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Objective: We aimed to evaluate the association between sleep quality and erectile dysfunction in young university students.

Methods: A cross-sectional survey was conducted in men aged 18–30 years from Universidad Ricardo Palma, Lima, Peru. The survey comprised the International Index of Erectile Function, Pittsburgh Sleep Quality Index, Berlin questionnaire, and questions related to sociodemographic data. Prevalence ratios were estimated with generalized linear models.

Results: Of 381 participants, the median age was 23 years. Half of the students (50.9%) had poor sleep quality, of which 72.7% had mild erectile dysfunction and 20.6% mild to moderate dysfunction. Prevalence of erectile dysfunction was significantly higher in students with poor sleep quality than in students with good sleep quality (aPR = 6.48; 95% CI: 4.58–9.17) after adjusting for age, academic year, nutritional status, and sleep apnea. In a subsequent exploratory analysis, sleep apnea was associated with a higher prevalence of erectile dysfunction (aPR = 1.19; 95% CI: 1.01–1.39), while overweight (aPR = 0.85; 95% CI: 0.76–0.95) and obesity (aPR = 0.65; 95% CI: 0.52–0.82) were associated with a lower prevalence of this condition.

Conclusion: Poor sleep quality was independently associated with erectile dysfunction in young university students. This finding suggests that male students are at risk for sexual problems due to possible academic demands and relationship issues.
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Introduction

Erectile dysfunction (ED) is a common problem among men that affects the quality of life of themselves and their partners. Two important cohort studies helped to understand the frequency of ED. The Massachusetts Male Aging Study reported an overall prevalence of ED of 52% (1), while the European Male Aging Study showed that 30% of men experienced ED. A more recent international study reported a prevalence between 37.2 and 48.6% (2). In Latin America, ED was found in 53.4% of men older than 40 years (3). Despite the growing literature on ED, the incidence of ED is often underestimated, and the epidemiology of this condition is commonly neglected among young men.

ED among young men is considered to be mainly triggered by psychological burden (4). Academic life is an important stage in young's life, and this can lead to high levels of distress, affecting their quality of life and academic performance. Some studies have shown that mental disorders affect health dimensions such as physical, social, and environmental. However, few studies have explored how mental disorders can affect the sexual function (5).

Sleep quality is an essential aspect of physical and mental health (6). It promotes well-being and prevents different conditions from depression to cardiovascular disorders (7).

Poor sleep quality can affect multiple and relevant processes. On the physical aspects, it may cause diabetes, obesity, cardiovascular diseases, and even mortality (8). On the psychological aspects, it may lead to attention deficit, cognitive disability, and depression (9, 10). Therefore, sleep quality is an important aspect in health.

The relationship between sleep quality and ED has been described in an increasing number of studies. It has been shown that ED can be caused by several sleep disorders, such as sleep obstructive apnea, insomnia, and nocturia (6). It has also been reported that men with any comorbidity had 1.79-fold the risk of ED compared with healthy men, but the risk was up to 3.34-fold with the inclusion of sleep disorders (11). Poor sleep quality may alter testosterone and oxygen levels, with localized endothelial dysfunction (12). However, most studies have focused on middle-aged and older adults. Among the few reports in young men, one showed that 47% of medical students with sleep disorders experienced ED (13). As sleep is an important aspect in young's lives, there is a need to better understand the influence of sleep disturbance on ED.

Therefore, we aimed to evaluate the association between poor sleep quality and ED in young university students. We stated three research questions: (1) What is the prevalence of ED in university students? (2) By which extent does the prevalence of ED vary according to the students' characteristics? (3) Does the presence of poor sleep quality influence on the development of ED? For the purpose of this study, three hypotheses were stated: (1) The prevalence of ED is high in the study group; (2) There are some common characteristics among young students that influence the development of ED, such as early academic years, obesity, sleep apnea, and poor sleep quality; and (3) poor sleep quality is independently associated with the development of ED.



Materials and methods


Study design, population, and sample

A cross-sectional survey was conducted in students aged 18–30 years at the Ricardo Palma University (URP) during the 2018 academic year. The URP is a private university located in Lima, Peru. It provides undergraduate education at eight faculties, of which four were included for data collection: medicine, architecture, modern linguistics, and engineering.

Inclusion criteria were students who agreed to participate in the study and completed all the variables of interest. Exclusion criteria were students reporting any neurological disorder, anatomical alteration of the penis, and no frequent sexual activity in the last 6 months.

Based on a 99% confidence interval, a statistical power of 90 and an expected prevalence rate of 1.5, a sample size of 368 students was calculated. A non-probability sampling method was applied through face-to-face interviews with students on campus.



Measures

Erectile dysfunction was measured with the International Index of Erectile Function (IIEF-5) scale. The IIEF-5 scale was designed by Rosen et al. (14) and has five questions assessing erectile function, orgasmic function, sexual appetite, sexual satisfaction, and general satisfaction. The instrument has been validated in a sample of 75 Peruvian patients aged from 18 to 60 years at a referral hospital in Lima, Peru, showing content, criteria, discriminatory, and divergent validity, and presenting good internal consistency (Cronbach's alpha >0.8 in the five domains) (15). Scores range from 5 to 25 and classify ED into five categories: severe ED (5–7 points), moderate ED (8–11 points), mild to moderate ED (12–16 points), mild ED (17–21 points), and no ED (22–25 points) (16). For regression analysis, we dichotomized the variable into presence and absence of ED. The internal consistency for this study was good (Cronbach's α = 0.89).

Sleep quality was measured with the Pittsburgh Sleep Quality Index (PSQI). The original scale was designed by Buysse et al. (17) and has nineteen questions grouped in seven components (subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction), which evaluates sleep quality in the last 4 weeks. The Peruvian version of the PSQI has been validated performing an exploratory factor analysis in a random sample of 4,445 adults over 18 years old from the Estudio Epidemiológico de Lima Metropolitana y Callao, conducted by the Instituto Nacional de Salud Mental in 2012 (18). This version showed an internal consistency of 0.56. Sleep quality was dichotomized into two categories: poor sleep quality (defined as a global PSQI score of 6 or more) and good sleep quality (defined as a global PSQI score of 0 to 5). The internal consistency for this study was acceptable (Cronbach's α = 0.76).

Obstructive sleep apnea was measured with the Berlin questionnaire. The instrument was proposed in 1996 during the Conference on Sleep in Primary Care in Berlin, Germany (19) and has ten questions assessing three categories: snoring, drowsiness, and risk factors. The Berlin questionnaire has been validated (content, criterion, and construct) using a sample of 212 Colombian university students and patients over 18 years old (similar characteristics to the Peruvian population), showing an internal consistency of 0.73 (20). A category was positive if at least two responses indicated a high risk for obstructive sleep apnea. The condition was considered to be present with two or three of the instrument categories were positive. The internal consistency for this study was acceptable (Cronbach's α = 0.74).

Additional sociodemographic data were age (continuous), academic year, and nutritional status (classified as “normal”, “overweight”, and “obesity”, based on self-reported weight and height).



Statistical analysis

Descriptive data were presented as number (%) for categorical variables and median (min-max values) for non-normally distributed continuous variables. Bivariate differences in the prevalence of ED across covariates were calculated with the chi-square test (for categorical exposures) and Kruskal-Wallis test (for non-normally distributed continuous variables).

For multivariate analysis, prevalence ratios (PR) with 95% confidence intervals (CI) were estimated using generalized linear models with Poisson family distribution, log link function, and robust variance. Using this approach allows (1) to determine the difference between the exposed and unexposed groups for developing ED, (2) to avoid overestimation of the association estimate, and (3) to establish a practical value (PR) that clearly informs policy makers for the formulation of prevention programs. The use of Poisson regression is also convenient because the assumptions are simple compared to linear regression (only the linearity of log(λ) vs. X and independence of observations were required). The inclusion of confounding variables for adjusting the regression model was based on epidemiological criteria considering previous literature (21–23) (see Supplementary Figure S1 for the proposed directed acyclic graph). Variance inflation factors (VIF) were also obtained in the regression models to evaluate potential multicollinearity.

Alternative analyses were presented using different scales of measurement for the exposure and outcome. First, we performed a multinomial logistic regression analysis to test the adjusted association between the PSQI score and mild ED versus no ED and mild-to-moderate ED versus no ED. The highest levels of severity were not analyzed because no participant had advanced stages of ED. The multinomial regression coefficient from the model was exponentiated and presented as PR and 95% CI. Interpretation of PR is based originally on the calculation of relative risk ratios, defined as the ratio of the probability of an outcome in the exposed group to the probability of an outcome in the unexposed group (24). Second, to assess the association between sleep quality and erectile dysfunction as continuous variables (using the original scores of PSQI and IIEF-5), locally weighted regression analysis was performed.

A p-value <0.05 was considered statistically significant. Analyses were performed in Stata 15.0.



Ethical considerations

This study was performed in line with the principles of the Declaration of Helsinki. Ethical approval was obtained from the Ethics Committee of the Universidad Ricardo Palma (Lima, Peru). Written informed consent was signed by participants before inclusion in the study. Confidentiality was maintained by using anonymous surveys.




Results

Of 381 participants, the median age was 23 years (min-max values: 18–29), 32% belonged to the second academic year, 12.3% had obesity, and 13.1% had obstructive sleep apnea. Poor sleep quality was reported by 50.9% of the respondents. Over half of them (54.6%) experienced some degree of ED, 43.3% corresponding to mild ED and 11.3% to mild to moderate ED (Table 1).


TABLE 1 Characteristics of participants (n = 381).
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Participants with poor sleep quality had 59.9% higher prevalence of mild ED (72.7 vs. 12.8%, p < 0.001) than those with good sleep quality, and 19% higher prevalence of mild to moderate ED than those with good sleep quality (20.6 vs. 1.6%, p < 0.001). Also, those in the first academic year had 5.1% higher prevalence of mild ED than those in the fourth year (53 vs. 47.9%, p = 0.084), and 2.5% higher prevalence of mild to moderate ED than those in the fourth academic year (9.1 vs. 6.6%, p = 0.084). Participants with obesity had 15.2% lower prevalence of mild ED than those with normal BMI (31.9 vs. 47.1%, p = 0.234), and 9% higher prevalence of mild to moderate ED than those with normal BMI (19.2 vs. 10.2%, p = 0.234). Participants with obstructive sleep apnea had 5.4% higher prevalence of mild to moderate ED than those without obstructive sleep apnea (48 vs. 42.6%, p = 0.002), and 14.6% higher prevalence of mild to moderate ED than those without obstructive sleep apnea (24 vs. 9.4%, p = 0.002) (Table 2).


TABLE 2 Factors associated with erectile dysfunction in bivariate analysis.
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In the simple regression model (Table 3), poor sleep quality was significantly associated with a higher prevalence of ED (PR=6.46; 95% CI: 4.55–9.18). After adjusting for age, academic year, nutritional status, and obstructive sleep apnea, this association remained constant (aPR = 6.48; 95% CI: 4.58–9.17). A graphical representation of the multivariate analysis is shown in Figure 1.


TABLE 3 Association between sleep quality and erectile dysfunction in simple and multiple regression analysis.
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FIGURE 1
 Forest plot of the factors associated with erectile dysfunction. Prevalence ratios are represented by blue diamond symbols and confidence intervals by red horizontal lines.


Results from the multinomial logistic regression analysis (Supplementary Table S1) showed that the PR of having mild ED over not having ED was 3.04 per unit increase in PSQI global score, and the PR of having mild-to-moderate ED over not having ED was 4.61 per unit increase in PSQI global score. In addition, locally weighted regression analysis showed a negative relationship between PSQI and IIEF-5 scores (Supplementary Figure S2).



Discussion


Main findings

The prevalence of ED was present in over half of the participants and mild ED was the most common form of severity. This study also evidenced that poor sleep quality was independently associated with a higher prevalence of ED.



Plausibility of findings

The results support the hypothesis that a considerable number of young university students suffer from ED. This is in line with previous literature stating that ED is an important but underreported feature among students (25). The most feasible explanation is the presence of stressors triggering psychological ED (e.g., somatization, interpersonal sensitivity, and depression) (26), which is relevant in this life stage due to academic exigence and potential uncertainty in life.

In addition, the study supports the hypothesis that poor sleep quality affects erectile function. It has been reported that insomnia or insufficient sleep can shorten testosterone levels (27, 28). Since sleep duration is commonly affected during university stage, this phenomenon may contribute considerably to the reduction of testosterone levels and therefore the sexual capacity in male students.

It is possible that sleep quality mediates the effect of psychological status on ED. Mental disorders may also confound the association between poor sleep quality and ED (29). Since we did not measure potential psychogenic factors for ED (e.g., distress, anxiety, depression), the association identified in this study could be overestimated.



Comparison with previous studies

The prevalence of ED found in this study is higher than that reported in the literature. A study in Peru showed a lower estimate among medical students (28% with mild symptoms) (13). Another multinational study reported an ED prevalence of 8% among men aged 20–29 years (30). In Brazil, a population-based survey identified ED in 7% of men aged 20–29 years (31), and another study in this country showed a frequency of 35% (32). In Israel, mild ED was present in 22% of military members aged under 40 years (33). Methodological differences could mainly explain these variations, but also the age group, type of activity, and cultural aspects. Despite of this, there is a trend showing that sexual dysfunction arises as a common problem among young men (30). Therefore, preventive measures should be established among university students in order to cope with emotional problems during this stage (29, 34–36).

This study showed that 93.3% of students with poor sleep quality experienced some form of ED. Furthermore, poor sleep quality increased significantly the prevalence of ED (over 600%). These findings add to previous estimates of sleep problems in men with ED. For example, a cohort study in Taiwan showed that 60% of men with ED (aged 20–39 years) suffered from sleep apnea and 43% from sleep disorders (37). Other studies have demonstrated that poor sleep quality is a risk factor for ED in young adults (38–40). In a Taiwanese study, the incidence of erectile dysfunction was three times higher in men with sleep disorders than in men without this condition (11). In the Peruvian context, a study in medical students showed a significant association between poor sleep quality and ED, although confounding variables were not included in the analysis (13).

This study found in the exploratory analysis that sleep apnea was associated with a 19% higher prevalence of ED. There are many studies supporting the association between sleep apnea and ED (11, 38, 39, 41, 42). For example, it was shown that the risk of ED was ten times higher in men with sleep apnea than in men without this condition (37). In addition, a meta-analysis reported a 55% lower risk of ED in men without obstructive sleep apnea (43). However, this association was shown to occur only in men over 65 years of age, a finding attributed to the mediation of age-related oxygen desaturation (44).

Although the most common cause of sleep apnea in young people is excess weight (6), an independent association between sleep apnea and ED was found after controlling for nutritional status. This result may be explained by the presence of a psychological factor impairing the normal breathing pattern during sleep (6). However, the effect of hypoxemia on erectile dysfunction has been extensively described (6, 44), suggesting that sleep apnea contributes independently to the presence of erectile dysfunction.

This study also showed that impaired nutritional status was associated with a lower prevalence of ED (15% lower for overweight and 35% lower for obesity). This is contrary to what is commonly expected since weight gain could affect endothelial function through altered metabolic activity and serum testosterone, considered to be the main mechanisms of ED (12). Although some reports have identified an increased risk of ED in patients with obesity, others did not find any significant association (12, 32, 45). The result found in this study may be caused by statistical confusion of unmeasured psychological factors, such as depression and anxiety. Another reason may be that students did not face overweight or obesity as chronic conditions, and that have not yet affected their erectile function. A third reason could be that the number of participants from the groups of obesity and overweight were too small to significantly differentiate the prevalence of ED.



Limitations and strengths

The study had several limitations. First, its cross-sectional design did not allow to infer causality because variables were measured at the same time. Second, the study collected self-reported data, introducing information bias that could have modified the association estimate. This is particularly important for self-reported weight and height since Peruvian and international studies has shown that calculation of BMI from this type of measure may be altered by sex and aging (46, 47). Third, the sampling method was non-probabilistic, potentially leading to an inaccurate prevalence of ED. Therefore, the results should be interpreted with caution due to limited internal/external validity and reliability. Despite these limitations, the results are supported by validated instruments and acceptable sample size. Furthermore, the study addressed a neglected topic in young university students, which may reinforce the importance of sleep hygiene and encourage the design of more robust research.



Recommendations for future research

ED can cause anxiety in young men due to lower perception of masculinity and sexuality. The development of psychological disorders may also reinforce the severity of erectile dysfunction due to altered sexual arousal (48). These assumptions are supported by several population-based studies (29, 34–37, 49). However, only 58% of patients with erectile dysfunction seek medical care (30), and one out of four patients is under 40 years of age (25). Therefore, it is essential to establish preventive and intervention programs in mental health to reduce the risk of ED in young people. For this purpose, a more robust design and a representative sample of Peruvian students should be included in future studies. Also, psychological status should be measured and included in the analysis as a potential confounding variable.



Proposed support structures for universities

Student welfare and academic achievement are essential objectives for universities. To help reduce the risk of developing erectile dysfunction, universities should create screening programs that assess the psychological state of male students, recognizing that there are certain personality types that might increase this risk (50). Since sleep problems are part of emotional disorders (10), it would be useful to have ongoing psychological assessment to identify which stressful periods trigger this condition (e.g., exam periods). It would also be important to investigate the quality of relationships with other students, peers, teachers, and family. Consideration should be given to promoting sleep hygiene and avoiding excessive study hours and overnight stays. In addition, medical check-ups should be carried out to evaluate the sexual health of students, in which erectile dysfunction can be recognized early and treated if necessary. Since the literature is still scarce on ED among young male students, universities should promote research on this topic and identify the prevalence and possible risk factors for ED.




Conclusion

Poor sleep quality was independently associated with ED. This finding suggests that male students are at risk for sexual problems due to possible academic demands and relationship issues. This result was also supported by the high prevalence of mild and mild to moderate ED found in this group of students. Future research should address common student characteristics that may increase the risk of sleep problems. In this way, better preventive programs could be established in universities.
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