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Introduction

Sleep has long been known to play a critical role in health. 
Over the past several decades, a large number of studies 
have demonstrated that poor sleep is associated with worse 
health outcomes (1). The American Academy of Sleep 
Medicine and the Sleep Research Society suggest that 
7 to 9 hours of sleep are required for optimal health in 
adults (2). However, a large proportion of American adults 
fail to achieve this 7-hour minimum (3). A 2012 survey 
demonstrated that 29.2% of men achieved less than 6 hours 
of sleep on average per night (4). The Institute of Medicine 
estimates that 50–70 million Americans have a chronic sleep 
disorder (5). This epidemic of chronic sleep deprivation can 
largely be traced back to broad societal changes including 

increasing dependence on technology, longer work hours, 
and poor sleep hygiene (6,7). Additionally, nonstandard shift 
work (which affects approximately 21 million Americans) 
further disrupts circadian rhythms and impairs sleep  
quality (8).

The relationship between sleep and health is bidirectional. 
Numerous medical conditions such as sleep apnea, restless 
leg syndrome, insomnia, hypogonadism, and depression can 
all result in impaired sleep, but often sleep can exacerbate 
the symptoms of these conditions (6). Conversely, many 
studies have demonstrated that poor sleep and short sleep 
duration are associated with numerous health conditions, 
including coronary heart disease, worsened diabetes and 
hypertension, stroke, myocardial infarctions, and more 
(6,8,9). The effects of poor sleep can significantly impact 
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not only biologic responses but can also alter the way that 
patients perceive their symptoms (10) (Figure 1). 

In this review, we will assess the impact of sleep on 
common conditions affecting men’s health, including 
erectile dysfunction, lower urinary tract symptoms, 
hypogonadal symptoms, low testosterone, and male 
infertility.

Methods

A literature review was performed in MEDLINE and 
EMBASE using terms related to erectile function, benign 
prostatic hyperplasia, lower urinary tract symptoms, bladder 
outlet obstruction, hypogonadism, testosterone, male 
infertility, sleep, insomnia, obstructive sleep apnea, shift 
work, and shift work sleep disorder. All article types were 
included. Searches were performed by limiting the language 
only to English.

Sleep and erectile function

Longitudinal studies have found that nearly 50% of men 
experience some degree of erectile dysfunction (ED) (11).  
The impact of sleep on erectile function has been explored 
in several recent studies. In a cross-sectional analysis of 
2,676 community-dwelling men, aged 67 years or older, 
Bozorgmehri et al. found that men with nocturnal hypoxemia 
had higher risks of experiencing moderate or complete 
erectile dysfunction (OR 1.39, 95% CI: 1.00–1.92) (12).  
This same trend is evident in a systematic review and meta-

analysis assessing the impact of obstructive sleep apnea 
(OSA) on erectile function. Across ten studies, men without 
sleep apnea were much less likely to experience ED (OR 
0.45, 95% CI: 0.18–0.71) (13). 

Given this strong association between obstructive sleep 
apnea and erectile dysfunction, Melehan et al. performed 
a randomized sham-controlled trial to determine whether 
initiation of continuous positive airway pressure (CPAP) 
would improve erectile function in men with ED and OSA. 
A total of 61 men were randomized to CPAP or sham CPAP 
for 12 weeks. While men randomized to CPAP experienced 
an increase in sleep-related erections and overall sexual 
satisfaction, no change was seen in erectile function, as 
assessed by the International Index of Erectile Function 
(IIEF). When stratified by men who were adherent to 
CPAP use (defined as the use of CPAP for >4 hours per 
night) and those who were not adherent to CPAP use, men 
with adherent use experienced a significant improvement 
of erectile function (14). Melehan et al. randomized men to 
receive Vardenafil or placebo as part of their two-by-two 
factorial analysis, and showed that a PDE-5 inhibitor did 
not improve erectile function in men with OSA (14). Thus 
appropriate use of CPAP can reverse the impact of OSA on 
erectile function, perhaps beyond that achievable by simply 
prescribing PDE5i. McBride et al. found that 27.4% of men 
presenting to an academic men’s health clinic were at high 
risk for OSA, but of those referred for polysomnography 
testing, only 50% of men ever follow up on this referral (15).  
The evidence certainly suggests that OSA significantly 
impacts erectile function, that men with OSA may not 
respond to first line treatment for ED with PDE5i, and 
that correcting underlying sleep impairment may result in a 
more meaningful improvement in erectile function.

OSA is not the only sleep disruptor that has been 
shown to impair erectile function. Another population 
that experiences significant sleep deprivation is men who 
work non-standard shifts. In a cross-sectional study of 
182 men who worked non-standard shifts (work schedules 
that begin before 7 am or after 6 pm, regularly extend 
outside of a 7 am to 6 pm frame, or that frequently rotate 
in schedule). Pastuszak et al. showed that men who were 
“very dissatisfied” with sleep had significantly lower IIEF 
scores (P=0.001) (16). In a follow up study, Rodriguez et al. 
demonstrated that in a cross-sectional analysis of 802 men 
that, while shift work alone did not predict significantly 
worse erectile function (P=0.31), men who had shift work 
sleep disorder had IIEF scores that were 2.8 points lower 
than men who worked similar non-standard shifts but 

Figure 1 Sleep functioning as a moderator of clinical symptoms.
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who did not have shift work sleep disorder (P<0.01). Shift 
work sleep disorder is a circadian rhythm disruption sleep 
disorder characterized by at least one month of excessive 
sleepiness, insomnia, and impairment of social and 
occupational activities attributed to a persistent shift work 
schedule (17). Thus, like OSA, shift work that significantly 
impairs sleep (such as shift work sleep disorder) can result 
in worsened erectile function.

While formal diagnoses of OSA and shift work sleep have 
been shown to impact erectile function, impaired overall 
sleep quality and insomnia can also cause a significant impact 
on erectile function. In a cross-sectional survey assessing 
the impact of sleep on sex using the insomnia severity 
index and IIEF, Seehuus et al. found that men at high risk 
for insomnia had significantly lower IIEF scores than 
their counterparts who were at low risk for insomnia (18).  
This correlation between insomnia and erectile dysfunction 
has been confirmed by several other studies (19,20). The 
evidence linking sleep and erectile dysfunction are growing, 
and assessment of sleep during an erectile function workup 
can be easily performed with validated sleep questionnaires 
such as the Pittsburgh Sleep Quality Index (PSQI). While 
no study has assessed the impact of PDE5i on men with 
poor sleep and ED, the correction of poor sleep alone may 
be enough to lead to clinically improved erectile function. 

Sleep and lower urinary tract symptoms 

Another commonly experienced condition in the aging 
male is lower urinary tract symptoms (LUTS) associated 
with benign prostatic hypertrophy. These clusters of 
symptoms include incomplete bladder emptying, poor 
stream, straining to urinate, hesitancy, frequency of 
urination, and nocturia. Given that men often have the urge 
to urinate overnight, it is not surprising that this constant 
sleep disturbance can affect the overall quality of sleep. In 
a survey of 5,335 men with a diagnosis of LUTS, patients 
with nocturia reported that they were “always” or “usually” 
tired significantly more often than men who only reported 
daytime urinary problems (21). This survey also found that 
only 13% of men with nocturia reported continuous sleep 
periods of more than 2–3 hours (21). Thus clearly, nocturia 
within the context of lower urinary tract symptoms affects 
sleep significantly.

Evidence, however, is growing that poor sleep itself 
may lead to the worse experience of LUTS. It has long 
been known that the size of the prostate and the severity 
of LUTS are not well correlated; rather, it may be that the 

subjective experience of LUTS can be affected by other 
factors. Men with OSA were significantly more likely to 
have moderate and severe lower urinary tract symptoms 
compared with men who do not have OSA. Interestingly, 
the severity of OSA correlated the most strongly with 
storage symptoms: daytime frequency, urgency, and 
frequency of nocturia (22). In multivariate linear regression, 
Bates et al. showed that men at high risk for OSA had IPSS 
scores that were 3.2 points higher than men without OSA; 
men who reported “very bad sleep” had IPSS scores 7 points 
higher than men with “fairly good sleep” and 10 points  
higher than men with “very good sleep” (23).

Fortunately for men with OSA, continuous positive 
airway pressure (CPAP) devices can restore the quality 
of sleep and reverse the detrimental impact of OSA on 
health (24). Specific to the aims of this paper, studies have 
demonstrated that CPAP use in men with LUTS can 
improve these symptoms. Fernandez-Pello et al. found 
that for men with LUTS and OSA who used CPAP for 
1 year, IPSS scores decreased by 3.6 points, and bladder 
compliance significantly increased from 97 to 200 mL/cm  
of H2O (25). Further, Irer et al. found that when with 
men with OSA and LUTS consistently used CPAP, night-
time urine volumes decreased from 547 to 96 cc (P<0.001) 
and the frequency of nocturia decreased from 2.1 to 0.5 
bathroom trips at night (22). Fortunately, the presence of 
LUTS has not been found to decrease adherence to CPAP 
use when compared to men without LUTS (26). 

OSA is not the only sleep disturbance that has been 
demonstrated to impact LUTS. Shift work has also been 
shown to hurt LUTS. Scovell et al. found that, in men 
who performed nonstandard shifts, those men who have 
increased difficulty falling asleep, staying asleep, or falling 
back asleep reported more severe LUTS than men without 
difficulty falling asleep (27). Shift workers diagnosed with 
shift work sleep disorder had significantly worse IPSS scores 
(3.74 points higher) compared with shift workers without 
shift work sleep disorder (P<0.0001) when controlling 
for age, benign prostatic hyperplasia, comorbidities, and 
testosterone (28). Overall, sleep disturbances brought on by 
shift work appear to impact LUTS.

Insomnia has also been related to worsened LUTS (23).  
Unlike OSA and shift work sleep disorder, insomnia has 
an FDA-approved medication—ramelteon—which is a 
melatonin receptor agonist. Shimizu et al. found that in 
men with insomnia and LUTS treated with ramelteon, 
IPSS scores significantly declined from 11.4 to 9.4 
(P=0.0013), although the quality of life did not improve as 
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dramatically (3.6 to 3.1, P=0.0009) (29). This early study 
may indicate that insomnia associated with LUTS could be 
ameliorated with ramelteon and that more studies will have 
to investigate this subpopulation further. 

Sleep and hypogonadism 

Unlike the ED, as mentioned earlier and LUTS, the 
relationship between hypogonadism and sleep has not 
been as thoroughly explored. The AUA guidelines define 
hypogonadism as (I) a testosterone level <300 ng/dL on at 
least two AM serum total testosterone measurements and 
(II) the presence of select symptoms or signs including 
erectile dysfunction, decreased libido, lethargy, and/
or sleep disturbances (30). Patel et al. found a linear 
relationship between testosterone levels and duration 
of sleep within the 2011–2012 National Health and 
Nutrition Examination Survey. On multivariate regression 
controlling for age, BMI, and comorbidities, authors 
demonstrate that for every less hour of sleep, testosterone 
levels decreased by 5.9 ng/dL (3). While this represented 
a statistically significant difference (P<0.01), clinically, the 
relationship is less clear as a 5 ng/dL decrease may not be 
clinically significant. Pastuszak et al. examined this same 
relationship in shift workers and found no significant 
difference in mean serum testosterone, free testosterone, 
dehydroepiandrosterone, follicle-stimulating hormone, or 
luteinizing hormone levels (16). Testosterone levels also 
did not appear to be affected when examining men with 
shift work sleep disorder, as authors found a non-significant 
difference in testosterone levels when comparing shift 
workers with and without shift work sleep disorder (31).  
\Nor does it appear that OSA significantly impacts 
testosterone levels (32). Thus sleep appears to have little or 
no significant impact on testosterone levels.

While testosterone levels do not appear to be impacted 
by sleep, the severity of symptoms associated with 
hypogonadism certainly does appear to be affected by 
sleep. We have already demonstrated how poor sleep is 
associated with erectile dysfunction, but other symptoms 
of hypogonadism, such as poor libido, poor energy, and 
decreased strength, can also be affected by poor sleep 
quality. These symptoms can be assessed with the validated 
questionnaire—Androgen Deficiency in Aging Males 
(ADAM)—as well as several other questionnaires (33). One 
study of 144 men demonstrated that those with positive 
ADAM had significantly worse sleep (P<0.001) compared 
with men with negative ADAM (34). While Pastuszak et al.  

found no significant difference in testosterone levels, they 
did find a significant difference in ADAM scores, as men 
with worse sleep had higher ADAM scores (P<0.05) (16).  
This relationship was even more accentuated when 
examining men with shift work sleep disorder—those 
men with shift work sleep disorder had more significant 
symptoms associated with hypogonadism despite there 
being no difference in serum testosterone levels compared 
with men without shift work sleep disorder (31). Thus, 
clearly, the literature suggests that sleep negatively 
impacts the symptoms associated with hypogonadism, 
even if testosterone levels are relatively unchanged. This 
phenomenon may prove useful in a certain subgroup for 
the management of hypogonadal symptoms. As a result 
of the new AUA guidelines defining hypogonadism as a 
testosterone level <300 ng/dL, men with severe symptoms 
of hypogonadism who have testosterone levels above 
300 ng/dL do not meet the guidelines for testosterone 
replacement therapy. In this group, it may be that 
behavioral modifications, such as improving sleep quality, 
losing weight, and eating healthier, may improve the 
symptoms that they are experiencing without testosterone 
supplementation. 

Sleep and male fertility

Infertility is another common urologic condition that is 
affecting an increasing number of men. Recent population 
studies have demonstrated that sperm counts have been 
decreasing, with one meta-analysis demonstrating a 
50–60% decrease over the past 40 years (35-37). The 
relationship between sleep and fertility, however, is not 
as linear as it is with erectile dysfunction, LUTS, and 
hypogonadal symptoms—in which cases, less sleep or worse 
sleep quality results in worsening symptoms. In the case of 
fertility, the evidence suggests that an inverted U-shaped 
relationship exists in which both less sleep and excessive 
sleep are associated with worse fertility outcomes. In a large, 
prospective, web-based cohort study, Wise et al. enrolled 
1,176 couples who had been attempting to conceive for 
up to 6 cycles. Comparing 8 hours of sleep per night, men 
who sleep <6 hours had fecundability ratios (FR) of 0.62 
(95% CI: 0.45–0.87), men who sleep 6 hours per night had 
an FR of 1.06 (95% CI: 0.87–1.30), men who sleep 7 hours  
per night had FR of 0.97 (95% CI: 0.81–1.17), and finally 
those who sleep ≥9 hours per night had FR of 0.73 (95% 
CI: 0.46–1.15). This study suggests that men at the 
extremes of sleep duration may have impaired fecundity (38).  
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This is not the only study to suggest this inverted U-shaped 
relationship. Kohn et al. found that in a cohort of 198 
infertile men, those whom self-reported moderate sleep 
difficulty had sperm concentrations that were 15.4 million 
sperm/mL greater than men who reported no sleep 
difficulty and 4.72 million sperm/mL greater than those 
who reported severe sleep difficulty (P=0.018).

No difference in semen volume, sperm motility, LH, 
or FSH levels were observed (39). Two other studies have 
also reported an inverted U-shaped relationship between 
sleep and sperm concentration—one assessing 796 Chinese 
college students and another assessing 953 Danish military 
recruits (40,41). This distribution in semen parameters 
and fertility outcomes may be explained by circadian 
disruption. Melatonin, a key circadian hormone, is also a 
potent antioxidant that has also been found to play a role 
in the testicle (42). Testicular biopsies in idiopathic infertile 
men have found an inverse relationship between testicular 
melatonin concentrations and inflammatory factors in 
the testes such as TNFα, IL1β, and COX2. Authors also 
found that increased testicular melatonin concentrations 
are correlated with increased expression of antioxidant  
enzymes (43). It may be that circadian disruption from 
either too little or too much sleep could affect the oxidation 
state of the testicle, tipping spermatogenesis one way or the 
other.

No studies have yet assessed the impact of OSA on 
fertility. This relationship may be a potential area to explore 
as addressing undiagnosed OSA in men has been linked 
with significant improvement in overall health risks, which 
may spill over into fertility parameters.

Lastly, shift work has been suggested to impair 
spermatogenesis. In a study of 522 men, El-Helaly et al. 
reported that men who performed shift work had higher 
odds of experiencing infertility (OR 3.60, 95% CI: 1.12–
11.57) (44). However, this relationship has not been seen 
consistently. A large European multi-center study found no 
effect on fecundity in men who perform shift work (OR 1.46, 
95% CI: 0.89–2.40) (45). Finally, no study has yet assessed 
the impact of shift work sleep disorder and insomnia on 
male fertility. 

Potential treatments and screening for sleep 
deficiency 

Given the increasing evidence of the impact of poor sleep 
on health, more studies are beginning to assess potential 
treatments to ameliorate poor sleep and its downstream 

effects. One of the simplest approaches is to improve sleep 
hygiene. Sleep hygiene includes a variety of practices and 
habits that contribute to the quality of nighttime sleep and 
daytime alertness. In recent years, sleep hygiene has suffered 
from the invasion of technology into the bedroom via 
portable screens and the “always-on-the-go” mentality (7).  
Poor sleep hygiene can be overcome with simple daily 
modifications such as avoiding daytime naps, avoiding 
caffeine and nicotine close to bedtime, regular exercise, 
increased daytime exposure to sunlight, and limiting 
electronic screen light before bedtime (46). Only two 
studies have assessed whether sleep hygiene is associated 
with urologic outcomes. Bates et al. demonstrated that 
men with better sleep hygiene had higher IPSS scores 
when compared with men with poor sleep hygiene (IPSS 
difference 2.7, P<0.01) (23). Additionally, Kohn et al. 
found that men with better sleep hygiene had statistically 
higher IIEF-EF scores compared with men with poor sleep 
hygiene (IIEF-EF difference −1.4, P<0.05) (47). Improving 
sleep hygiene is a no-cost intervention that may help to 
improve a patient’s perspective of their symptoms and lead 
to a better quality of life.

As detailed above, sleep apnea is important to diagnosis, 
and sleep apnea can be treated with CPAP intervention. 
Several questionnaires exist to identify those at high risk for 
sleep apnea; one of the most simple and easily implemented 
questionnaires is the STOP-Bang questionnaire (48). This 
8-question validated screening tool can be easily given to 
any patient undergoing evaluation in a clinic. The tool 
assesses a patient for snoring, daytime tiredness, observed 
apneic events, hypertension, BMI, age, neck circumference, 
and gender. Patients with a positive screening tool should 
be referred for sleep polysomnography. Walia et al.  
demonstrated that 39% of men presenting to a men’s 
health clinic were at “high risk” for sleep apnea (49)—thus, 
men presenting to a men’s health clinic merit universal 
screening for OSA as they are at elevated risk. However, 
sleep apnea should not be the only inquiry for providers. A 
simple question of “how are you sleeping?” during clinical 
evaluation may help to unlock other sleep deficiencies. In 
patients who provide negative or ambiguous responses, 
physicians can further define these sleeping deficiencies 
with the Pittsburgh Sleep Quality Index (PSQI). This 
19-question index takes approximately five to ten minutes 
to complete, but provides seven “component” scores: 
subjective sleep quality, sleep duration, sleep disturbances, 
sleep latency, use of sleeping medication, habitual sleep 
efficiency, and daytime dysfunction (50). Patients with 
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abnormal subcomponents can be referred to primary care 
physicians or sleep specialists if the PSQI reveals deficits. 
In patients with demonstrated poor sleep hygiene on the 
PSQI, simple sleep hygiene education handouts may help 
patients to improve their sleep hygiene, which could lead to 
an improvement in their presenting symptoms (51). Inquiry 
into patients’ sleep is slowly being incorporated into clinical 
practice, but this should be assessed with every new patient 
presenting for evaluation at a men’s health clinic. 

There are many future avenues for research within the 
subfield of sleep and men’s health. One hypothesis is that 
improving sleep may improve disorders such as hypogonadal 
symptoms, LUTS, erectile dysfunction, or fertility—but 
this has not been yet explored. A further interesting inquiry 
would be to assess whether patients with ED or LUTS who 
have sleep deficiencies respond equally to standard-of-care 
pharmaceutical intervention when compared to matched 
men without sleep deficiencies. Perhaps men with poor sleep 
do not respond to these pharmaceutical interventions with 
similar magnitude of improvement without also addressing 
underlying sleep issues. Finally, while technology may be 
eroding sleep habits, perhaps it can also be a means for 
improving sleep. Recently, several developers have created 
patient-facing smartphone apps that provide cognitive 
behavioral therapy for insomnia (CBT-I) (52). CBT-I is one 
of the most effective methods for treating insomnia and 
poor sleep (51). Bringing this intervention into a patient’s 
home with innovative technology may be able to broaden 
the reach of CBT-I and could be an interesting avenue 
for researchers to pursue as a potential treatment for the 
conditions mentioned above. While the study of sleep has 
begun to yield troubling findings, the investigation of the 
role of sleep within urology is just beginning and may be 
an important risk factor that significantly modifies patients’ 
urologic symptoms. 

Conclusions

In this review of the literature, we investigated the effect 
of sleep on men’s health conditions, including ED, LUTS, 
hypogonadism, and male infertility. In all cases, poor 
sleep has been demonstrated to impact the symptoms 
that these men experience negatively. Sleep deficiency is 
a common but often missed diagnosis in men presenting 
for urologic care. Sleep wellness is an important and 
modifiable risk factor for providers to identify in men as 
several interventions can improve sleep quality and possibly 
alleviate some presenting symptoms. 
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