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Abstract

:

Introduction: Chronic obstructive pulmonary disease (COPD) has a severe impact on patients’ health and can lead to multiple complications. Material and methods: We analyzed the co-occurrence of obstructive sleep apnea (OSA) in COPD patients hospitalized in the Pneumology Clinic of Târgu Mureș, Romania. Results: A total of 150 COPD patients were investigated by clinical examination, STOP-BANG and Epworth questionnaires, ventilatory polygraphy (PG), EKG, cardiac ultrasound, blood lipids, and sugar. Sixty-eight patients (45.3%) had OSA associated with COPD. A total of 61.7% were COPD gr. E, and 30.8% were gr. B. Frequently shown symptoms were snoring and nonrestorative sleep (100%), somnolence (73.5%), nocturnal awakenings (41.17%), morning headache (32.3%), and aggravated dyspnea. Types of OSA included obstructive (97.05%), central (2.5%), and associated obesity–hypoventilation (39.7%). A total of 76.4% were recently diagnosed with OSA. Men predominated at 70.5%, 76.4% were smokers, and 61.7% had experienced alcohol abuse. A total of 25% were overweight, and 71% had obesity. A total of 13.2% belonged to the category of 38–50-year-olds, 55.8% were in the 51–65-year-old category, 17.6% were in the 66–70-year-old category, and roughly 13.2% were in the 71-year-old category. Overlap syndrome (OS) comorbidities and complications were frequently present: 41% experienced respiratory failure, 66.1% experienced blood hypertension, 58.8% experienced ischemic cardiac disease, 32.35% experienced diabetes mellitus, 50% experienced dyslipidemia, and 29.4% experienced cor pulmonale. Conclusions: OS conferred gravity or directly contributed to cardiovascular, respiratory, and metabolic complications. OS was associated with more severe COPD and obesity. The prevalence of smoking in OS patients was higher than the national/European average.
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1. Introduction


The association of sleep apnea (OSA) with other respiratory conditions like chronic obstructive pulmonary disease (COPD), asthma, bronchiectasis, fibrosis, silicosis, and cystic fibrosis, named “Overlap Syndrome” (OS), was identified almost 35 years ago in 1985 by David C. Flenley and initially represented an association of OSA in patients with COPD. Patients who share both disorders have flow limitation, on one hand, of the superior airways (OSA) and also flow limitation of the inferior airways, on the other hand (COPD) [1].



The high prevalence of OS (COPD and OSA), 10–30%, is explained by the high prevalence of both diseases in the general population and partially by common risk factors for both diseases—obesity, smoking, sedentary living, and advanced age [2,3]. Both COPD and OSA diseases have an onset age in adults around 45–60 years.



Isolated COPD is associated with various sleep and breathing disorders during sleep: insomnia (by cough, dyspnea), frequent awakenings (through coughing, obstruction, wheezing, adverse effects of medication), nocturnal hypoxemia (through hypoventilation, abnormalities of the ventilation/perfusion ratio), and an increased cardiovascular and metabolic risk. OSA is associated with nocturnal hypoxemia, an increase in sympathetic tone, sleep fragmentation, diurnal lack of energy, deconditioning to effort, etc. OSA is also considered an independent risk factor for cardiovascular, metabolic, or neuropsychiatric impairment [4].



COPD is very frequently associated with obstructive sleep apnea (OSA) but also with central sleep apnea (changes in the drive of the respiratory centers in severe COPD with cardiovascular complications and hypercapnia) [5].



Patients with OS experience more severe hypoxemia than patients with OSA or COPD alone [1]. OS can also be associated with respiratory-effort-related arousals (RERAs), which also cause sleep fragmentation and nocturnal awakenings [6,7]. At the same time, in OS associated with obesity, there are conditions for obesity–hypoventilation syndrome (OHS), which greatly aggravates the nocturnal hypoventilation existent in severe COPD. OHS is a common condition characterized by the presence of hypoventilation while the subject is awake, which is worse during the night, and is defined as the presence of obesity associated with daytime hypercapnia. The association of OHS could aggravate the already existing OS.



The combined effect of these conditions (COPD, OSA or CSA, and OHS) on ventilatory load, gas exchange, comorbidities, and quality of life is greater than either condition alone. OS will, thus, include serious clinical aspects, a more reserved prognosis, and an increased risk of mortality due to the association of respiratory, cardiovascular, metabolic, and neuropsychic complications from the two diseases.



In OS, compared to isolated OSA or COPD, there is more accentuated daytime sleepiness, more severe nocturnal desaturations, diurnal/nocturnal hypercapnia, pulmonary hypertension, and early chronic pulmonary heart disease (with mild/moderate pulmonary functional decline) [1].



Active search for OSA in COPD by polysomnography/polygraphy is recommended in the presence of specific OSA symptoms and risk factors and in the case of hypoxemia, polyglobulia, and cor pulmonalis (especially in COPD with a modest obstruction or with early cognitive decline). On the other hand, all patients with OSA will be investigated by respiratory function tests.



Due to the early complications, OS requires complex treatment (for both conditions) with the correction of OSA with permanent continuous airway pressure or bilevel airway pressure and with the association of oxygen therapy in patients who remain hypoxemic. Similarly, treatment of OSA in the overlap syndrome can favorably affect both OSA and COPD outcomes [8].




2. Materials and Methods


From 150 patients with COPD successively hospitalized in the Pulmonology Clinic in the period of 2023–2024, based on suspicion of the coexistence of OSA (respiratory deficiency (COPD) combined with suggestive anamnesis or heteroanamnesis for OSA—snoring, sleep-choking, nonrestorative sleep, daytime sleepiness), we selected 72 patients (Figure 1) in whom we performed targeted investigations for the diagnosis of breathing disorders during sleep: (a) careful clinical examination; (b) Epworth sleepiness questionnaire; (c) STOP-BANG risk questionnaire; (d) 6-channel ventilatory polygraphy (nasal flow, thoraco-abdominal exercise tape, pulse oximetry (SaO2, peripheral pulse rate), body position, snoring); and (e) investigations for the possible complications of SA: cardiological examination, blood pressure, EKG, blood tests for metabolic disorders (blood sugar, lipids, cholesterol, triglycerides). Body weight was evaluated in all patients through the body mass index evaluation (BMI), with grading being carried out as follows: BMI < 25—normal weight, BMI between 25 and 30—overweight, BMI between 30 and 35—grade I obesity, BMI between 35 and 40—grade II obesity, and BMI > 40—grade III obesity. OSA was characterized considering the apnea–hypopnea index (AHI) as follows: mild OSA with AHI < 15/h, moderate OSA with AHI between 15/h and 30/h, and severe OSA with AHI > 30/h. Epworth and STOP-BANG scales were used and interpreted as follows: Epworth scale of 10–15: moderate sleepiness, Epworth scale 16 or higher: accentuated sleepiness, STOP-BANG score of 3–4: moderate risk of OSA, and STOP-BANG score of 5–8: high risk of OSA.



For statistical analysis and comparison of the data, the two-sided Fisher exact test and chi-square test were used to calculate the odds ratio (OR) risk using IBM SSPS Statistics 26.0.0.0 software. Differences were considered statistically significant at p < 0.05 using 95% confidence intervals.




3. Results


In total, 68 (94.4%) out of 72 patients with suspicion to have overlap syndrome OS (COPD and sleep apnea) were confirmed by clinical investigation, questionnaire, and polygraphy (PG), which showed the correctness of the assumption. OSA was detected in 68/150 of the total group of COPD patients randomly selected—45.3%. In this subgroup, the severity of the COPD was established upon several criteria (upon the GOLD guide 2024):




	(a)

	
Symptoms—CAT (COPD assessment test): <10—gr. of risk A, >10—gr. of risk B.




	(b)

	
Number of exacerbations in the previous year: ≥2 moderate exacerbation or 1 severe with hospitalization = gr. of risk E.




	(c)

	
Presence of comorbidities.




	(d)

	
Spirometry quantified the severity of airflow obstruction by analyzing the main parameter (FEV1).



In our study, patients with an advanced disease predominated with group E identified in 61.7% of patients, with multiple exacerbations and comorbidities.









Men predominated in the study population with 48 (70.5%). Among risk factors for OSA we discovered high percentages of smoking (76.4%; 40 males and 12 women), professional exposure to noxious air (60.29%), and daily alcohol consumption (58.8%) (Table 1).



From the 52 patients with affirmative smoker status, 32 (61.5%) were former smokers but all heavy ex-smokers (at least 25 packs/year). The 8 nonsmoker women previously had secondhand exposure to cigarette smoking and also intense exposure to chemical substances (fixatives in hairdressing services and exposure to gases resulting from home biomass burning).



OSA was in great prevalence in active people between 51 and 65 years old (55.8%), especially in men this age (70.83%), and 13.2% in young men 38–50 years old (Table 2).



Symptoms in our group were collected from the patients and with the help of the patients‘ bed partner. They were multiple and partially covered by the symptoms of the COPD itself (Table 3). Symptoms were more frequent in the advanced stages of COPD.



Two symptoms were present in all the patients and need to be searched in any patient with COPD: snoring and nonrestorative sleep. In fact, the CAT questionnaire also questions sleep disorders. OS-associated multiple symptoms originate from both diseases but also from the aggravation of complications (Table 3).



In our group, obstructive apnea predominated (97.05%), followed by central apnea (2.94%), while 39.7% of patients had concomitant obesity–hypoventilation syndrome (Table 4).



Concomitant obesity–hypoventilation syndrome (OHS) diagnosis was established under multiple criteria:




	(a)

	
Exaggerated dyspnea on exertion.




	(b)

	
Severe obesity, mainly troncular/abdominal.




	(c)

	
Facial plethora (polycythemia and hypercapnia by vasodilation).




	(d)

	
Awake room air peripheral saturation (SpO2) ≤ 94 percent or an overnight nadir saturation < 80 percent.




	(e)

	
High desaturation on polygraphy (under 90%–around 30% from the night).




	(f)

	
Raised bicarbonate over 26 mmol/L or base excess >3 mmol/L in the absence of another cause for a metabolic alkalosis in an obese individual.









Sleep apnea and OHS were found in 27 patients from the 68 group—39.7% of patients with significant difference between genders (p < 0.001). Male patients were at higher risk of developing associated OHS (OR = 11.84, p < 0.001).



OS comorbidities were frequent in our group and are represented in Table 5.



The confirmation of cor pulmonale was established in the cardiology ward under the suspicion that we had upon the symptoms of pulmonary hypertension (elevated jugular pressure, hepatomegaly, +/− peripheral oedema) and ECG and upon right-sided heart failure by cardiac ultrasound.



The association with the overlap of COPD + OSA of OHS brought additional elements of severity and multiple comorbidities (Table 5).



From the group, 10 patients (all with triple overlap COPD, OSA, and OHS) necessitated treatment with noninvasive ventilation, and 6 were transferred in ICUs. Fatality was high in these patients, at 50%.



During initial investigations through first-hand questionnaires (Table 6), patients predominantly presented high risk of OSA development (through STOP-BANG scores higher than 4 points), with males at 91.66% and females at 80%, while also presenting high prevalence of daytime sleepiness (through Epworth scale scores higher than 10), with males at 85.41% and females at 90%. No significant differences were noted between genders.



After polygraphy (Table 7), all patients presented at least moderate OSA (AHI > 15 events/hour), with 14.70% having moderate OSA and 85.30% having severe OSA, with AHI values higher than 30 events/hour. However, all patients diagnosed with associated OHS present severe forms of OSA, with AHI values higher than 30 events per hour.



Treatment of OS was started with general measures on patient education and lifestyle changes: smoking and alcohol cessation, weight loss in obese patients, and increase in physical activity. All COPD patients underwent an increase in treatment with inhaled bronchodilators (antimuscarinic agents for group A COPD and a combination of long-acting beta-agonists plus antimuscarinic agents in group B and triple therapy (with association of inhaled corticosteroids in group E)).



Treatment with devices with continuous positive airways pressure (CPAP) was the main recommendation for OS, to avoid worsening of the symptoms/complications, along with smoking cessation and, for future weight loss, bariatric surgery in selected patients.



Unfortunately, only 51 from 68 initially accepted CPAP usage during sleep despite the repeated medical recommendations (compliance 75%). Five patients with severe obesity–hypoventilation syndrome benefited from home nocturnal noninvasive ventilation.



In patients that remained hypoxemic after CPAP, oxygen therapy was introduced during sleep, associated with PAP therapy.



Twelve patients were subsequently readmitted after discharge for aggravated symptoms or for re-evaluation of the treatment (after an interval of time between 2 and 6 months). Those patients were referred by the specialists from internal medicine, cardiology, or general surgery (before bariatric surgery within the preanesthetic and preoperative balance). All those 12 patients finally accepted the treatment with CPAP.




4. Discussion


Many respiratory diseases can be associated with OSA: COPD, asthma, bronchiectasis, mucoviscidosis, and/or diffuse fibrosis. The most studied association is the so-called COPD–OSA overlap. The high prevalence of OS (more than 10% of those with COPD) is explained by the high prevalence of both diseases but also due to common etiopathogenetic conditions (smoking, exposure to noxious substances) [2,9]. The conditions leading to a diagnosis of COPD are very frequently met, and it is currently in third place in terms of all causes of mortality in the world; in the USA, it is the cause of 4% of all deaths [9]. The prevalence of OSA alone in the United States is approximately 30% [10,11]. Shawon et al. found a concomitance of COPD and OSA between 2.9% and 65.9%, especially in moderate or severe COPD [11].



In our study, we found OSA in 45.3% of the patients with COPD hospitalized in condition of high prevalence of intricated risk factors: obesity, alcohol consumption, smoking, and exposure to pollutants. A total of 61.7% of patients with OS were in the advanced group of COPD upon OLD classification.



OHS usually is associated with OSA in obese people (up to 90%) and increases the risk for pathologic breathing also on the lower respiratory tract, especially during sleep by hypoventilation [12,13]. OHS is defined by (a) increased body mass index (BMI) over 30 kg/m2 associated with diurnal hypoventilation; (b) increased partial pressure of carbon dioxide (PCO2) ≥ 45 mmHg (in blood gas analysis or measured by transcutaneous PCO2); (c) hypersomnolence; and if it is associated with OSA, loud snoring, choking during sleep, fatigue, and neuropsychic decline [13].



We found OHS predominantly in men (52%) compared with 10% in women. Data from the literature suggest a lower prevalence in women [14]. From patients with OHS, about 33% have acute or chronic respiratory failure [15]. In our study, because of the complex overlap of COPD, OSA, and OHS, we found a huge percentage of patients with respiratory chronic failure (92.59%).



Our patients with OS had common risk factors—smoking, exposure to noxious substances, and alcohol abuse in a significant proportion compared with the general population. For example, smoking had a huge average value in our patients (76.4% (more in men) over the national and European values (28% versus 19.7% of the EU population)).



Men predominated, with 70.5% in our study. Among risk factors for OSA, we discovered high percentages of smoking 76.4% (40 males and 12 women), professional exposure to noxious air (60.29%) (biomass, fixative from hairdressing, pesticides, diluents in leather industry), and daily alcohol consumption (58.8%). Smoking and exposure to noxious particles determined chronic inflammation both in the upper airways (favoring OSA) and in the lower airways (determining COPD). At the same time, the effects of smoking and noxious substances are carried out at the level of the cardiovascular system [16] and also increase the risk for lung and laryngeal cancer [17].



Another risk factor contributing to the occurrence of the two severe conditions in OS is air pollution, especially in an industrial city such as Târgu Mures [18].



Obesity was a common risk factor for sleep apnea, for OSH, but also for worsening respiratory, cardiovascular, and metabolic comorbidities [19,20,21,22]. In patients with milder disease, mortality may rise with BMI > 30 kg/m2 [23] by reduction in fat-free tissue and by a sedentary lifestyle [24].



At the same time, it is known that obesity causes important effects on respiratory function—restrictive dysfunction and decreased compliance, by favoring diabetes and diabetic pneumopathy [24,25]. Patients with obesity also have a complex metabolic impairment—metabolic syndrome, increased risk of diabetes, dyslipidemia [25], and an increased risk of unfavorable evolution in patients with advanced COPD [26]. Therefore, the fact that patients with OS have an increased risk is justified.



In our study, conditions for a diagnosis of obesity were frequently met (72.5%), especially second-degree and third-degree obesity (17.6%), with eight patients being over 150 kgs and four over 120 kgs. Advanced obesity was more frequent in women (70%) compared to men (49.16%) (Table 1).



Unfortunately, the insurance coverage for bariatric surgery is not well defined, and there are not enough centers for obesity counseling and treatment.



Patients with OS have increased risk of nocturnal hypoxemia as compared to COPD patients, resulting in respiratory failure and hypercapnia and risk for central sleep apnea by disorders at the level of the central respiratory centers. Underlying hypoxemia in OS (originating from OSA, obesity, and COPD) induces the release of systemic inflammatory mediators including C-reactive protein, interleukin-6 and 8, tumor necrosis factor-alpha, and reactive oxygen species [27,28,29].



We found an increased number of complications in our study, directly caused or aggravated by both diseases (COPD and OSA) (Table 5): respiratory failure, systemic hypertension, ischemic cardiac disease, arrhythmias, cor pulmonalis, diabetes, dyslipidemia, cognitive decline, and respiratory infections. All complications were very frequently in the complex overlap of COPD plus OSA together with obesity–hypoventilation syndrome.



Isolated COPD is associated with various sleep and breathing disorders during sleep: insomnia, frequent awakenings (through coughing, obstruction, wheezing, adverse effects of medication) [6], nocturnal hypoxemia (through hypoventilation, abnormalities of the V/Q ratio), and an increased cardiovascular and metabolic risk [22]. At the same time, COPD has direct effects for increasing OSA intensity, by sleep quality reduction, oxygen desaturation during sleep, rostral fluid shift in supine position, and even through the effects of corticoid therapy [12].



OSA and OHS alone are independent risk factors for cardiovascular, metabolic, or neuropsychiatric impairment [2,4,12,15,30]. Long night periodical hypoxia episodes determine inflammation with oxidative stress and release of systemic inflammatory mediators like TNF-α, IL-6, IL-8, and CRP, which lead to endothelial dysfunction and atherosclerotic plaque formation [27,28]. At the same time, OSA and OHS generate metabolic dysfunction including insulin resistance and abnormal lipid metabolism, being associated frequently with systemic hypertension, coronary heart disease, cardiac failure, arrhythmias, and stroke [28,31,32].



Patients with OS have more cardiovascular comorbidities and an increased risk of pulmonary hypertension and right heart failure, secondary to hypoxemia and long-term-untreated hypercapnia compared to patients with isolated COPD or OSA [33,34,35]. Hawrylkiewicz et al. observed in their study that 86% of the subjects with OS had pulmonary hypertension as compared to 16% of subjects with OSA alone [33,34,35]. OS is also associated with an increased risk of cardiac rhythm disorders [34,35,36].



Our patients had several comorbidities and complications (being greater in advanced COPD).



OS will, thus, include serious clinical aspects, more reserved prognosis, and increased risk of mortality due to the association of respiratory, cardiovascular, and metabolic complications from the two diseases [1,2]. In OS, compared to isolated OSA or COPD, more pronounced daytime sleepiness, more severe nocturnal desaturations, diurnal/nocturnal hypercapnia, pulmonary hypertension, and early chronic pulmonary heart disease (with mild/moderate pulmonary functional decline) are noted [1,2,19,21,31].



Diabetes mellitus (DM) had a high proportion in OS patients, compared to the general population, of the risk that emerged from both diseases [1,37,38,39,40,41]. The relation between DM and OSA is well known. DM is associated more frequently with OSA through neuropathy and impaired central control of breathing, deficient neural reflexes related to the upper airways, obesity, and by cardiovascular complications that aggravate OSA [38]. OSA causes an increased risk of insulin resistance diabetes and β-cell dysfunction (sympathetic activation, oxidative stress, systemic inflammation, adipokine dysregulation, obesity, and diurnal hypersomnolence) [40,41]. At the same time, COPD increases the risk for DM by systemic inflammation, influence of smoking on genes linked to diabetes and COPD [37], preexisting conditions, lifestyle, and weight gain [41].



We also noticed an increased risk for respiratory infection and COPD exacerbation (≥2/year) in patients with OS. This observation is consistent with the data from the literature and is partially explained by intermittent hypoxia during OSA episodes which impairs local immunity at the pulmonary parenchymal level, by chronic local inflammation and damage, along with vascular endothelial dysfunction, resulting in an increased risk for infection and severity, even enhancing infections, including the one with SARS-CoV-2 [42,43,44,45,46,47].



The frequently met DM in both COPD and OSA patients also increases the risk for super-infection [48]. In COPD, chronic inflammation compromises innate and adaptive immune responses and facilitates recurrent respiratory infections and exacerbations [45,46]. Those at risk of developing infections and bad evolution prognosis were also patients with associated obesity withing the OS (known as a risk factor for impaired immune function). OS was also associated with increased mortality [49]. In this study, within patients with CPAP or NIV treatment, we did not record fatalities.



In such conditions of severity with regard to the symptoms and complications in OS, the treatment has to be complex and multimodal [1,11,13,15,21,50,51,52].



Lifestyle change was the first general measure recommended in our study in all patients: increased general and organized physical activity, pulmonary rehabilitation (PR), and diet with calories/sugar reduction for weight loss. PR is recognized to bring benefits at the same time in OSA and COPD (where skeletal muscle wasting could be present), improvement in AHI and sleep quality, optimizing mood and dyspnea score, combating sedentarism [50,51].



Correct treatment of COPD with dual bronchodilators or triple therapy in severe COPD with exacerbation (highlighted by increased number of eosinophils) may improve sleep quality and REM sleep in moderate/severe COPD. It is not very clear if OSA will also be improved but it is known that treatment with bronchodilators ameliorates dyspnea, and patients with COPD can better perform pulmonary rehabilitation.



Bronchodilators (especially long-acting bronchodilators and combining antimuscarinic with beta 2 sympathomimetic agonists) are the central treatment of COPD by multiple effects (GOLD COPD 2024) [52]: they (a) alleviate bronchial obstruction, airflow limitation, and symptoms; (b) reduce hyperinflation; (c) improve exercise tolerance and permit easy performance of pulmonary rehabilitation; (d) improve lung function [52]; (e) improve quality of life [53]; (f) reduce the use of crisis medication [53]; (g) reduce exacerbations; and (h) improve survival along with association of inhaled corticoids/oxygen or noninvasive ventilation in hypercapnic patients.



Therapy of the overlap syndrome consists of treatment with devices that ensure a positive airways pressure (PAP) in the airways in continuous mode during inspiration and expiration (CPAP) or with different inspiratory and expiratory pressures (bilevel PAP) or by nocturnal noninvasive ventilation (NIV) in cases with OS and established hypercapnia/hypoventilation with or without associated nocturnal O2. Several studies have shown that PAP therapy in OS reduces daytime and nocturnal hypercapnia, improves nocturnal hypoxemia, lowers the apnea–hypopnea index, decreases the pulmonary hypertension, decreases mortality and exacerbation in OS, and improves sleep quality and symptoms (diurnal sleepiness) [13,21,54,55,56,57,58,59,60,61,62,63]. Other studies show the specific decrease in the inflammatory markers during treatment with CPAP in OS [64,65].



NIV devices are also indicated in COPD exacerbation and acute respiratory failure [50]. They also help to improve respiratory muscle strength and endurance in these patients by reducing the workload of breathing. When comparing the use of CPAP or NIV, both methods of treatment were equally effective in improving daytime PaCO2 and sleepiness (especially in OHS) [66].




5. Conclusions


Overlap syndrome (COPD and OSA) was frequently met in our hospitalized patients in the Clinic of Pneumology of Târgu Mureș, Romania. Polygraphy (PG) was a comfortable method for efficient and rapid diagnosis of associated OSA and COPD. The high positivity of PG for OSA detection (94.4%) in suspected patients proved the correct suspicion harbored by clinical symptoms, questionnaires (Epworth sleepiness questionnaire and STOP-BANG), and close physical examination. OS presented multiple intricated risk factors for both diseases. The prevalence of smoking in OS patients was higher than the national/European average.



Males predominated in our study, especially from active socioprofessional groups. OSA was in great prevalence in active people between 51 and 65 years old, including young men (38–50 years old). OS was associated with multiple symptoms, originating from both diseases but also from their complications. Symptoms were more frequent in the advanced stages of COPD. OS was associated with more severe COPD and advanced obesity.



The great number of newly diagnosed OSA and OHS and the severity of OS indicated the late diagnosis, and invited us to highlight this simple message: OSA and comorbidities (cardiovascular, metabolic, cognitive decline) should be actively screened in all COPD patients through clinical examination, sleep questionnaires, PG, and multidisciplinary consultations; at the same time, all patients with OSA will have respiratory functional tests, conducted for lung function evaluation (COPD, asthma, or restrictive diseases) to eliminate or, depending upon the case, to detect and treat a concurrent disease in the lower airways as early as possible.



OS conferred gravity or directly contributed to cardiovascular, respiratory, and metabolic complications emanating from both diseases (COPD and OSA). Given the severe complications, OS requires increased treatment for both diseases (COPD and OSA). The main treatment for OSA will be CPAP for upper airway obstruction and NIV for hypoventilation, with oxygen therapy given to remaining hypoxemic patients.
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Figure 1. Patient selection process. Bold is used to emphasize the study population final selection process. 
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Table 1. OS risk factors were risk factors for both OSA and COPD.
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Total Patients

n = 68

	
Females

n = 20

	
Males

n = 48

	
p/OR (CI 95%)






	
Smoking

	
52 (76.4%)

	
12 (60%)

	
40 (83.3%)

	
0.04/3.33 (1.03–10.77)




	
Ambiental and professional exposure

(pesticides, dilutant in leather industry, biomass burning, second hand smoking, exhaust gases)

	
41 (60.29%)

	
8 (40%)

	
33 (68.7%)

	
0.03/3.30 (1.11–9.74)




	
Alcohol consumption

	
42 (61.7%)

	
4 (20%)

	
38 (55.8%)

	
<0.001/15.20 (4.14–55.68)




	
Overweight

	
17 (25%)

	
4 (20%)

	
13 (27%)

	
0.54/1.48 (0.41–5.27)




	
Obesity

	
49 (72.05%)




	
Obesity degree 1

	
11 (16.17%)

	
2 (10%)

	
9 (13.23%)

	
0.10




	
Obesity degree 2

	
26 (38.2%)

	
12 (60%)

	
14 (29.16%)




	
Obesity degree 3

	
12 (17.6%)

	
2 (10%)

	
10 (20.8%)








Bolded values are statistically significant (p < 0.05).













 





Table 2. Distribution of overlap syndrome upon age.
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38–50 Years Old

	
51–65 Years Old

	
66–70 Years Old

	
Over 71 Years Old

	
p






	
Women

	
2 (10%)

	
4 (20%)

	
8 (40%)

	
6 (30%)

	
<0.001




	
Males

	
7 (14.58%)

	
34 (70.83%)

	
4 (8.33%)

	
3 (6.25%)




	
Total

	
9 (13.2%)

	
38 (55.8%)

	
12 (17.6%)

	
9 (13.2%)








Bolded values are statistically significant (p < 0.05).













 





Table 3. Symptoms related to group of COPD severity.
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	Total Patients n = 68
	COPD gr. of Risk A

n = 5
	COPD gr of Risk B

n = 21
	COPD gr. of Risk E

n = 42
	p





	Snoring
	68 (100%)
	5 (100%)
	21 (100%)
	42 (100%)
	1.00



	Nonrestorative sleep
	68 (100%)
	5 (100%)
	21 (100%)
	42 (100%)
	1.00



	Awakening with gasping or choking
	28 (41.17%)
	0 (0%)
	8 (38.09%)
	20 (47.61%)
	0.43



	Nocturnal dyspnea
	24 (35.29%)
	0 (0%)
	3 (14.2%)
	21 (50%)
	0.01



	Morning headaches
	22 (32.3%)
	0 (0%)
	5 (23.80%)
	17 (40.47%)
	0.33



	Daytime sleepiness or fatigue,
	50 (73.5%)
	2 (40%
	15 (71.42%)
	33 (78.57%)
	0.17



	Poor concentration or memory impairment
	59 (86.7%)
	5 (100%)
	20 (95.23%)
	34 (80.95%)
	0.30







Bolded values are statistically significant (p < 0.05).













 





Table 4. Respiratory sleep disorder diagnosed in patients with COPD.
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Obstructive Sleep Apnea or Mixt Sleep Apnea

	
Central Sleep Apnea

	
Associated Obesity–Hypoventilation Syndrome

	
p for OHS/OR (CI95%)






	
Women n = 20

	
20 (100%)

	
0 (0%)

	
2 (10%)

	
<0.001/11.84 (2.44–57.37)




	
Males n = 48

	
46 (95.83%)

	
2 (4.16%)

	
25 (52.03%)




	
Total n = 68

	
66 (97.05%)

	
2 (2.94%)

	
27 (39.7%)








Bolded values are statistically significant (p < 0.05).













 





Table 5. Relevant comorbidities for patients with overlap syndrome (COPD + OSA + OHS).
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	Total

n = 68
	COPD + OSA Without OHS

n = 41
	COPD + OSA + OHS

n = 27
	p/OR (CI 95%)





	Respiratory failure
	28 (41%)
	3 (7.31%)
	25 (92.59%)
	<0.0001/158.30 (24.67–1016.13)



	Respiratory failure + NIV need (6 in ICU)
	10 (14.7%)
	2 (4.87%)
	8 (29.62%)
	0.01/8.21 (1.58–42.48)



	Systemic hypertension
	63 (92.64%)
	38 (92.68%)
	25 (92.59%)
	0.98/0.98 (0.15–6.33)



	Ischemic cardiac disease
	40 (58.8%)
	20 (48.78%)
	20 (74.07%)
	0.04/3.00 (1.04–8.62)



	Arrythmia
	14 (20.58%)
	8 (19.5%)
	12 (44.4%)
	0.03/3.30 (1.11–9.74)



	Cor pulmonale
	30 (44.11%)
	13 (31.7%)
	17 (62.96%)
	0.01/3.66 (1.31–10.16)



	Diabetes mellitus
	29 (42.64%)
	14 (34.1%)
	13 (48.1%)
	0.25/1.79 (0.66–4.83)



	Dyslipidemia
	44 (64.7%)
	21 (51.21%)
	23 (85.18%)
	<0.01/5.47 (1.60–18.65)



	Increased risk for respiratory infection and COPD exacerbation (≥2/year)
	40 (58.8%)
	21 (51.21%)
	19 (70.37%)
	0.11/2.26 (0.80–6.32)



	Cognitive decline: loss of concentration, mood swings, memory troubles, insomnia
	48 (70.5%)
	23 (56%)
	25 (92.59%)
	<0.01/10.32 (2.16–49.29)







Bolded values are statistically significant (p < 0.05).













 





Table 6. Questionnaire investigation results.






Table 6. Questionnaire investigation results.











	
	Males

n = 48
	Females

n = 20
	p/OR (CI 95%)





	Epworth scale score ≥ 10 pts
	41 (85.41%)
	18 (90%)
	0.61/0.65 (0.12–3.44)



	STOP-BANG scale score > 4 pts
	44 (91.66%)
	16 (80%)
	0.18/2.75 (0.61–12.31)







Bolded values are statistically significant (p < 0.05).













 





Table 7. Polygraphy investigation results.
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	Mild OSA

(AHI < 15)
	Moderate OSA

(15 ≤ AHI ≤ 30)
	Severe OSA

(AHI < 30)





	Total patients

n = 68
	-
	10 (14.70%)
	58 (85.30%)



	Obesity–