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Abstract

:

Obstructive sleep apnea (OSA) has been associated with cognitive decline via several mechanisms, including intermittent hypoxemia, sleep fragmentation, and neuroinflammation. The neurological consequences of OSA have evolved into a major biopsychosocial concern in the elderly, especially memory impairment. We aimed to identify the polysomnographic (PSG) parameters capable of predicting memory impairment among OSA patients at or over age 50 with OSA. We reviewed the 10-year electronic medical records of OSA patients and compared the initial PSG parameters between those presenting and not presenting self-reported memory impairment. We conducted subgroup analyses based on OSA severity and performed multivariate analysis to correlate PSG parameters with memory impairment. The result showed that 25 out of the 156 (16%) investigated patients experienced self-reported memory impairment during follow-up. As compared to OSA patients without self-reported memory impairment, those reported with self-reported memory impairment had a higher oxygen desaturation index (ODI) (23.9 ± 17.8 versus 18.2 ± 12.0, p = 0.048). Regarding the associations between apnea-hypopnea index (AHI) as well as ODI and self-reported memory impairment among OSA subgroups classified by severity, the associations were only evident in the severe OSA subgroup in both univariate (p < 0.001; p = 0.005) and multivariate analyses (p = 0.014; p = 0.018). We concluded that AHI and ODI are the most relevant PSG parameters in predicting memory impairment in severe OSA patients.
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1. Introduction


Obstructive sleep apnea (OSA), the most common type of sleep-disordered breathing (SDB), is characterized by repetitive partial or complete collapse of the upper airway during sleep, resulting in episodic reduction (hypopnea) or cessation (apnea) of airflow despite respiratory effort followed by a series of pathophysiological alterations including intermittent deoxygenation, sleep fragmentation and sympathetic activation [1]. According to American Academy of Sleep Medicine (AASM), though the prevalence of OSA may vary based on the variations on definition, criteria of evaluation or scoring, and the threshold of apnea–hypopnea index (AHI), the AHI cutoff of ≥5 events per hour (AHI ≥ 5) suffices the diagnosis of OSA and has been widely adopted [2]. Untreated OSA is highly associated with daytime hypersomnolence, neurocognitive deficits, car accidents, and additional costs attributable to crashes, morbidity and mortality, as well as suboptimal work performance and productivity [3]. There is a proposed body of evidence that relates OSA to several comorbidities. Cardiovascular and cerebrovascular diseases, atrial fibrillation, heart failure, and metabolic syndrome, to name a few, are all associated with OSA, and the associations have received much emphasis [4,5]. In addition, the relationships among OSA and chronic kidney disease, pathologies in ophthalmic microstructures, alterations in white matter integrity with subsequent autonomic impairment, and sexual dysfunction, are also mentioned in the past literature [6,7,8,9]. Many sleep disorders, including parasomnias, may also coexist with or relate to OSA. For instance, sleep bruxism, a disorder characterized by repetitive masticatory muscle activity during sleep, has been suggested to be correlated to OSA based on polysomnographic findings and has been dependent to OSA severity. The effect of transient hypoxia originated from OSA may lead to the onset of bruxism episodes, which makes OSA an independent risk factor for the sleep bruxism [10]. Moreover, headaches (especially morning or awakening headaches) and migraine have been proposed to be related to OSA as well [11,12]. The extensive relationships between OSA and systemic diseases prompted the investigators to delve more into the potential medical consequences induced by OSA.



Because OSA is a major health concern worldwide with multiorgan consequences, it confers an increased economic and social burden [13]. With nearly 1 billion victims being impacted, the high global prevalence of OSA poses a great threat to global health systems [14]. Furthermore, there is growing evidence that OSA is an independent and modifiable risk factor of mild cognitive impairment (MCI), incident dementia and Alzheimer’s disease [15]. In a meta-analysis, including more than 4 million participants, those with SDB are 26% more likely to develop cognitive impairment than those without SDB [16]. Patients diagnosed with OSA demonstrate a decline in a wide spectrum of cognitive abilities including memory, attention, psychomotor speed, executive, verbal and visuospatial skills [17]. According to Beaudin et al. [18], in sleep clinic settings, moderate to severe OSA patients are prone to MCI with a >70% greater odds, whereas episodic memory and processing efficiency of information were notably impaired in the 1084 participants, highlighting the adverse impact of OSA on cognition and memory impairment. From the epidemiologic perspectives, the presence of SDB is associated with an earlier age of cognitive decline [19]. Meanwhile, OSA is much more prevalent in the elderly than in the young [20], and the incidence of OSA-associated cognitive impairment increases with age [21]. Moreover, the processes involved in the pathogenesis of Alzheimer’s disease (AD) have been shown to overlap with those found in cognitive decline in patients with OSA [22]. The mechanisms underlying cognitive dysfunction in OSA patients include intermittent hypoxemia, sleep fragmentation and sympathetic hyperactivation, leading to increased oxidative stress, endothelial dysfunction, neuroinflammation, blood–brain barrier dysfunction, dysregulation of cerebral blood flow and altered protein processing [23]. Experimental and clinical studies have also suggested that OSA impaired the structural integrity of several brain regions, including the medial temporal lobe [24], and the mechanisms are related to upregulation of amyloid-β (Aβ), tau hyperphosphorylation and synaptic dysfunction [23]. The decrease in cerebrospinal fluid (CSF) Aβ in OSA patients is also consistent with the pathological CSF pattern (low Aβ, high tau/p-tau) of AD and has been proven in a longitudinal study based on the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database [25]. In addition, moderate-to-severe OSA has been proposed to be an independent risk factor for white matter changes (WMC), which may be highly linked to dementia [26] and cerebrovascular diseases in the elderly [27] as well.



Given that the alterations of sleep structure due to sleep fragmentation in OSA patients may impede the various steps of memory processing that leads to irreversible cognitive decline, including memory consolidation and the clearance of toxic metabolites by the glymphatic system which works more efficiently in slow-wave sleep [28,29], early identification of risk factors to provide treatments (e.g., continuous positive airway pressure (CPAP) therapy, the gold standard therapy for moderate to severe OSA) is essential for effective prevention of cognitive impairment [21]. As for evaluating OSA, overnight polysomnography (PSG) in the sleep laboratory with attended monitoring by a qualified technician is considered the current standard test for individuals in whom OSA is suspected based on clinical signs and symptoms [2]. Compared to a standardized format or approach of neurocognitive testing, which is mostly not designed for OSA-related etiology specifically, and is often conducted at only single circumstance, self-reported memory impairment can represent a longer duration, or average status, of subjective decline in all aspects of memory in more diverse scenarios, and meanwhile be more involved in patients’ everyday functioning and quality of life [30,31]. Moreover, self-reported cognitive decline does not necessarily represent objective impairment in cognition and vice versa [30] and might have been understudied to date.



To the best of our knowledge, not many studies have focused on and stressed the value of PSG parameters on OSA patients with memory complaints. Given that better risk stratification is an important aspect of preventive medicine, a better understanding toward the effects of OSA on cognition could highlight the importance of the manipulation of sleep parameters through treatment of OSA for prevention of cognitive decline. Thus, this retrospective study aims at identifying whether any PSG parameters are specifically associated with an increased risk of memory impairment in individuals with OSA.




2. Materials and Methods


2.1. Study Design


This is a 10-year retrospective longitudinal study conducted in Kaohsiung Medical University Hospital (KMUH), a medical center with 1200 beds in southern Taiwan. The study was approved by the Institutional Review Board (IRB) of KMUH (KMUHIRB-E(I)-20210088) on 30 April 2021 and followed the declaration of Helsinki. Informed consent was not applicable due to the retrospective study design, and data were collected based on the medical records.




2.2. Patient Selection and Data Collection


Patients at or over age 50 who underwent overnight PSG in the Sleep Center of KMUH between January 2010 and December 2013 were enrolled. We retrospectively examined for the PSG recordings and the electronic medical records in terms of demographic and clinical variables including gender, age, body mass index (BMI), and years of education to establish a cohort of OSA patients. The diagnosis of OSA was defined as AHI ≥ 5 based on the PSG data. OSA severity was designated according to AHI, as mild (5 ≤ AHI < 15), moderate (15 ≤ AHI < 30) and severe (AHI ≥ 30), based on the AASM recommendations [32]. The date of diagnosis of OSA was based on the date of PSG examination. Their electronic medical records were comprehensively reviewed with focus on the presence of narration of memory impairment, memory complaints or forgetfulness proposed by the patients or their informants during each outpatient department visit or during hospitalization. Descriptions concerning subjective memory defects in the medical records were all considered and examined by board-certified neurologists. The patients who presented with memory-associated problems or dementia prior to or at the date of diagnosis of OSA were excluded from the OSA cohort. Likewise, we also excluded patients with known major neurological (stroke, seizure, brain tumor, head trauma, central nervous system infection, demyelinating disease) or medical (congestive heart failure, coronary artery disease, atrial fibrillation, chronic obstructive pulmonary disease, liver cirrhosis, narcolepsy) diseases to reduce the effects of confounders on memory impairment. The patients with rapid eye movement (REM) sleep behavior disorder were also excluded given the strong link to neurodegenerative diseases.




2.3. Polysomnography and Polysomnographic Data


The PSG recordings for the first time of diagnosis of OSA were used for analysis. The PSG was performed by the trained sleep technicians in a sleep laboratory with standardized procedures, which is fully compliant with the AASM recommendations for sleep study [2]. The overnight full-channel PSG was recorded by Respironics Alice 5 (Philips, Cambridge MA, USA) or Ultrasom (Nicolet Biomedical, Madison, WI, USA), including six electroencephalography (EEG) channels, one chin electromyography (EMG) and two anterior tibialis EMG channels, two respiratory inductive plethysmography (RIP) channels for thoracic and abdominal respiratory effort, one electrocardiography (EKG) channel, one nasal pressure and thermistor channel with a derived snoring signal, one pulse oximetry and one body position sensor. The sleep stages and sleep-related events were scored based on the criteria of the AASM [33,34,35,36]. The parameters of PSG including total sleep time (TST; mins), sleep efficacy (SE; %), AHI, oxygen desaturation index (ODI), mean-SpO2 (%), minimum-SpO2 (%), sleep latency (SL; min), rapid eye movement latency (REML; min), arousal index (AI), stage N1 (%), stage N2 (%), stage N3 (%), REM stage (%) and periodic limb movement index (PLMI) were collected for analysis.



AHI was defined as the apnea or hypopnea events noted per hour, and ODI was defined as times of desaturation (at least 10 s of >4% drop in SpO2) recorded per hour. Apnea was defined as a drop in the peak thermal sensory excursion by more than 90% of baseline lasting at least 10 s. Hypopnea was defined as a decrease in airflow either by ≥30% of baseline associated with at least 4% of desaturation, or ≥50% of baseline, accompanied by arousal or ≥3% of desaturation from the pre-event baseline. An episode of leg movement (LM) was defined as an increase in amplitude of an electromyogram greater than 8 μV from baseline for 0.5~10 s. More than four consecutive LMs with a 5~90 s interval between the start of two LMs was defined as periodic limb movements in sleep (PLMS). The PLMI was calculated by dividing the total events of PLMS by the total sleep time (hours).




2.4. Statistical Analysis


The baseline characteristics and the polysomnographic parameters of the cohort of OSA patients were expressed as means (with standard deviations, SDs) and counts (with percentages). The differences between the OSA patients with self-reported memory impairment and the OSA patients without self-reported memory impairment were tested by independent t-test for continuous variables, and chi-square test for categorical variables. The ANOVA test was also performed in the subgroup analysis to compare the PSG parameters and self-reported memory impairment based on the severity of OSA (mild, moderate, severe). In order to identify the polysomnographic parameters predicting self-reported memory impairment, a multiple logistic regression analysis was conducted for individual polysomnographic parameters with adjustments for age, gender, years of education and BMI, and the results are reported as odds ratios (ORs) with 95% confidence intervals (CIs). Data analysis was performed using SPSS software (version 22.0 for Windows, SPSS, Inc., Chicago, IL, USA). A two-tailed p < 0.05 was adopted to indicate significance.





3. Results


A total of 156 OSA patients (age: 60.9 ± 7.9 years; male: 66.0%) were included in our cohort with a 10-year follow-up period, and 25 out of 156 (16%) patients were found to experience self-reported memory impairment during this time interval. The mean follow-up year was 7.9 ± 1.1 years. The mean AHI value of the OSA cohort was 22.6 ± 5.8 events/hour. The baseline characteristics and the polysomnographic parameters of the OSA cohort were presented in Table 1. As compared to OSA patients without self-reported memory impairment, the OSA patients with self-reported memory impairment were older (65.6 ± 9.5 versus 60.0 ± 7.2, p = 0.009). The differences of gender distribution, years of education and BMI between two groups did not reach statistical significance. Regarding the differences of polysomnographic parameters between two groups, the OSA patients with self-reported memory impairment had higher ODI (23.9 ± 17.8 versus 18.2 ± 12.0, p = 0.048) as compared to the OSA patients without self-reported memory impairment. There were no statistically significant differences in the other polysomnographic parameters including TST, SE, AHI, mean-SpO2 (%), minimum-SpO2 (%), SL, REML, AI, stage N1 (%), stage N2 (%), stage N3 (%), REM stage (%) and PLMI. There were significant differences in BMI (p = 0.018), TST (p = 0.006), AHI (p < 0.001), ODI (p < 0.001), minimum-SpO2 (p < 0.001), SL (p = 0.045) and AI (p < 0.001) between the groups divided by OSA severity, but no significant difference in self-reported memory impairment (p = 0.645) (Table 2).



The OSA patients were divided into three groups based on the severity of OSA defined by AHI for the subgroup analysis (Table 3). Based on AHI, 59 (37.8%), 32 (19%) and 40 (24.2%) cases were divided into mild, moderate and severe OSA subgroups, respectively. In the subgroup of severe OSA patients, those with self-reported memory impairment had significantly higher AHI (54.8 ± 13.9 vs 39.4 ± 7.8, p < 0.001) and higher ODI (49.4 ± 15.2 vs 33.5 ± 13.9, p = 0.005). The rest of the PSG parameters did not show significant differences.



In the overall OSA cohort, there was no significant association between any PSG parameters and self-reported memory impairment with adjustments of age, gender, years of education and BMI. However, in the severe OSA group, the association between AHI and self-reported memory impairment (OR = 1.115, 95% CI: 1.022–1.216, p = 0.014) and the association between ODI and self-reported memory impairment (OR = 1.074, 95% CI: 1.012–1.140, p = 0.018) remained significant after adjusting confounding factors (Table 4). Other PSG parameters were not significantly related to the presence of self-reported memory impairment in the multivariate analysis. Similar to the results of Table 2 in the univariate analysis, these associations were not found in the mild OSA group or moderate OSA group in the multivariate analysis.




4. Discussion


This 10-year retrospective study consisted of a cohort of 156 patients with OSA based on overnight polysomnographic data. The main results showed that among all the PSG parameters, AHI and ODI are the most relevant parameters capable of predicting memory impairment among the OSA patients, especially in the severe OSA subgroup. The findings of our study have supported the evidence linking OSA to cognitive decline and dementia [23]. A better understanding of the pathogenic mechanisms underlying the association between OSA and cognitive dysfunction might provide promising insights for the therapeutic strategies of neurodegenerative diseases. Although AHI is a common index to diagnose and classify the severity of OSA [37], ODI is used to evaluate the severity of nocturnal hypoxemia for SDB [38]. Our results showed that the association of AHI or ODI with self-reported memory impairment was evident in severe OSA patients but not in mild-to-moderate OSA patients. The findings imply that the patients with severe OSA are more vulnerable to the deleterious effects of OSA and intermittent hypoxemia, one of the major pathological consequences of OSA, on cognition than mild-to-moderate OSA patients.



Overnight PSG has been a gold standard examination for patients with suspected OSA, but not always for patients with memory complaints. Implementation of PSG in patients with potential cognitive impairment and further interpretation of hypoxic parameters might further clarify the correlation between OSA and memory problems. Terpening et al. [39] compared 46 patients with MCI to age-matched controls, and those of amnestic MCI (aMCI) displayed stronger association in terms of hypoxic parameters (AHI, ODI, sleep time spent below 90% oxygen saturation (TS90)) than those of non-amnestic MCI (naMCI) in the subgroup interpretation. Menon et al. [40] reported disease progression in aMCI patients when several sleep covariates, including SDB parameters, were taken into consideration; in this study, OSA was also statistically more prevalent in aMCI group with differences in median AHI and desaturation index. Based on the aforementioned evidence, PSG recordings of oxygenation-related parameters could potentially provide clues to associate OSA with memory impairment.



The adjusted population of severe OSA with self-reported memory impairment had differential AHI and ODI statistically in comparison to those with negative memory complaints. Wu et al. [41] enrolled 123 OSA patients of Chinese ethnicity and reported that hypercapnic patients, who could be tantamount to those developing more severe OSA, had significantly higher AHI, ODI and TS90, and meanwhile memory was more impaired in the hypercapnic group. As to He et al. [42], greater AHI, ODI, TS90 and lower mean SpO2 were all statistically remarkable in their MCI group of 119 middle-aged, moderate-to-severe OSA victims. Though the severity of OSA and the effects of sleep on worsening cognitive function might essentially be influenced by the complexity of the moderating effects of every patient’s comorbidities and various levels of individual psychosocial or psychiatric burden [43], the varying severity of OSA could lead to the differential significance of hypoxic parameters and memory impairment between subgroups. Whether the intermittence or the overall duration of hypoxemia contributed more to the deterioration of memory and cognition could be further discussed. Based on our results, the frequent fluctuations of oxygenation level reflected by AHI or ODI as disease severity might relate more to memory impairment rather than the persistence of desaturations; the to-and-fro activation and deactivation of neurochemical cascades and other pathophysiologic processes triggered by hypoxia could augment the damage of brain integrity and further impair memory function. To sum up, the values of AHI and ODI for correlating OSA to memory impairment, particularly in the severe OSA subgroup, have been elaborated in this study. This could be explained by the hypoxia experienced by OSA patients characterized by recurrent episodes of deoxygenation followed by reoxygenation during sleep [44], whereas the oxidative stress caused by intermittent hypoxemia is more severe than that of chronic hypoxemia and does more harm to self-reported memory function, which should also be cognizant of by physicians.



The study had several limitations. First, the cognitive status of our OSA cohort was not assessed objectively by standardized neuropsychological tests at baseline evaluation and during the follow-up period. We have used self-reported memory impairment as a surrogate indicator of memory impairment in our methodology. In fact, self-reported memory impairment and objective memory decline may still be discordant to some extent based on the individual experience; therefore, a thorough neuropsychological assessment may be essential for the evaluation of the cognitive status and for defining the presence of memory impairment or not more accurately. Second, we did not address whether the OSA patients have received any treatments of OSA or their adherence to treatments, especially CPAP therapy. Long-term CPAP therapy has been proven beneficial to cognitive performance and maintains certain functions, particularly with respect to memory [45]. Therefore, the omissions of the status of OSA treatment in our study may partially confound the relationship between PSG parameters and self-reported memory impairment. Finally, the casual relationship between PSG parameters and self-reported memory impairment was difficult to be determined in our study with our retrospective design. Frequently, when information was recorded in the past, there is a lack of data on potential confounding factors, and it can be challenging to identify an appropriate exposed cohort and comparison group. Therefore, it can lead to selection and interpretation bias. Additionally, because the etiologies and types of memory impairment were not clarified in our study, further investigations of prospective design could provide more information with more comprehensive aspects and elucidate the potential relationship more clearly.




5. Conclusions


Our study has suggested that among all the PSG parameters, AHI and ODI may be statistically significant predictors of self-reported memory impairment even with adjustments of confounding factors in patients with severe OSA. Intermittent hypoxemia may play a role in cognitive dysfunction among OSA patients, especially in severe OSA individuals. Our study has highlighted the importance of assessing memory function in patients with severe OSA and has increased the awareness level of primary care physicians for cognitive consequences of OSA. Further studies will focus on the investigations of the pathophysiologic basis underlying the associations between OSA and memory impairment along with whether treatment of OSA may reduce the risk of incident memory impairment.







Author Contributions


Conceptualization, W.-C.C. and C.-W.L.; Methodology, W.-C.C., C.-W.L., C.-K.L., S.-L.C., M.-C.C. and C.-Y.H.; Software, C.-W.L.; Validation, C.-K.L., S.-L.C., M.-C.C. and C.-Y.H.; Formal analysis, W.-C.C. and C.-W.L.; Investigation, W.-C.C., C.-W.L.; Resources, M.-C.C. and C.-Y.H.; Data curation, W.-C.C., C.-W.L., M.-C.C. and C.-Y.H.; Writing—original draft preparation, W.-C.C. and C.-W.L.; Writing—review and editing, C.-K.L., S.-L.C., M.-C.C. and C.-Y.H. 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 Institutional Review Board of Kaohsiung Medical University Hospital (protocol code, KMUHIRB-E(I)-20210088; and date of approval, 2021/04/30).




Informed Consent Statement


Patient consent was waived due to the retrospective study type, which used medical chart data without contacting the patients.




Data Availability Statement


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




Acknowledgments


The authors would like to thank the Sleep Center of KMUH for their kind support to this study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Veasey, S.C.; Rosen, I.M. Obstructive Sleep Apnea in Adults. N. Engl. J. Med. 2019, 380, 1442–1449. [Google Scholar] [CrossRef]

	



Kapur, V.K.; Auckley, D.H.; Chowdhuri, S.; Kuhlmann, D.C.; Mehra, R.; Ramar, K.; Harrod, C.G. Clinical Practice Guideline for Diagnostic Testing for Adult Obstructive Sleep Apnea: An American Academy of Sleep Medicine Clinical Practice Guideline. J. Clin. Sleep Med. 2017, 13, 479–504. [Google Scholar] [CrossRef]

	



Das, A.M.; Chang, J.L.; Berneking, M.; Hartenbaum, N.P.; Rosekind, M.; Gurubhagavatula, I. Obstructive sleep apnea screening, diagnosis, and treatment in the transportation industry. J. Clin. Sleep Med. 2022, 18, 2471–2479. [Google Scholar] [CrossRef]

	



Yeghiazarians, Y.; Jneid, H.; Tietjens, J.R.; Redline, S.; Brown, D.L.; El-Sherif, N.; Mehra, R.; Bozkurt, B.; Ndumele, C.E.; Somers, V.K. Obstructive Sleep Apnea and Cardiovascular Disease: A Scientific Statement From the American Heart Association. Circulation 2021, 144, e56–e67. [Google Scholar] [CrossRef]

	



Gaines, J.; Vgontzas, A.N.; Fernandez-Mendoza, J.; Bixler, E.O. Obstructive sleep apnea and the metabolic syndrome: The road to clinically-meaningful phenotyping, improved prognosis, and personalized treatment. Sleep Med. Rev. 2018, 42, 211–219. [Google Scholar] [CrossRef] [PubMed]

	



Lin, C.H.; Lurie, R.C.; Lyons, O.D. Sleep Apnea and Chronic Kidney Disease: A State-of-the-Art Review. Chest 2020, 157, 673–685. [Google Scholar] [CrossRef]

	



Lin, P.W.; Lin, H.C.; Chang, C.T.; Lin, M.C.; Friedman, M.; Salapatas, A.M. Decreased Peripapillary and Macular Vascular Densities in Patients with Moderate/Severe Obstructive Sleep Apnea/Hypopnea Syndrome. Nat. Sci. Sleep 2023, 15, 1–12. [Google Scholar] [CrossRef]

	



Chen, H.L.; Huang, C.C.; Lin, H.C.; Lu, C.H.; Chen, P.C.; Chou, K.H.; Su, M.C.; Friedman, M.; Lin, C.P.; Lin, W.C. White matter alteration and autonomic impairment in obstructive sleep apnea. J. Clin. Sleep Med. 2020, 16, 293–302. [Google Scholar] [CrossRef] [PubMed]

	



Liu, L.; Kang, R.; Zhao, S.; Zhang, T.; Zhu, W.; Li, E.; Li, F.; Wan, S.; Zhao, Z. Sexual Dysfunction in Patients with Obstructive Sleep Apnea: A Systematic Review and Meta-Analysis. J. Sex. Med. 2015, 12, 1992–2003. [Google Scholar] [CrossRef]

	



Martynowicz, H.; Gac, P.; Brzecka, A.; Poreba, R.; Wojakowska, A.; Mazur, G.; Smardz, J.; Wieckiewicz, M. The Relationship between Sleep Bruxism and Obstructive Sleep Apnea Based on Polysomnographic Findings. J. Clin. Med. 2019, 8, 1653. [Google Scholar] [CrossRef] [PubMed]

	



Vgontzas, A.; Pavlović, J.M. Sleep Disorders and Migraine: Review of Literature and Potential Pathophysiology Mechanisms. Headache 2018, 58, 1030–1039. [Google Scholar] [CrossRef]

	



Waliszewska-Prosół, M.; Nowakowska-Kotas, M.; Chojdak-Łukasiewicz, J.; Budrewicz, S. Migraine and Sleep-An Unexplained Association? Int. J. Mol. Sci. 2021, 22, 5539. [Google Scholar] [CrossRef] [PubMed]

	



Lévy, P.; Kohler, M.; McNicholas, W.T.; Barbé, F.; McEvoy, R.D.; Somers, V.K.; Lavie, L.; Pépin, J.L. Obstructive sleep apnoea syndrome. Nat. Rev. Dis. Prim. 2015, 1, 15015. [Google Scholar] [CrossRef]

	



Benjafield, A.V.; Ayas, N.T.; Eastwood, P.R.; Heinzer, R.; Ip, M.S.M.; 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]

	



Dunietz, G.L.; Chervin, R.D.; Burke, J.F.; Conceicao, A.S.; Braley, T.J. Obstructive sleep apnea treatment and dementia risk in older adults. Sleep 2021, 44, zsab076. [Google Scholar] [CrossRef] [PubMed]

	



Leng, Y.; McEvoy, C.T.; Allen, I.E.; Yaffe, K. Association of Sleep-Disordered Breathing With Cognitive Function and Risk of Cognitive Impairment: A Systematic Review and Meta-analysis. JAMA Neurol. 2017, 74, 1237–1245. [Google Scholar] [CrossRef]

	



Bucks, R.S.; Olaithe, M.; Eastwood, P. Neurocognitive function in obstructive sleep apnoea: A meta-review. Respirology 2013, 18, 61–70. [Google Scholar] [CrossRef]

	



Beaudin, A.E.; Raneri, J.K.; Ayas, N.T.; Skomro, R.P.; Fox, N.; Hirsch Allen, A.J.M.; Bowen, M.W.; Nocon, A.; Lynch, E.J.; Wang, M.; et al. Cognitive Function in a Sleep Clinic Cohort of Patients with Obstructive Sleep Apnea. Ann. Am. Thorac. Soc. 2021, 18, 865–875. [Google Scholar] [CrossRef]

	



Osorio, R.S.; Gumb, T.; Pirraglia, E.; Varga, A.W.; Lu, S.E.; Lim, J.; Wohlleber, M.E.; Ducca, E.L.; Koushyk, V.; Glodzik, L.; et al. Sleep-disordered breathing advances cognitive decline in the elderly. Neurology 2015, 84, 1964–1971. [Google Scholar] [CrossRef]

	



Fietze, I.; Laharnar, N.; Obst, A.; Ewert, R.; Felix, S.B.; Garcia, C.; Gläser, S.; Glos, M.; Schmidt, C.O.; Stubbe, B.; et al. Prevalence and association analysis of obstructive sleep apnea with gender and age differences-Results of SHIP-Trend. J. Sleep Res 2019, 28, e12770. [Google Scholar] [CrossRef]

	



Bubu, O.M.; Andrade, A.G.; Umasabor-Bubu, O.Q.; Hogan, M.M.; Turner, A.D.; de Leon, M.J.; Ogedegbe, G.; Ayappa, I.; Jean-Louis G, G.; Jackson, M.L.; et al. Obstructive sleep apnea, cognition and Alzheimer’s disease: A systematic review integrating three decades of multidisciplinary research. Sleep Med. Rev. 2020, 50, 101250. [Google Scholar] [CrossRef] [PubMed]

	



Polsek, D.; Gildeh, N.; Cash, D.; Winsky-Sommerer, R.; Williams, S.C.R.; Turkheimer, F.; Leschziner, G.D.; Morrell, M.J.; Rosenzweig, I. Obstructive sleep apnoea and Alzheimer’s disease: In search of shared pathomechanisms. Neurosci. Biobehav. Rev. 2018, 86, 142–149. [Google Scholar] [CrossRef] [PubMed]

	



Daulatzai, M.A. Evidence of neurodegeneration in obstructive sleep apnea: Relationship between obstructive sleep apnea and cognitive dysfunction in the elderly. J. Neurosci. Res. 2015, 93, 1778–1794. [Google Scholar] [CrossRef] [PubMed]

	



Sapin, E.; Peyron, C.; Roche, F.; Gay, N.; Carcenac, C.; Savasta, M.; Levy, P.; Dematteis, M. Chronic Intermittent Hypoxia Induces Chronic Low-Grade Neuroinflammation in the Dorsal Hippocampus of Mice. Sleep 2015, 38, 1537–1546. [Google Scholar] [CrossRef]

	



Bubu, O.M.; Pirraglia, E.; Andrade, A.G.; Sharma, R.A.; Gimenez-Badia, S.; Umasabor-Bubu, O.Q.; Hogan, M.M.; Shim, A.M.; Mukhtar, F.; Sharma, N.; et al. Obstructive sleep apnea and longitudinal Alzheimer’s disease biomarker changes. Sleep 2019, 42, zsz048. [Google Scholar] [CrossRef]

	



Baril, A.A.; Martineau-Dussault, M.È.; Sanchez, E.; André, C.; Thompson, C.; Legault, J.; Gosselin, N. Obstructive Sleep Apnea and the Brain: A Focus on Gray and White Matter Structure. Curr. Neurol. Neurosci. Rep. 2021, 21, 11. [Google Scholar] [CrossRef]

	



Ho, B.L.; Tseng, P.T.; Lai, C.L.; Wu, M.N.; Tsai, M.J.; Hsieh, C.F.; Chen, T.Y.; Hsu, C.Y. Obstructive sleep apnea and cerebral white matter change: A systematic review and meta-analysis. J. Neurol. 2018, 265, 1643–1653. [Google Scholar] [CrossRef]

	



Ahuja, S.; Chen, R.K.; Kam, K.; Pettibone, W.D.; Osorio, R.S.; Varga, A.W. Role of normal sleep and sleep apnea in human memory processing. Nat. Sci. Sleep 2018, 10, 255–269. [Google Scholar] [CrossRef]

	



Benveniste, H.; Heerdt, P.M.; Fontes, M.; Rothman, D.L.; Volkow, N.D. Glymphatic System Function in Relation to Anesthesia and Sleep States. Anesth. Analg 2019, 128, 747–758. [Google Scholar] [CrossRef]

	



Vaessen, T.J.; Overeem, S.; Sitskoorn, M.M. Cognitive complaints in obstructive sleep apnea. Sleep Med. Rev. 2015, 19, 51–58. [Google Scholar] [CrossRef]

	



Rosenzweig, I.; Glasser, M.; Polsek, D.; Leschziner, G.D.; Williams, S.C.; Morrell, M.J. Sleep apnoea and the brain: A complex relationship. Lancet Respir. Med. 2015, 3, 404–414. [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. 2017, 13, 665–666. [Google Scholar] [CrossRef] [PubMed]

	



Rosenberg, R.S.; Van Hout, S. The American Academy of Sleep Medicine inter-scorer reliability program: Sleep stage scoring. J. Clin. Sleep Med. 2013, 9, 81–87. [Google Scholar] [CrossRef] [PubMed]

	



Rosenberg, R.S.; Van Hout, S. The American Academy of Sleep Medicine Inter-scorer Reliability program: Respiratory events. J. Clin. Sleep Med. 2014, 10, 447–454. [Google Scholar] [CrossRef] [PubMed]

	



Lee, Y.J.; Lee, J.Y.; Cho, J.H.; Choi, J.H. Interrater reliability of sleep stage scoring: A meta-analysis. J. Clin. Sleep Med. 2022, 18, 193–202. [Google Scholar] [CrossRef]

	



Sateia, M.J. International classification of sleep disorders-third edition: Highlights and modifications. Chest 2014, 146, 1387–1394. [Google Scholar] [CrossRef] [PubMed]

	



Andrade, A.G.; Bubu, O.M.; Varga, A.W.; Osorio, R.S. The Relationship between Obstructive Sleep Apnea and Alzheimer’s Disease. J. Alzheimers Dis. 2018, 64, S255–S270. [Google Scholar] [CrossRef]

	



Wang, L.; Ou, Q.; Shan, G.; Lao, M.; Pei, G.; Xu, Y.; Huang, J.; Tan, J.; Chen, W.; Lu, B. Independent Association Between Oxygen Desaturation Index and Cardiovascular Disease in Non-Sleepy Sleep-Disordered Breathing Subtype: A Chinese Community-Based Study. Nat. Sci. Sleep 2022, 14, 1397–1406. [Google Scholar] [CrossRef] [PubMed]

	



Terpening, Z.; Lewis, S.J.; Yee, B.J.; Grunstein, R.R.; Hickie, I.B.; Naismith, S.L. Association between Sleep-Disordered Breathing and Neuropsychological Performance in Older Adults with Mild Cognitive Impairment. J. Alzheimers Dis. 2015, 46, 157–165. [Google Scholar] [CrossRef]

	



Menon, R.N.; Radhakrishnan, A.; Sreedharan, S.E.; Sarma, P.S.; Kumari, R.S.; Kesavadas, C.; Sasi, D.; Lekha, V.S.; Justus, S.; Unnikrishnan, J.P. Do quantified sleep architecture abnormalities underlie cognitive disturbances in amnestic mild cognitive impairment? J. Clin. Neurosci. 2019, 67, 85–92. [Google Scholar] [CrossRef]

	



Wu, H.H.; Wang, Z.J.; Cheng, C.H.; Wang, J.; Wang, Q.J.; Chen, R. Effects of daytime hypercapnia on logical memory and working memory in patients with obstructive sleep apnea hypopnea syndrome. Zhonghua Jie He He Hu Xi Za Zhi 2021, 44, 873–879. [Google Scholar] [PubMed]

	



He, Y.; Chen, R.; Wang, J.; Pan, W.; Sun, Y.; Han, F.; Wang, Q.; Liu, C. Neurocognitive impairment is correlated with oxidative stress in patients with moderate-to-severe obstructive sleep apnea hypopnea syndrome. Respir. Med. 2016, 120, 25–30. [Google Scholar] [CrossRef] [PubMed]

	



Considine, C.M.; Parker, H.A.; Briggs, J.; Quasney, E.E.; Larson, E.R.; Smith, H.; Shollenbarger, S.G.; Abeare, C.A. Sleep Biomarkers, Health Comorbidities, and Neurocognition in Obstructive Sleep Apnea. J. Int. Neuropsychol. Soc. 2018, 24, 864–875. [Google Scholar] [CrossRef] [PubMed]

	



Sforza, E.; Roche, F. Chronic intermittent hypoxia and obstructive sleep apnea: An experimental and clinical approach. Hypoxia 2016, 4, 99–108. [Google Scholar] [CrossRef]

	



Crawford-Achour, E.; Dauphinot, V.; Martin, M.S.; Tardy, M.; Gonthier, R.; Barthelemy, J.C.; Roche, F. Protective Effect of Long-Term CPAP Therapy on Cognitive Performance in Elderly Patients with Severe OSA: The PROOF Study. J. Clin. Sleep Med. 2015, 11, 519–524. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. Baseline characteristics and polysomnographic data of an OSA cohort in Kaohsiung Medical University Hospital.
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Self-Reported Memory Impairment

	




	
Characteristics

	
All (N = 156)

	
Yes (N = 25)

	
No (N = 131)

	
p Value






	
Gender (Male), n (%)

	
103 (66.0)

	
14 (56.0)

	
89 (67.9)

	
0.258




	
Age (years)

	
60.9 ± 7.9

	
65.6 ± 9.5

	
60.0 ± 7.2

	
0.009




	
Education year (years)

	
10.4 ± 2.8

	
9.3 ± 3.8

	
10.7 ± 2.3

	
0.105




	
BMI (kg/m2)

	
26.9 ± 4.3

	
25.8 ± 3.6

	
27.1 ± 4.5

	
0.175




	
Mean follow-up year (years)

	
7.9 ± 1.1

	
7.7 ± 1.1

	
7.9 ± 1.1

	
0.362




	
Polysomnographic parameters

	

	

	

	




	
TST (mins)

	
326.4 ± 62.6

	
327.1 ± 82.5

	
326.3 ± 58.2

	
0.953




	
SE (%)

	
78.6 ± 13.3

	
76.0 ± 17.4

	
79.1 ± 12.4

	
0.287




	
AHI (events/hour)

	
22.6 ± 13.9

	
28.1 ± 19.0

	
21.6 ± 12.8

	
0.170




	
5 ≤ AHI < 15 (mild)

	
68 (43.6)

	
9 (36.0)

	
59 (45.0)

	




	
15 ≤ AHI < 30 (moderate)

	
40 (25.6)

	
8 (32.0)

	
32 (24.4)

	




	
≥30 (severe)

	
48 (30.8)

	
8 (32.0)

	
40 (30.5)

	




	
ODI (events/hour)

	
19.2 ± 13.1

	
23.9 ± 17.8

	
18.2 ± 12.0

	
0.048




	
Mean-SpO2 (%)

	
94.6 ± 2.4

	
94.0 ± 4.0

	
94.7 ± 1.9

	
0.175




	
Minimum-SpO2 (%)

	
80.9 ± 7.3

	
79.4 ± 6.3

	
81.2 ± 7.5

	
0.262




	
SL (mins)

	
17.9 ± 33.2

	
23.9 ± 38.7

	
16.7 ± 32.1

	
0.322




	
REML (mins)

	
117.2 ± 68.9

	
132.3 ± 81.2

	
114.3 ± 66.4

	
0.233




	
AI

	
24.7 ± 15.3

	
24.1 ± 13.2

	
24.8 ± 15.6

	
0.834




	
Sleep stage: N1 (%)

	
25.7 ± 18.0

	
27.9 ± 19.7

	
25.3 ± 17.7

	
0.510




	
N2 (%)

	
49.9 ± 12.8

	
53.4 ± 14.3

	
49.2 ± 12.5

	
0.135




	
N3 (%)

	
11.3 ± 11.8

	
7.9 ± 10.9

	
11.9 ± 12.0

	
0.124




	
R (%)

	
13.4 ± 6.8

	
11.7 ± 6.9

	
13.7 ± 6.8

	
0.181




	
PLMI

	
13.9 ± 20.4

	
17.6 ± 21.6

	
13.2 ± 20.2

	
0.325








The continuous data are presented as mean ± SD (standard deviation), and the categorical data are presented as n (%). The independent t-test was conducted for the continuous variables, and the chi-square test was conducted for the categorical variables. OSA = obstructive sleep apnea, BMI = body mass index, TST = total sleep time, SE = sleep efficacy, AHI = apnea–hypopnea index, ODI = oxygen desaturation index, SL = sleep latency, REML = rapid eye movement latency, AI = arousal index, PLMI = periodic limb movement index.
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Table 2. Baseline characteristics and polysomnographic parameters of the OSA patients grouped by severity.
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Mild OSA

	
Moderate OSA

	
Severe OSA

	

	




	
Characteristics

	
All (N = 156)

	
5 ≤ AHI < 15

N = 68

	
15 ≤ AHI < 30

N = 40

	
AHI ≥ 30

N = 48

	
p Value

	
Post Hoc

Tukey’s Test






	
Gender

(Male),

n (%)

	
103 (66.0)

	
38 (55.9)

	
27 (67.5)

	
38 (79.2)

	
0.033

	
-




	
Age

(years)

	
60.9

±7.9

	
60.6

±8.3

	
62.4

±8.2

	
60.1

±6.9

	
0.378

	
-




	
Education

year

(years)

	
10.4

±2.8

	
11.0

±1.9

	
9.6

±3.5

	
10.3

±2.9

	
0.139

	
-




	
BMI

(kg/m2)

	
26.9

±4.3

	
25.7

±3.6

	
26.4

±3.7

	
28.6

±5.2

	
0.018

	
Severe > Moderate, Mild




	
Mean

follow-up

year

(years)

	
7.9

±1.1

	
7.8

±1.7

	
7.5

±1.9

	
7.5

±1.5

	
0.657

	
-




	
Self-reported

memory impairment

	
25 (16.0)

	
9 (13.2)

	
8 (20.0)

	
8 (16.7)

	
0.645

	




	
PSG parameters

	

	

	

	

	

	




	
TST (mins)

	
326.4

±62.6

	
329.6

±65.5

	
347.3

±56.1

	
304.4

±62.5

	
0.006

	
Moderate > Severe




	
SE (%)

	
78.6

±13.3

	
76.8

±15.5

	
79.6

±12.3

	
80.1

±10.3

	
0.355

	
-




	
AHI (events/hour)

	
22.6

±13.9

	
9.4

±2.9

	
21.9

±4.3

	
42.0

±9.0

	
<0.001

	
Severe > Moderate > Mild




	
ODI (events/hour)

	
19.2

±13.1

	
7.8

±5.3

	
18.1

±4.1

	
36.2

±14.1

	
<0.001

	
Severe > Moderate > Mild




	
Mean-SpO2 (%)

	
94.6

±2.4

	
94.7

±1.9

	
94.6

±3.0

	
94.2

±2.2

	
0.504

	
-




	
Minimum-SpO2 (%)

	
80.9

±7.3

	
84.7

±4.5

	
80.4

±6.5

	
76.1

±10.6

	
<0.001

	
Mild > Moderate

> Severe




	
SL (mins)

	
17.9

±33.2

	
17.5

±24.1

	
27.9

±56.9

	
10.0

±9.1

	
0.045

	
Moderate > Severe




	
REML (mins)

	
117.2

±68.9

	
126.6

±85.6

	
118.5

±58.6

	
102.9

±45.2

	
0.189

	
-




	
AI

	
24.7

±15.3

	
19.4

±16.2

	
24.6

±13.8

	
32.4

±14.9

	
<0.001

	
Severe > Moderate, Mild




	
Sleep stages

	

	

	

	

	

	




	
N1 (%)

	
25.7

±18.0

	
22.6

±17.4

	
27.4

±16.9

	
28.9

±19.8

	
0.148

	
-




	
N2 (%)

	
49.9

±12.8

	
51.6

±13.0

	
51.3

±12.0

	
46.1

±13.1

	
0.055

	
-




	
N3 (%)

	
11.3

±11.8

	
11.4

±10.2

	
9.5

±9.1

	
12.5

±15.5

	
0.494

	
-




	
R (%)

	
13.4

±6.8

	
14.3

±7.7

	
11.9

±6.1

	
13.3

±5.9

	
0.210

	
-




	
PLMI

	
13.9

±20.4

	
15.1

±21.1

	
16.9

±22.3

	
9.7

±17.6

	
0.212

	
-








The continuous data are presented as mean ± SD (standard deviation), and the categorical data are presented as n (%). The one-way ANOVA test was conducted for the continuous variables with the post hoc Tukey’s test for the characters with significant inter-group difference, and the chi-square test was conducted for the categorical variables. OSA = obstructive sleep apnea, BMI = body mass index, PSG = polysomnographic, TST = total sleep time, SE = sleep efficacy, AHI = apnea–hypopnea index, ODI = oxygen desaturation index, SL = sleep latency, REML = rapid eye movement latency, AI = arousal index, PLMI = periodic limb movement index.
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Table 3. Subgroup analysis of self-reported memory impairment and its associations with polysomnographic parameters among OSA patients divided into three groups by severity.
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Mild OSA

(5 ≤ AHI < 15)

	

	
Moderate OSA

(15 ≤ AHI < 30)

	

	
Severe OSA

(AHI ≥ 30)

	




	

	
Self-Reported

Memory Impairment

	

	
Self-Reported

Memory Impairment

	

	
Self-Reported

Memory Impairment

	






	
PSG parameters

	
Yes

(N = 9)

	
No

(N = 59)

	

	
Yes

(N = 8)

	
No

(N = 32)

	

	
Yes

(N = 8)

	
No

(N = 40)

	




	
Mean

±SD

	
Mean

±SD

	
p value

	
Mean

±SD

	
Mean

±SD

	
p value

	
Mean

±SD

	
Mean

±SD

	
p value




	
TST (mins)

	
328.6

±102.2

	
329.8

±58.7

	
0.979

	
317.9

±70.5

	
354.7

±52.3

	
0.240

	
334.7

±67.0

	
298.3

±61.7

	
0.314




	
SE (%)

	
73.1

±20.7

	
77.4

±14.6

	
0.560

	
75.4

±17.0

	
80.7

±11.0

	
0.284

	
79.8

±13.1

	
80.2

±9.7

	
0.931




	
AHI (events/hour)

	
9.9

±3.2

	
9.3

±2.9

	
0.586

	
22.0

±3.9

	
21.9

±4.4

	
0.918

	
54.8

±13.9

	
39.4

±7.8

	
<0.001




	
ODI (events/hour)

	
8.1

±5.1

	
7.8

±5.3

	
0.903

	
16.3

±4.8

	
18.5

±3.9

	
0.202

	
49.4

±15.2

	
33.5

±13.9

	
0.005




	
Mean-SpO2 (%)

	
94.9

±1.9

	
94.7

±1.9

	
0.926

	
93.5

±5.7

	
94.9

±1.9

	
0.515

	
93.5

±3.8

	
94.3

±1.8

	
0.358




	
Minimum-SpO2 (%)

	
82.8

±4.1

	
85.0

±4.6

	
0.176

	
83.8

±5.0

	
79.5

±6.8

	
0.151

	
71.3

±9.0

	
77.0

±10.9

	
0.173




	
SL (mins)

	
24.4

±41.9

	
16.4

±20.4

	
0.588

	
35.9

±49.7

	
25.9

±58.4

	
0.661

	
11.3

±15.1

	
9.7

±7.6

	
0.654




	
REML (mins)

	
151.2

±108.5

	
122.8

±82.0

	
0.359

	
128.3

±48.2

	
116.0

±60.7

	
0.644

	
114.9

±70.3

	
100.5

±39.0

	
0.415




	
AI

	
14.2

±9.2

	
20.2

±17.0

	
0.302

	
20.5

±11.6

	
25.6

±14.3

	
0.354

	
38.9

±17.9

	
31.1

±14.3

	
0.183




	
Sleep stages

	

	

	

	

	

	

	

	

	




	
N1 (%)

	
20.7

±17.2

	
22.9

±17.4

	
0.726

	
33.8

±20.6

	
25.8

±16.0

	
0.242

	
30.2

±21.3

	
28.6

±19.5

	
0.836




	
N2 (%)

	
57.0

±10.8

	
50.8

±13.3

	
0.190

	
51.6

±15.8

	
51.2

±10.9

	
0.939

	
51.3

±16.1

	
45.1

±12.5

	
0.228




	
N3 (%)

	
9.5

±6.0

	
11.7

±10.6

	
0.540

	
5.7

±7.0

	
10.4

±9.5

	
0.195

	
8.2

±16.8

	
13.4

±15.3

	
0.392




	
R (%)

	
12.9

±7.6

	
14.5

±7.7

	
0.556

	
9.3

±6.9

	
12.5

±5.9

	
0.183

	
12.7

±6.1

	
13.4

±5.9

	
0.762




	
PLMI

	
17.4

±16.2

	
14.7

±21.7

	
0.722

	
26.4

±28.8

	
14.5

±20.6

	
0.183

	
8.9

±18.3

	
9.9

±17.5

	
0.884








The independent t-tests were conducted for the comparison of means between those with self-reported memory impairment and those without self-reported memory impairment; SD = standard deviation; CI = confidence interval. PSG = polysomnographic, TST = total sleep time, SE = sleep efficacy, AHI = apnea–hypopnea index, ODI = oxygen desaturation index, SL = sleep latency, REML = rapid eye movement latency, AI = arousal index, PLMI = periodic limb movement index.













[image: Table] 





Table 4. Multiple logistic regression analysis for the associations between the polysomnographic parameters and self-reported memory impairment among the overall OSA patients and the OSA patients divided into three groups by severity.
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PSG Parameters

	
Overall

	
Mild OSA

(5 ≤ AHI < 15)

	
Moderate OSA

(15 ≤ AHI < 30)

	
Severe OSA

(AHI ≥ 30)




	
OR

(95% CI)

	
p Value

	
OR

(95% CI)

	
p Value

	
OR

(95% CI)

	
p Value

	
OR

(95% CI)

	
p Value






	
TST (min)

	
1.002

(0.992, 1.012)

	
0.715

	
0.991

(0.971, 1.012)

	
0.414

	
1.037

(0.989, 1.088)

	
0.132

	
1.005

(0.976, 1.036)

	
0.724




	
SE (%)

	
1.001

(0.965, 1.039)

	
0.941

	
1.011

(0.953, 1.073)

	
0.719

	
1.084

(0.965, 1.216)

	
0.173

	
0.903

(0.755, 1.078)

	
0.259




	
AHI

(events/hour)

	
1.008

(0.985, 1.031)

	
0.489

	
0.934

(0.735, 1.189)

	
0.581

	
0.990

(0.825, 1.188)

	
0.915

	
1.115

(1.022, 1.216)

	
0.014




	
ODI

(events/hour)

	
1.013

(0.988, 1.039)

	
0.302

	
0.992

(0.869, 1.132)

	
0.901

	
1.143

(0.929, 1.407)

	
0.205

	
1.074

(1.012, 1.140)

	
0.018




	
Mean-

SpO2 (%)

	
1.010

(0.862, 1.184)

	
0.899

	
0.800

(0.449, 1.424)

	
0.448

	
0.872

(0.583, 1.303)

	
0.503

	
0.845

(0.539, 1.326)

	
0.465




	
Minimum-

SpO2 (%)

	
1.017

(0.949, 1.090)

	
0.631

	
1.223

(0.966, 1.550)

	
0.095

	
0.849

(0.628, 1.148)

	
0.288

	
1.302

(0.893, 1.899)

	
0.170




	
SL (min)

	
0.999

(0.986, 1.012)

	
0.906

	
0.996

(0.967, 1.025)

	
0.761

	
0.994

(0.979, 1.010)

	
0.470

	
1.087

(0.883, 1.339)

	
0.430




	
REML (min)

	
1.000

(0.992, 1.007)

	
0.933

	
0.993

(0.981, 1.006)

	
0.303

	
1.002

(0.982, 1.023)

	
0.811

	
0.995

(0.977, 1.014)

	
0.626




	
AI

	
1.022

(0.989, 1.056)

	
0.201

	
1.038

(0.954, 1.129)

	
0.384

	
1.078

(0.969, 1.199)

	
0.167

	
1.005

(0.917, 1.101)

	
0.914




	
Sleep stages

	

	

	

	

	

	

	

	




	
N1 (%)

	
1.003

(0.975, 1.032)

	
0.847

	
1.019 (0.963, 1.078)

	
0.518

	
1.006 (0.940, 1.077)

	
0.869

	
0.957 (0.869, 1.053)

	
0.363




	
N2 (%)

	
0.999

(0.963, 1.037)

	
0.965

	
0.979 (0.916, 1.047)

	
0.540

	
0.953 (0.858, 1.059)

	
0.370

	
1.048 (0.941, 1.166)

	
0.394




	
N3 (%)

	
1.002

(0.960, 1.045)

	
0.927

	
0.974 (0.841, 1.127)

	
0.719

	
1.077 (0.923, 1.258)

	
0.346

	
1.022 (0.930, 1.124)

	
0.645




	
R (%)

	
0.989

(0.910, 1.074)

	
0.786

	
0.983 (0.862, 1.122)

	
0.804

	
0.977 (0.796, 1.200)

	
0.826

	
1.144 (0.829, 1.579)

	
0.414




	
PLMI

	
1.000

(0.978, 1.023)

	
0.986

	
0.988 (0.952, 1.025)

	
0.508

	
0.972 (0.921, 1.025)

	
0.292

	
1.417 (0.331, 6.067)

	
0.638








The odds ratios (OR) were obtained from the multiple logistic regression adjusting age, gender, years of education and BMI. PSG = polysomnographic, TST = total sleep time, SE = sleep efficacy, AHI = apnea–hypopnea index, ODI = oxygen desaturation index, SL = sleep latency, REML = rapid eye movement latency, AI = arousal index, PLMI = periodic limb movement index.
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