was >105 cm for males and >101 cm female [35], whereas the
present study delivered figures of >94 cm for males and >92 cm for females. The reason for these
variations in the cut-off points could be the regional and hormonal influence in determining these
factors. Subramanian S et al. established a gender difference concerning the risk factors for developing
OSA where females had a higher BMI, higher hip circumference, lower waist-hip ratio, thin neck
circumference and similar waist circumference compared to males. The present study also found a
gender difference which was documented in Figures 1 and 2, where a high BMI and similar waist
circumference were observed among females compared to males as the cut-off to identify the risk of
developing OSA [37].

This study has some limitations which must be discussed. First, because the current study
was a cross-sectional study, the temporal association could not be assessed. Second, the predictive
performance of modified BQ for the risk categorization of developing OSA, was not comparable to
gold standard overnight polysomnography. This BQ has the highest sensitivity and specificity among
the available tools for assessing the risk for OSA and is also a valid and reliable screening tool to be
used in resource constraint settings. Third, the study subjects were taken from the NCD clinic and so
generalizations had to be discussed based on these settings. Since non-communicable diseases have
been escalating in India [38], the present study could show the magnitude and determinant factors of
this neglected NCD.
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5. Conclusions

OSA was determined as a common disorder among non-communicable disease patients, as it was
observed in 27.9% and 23.8% of males and females, respectively. Dyslipidemia, body mass index and
waist circumference were independent risk factors for predicting the risk of developing OSA, based on
multivariate regression analysis. In addition, the present study reported the cut-off values of body
mass index and waist circumference that increase the risk for OSA.
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Abstract: Background and Objectives: Obstructive sleep apnea syndrome (OSAS) represents an
independent risk factor for cardiovascular, metabolic and neurological events. Polysomnography is
the gold-standard for the diagnosis, however is expensive and time-consuming and not suitable for
widespread use. Breath analysis is an innovative, non-invasive technique, able to provide clinically
relevant information about OSAS. This systematic review was aimed to outline available evidence on
the role of exhaled breath analysis in OSAS, taking into account the techniques’ level of adherence to
the recently proposed technical standards. Materials and Methods: Articles reporting original data
on exhaled breath analysis in OSAS were identified through a computerized and manual literature
search and screened. Duplicate publications, case reports, case series, conference papers, expert
opinions, comments, reviews and meta-analysis were excluded. Results: Fractional exhaled Nitric
Oxide (FeNO) is higher in OSAS patients than controls, however its absolute value is within reported
normal ranges. FeNO association with AHI is controversial, as well as its change after continuous
positive airway pressure (C-PAP) therapy. Exhaled breath condensate (EBC) is acid in OSAS, cytokines
and oxidative stress markers are elevated, they positively correlate with AHI and normalize after
treatment. The analysis of volatile organic compounds (VOCs) by spectrometry or electronic nose is
able to discriminate OSAS from healthy controls. The main technical issues regards the dilution of
EBC and the lack of external validation in VOCs studies. Conclusions: Exhaled breath analysis has
a promising role in the understanding of mechanisms underpinning OSAS and has demonstrated
a clinical relevance in identifying individuals affected by the disease, in assessing the response to
treatment and, potentially, to monitor patient’s adherence to mechanical ventilation. Albeit the
majority of the technical standards proposed by the ERS committee have been followed by existing
papers, further work is needed to uniform the methodology.

Keywords: obstructive sleep apnea; inflammation; FeNO; exhaled breath condensate; volatile
organic compounds

1. Introduction

Obstructive sleep apnea syndrome (OSAS) is a highly prevalent sleep breathing disorder
characterized by intermittent reduction (hypopnea) and/or cessation (apnea) of airflow due to upper
airways collapse and represents an independent risk factor for cardiovascular [1,2], metabolic [3],
neurological diseases [4,5], and motor vehicle accidents [6]. The disease is also common in children,
with a prevalence of 1-4%, and associates with behavioral and cognitive deficits [7,8]. The exact
mechanism underpinning these detrimental effects is still unknown, however the pro-inflammatory
state and the oxidative stress likely due to the intermittent hypoxia are deemed to play a key role [9];
indeed, the use of a continue positive airways pressure ventilation (C-PAP) has demonstrated to
be effective in reducing the airways collapse, minimizing the endothelial stress and, consequently,
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the pro-inflammatory state [10]. Given the severity of the complications, a correct diagnosis is
warranted and the gold-standard is represented by polysomnography (PSG) [11] that, however requires
specialized personnel and devoted setting which limits a wide use of the tool and compels to screen
the population to refer to the specialist. Questionnaires are validated screening tools, however up
to 45% of patients referred with the suspicion of OSAS are not confirmed by PSG [11,12], thus new
approaches in identifying patients affected by OSAS need to be identified.

Exhaled breath is abundant in volatile organic compounds (VOCs), part of which are endogenous
and produced by cellular metabolism. Exhaled breath analysis, proved to detect the metabolic changes
induced by OSAS, can be applied as a non-invasive tool able to shed light on the pathways modified
by the disease, and also to provide a more rapid and economic instrument for diagnosis, monitoring
and, eventually, characterization of the disease. Systematic reviews in this field of research are already
available in literature [13,14], but, recently, several studies have been published that have enriched the
available amount of evidence; furthermore, all the available reviews preceded the recently published
European Respiratory Society (ERS) statement about the technical standards to follow in the exhaled
breath analysis published in 2017 [15] and is therefore unclear, at the moment, to which extent the
previous works adhered such methodological standards.

The aim of this systematic review is therefore to outline the newly available evidences on the
exhaled breath analysis role in OSAS, taking into account whether they conform to the proposed ERS
technical standards.

2. Materials and Methods

We performed a computerized and manual literature search on PubMed, limited to English
language articles published up to May 2019, to identify articles reporting original data on exhaled
breath analysis in obstructive sleep apnea. We entered the following MeSH terms: Obstructive Sleep
Apnea; Obstructive Sleep Apneas Syndrome; OSA; OSAS; in combination with: volatile organic
compounds; VOC; electronic nose; gas chromatography mass spectrometry; spectrometry; exhaled
breath condensate; EBC; nitric oxide; FeNO. Two authors (PF. and S.S.) performed the literature search
and assessed the eligibility of identified publications independently. All studies that evaluated exhaled
breath analysis in OSAS were screened. Duplicate publications, case reports, case series, conference
papers, expert opinions, comments, reviews and meta-analysis were excluded. The selection process is
summarized in Figure 1. The literature search has been integrated with other relevant studies about
methodological and clinical issues.
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1738 publications identified through data-
base search
MeSH: “obstructive sleep apnea’, “obstructive sleep
apneas’,“OSA’, “OSAS, “volatile organic compounds’,
“VOC', “electronic nose,""gas chromatography mass
spectrometry”, “spectrometry’, “exhaled breath
condensate’, “EBC, "nitric oxide’, “FeNO"

194 excluded because not

orginal research
(eg reviews, case reports)

1544 original research
Selection criteria: clinical studies in
obstructive sleep apnea

1159 excluded because not
meeting the selection criteria
(eg articles on diseases other than
OSAS, validation of exhaled breath

analysis techniques)

42 publications included in
the review

Figure 1. PRISMA diagram showing the flow of information through the different phases of the
reviewing process.

3. Results

The thirty-six studies included in the review encompass the three main domains of exhaled breath
analysis: the fractional exhaled nitric oxide (FeNO), the exhaled breath condensate (EBC) and the
exhaled VOCs. The characteristics of the main studies included in the review are summarized in
Tables 1-3.

3.1. FeNO and Exhaled Carbon Monoxide (eCO)

Nitric oxide (NO) is a gaseous molecule produced by nitric oxide synthase (NOS) enzymes
from L-arginine and oxygen. There are three isoforms of NOS, two are constitutively produced
(endothelial NOS-eNOS- and neuronal NOS—-nNOS-) and one is inducible (iNOS), increasing during
inflammation [16], as that characterizing airways in asthmatic patients. Indeed, the FeNO in the gas
phase emerged in the last decade of the last century as an innovative diagnostic marker of asthma [17,18].
Being non-invasive and easy to perform, FeNO raised a wide interest, allowing a deeper understanding
of mechanisms underpinning its production and addressing technical issues related its measurement.
Nowadays, FeNO is considered a marker of T-helper 2 cell-type inflammation, rather than a marker of
asthma per se, and a marker of response to corticosteroid treatment in those patients [19].

The study of FeNO in the diagnosis of OSAS has led to contradictory findings. Indeed, while
some studies described a raising of FeNO level in OSAS [20-25], the majority did not confirm the
finding [26-30] or just showed a higher concentration in OSAS patients when compared with non-obese
healthy controls [31-33]. Besides, even considering only those studies with a positive finding, the FeNO
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level, albeit statistically higher than healthy controls, did not reach a clinical significance. Indeed, in all
studies the mean FeNO expressed in part per billion (ppb) was below 30 ppb, which means that OSAS
patients are classified in the group of individuals without airway inflammation (or without eosinophilic
inflammation) or in the grey zone between 25 and 50 ppb according to the ATS guidelines [19], the same
groups of healthy controls. One possible explanation of the low level of FeNO despite the inflammatory
state can be the different location of the process, closer to the alveoli than the airways or in the opposite,
as the result of a topical, mechanically induced inflammation at the level of the upper airway caused
by snoring and apnea associated mechanical stress [34,35]. Indeed, international guidelines suggest
to use a flow of 50 mL/s for the measurement of FeNO, however it is not high enough to allow the
collection of the alveolar portion of NO [36]. Albeit some studies have found a statistically significant
higher concentration of exhaled nitric oxide (eNO) at a flow of 250 mL/s or more in association with an
elevated concentration of NO in the gas phase of Alveoli (CaNO) [22,25,37], Fortuna and colleagues
reported a lower CaNO in OSAS patients than healthy controls [23] and Foresi and colleagues did
not find a difference in CaNO between normotensive OSAS patients and controls [30]. The more
validated hypothesis is that the increased inflammation damages the alveolar endothelium reducing
the expression of the eNOS and the diffusion of NO [38]. Mechanisms of inflammation induced by
OSAS are reproduced in Figure 2.

OSAS/Intermittent Hypoxia |

Leukocytes

Increased production of Nitric
Oxide (NO)

l

Increased production of
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Endothelial cells
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|
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\ and isoprostane production /

{ )
i
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Increased syntesis of
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Figure 2. Principal inflammatory pathways induced by OSAS.

Furthermore, it is still unclear whether an overnight change in the production of eNO exists or not.
While some studies reported an overnight increase in FeNO [20,24] and in the concentration of nitric
oxide exhaled by the nose (nasal nitric oxide-nNO-) and by the mouth (orale nitrix oxide-oNO-) [39]
in OSAS patients [20,39], other studies failed to confirm the evidence [21], or they found an overnight
increase limited to subgroups of OSAS, such as obese OSAS patients [29] or children with mild OSAS
but not moderate/severe [28], or healthy controls [39].

Finally, eNO has been proposed as a marker to monitor the efficacy of C-PAP therapy. Indeed,
evidence in literature suggests that one-to-three month C-PAP treatment is effective in reducing
FeNO [22-24] and increasing CaNO [23]. The effect should also be time-dependent, at least for
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FeNO, since a single or 2-nigth treatment with C-PAP increases CaNO [30,40] but do not reduce
FeNO [30]. This suggest that C-PAP, normalizing oxygen saturation, reduces inflammation and
oxidative stress, promoting alveolar endothelial function and therefore candidates CaNO as a marker
of endothelial function.

Even the association of the eNO with the apnea-hypopnea index (AHI) is controversial. Indeed,
while some studies found a strong and positive correlation between FeNO and AHI, with a r of
0.8-0.9 [23,33], or oNO and AHI (r: 0.46) [32] and a negative one between CaNO and AHI, with a r of
0.9 [23], this was not confirmed by other studies [20-22,27,28,39 41].

Knowledge about exhaled carbon monoxide (eCO) in OSAS is more limited than FeNO. To the
extent possible, eCO has been reported higher only in severe OSAS [42], it has a weak correlation with
AHI [42] and it is not normalized after one-month of C-PAP [22], probably because it needs a longer
period to be normalized.

3.2. Exhaled Breath Condensate

The alveolar and airway lining fluids (ALF) contain hydrophobic and hydrophilic nonvolatile
and volatile compounds which are continuously released into the environment as droplets created
during breathing. In contrast to bronchoalveolar lavage, EBC is a noninvasive way to sample these
compounds by directing the exhaled breath through a cooling device. The sample, mostly composed
by water vapour, can be stored or immediately analyzed. Albeit noninvasive, EBC composition is
highly influenced by the collection and the condenser procedure, which undermine the reliability of
the achieved results. Principles of functioning of exhaled breath condensate technology is summarized
in Figure 3.
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Figure 3. Principles of functioning of exhaled breath condensate technology.
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3.2.1. EBC pH

Given the inflammatory and pro-inflammatory state characterizing OSAS, EBC pH in OSAS was
expected to be lower than healthy controls. The hypothesis has been confirmed by all the studies carried
out so far, with the exception of that by Greulich and colleagues [43], with a mean absolute value of
EBC pH in OSAS around 7.4, by far below the first quartile of EBC pH distribution in healthy subjects
and equal to the fifth percentile [44]. pH has shown a negative correlation with AHI (r: —0.66), sleep
time with a SaO, < 90% (r: —0.62) and neck circumference (r: —0.63) [31], but also with body-mass index
(BMI) (r: —0.54). Although Petrosyan and colleagues demonstrated that OSAS EBC pH is lower than
controls, even if obese [22], the finding has not been confirmed by Carpagnano et al. [31], raising doubts
about the association between EBC acidity and OSAS. Albeit it is not possible to exclude that obesity,
rather than OSAS, reduces EBC pH, probably by increasing the likelihood to have gastro-esophageal
reflux, it seems that EBC acidity is due to OSAS. Indeed, after the treatment with C-PAP EBC pH
increases [22], becoming closer to normal reference values. A change of the EBC pH after C-PAP or
surgical treatment has not been confirmed by other studies [43,45], however in both cases the EBC
pH value of OSAS patients was already normal at baseline. No significant difference has been found
between OSA smokers and non-smokers [46]. To conclude, all studies analyzing EBC pH performed
de-aeration before the analysis, but did not performed the analysis in real time or immediately after
collection without freezing or storing EBC, as suggested by international guidelines [15]. OSAS seems
to increase EBC acidity, however exist a variability in the EBC pH that compels to investigate the effect
of other factors.

3.2.2. EBC Cytokines

EBC cytokine level has been studied in OSAS patients. As expected, all studies confirmed that the
concentration of IL-6, TNF-«, IL-8 and ICAM-1 is higher than healthy controls, while IL-10 concentration,
which has anti-inflammatory properties, is lower [46-49]. However, there is a wide range of cytokine
concentrations among the studies: indeed, while the mean EBC IL-6 concentration was in the order of
decades of pg/mL in some studies [47,48], it was below the unit in other studies [46,50], notwithstanding
the concentration was expressed in the same unit of measurement. Similarly, the concentration of
TNF-« in the studies of Li and colleagues [48,51] was ten times the concentration of TNF-« in the
study of Antonopoulou and colleagues [46]. Hence, even pro-inflammatory cytokines seem elevated
in OSAS and anti-inflammatory cytokines reduced, sampling procedure should be revised, because
confounding factors, as dilution, seem to have affected the absolute value. Other confounding factors to
take into account are obesity and smoking. Indeed, while some studies do not report a difference in IL-6
level between smoking and non-smoking OSAS patients [46], other studies suggest a pro-inflammatory
effect of smoking [48]. Noteworthy, no doubts are on the pro-inflammatory role of obesity, with all
studies confirming an elevated concentration of EBC IL-6, IL-8 and ICAM-1 in obese than normal
weight individuals [47,49]. Being inflammation in OSAS closely related with intermittent hypoxia, it is
not surprising that AHI was positively correlated with EBC IL-6 (r: 0.6—0.8) [47,48], ICAM-1 (r: 0.7) [49]
and TNF-« (r: 0.85) [48] and negatively correlated with EBC IL-10 (r: —0.63) [51]. As expected, EBC
IL-6 also positively correlated with the neck circumference (r: 0.5) [47]. EBC cytokines are stable over
time if patients do not start a treatment [51], while effective treatment reduces their concentration.
Indeed, even with different absolute values, two studies demonstrating the effectiveness of C-PAP
therapy [50,51], but also the positive role of oral appliances and surgery in abating inflammation and
thus EBC cytokine concentration [51].
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3.2.3. EBC Oxidative Stress

The EBC concentration of 8-isoprostane, a product of the lipid peroxidation of arachidonic acid
and marker of oxidative stress, has been repeatedly found elevated in adult patients affected by
OSAS [22,46-48,52,53], and in children [28]. The mean value in OSAS patients is heterogeneous,
ranging from 6 to more than 30 pg/mL, and overlaps with the mean values observed in healthy
controls [46,48]. Smoking seems to affect the marker concentration [48], while the role of obesity is
conflicting. Indeed, while Petrosyan and colleagues found a higher level of 8-isoprostante in healthy
non obese than obese individuals, both were significantly lower than OSAS patients [22], Carpagnano
and colleagues observed exactly the opposite, also failing to discriminate OSAS from obese controls by
8-isoprostane concentration [47]. 8-isoprostane has shown a positive correlation with AHI, with a » of
0.4-0.5, [22,28,46-48,52,53] and neck circumference (r: 0.5-0.6) [47,52]. Interestingly, the concentration
of 8-isoprostane is higher in the morning than in the evening in OSAS patients, with the latter similar
to the concentration of healthy controls [52]. C-PAP therapy is effective in reducing the concentration
of 8-isoprostane, but it is also reduced by oral appliances and surgery [50-52].

More limited evidence exists on the EBC concentration of hydrogen peroxide (H,O,). To the
extent possible, HyO, seems elevated in OSAS [22,54], regardless of patient’s BMI [22]. Noteworthy,
obesity is associated with an increase in the HO, concentration in healthy controls [22]. H,O, is also
positively associated with the AHI, with the same correlation of 8-isoprostante [22], and thus with the
severity of the disease, being higher in patients with moderate to severe than mild OSAS [54]. This
marker is not modified by one month of C-PAP therapy [22]. While Petrosyan and colleagues clearly
recommended the use of a filter on the inspiratory valve to avoid an environmental conditioning [22],
it is not clear whether Malakasoti and colleagues did the same [54]. Both studies did not perform the
measurement of H,O, immediately after the collection, as suggested by the ERS guidelines [15].

3.2.4. Other EBC Markers

Other markers assessed in the EBC of OSAS patients are: urates, leukotrienes and leptin.
EBC concentration of acid uric, which has antioxidant capacity, has been studied in children and
resulted significantly higher than healthy controls [55], probably having a role in contrasting the
increased oxidative stress driven by the disease. Similarly, leukotrienes (leukotriene B4, which is
also associated with the severity of the disease [22,56] and leukotriene C4/D4/E4), lipid mediators
prompting inflammation, are elevated in OSAS, even though with a completely different absolute value
in pg/mL among studies. Indeed, the concentration found in one study in OSAS patients completely
overlaps with that found in healthy controls in another study [22,56]. Contrary to the expectations,
prostaglandins (PGE2) did not show any difference between children affected by OSAS and controls [56].
Furthermore, no role seems to have leptin as an EBC biomarker of OSAS. Indeed, while obese OSAS
patients have higher concentration than controls, non-obese OSAS and obese controls have the same
concentration, suggesting, together with a strong and positive correlation with BMI, that obesity rather
than OSAS affects the concentration of this mediator [57].

3.3. Volatile Organic Compounds: Spectrometry and Electronic Nose

Exhaled breath is abundant in VOCs with very low concentration, most of which are undetectable
by the human nose. These molecules in part originate from the endogenous metabolism and human gut
and airway microbiome [58], thus their study might provide information about any diseases threatening
the internal homeostasis and thus help address their diagnosis, disease severity stratification and
prognosis, as already demonstrated in other respiratory diseases [59]. To date, there exist two main
approaches to the study of VOCs: the first aims to identify single biomarkers related to the disease in
the mixture of molecules and it is based on the use of spectrometry, often coupled with separation
techniques as gas-chromatography; the second is aimed to identify a pattern in the mixture able to
discriminate, through the use of a pattern-recognition approach, the disease from other conditions and
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it is based on the use of electronic-noses. Both have been applied in the study of OSAS, either alone or
in association.

The use of analytical techniques have demonstrated a good accuracy in discriminating OSAS
patients from healthy controls [60], even if obese [61]. However, no study has so far identified
a single molecule able to discriminate OSAS from controls, thus discrimination is based on a set
of VOCs. Greulich and colleagues reported in their study an increase in OSAS of 2-methylfuran,
2-(methylthio)-ethanol and hexanal and a reduction in 3-methylbutanal or 3-methylbutyraldehyde
and acetone [60]. Interestingly, an increase in 2-methylfuran in serum and pharyngeal wash of those
patients was also reported. However, none of the compounds described by Greulich were also
identified by Dragonieri and colleagues, who reported a good discriminative capacity between OSAS
and obese controls basing on the following compounds: tetrachloroethene, 2,3,5-trimethylhexane,
-pinene, 1,3,5-trimethylbenzene, 9-methylacridine, tetradecane, 6,10-dimethyl-5,9-undecadien-2-one
and B-ionone [61]. Besides, Aoki and colleagues found that although almost all the aromatic and
satured hydrocarbons are more expressed in the exhaled breath of severe OSAS patients, only isoprene
is always elevated in OSAS, regardless the severity of the disease [62].

A good discriminative accuracy in discriminating OSAS from normal weight controls and chronic
obstructive pulmonary disease (COPD) patients has also been demonstrated by the use of electronic
noses, which showed a lower accuracy in discriminating people affected by the disease from healthy
obese controls [43,63-65]. Asalready observed for other exhaled breath markers (e.g., 8-isoprostane), the
breath pattern changed overnight in OSAS patients but not in controls, likely due to the inflammation
and oxidative stress promoted by the intermittent hypoxia; indeed there was a difference in breath
pattern between OSAS and controls only in the morning. Noteworthy, the difference is still present
after the exclusion of patients suffering from gastro-esophageal reflux and COPD [66]. The finding is
in line with that of Olopade and colleagues who reported a higher concentration of oral pentane in
the morning than in the evening [39]. While some studies found a positive correlation between the
breath pattern and the AHI [43], other studies failed to confirm the finding [66]. Albeit apparently
contradictory, it is possible that the association between AHI and breath pattern is mediated by patients’
comorbidities, as suggested by Incalzi and colleagues [67]. Breath-pattern is sensitive to the effects of
the C-PAP therapy, indeed concentrations of isoprene and acetone decrease [62] and it is possible to
discriminate treated and untreated patients with good accuracy [68]; even a single night treatment is
associated with a change in the breath pattern. Interestingly, the breath pattern change does not have
the same characteristics in all OSAS patients, with two different types of response being distinguished
depending on the comorbidities of those individuals [67]. Noteworthily, almost all the studies did
not perform an external validation of the discriminative model, hence it is not possible to exclude an
overfitting of the models, even though minimized by the use of internal cross-validation. Technical
and operative descriptions of these approaches have been summarized in Figure 4 and discussed in
detail elsewhere [69,70].

66



Medicina 2019, 55, 538

100°0> +(0)8Y +ON 0L s/Tw 5
o 5T 5 Sed
SN L@D T .00z ©1 91 o ONPA YP T68 00¢e [1€] (8007) oueuSedie
100°0> tes~66"¢9 ()
6000 1 €4-0F %S (2) 1z GET-08 F0T (2) §/TW 0g (2) ONO Y/e 01<
€100 « 1695 12 (2) . e
100'0> Tpl-8 11 () +M,womm 6€ [c€l (0102) e1mdD
SN +ze-91 ‘ez (1) " 8261 ‘1€z (1) VO (1) ONPA VN
SN «0§—2€ 0% (1)
100°0> 0L + ONOT /W Gf (7) SONI
e 51 d
N LD 621 (D LOGl (o) ez () . (0 ONoA u/e 168 o8t [e€] (8002) oredeq
. . . . . /1w 0g .
1220 (9°01) 691 0€ (S¥1) ToT ©ONIA XOIN ONPd yp10e 661 [92] (6102) ¥reng
s/
SN (1 ¥st 6 (61)81¢ 00€ @ 0ST ‘061°021°0S ONPA ypele ¥e [0€] (£002) 152104
08¢ VON
. /W 0g (2) ONED yP gI<
N y , Buniio,
9000°0 (8) £91 (1) 0¢ (81) TLe (1) XOIN 1) ON°T VN 0¢ [£2] (1107) rumog
LY0°0 (991) ¥¥9 €T (1£€) £98 DV SIIPIN 007 ONu 4299 8T [1%] (9102) D
e 1T 86T /1w 0g 5 Y 0¥ +ON 9T
SN 86-5'1'TC L T 1L JRr— ON@A1 us Gee LO1E [62] (¥107) TpetUreqowITATITe(
Y o - o VN ONu . -
VN (€1 89(D) 8 (8099 (1) Vo (1) ON3H up Ly 91 [6¢] (z661) apedolOo
Q00> +(@1D) L7 (9) (6079 (¢) (€) 02°
500> « (D) 87 (6)
SN +(#90) 6¢< (@) (2z0) 019 (2) /W () ONu
100> «(691) 99¢ (2) ﬁmuzwv ! «%oohmmmq Yp €9 9C [c2] (8007) ueAsonag
500> (61 TH (1) 9 12D (D) ONPA
S00> (DS
S00> (8'6) 891 €S (8%1) T'€T mw\u@ ONPA Y/ €0v 99 [12] (9002) MsmolAqhzig
. (res) 1 () (8611) £8% (2) S/TW 0% (7) ONu
D 1 3
wo (989) 691 (1) e (62:8) 8012 (1) @ONIN XOIN (1) ONPA P Tse st [0c] (8102) Bureuz
[9duaxa3ay]
anpep-d qdd ON OH qdd oNa1 dIx[q ON IHV SVSO (1edx) 10Ny ISII]

‘syuaned Gy SO Jo sIsouSerp ay) 10J 9PIXO JLIU Pa[eyXy ‘T d[qeL

67



Medicina 2019, 55, 538

; o
S00- o M.% ot % N (68) 86 (1) (¥) TOTH
’ A a8e101g
“Mmmw H.MM MMW Tw/3d (9) 8 (€) A UoneIaea(] (€) pa M1
: +1w/3d (67) ¢ (2) +ONOL » dip asoN ]
w%‘mw * AE\\M& MNAOW i M@ 06 Tw/3d (9) 71 (2) A Buryyeanq repiy, (¢)1soados]-g e L€9 9¢ [22] (8007) ueAsonag
100> +(500) 2272 (1) A UO1O3[[00 SWN[OA
100> «(60°0) 6272 (1) (69°0) T4 (1) () ud
 d8eroig
. - .  dip asoN ) ] .
100°0> Tw/3d (z°0) £'9 43 Tw/3d (6'T) ¢'6  Sungyeoiq [epiL ys01dos]-g /e 765 L [zs] (00¢) oueuSedrer
X UOT}O3[[0D dWN|OA
A uoneIaed(
. . .  d8eroig
Hm 4 . %%% MMAM ' ow %M (L00) 8¥°2 2 dip asoN Hd u/o 1'68 SO 0¢ [1€] (800¢) oweuSedred
N : +N Ve wrﬂrﬁmmhﬂ TepIL
X UOI}D3[[0D SWINOA
anjep-d anyep OH anfep spIepueig MO HV SVSO [9duarayay] (1eaK)

Toyny sty

"GYSO JO s1sougerp ay} 10 9)esuapuod Jjeaiq pafeyxy g d[qeL

*dnoi8qns ay yym anjea ayy ury 03 pasn are (34/,) SOqUIAG "SHISNUISOUTLI/SHIUIL dIUOIYD D) ‘BWLISe Gy ‘IasATeue
QDUADSUIUTWIN[IWA /D) 2S9q0 10U QN 2590 Q) DPIXO LI [2I0 :QNO ‘DPIX0 JLIIU [eSeU :}QNU DPIXO0 JLIIIU PI[LYXd [BUONRI) :ONP] ‘S[01ju0d Ayj[eay :DH ‘(1noy 1od sjuaad :j/9)
xapur eaudodAy-eaude [y ‘Dworpuds eaude daafs 9anONNSqO :GYSO :PuUASdT 31U 9y 210§9q Jey]) SI ((IS) Ueaw ayy ‘yu 3y Surmp QN2 Jo d8uep ayy SurzAeue sarpnys asol)) 10,

. s/Tw 0g
. o) o o) 5 '
100°0: (§€) g9 (9 ¥er SONI XOIN ONPA Y/ 0% <74 [#2] (€102) enyD
SN (Te) L6L (e)Tee MM ON@d Y/ s 4 [£2] (6661) nsn3y
o e +91-69°01 s/TwW 0§ 5 yp 98 4 Ads/powr HD 4T
N GoILs St Y 8FI-6L T ONAd 3141 ONed upEeT « PN D £T Lg2] (810c) owarreg
1000 0z () v @ S/Tu 06€'0ST°001°08 (2) ONED
: ; Kondy-8
€000 ©9) 76 (1) &1 £91 (D) +ONPA (1) ONPd o « [<c] (g102) fond-Buong
[9ouarayay]
anpep-d qdd oN qdd oNoa meq ON IHV SVSO (@eaX) 10WNY I11g

JU0D "L 3[qeL

68



 a8e101g

00> # TW/3u $—$7 T¢ #ON 0T +Tw/BuTe-6¢ T A dip asoN undory u/e §'0% +SON 8¢ [z¢]
t1wBuc—9¢ Ty INO¥c < TwBu99-geTIc A Sungeaiqepry ’ up 98 %S0 9¢ (0107 ) ouruSedrey
X UOT}O3[[0D SWIN[OA
+ AEMM ge = (€) .
«Tw/3d 67 ~ (€) » d8eioig
SN Tw/3d 61~ () d (i) 1 d (€) zand §
100°0> Tw/3d (8) £°61 () VN + T m:c vk (@ W PN (@ va/ra/mome] e FSOINIE [9g] v (9002) 1eeqpIon
100°0> qwBd () g2z (1) « Tw/3d (8) 922 (7) » Buryieaiq [eprL (D P00 ype> « PIIAL 62
+Tw/3d (9) 926 (1) X tOB3T[0D Swmfop
«Tw/3d (5) 799 (1)
100°0> ! AE\MM (ro)91 (@ s \.%wsem
500> I w/3d (z0o)rz (2) +ONST Tw/3d (€0) £'8 (2) X drpo asoN (@) 911 . uSed
S00°0> +Tw/3d (1) 6% (1) «NO 01 Tw/3d (£0) £ (1) A Sungyeaiq [eprL (1)3s01dos]-g NP Tes 8t [271 (e002) oweudedied
70 «Tw/3d (£0) 6 (1) X UOTI[[0D SWN[OA
1 1w/3d (5) 2 (1)
+Tw/d (6) zie (7)
Il Tw/3d (2) 98¢ (%) +« Tw/3d (9) T8¥ ()
# Tw/3d (2) 895 (%) F1w/3d (g) Tse ()
1000> (/) II'Tw/3d (9) 6 (€) +Tw/3d (11) 911 (€) » 38e10ig () o1-T1 s 1oz to¥z
1000>(€) ¢ 1w/3d (7) L¢3 (€) llsH o1 « Tw/3d (8) 196 (€) 2 dip asoN (€) v—ANL b L6z Loz (871 (6002) 11
1000> @  I1TwBd@e0r(@  #SNHze  FrwBd(@ccri(c) o Sungesiqepiy @91 T PN 22 ; ’
000> (1) #Tw/ABd (1) 89 (2) +Tw/3d (7) 661 (7) X UOHdR[[Od SWN]oA (1)3s01dos]-g e
Il Tw/3d (2) 891 (1) «Tw/3d (1) 78 (2)
#1w/3d (7) 91 (1) t1w/Bd (o) g1e (1)
+Tw/3d (2) 881 (1)
«Tw/3d (2) ggr (1)
100 £ o8e10ig
(gsan) S (€1 60~ 2 dip asoN =N u/e 8T (0) PN TT [vel
€000 vz o @nvo £ Sungyearq repry, cozrEor upYel  (DSONTL V¥ (210g) hoseyeeN
(gsAT1) A UOTIO9[[0D SWINJOA
X 28e103g
. , .  dip asoN . -
9700 Vowr gy—€T ‘1€ 41 T/iowr €11-8C ‘98 A Sunpyeaiq epiL sojern) ypyse Ll [cc] v (TT0T) dtseIA
A UOT}DI[[0D SWIN[OA
anfeA oH anpep spiepuelg a[naato HV SVso [poua1a)PU] (1624)

Ioyny 3sirg

Medicina 2019, 55, 538

JU0D) "7 IqeL

69



Medicina 2019, 55, 538

‘dnox3qns ay yrm anjea ayj ur| 03 pasn are (¢'1'4’,) SJOqUIAS "PaysIes Jou prepue)s [edIUYda) :X ‘PaysHes prepuess [eduydd) ;4 K1adms :oy g ‘seouerdde

rero :dyiQ ‘pajyeanun ; N ‘@mssard Aemire aanIsod SNONUUOD :JVJ-D ‘S[OIU0D AYJ[eay 9saqo-uou }QN ‘So1U0d Ay[eay 9saqo :NO ‘SYSQ 2S9qo-Uuou :SON ‘SVSO 5990 :50O
19I9A9S-9]LIDPOW :G-OJA] :PIA] ‘S[01U0d Ajreay :DH ‘(noy 1ad spuaaa /o) xopur eaudodAy-eaude Ty ouworpuds eaude daafs 2A10N1Sq0 :GYSO pUaSdT "USIPIIYD UT JNO PaLLIed Apnjg v

#Tw/3d g1 'sa 6 (2)

8d 1¢ -
# Tw/3d 1¢ '8 0g () wSd 11 sa g (2)

« Tw/3d gg 'sa /¢ (F)

d 11 s
1 1u/8d ge "sa ge (1) M MHM FHNG MMW £ 98e0ig @ 01T rresagge
wmowun +1w/3d 17 "sa gy (1) w/8d 0z “sa £1 (1) 2 dip asoN (€) P—aNL 98 SA6CL M dvioT [1¢] (8002) 1
# Tw/3d /11 sa 3 () * » Sunpeaiq [epry, (@ 9-T1 PIESAGTE ¢ 0 ’
w/3d SA * UO[II[[0 dWN[O, -3soxdos)— ‘GP "SA £
T \m%: SAS0L (€) quwsdgr sazp(pp X UonRll oA (D) -8 LSYUSALYC ioiSee
1w/Bd go1 s 801 (€) wiad /1 sa 41 (1)
+qw/3d gLy sa 6 () ! LY
+Tw/3d g "sa g1 (1)
L£0°0 o DA.M,\MM @ 1 d8e101g (p)nrudxorag
100°0> oA Q@ 2 dipasoN (€) 0-INL b ‘SA o -
- - w/3d SA SA - uewere
000> H__E\w ¥ o% A?m%.w Mw A Sunpesiq [epiL @ o1 9sysage  dvdDse (05l (FL0O) U !
X UOTIO3[[0d 2WIN|O, -3soxdosy—
£20°0 qwSd s sag(p X UORRM oA (D) 1-8
100°0> +w/3d (1) 16 (2) +1w/3d (6°€) 9°88 (2) 1 a8e10ig
SN «Tw/8d (97) €6 (2) ONS8 = Tw/3d (9°€) 001 (2) 2 dip asoN (@ T-NvI e g'8h +ONOT [67]
100°0> +1w/3d (5°0) £ (1) NO 0t +1w/3d (61)8FL (1) A Suyredsiq [epyL, (1) 81 «SO Tl (0102 [) oueuSedred
SN «Tw/3d (£0) £1 (1) «Tw/Bd (7) g1 (1) X uonddjod dumfoA
¢, uoneroes
20000 Tw/3d(€0) 90 (1) Tw/3d (60) 71 (1) ¢ ’ mwwsemo (7) 0-INL
€00 Tw/3d (0) 1270 (€) Tw/3d (€0) €50 (€) Lo 950 (€911 5 [97]
’ 3d e w/3d : ¢CHP 9SON ‘ys0xdos]- U 6g v nomodouojur
1000°0> Tw/3d (¢) 21 (2) Tw/3d (61) §'0¢ (2) g (@ 18 (8002) ot Y
. o) Qpr ) 3o » Sunpearq [epry, d
60000 (o) 9¥2 (1) (o) vz (1) X UOTD3[[00 SWM[OA (DH
 23e10ig + SO
100> o +1w/3d pgr-6¢ ‘78 » dipasoN . Y98 HD /T
wy/3d zg— soxdos- v oja1TR
100> Tuy/Sd ge-¢1 6l 0z L Tw/Bd gg-0c ‘ch Sungpyeasq epiL 1 1-8 ye et . pIw [82] v (8107) 0101109
X UOTIOS[[0D SWIN[OA HO /1
anrep-d anfep OH anfep sprepuejg S[Md3[ON HY SVSO [Poud1039Y] (182X)

Toyny 3siig

Ju0D "7 AqEL

70



Medicina 2019, 55, 538

"pa1JsIyes J0U pIepue)s [edTUUd9) X ‘PIJsIyes pIepue)s [edTuyday : A orwexodAy uou :odAy-uou HruexodAy

:0dAy ‘sfonuod Ayyresy asaqo-uou :QN ‘S[OIU0d AYjeay 9saqo :NO ‘SVSO 95990 SO ‘@mssard Aemire aanisod snonunuod :JvJ-D worpuis defwao gAQ ‘seastp Areuownd

QAIONISAO DTUOIYD (IJOD @AInd Sunerado 19A190a1 Iopun eary :DOYNY ‘(noy 1ad sjuass /) xopur eaudodAy-eaude [y ‘Qworpuds eaude des[s aanoNnsqo :gygO :puada]

(@)
1000> 602080V () X 195 UOREpIeA [euroiXg (0zgosouesd3)
. . St oA asou-g u/e 9¢ a1 [09] (8102) yd1MOID
7000 640 204NV (1) A UOREPIEBASSSOD [PUINUL 13 ¢ o naods
ssewr AjIIqowr uog
X 19S uonepIfeA JeuwIa}xy m%&& \.S\Q\/N
€00°0> $8°0 DOMNV Burious enyiqey o1 X UOEPI[EA-S501 [eUTa 1] AonMMMM.mM>UV ypT ST [#9] (€10T) Yopauag
. ) £ NO 02 ADXVUY, . AU
o vy sty | 4O odfouge XTI addownang RIS ORI el (o) s
ON 95 o (HLONOIE) dsou-§
sa8p1a34v2 yovdogiv))
LONO $AS0 D0V (2) pug 1ox0d10
e ON 07 X 198 UOBepI[eA [CUIRIXH s8pq wjpaL .
1:ON "$450 DNV (2) NO BT A UOLEPIEA-SS0I> [UISU] (0zgasourihoy) up LT SO 61 [19] (§10¢) 1oruoSe1q
%16 :NO 'sa SO Aoemady (1)
(g) @sou-g
(1) SW-09
3 ) AOXVUI],
SSuetp uetosuos 67 N onepien ssoih iy FPOWIO WPTEAVED0S (o i ooy
o (HLONOIg) dsou-F i i
. %/ “(Suruzour) X 19S uonepI[eA [eUId)Xy s8vq AN 5 @ mm”mwo%m soun
100°0> SH 'S4 SO Aremaoy (s A UOLEPIEA-SS0I> [UISU] asou-g Y/ 86T renyiqey 6 [99] (€102) >
SVSO L1
100> £80:0dOD '$ASYSO DOANV - Shoer ) s vonepre pwoxg 0 Avsodsd (195 uonepIEA 9)
. . N HEpITeA T (0zgasourid)) y/e gt L [g9] (910¢) to1U0SeIq
100°0> I "SAO 'SA SVSO DOMNY (39s uonepiea9) A UOHEPI[EA-SSOI [eUIU] €1
asou-y
adod st
(96°0-%£0 1D%S6) A 195 UOREPIeA [EUIDIXY sbg 1qusodq
) $8°0 204NV 0 A UOHEPIRA-SS01) [eurau] aNmHMmM%UV U 9ee U [ev] (€1020) worma1o
anyep-d Aypeded aareunuLSI sjonuo) spiepuejg ERlVETe} IHV SVSO [pouarazay] (eax)

Toyny jsIrg

syuaned Gy SO Jo stsoulerp ayy 105 sisATeue spunodwod druegIo A[e[oA *¢ A[qelL

71



Medicina 2019, 55, 538

Concentrating and collecting device

Storage cartridge

LY

N, wsed a5
clmer gos Thermal Gas Data
Desorption Sensor Analysis
200
Unit Array
150°C
& dfferent Quarty Partial least Potpsomnography (P5G)
100°C desorption micro-balances (QCM) sures altermatve
¢ Orsc s
0°C temperatures
—_ 50, 100, 150, 200 °C Analyss (PLS-O8)
} >
>
3 minutes I 15 minutes

Figure 4. Measure chain of an e-nose based sensor system.
4. Discussion

This updated systematic review confirms the promising role of exhaled breath analysis in the
understanding of the mechanisms underpinning disease and its clinical relevance in identifying
individuals affected by OSAS. Besides, in addition to previous reviews of the field, it shows that,
although the majority of the technical standards proposed by the ERS committee have been followed,
more research is needed to stadardize the methodology and hence reduce the variability in the results.

OSAS is characterized by an endothelial dysfunction, arterial stiffening and elevated levels of
inflammatory markers as an effect of the intermittent hypoxia caused by the upper airways collapse [71]
which increase the risk to develop cardiovascular, metabolic or neurological events. Indeed, hypoxia
increases the production of reactive oxygen species (ROS) and thus the oxidative stress, which impairs
the phosphorylation of NOS [72,73], reduces the release of nitric oxide and promotes the endothelial
dysfunction. Results of studies on FeNO are in line with this notion. Indeed, overall the concentration
of FeNO measured at a flow of 50 mL/s is below the 50 ppb, identified by the American Thoracic Society
(ATS) as a threshold of the presence of eosinophil airway inflammation. Moreover, the reduced CaNO
in the studies of Fortuna and Foresi and its elevation after effective treatment support the existence of
an alveolar damage in the disease [23,30]. Furthermore, intermittent hypoxia fosters the development
of a chronic inflammation, and this is confirmed by the studies carried out on the EBC. Indeed,
pro-inflammatory cytokines increase while anti-inflammatory cytokines decrease in the breath of those
patients, and the markers of oxidative stress are elevated in the morning [39,52], as demonstrated also
by the studies on the breath pattern [66]. Moreover, inflammatory cells were increased in the muscular
layer of patients with OSAS, with CD4+ and activated CD25+ T cells (both increased approximately
threefold) predominating. Inflammation was also present in upper airway (UA) mucosa, but with a
different pattern consisting of CD8+ (2.8-fold increase) and activated CD25+ (3.2-fold increase) T cell
predominance, suggesting that inflammatory cell infiltration affects not only the mucosa, but also the
UA muscle of patients with OSAS, this potentially leading to a systemic pro-inflammatory spillover of
cytokines and mediators that could promote and amplify chronic inflammatory response [35]. Indeed,
these proposed mechanisms are still far from being confirmed and further research is needed to confirm
this pathophysiologic mechanism.
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Although all the techniques studying volatile and non-volatile compounds are able to discriminate
OSAS patients from controls, EBC and the study of volatile organic compounds seem more promising
than FeNO for a clinical use. However, efforts are needed to address some the technical and
non-technical issues that are hindering the applicability of breath analysis in clinical practice. The role
of smoking in increasing inflammation, as well as that of obesity, should be deeper investigated in the
studies about OSAS. Besides, issues as the dilution of the EBC [74] or the lack of external validity in
most of the studies about volatile organic compounds need to be addressed to increase the reliability of
the techniques.

Breathprint analysis of VOCs might have practical applications and could act as a valuable
instrument in OSAS management in the next future: considering the high prevalence of OSAS in the
general population and its dramatic impact on health status, any effort should be made in order to detect
and treat it as soon as possible. Breathprint analysis might complement, or even replace questionnaires
in the screening process and, consequently, improve the cost/effectiveness ratio of polysomnography.
Furthermore, VOCs analysis could be used to monitor the response to, and the adherence with C-PAP
ventilation [57]. Finally, the breath print analysis could help better understanding of the heterogeneity
of OSAS phenotypes [69] and define their prognosis, as in other respiratory diseases [75].

5. Conclusions

To conclude, in the era of precision medicine breath analysis, being non-invasiveness, rapid and
economic, might play a key role in the understanding of the pathways underpinning OSAS and in the
clinical management of the patients affected by the disease.
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Abstract: Background and objectives: The risk assessment of Obstructive Sleep Apnea (OSA) and
Excessive Daytime Sleepiness (EDS) in specific occupational populations is important due to its
association with morbidity. The aim of the present study was to identify the risk of OSA development
and EDS in a Greek nursing staff population. Materials and Methods: In this cross-sectional study a
total of 444 nurses, 56 males (age = 42.91 + 5.76 years/BMI = 27.17 + 4.32) and 388 females (age = 41.41
+ 5.92 years/BMI = 25.08 + 4.43) working in a Greek secondary and tertiary hospital participated
during the period from 18 January 2015 to 10 February 2015. The participants completed the Berlin
Questionnaire (BQ), concerning the risk for OSA and the Epworth Sleepiness Scale (ESS), concerning
the EDS. The work and lifestyle habits of the participants were correlated with the results of the
questionnaires. Results: According to the BQ results 20.5% (1 = 91) of the nursing staff was at high
risk for OSA. Increased daytime sleepiness affected 27.7% (n = 123) of the nurses according to ESS
results. Nurses at risk for Obstructive Sleep Apnea Syndrome (OSAS), positive for both BQ and
ESS, were 7.66% (n = 34). Out of the nurses that participated 77% (n = 342) were working in shifts
status and had significant meal instability (breakfast p < 0.0001, lunch p < 0.0001, dinner p = 0.0008).
Conclusions: The population at high risk for OSA and EDS in the nursing staff was found to be 20%
and 28% respectively. High risk for OSAS was detected in 7.66% of the participants. The high risk for
OSA and EDS was the same irrespective of working in shift status. In specific, nursing population age
was an independent predictor for high risk for OSA and skipping lunch an independent predictor of
daytime sleepiness.

Keywords: Berlin Questionnaire; Epworth Sleepiness Scale; nursing staff; Obstructive Sleep Apnea
Syndrome; risk assessment

1. Introduction

The World Health Organization (WHO) indicates that Obstructive Sleep Apnea Syndrome (OSAS)
is a preventable lung disease [1]. Most patients with this syndrome exhibit no detectable respiratory
dysfunction when awake while OSAS appears in all age groups. However, in the adult population the
incidence of this syndrome increases with age and is clearly linked with excessive daytime sleepiness
(EDS) [1-3].

The prevalence of this syndrome is probably higher than the one presumed due to underdiagnosis.
Thus, OSAS constitutes an important public health issue [4-7]. It is estimated that 26% of the
worldwide adult population is at high risk for developing the syndrome [4]. Epidemiological studies
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indicate that the exact determination of OSAS prevalence is difficult due to different methodological
approaches [3,8,9]. Studies from USA, Australia, India, China and Korea report that the prevalence
in the general adult population spans from 3 to 7% in men and 2 to 5% in women to more than 49%
depending on age and gender [5-7,9-15]. This reported non-uniformity of the prevalence in 4 different
continents strengthens the notion that the disease is common but the prevalence in the community
needs to be studied more rigorously in order to avoid underdiagnosis [4,8].

The investigation of OSAS in the context of specific occupations is of high interest given that
its occurrence may be associated with working conditions that do not only induce the disease but
also affect the job performance and overall health [16-18]. A study on American and Canadian police
officers showed that this specific population has at least one sleep disorder. Moreover, one third of the
study population, suffered from OSAS (33.6%) [19]. Another study in young male Korean soldiers
using the Berlin Questionnaire (BQ) reported a prevalence of 8.1% of OSA [20]. In a similar study
conducted in the staff of an Iranian hospital again with the BQ tool, it was found that 6.9% were at high
risk for OSAS. Finally, a study in 21 nurses, showed that according to the BQ, 24% were at high risk for
OSA, but subsequent polysomnography revealed that 43% of them were diagnosed with OSAS [16].

No studies exist in the Greek population regarding the risk assessment of self-reported OSA and
EDS in specific occupational groups. Given that the nursing staff work several times in shift status,
which has been implicated in the induction of OSAS [21,22], we hypothesized that this population
would be under risk for developing OSA and EDS, due to their sleep fragmentation. Thus, the aim of
the present study was to identify the nursing population at high risk for OSA and EDS in a secondary
and tertiary hospital in Greece.

2. Materials and Methods

2.1. Study Population

The study population consisted of 444 nurses working in the University Hospital and the General
Hospital of Larissa during the period 18 January 2015 to 10 February 2015 who volunteered to
participate in the study. In total, 530 questionnaires were distributed by the primary author in personal
communication with the potential participants. The potential participants were given a week to
complete the questionnaires and were asked to put them in an un-named envelope and hand them
to a designated administrative officer of each hospital sector (Medical, Surgical and Intensive Care)
for collection by the primary author. Out of the 530 questionnaires 449 were returned to the primary
author. Out of the 449 questionnaires, 5 were not fully completed and were thus excluded from the
study, leading to a final number of 444 questionnaires included in the study. The study involved 56
male (12.6%) and 388 female (87.4%) nurses, regardless of educational level and work experience,
from all nursing departments. All participants provided demographic information such as gender,
age, height, weight, smoking habits, skipping meals and whether they worked under night shifts.
The Ethics Committee of the University Hospital of Larissa approved the research protocol (Protocol
number: 1/14-1-2015).

2.2. OSAS and EDS Assessment Tools

In order to assess the risk of OSAS the Greek version of the Berlin Questionnaire (BQ) was used [23].
The BQ contains 10 questions that are divided in 3 categories. In the first category the questions aim at
identifying the self-reported snoring behavior along with witnessed apneas during sleep by the partner.
The second category assesses self-reported fatigue after sleep and the third assesses the presence of
obesity or history of hypertension. If two of the categories of the BQ are positive, then the participant
is assigned as being at high risk for OSAS.

In order to assess the excessive daytime sleepiness, the Greek version of the Epworth Sleepiness
Scale (ESS) was used [24]. ESS aims at the quantification of daytime sleepiness though a set of
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self-reported incidents of dozing in eight different setting during the day and the scoring spans from 0
to 24. A participant in high risk for daytime sleepiness has a score of 10 or higher.

2.3. Statistical Analysis

Statistical analysis was performed by Epilnfo v. 7.0 (CDC, Atlanta, GA, USA), the SPSS 24.0
Software (IBM Corporation, New York, NY, USA) and GraphPad Prism v. 8.1 (San Diego, CA, USA).
Fisher’s exact was used to assess differences among proportions. The Mann Whitney test was used
to assess differences between two groups. Multivariate logistic regression was performed as in
other similar studies [25]. The Forward Conditional Logistic Regression Model was used to perform
multivariate analyses of the effect of univariate predictors on the likelihood of belonging to the high
OSA probability (based on BQ) or high daytime sleepiness (Based on Epworth Scale) groups, while
controlling for potential confounders. Values are expressed as mean + S.D. A p value of less than 0.05
was deemed significant.

3. Results

3.1. Study Population

Out of the 530 questionnaires that were distributed, 444 were completed and collected, providing
a responsiveness rate of 83.8%. The demographics of the study population along with lifestyle habits
are shown in Table 1.

Table 1. Characteristics of the participants in the study.

Males Females p Value
Gender (%) 56 (12.6%) 388 (87.4%) -
Age (years) 4291 +£5.76 41.41 +5.92 0.047
Height (m) 1.78 + 0.06 1.65 + 0.05 <0.001
Weight (kg) 86.05 + 14.30 67.91 +12.03 <0.001
BMI 2717 £4.32 25.08 + 4.43 <0.001
Smokers— Yes(#) 29 (51.79%) 171 (44.07%) 0.39
Pack Years (#) 14.61 +11.31 15.78 + 11.18 0.59
Alcohol Consumption—Yes (%) 40 (70.42%) 192 (49.48%) 0.004
Working on Night Shifts—Yes (%) 44 (78.57%) 287 (73.97%) 0.52
Night Shifts per month (#) 443 +1.87 6.25 +2.25 <0.001

3.2. BQ and ESS Questionnaire Results

The results of the BQ questionnaire showed that 20% (1 = 91) of the participants were found to be
at high risk for OSAS as opposed to 80% (353) that were found to be at low risk for OSAS (Figure 1A).
With regards to the ESS questionnaire 28% (1 = 123) of the participants were found to be at high risk
for EDS as opposed to the 72% (n = 321) that were found at low risk (Figure 1B).

More importantly a fraction of these two groups mounting to 8% (n = 34) were found to be at
concomitant high risk for both OSA and EDS, thus at OSAS risk.

There were no differences in the proportions of male and female nurses that were positive in BQ
(p > 0.99) or ESS (p = 0.75). Working under night shift status did not result in a higher proportion of
nurses to test positive in BQ (p = 0.69), but resulted in a higher proportion of nurses testing positive in
ESS (p = 0.005).

Another significant finding of our study was that the nursing staff working on shift work status
reported skipping meals significantly more than the nurses not under shift status that had a greater
stability in maintaining the three main meals of the day as shown in Figure 2.
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Berlin Questionnaire Results Epworth Questionnaire Results
Red: High Risk Red: High Risk
Yellow: Low Risk Yellow: Low Risk

A B

Figure 1. (A) Results of the Berlin Questionnaire (BQ) showing 20% of the participants at high risk for
Obstructive Sleep Apnea (OSA). (B) Results of the Epworth Sleepiness Scale (ESS) showing 28% of the
participants at high risk for Excessive Daytime Sleepiness (EDS).

Breakfast Stability Lunch stabifty Dinner Stabilty
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A Pt B hanch Vo unch stabily, Mo ing hanch stabity, P0L0000 c Do Yes imner stability, W o G sty P03

Figure 2. Significant meal instability (skipping of a meal) in the nursing staff working on shift work
status regarding (A) breakfast, (B) lunch and (C) dinner.

The Forward Conditional Binary Logistic Regression model was subsequently used in order
to determine the effects of age, sex, alcohol consumption, education level, smoking status and
breakfast/lunch/dinner skipping on the likelihood of belonging to the (a) high OSA risk and (b) high
daytime sleepiness groups. Age was the single independent predictor of belonging to the high risk
OSA group [OR: 0.959 (95% CI: 0.922-0.998), p-value = 0.038], whereas lunch skipping [OR: 1.631, (95%
CI: 1.060-2.509), p = 0.026] independently predicted higher daytime sleepiness.

4. Discussion

The aim of the present investigation was the identification of the risk for OSA and EDS in the
nursing population of a secondary and tertiary hospital in Greece using the standard questionnaires.
Our results showed that the nursing population at high risk for OSA was 20%, while that of EDS was
28%. The fraction of the study population that was at high risk for both, and therefore at high OSAS
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risk, was 8%. Moreover, according to our results, working in shift status did not directly affect the risk
for OSA. However, it significantly worsened EDS in the nursing population. It has to be taken into
account that the sensitivity and specificity of BQ for OSA diagnosis in the Greek population has been
shown to be 76% and 40%, respectively, while the Greek version of ESS had also proved a useful tool
for the identification of EDS in Greece [23,24]. In the studied population after multivariate logistic
regression it was shown that age was a significant predictor of high risk for OSA, while skipping
lunch was an independent prognosticator for high EDS risk. Aging is a known risk factor for OSA
development so our result is in line with the literature [26]. As far as lunch skipping is concerned,
a study that focused on the daytime sleepiness of subjects during the Ramadan intermittent fasting
showed that this intentional prolonged daytime abstinence from food intake, induced an increase in
the objective and subjective daytime sleepiness of the subjects [27]. Thus, based on the ESS scores
of the participants of our study, we are in agreement with the notion that daytime food abstinence
increases the propensity for subjective daytime sleepiness.

There is lack of studies on the risk assessment for OSA and EDS in nursing populations in Greece,
so our results cannot be compared to the published literature. However, a similar study performed in
the USA in nurses working in shift status using the BQ, showed that 24% of participants were at risk
for OSA [16]. Although our study had a sample size nearly 20-fold bigger the above-mentioned results
are comparable to ours that showed that 20% of the population was at high risk for OSA. On the other
hand, in the study of Geiger-Brown et al., after polysomnography 43% of the participating nurses were
diagnosed with sleep-disordered breathing, therefore if we extrapolate these findings to our study, we
should expect a significantly higher number of nurses with OSAS in our sample. This was a limitation
of our study but is the topic of a new investigation currently underway. A previous Greek study has
shown that in subjects that underwent polysomnography, OSAS was diagnosed five times more in
men than women, nevertheless using the BQ we did not detect such a difference between genders [28].

Data stemming from other occupational groups have reported comparable results. A
cross-sectional and prospective cohort study in police officers in North America that involved a
10-fold greater population (1 = 4957) than ours indicated that 40.1% of the police staff had at least one
sleep disorder [29]. The most important of these disorders that was observed in 33.6% was OSAS. A
total of 28.5% of the police staff also had EDS and the significant possibility to sleep during driving
(once a month).

The failure of sleep replenishment during the day and the abnormality of melatonin levels affects
the daily fatigue and reduces the quality of life [18]. In our study, 28% of the nurses were found to have
EDS according to the ESS results. This finding is alerting under the rationale that sleep deprivation
can lead to reduced concentration and productivity, and also in increased traffic and occupational
accidents and injuries, as well as chronic diseases (cardiovascular and metabolic) and reduced quality
of life [16-18,21,22]. Although no relevant data exists in the literature regarding Greece in order to be
able to compare our findings, we are in good agreement with studies performed in nurses in New
Zealand (that reported 33.75% of positive ESS) and Sweden (that reported 32.5% of positive ESS with
a cut-off of 9 that was different from the one in our study that was 10) [30,31]. Our results were
higher than a recent study performed in China that reported 16.1% positive ESS but the cut-off the
authors used was 14, therefore these results are not directly comparable with the current study [32].
Another important finding of our study was that the nursing population working in shift status had
significant instability in all three main meals of the day as determined by the self-report of participants
of meal skipping. It has been reported that the instability of meals induces increases in body weight
and thus BMI [18]. Obesity is a known risk factor for OSAS and furthermore a specific type of sleep
apnea is observed in this population, the Obesity Hypoventilation Syndrome (OHS) [3,16]. Indeed, in
our study the participants that were found to be in the high risk for OSA based on BQ results were
significantly heavier that the ones in the low-risk group. Moreover, shift status has been implicated in
the induction of OSAS [21,22]. Shift-work disrupts the expression of circadian genes and sleep patterns,
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deregulates metabolic processes and can cause sleep apnea and several disorders linked to OSAS like
cardiovascular disorders and obesity [33].

There were some limitations in the current study. The population of our study was young
since most nurses were in their early forties predominantly. Additionally, our sample comprised
predominantly of females and this may have diluted the significance of our results. Finally, all
participants were originating from a single geographic area and thus further multicenter studies
are needed.

5. Conclusions

In conclusion, we found that the risk for OSA and EDS in a nursing population of a secondary
and tertiary hospital in Greece was 20% and 28% respectively. At high risk for OSAS were 8% of the
participants (positive BQ and ESS simultaneously). Moreover, we found that nurses that work under
night shift status had significant meal instability, which is a risk factor of obesity, which is in turn
linked to OSAS development. However, we detected no differences in OSAS risk between these two
groups of the population assessed. Further study of the population under high risk for OSAS of this
study involving polysomnography assessment is needed.
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