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Aging is accompanied by changes in the quantity and quality of sleep. Obstructive sleep apnea (OSA) is also more prevalent in the older population. Although severe OSA has been linked to a higher risk of cardiovascular disease regardless of adult age, clinical consequences of mild-to-moderate OSA in the older adults are still uncertain.

Objectives: To investigate the relationships between severity and metabolic, cognitive, and functional characteristics in community-dwelling older adults from a representative sample of the city of São Paulo.

Methods: In total, 199 participants of the first follow-up of the São Paulo Epidemiologic Sleep Study (EPISONO, São Paulo, Brazil) >60 years were cross-sectionally assessed through questionnaires, physical evaluations, laboratory tests, and full in-lab polysomnography (PSG). Three groups according to the OSA severity were compared according to sociodemographic characteristics, anthropometric measures, PSG parameters, the frequency of comorbidities, and the use of medications.

Results: Participants' age ranged from 60 to 87 years with a mean of 70.02 ± 7.31, 59.8% female. In the univariate analysis, body mass index (BMI, kg/m2) (p = 0.049) and waist circumference (p = 0.005) were significantly higher in the participants with moderate OSA, but not among those with severe OSA. Participants with severe OSA had a higher arousal index (p = 0.007). Multivariate analysis showed that severe OSA was significantly associated with hypertension (p = 0.005), heart diseases (p = 0.025), and the use of two or more medications (p = 0.035).

Conclusion: In a population-based study, severe, but not mild-to-moderate, OSA in older adults was associated with hypertension and the use of more medications. As age advances, anthropometric indicators of obesity may not increase the risk of severe OSA.
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INTRODUCTION

Aging process has been associated with marked changes in sleep parameters and an uprise in rates of sleep complaints in the older population (1, 2). Among the sleep disorders affecting aged individuals, obstructive sleep apnea (OSA) can reach frequencies the frequencies of 25–46% in population-based studies (2–5). The higher prevalence of OSA with aging may also be associated with non-related-to-weight factors, including morpho-functional changes in pharyngeal skeletal muscles (5–7). Although fat deposition has been related to OSA in general populations, indirect measurements have suggested lean mass reduction plays a significant role in the development of OSA among older adults (8). As a consequence, OSA leads to oxyhemoglobin desaturation, micro-arousals, and, eventually increased partial pressure of carbon dioxide in arterial blood (PaCO2) during sleep (9, 10), which are possible explanations for a higher risk of cognitive impairment, depression, metabolic disorders, cardiovascular disease, atrial fibrillation, and mortality (11). Additionally, clinical consequences can be different according to the classification of OSA severity defined by the apnea-hypopnea index (AHI, events/hour) as mild (AHI > 5 and <15), moderate (AHI > 15 and <30), or severe (AHI > 30 events). However, controversies remain whether current severity criteria is associated with higher risks of particularly in older adults (12, 13).

Although age per se has been considered a risk factor for OSA, evidence suggest OSA in older adults may be frequently less severe and OSA diagnostic criteria might be adjusted for this age group (7). Concurrently, it is likely the existence of a late-onset OSA presentation as a distinct phenotype has different pathophysiological mechanisms, as well as clinical manifestations and consequences, including mortality risk, according to its severity (14). In this study, we aimed to investigate clinical factors associated with OSA severity in older adults from a representative sample of the general population living in the city of São Paulo (15).



METHODS


Study Characteristics

Data from the first follow-up of the São Paulo Epidemiologic Sleep Study (EPISONO), comprising a general population-based sample of São Paulo, Brazil, for this study. Baseline's survey design was comprehensively described elsewhere (16). In the first wave (from July to December 2007), 1,042 volunteers were included. From July 2015 to April 2016, the second wave of this study was carried out and included 715 individuals of the baseline sample. Of these participants in the second wave, we selected the older adults over 60 years of age, resulting in a sample of 199 participants. Follow-up participants were community-dwelling adults from both genders and derived from a multiethnic population. The Ethical Committee of the Universidade Federal de São Paulo approved this study (registration No. 0593/06), which was conducted according to the ethical standards defined in the 1964 Declaration of Helsinki as well as its subsequent amendments and was registered with ClinicalTrials.gov (identifier NCT00596713). Written informed consent was obtained from all volunteers.



Sample Characterization

Sociodemographic and previous clinical characteristics were assessed via questionnaires. Previous clinical history of diseases and medications in use were checked when volunteers came to sleep lab. Participants were instructed to bring their medication lists or boxes to an in-person interview. Medications were checked and grouped according to their categories: cardiac medications, psychoactive medications, hypoglycemiants, and other.

All medical conditions and medications used by participants were checked through a personal interview. We considered the number of medications in use and classified according to the body system (nervous system, cardiovascular system, urinary system, metabolic, digester and nutritional system, bone and muscle system, etc.). Hypertension was considered according to a previous diagnosis; medication check or blood pressure higher than 140 × 90 mm Hg (17). Diabetes was also considered when a previous diagnosis and medication were taken or fasting glucose blood test was higher than 126 mg/dl (18).

Height (stadiometer to the nearest 0.1 cm) and weight (electronic scale to the nearest 0.1 kg) were used to calculate the body mass index (BMI, kg/m2). Circumference measures were part of the anthropometric evaluation, including neck circumference, abdominal circumference, and waist circumference.



Sleep Measures and Classifications

Full in-lab polysomnography (PSG) was performed at the Sleep Institute (Department of Psychobiology/AFIP) using a digital EMBLA system (Medcare-Flaga hf. Medical Devices). The exam included electroencephalogram record, electrooculogram record, electromyogram of the submentonian muscles and tibial record, electrocardiogram (ECG) record, oronasal flow record, thoracic and abdominal movement, and record of snoring records, body position, and oximetry. Sleep efficiency was considered decreased when registered as below 85% and the rate of awakening was considered as normal when registered up to 10 events/h. An objective polysomnographic diagnosis of apnea was defined when the AHI was ≥5 obstructive events /hour and the occurrence of periodic leg movements (PLMs) more than 15 events/h (19). Participants were allocated into three groups: group 0 (G0), non- to mild OSA (n = 83); group 1 (G1), moderate OSA (n = 56); and group 2 (G2), severe OSA (n = 60).



Statistical Analysis

Assumptions for statistical analysis were assessed by the Kolmogorov–Smirnov test, histograms, and Q–Q plots. The Z-score was used for the analysis of the outliers and was used for the variables with no normal distribution. The characteristics of participants were described using means and standard deviations (SDs) or absolute and relative frequency.

The post-hoc of Bonferroni was used. For multivariate regression analysis, the potential predictors for OSA were investigated by the Pearson correlation test and were excluded due to potential multicollinearity. Subsequently, linear regression modeling using enter method was performed. Having evaluated the relationships between the variables, multiple linear regression analysis was then performed to assess inflammatory profiles and comorbidities adjusted by anthropometric variables. For each output (dependent) variable, all the possible combinations of the predictor variables were assessed, with the lowest Akaike information criterion (AIC) used to select the strongest model. The Durbin–Watson (DW) test was used for an autocorrelation, and the variance inflation factor (VIF) and tolerance were performed to determine the presence of multicollinearity. We calculated tolerance and VIF values to evaluate multicollinearity between the variables, with tolerance >0.2 and VIF <10 considered indicative of no collinearity among the independent variables.

Contrasts were used to test for differences between the levels of a factor. The value of p < 0.05 was adopted as the criterion for statistical significance. All the analyses were performed using SPSS statistical software (version 24.0 for Windows).




RESULT

Participant's age ranged from 60 to 87 years with a mean of 70.02 ± 7.31, allocated in three groups according to OSA severity. Arousal index was growing up according to the severity of OSA (p = 0.007). When stratified by gender, we noted a significant difference in N1 sleep. The percentage was higher in severe OSA. The N3 sleep was lower according to the severity of OSA in both genders (Table 1). No participants with central sleep apneas ≥5/h were found in out study.


Table 1. Sample characterization according to the presence and severity of OSA.
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The use of medications was significantly higher according to OSA, with the highest severity among those classified as severe OSA (G2) (p: 0.035). Around 90% of older adults with severe OSA reported taking 2 or more medications, as shown in Table 2.


Table 2. Frequency of medication use by presence and severity of OSA.
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Table 3 depicts the multivariate analysis results. There was a significant association between neck circumference (p: 0.01), waist circumference (p: 0.031), hypertension (0.005), and heart problems (p: 0.025) with AHI. Of note, the inclusion of lipid metabolism, total cholesterol, LDL, HDL, and triglycerides did not change the final results.


Table 3. Associated factors with AHI.

[image: Table 3]



DISCUSSION

This study evaluated whether the frequently described associations between OSA and clinical comorbidities were present in the sample of older adults from a population-based cohort. Among our findings, severe OSA was not associated with anthropometric indicators of obesity, including BMI and waist circumference. On the other hand, those with severe OSA were more likely to have hypertension and to use two or more medications, as well as to have a higher arousal index. Severe OSA in this aged sample was not associated with other commonly described OSA-related comorbidities, such as diabetes. However, when performing regression analysis considering AHI as a whole, neck and waist circumferences, and waist were significantly with increased AHI.

Obesity is characterized as the main risk factor for OSA and is present in approximately 60% of apneic individuals (20–22). According to the literature, the distribution of body fat plays an important role in this disorder, with visceral obesity being the most harmful, followed by an increase in neck circumference, considered a robust predictor (23) as also seen in our study. Although the BMI is considered as a risk factor for severe OSA in young and middle-aged adults, we have not found this association in from our study. The exact mechanisms whereby aging increases the risk of severe OSA are not completely understood in aged individuals (24, 25). Anatomically small pharyngeal and a compromised pharyngeal anatomy are the key factors in the development of an upper airway obstruction during sleep (26, 27). In addition to the anatomic characteristics, pulmonary and muscle-related mechanisms also play important role in the mechanism of OSA, and it has already been shown that these mechanisms are changed in older population (28, 29), which could justify higher frequencies of OSA independently of the obesity status in this age group.

Airway anatomy/collapsibility thus may play a pathogenic role in older adults, whereas a sensitive ventilator control system is a more prominent trait in younger adults with OSA (30).

With regard to cardiovascular consequences of OSA in the elderly, there has been an also controversial finding.

Aging by itself is a well-known risk factor for hypertension (31). Some studies have shown that the risk of hypertension and CVD related to OSA diminishes with aging (32). Our study conducted in the general population showed that severe OSA was associated with hypertension particularly in the older population. OSA and arterial hypertension are often concomitant conditions and are associated with an increased cardiovascular risk (33, 34).

A recent meta-analysis, involving 20 original studies demonstrated that OSA increases the risk of hypertension in a dose-response manner (35). The pathogenesis of hypertension in OSA is complex and not fully understood. Potential pathophysiological mechanisms increasing the risk of hypertension among people with OSA include intermittent hypoxia with endothelial dysfunction, sleep fragmentation, nocturnal fluid shift, and the activation of renin–angiotensin–aldosterone (RAA) system. OSA may play a role in the sympathetic activation and increased oxidative stress associated with the hypertension pathogenesis (36, 37). Our findings showing an increase in hypertension frequency among older adults with OSA suggest that similar mechanisms might also be present in advanced age groups.

Medication use and polypharmacy vary according to the demographic characteristics and tend to increase with age and the presence of comorbidities. The average number of medications used by the older adults ranges from two to five medicines (37, 38). The polypharmacy is common in the elderly, and many medications may contribute to sleep disturbances. In addition to medicines oftentimes, Additionally, older adults have various comorbid conditions that interfere with sleep, such as depression, prostate hypertrophy, gastroesophageal reflux, arthritis, and pulmonary conditions (39).

Although the literature brings other comorbidities, such as diabetes and depression as associated with the severity of sleep apnea in adults, we did not find this association in our sample (40, 41). The role of OSA as an independent risk factor for comorbidities remains controversial due to the presence of powerful confounders, such as aging, gender, lifestyle factors and comorbidities (42, 43).

A German population-based study investigated the prevalence of OSA in different age and gender groups. The continuous increase of OSA with age challenges the current theory that mortality due to OSA and cardiovascular comorbidities affects the prevalence of OSA at an advanced age (44). The pathophysiology of OSA possible dysfunction of the air muscles, resulting from craniofacial abnormalities or higher age-related upper airway collapse. It is speculated that the hereditability related to the development of OSA is close to 40% whilst environmental and lifestyle factors account for 60% of the pathophysiological factors (45).

Obesity is undoubtedly one of the most significant risk factors as it increases the risk by 10–14 times for OSA and weight loss reduces the risk of obesity for this condition (46). However, we did not find obesity as a significant risk among severe OSA in older individuals of our population-based study, which is consistent with the findings of other authors and can be justified by differences in other than obesity-related risk factors for OSA among those >60 years (including hormonal and inflammatory changes, comorbidities, and other diseases) (47, 48).

Studies have reported that the increase in mortality in patients with OSA from cardiovascular causes was only seen in patients under the age of 50 and when the sleep-disordered breathing was severe (49), whereas in elderly with sleep apnea the mortality rates by cardiovascular disease were similar to those of the elderly without sleep apnea (50, 51). Interestingly, there is evidence that OSA in older populations has a better prognosis, which may be explained by the marked cardiovascular response in middle-aged patients, which is not observed in older populations (52).

To explain these discrepancies between mortality and sleep apnea in the elderly, Kobayashi et al. proposed that there are two clinically different phenotypes of OSA in the older population: one in which the disease appears in middle age and has more symptoms and consequences; and another in which it appeared in old age and is less serious (53). Thus, the authors suggest that cardiovascular risks are not uniformly associated with OSA among older adults.

However, a major potential confounder in the association between OSA and mortality is the co-occurrence of comorbidities. Several studies have shown that cardiovascular morbidity and mortality are significantly higher in severe OSA and accompanied by other comorbidities (54, 55). Whether a possible bidirectional influence of medical comorbidities and OSA is a subject of better designed studies.

Lavie and Lavie hypothesized that an apparent decline in mortality risk with age could be explained by an adaptive protective mechanism resulting from nightly cycles of hypoxia–reoxygenation with ischemic preconditioning (56). Ischemic preconditioning is related to gene expression programs (HIF-1α), and in vitro study in mice subjected to intermittent hypoxia was protected against post-ischemic damage, mediated by HIF-1α (57).

Similar to sleep apnea, vascular endothelial growth factor (VEGF) production increases in a gravity-dependent manner and appears to protect the myocardium during periods of severe ischemia with myocardial neovascularization (58, 59). Hypothetically, some patients will be protected against major ischemic events by producing sufficiently high concentrations of VEGF to induce the formation of collateral vessels that guarantee sufficient blood supply to the myocardium in case of significant obstruction of the coronary arteries. In summary, apneic events promote long-term cardiovascular protection by activating the genetic programs that induce vascular remodeling and other protective responses (56). However, considering the similar pathophysiological mechanisms for the development of hypertension, this theory is not entirely consistent with the higher hypertension risk found in our study.

This study has some limitations. The cross-sectional design does not allow causal inferences. The assessment of medical conditions relied on self-report although all information was reconfirmed as well as all the medicines used throughout an in-person interview. The standardization of hypopneas definition has changed over time, and so has the recent definition adopted by the American Academy of Sleep Medicine. This definition can influence to a greater or lesser degree of the main discretion of OSA severity, which is given by the AHI per hour of sleep (19). The lack of standardization on the discretion of OSA severity in the elderly is still under debate.



IMPLICATIONS

Studies have shown that an estimated 80–90% of people with OSA remain undiagnosed and untreated (60).

Obstructive sleep apnea in the elderly seems not to be a benign condition as it has also been associated with higher healthcare utilization. Systematic surveys, however, that characterize the continuum of disordered breathing during sleep and the associated health impairment in the older population are not yet available (61, 62).

In our study, the association of OSA with hypertension, medication, and a higher arousal index suggests a possible bidirectional association between OSA and comorbidities. These findings emphasize the importance of thorough phenotype evaluation regarding possible gender and age-specific differences in OSA pathogenesis, mechanism, and susceptibility. In a next step, we recommend further investigation of the influence of age and all alterations on the prevalence of OSA. It is becoming more and more important to investigate not only OSA defined purely by the AHI but also OSA syndrome and its symptoms as an apparent disease (63). Therefore, it is highly relevant (especially considering the high prevalence) to improve definitions and therapy strategies.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Ethical Committee of the Federal University of São Paulo. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



FUNDING

This work was funded by AFIP (Associação Fundo de Incentivo à Pesquisa) for funding the study and CAPES (Coordenação de Aperfeiçoamento de Pessoal de Nível Superior) PRINT grants number (88887.194874/2018-00).



REFERENCES

 1. Geib LTC, Neto AC, Wainberg R, Nunes ML. Sleep and aging. Rev Psiquiatr. (2003) 25:453–65. doi: 10.1590/S0101-81082003000300007

 2. Moraes W, Piovezan RD, Poyares D, Bittencourt LR, Santos-Silva R, Tufik S. Effects of aging on sleep structure throughout adulthood: a population-based study. Sleep Med. (2014) 15:401–9. doi: 10.1016/j.sleep.2013.11.791

 3. Sateia MJ. International classification of sleep disorders-third edition: highlights and modifications. Chest. (2014) 146:1387–94. doi: 10.1378/chest.14-0970

 4. Young T, Peppard PE, Gottlieb DJ. Epidemiology of obstructive sleep apnea: a population health perspective. Am J Respir Crit Care Med. (2002) 165:1217–39. doi: 10.1164/rccm.2109080

 5. Tufik S, Santos-Silva R, Taddei JA, Bittencourt LR. Obstructive sleep apnea syndrome in the São Paulo epidemiologic sleep study. Sleep Med. (2010) 11:441–6. doi: 10.1016/j.sleep.2009.10.005

 6. Martin SE, Mathur R, Marshall I, Douglas NJ. The effect of age, gender, obesity and posture on upper airway size. Eur Respir J. (1997) 10:2087–90. doi: 10.1183/09031936.97.10092087

 7. Ayappa I, Rapoport DM. The upper airway in sleep: physiology of the pharynx. Sleep Med Ver. (2003) 7:9–33. doi: 10.1053/smrv.2002.0238

 8. Piovezan RD, Hirotsu C, Moizinho R, Souza HS, D'Almeida V, Tufik S, et al. Associations between sleep conditions and body composition states: results of the EPISONO study. J Cachexia Sarcopenia Muscle. (2019) 10:962–73. doi: 10.1002/jcsm.12445

 9. Mayer P, Babiloni AH, Beetz G, Marshansky S, Kaddaha Z, Rompré PH, et al. The evaluation of autonomic arousals in scoring sleep respiratory disturbances with polysomnography and portable monitor devices: A proof of concept study. Nat Sci Sleep. (2020) 12:443–51. doi: 10.2147/NSS.S258276

 10. Frangopoulos F, Zannetos S, Nicolaou I, Economou NT, Adamide T, Georgiou A, et al. The complex interaction between the major sleep symptoms, the severity of obstructive sleep apnea, and sleep quality. Front Psychiatry. (2021) 12:155. doi: 10.3389/fpsyt.2021.630162

 11. Kerner NA, Roose SP. Obstructive sleep apnea is linked to depression and cognitive impairment: evidence and potential mechanisms. Am J Geriatr Psychiatry. (2016) 24:496–508. doi: 10.1016/j.jagp.2016.01.134

 12. Sleep-related breathing disorders in adults: recommendations for syndrome definition and measurement techniques in clinical research. The report of an American academy of sleep medicine task force. Sleep. (1999) 22:667–89. doi: 10.1093/sleep/22.5.667

 13. Hudgel DW. Sleep apnea severity classification - revisited. Sleep. (2016) 39:1165–6. doi: 10.5665/sleep.5776

 14. Zinchuk AV, Gentry MJ, Concato J, Yaggi HK. Phenotypes in obstructive sleep apnea: a definition, examples and evolution of approaches. Sleep Med Rev. (2017) 35:113–23. doi: 10.1016/j.smrv.2016.10.002

 15. Santos-Silva R, Tufik S, Conway SG, Taddei JA, Bittencourt LRA. São Paulo epidemiologic sleep study: rationale, design, sampling, and procedures. Sleep Med. (2009) 10:679–85. doi: 10.1016/j.sleep.2008.11.001

 16. Gaspar LS, Álvaro AR, Moita J, Cavadas C. Obstructive sleep apnea and hallmarks of aging. Trends Mol Med. (2017) 23:675–92. doi: 10.1016/j.molmed.2017.06.006

 17. Group SHHSR. Sleep Heart Health Study Manual of Operations. Seatle, WA: SHHS Coordinating Center (1996).

 18. World Health Organization. Definition, diagnosis and classification of diabetes mellitus and its complications. Report of a WHO consultation. Part 1: diagnosis and classification of diabetes mellitus. (1999).

 19. Berry RB, Brooks R, Gamaldo CE, Harding SM, Lloyd RM, Marcus CL, et al. The AASM Manual for the Scoring of Sleep and Associated Events. Rules, Terminology and Technical Specifications (American Academy of Sleep Medicine), Darien, IL (2012).

 20. Kushida CA, Littner MR, Morgenthaler T, Alessi CA, Bailey D, Coleman J Jr, et al. Practice parameters for the indications for polysomnography and related procedures: an update for 2005. Sleep. (2005) 28:499–521. doi: 10.1093/sleep/28.4.499

 21. Romero-Corral A, Caples SM, Lopez-Jimenez F, Somers VK. Interactions between obesity and obstructive sleep apnea: implications for treatment. Chest. (2010) 137:711–9. doi: 10.1378/chest.09-0360

 22. Modena DAO, Cazzo E, Cândido EC, Baltieri L, Silveira LJB, Almeida AMN, et al. Obstructive sleep apnea syndrome among obese individuals: a cross-sectional study. Rev Assoc Med Bras. (2017) 63:862–8. doi: 10.1590/1806-9282.63.10.862

 23. Han TS, Oh MK, Kim SM, Yang HJ, Lee BS, Park SY, et al. Relationship between neck length, sleep, and cardiovascular risk factors. Korean J Fam Med. (2015) 36:10–21. doi: 10.4082/kjfm.2015.36.1.10

 24. Eckert DJ, Malhota A. Pathophysiology of adult obstructive sleep apnea. Proc Am Thorac Soc. (2008) 5:144–53. doi: 10.1513/pats.200707-114MG

 25. Pavlova MK, Duffy JF, Shea SA. Polysomnographic respiratory abnormalities in asymptomatic individuals. Sleep. (2008) 31:241–8. doi: 10.1093/sleep/31.2.241

 26. Owens RL, Eckert DJ, Yeh SY, Malhotra A. Upper airway function in the pathogenesis of obstructive sleep apnea: a review of the current literature. Curr Opin Pulm Med. (2008) 14:519–24. doi: 10.1097/MCP.0b013e3283130f66

 27. Eikermann M, Jordan AS, Chamberlin NL, Gautam S, Wellman A, Lo YL, et al. The influence of aging on pharyngeal collapsibility during sleep. Chest. (2007) 131:1702–9. doi: 10.1378/chest.06-2653

 28. Malhotra A, Huang Y, Fogel R, Lazic S, Pillar G, Jakab M, et al. Aging influences on pharyngeal anatomy and physiology: the predisposition to pharyngeal collapse. Am J Med. (2006) 119:72.e9–14 doi: 10.1016/j.amjmed.2005.01.077

 29. Salmina D, Ogna A, Wuerzner G, Heinzer R, Ogna VF. Arterial hypertension and obstructive sleep apnea syndrome: state of knowledge. Rev Med Suisse. (2019) 15:1620–4. doi: 10.53738/REVMED.2019.15.662.1620

 30. Edwards BA, Wellman A, Sands SA, Owens RL, Eckert DJ, et al. Obstructive sleep apnea in older adults is a distinctly different physiological phenotype. Sleep. (2014) 37:1227–36. doi: 10.5665/sleep.3844

 31. Filipovský J. Arterial hypertension in the elderly. Vnitr Lek Winter. (2018) 64:987–92. doi: 10.36290/vnl.2018.143

 32. Imayama I, Sahni A, Sunkara S, Prasad B. Sleep apnea and hypertension in the elderly. Curr Sleep Medicine Rep. (2021) 7:80–6. doi: 10.1007/s40675-021-00211-4

 33. Zhao X, Li X, Xu H, Qian Y, Fang F, Yi H, et al. Relationships between cardiometabolic disorders and obstructive sleep apnea: Implications for cardiovascular disease risk. J Clin Hypertens. (2019) 21:280–90. doi: 10.1111/jch.13473

 34. Zhang W, Si L. Obstructive sleep apnea syndrome (OSAS) and hypertension: pathogenic mechanisms and possible therapeutic approaches. Ups J Med Sci. (2012) 117:370–82. doi: 10.3109/03009734.2012.707253

 35. Hou H, Zhao Y, Yu W, Dong H, Xue X, Ding J, et al. Association of obstructive sleep apnea with hypertension: a systematic review and meta-analysis. J Glob Health. (2018) 8:010405. doi: 10.7189/jogh.08.010405

 36. Turnbull CD. Intermittent hypoxia, cardiovascular disease and obstructive sleep apnea. J Thorac Dis. (2018) 10:S33–9. doi: 10.21037/jtd.2017.10.33

 37. Christensen LD, Reilev M, Juul-Larsen HG, Jørgensen LM, Kaae S, Andersen O, et al. Use of prescription drugs in the older adult population-a nationwide pharmacoepidemiological study. Eur J Clin Pharmacol. (2019) 75:1125–33. doi: 10.1007/s00228-019-02669-2

 38. Linjakumpu T, Hartikainen S, Klaukka T, Veijola J, Kivelä SL, Isoaho R. Use of medications and polypharmacy are increasing among the elderly. J Clin Epidemiol. (2002) 55:809–17. doi: 10.1016/S0895-4356(02)00411-0

 39. Hanlon JT, Schmader KE, Ruby CM, Weinberger M. Suboptimal prescribing in older inpatients and outpatients. J Am Geriatr Soc. (2001) 49:200–9. doi: 10.1046/j.1532-5415.2001.49042.x

 40. Nagayoshi M, Punjabi NM, Selvin E, Pankow JS, Shahar E, Iso H, et al. Obstructive sleep apnea and incident type 2 diabetes. Sleep Med. (2016) 25:156–61. doi: 10.1016/j.sleep.2016.05.009

 41. Ejaz SM, Khawaja IS, Bhatia S, Hurwitz TD. Obstructive sleep apnea and depression: a review. Innov Clin Neurosci. (2011) 8:17–25.

 42. Lévy P, Kohler M, McNicholas WT, Barbé F, McEvoy RD, Somers VK, et al. Obstructive sleep apnea syndrome. Nat Rev Dis Primers. (2015) 1:15015. doi: 10.1038/nrdp.2015.15

 43. Wolk R, Shamsuzzaman AS, Somers VK. Obesity, sleep apnea, and hypertension. Hypertension. (2003) 42:1067–74. doi: 10.1161/01.HYP.0000101686.98973.A3

 44. Fietze I, Laharnar N, Obst A, Ewert R, Felix SB, Garcia C, 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. doi: 10.1111/jsr.12770

 45. Riha RL, Gislasson T, Diefenbach K. The phenotype and genotype of adult obstructive sleep apnea/hypopnea syndrome. Eur Respir J. (2009) 33:646–55. doi: 10.1183/09031936.00151008

 46. Riha RL. Genetic aspects of the obstructive sleep apnea/hypopnea syndrome–is there a common link with obesity? Respiration. (2009) 78:5–17. doi: 10.1159/000221903

 47. Huang T, Lin BM, Markt SC, Stampfer MJ, Laden F, Hu FB, et al. Sex differences in the associations of obstructive sleep apnea with epidemiological factors. Eur Respir J. (2018) 51:1702421. doi: 10.1183/13993003.02421-2017

 48. Carlson JT, Hedner JA, Ejnell H, Peterson LE. High prevalence of hypertension in sleep apnea patients independent of obesity. Am J Respir Crit Care Med. (1994) 150:72–7. doi: 10.1164/ajrccm.150.1.8025776

 49. Lavie P, Lavie L, Herer P. All-cause mortality in males with sleep apnoea syndrome: declining mortality rates with age. Eur Respir J. (2005) 25:514–20. doi: 10.1183/09031936.05.00051504

 50. Mant A, King M, Saunders NA, Pond CD, Goode E, Hewitt H. Four-year follow-up of mortality and sleeprelated respiratory disturbance in non-demented seniors. Sleep. (1995) 18:433–8. doi: 10.1093/sleep/18.6.433

 51. Ancoli-Israel S, Kripke DF, Klauber MR, Fell R, Stepnowsky C, Estline E, et al. Morbidity, mortality and sleep disordered breathing in community dwelling elderly. Sleep. (1996) 19:277–82. doi: 10.1093/sleep/19.4.277

 52. Haas DC, Foster GL, Nieto FJ, Redline S, Resnick HE, Robbins JA, et al. Age-dependent associations between sleep disordered breathing and hypertension: importance of discriminating between systolic/diastolic hypertension and isolated systolic hypertension in the sleep heart health study. Circulation. (2005) 111:614–21. doi: 10.1161/01.CIR.0000154540.62381.CF

 53. Kobayashi M, Namba K, Tsuiki S, Matsuo A, Sugiura T, Inoue Y. Clinical characteristics in two subgroups of obstructive sleep apnea syndrome in the elderly: comparison between cases with elderly and middle-age onset. Chest. (2010) 137:1310–5. doi: 10.1378/chest.09-2251

 54. Marin JM, Carrizo SJ, Vicente E, Agusti AG. Long-term cardiovascular outcomes in men with obstructive sleep apnoea hypopnoea with or without treatment with continuous positive airway pressure: an observational study. Lancet. (2005) 365:1046–53. doi: 10.1016/S0140-6736(05)71141-7

 55. Young T, Finn L, Peppard PE, Szklo-Coxe M, Austin D, Nieto FJ, et al. Sleep disordered breathing and mortality: eighteen-year follow-up of the wisconsin sleep cohort. Sleep. (2008) 31:1071–8.

 56. Lavie L, Lavie P. Ischemic preconditioning as a possible explanation for the age decline relative mortality in sleep apnea. Medical Hypotheses. (2006) 66:1069–73. doi: 10.1016/j.mehy.2005.10.033

 57. Cai Z, Manalo DJ, Wei G, Rodriguez ER, Fox-Talbot K, Lu H, et al. Hearts from rodents exposed to intermittent hypoxia or erythropoietin are protected against ischemia-reperfusion injury. Circulation. (2003) 108:79–85. doi: 10.1161/01.CIR.0000078635.89229.8A

 58. Schulz R, Hummel C, Heinemann S, Seeger W, Grimminger F. Serum levels of vascular endothelial growth factor are elevated in patients with obstructive sleep apnea and severe nighttime hypoxia. Am J Respir Crit Care Med. (2002) 165:67–70. doi: 10.1164/ajrccm.165.1.2101062

 59. Fukuda S, Kaga S, Sasaki H, Zhan L, Zhu L, Otani H, et al. Angiogenic signal triggered by ischemic stress induces myocardial repair in rat during chronic infarction. J Mol Cell Cardiol. (2004) 36:547–59. doi: 10.1016/j.yjmcc.2004.02.002

 60. Kapur V, Strohl KP, Redline S, Iber C, O'Connor G, Nieto J. Underdiagnosis of sleep apnea syndrome in U.S. communities. Sleep Breath. (2002) 6:49–54. doi: 10.1055/s-2002-32318

 61. Diaz K, Faverio P, Hospenthal A, Restrepo MI, Amuan ME, Pugh MJ. Obstructive sleep apnea is associated with higher healthcare utilization in elderly patients. Ann Thorac Med. (2014) 9:92–8. doi: 10.4103/1817-1737.128854

 62. Punjabi NM. The epidemiology of adult obstructive sleep apnea. Proc Am Thorac Soc. (2008) 5:136–43. doi: 10.1513/pats.200709-155MG

 63. Ye L, Pien GW, Ratcliffe SJ, Björnsdottir E, Arnardottir ES, Pack AI, et al. The different clinical faces of obstructive sleep apnoea: a cluster analysis. Eur Respir J. (2014) 44:1600–7. doi: 10.1183/09031936.00032314

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Silva, Poyares, Silva, Souza, Andersen, Ohayon, Tufik and Piovezan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-13-802554-t003.jpg
Model

(Constante)
BMI

Epworth

Neck Circumference
Waist Circumference
Glycaemia
Hypertension
Diabetes

Heart disease
Hypothyroidism
Kidney disease
Osteoporosis
Depression

‘Standardized coefficient t
Beta
-0.042
-0.023 —0.208
0.069 0.963
0.325 3.520
-0.293 —2.168
-0.071 -0.979
0.203 2.863
-0.011 -0.163
0.157 2.265
0.111 1578
~0.035 ~0.497
—0.066 -0.922
—0.050 -0.712

Dependent variable: AHI, Linear regression: R* = 0.21.

sig.

0.987
0.837
0.337
0.001
0.031
0.329
0.0058
0.878
0.025
0.116
0620
0.358
0.478





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Associations of the Severity of Obstructive Sleep Apnea With Age-Related Comorbidities: A Population-Based Study



		Introduction



		Methods



		Study Characteristics



		Sample Characterization



		Sleep Measures and Classifications



		Statistical Analysis







		Result



		Discussion



		Implications



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Associations of the Severity of

Obstructive Sleep Apnea With

Age-Related Comorbidities: A
Population-Based Study





OPS/images/fneur-13-802554-t001.jpg
Total Go a1 G2 P

(non-OSA to mild OSA) (moderate OSA) (severe OSA)
N Mean & SD N Mean & SD N Mean  SD N Mean & SD
Age Total 199 70.02 +7.31 83 69.76 + 7.25 56 69.16 + 6.75 60 7147 £7.87 031
Feminine 118 70.00 + 750 56 6955 + 7.00 28 70£10,7.40 34 7076 £7.870 076
Male 81 70.00 £ 7.10 27 70.20 £ 7.7.90 28 6825+ 6.40 26 7170£7670 020
BMI Total 199 28614539 83 28.86 + 5,63 56 2067580 60  27.26+435 005
Feminne 118 28.40 % 550 56 29.45 % 6.40 28 2945+ 6.40 34 2690 %460 015
Male 81 28.90 + 5.22 27 29,00  6.00 28 2000+530 2 2772405 032
Neck C. Total 199 36.10 + 4.42 83 37.34 £3.99 56 38.85+4.78 60 38.45 £ 4.56 0.09
Feminine 118 3821436 56 37.57 £3.93 28 3863475 34 28031468 030
Male 81 37.92 + 454 27 36.86 + 4.14 28 8007 +488 26 87.80 + 441 0.19
Weaist C. Total 199 99671299 83 99.86 + 13.26 56 10358+ 1267 60 9560 %1191 0,004
Feminine 118 10020+ 1207 56 99.78 + 11.36 28 10811+ 1357 34 9858+ 1184 031
Male 81 98831430 27 100.12  16.77 28 104041194 26 91761105 0,005
Hip C. Total 199 10397+ 1074 83 104.20 + 11.01 56 10545+ 1107 60  102.22+996 027
Feminine 118 10359 + 938 56 104.04 + 9.85 28 102918298 34 10340915 086
Male 81 10452+ 1252 27 104.53 £ 1331 28 1080+ 1247 26 100.63 + 1095 010
Efficiency (%) Total 199 75663218 83 79.95 + 4,642 56 75381276 60 7000 1,643 0.48
Feminine 118 77.64 £ 39.46 56 73.18 £ 14.81 28 7827 £ 9.11 34 84.73 £ 70.76 0.42
Male 81 7278 £1650 27 72.48 £ 13.49 28 7465+ 1607 26 7109+ 1992 073
N1 (%) Total 199 18.38 + 12.36 83 11.26 + 6.05 56 16.95 + 8.61 60 27.54 £ 16.20 0.001
Feminne 118 1565 % 9.46 56 1225 + 584 28 1510927 34 2169+ 1152 0,001
Male 81 2220+ 1484 27 1373 + 6.47 28 1881+7.37 26 8520+ 1836 0011
N2 (%) Total 199 40364944 83 42.66 + 9.33 56 8994+ 7.57 60 87.56+ 1044 036
Feminine 118 4126+ 885 56 39.34 +7.93 28 4202833 34 43791044 005
Male 81 30041015 27 3874+ 7.22 28 35361059 26 43331096 001
N3 (%) Total 199 24.25 £ 10.80 83 25.98 + 9.41 56 2527 £9.89 60 20.89 + 12,67 0.001
Feminine 118 2686+ 1008 56 26,60 + 8.84 28 2763977 34 2665+ 1230 0.45
Male 81 2044 £10.74 27 24.71 £ 10.57 28 22014960 26 2275+ 1347 062
REM (%) Total 199 17.007.31 83 1861645 56 1782644 60 1309832 0,007
Feminine 118 1659+ 7.20 56 16.028 + 7.66 28 1566+ 624 34 1630+7.05 025
Male 81 17.58 £ 7.48 27 18.26 % 6.70 28 1733802 26 747787 085
Avousal ndex ~ Total 199 28562821 83 1913 + 877 56 24,1+ 922 60 45744517 0,007
Feminine 118 2680+ 1446 56 2890 & 14.62 28 26941205 84 2323+ 1568 019
Male 81 27.02£1503 27 26,62 + 13.34 28 334811746 26 27021508 007
Min SATO2 (%) Total 199 83.00 + 6.57 83 86.83 £+ 4.49 56 8239+ 4.78 60 7828 £7.20 0.14
Feminine 118 8327 +653 56 83.50 + 6.66 28 8108+ 7.49 34 8473497 007
Male 81 82.61 + 6.64 27 83.74 + 6.59 28 8192651 2 8219693 056
AHI Total 199 24201951 83 7.71 £ 410 56 2201442 60 49531421  <0.001
Feminine 118 22351764 56 8.18 + 407 28 2183445 34 46121167 0.00
Male 81 2724 £21.95 27 654+ 4.0 28 2206+ 441 26 54311583 0.00

BMI, body mass index; Neck C, neck circumference; Waist C, waist circumference; Hip C, Hip circumference; SATO2, minimum oxygen saturation; AHI, apnea hypopnea index.
Date using mean and Standard deviation. P < 0.05 was considered significant.





OPS/images/fneur-13-802554-t002.jpg
Go a1
(non-OSA to  (moderate
mild 0SA)  OSA)

Medication No Total 23 12

s % 217% 21.4%
Yes Total 60 44

% 723% 786%

P < 0.05 as considered significant.

@2
(severe
osA)

6
10.0%
54
90.0%

Total P

41 0.035
20.6%

168
79.4%









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Neurology





