

  ijms-24-05504




ijms-24-05504







Int. J. Mol. Sci. 2023, 24(6), 5504; doi:10.3390/ijms24065504




Review



Sleep-Disordered Breathing and Chronic Respiratory Infections: A Narrative Review in Adult and Pediatric Population



Paola Faverio 1,2[image: Orcid], Umberto Zanini 1,2, Anna Monzani 1, Gianfranco Parati 2,3[image: Orcid], Fabrizio Luppi 1,2[image: Orcid], Carolina Lombardi 2,3 and Elisa Perger 3,*





1



UOC Pneumologia, Fondazione IRCCS San Gerardo dei Tintori, 20900 Monza, Italy;






2



School of Medicine and Surgery, University of Milano Bicocca, 20900 Monza, Italy






3



Istituto Auxologico Italiano, IRCCS, Sleep Disorders Center & Department of Cardiovascular, Neural and Metabolic Sciences, San Luca Hospital, 20149 Milan, Italy









*



Correspondence: e.perger@auxologico.it







Academic Editor: Carolina Cubillos Zapata



Received: 4 February 2023 / Revised: 7 March 2023 / Accepted: 11 March 2023 / Published: 13 March 2023



Abstract

:

Sleep-disordered breathing (SDB) comprises different diseases characterized by abnormal respiratory patterns during sleep including obstructive sleep apnea. SDB prevalence and impact in patients with chronic respiratory infections have been only marginally studied. The purpose of this narrative review is to report the prevalence and impact of SDB in chronic respiratory infections, including cystic fibrosis (CF), bronchiectasis and mycobacterial infections, and explore the possible pathophysiological mechanisms. Common pathophysiological mechanisms, underlying SDB onset in all chronic respiratory infections, include inflammation, which plays a central role, chronic nocturnal cough and pain, excessive production of mucous plugs, presence of obstructive and/or restrictive ventilatory impairment, upper airways involvement, and comorbidities, such as alteration of nutritional status. SDB may affect about 50% of patients with bronchiectasis. The severity of the disease, e.g., patients colonized with P. aeruginosa and frequent exacerbators, as well as comorbidities, such as chronic obstructive pulmonary disease and primary ciliary dyskinesia, may impact SDB onset. SDB may also frequently complicate the clinical course of both children and adults with CF, impacting the quality of life and disease prognosis, suggesting that their routine assessment should be incorporated into the clinical evaluation of patients from the first stages of the disease regardless of suggestive symptoms, in order to avoid late diagnosis. Finally, although the prevalence of SDB in patients with mycobacterial infections is uncertain, extrapulmonary manifestations, particularly nasopharyngeal locations, and concomitant symptoms, such as body pain and depression, may act as atypical predisposing factors for their development.
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1. Introduction


Sleep-disordered breathing (SDB) comprises different diseases characterized by abnormal respiratory patterns during sleep and is often associated with cardio-pulmonary comorbidities such as chronic heart failure, pulmonary embolism and pulmonary hypertension [1,2,3]. The main causes of SDB include obstructive sleep apnea (OSA), sleep hypoventilation, central sleep apnea (CSA) and sleep-related hypoxemia. OSA is the most common sleep disorder and it affects one-third of the population aged between 30 and 70 years in Europe [4], including a huge number of people who have not received a diagnosis yet [4,5,6,7].



Chronic respiratory infections may include difficult-to-treat infections or infections that require long-term antibiotic therapy, such as tuberculosis (TB) and non-tuberculous mycobacterial pulmonary disease (NTM-PD), and also structural lung diseases that predispose to chronic bacterial colonization, such as bronchiectasis and cystic fibrosis (CF). CF is a multisystem disease whose main respiratory manifestations include chronic bacterial colonization, productive cough, progressive bronchial distortion and remodeling leading to bronchiectasis, haemoptysis, atelectasis and pneumothorax. Progressive pulmonary failure continues to be the major cause of morbidity and mortality [8]. Bronchiectasis is a condition characterized by the permanent dilation of bronchi with the destruction of elastic and muscular components of their walls. Although they are primarily a structural lung disease, we discuss bronchiectasis among chronic respiratory infections because they may frequently cause a vicious circle from impaired muco-ciliary clearance with excessive production of mucous plugs leading to chronic airway infections and inflammation with continuous airways remodeling [9]. Mycobacterial infections, including TB and NTM-PD, typically affect patients with structural lung diseases, such as bronchiectasis, patients with risk factors for immunosuppression, and, in the case of TB, patients living in highly endemic countries.



SDB has been extensively evaluated in patients with other chronic obstructive airway diseases, such as chronic obstructive pulmonary disease (COPD) and asthma, but only marginally studied in patients with chronic respiratory infections such as bronchiectasis and mycobacterial infections.



Multiple causes may lay behind this lack of knowledge; first of all, chronic respiratory infections, including NTM-PD, and bronchiectasis have long been considered orphan diseases and, therefore, research on these topics has not flourished until recent years. Secondly, the main and most studied risk factors for SDB, such as obesity, are not so common in patients with chronic respiratory infections, hiding possible concomitant diseases. Thirdly, the typical symptoms that may lead to SDB diagnosis, e.g., excessive daytime sleepiness, snoring and nocturia, are not commonly reported by patients with chronic respiratory infections.



This review aims to evaluate the current evidence on the prevalence and impact of SDB in chronic pulmonary infectious diseases, including bronchiectasis, CF, TB and NTM-PD.




2. Material and Methods


A search of relevant medical literature in the English language was conducted in Medline/PubMed and EMBASE databases including observational, interventional studies and reviews on both adults and children through January 2023. Keywords used to perform the research are reported in Table 1. Editorials, narratives, conference abstracts and pre-print publications were excluded. All studies regarding chronic respiratory infectious diseases, the objective of this review (bronchiectasis, CF and mycobacterial infections) were included. Studies reporting only on other chronic respiratory diseases whose pathogenesis is not directly related to infections, such as COPD and asthma, were excluded. Relevant abstracts and articles were searched and screened independently by three authors (PF, UZ and EP) and, when there was a discrepancy between the authors, the articles were collectively discussed and analyzed for relevance, strengths and limitations. The most relevant literature regarding the three main topics of this review (bronchiectasis, CF and mycobacterial infections) is summarized in Table 2. We included articles in Table 2 (four on CF, two on bronchiectasis and one on mycobacterial infection); three were prospective and four were retrospective observational studies.




3. Sleep-Disordered Breathing and Chronic Respiratory Infections: Pathophysiology and Underlying Mechanisms


Sleep-related hypoventilation is common in neuromuscular diseases and chest wall disorders due to the physiologic reduction in ventilation during sleep together with the progressive chronic challenges imposed by the underlying diseases [17,18]. Hypoventilation is first seen during rapid eye movement (REM) sleep before progressing to non-REM sleep and wakefulness [19]. Clinical presentation is nonspecific and daytime respiratory function measures poorly predict nocturnal hypoventilation. The concomitant narrowing of the upper airway induced by apneas may contribute to worsening nocturnal hypoxemia. Central events derive from the instability of the breathing pattern caused by high loop gain, which may, on the other hand, also provoke obstructive events [20,21]. OSA is characterized by a partial or complete collapse of the upper airway during sleep, resulting in reduction or cessation of airflow despite the increased respiratory effort. The repetitive collapse of the pharyngeal airway during sleep leads to impaired gas exchange and intermittent oxygen desaturations that result in arousal from sleep. Intermittent and sustained nocturnal hypoxemia, particularly with concomitant hypercapnia, typical of OSA, CSA and sleep hypoventilation activates the sympathetic nervous system, being the major contributor to cardiovascular comorbidity of SDB [22]. These surges in sympathetic activity also result in ―the release of inflammatory mediators, lipolysis, and worsened insulin resistance, especially in OSA [23].



Mechanisms that may justify the coexistence of SDB, especially OSA, and chronic respiratory infections leading to bronchiectasis are many. In particular, the synergic increases in proinflammatory stimuli and anatomical alterations of the upper airway might be the subjects of a cross-talk mechanism responsible for a bidirectional worsening of the two diseases, Figure 1. An over-sensitive ventilatory control system—or loop gain―and altered arousal threshold represent a predisposing condition for SDB in chronic infectious diseases [24,25,26,27].



	A.

	
Inflammation: The repetitive collapse of the pharyngeal airway characteristic of OSA leads to intermittent oxygen desaturation, sleep fragmentation and the consequent activation of the sympathetic nervous system, which is the major contributor to the release of systemic inflammatory mediators, Figure 1 [28,29]. Thus, intermittent hypoxia has been largely linked to major pro-inflammatory cytokines, such as tumor necrosis factor α (TNF-α) and interleukin 6 (IL-6), which constitute the classical prototypes of the large spectrum of systemic inflammation [29]. The subsequent cytokine-mediated inflammatory cascade, coupled with mechanical lung injury, damages the lungs and may worsen several conditions, including chronic respiratory infections [30]. Oxidative stress, such as the structural and functional alteration induced by reactive oxygen species, in response to chronic and intermittent hypoxia, is associated with airway damage [31,32]. In bronchiectasis, chronic bronchial infection and inflammation interact with each other and are responsible for progressive lung damage [33]. Oxidative stress and hypoxia in the airway are induced by the consumption of nutrients by inflammatory cells and bacteria and by a reduced supply of oxygenated blood to damaged lung segments [32]. The overexpression of pro-inflammatory cytokines due to SDB, especially in OSA, might accelerate this process precipitating the evolution of chronic respiratory diseases. On the other hand, the persistent inflammation induced by hypoxia, oxidative stress and chronic infections might predispose to SDB by increasing local phlogosis, gastroesophageal reflux disease (GERD) and, thus, upper airway edema. Upper airway inflammation and edema might increase pharyngeal collapsibility, as it will be described subsequentially. Given these premises, inflammation represents the subject of a bidirectional link between SDB and chronic respiratory infectious diseases, Figure 1. The disease-related chronic overexpression of inflammatory cytokines is enhanced in a vicious circle, with a consequent potential worsening of general clinical conditions.




	B.

	
Anatomy, upper airway edema and local inflammation: The occurrence of upper airway obstruction during sleep reflects an interplay between the removal of the wakefulness drive (which helps to maintain airway patency) and an individual anatomical predisposition with susceptibility to collapse. Pharyngeal muscle relaxation during sleep and lack of sufficient reactivation are key primary pathophysiological events leading to OSA [34]. Interstitial fluid accumulation in the upper part of the body during the night decreases the pharyngeal size and increases pharyngeal resistance and upper airway collapsibility in predisposed individuals [35,36]. A narrow upper airway importantly contributes to the development of OSA, typically worsened by a fat deposit in the parapharyngeal fat pads and pharyngeal muscles, obesity being one of the major risk factors for OSA, or by edema of the upper airway induced by local acute or chronic inflammation [28,37]. In patients with OSA, upper airway tissue is characterized by subepithelial edema and excessive inflammatory cell infiltration [38,39]. Chronic respiratory infectious diseases are characterized by chronic airway inflammation, which also involves the upper airways, GERD and microaspirations, especially at night time [40,41,42]. Acid regurgitation in the upper airway might contribute to the further narrowing of the pharyngeal region by local inflammation. In turn, OSA swings in intrathoracic pressure during apneas increase the pressure gradient between the esophagus and the stomach displacing the gastric contents into the esophagus, determining GERD. This produces a further pharyngeal spasm in patients with OSA and might decrease pharyngeal dilator muscle responsiveness by reducing specific receptors’ sensibility. GERD can also lead to bronchoconstriction or coughing in patients with lung diseases, by causing microaspiration. Additionally, OSA can also affect airway immunity leading to an increased propensity for respiratory tract infection-mediated exacerbations that can progress underlying chronic airway disease [43,44]. Indeed, the presence of upper airway symptoms was shown to increase disease duration and the exacerbation rate in patients with bronchiectasis [45]. Local upper airway inflammation related to chronic respiratory infections might therefore increase pharyngeal collapsibility, inducing pharyngeal narrowing in predisposed individuals.




	C.

	
Ventilatory drive instability and loop gain: respiration regulatory disturbances are essential in SDB pathogenesis, as respiratory control plays an essential role in maintaining stable respiration during sleep in healthy humans. The respiratory control system sensitivity is modulated through a negative feedback mechanism called loop gain [46,47,48]. A high loop gain is a marker of breathing instability and determines an exaggerated increase in ventilation in response to minimal changes in blood gas tension. Changes in respiration consequent to obstructive events (reduction in ventilation) or to arousals (increase in ventilation) evoke an exaggerated respiratory response when the loop gain of the subject is high. This response becomes a disturbance itself and will propagate breathing instability, and thus apneas and hypopneas, in predisposed individuals [49]. The cardinal symptom of chronic respiratory infections is chronic productive cough [50,51,52]. Nocturnal cough arouses the subject determining a sudden increase in respiratory rate and carbon dioxide changes. Accordingly, with the loop gain of the subject, the ventilatory drive may induce an increased response that will propagate respiratory instability and respiratory events in predisposed individuals [24]. Given these premises, cough and pain might be stimuli for SDB propagation in subjects with a high loop gain.




	D.

	
Arousals and arousal threshold: Arousals contribute to sleep fragmentation and poor sleep quality in subjects with SDB and chronic respiratory diseases and indirectly worsen the predisposition to develop sleep apnea. As mentioned above, recurrent abrupt arousals during sleep may contribute to the exaggerated post-event ventilatory response, reiterating respiratory instability and, thus, SDB [22,53]. The respiratory arousal threshold is the level of inspiratory mechanical effort required to wake up an individual in response to the narrowing of the upper airway during sleep. Although it has been postulated that a low arousal threshold may contribute to the development of OSA in predisposed subjects [24,54], delaying arousals in subjects with poor pharyngeal muscle responsiveness would increase the risk of severe overnight hypoxemia. Sustained isocapnic hypoxia increases the respiratory arousal threshold [55]. Increased arousal threshold together with sustained nocturnal hypoxemia may further impair the normal defense mechanisms that operate to minimize the result of abnormal breathing and gas exchange during sleep. This may have implications for disorders characterized by sustained nocturnal hypoxia, such as chronic respiratory infections, worsening the baseline hypoxic condition.







The main pathophysiological mechanisms causing SDB in chronic respiratory infections are summarized in Figure 2.




4. Sleep-Disordered Breathing and Bronchiectasis


Bronchiectasis is an anatomical alteration with a permanent enlargement of part of the airways. Many different causes may contribute to the development of bronchiectasis, including prior pulmonary infections, such as tuberculosis, autoimmune diseases and impaired host defenses, such as primary ciliary dyskinesia (PCD) or immunodeficiencies. CF-associated bronchiectasis for this review will be addressed in a specific paragraph.



It has been shown that patients with bronchiectasis have multiple risk factors for SDB, such as chronic inflammation and ventilatory impairment due to obstructive and/or restrictive patterns and chronic secretions, caused by impaired muco-ciliary clearance and by excessive production of mucous plugs [56,57]. Only a few studies have thoroughly investigated the prevalence of SDB, particularly OSA, in patients with bronchiectasis [10,11]. Two studies conducted in Brazil and Turkey reported the results of polysomnography (PSG) in 49 and 43 patients with bronchiectasis, respectively. Prevalence of OSA ranged between 41% and 56% and, in more than half cases in both studies, it was of mild severity (apnea-hypopnea index (AHI) 5–15). Risk factors for the presence of OSA were older age, male gender, larger neck circumference and P. aeruginosa colonization [10,11]. Contrary to what was expected, body mass index (BMI), pulmonary functional parameters and the number of prior exacerbations did not differ between patients with or without OSA. Smoking history was not evaluated in these studies, probably because pathophysiological mechanisms for OSA in patients with bronchiectasis may at least in part be different from those of the general population. Recognized markers of bronchiectasis severity, such as the number of exacerbations per year ≥ 3, were associated with longer snoring periods, worse oxygen saturation (SpO2) nadir and higher total sleep time with SpO2 < 90% [10]. To our knowledge, literature is lacking regarding the impact of treating SDB in these patients and whether airway-clearance techniques and pulmonary rehabilitation may have a positive effect on OSA. Regarding diagnosis, typical symptoms suggestive of OSA may not be present in patients with bronchiectasis. In the study by Faria Junior et al., daytime levels of sleepiness evaluated using the Epworth sleepiness scale (ESS) did not differ between patients with and without OSA [11]. Similarly, comparing subjects with bronchiectasis with and without OSA, Borekci et al., did not observe any difference regarding excessive daytime sleepiness and snoring [10]. These findings suggest that patients with bronchiectasis may require screening for OSA regardless of typical risk factors and symptoms.



The impact of sleep disturbances on the quality of life in both children and adults with bronchiectasis was also investigated through questionnaires [58,59]. Gao et al., applied the Pittsburgh Sleep Quality Index (PSQI), ESS and St. George Respiratory Questionnaire in 144 adults with bronchiectasis and observed that they had a higher prevalence of sleep disturbances (based on the PSQI score > 5), but no difference in daytime sleepiness (based on the ESS score > 10) compared to healthy subjects [58]. Furthermore, compared to patients without sleep disturbances, those with SDB according to the questionnaire response had a more impaired quality of life. Erdem et al., collected the PSQI and the Pediatric Sleep Questionnaire in 54 children with bronchiectasis and age-matched controls [59]. The prevalence of SDB and poor sleep quality was higher in patients with bronchiectasis compared to controls (22 vs. 9% and 37 vs. 17%, respectively). Moreover, patients with chronic symptoms such as sputum production, snoring and wheezing, and those with worse high-resolution computed tomography involvement had poorer sleep scores [59]. Both the studies by Gao et al., and Erdem et al., showed that sleep quality was impaired in a non-negligible percentage of patients with bronchiectasis, regardless of age [59]. However, neither of the two studies performed PSG to definitively confirm the presence of SDB.



Bronchiectasis may also complicate other diseases, such as COPD, and increase the prevalence of OSA. A recent observational study by Yang et al., studied the prevalence of bronchiectasis, with chest computed tomography, and the presence of OSA, through nocturnal PSG, in 124 consecutive patients with COPD, mostly of severe entity [60]. Bronchiectasis were significantly more frequent in patients with COPD-OSA overlap syndrome than in those with COPD without OSA (43 vs. 19%) Furthermore, the co-presence of bronchiectasis and OSA in COPD patients was related to more severe nocturnal hypoxia, evaluated through the percentage of time spent with SpO2 below 90%, and higher systemic inflammation, according to through C-reactive protein levels [60].



Finally, the prevalence of SDB has also been studied in patients with primary ciliary dyskinesia (PCD) a possible cause of both bronchiectasis and chronic rhinosinusitis. Two studies conducted in Italy and Turkey compared children with PCD (16 in the Italian and 29 in the Turkish study) with healthy controls and found a higher rate of SDB and poorer sleep quality in those with PCD [61,62]. In particular, the bronchiectasis severity score was negatively associated with SpO2 in both studies.



In conclusion, according to the limited data available to date, SDB may affect about 50% of patients with bronchiectasis, although they may have been under-reported in many studies. The severity of the disease, e.g., patients colonized with P. aeruginosa and frequent exacerbators, as well as comorbidities, such as COPD and PCD, may impact SDB onset.




5. Sleep-Disordered Breathing and Cystic Fibrosis


SDB has been extensively studied in children and adolescents with CF [63]. Differently, studies on adults affected by CF have been limited due to the small sample sizes and lack of diversity [64]. The main sleep abnormalities observed in both adult and pediatric patients with CF range from nocturnal hypoxemia and/or hypercapnia to increased respiratory rate during sleep and OSA [65]. The pathogenesis of SDB in CF resembles that of bronchiectasis, where chronic infection and inflammation together with accumulation of mucous plugs play a pivotal role.



Different studies have shown that SDB, including OSA, may occur in patients with CF even before daytime clinical manifestations, suggesting that early screening is important in this population [65,66]. SDB and nocturnal episodes of oxygen desaturations have also been described in infants with CF under 3 years of age with mild airway inflammation (rhinitis, cough, red throat) [67].



Furthermore, different from patients with bronchiectasis and mycobacterial infections, patients with CF often manifest poor sleep quality with frequent awakenings and daytime sleepiness, and such disturbances are more frequent with the progression of the disease [68]. Despite this, SDB prevalence is still under-recognized in this population of patients and may impact disease outcomes [69]. As an example, in CF patients with a severe disease complicated by pulmonary hypertension and right ventricular failure, chronic nocturnal hypoxia secondary to untreated SDB may worsen the disease leading to a poor prognosis [70].



Multiple studies have explored the possibility that markers of CF severity, including lung function, may predict SDB presence and severity with conflicting results [13,15,16]. On one hand, Shakkottai et al., in a retrospective analysis of patients with CF did not find any association between OSA detected by PSG and clinical signs of CF severity, suggesting the need for routine PSG to screen for sleep disorders [13,15]. On the other hand, Lumertz et al., found that forced expiratory volume in the 1st second, a marker of obstructive impairment at spirometry, was directly correlated with mean sleep SpO2 and negatively correlated with sleep peak end-tidal carbon dioxide [16].



A recent meta-analysis by Pedrada De Sousa et al., included 6 studies to investigate the prevalence of OSA in children and adolescents with CF and preserved or mildly impaired lung function. The pooled prevalence, considering an obstructive AHI > 2 per hour, was 52%, regardless of lung function impairment [71].



The available literature on adult patients with CF reported a wide range of OSA prevalence. In a cross-sectional study, Perin et al., compared 51 stable adults with CF to 25 age-matched controls to evaluate sleep parameters and to determine predictors of nocturnal desaturation. In this study, the estimated prevalence of OSA in adults with CF was 3.9%, which is less than the general population [64,72]. Similar results were reported by Milross et al., while Welsner et al., reported a higher prevalence (40%) [73,74]. These conflicting results suggest that the prevalence of OSA is still unknown and may be greatly underestimated [75,76].



In contrast, results about the incidence of nocturnal hypoxia in adult patients with CF are more consistent. Perin et al., showed that the incidence of nocturnal desaturation was more common in adult patients with CF than controls (29.4% vs. 0%; p  <  0.001) and the best predictor for sleep desaturation was the awake resting SpO2 [64]. The study by Milross et al., reported a similar incidence (25%) of nocturnal desaturation, also describing a correlation between the occurrence of nocturnal hypoxia and the severity of lung involvement in CF. [70].



SDB in children and adults with CF also deeply affects daytime function and quality of life, in fact, the presence and severity of SDB have been inversely associated with exercise capacity and daily physical activity levels [14,64,77]. Moreover, a direct link was detected between nocturnal hypoxemia and exercise intolerance, and between sleep architecture disorders and sedentary physical activity levels [14].



Furthermore, not only respiratory parameters such as lung function but also other systemic parameters, such as nutritional status (overweight/obesity), have been described as major determinants of OSA [15,78]. The development of OSA in patients with CF was not only associated with pulmonary manifestations of the disease but also with the presence of upper airway obstruction caused by chronic rhinosinusitis, nasal polyposis and tonsillar hypertrophy [79].



Supplemental oxygen and non-invasive ventilation (NIV) have been applied in both adults and children with CF and SDB and are considered to be effective in the short term. However, long-term data are still needed [65,80].



To prevent hypoventilation and nocturnal hypoxia, Young et al., examined the role of NIV in adults with CF [81]. This study compared the use of nocturnal NIV to low-flow oxygen and to room air (as a placebo) over 6 weeks in a randomized, placebo-controlled, crossover trial. In comparison to room air, NIV improved chest symptoms (evaluated with the CF Quality of Life Questionnaire), exertional dyspnea and peak exercise capacity in patients with stable CF and awake hypercapnia [81]. Similarly to the aforementioned study, Wadsworth et al., showed the improvement of lung function and the attenuation of hypercapnia in adults with CF using nocturnal NIV [82].



In conclusion, routine checks for SDB should be incorporated into the clinical evaluation of patients with CF from the first stages of the disease. Suggestive symptoms, such as daytime sleepiness, and lung disease severity may lack sensitivity and lead to late diagnosis.




6. Sleep-Disordered Breathing and Mycobacterial Infections


TB is an infectious disease caused by Mycobacterium Tuberculosis Complex (e.g., M. tuberculosis, M. Africanum and M. bovis). It mainly involves the lungs, but in one-fifth of cases can also present with extrapulmonary manifestations. It was recently estimated that about 22% of the world population is infected, with a latent or active form, with M. tuberculosis [83]. Inflammation and proinflammatory mediators strongly impact the severity and progression of the disease [84,85].



Non-tuberculous mycobacterial (NTM) infections are caused by mycobacterial species other than Mycobacterium Tuberculosis Complex. NTM infection mainly involves the lung with rare extrapulmonary manifestations. The incidence worldwide is lower than TB, but it is increasing, particularly in high-income countries [86]. In fact, in the USA, from 2008 to 2015, the annual incidence of NTM-PD increased from 3.1 to 4.7 per 100,000 person-years [87]. Treatment of NTM infection is particularly challenging with high rates of NTM isolation relapse or reinfection (up to 50% of patients who completed treatment), despite an initially successful antibiotic treatment [88]. Furthermore, specific antimicrobial therapy requires at least a 3-to-4 drug regimen administered for at least 15 to 18 months [88]. These above-mentioned characteristics make the NTM-PD effectively a chronic infection.



The prevalence of SDB in mycobacterial infections, as well as the mutual impact of SDB on mycobacterial infection and vice versa, have only scarcely been investigated and the few studies available show discordant results [89,90]. In a recent review, Devassy et al., report that poor sleep quality and restless leg syndrome were higher in patients with TB compared to the general population [89]. Authors also speculated that symptoms associated with SDB may exacerbate chronic infections like TB by impairing immune regulation [89]. A population-based study by Lee et al., evaluated the incidence of TB in patients with OSA using data from the Taiwan National Health Insurance database [90]. They compared the incidence of TB between 6135 patients with OSA and 184,050 control subjects without OSA [90]. The prevalence of TB was significantly higher in the control group (0.56%) than in patients with OSA (0.33%), suggesting that the incidence of TB in patients with OSA is lower than in those without.



Extrapulmonary manifestations of TB may favor SDB onset when localized in the upper airway region. OSA was observed in two patients with nasopharyngeal TB and tuberculous retropharyngeal abscess [91,92]. Considering that nasopharyngeal TB affects 1.9% of patients with pulmonary TB, OSA might complicate the clinical course of these patients. Although rare, cervical masses were reported in 59% of patients with nasopharyngeal tuberculosis [93]. The obstruction of the nasopharynx increases the calibre and resistance of the upper airway, lowering the airflow and eventually causing snoring and OSA.



SDB was also evaluated in patients with sequelae of pulmonary TB, including pleural thickening, prior pulmonary resection and/or atelectasis, fibrosis, bronchiectasis, cavity formation and compensatory emphysematous changes [94]. In these cases, the development of SDB is not directly related to active infection or inflammation, but to their consequences leading to a restrictive ventilatory impairment and, in some cases, chest wall diseases. Sakuma et al., in 1997 reported the characteristics of sleep oxygen desaturations in 38 patients with TB sequelae in comparison to 40 patients with COPD [94]. The baseline nocturnal SpO2 was similar between the two groups, however, the lowest sleep SpO2 was more profound in the TB sequelae group. Most of the patients in the study were treated before the 1960s with thoracoplasty because at the time there was hardly any effective antimicrobial regimen for TB [94]. Therefore, possible reasons for the deeper nocturnal desaturations were mechanical disadvantages (e.g., pulmonary fibrosis and loss of lung volume) secondary to thoracoplasty. However, nowadays the surgical approach for TB is rare since the first-line therapy for TB is multiple antibiotic regimens with lower possibilities of developing permanent structural sequelae [94].



Finally, only one study investigated the presence of SDB in NTM-PD in association with other symptoms, such as depression [95]. In a cross-sectional retrospective study, Matsumura et al., analyzed the prevalence of depressive symptoms and the factors that influenced their development in 114 patients with NTM-PD [95]. The authors found that 32.5% of patients reported depressive symptoms, in which an important role was played by disease duration and sleep disturbances.



In conclusion, several speculations have been made about the possible association between SDB and mycobacterial infections. However, the few studies available are inconclusive regarding the prevalence of SDB. Furthermore, the possible role of extrapulmonary manifestations of the infection (e.g., nasopharyngeal locations) and concomitant symptoms, such as depression, have only been studied and reported anecdotally.



Given that this topic is not supported by high-quality literature and that the few studies available did not implement in their methodology complete sleep studies, we cannot draw any conclusion other than to indicate the need for high-quality prospective studies.




7. Consequences of Coexistence of SDB and Chronic Respiratory Infectious Diseases


	A.

	
Misdiagnosis: obesity is an important risk factor for OSA since OSA incidence is directly related to increased BMI [96]. Fat deposits in the upper respiratory tract narrow the airway, leading initially to snoring and, subsequently, resulting in sleep apnea with weight gain and worsening of the obstruction. Patients with chronic respiratory infections are generally normal weight or underweight due to persistent chronic infection and inflammation. The absence of snoring, as a reported symptom, and the absence of a typical OSA patient phenotype might reduce the suspicion of clinicians leading to the underestimation of SDB. Moreover, unexplained chronic cough has been reported in patients who snore and who have SDB and, as previously explained, it is also one of the peculiar symptoms of CF, NTM-PD and bronchiectasis [97]. In certain cases, chronic cough can be the sole manifestation of OSA, when specifically investigated by sleep clinicians during a visit [98]. In patients known for having respiratory diseases, such as bronchiectasis or chronic respiratory infections, cough might be explained by these underlying diseases leading to an underestimation of possible OSA symptoms and determining a misdiagnosis [15].




	B.

	
Hypoxia: hypoxia has deleterious effects on the cardiovascular system, the central nervous system and all the organs of the human body [99]. Many chronic respiratory diseases, including COPD, interstitial lung diseases and chronic respiratory infectious diseases, determine normobaric hypoxia based on different pathophysiological mechanisms [99]. Susceptible subjects with chronic respiratory comorbidities show a lower SpO2 than healthy subjects, especially during night-time. Lung infections, such as those mediated by mycobacteria, and bronchiectasis are both characterized by ventilation/perfusion mismatch due to regional lack of ventilation with consequent hypoxia [31]. In the airways of patients with CF, chronic hypoxia is also driven by impaired ventilation due to airway mucus obstruction [100]. As a complication of infections, atelectasis further reduces gas exchanges. The presence of SDB, particularly OSA and CSA, can further worsen tonic hypoxia by adding intermittent episodes of oxygen reduction [11,13,14,101,102]. Thus, CF subjects with SDB had lower SpO2 and each unit increase in AHI was associated with a decline in SpO2 nadir [13]. Oxidative stress and inflammatory pathways induced by intermittent hypoxia can be compounded by inflammation due to persistent infections, airway chronic damage and gas exchange alterations due to chronic lung diseases [44,103]. The high rate of underdiagnosed – and undertreated—OSA in conditions of chronic hypoxia such as in chronic respiratory infectious disease, might act as a cofactor in worsening patients’ nocturnal hypoxia and, thus, general clinical conditions. The overlap of the two diseases represents a risk factor itself for exacerbations and an increased susceptibility to worse respiratory outcomes [14,16].




	C.

	
Sleep fragmentation: cough and, secondarily, pain are hallmarks of chronic respiratory infections and when presenting at nighttime, are responsible for waking the patient and inducing sleep fragmentation. As a consequent mechanism, sleep fragmentation has effects on cognitive function, and alterations in the neuroendocrine, immune and inflammatory systems [104]. Sleep fragmentation and deterioration of sleep quality, typical of SDB, further complicate the fatigue and physical exhaustion often experienced by patients with chronic lung diseases [12]. Poor sleep quality will also impact the physiological beneficial effects on the immune system attributable to efficient sleep [105]. Moreover, poor sleep has been shown to increase the perception of pain [106]. Mori and coauthors reported worse pain experiences in subjects with poorer sleep quality [12]. OSA-related nocturnal hypoxemia, sleep fragmentation, and systemic inflammation impact pain perception by influencing the anti-nociceptive mechanism and aggravating both chronic and acute pain [107]. Worsening sleep fragmentation and the co-existence of SDB on top of a chronic respiratory infectious disease might increase systemic inflammation and pain perception aggravating the general clinical condition and patient’s quality of life [12,14,16,108].








8. Limitations


This narrative review has some limitations beyond those inherent in the narrative review, which is the weakest review type. First of all, since the literature on the prevalence and impact of SDB in chronic respiratory infectious diseases is very limited and heterogeneous it was impossible to conduct a methodologically superior review, such as a systematic review. Secondly, given the weak evidence available we specified that some speculations proposed by the authors of this review require stronger research to be confirmed. Thirdly, we did not collect and report information on several studies (i) identified from the research, (ii) screened, and (iii) excluded from the review and this may have introduced potential biases from incomplete reporting. Finally, we did not perform a formal assessment of the quality of the studies.




9. Conclusions


Chronic infectious respiratory diseases and SDB might coexist, aggravating the outcome and the subject’s quality of life due to local and systemic inflammation, intermittent hypoxia, sometimes superimposed to chronic hypoxia, and sleep fragmentation. Disrupted sleep and cough might worsen or induce OSA in susceptible patients by increasing upper airway edema, by determining ventilatory instability, or due to a potentially infectious disease localization in the upper airways, such as nasopharyngeal TB. Proinflammatory stimuli triggered by chronic respiratory diseases and enhanced by over-imposed SDB might worsen the prognosis and patient’s quality of life. Although, in the authors’ opinion, the cross-talk link between the diseases is evident, unfortunately, very few studies thoroughly evaluated this subject.



The limited literature available in this field might be related to the difficult identification of patients at risk of SDB with possible misdiagnosis caused by a lack of common known symptoms typical of OSA. For patients with chronic respiratory disorders, the available evidence suggests that the prompt recognition and treatment of SDB improves their quality of life and may also alter the course of the disease. Since the pathophysiology and the outcomes of the diseases are strictly related, there is now a need for epidemiologic and prognostic studies to better understand the prevalence, risk factors and impact of the superimposition of SDB on chronic respiratory infections. Research should focus first on the epidemiological distribution of SDB among patients with respiratory infectious diseases. Furthermore, the clinical impact of the coexistence of the diseases needs to be confirmed in observational and prognostic studies, also to confirm the pathophysiologic mechanisms underlying the diseases. Researchers also need to focus on the implication of interventions reducing SDB in populations affected by chronic lung infections. The results of these studies will help to drive clinicians to the best diagnostic and therapeutic approach for these patients. According to CF and bronchiectasis prevalence, this might be of particular relevance in the pediatric population.
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Figure 1. Inflammation cross-talk between chronic respiratory infectious diseases and sleep-disordered breathing. 
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Figure 2. Summary of the main pathophysiological mechanisms causing SDB in chronic respiratory infections. 
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Table 1. Keywords used to perform the research.
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	Sleep-related breathing disorders (OR sleep quality OR obstructive sleep apnea OR sleep-disordered breathing) AND bronchiectasis (OR non-cystic fibrosis bronchiectasis);



	Sleep-related breathing disorders (OR sleep quality OR obstructive sleep apnea OR sleep-disordered breathing) AND cystic fibrosis;



	Sleep-related breathing disorders (OR sleep quality OR obstructive sleep apnea OR sleep-disordered breathing) AND tuberculosis (OR mycobacteria);



	Sleep-related breathing disorders (OR sleep quality OR obstructive sleep apnea OR sleep-disordered breathing) AND non-tuberculous mycobacteria (OR non-tuberculous mycobacterial pulmonary disease OR mycobacteria other than tuberculosis OR atypical mycobacteria).
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Table 2. Summary of the most relevant literature regarding the three main topics of this review (bronchiectasis, cystic fibrosis and mycobacterial infections).
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	Author-

Journal-Year
	Aim
	Design
	Inclusion/Exclusion Criteria
	Study Groups
	Outcome Measure
	Main Results
	Strengths/Limitations/Notes





	Borekci S, Turk Thorac Journal, 2021 [10]
	The objective is to investigate the frequency of OSA and related parameters in patients with NCFB.
	Single center, prospective,

observational study.
	Inclusion criteria:

	-

	
Diagnosis of bronchiectasis on HRCT




	-

	
>18 years of age




	-

	
Negative cystic fibrosis sweat test








Exclusion criteria:

	-

	
CF




	-

	
Infectious attack in the last month




	-

	
LTOT or NIV




	-

	
Comorbidities that might be at risk for OSA






	Including patients (n = 75), PSG performed (n = 45), and subjects enrolled (n = 43).
	
	-

	
Clinical, Demographic, and Anthropometric Features, including sputum colonization, bronchiectasis localization and type, number of lobes involved, and functional data)




	-

	
Incidence of mild/moderate/severe OSA




	-

	
Polysomnographic Parameters




	-

	
Incidence of REM-dependent and position-dependent OSA






	The frequency of OSA in patients with NCFB is 55.8% and increases with age.

Investigating OSA using PSG is important in NCFB patients,

especially at advanced ages.
	Limitations:

	-

	
Single center




	-

	
Absence of a control group








Strengths:

	-

	
PSG for the diagnosis of OSA




	-

	
Primary ciliary dyskinesia and CF exclusion









	Faria Júnior NS, Plos One, 2017 [11]
	The objective is to describe the physiological variables of sleep in patients with NCFB through PSG and to stratify these patients by the risk of OSA and excessive daytime sleepiness.
	Two center, cross-sectional observational study.
	Inclusion criteria:

	-

	
Diagnosis of bronchiectasis based on HRCT




	-

	
Age between 18 and 65 years




	-

	
Use of a long-acting bronchodilator




	-

	
Clinical stability for at least one month








Exclusion criteria:

	-

	
CF




	-

	
History of smoking




	-

	
Other lung diseases (e.g., chronic obstructive pulmonary disease or asthma)






	Eligible patients (n = 418), Clinical evaluation (n = 50), Subjects analyzed (n = 49).
	
	-

	
Clinical, demographic, and anthropometric characteristics and comorbidities




	-

	
Spirometric data




	-

	
Polysomnographic physiological variables, Epworth Sleepiness Scale score and Berlin Questionnaire






	Adult patients with clinically stable NCFB, especially those infected with PA, exhibit EDS and

high prevalence of OSA, associated with considerable oxygen desaturation during sleep.
	



	Mori K, Medicine, 2021 [12]
	The objective is to determine the prevalence and severity of body pain in patients with NTM-PD. The study also investigates the

clinical indicators that contribute to pain.
	Single center, retrospective cross-sectional study.
	Inclusion criteria:

	-

	
NTM-PD patients receiving pulmonary rehabilitation








Exclusion criteria:

	-

	
Clinical instability in the last three months




	-

	
Missing laboratory data






	Eligible patients (n = 180), Included and analyzed (n = 114).

Divided into two groups: No pain group (n = 54), pain group (n = 60).
	
	-

	
Clinical, demographic, and anthropometric characteristics and comorbidities




	-

	
Pulmonary function tests




	-

	
Radiographic features




	-

	
NTM species




	-

	
Respiratory symptoms




	-

	
Pain and pain-related medications




	-

	
Body pain (score), mMRC (grade); ISWD (m); ISWD % pred (%); CES-D (score); CES-D (>15); PSQI (score); PSQI (>5); LCQ total (score)






	Approximately

70% of patients with NTM-PD reported

experiencing pain, and of these, over 1/3 report

moderate to very severe pain. Factors predicting pain

included the presence of depressive symptoms,

poor sleep quality, and reduced exercise tolerance.
	Limitations:

	-

	
The sample was almost entirely female




	-

	
No details about pain assessment









	Shakkottai A, Sleep Medicine, 2020 [13]
	Assess the frequency and severity of SDB in children and adults with and without CF (1:2), who were referred due to concerns for SDB.
	A single-center, retrospective study.
	Inclusion criteria:

	-

	
CF patients with SBD




	-

	
Not CF patients with SBD similar to CF patients








Exclusion criteria:

	-

	
Patients with chromosomal anomalies, chronic respiratory failure, neuromuscular conditions, upper airway abnormalities






	CF group included 29 children and 23 adults;

The non-CF group included 58 children and 46 adults.
	
	-

	
Baseline Demographics




	-

	
CF-specific characteristics (FEV1, Brasfield score, sweat chloride, CF genetics)




	-

	
Standard polysomnographic measures and nocturnal gas exchange (total sleep time, sleep-onset latency, REM sleep latency, sleep efficiency, WASO, arousal index, stage-shifts index, AHI, OAI, CAI, mean SpO2, minimum SpO2, percent total sleep time with low SpO2, duration of low SpO2, maximum CO2)






	Subjects with vs. without CF had 3 times greater odds of moderate-severe SDB. Nocturnal SpO2 nadir was lower among CF vs. non-CF groups. For every 1-unit increase in AHI, the decline in minimum SpO2 was larger for subjects with vs. without CF. For every 1-unit increase in AHI, the magnitude of the decline in minimum SpO2 was larger for those with low vs. normal FEV1.
	Limitations:

	-

	
Retrospective study




	-

	
Mild comorbidities




	-

	
Matching the groups for demographic variables prevented an assessment of how these variables might affect differences in SDB between the CF and non-CF groups









	Barbosa RRB, Pediatric Pulmonology, 2020 [14]
	The objective is to evaluate the presence of SDB among children and adolescents with CF, attempting to identify associations with pulmonary function, nutritional status, days in hospital, and days taking antibiotics.
	Single center, cross-sectional observational study.
	Inclusion criteria:

	-

	
CF patients from 6 to 18 years of age




	-

	
Stable conditions and preserved cognitive function




	-

	
Exclusion criteria:




	-

	
Intercurrent conditions during the preceding 30 days




	-

	
LTOT




	-

	
The inability of the patient to understand or complete tests






	Assessed for eligibility (n = 93), Invited to participate (n = 57), Included and analyzed (n = 31).
	
	-

	
Demographic, clinical and pulmonary function variables (e.g., chronic colonization, nasal polyposis, SK score, hospitalizations, antibiotic use, pulmonary function).




	-

	
Main polysomnographic variables (including sleep latency, REM sleep latency, TST, NREM stages, REM sleep, WASO, arousal, arousal index, respiratory events, AHI, OAHI, sleep SpO2, NREM sleep desaturation index, SpO2 > 90%).






	Children and adolescents with CF show SDB, including OSA (32.3%) and nocturnal hypoxemia (29%). Individuals with nocturnal hypoxemia had lower lung function, worse clinical scores, and higher morbidity. TST with

SpO2 less than 90% was associated with the length of hospitalization.
	Limitations:

	-

	
Cross-sectional design




	-

	
Unavailability of a capnograph for PSG




	-

	
Absence of data on tonsil size and Mallampati score.




	-

	
Use of home-based PSG




	-

	
Small sample size









	Shakkottai A, Pediatric Pulmonology, 2022 [15]
	The objective is to identify demographic

and CF-specific risk factors for OSA in a cohort of sleep-laboratory referredpatients with CF.
	A single center, retrospective study.
	Inclusion criteria:

	-

	
CF patients who performed a PSG from January 2009 to October 2017 at Michigan Medicine Sleep Disorders Center








Exclusion criteria:

	-

	
LTOT




	-

	
Patients without OSA but with other forms of SBD






	Assessed for eligibility (n = 88),

Included and analyzed (n = 74).
	
	-

	
General and CF-specific demographics (e.g., CFTR mutations, Brasfield score, tonsillar hypertrophy, nasal poliposis and chronic sinusitis)




	-

	
Sleep duration, sleep fragmentation, and nocturnal gas-exchange variables






	Key risk factors for OSA may differ between children and adults with

CF: upper airway pathology appears important in children, overweight/obese or a crowded oropharynx in adults. Neither snoring, EDS, nor lung disease severity was associated with OSA.
	Limitations:

	-

	
Single center retrospective review




	-

	
Small sample size








Strengths:

	-

	
Provide information that can be useful clinically for SDB’s screening









	Lumertz MS, Sleep Science, 2019 [16]
	Describe the frequency of SDB in pediatric CF patients and evaluate the associations between PSG respiratory parameters and

Clinical information.
	A single center, retrospective, cross-sectional study
	Inclusion criteria:

	-

	
CF patients who performed a PSG during the previous two years




	-

	
Age between 2 and 20 years








Exclusion criteria:

	-

	
Nocturnal ventilatory support




	-

	
Prior lung transplant




	-

	
Unavailability of medical records




	-

	
Irregular follow-up






	Assessed for eligibility (n = 91),

Included and analyzed (n = 16).
	
	-

	
Date of birth, sex, age of diagnosis




	-

	
Anthropometric data and indicators of nutritional status




	-

	
Comorbidities, treatment, number of exacerbations per year, Schwachman score and bacterial airway colonization




	-

	
Lung functional data




	-

	
PSG data






	SDB was frequently observed in children

with CF. There was an association between respiratory disease progression markers and sleep

breathing parameters in children. Sleep studies appear to be an important tool for the assessment of

the respiratory status.
	Limitations:

	-

	
Small sample size













Footnotes: AHI = Apnea-hypopnea index; BMI = Body mass index; CAI = central apnea index; CF = Cystic fibrosis; CO2 = carbon dioxide; EDS = Excessive daytime sleepiness; FEV1 = Forced expiratory volume in one second; HRCT = High-resolution computed tomography; LTOT = Long-term oxygen therapy; NCFB = Non-cystic fibrosis bronchiectasis; NIV = Non-invasive ventilation; NREM = non-rapid eye movement; NTM-PD = Nontuberculous mycobacterial pulmonary disease; OAHI = Obstructive apnea hypopnea index; OAI = Obstructive apnea index; OSA = Obstructive sleep apnea; OSAS = Obstructive sleep apnea syndrome; PA = Pseudomonas aeruginosa; PSG = Polysomnographies; REM = rapid eye movement sleep; SDB = sleep-disordered breathing; SK = Shwachman-Kulczycki; SpO2 = mean oxygen saturation; TST = Total sleep time; WASO = Wakefulness after sleep onset; mMRC = Medical Research Council dyspnea scale; ISWD = Incremental Shuttle Walk Test distance; ISWD % pred = Incremental Shuttle Walk Test distance percent predicted; CES-D = Center for Epidemiological Studies depression scale; PSQI = Pittsburgh Sleep Quality Index; LCQ = Leicester Cough Questionnaire.



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
airways:

rAnatomical alterations of the uppe

- difficult pharyngeal muscle recruitment

- upper airway edema and local
inflammation

- upper airway localization of the

infection (e.g. nasopharyngeal or

retropharyngeal tuberculous abscesses)

L~ gastroesophageal reflux disease.

'

Chronic upper and lower airway
inflammation:
- increases airway collapsibility that
leads to oxygen desaturation, sleep
fragmentation and the consequent
activation of the sympathetic nervous
system with further release of pro-
\ inflammatory mediators.

Chronic cough and chest pain:

- arousals and sleep fragmentation
- stimula for sleep-related breathing
disorders propagation in subjects
with a high loop gain.

.
N

|
=« ¥
)

P

|
3

)

ﬂ

Obstructive and/or restrictive
ventilatory impairment:
- favor obstructive events,
increase work of breathing and
sustained hypoxia.

Impaired muco-ciliary
clearance and excessive
production of mucous plugs:
- favor obstructive events and
atelectasis.

Sustained nocturnal hypoxia
- increases the arousal threshold
favoring gas exchange
impairment and abnormal
breathing.






nav.xhtml


  ijms-24-05504


  
    		
      ijms-24-05504
    


  




  





media/file0.png





media/file2.png
Upper airway
inflammation and
GERD

Overexpression
of

pofiammatory CHRONIC RESPIRATORY
INFECTIOUS DISEASES

Intermittent
hypoxia

Arousal due to
chronic cough
and pain

Sleep
fragmentation

Sympathetic

overactivity Microaspiration

and GERD

Tonic hypoxia

SLEEP-DISORDERED

Overexpression
BREATHING o |
proinflammatory UPI:II; frirl‘r;Nay

cytokines






media/file3.jpg





media/file1.jpg
'CHRONIC RESPIRATOR
INFECTIOUS DISEASES

SLEEP-DISORDERED
BREATHING






