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        Abstract



        
          Background:


          Erectile Dysfunction (ED) has affected people suffering from Obstructive Sleep Apnea Syndrome (OSAS) and multiple studies have confirmed this correlation.

        


        
          Objective:


          The objective of the is to identify the association between ED and Obstructive Sleep Apnea (OSA) in nonobese, nondiabetic men based on the International Index of Erectile Function (IIEF).

        


        
          Methods:


          This retrospective cross-sectional study included 143 nonobese, nondiabetic men with OSA (age, ≥20 years) who visited the Sleep Outpatient Clinic of the Otorhinolaryngology Department at Hospital Naval Marcílio Dias from May 2017 to August 2018. Patient age, body mass index (BMI), drinking, smoking, laboratory diagnosis of hypogonadism based on total testosterone levels, and sleep parameters (e.g., apnea–hypopnea index, rapid eye movement density, and minimum Oxygen Saturation [SatO2]) were considered. Analysis of variance was used to evaluate means. The chi-squared test and Fisher’s exact test were used to compare variables and Person’s correlation coefficient was used to analyze numerical variables.

        


        
          Results:


          The mean minimum SatO2 was 78.89%, and 46% of patients exhibited minimum SatO2 <80%. Moreover, minimum SatO2 of <80% and increasing age were associated with ED complaints based on IIEF scores,. A laboratory diagnosis of hypogonadism was associated with increased BMI, and aging was associated with SatO2.

        


        
          Conclusion:


          The results of the study revealed that oxygen desaturation of <80% was related to complaints of ED from the IIEF. Moreover, a relationship between laboratory hypogonadism and increased BMI values, aging, and oxygen desaturation has been demonstrated. Therefore, we recommend polysomnography in patients with ED complaints.
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      1. INTRODUCTION


      Sleep quality is a fundamentally important factor to promote health and quality of life [1, 2]. Over the years, evidence has demonstrated that sleep has a great impact on people’s physical and mental health [3]. In recent years, there has been a growing awareness of the important role of sex hormones in virtually all physiological processes, including breathing. Estrogen, progesterone, and testosterone can influence the respiratory function of humans and other animals [4, 5]. Obstructive Sleep Apnea (OSA) is characterized by the intermittent collapse of the airway during sleep and is caused by hypotonia of the pharynx dilator muscles (including the genioglossus), resulting in hypoxemia, hypercarbia, and sleep fragmentation [3, 6]. OSA is one of the most important conditions discovered in the last 50 years, given its high morbidity and mortality rates [1, 2]. It is a highly prevalent sleep-related breathing disorder affecting ~10% of men aged 30–49 years, 17% of men aged 50–70 years, 3% of women aged 30–49 years, and 9% of women aged 50–70 years [7]. OSA is a serious and highly prevalent public-health problem, affecting ~4% of men and 2% of women in the general population [8]. The leading risk factors for OSA are age, the male gender, obesity by Body Mass Index (BMI) criteria, and neck circumference [9-11]. Note that additional risk factors include East Asian ethnicity, structural abnormalities of the upper airways, alcohol abuse, and a family history of OSA [11]. All types of apnea become more prevalent with age, and central apneas increase even more with aging [8, 10]. However, the severity of sleep apnea, assessed by the number of hourly events and minimum oxygen saturation (SatO2), decreases with age, i.e., although its prevalence tends to increase with age, its clinical significance decreases [10]. The most common signs and symptoms of OSA are snoring, witnessed apnea episodes, and excessive daytime fatigue and somnolence. The secondary evaluation should include an investigation of systemic and pulmonary arterial hypertension and any history of stroke and Acute Myocardial Infarction (AMI) [11]. The consequences of OSA includeirritability, excessive daytime somnolence, lack of energy, headache, fatigue, reduced libido, respiratory changes, depression, heart disease, increased blood pressure, and other manifestations [9, 10]. OSA is considered a complex disease that is usually associated with other conditions such as cardiovascular and cerebrovascular disease as well as endocrine disorders such as Erectile Dysfunction (ED) [12]. ED is defined as a consistent inability to have and/or maintain penile erection sufficient to allow effective sexual intercourse [3, 6]. A study conducted in Turkey revealed an overall ED prevalence of 69.2% after adjustment for age. Moreover, the severity of ED increased with increasing age [13]. González et al. (2013) suggest that erectile dysfunction in sexually active patients may be classified into five categories according to erectile function: normal (26–30), mild (22–25), mild to moderate (17–21), moderate (11–16), and severe (1–10) [14]. Three large epidemiological studies on ED have been performed in Brazil. The first, conducted in 2000, was the study on the Sexual Behavior of Brazilians (ECOS), which had a sample of 2835 individuals at least 18 years old who lived in seven Brazilian cities. Of the 1332 men in that study, 46.2% had ED complaints [15]. The second, the study on the Sex Life of Brazilians (EVSB), was conducted during 2002 and 2003. It analyzed a sample of 2862 men aged over 40 years in which a 45.1% ED incidence was reported [16]. The last study, conducted in 2006, was called Populational Study of Aging (EPE). In it, 5751 men over 40 years old from 18 state capitals and from the national capital city, Brasília, were interviewed. The results showed that 43.6% of the sample had ED [17]. Therefore, based on these studies, it can be assumed that the prevalence of ED in men over 40 years of age is ~50% [18, 19]. Several studies revealed a high prevalence of ED among men with OSA [5, 20-22]. In a cohort of 1946 male patients with suspected OSA in Taiwan, OSA was confirmed as an independent risk factor for ED [23]. Although not lethal, ED causes significant impairment in the well-being and quality of life of men afflicted by it [24]. Moreover, it can be an indicator of underlying diseases such as systemic arterial hypertension, diabetes mellitus, cardiopathy, obesity, prostatic disease, and depression [25]. Smoking, excessive alcohol consumption, and age are other risk factors considered to be associated with ED [26]. Men with OSA may present ED owing to several reasons. One of these reasons is that during every rapid eye movement (REM) sleep cycle, men exhibit a Sleep-Related Erection (SRE), which is important for maintaining the structural and functional integrity of the penile erectile tissue [27, 28]. Viana et al. [29] observed decreased REM density and total testosterone levels in patients with OSA. In OSA, the intermittent episodes of hypoxia prevent the occurrence of SRE, thereby harming erectile physiology [20, 27]. Reductions in oxygen availability during sleep are associated with central inhibition of the hypothalamic–pituitary–gonadal axis, probably attributed to increased central endorphin levels [30]. The relative importance of hypoxia and sleep fragmentation in the onset of gonadal dysfunction was described in previous studies, which reported that sleep deprivation was associated with the suppression of gonadal steroid levels in healthy young adults [31-34]. Furthermore, when patients are exposed to repetitive episodes of upper airway obstruction with distinct sleep fragmentation, the circadian rhythm of testosterone may be affected [35]. When patients with OSA and SatO2 below 90% were studied, a significant correlation was found between peak testosterone levels and total desaturation time. This suggests that hypoxia was the factor responsible for the change in the circadian rhythm of testosterone by causing reduced morning levels of this hormone [34]. Patients with OSA who have chronic hypoxemia may have ventilation changes because hypoxemia affects the synthesis and activity of several neurotransmitters, thereby causing changes in the functioning of the central and peripheral chemoreceptors responsible for ventilation control [35]. Men who do not sleep well are three times more likely to have ED than those who sleep well. This epidemiological survey was conducted by Episono (2007) through questionnaires administered to 1042 volunteers in São Paulo. The results showed that a third of those volunteers had been diagnosed with sleep apnea. In that same survey, 17% of the men reported having ED; of these, 7% were between 20 and 29 years old and 60% were 60 years or older. According to the study by Santos et al. sleep deprivation reduces testosterone levels [2]. This hormone is responsible for male characteristics such as sexual desire and the metabolization of fats. Patients with OSA frequently have ED. According to López-Jiménez et al. (2008), 20% of the patients with ED have OSA, and 33% of individuals with OSA have ED, reduced libido, or both [36]. Altered autonomic vascular control, endothelial dysfunction, and sleep fragmentation are possible mechanisms by which OSA predisposes an individual to ED [30]. The authors concluded that a high proportion (45.9%) of Brazilian men over 40 years old have some degree of ED with the prevalence and severity of this condition increasing with age. Variables related to lifestyle and health status associated with ED may alert physicians about patients who are at risk for ED and provide clues about its etiology. Studies analyzing ED in individuals with OSA have demonstrated a high prevalence (25–27). A cohort of 1946 male patients in Taiwan confirmed OSA as an independent risk factor for ED [23]. A high prevalence had already been observed in previous studies, such as those by Guilleminault et al. [37], which showed ejaculatory dysfunction and reduced libido in 48% of male patients with OSA, as well as those by Hirshkowitz et al., who observed that 91.3% of patients with ED symptoms had OSA [27, 34]. However, some authors, such as Schiavi et al. (1991), do not confirm this finding [38]. In two studies conducted by Moreira et al. in Northeastern Brazil, the prevalence of ED in patients with OSA was estimated to be 39.5% and 40%, respectively [39, 40]. Molina et al., in a study conducted in the city of São Paulo, demonstrated a 50% prevalence of low total serum testosterone levels in men with OSA and a mean age of 44.6 years [3]. The studies by Kouchiyama et al. and Luboshitzky et al. demonstrated the influence of the Apnea–Hypopnea Index (AHI) on testosterone secretion and emphasized the degree of hypoxia [41, 42]. However, hypoxia and sleep fragmentation probably influence pituitary–gonadal function in patients with OSA. The significant association between decreased levels of testosterone and AHI suggests that gonadal dysfunction is a consequence of OSA rather than a primary change independent from the hypothalamus-pituitary-gonad axis [38]. The central nervous system controls respiratory functions from the nose down to the bronchioles, and it is an integral component of the respiratory regulation system and airway patency both in the waking state and during sleep. Serotonergic and noradrenergic neurons can constitute parallel pathways by directly stimulating the motor neurons of the hypoglossal nerve, which in turn regulate the muscles that dilate the upper airways. Thus, activation of these neurons increases the activity of the genioglossus muscle [19, 38]. In a study with rats, Andersen et al. showed that REM sleep deprivation leads to reduced testosterone concentrations, a finding that confirms the importance of sleep homeostasis in endocrine regulation [43]. Other studies showed that reduced REM sleep density was reflected in a fragmented sleep pattern and was a risk factor for ED complaints [43]. Viana et al. conducted a study aimed at assessing the relationship between OSA and BMI [29]. These authors analyzed the records of 523 patients who had OSA diagnosed from 2013 to 2016. The study included men with BMI < 30 kg/m2 and total testosterone (TT) levels measured in a blood sample collected in the morning after a sleep study. A total of 153 nonobese men met the inclusion criteria, and 47 of them (30.7%) exhibited testosterone levels below the reference values; among these men, 44 (93.6%) were overweight (p = 0.029). Decreased testosterone levels were significantly correlated with oxygen desaturation rates, the lowest SatO2 value <80%, and REM sleep duration, after adjusted for BMI. Only three patients with normal weight had reduced TT levels, all of them having minimum SatO2 < 80% and aged over 50 years old. These authors concluded that in a large population of nonobese men with OSA there is an association between hypoxemia (minimum SatO2 < 80%), excess weight, and reduced testosterone levels. This association was observed only in individuals with normal weight and over 50 years old. The association of OSA with ED has been widely discussed; however, there is a lack of studies without confounding factors that influence ED in the studied cohort. Thus, we examined the association between ED complaints and OSA in nonobese, nondiabetic men.

    


    
      

      2. MATERIALS AND METHODS


      This retrospective, cross-sectional study included male patients diagnosed with OSA using polysomnography (PSG) at the Outpatient Sleep Clinic of the Otorhinolaryngology Department at Hospital Naval Marcílio Dias from May 2017 to August 2018. The inclusion criteria were as follows: BMI < 30 kg/m2, age > 20 years at the time of PSG, confirmed OSA diagnosis using PSG, early morning TT levels (245–1836 ng/dl), previously completed IIEF questionnaire, the absence of craniofacial dysmorphism or temporomandibular dysfunction, and visible genetic syndromes as investigated using specific tests and examinations. The exclusion criteria were as follows, absence of minimum saturation data, use of antihypertensive drugs that affect ED (angiotensin-converting enzyme inhibitors/angiotensin II receptor antagonists, beta-blockers, methyldopa, and calcium channel blockers), and previously diagnosed ED and diabetes mellitus. The study was approved by the institution’s research ethics committee (#51104215.0.0000.5256). All participants signed an informed consent form. This study does not disclose personally identifiable information of any of the participants in any form. Hence, consent for publication is not applicable in this case. All clinical investigations were conducted according to the Declaration of Helsinki principles. The following data were collected in a previous routine consultation at the institution’s clinic for sleep disorders and entered into an electronic medical record: age (on the day when basal PSG was performed), presence of systemic arterial hypertension, smoking, alcohol consumption, laboratory tests for hypogonadism including TT levels, BMI, score in the International Index of Erectile Function (IIEF) questionnaire (answered by the patient), and PSG parameters (AHI, percentage of REM sleep, and minimum SatO2). PSG tests were conducted in different sleep laboratories and their reports were issued by different specialists, all accredited by the Brazilian Association of Sleep Medicine (ABMS) according to the AASM 2015 criteria. BMI was calculated based on the weight and height measured during the medical consultation. Smoking and alcohol consumption were recorded during the consultation as either present or absent. Quantitative TT measurement was performed using a sample of peripheral venous blood collected in the morning and the competitive immunoassay method (direct chemiluminescent technology) using Access testosterone calibrators (Beckman Coulter, Brea, CA, USA). AHI, minimum SatO2, and REM sleep density were measured based on the PSG records, using proprietary Captações software (EMSA Equipamentos Médicos, Rio de Janeiro, Brazil) for data acquisition and the PoliWin software (EMSA Equipamentos Médicos) for the analysis of the tests. The acquisition and analysis of the PSG tests were performed in accordance with the American Sleep Disorders Association guidelines. The following channels were recorded: electroencephalogram, electrocardiogram, bilateral electrooculogram, electromyogram, thoracic and abdominal respiratory inductance plethysmography belts, nasal airflow by thermistor, SatO2 using a peripheral oximeter, and the equivalent electric snoring signal. The IIEF questionnaire was given to the patients for self-administration. The patients were instructed on the objectives of the questionnaire and how it should be answered. The questionnaire consisted of multiple-choice questions with five statements for each question. The following data were collected during previous visits as part of routine procedures in the Outpatient Sleep Clinic and registered in electronic medical records: age (on the day of baseline PSG), systemic hypertension, smoking, drinking, laboratory diagnosis of hypogonadism based on TT levels, BMI, IIEF questionnaire score (completed by the patients themselves), and PSG parameters (Apnea–Hypopnea Index [AHI], percentage of REM sleep, and minimum Oxygen Saturation [SatO2]). PSG was performed at different sleep laboratories with reports by different specialists accredited by the Brazilian Sleep Society according to the criteria of the American Academy of Sleep Medicine [44, 45]. Trocar esse paragrafo pelo texto acima. Patients were categorized into the following age groups: young adults (age, 20–39 years), adults (age, 40–59 years), and older adults (age, ≥ 60 years). Regarding BMI, patients were grouped according to the World Health Organization classification as normal weight (18.5–24.9 kg/m2) and overweight (25.0–29.9 kg/m2). The laboratory diagnosis of hypogonadism was defined as TT levels of less than 245 ng/dl (normal levels, 245–1836 ng/dl) according to the hormone measuring system protocol of the hospital’s central laboratory using direct chemiluminescence immunoassay with Access testosterone calibrators (Beckman Coulter, MN, USA). OSA was classified according to the AHI as mild (AHI = 5–14.9 events/h), moderate (AHI = 15–29.9 events/h), or severe (AHI ≥ 30 events/h). Apnea was identified when the airflow amplitude was flat or nearly flat for more than 10 s, being classified as obstructive when respiratory effort persistence was detected via thoracoabdominal inductance plethysmography and classified as central in the absence of effort. Hypopnea was identified when the airflow amplitude was reduced by 30% for at least 10 s in conjunction with oxygen desaturation ≥ 3% or electroencephalogram arousal. Minimum SatO2 was classified as ≥ 90% and < 90% based on pulse oximetry [45]. We also considered minimum SatO2 = 80% as the cutoff based on a previous study by Viana et al. [29]. The REM density was considered normal at 20%–25% of total sleep time and decreased at < 20%. ED was evaluated using the previously validated Portuguese version of the IIEF questionnaire comprising 15 questions grouped into five domains: erectile strength (n = 6), orgasm (n = 2), sexual desire (n = 2), satisfaction with intercourse (n = 3), and overall satisfaction (n = 2). Each question has a varying score, and the sum of the scores generates a final score that indicates whether the quality of sex life is normal (score = 22–25) or altered (score < 21) [43]. Analysis of variance (ANOVA) was used to compare mean values. Factorial ANOVA was used to evaluate the factors that affected indices in combination. Inference by confidence intervals allowed us to visually confirm the means that were statistically different or equal. Tukey’s test was used to identify statistical differences observed via ANOVA. Levene’s test was used to analyze the assumption of homogeneity of variance [46]. The chi-squared test and Fisher’s exact test were used for pairwise comparisons of the variables. The numerical variables of the study were analyzed using Pearson’s correlation coefficient. The following software programs were used: STATISTICA 8.0 (STATSOFT, Palo Alto, CA, USA) and SPSS 20.

    


    
      

      3. RESULTS


      The study sample comprised 143 men with a mean age of 46.52 years (95% Confidence Interval [CI] = 44–49). The mean BMI of the sample was 26.98 kg/m2 (95% CI = 27–27), with no significant differences among the age groups (Fisher’s F [2, 140] = 1.2885, p = 0.278). There was a higher prevalence of overweight men in all age groups. The mean AHI in the sample was 26.42/h (95% CI = 23–30). When evaluated by age group, there was an increase in severity among men older than 40 years (p = 0.173). In addition, 45% of patients with OSA had ED complaints (p = 0.201). An analysis of OSA severity based on AHI revealed no significant association with ED complaints. In REM sleep analysis, we obtained a mean REM density of 17.93% (95% CI = 17–19) in the studied sample. No significant relationship was identified between ED complaints and reduced REM sleeps (Table 1). Concerning minimum SatO2, the mean value was 78.89% (95% CI = 76–80), and 90% of men exhibited depressed saturation (< 90%). ANOVA revealed a significant association between ED complaints and minimum SatO2 < 80% (p = 0.007) in the studied age groups (Fig. 1). There was no statistically significant association (p = 0.771) between minimum SatO2 < 90% and ED complaints; however, using a minimum SatO2 cutoff of 80%, we observed a significant association (p = 0.004), as demonstrated in Table 1. The mean TT level in the samples was 333.64 ng/dl (95% CI = 314–362). Moreover, significant differences were observed between age groups and with regard to ED complaints (IIEF) (Table 2). On the contrary, AHI (p = 0.513), REM density (p = 0.366), TT (p = 0.701), hypertension (p = 0.876), and smoking (p = 0.157) were not associated with ED complaints in different age groups. We were unable to analyze the association with drinking because of the small number of patients in some groups. The analysis of the numerical variables of the study (TT, age, BMI, IIEF, minimum SatO2, and REM density) using the Pearson coefficient revealed significant correlations, as shown in Fig. (1). As indicated in Fig. (2), no relationship was observed between ED, based on the IIEF score, and saturation in our young (age, 20–39 years) and middle-aged (age, 40–59 years) groups; however, in the elderly group (age, ≥60 years), as saturation decreases, the ED rate increases (p <0.001).

    


    
      

      4. DISCUSSION


      In a study by Santos et al. [6], the frequency of ED among patients with OSA was 64.4%, exceeding the value in the present study. Conversely, in a study by Zias et al. [32], only 20% of patients with ED experienced OSA. Santos et al. [6] reported that the risk of ED increases with aging. According to Stannek et al. [47], age has a greater impact on erectile function than OSA severity. This was also demonstrated in a study by Andersen et al. [43, 46] and confirmed in our study (p = 0.002). Using AHI and minimum SatO2, OSA displayed no independent correlation with ED. Santos et al. [2] found no association between BMI and ED, and patients with BMI values of 25–29 kg/m2 were more symptomatic than those with higher BMI. This may be explained by the fact that compared with the other categories, the overweight category included older patients (43% of patients aged 56–65 years and 50% of patients older than 65 years) [6]. Aging was a confounding factor when analyzing BMI data. Even after excluding obese patients, our study uncovered inverse correlations of BMI and minimum SatO2 with TT levels; however, TT content was correlated with the severity of OSA. It is known that metabolic syndrome and obesity play a major role in the occurrence of urological diseases and OSAS. Sönmez et al. [48] showed that metabolic syndrome could negatively affect the effectiveness of alfuzosin therapy in the treatment of moderate urinary tract symptoms. To reduce the influences of obesity, in our article, we have excluded this group of patients from obtaining a study sample with fewer non-urological factors causing OSAS. Lima et al. [49] reported similar findings for BMI and OSA. In our study, there was no association between ED and AHI in different age groups, similar to the findings of Santos et al. [2]. However, Margel et al. observed that ED was exclusively associated with severe OSA [21]. A previous study by our group [32] revealed a correlation between TT levels and the REM density. The present study observed statistical significance for this correlation; however, when comparing ANOVA means, we were unable to establish a correlation between the REM density and IIEF. When comparing minimum SatO2 across age groups, we found the lowest levels of testosterone in individuals with the greatest total time of desaturation, which suggested that hypoxia was the factor responsible for the change of the circadian rhythm of testosterone, thereby causing a decrease in early morning testosterone levels. This was also demonstrated by our group in a previous study considering the cutoff point of minimum SatO2 of 80% in nonobese patients [32]. In the present study, when correlating minimum SatO2 with the degree of IIEF, we observed a statistically significant difference among individuals with minimum SatO2 levels lower than and higher than 80%. However, when considering the minimum SatO2 cutoff of 90%, no significant difference was observed in IIEF. We observed that the interaction factors age group and TT were not significantly associated with the IIEF score. We found no significant differences when comparing patients with normal and altered testosterone levels. Molina et al. [3] reported that serum testosterone levels decreased with advancing age and increasing weight. Harman et al. [50] observed that hypogonadal testosterone levels were 20% in men older than 60 years, 30% in men older than 70 years, and 50% in men older than 80 years. Moreover, we observed that laboratory diagnosis of hypogonadism was associated with decreased TT levels with aging, increased BMI, and oxygen desaturation, as also demonstrated by Luboshitzky et al. [34, 35, 43]. Similar to other studies on this topic, the present study had some limitations. The characteristics of the sample limited the number of analyzed variables because of the small number of participants, which may have hindered the identification of additional correlations. A larger sample would have allowed for the analysis of more clinical variables, albeit at the cost of additional confounding factors. Additional studies may corroborate our findings.


      
        Table 1 Relationships of variables with the IIEF score.


        
          
            
              	Variables

              	IIEF

              	p value
            


            
              	Absent (22–25)

              	Present (21–5)
            

          

          
            
              	Age, years

              	79

              	64

              	<0.001
            


            
              	20–39

              	39 (49%)

              	8 (13%)
            


            
              	40–59

              	31 (88%)

              	34 (66%)
            


            
              	> ≥ 60

              	9 (100%)

              	22 (100%)
            


            
              	BMIBMI, kg/m2
            


            
              	18.5–24.9

              	22 (28%)

              	9 (14%)

              	0.07
            


            
              	> 24.9

              	57 (100%)

              	55 (100%)
            


            
              	Smoking
            


            
              	Smokers

              	0

              	5 (8%)

              	0.08
            


            
              	Former smokers

              	2 (3%)

              	4 (14%)
            


            
              	Nonsmokers

              	77 (100%)

              	55 (100%)
            


            
              	Drinking
            


            
              	Absent

              	79 (100%)

              	61 (95%)

              	0.31
            


            
              	Present

              	0

              	3 (100%)
            


            
              	SHTSHT
            


            
              	Present

              	10 (13%)

              	21 (33%)

              	0.08
            


            
              	Absent

              	69 (100%)

              	43 (100%)
            


            
              	TTTT
            


            
              	Altered (< 245 ng/dl)

              	15 (11%)

              	22 (34%)

              	0.04
            


            
              	Normal (245–1836 ng/dl)

              	64 (100%)

              	42 (100%)
            


            
              	AHIAHI
            


            
              	Mild

              	33 (42%)

              	15 (23%)

              	0.12
            


            
              	Moderate

              	26 (75%)

              	23 (59%)
            


            
              	Severe

              	20 (100%)

              	26 (100%)
            


            
              	REMREM
            


            
              	Normal (20%–25%)

              	39 (49%)

              	26 (41%)

              	0.29
            


            
              	Reduced (< 20%)

              	40 (100%)

              	38 (100%)
            


            
              	Minimum SatO2, %
            


            
              	> ≥ 90

              	9 (11%)

              	4 (6%)

              	0.26
            


            
              	< 90

              	70 (100%)

              	60 (100%)
            


            
              	> ≥ 80

              	51 (65%)

              	26 (41%)

              	0.004
            


            
              	< 80

              	28 (100%)

              	38 (100%)
            


            
              	BMI = Body Mass Index

              2SHT = Systemic Hypertension

              3TT = Total Testosterone

              4AHI = Apnea–Hypopnea Index (mild: 5–14.9/h; moderate: 15–29.9/h; severe: ≥ 30/h)

              5SatO2 = Oxygen Saturation

              6REM = Rapid Eye Movement

              7IIEF = International Index of Erectile Function

              	

              	

              	
            

          
        


      


      [image: ]
Fig. (1)

      Interaction between minimum oxygen saturation and age group in relation to the International Index of Erectile Function (IIEF) score.

      
        Table 2 Comparison of erectile dysfunction complaints across age groups.


        
          
            
              	Age Group (O)

              	Age Group (Y)

              	Mean Difference

              (O − Y)

              	Standard Error

              	p

              	95% CI
            


            
              	Lower Bound

              	Upper Bound
            

          

          
            
              	≥ 60 years

              	20–39

              	−4.46*

              	0.917

              	<0.001*

              	−6.63

              	−2.29
            


            
              	40–59

              	−1.76

              	0.865

              	0.106

              	−3.81

              	0.28
            


            
              	20–39 years

              	≥ 60

              	4.46*

              	0.917

              	<0.001*

              	2.29

              	6.63
            


            
              	40–59

              	2.70*

              	0.758

              	0.002*

              	0.90

              	4.49
            


            
              	40–59 years

              	≥ 60

              	1.76

              	0.865

              	0.106

              	−0.28

              	3.81
            


            
              	20–39

              	−2.70*

              	0.758

              	0.002*

              	−4.49

              	−0.90
            

          
        


        
          * Indicates Statistical Significance.

          CI = Confidence Interval
        


      


      [image: ]
Fig. (2)

      Correlations of total testosterone levels with age, Body Mass Index (BMI), minimum oxygen saturation SatO2, and Rapid Eye Movement (REM) sleep as well as between the International Index of Erectile Function (IIEF) score
    


    
      CONCLUSION


      In conclusion, in a sample of nonobese, nondiabetic men with OSA, we found that oxygen desaturation of less than 80% was related to ED. We could not correlate ED with the laboratory diagnosis of hypogonadism. However, the laboratory diagnosis of hypogonadism correlated with increased BMI, older age, and oxygen desaturation.

    

  


  
    
      LIST OF ABBREVIATIONS


      
        
          	

          	
        


        
          	Brazilian Association of Sleep Medicine

          	= ABMS Associação Brasileira de Medicina do Sono
        


        
          	AHI Apnea

          	= Hypopnea Index
        


        
          	AMI

          	= Acute Myocardial Infarction
        


        
          	BMI

          	= Body Mass Index
        


        
          	ED

          	= Erectile Dysfunction
        


        
          	IIEF

          	= International Index of Erectile Function
        


        
          	OSA

          	= Obstructive Sleep Apnea
        


        
          	PSG

          	= Polysomnography
        


        
          	REM

          	= Rapid Eye Movement
        


        
          	SatO2

          	= Oxygen saturation
        


        
          	SRE

          	= Sleep-Related Erection
        


        
          	TT

          	= Total Testosterone
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