

  clockssleep-04-00055




clockssleep-04-00055







Clocks & Sleep 2022, 4(4), 735-744; doi:10.3390/clockssleep4040055




Article



Clinical Evaluation and Management of Overlap Syndrome (OS) and Obesity Hypoventilation Syndrome (OHS)



Pasquale Tondo 1,2,*[image: Orcid], Giulia Scioscia 1,2,*[image: Orcid], Anela Hoxhallari 1,2, Roberto Sabato 2, Simone Sorangelo 1,2, Giuseppe Mansueto 1,2, Antonella Giuliani 1,2, Maria Pia Foschino Barbaro 1,2 and Donato Lacedonia 1,2[image: Orcid]





1



Department of Medical and Surgical Sciences, University of Foggia, 71122 Foggia, Italy






2



Department of Specialistic Medicine, Respiratory and Intermediate Care Unit, Policlinico Foggia University Hospital, 71122 Foggia, Italy









*



Correspondence: pasquale.tondo@unifg.it (P.T.); giulia.scioscia@unifg.it (G.S.)







Academic Editor: Ramin Khatami



Received: 31 October 2022 / Accepted: 2 December 2022 / Published: 6 December 2022



Abstract

:

Background and Aim: Sleep-disordered breathing (SDB) is an extremely common disorder with a high impact on morbidity and mortality. The purpose of this study was to compare overlap syndrome (OS) and obesity hypoventilation syndrome (OHS) and to highlight and understand the differences between them. Material and Methods: The study was conducted retrospectively on 132 subjects selected by consecutive sampling from those attending our unit for suspected SDB. After clinical evaluation as well as functional and sleep investigations, the population was divided according to diagnosis in OS and OHS; then, the clinical parameters of two groups were compared with different statistical analysis. Results: The subjects with OHS were younger and reported higher rated daytime sleepiness (p = 0.005). In addition, they presented more nocturnal respiratory events (apnea-hypopnea index (AHI) 63.61 ± 22.79 events·h−1 vs. AHIOS 42.21 ± 22.91 events·h−1, p < 0.0001) at the sleep investigation as worse gas exchange during sleep leading to a higher percentage of nocturnal hypoxemia (p < 0.0001). In contrast, subjects with OS had more an impaired respiratory function. With regard to night-time ventilatory therapy, more subjects with OS were effectively treated with continuous positive airway pressure (CPAP) (p = 0.011), while more OHS were treated with auto-adjusting PAP (APAP) (14% vs. 1%, p = 0.008). Conclusions: The present study tried to establish a framework for OS and OHS because proper management of the two disorders would reduce their burden on healthcare.
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1. Introduction


Sleep-disordered breathing (SBD) is an extremely common disease that afflicts approximately one billion individuals between the ages of 39 and 70 [1]. Among the various forms of SBD, the most common is obstructive sleep apnea (OSA) characterised by repetitive episodes of complete or partial upper airway collapse and associated with intermittent nocturnal hypoxia [2]. In addition, craniofacial abnormalities are widely recognised among the causes of SDB [3,4].



In general, the alterations of gas exchanges during sleep cause an increased risk of a large number of diseases [5]. Several studies have demonstrated a directly proportional relationship between the number of cardiovascular risk factors, such as the development of arrhythmias, and OSA severity [6,7,8]. In addition, the research demonstrated a close association of SDB with endocrinological and neurological diseases, psychiatric disorders but also malignancies [9,10,11,12], with an associated increased risk of mortality rate [13].



When obstructive respiratory diseases, such as chronic obstructive pulmonary disease (COPD) are associated with OSA (Overlap Syndrome (OS)), the mortality risk is extremely increased. Indeed, the presence of both conditions, OSA and COPD, causes an increase in systemic inflammation and oxidative stress that contributes to the development of cardiovascular disease [14,15].



Another respiratory condition with a major impact on health is obesity-hypoventilation syndrome (OHS) [16]. This condition, established by clinical evaluation, blood gas analysis and a sleep investigation, is characterised by diurnal hypercapnia linked to various mechanisms, such as obesity and alterations in the respiratory drive and mainly causes metabolic and cardiovascular disorders [17].



Given the health impact and consequences of these SBD, rapid initiation of therapeutic treatment is crucial. In general, the first-line treatment is continuous positive airway pressure (CPAP) [18]. As these two respiratory conditions are complex, a proportion of patients do not correct all nocturnal respiratory events with CPAP or do not tolerate the pressures delivered, and, therefore, it is necessary to choose alternative ventilatory modalities that are effective in these patient classes.



For this reason, the present study aims to evaluate both the respiratory profiles and the management of the two conditions, OS and OHS, with attention also paid to the choice of the appropriate ventilatory device and, thus, better understand the differences in these two SBD.




2. Results


The characteristics of the sample studied are summarised in Table 1.



Specifically, of this sample 105 had experience of OS and 27 of OHS with an overall mean AHI of 46.21 ± 24.29 events·h−1, oxygen desaturation index (ODI) of 45.96 ± 27.06 events·h−1 and NH in 47% of cases.



Dividing the population according to the two disorders, OS and OHS, we noted that subjects with OHS are younger and obviously obese (Table 2). Furthermore, subjects with OHS reported greater daytime sleepiness assessed by the Epworth Sleepiness Scale (ESS) for both the overall mean ESS (p = 0.005) and the two thresholds used as discriminating values for daytime sleepiness (ESS > 9 points, p = 0.022 and ESS > 11 points, p = 0.003), as shown in Figure 1.



Assessing the sleep investigation parameters, we observed that subjects with OHS had more nocturnal respiratory events (AHI 63.61 ± 22.79 events·h−1 vs. AHIOS 42.21 ± 22.91 events·h−1, p < 0.0001) and a greater number of desaturations (ODI 70.26 ± 27.87 events·h−1 vs. ODIOS 40.37 ± 23.69 events·h−1, p < 0.0001) and, consequently, a greater number of subjects with severe OSA (91% vs. 70% OS, p = 0.036) (Figure 2). In addition, subjects with OHS had a lower SaO2 (p = 0.001) and a higher percentage of NH (p < 0.0001).



Conversely, when assessing respiratory function, subjects with OS had a lower FEV1 (p < 0.0001) than the OHS.



Of the whole sample, we assessed the ventilatory modes used, observing that more subjects with OS were treated with CPAP vs. the OHS (p = 0.011), although we did not observe differences in the overall mean CPAP pressure and the various CPAP-pressure thresholds taken into account (CPAP pressure > 8 cmH2O, >10 cmH2O, >12 cmH2O) to cluster the subjects.



In CPAP-unresponsive subjects, it was noted that the APAP mode was used more for OHS (14% vs. 1% of OS, p = 0.008) while there was no difference for bilevel PAP (BPAP). In both groups, oxygen supplementation was added to the ventilator in the same percentage of the population as well as adherence to ventilatory therapy at 90-days was ~90%.




3. Discussion


The present study retrospectively analysed the general characteristics found between the two SDBs under consideration, i.e., OS and OHS, from the differences in the underlying pathophysiological mechanisms to the therapeutic management assessed in our Unit. To the best of our knowledge, there are no other comparison studies in the literature that have evaluated the management and characteristics of the two diseases.



The first difference we observed from our case series was the older age of the subjects with OS. Some studies found that OS patients were older and less obese than OSA controls [19]. This result is not of unequivocal interpretation. Regardless, COPD has two clinical phenotypes the ‘pink puffer’ and the ‘blue bloater’; the former characterised by low BMI and the presence of emphysema that has been shown to have less likelihood of OSA, and the latter with higher BMI seems to be predisposed to the development of OSA [14,20,21]. On the other hand, smoking, in addition to being a recognised risk factor for COPD, is also a risk factor for OSA, mainly through two mechanisms: firstly, increased sleep instability linked to the ‘rebound effect’ of nicotine in which the effects that favour increased upper airway tone are reversed during nocturnal nicotine withdrawal; secondly, smoking-related airway inflammation [22].



In general, in patients with COPD physiological changes during sleep cause alterations in gas exchanges. This phenomenon is mainly evident during the REM phase because of the muscular atony characteristic of this phase. In addition, hyperinflation worsens this condition because it reduces diaphragmatic contraction resulting in a compensatory mechanism through the use of accessory muscles suitable for maintaining an effective ventilation. This compensatory mechanism over time leads to work of breathing (WOB) with slow depletion of muscle strength. All this contributes to nocturnal hypoventilation and subsequent hypoxemia [23]. Therefore, this slow functional decline or weight gain over the years could explain a late onset of the overlap between the two diseases. On the other hand, the diagnosis of OHS is typically made during the fifth and sixth decades of life, an earlier age compared to patients with OS, taking into account that it is generally diagnosed when the patient reaches a high state of acuity in the form of acute or chronic hypercapnic respiratory failure. In addition, 75% are misdiagnosed and treated for obstructive lung disease (most commonly chronic obstructive pulmonary disease) even without evidence of obstruction in respiratory function tests [17].



Another difference we observed in our sample was the reported daytime sleepiness; in fact, patients with OHS reported greater daytime sleepiness even at different ESS thresholds. Among the main factors recognized as underlying daytime sleepiness was nocturnal hypoxia. This phenomenon is also more pronounced in patients with OHS compared to patients with OSA alone; they have higher arterial oxygen tension <90%, lower mean saturation and longer desaturation [24,25].



This result also seems to be confirmed in our sample with OHS compared with OS. In fact, almost twice as many OHS manifested nocturnal hypoxemia (NH) as the group with OS. The same result was observed for the other polysomnographic indices. In fact, patients with OHS had worse sleep alterations, both in terms of severity calculated by AHI and gas exchange.



The pathophysiological traits underlying the two diseases are different. OHS is related to three main mechanisms: (i) obesity that alters respiratory function, (ii) alterations in respiratory drive, and (iii) respiratory changes during sleep [17]. These phenomena characterise individuals with OHS who may present two distinct phenotypes: first, the predominant OSA phenotype thus characterised by more obstructive events during sleep; second, the hypoventilation phenotype thus characterised by hypoventilation during sleep defined according to the AASM also as an increase in PaCO2 > 10 mmHg compared with a supine awake value [26].



In contrast, OS-related mechanisms include altered respiratory drive, increased airway resistance, altered lung mechanics and respiratory muscles resulting in ineffective alveolar gas exchange. As previously mentioned, the main abnormalities during sleep occur mainly in the REM phase when, associated with lower muscle activity, minute ventilation is reduced by up to ~30% compared with wakefulness, resulting in a major decrease in minute ventilation in patients with COPD.



In addition, muscle atony during the REM phase of sleep results in reduced functional residual capacity (FRC) and nocturnal hypoxia causing further reduction in minute ventilation for rapid and shallow breathing in response to these phenomena [27].



These ongoing mechanisms during the night are also reflected in the daytime status with a reduction in PaO2 [28] and functional decline [29].



Therefore, the underlying pathophysiological differences in these two diseases may explain the results found in our study, that is, a lower forced expiratory volume in the first second (FEV1) in patients with OS and a higher PaCO2 in patients with OHS.



Regarding comorbidities, hypertension is the disease most frequently associated with OS and OHS followed by cardiovascular events and diabetes mellitus with a higher prevalence in OHS patients as also confirmed by the study of Lacedonia et al. [30].



Finally, when we analysed the ventilatory therapy, we noticed that almost all of the OS group (~90%) were effectively treated with CPAP, while CPAP was effective to a lesser extent (~70%) in the OHS group. The former finding is supported by several studies that have confirmed that CPAP is the standard treatment for OS [31].



Conversely, with regard to OHS, Masa et al. compared the efficacy of non-invasive ventilation (NIV) with CPAP. In this recent review, the pure hypoventilation phenotype of OHS seems to respond better to NIV, in contrast, the phenotype with greater obstructive events during sleep seems to respond more to CPAP. However, the authors recommend that patients on CPAP treatment be closely monitored so that if there is a lack of response to treatment, understood as failure to improve gas exchange and, thus, global respiratory failure, a therapeutic switch to NIV can be initiated [17]. That is also because scientific evidence reports the efficiency of night ventilation in reducing mortality rates [32]. In fact, survival rates in patients with OHS undergoing overnight ventilation are ~97–70% within 1–5 years and, thus, higher than untreated OHS [33].



A recent systematic review suggests that both ventilatory modalities are useful in improving gas exchange, sleep quality and, consequently, daytime sleepiness and quality of life. However, the authors recommend using CPAP as first-line therapy because it requires fewer resources from NIV [34].



Among the various ventilatory modalities, we found in our sample that 14% of patients with OHS responded to night-time therapy with APAP. We found no other evidence to support this result other than related to the use of an auto-trilevel [35] or in the use of APAP for titration [36]. The evidence in favour of using different levels of auto-adjusting PAP in OSA is plenty [18,37,38]. Perhaps the use of APAP without a large ∆ pressure could, on the one hand, clean up nocturnal obstructive events and, on the other hand, improve ventilation, but studies are needed to support this hypothesis.




4. Materials and Methods


A retrospective, observational study was conducted on consecutive subjects who referred to our unit for suspected SDB between 2017–2020.



All participants performed a visit for clinical examination, pulmonary function testing (PFT) and blood gas analysis. Demographic, anthropometric and clinical data were collected at clinical examination. Subsequently, participants performed cardiorespiratory monitoring (CRM).



After these examinations, the participants were included in the study if diagnosed with OS (presence of OSA [apnea-hypopnea index (AHI) >5 events·h−1] overlapped with COPD [post-bronchodilator FEV1·FVC−1 ratio <70% at PFT [39]] or diagnosis of OHS (BMI > 30 kg·m−2, daytime alveolar hypoventilation with PaCO2 > 45 mmHg in the absence of other possible causes of hypoventilation) [16].



Exclusion criteria: medical history of heart failure or neuromuscular disease.



4.1. Sleep Protocol


All participants performed a CRM (polysomnography type III, Alice PDx, Philip Respironics, Murrysville, PA, USA) that recorded the following signals during the night: airflow with nasal cannulas and thermistors, impedance of the respiratory effort in the chest and abdomen, body position, SaO2 and heart rate (HR). The sleep investigations were manually scored by a sleep expert physician; hypopneas were classified in the presence of a decrease in airflow ≥ 30% compared to baseline, lasting at least 10 s and associated with ≥3% oxygen desaturation. The classification of respiratory events (obstructive, central or mixed) was performed according to the AASM criteria [40].



Participants were subsequently started on CPAP titration trials according to the AASM recommendations using an auto-adjusting positive airway pressure (APAP) device (ICON, Fisher & Paykel (East Tamaki, Auckland, New Zealand) or S9-Autoset, ResMed (San Diego, CA, USA)) to set the therapeutic pressure [18,41]. After five nights in APAP mode, the therapeutic CPAP pressure was set and tested by CRM. In the case of patients unresponsive or non-tolerant to CPAP, other ventilatory modes were used. In addition, in the case of patients with nocturnal hypoxemia (NH), defined as total time in bed with SaO2 < 90% (T90) was ≥30%, despite optimal ventilatory treatment an oxygen supplement was added.




4.2. Pulmonary Function Test


PFTs were performed in our unit’s respiratory pathophysiology laboratory using a spirometer (Sensormedics, Yorba Linda, CA, USA). The spirometer was calibrated daily using a 3-litre syringe. Basal examination was calculated as a percentage of the expected normal value of the best of three reproducible spirometric values, while post spirometry was performed 15 min after the subject had inhaled 400 mg salbutamol.



Accordingly, participants with a post-bronchodilator FEV1·FVC−1 < 70% were classified as COPD according to the GOLD guidelines [35] and included in the study, while participants with a post-bronchodilator FEV1 increase of 12% were excluded.




4.3. Blood Gas Analysis


The ABG was performed to analyse respiratory gas exchange during room air breathing. The analysis was plotted with the patient in a sitting position on the day following the CRM recording within 1 h after awakening. PaO2, PaCO2, HCO3− and pH were measured using a blood gas analyser (GEM®Premier™4000, Birchwood, UK).




4.4. Statistical Analysis


The sample distribution was assessed by means of the Shapiro-Wilk test. Continuous variables were expressed as mean ± standard deviation, while categorical variables were expressed as percentages.



The population was divided into two groups according to the diagnosis: OS (COPD plus OSA) and OHS and then, the two groups were compared using either the t-test or the Mann-Whitney U-test, as appropriate.



A p-value < 0.05 was considered statistically significant. IBM SPSS Statistics (version 26, IBM Corp., Chicago, IL, USA) and GraphPad (version 8, GraphPad Software Inc., La Jolla, CA, USA) softwares were used for analyses and graphs, respectively.





5. Conclusions


In conclusion, OS and OHS are two extremely complex and high-impact nocturnal respiratory disorders. Taking into account their distinctive pathophysiological features, an appropriate clinical approach would enable an earlier and effective targeted management of the disease. Therefore, further studies that also evaluate biomarkers and ventilatory modalities other than those described in our work are needed to reduce the health impact of these two disorders.







Author Contributions


Conceptualization, P.T. and D.L.; methodology, P.T., G.S. and D.L.; validation, P.T. and D.L.; formal analysis, P.T.; resources, P.T., A.H., R.S., S.S., G.M. and A.G.; data curation, P.T.; writing—original draft preparation, P.T. and A.H.; writing—review and editing, G.S., M.P.F.B. and D.L.; supervision, D.L.; project administration, P.T. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of Policlinico Foggia University Hospital (protocol code 17/CE/2014).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


The authors would like to thank Matteo S. Di Maggio for his support in the work.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Benjafield, A.V.; Ayas, N.T.; Eastwood, P.R.; Heinzer, R.; Ip, M.S.; Morrell, M.J.; Nunez, C.M.; Patel, S.R.; Penzel, T.; Pépin, J.L.; et al. Estimation of the global prevalence and burden of obstructive sleep apnoea: A literature-based analysis. Lancet Respir. Med. 2019, 7, 687–698. [Google Scholar] [CrossRef] [PubMed]

	



Tondo, P.; Fanfulla, F.; Sabato, R.; Scioscia, G.; Foschino Barbaro, M.P.; Lacedonia, D. Obstructive Sleep Apnoea-Hypopnoea Syndrome (OSAHS): State of the art. Minerva Med. 2022; advance online publication. [Google Scholar] [CrossRef]

	



Vidal-Manyari, P.A.; Arriola-Guillén, L.E.; Jimenez-Valdivia, L.M.; Dias-Da Silveira, H.L.; Boessio-Vizzotto, M. Effect of the application of software on the volumetric and cross-sectional assessment of the oropharyngeal airway of patients with and without an open bite: A CBCT study. Dent. Med. Probl. 2022, 59, 397–405. [Google Scholar] [CrossRef]

	



Dastan, F.; Ghaffari, H.; Shishvan, H.H.; Zareiyan, M.; Akhlaghian, M.; Shahab, S. Correlation between the upper airway volume and the hyoid bone position, palatal depth, nasal septum deviation, and concha bullosa in different types of malocclusion: A retrospective cone-beam computed tomography study. Dent. Med. Probl. 2021, 58, 509–514. [Google Scholar] [CrossRef] [PubMed]

	



Moriondo, G.; Scioscia, G.; Soccio, P.; Tondo, P.; De Pace, C.C.; Sabato, R.; Foschino Barbaro, M.P.; Lacedonia, D. Effect of Hypoxia-Induced Micro-RNAs Expression on Oncogenesis. Int. J. Mol. Sci. 2022, 23, 6294. [Google Scholar] [CrossRef]

	



Urbanik, D.; Gać, P.; Martynowicz, H.; Poręba, M.; Podgórski, M.; Negrusz-Kawecka, M.; Mazur, G.; Sobieszczańska, M.; Poręba, R. Obstructive sleep apnea as a predictor of reduced heart rate variability. Sleep Med. 2019, 54, 8–15. [Google Scholar] [CrossRef] [PubMed]

	



Gać, P.; Urbanik, D.; Macek, P.; Martynowicz, H.; Mazur, G.; Poręba, R. Coexistence of cardiovascular risk factors and obstructive sleep apnoea in polysomnography. Respir. Physiol. Neurobiol. 2022, 295, 103782. [Google Scholar] [CrossRef] [PubMed]

	



Urbanik, D.; Gać, P.; Martynowicz, H.; Podgórski, M.; Poręba, M.; Mazur, G.; Poręba, R. Obstructive Sleep Apnea as a Predictor of Arrhythmias in 24-h ECG Holter Monitoring. Brain Sci. 2021, 11, 486. [Google Scholar] [CrossRef]

	



Tondo, P.; Fanfulla, F.; Scioscia, G.; Sabato, R.; Salvemini, M.; De Pace, C.C.; Foschino Barbaro, M.P.; Lacedonia, D. The Burden of Respiratory Alterations during Sleep on Comorbidities in Obstructive Sleep Apnoea (OSA). Brain Sci. 2022, 12, 1359. [Google Scholar] [CrossRef]

	



Reutrakul, S.; Mokhlesi, B. Obstructive Sleep Apnea and Diabetes: A State of the Art Review. Chest 2017, 152, 1070–1086. [Google Scholar] [CrossRef]

	



Lacedonia, D.; Landriscina, M.; Scioscia, G.; Tondo, P.; Caccavo, I.; Bruno, G.; Giordano, G.; Piscazzi, A.; Foschino Barbaro, M.P. Obstructive Sleep Apnea Worsens Progression-Free and Overall Survival in Human Metastatic Colorectal Carcinoma. J. Oncol. 2021, 2021, 5528303. [Google Scholar] [CrossRef]

	



Yaggi, H.K.; Concato, J.; Kernan, W.N.; Lichtman, J.H.; Brass, L.M.; Mohsenin, V. Obstructive sleep apnea as a risk factor for stroke and death. N. Engl. J. Med. 2005, 353, 2034–2041. [Google Scholar] [CrossRef] [PubMed]

	



Dodds, S.; Williams, L.J.; Roguski, A.; Vennelle, M.; Douglas, N.J.; Kotoulas, S.C.; Riha, R.L. Mortality and morbidity in obstructive sleep apnoea-hypopnoea syndrome: Results from a 30-year prospective cohort study. ERJ Open Res. 2020, 6, 00057–02020. [Google Scholar] [CrossRef] [PubMed]

	



McNicholas, W.T. COPD-OSA Overlap Syndrome: Evolving Evidence Regarding Epidemiology, Clinical Consequences, and Management. Chest 2017, 152, 1318–1326. [Google Scholar] [CrossRef] [PubMed]

	



Kendzerska, T.; Leung, R.S.; Aaron, S.D.; Ayas, N.; Sandoz, J.S.; Gershon, A.S. Cardiovascular Outcomes and All-Cause Mortality in Patients with Obstructive Sleep Apnea and Chronic Obstructive Pulmonary Disease (Overlap Syndrome). Ann. Am. Thorac. Soc. 2019, 16, 71–81. [Google Scholar] [CrossRef] [PubMed]

	



Mokhlesi, B.; Masa, J.F.; Brozek, J.L.; Gurubhagavatula, I.; Murphy, P.B.; Piper, A.J.; Tulaimat, A.; Afshar, M.; Balachandran, J.S.; Dweik, R.A.; et al. Evaluation and Management of Obesity Hypoventilation Syndrome. An Official American Thoracic Society Clinical Practice Guideline. Am. J. Respir. Crit. Care Med. 2019, 200, e6–e24. [Google Scholar] [CrossRef]

	



Masa, J.F.; Pépin, J.L.; Borel, J.C.; Mokhlesi, B.; Murphy, P.B.; Sánchez-Quiroga, M.Á. Obesity hypoventilation syndrome. Eur. Respir. Rev. Off. J. Eur. Respir. Soc. 2019, 28, 180097. [Google Scholar] [CrossRef]

	



Patil, S.P.; Ayappa, I.A.; Caples, S.M.; Kimoff, R.J.; Patel, S.R.; Harrod, C.G. Treatment of Adult Obstructive Sleep Apnea with Positive Airway Pressure: An American Academy of Sleep Medicine Clinical Practice Guideline. J. Clin. Sleep Med. JCSM Off. Publ. Am. Acad. Sleep Med. 2019, 15, 335–343. [Google Scholar] [CrossRef]

	



O’Brien, A.; Whitman, K. Lack of benefit of continuous positive airway pressure on lung function in patients with overlap syndrome. Lung 2005, 183, 389–404. [Google Scholar] [CrossRef]

	



Biselli, P.; Grossman, P.R.; Kirkness, J.P.; Patil, S.P.; Smith, P.L.; Schwartz, A.R.; Schneider, H. The effect of increased lung volume in chronic obstructive pulmonary disease on upper airway obstruction during sleep. J. Appl. Physiol. 2015, 119, 266–271. [Google Scholar] [CrossRef]

	



Krachman, S.L.; Tiwari, R.; Vega, M.E.; Yu, D.; Soler, X.; Jaffe, F.; Kim, V.; Swift, I.; D’Alonzo, G.E.; Criner, G.J.; et al. Effect of Emphysema Severity on the Apnea-Hypopnea Index in Smokers with Obstructive Sleep Apnea. Ann. Am. Thorac. Soc. 2016, 13, 1129–1135. [Google Scholar] [CrossRef]

	



Young, T.; Peppard, P.E.; Gottlieb, D.J. Epidemiology of obstructive sleep apnea: A population health perspective. Am. J. Respir. Crit. Care Med. 2002, 165, 1217–1239. [Google Scholar] [CrossRef] [PubMed]

	



McNicholas, W.T.; Hansson, D.; Schiza, S.; Grote, L. Sleep in chronic respiratory disease: COPD and hypoventilation disorders. Eur. Respir. Rev. Off. J. Eur. Respir. Soc. 2019, 28, 190064. [Google Scholar] [CrossRef] [PubMed]

	



BaHammam, A. Excessive daytime sleepiness in patients with sleep-disordered breathing. Eur. Respir. J. 2008, 31, 685–686. [Google Scholar] [CrossRef]

	



Olson, A.L.; Zwillich, C. The obesity hypoventilation syndrome. Am. J. Med. 2005, 118, 948–956. [Google Scholar] [CrossRef] [PubMed]

	



Berry, R.B.; Budhiraja, R.; Gottlieb, D.J.; Gozal, D.; Iber, C.; Kapur, V.K.; Marcus, C.L.; Mehra, R.; Parthasarathy, S.; Quan, S.F.; et al. Rules for scoring respiratory events in sleep: Update of the 2007 AASM Manual for the Scoring of Sleep and Associated Events. Deliberations of the Sleep Apnea Definitions Task Force of the American Academy of Sleep Medicine. J. Clin. Sleep Med. JCSM Off. Publ. Am. Acad. Sleep Med. 2012, 8, 597–619. [Google Scholar] [CrossRef] [PubMed]

	



Singh, S.; Kaur, H.; Singh, S.; Khawaja, I. The Overlap Syndrome. Cureus 2018, 10, e3453. [Google Scholar] [CrossRef]

	



Lacedonia, D.; Carpagnano, G.E.; Aliani, M.; Sabato, R.; Foschino Barbaro, M.P.; Spanevello, A.; Carone, M.; Fanfulla, F. Daytime PaO2 in OSAS, COPD and the combination of the two (overlap syndrome). Respir. Med. 2013, 107, 310–316. [Google Scholar] [CrossRef]

	



Ioachimescu, O.C.; Janocko, N.J.; Ciavatta, M.M.; Howard, M.; Warnock, M.V. Obstructive Lung Disease and Obstructive Sleep Apnea (OLDOSA) cohort study: 10-year assessment. J. Clin. Sleep Med. JCSM Off. Publ. Am. Acad. Sleep Med. 2020, 16, 267–277. [Google Scholar] [CrossRef]

	



Lacedonia, D.; Carpagnano, G.E.; Patricelli, G.; Carone, M.; Gallo, C.; Caccavo, I.; Sabato, R.; Depalo, A.; Aliani, M.; Capozzolo, A.; et al. Prevalence of comorbidities in patients with obstructive sleep apnea syndrome, overlap syndrome and obesity hypoventilation syndrome. Clin. Respir. J. 2018, 12, 1905–1911. [Google Scholar] [CrossRef]

	



Owens, R.L.; Malhotra, A. Sleep-disordered breathing and COPD: The over-lap syndrome. Respir. Care 2010, 55, 1333–1346. [Google Scholar]

	



Kreivi, H.R.; Itäluoma, T.; Bachour, A. Effect of ventilation therapy on mortality rate among obesity hypoventilation syndrome and obstructive sleep apnoea patients. ERJ Open Res. 2020, 6, 00101–02019. [Google Scholar] [CrossRef]

	



Budweiser, S.; Riedl, S.G.; Jörres, R.A.; Heinemann, F.; Pfeifer, M. Mortality and prognostic factors in patients with obesity-hypoventilation syndrome undergoing noninvasive ventilation. J. Intern. Med. 2007, 261, 375–383. [Google Scholar] [CrossRef] [PubMed]

	



Soghier, I.; Brożek, J.L.; Afshar, M.; Tamae Kakazu, M.; Wilson, K.C.; Masa, J.F.; Mokhlesi, B. Noninvasive Ventilation versus CPAP as Initial Treatment of Obesity Hypoventilation Syndrome. Ann. Am. Thorac. Soc. 2019, 16, 1295–1303. [Google Scholar] [CrossRef] [PubMed]

	



Zou, C.; Sheng, W.; Huai, D.; Cao, J.; Su, M.; Ning, D.; Xue, R.; Wang, Y.; Huang, M.; Zhang, X. Comparison between auto-trilevel and bilevel positive airway pressure ventilation for treatment of patients with concurrent obesity hypoventilation syndrome and obstructive sleep apnea syndrome. Sleep Breath. Schlaf Atm. 2019, 23, 735–740. [Google Scholar] [CrossRef]

	



Arellano-Maric, M.P.; Hamm, C.; Duiverman, M.L.; Schwarz, S.; Callegari, J.; Storre, J.H.; Schmoor, C.; Spielmanns, M.; Galetke, W.; Windisch, W. Obesity hypoventilation syndrome treated with non-invasive ventilation: Is a switch to CPAP therapy feasible? Respirology 2020, 25, 435–442. [Google Scholar] [CrossRef]

	



Tondo, P.; Pronzato, C.; Risi, I.; D’Artavilla Lupo, N.; Trentin, R.; Arcovio, S.; Fanfulla, F. Switch of Nocturnal Non-Invasive Positive Pressure Ventilation (NPPV) in Obstructive Sleep Apnea (OSA). J. Clin. Med. 2022, 11, 3157. [Google Scholar] [CrossRef] [PubMed]

	



Baiamonte, P.; Mazzuca, E.; Gruttad’Auria, C.I.; Castrogiovanni, A.; Marino, C.; Lo Nardo, D.; Basile, M.; Algeri, M.; Battaglia, S.; Marrone, O.; et al. Use of autobilevel ventilation in patients with obstructive sleep apnea: An observational study. J. Sleep Res. 2018, 27, e12680. [Google Scholar] [CrossRef]

	



Singh, D.; Agusti, A.; Anzueto, A.; Barnes, P.J.; Bourbeau, J.; Celli, B.R.; Criner, G.J.; Frith, P.; Halpin, D.; Han, M.; et al. Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Lung Disease: The GOLD science committee report 2019. Eur. Respir. J. 2019, 53, 1900164. [Google Scholar] [CrossRef]

	



Berry, R.B.; Brooks, R.; Gamaldo, C.; Harding, S.M.; Lloyd, R.M.; Quan, S.F.; Troester, M.T.; Vaughn, B.V. AASM Scoring Manual Updates for 2017 (Version 2.4). J. Clin. Sleep Med. JCSM Off. Publ. Am. Acad. Sleep Med. 2017, 13, 665–666. [Google Scholar] [CrossRef]

	



Kushida, C.A.; Chediak, A.; Berry, R.B.; Brown, L.K.; Gozal, D.; Iber, C.; Parthasarathy, S.; Quan, S.F.; Rowley, J.A.; Positive Airway Pressure Titration Task Force; et al. Clinical guidelines for the manual titration of positive airway pressure in patients with obstructive sleep apnea. J. Clin. Sleep Med. JCSM Off. Publ. Am. Acad. Sleep Med. 2008, 4, 157–171. [Google Scholar]








[image: Clockssleep 04 00055 g001 550] 





Figure 1. The violin plot (A) represents the global mean Epworth Sleepiness Scale (ESS) score, while bar charts (B,C) the differences between overlap syndrome (OS) and obesity hypoventilation syndrome (OHS) at several thresholds of ESS. * p < 0.05 ** p < 0.001. 
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Figure 2. Comparison of sleep parameters between overlap syndrome (OS) and obesity hypoventilation syndrome (OHS): (A) apnea-hypopnea index (AHI), (B) oxygen desaturation index (ODI), (C) oxygen saturation (SaO2) and (D) time in bed with SaO2 <90% (T90). ** p < 0.001. 
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Table 1. General characteristics of population.






Table 1. General characteristics of population.





	
Variables

	
Total




	

	
n = 132






	
Sex, male, %

	
77%




	
Age, years

	
64.4 ± 11.63




	
BMI, kg·m−2

	
33.65 ± 7.67




	
Neck, cm

	
45.76 ± 4.13




	
Smoking habits, %

	
27%




	
Comorbidities




	
CVD, %

	
39%




	
Hypertension, %

	
70%




	
Cerebrovascular, %

	
9%




	
Endocrinological disorders-non-diabetes, %

	
12%




	
Diabetes, %

	
27%




	
Daytime sleepiness




	
ESS score, points

	
11.51 ± 6.08




	
ESS ≥ 9 points, %

	
67%




	
ESS ≥ 11 points, %

	
51%




	
Sleep data




	
AHI, events·h−1

	
46.21 ± 24.29




	
Severe OSA, %

	
74%




	
ODI, events·h−1

	
45.96 ± 27.06




	
Minimum SaO2, %

	
71.26 ± 15.91




	
T90, %

	
34.39 ± 31.61




	
NH (T90 > 30%), %

	
47%




	
Respiratory and performance status




	
FVC, % predicted

	
84.76 ± 17.26




	
FEV1, % predicted

	
70.33 ± 19.33




	
FEV1·FVC−1

	
63.73 ± 12.68




	
pH

	
7.42 ± 0.03




	
PaO2, mmHg

	
70.66 ± 10.47




	
PaCO2, mmHg

	
41.73 ± 5.93




	
SaO2, %

	
94.12 ± 2.74




	
HCO3−, mmol·l−1

	
25.84 ± 3.23




	
6MWT, mt

	
295.29 ± 112.35




	
Night-time therapy




	
Reject PAP, %

	
1%




	
CPAP, %

	
88%




	
CPAP Pressure, cmH2O

	
11.01 ± 1.92




	
CPAP ≥ 8 cmH2O, %

	
97%




	
CPAP ≥ 10 cmH2O, %

	
83%




	
CPAP ≥ 12 cmH2O, %

	
31%




	
BPAP, %

	
7%




	
APAP, %

	
4%




	
PAP compliance, %

	
90%




	
O2 supplement, %

	
29%








Abbreviations: 6MWT = 6 min walking test; APAP = auto-adjusting positive airway pressure; AHI = apnea-hypopnea index; BMI = body mass index; BPAP = bilevel positive airway pressure; CPAP = continuous positive airway pressure; CVD = cardiovascular disease; ESS = Epworth sleepiness scale; FEV1 = forced expiratory volume in 1 s; FVC = forced vital capacity; HCO3− = bicarbonates; NH = nocturnal hypoxemia; ODI = oxygen desaturation index; PAP = positive airway pressure; SaO2 = oxygen saturation; T90 = total sleep time with SaO2 < 90%.
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Table 2. Comparison between patients with Overlap Syndrome (OS) and patients with Obesity Hypoventilation Syndrome (OHS).
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Variables

	
OS

	
OHS

	
p




	

	
n = 105

	
n = 27

	






	
Sex, male, %

	
80%

	
63%

	
0.063




	
Age, years

	
66.16 ± 10.87

	
57.32 ± 12.11

	
0.001




	
BMI, kg·m−2

	
32.17 ± 6.74

	
39.06 ± 8.54

	
<0.001




	
Neck, cm

	
45.78 ± 3.85

	
45.72 ± 4.6

	
0.965




	
Smoking habits, %

	
23%

	
41%

	
0.098




	
Comorbidities




	
CVD, %

	
37%

	
48%

	
0.3




	
Hypertension, %

	
69%

	
74%

	
0.582




	
Cerebrovascular, %

	
10%

	
4%

	
0.278




	
Endocrinological disorders-non-diabetes, %

	
12%

	
11%

	
0.858




	
Diabetes, %

	
24%

	
41%

	
0.079




	
Daytime sleepiness




	
ESS score, points

	
9.74 ± 5.7

	
14.38 ± 5.69

	
0.005




	
ESS ≥ 9 points, %

	
56%

	
86%

	
0.022




	
ESS ≥ 11 points, %

	
35%

	
76%

	
0.003




	
Sleep data




	
AHI, events·h−1

	
42.21 ± 22.91

	
63.61 ± 22.79

	
<0.001




	
Severe OSA, %

	
70%

	
91%

	
0.036




	
ODI, events·h−1

	
40.37 ± 23.69

	
70.26 ± 27.87

	
<0.001




	
Minimum SaO2, %

	
77.95 ± 11.76

	
61 ± 16.28

	
0.001




	
T90, %

	
30.23 ± 31.05

	
53.09 ± 27.6

	
0.002




	
NH (T90 > 30%), %

	
39%

	
82%

	
<0.0001




	
Respiratory and performance status




	
FVC, % predicted

	
85.4 ± 17.74

	
82.2 ± 15.28

	
0.409




	
FEV1, % predicted

	
67.39 ± 18.45

	
82.32 ± 18.5

	
<0.001




	
FEV1·FVC−1

	
59.49 ± 10.03

	
80.88 ± 5.98

	
<0.001




	
pH

	
7.42 ± 0.03

	
7.4 ± 0.03

	
<0.001




	
PaO2, mmHg

	
71.07 ± 10.97

	
69.1 ± 8.27

	
0.385




	
PaCO2, mmHg

	
39.99 ± 4.87

	
48.48 ± 4.76

	
<0.001




	
SaO2, %

	
94.16 ± 2.92

	
93.94 ± 1.9

	
0.709




	
HCO3−, mmol·l−1

	
25.05 ± 2.89

	
28.89 ± 2.65

	
<0.001




	
6MWT. mt

	
294.75 ± 110.97

	
299.86 ± 133.04

	
0.91




	
Night-time therapy




	
Reject PAP, %

	
0%

	
5%

	
0.058




	
CPAP, %

	
92%

	
71%

	
0.011




	
CPAP Pressure, cmH2O

	
10.95 ± 2.05

	
11.29 ± 1.13

	
0.579




	
CPAP ≥ 8 cmH2O, %

	
97%

	
100%

	
0.524




	
CPAP ≥ 10 cmH2O, %

	
80%

	
100%

	
0.089




	
CPAP ≥ 12 cmH2O, %

	
32%

	
25%

	
0.629




	
BPAP, %

	
7%

	
10%

	
0.66




	
APAP, %

	
1%

	
14%

	
0.008




	
PAP compliance, %

	
90%

	
89%

	
0.977




	
O2 supplement, %

	
26%

	
50%

	
0.091








Abbreviations: 6MWT = 6 min walking test; APAP = auto-adjusting positive airway pressure; AHI = apnea-hypopnea index; BMI = body mass index; BPAP = bilevel positive airway pressure; CPAP = continuous positive airway pressure; CVD = cardiovascular disease; ESS = Epworth sleepiness scale; FEV1 = forced expiratory volume in 1 s; FVC = forced vital capacity; HCO3− = bicarbonates; NH = nocturnal hypoxemia; ODI = oxygen desaturation index; PAP = positive airway pressure; SaO2 = oxygen saturation; T90 = total sleep time with SaO2 < 90%.
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