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Abstract: Obstructive sleep apnea 
(OSA) is underdiagnosed in women 
compared with men. Women have a 
tendency to underreport or present 
with atypical symptoms such as 
behavior changes, insomnia, fatigue, 
and depression. Nocturia, waking up 
from sleep 2 times or more to void, 
has been shown to be associated 
with OSA, but it is not an included 
symptom in commonly used screening 
questionnaires in primary provider 
offices. About 50% of patients with 
OSA have nocturia, and treatment 
of OSA improves it. Recognition of 
nocturia as a relevant symptom of 
OSA is important for primary providers 
to provide timely referral for the 
diagnosis of OSA.
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Introduction

Nocturia is defined as waking up 
from sleep 2 times or more to void and 
is a common symptom in patients with 
obstructive sleep apnea (OSA). 
Nocturnal enuresis defined as 
involuntary urination while asleep has 
also been associated with OSA.1,2 
Increased urine production at night in 
patients with OSA has been well 
described in previous studies. 

However, it is also commonly 
associated with benign prostatic 
hypertrophy or overactive bladder, and 
therefore, primary care providers do 
not consider OSA when patients 
present with this symptom. 
Interestingly, nocturia and enuresis are 
listed as common symptoms in the 
clinical guideline for managing chronic 
insomnia in adults,3 but they are not 
included in the most recent American 

Academy of Sleep Medicine clinical 
practice guideline for the evaluation of 
OSA in adults.4 In contrast, snoring is 
traditionally recognized as a primary 
symptom of OSA. It is present in all or 
if not most of the screening algorithms 
and questionnaires for OSA. Romero 
et al5 demonstrated in a retrospective 
chart review of 1007 adult patients that 
nocturia is comparable to snoring in 
screening for OSA, with high 
sensitivity (>80%) and positive 
predictive value (>80%). These 
findings illustrate the utility of 
inquiring about OSA when patients 

present with nocturia or enuresis and 
substantiate the need for further research 
of this symptom in OSA.

The purpose of this review is to raise 
awareness of nocturia and nocturnal 
enuresis as being potential symptoms of 
OSA, particularly in women. If these 
symptoms are present in an at-risk patient, 
evaluation of OSA should be considered, 
given the known cardiovascular and other 
sequelae of untreated OSA.6

OSA Symptoms 
in Women

Women present with typical symptoms 
of OSA, such as loud snoring and 
daytime sleepiness, but the frequency of 
symptoms may vary compared with men. 
Women may underreport symptoms, 
present with symptoms at an older age, 
or have their symptoms disregarded and 
attributed to depression or insomnia, 
leading to an underestimation of the 
prevalence of OSA.7-9 For example, 
although snoring in general is more 
prevalent in men, the prevalence of 
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snoring in women increases significantly 
in women after the age of 50 years, and 
the overall decline in prevalence after 
age 59 years compared with men is less 
steep.10 The age of 50 years corresponds 
to the start of menopause, which has 
been associated with increased risk of 
OSA and will be discussed later.11

In contrast, the prevalence of nocturia 
is higher in women compared with men. 
In a retrospective chart review study of 
138 patients, it was noted that the 
prevalence of pathological nocturia, 
defined as having 2 or more urination 
episodes per night, was greater among 
women compared with men (60% and 
40.9%, respectively).12 The prevalence of 
nocturia also increases with age in 
women. Kim et al13 divided 118 women 
among 3 age groups (under 40 years, 40 
through 59 years, and 60 years and 
above) and determined the frequency of 
nocturia between the groups. The 
prevalence of nocturia was the highest in 
women >60 years old. Furthermore, a 
systematic review of 43 articles dating 
from 1990 to 2009 demonstrated that in 
younger men and women between the 
ages of 20 and 40 years, approximately 
20% had nocturia. In older men and 
women, up to two-thirds of the 
population had nocturia.13,14

The increase in prevalence of nocturia 
in older adults is concerning because of 
its association with underlying sleep 
disorder. In a cohort study examining 
1610 men and 2535 women who 
completed baseline and follow-up 
questionnaires of the Boston Area 
Community Health Survey, women had a 
higher prevalence of incident lower-
urinary-tract symptoms (12.6% vs 7.1%) 
compared with men. The odds of 
lower-urinary-tract symptoms, including 
nocturia, were higher in those who 
reported sleep-related problems, such as 
poor sleep quality and sleep restriction. 
Body mass index (BMI) was shown to be 
a potential mediator.15 In a study by 
Oztura et al,16 1970 recruited individuals 
completed a questionnaire inquiring 
about nocturia. Frequency of nocturnal 
urination correlated with age, BMI, 
hypertension, respiratory disturbance 
index, apnea-hypopnea index (AHI), 

respiratory effort index, and nadir 
oxygen saturation. The prevalence of 
nocturia was 57.2% in mild sleep-
disordered breathing (SDB), 64.3% in 
moderate SDB, and 76.9% in severe SDB: 
the prevalence of nocturia increases with 
the severity of SDB.16

Menopause and OSA

Menopause plays an important role in 
affecting sleep, the frequency of nocturia, 
and risk of OSA. Insomnia is more 
common in postmenopausal women 
compared with premenopausal women,17 
but sleep quality did not differ according 
to studies in the Wisconsin sleep cohort 
examining sleep quality over time with 
polysomnography. In a group of 589 
premenopausal, perimenopausal, and 
postmenopausal women, perimenopausal 
and postmenopausal women did not 
have worse sleep quality compared with 
premenopausal women. However, being 
postmenopausal increased the risk of 
having SDB.18,19 The mechanism of 
menopause increasing the risk of OSA is 
not clearly understood. Postmenopausal 
women tend to gain weight after 
menopause, which leads to increased 
BMI, central obesity, and larger neck 
circumference.20,21 The accumulation of 
adipose tissue around the upper airway 
makes it more prone to collapse during 
sleep. In a study evaluating 230 obese 
male and female individuals, 
postmenopausal women had higher BMI, 
neck circumference, waist-to-hip ratio, 
and respiratory disturbance index 
compared with premenopausal women. 
Additionally, the prevalence gap of OSA 
between men and women is narrowed 
after the age of 55 years.22 In contrast, a 
recent study of 219 women aged 38 to 
62 years from the Wisconsin Sleep 
Cohort Study examined the relationship 
between menopause and SDB severity. 
The authors found that SDB severity 
increases with progression through 
menopause, but it is independent of 
aging and change in body habitus.23

The anatomical changes are associated 
with a decrease in or lack of sex 
hormones during menopause. 
Additionally, progesterone and estrogen 

have other properties that affect 
respiration and sleep. Progesterone is a 
respiratory stimulant. When progesterone 
is high, as during pregnancy, the 
occurrence of apnea during sleep is low 
even though weight gain is present.24 
Therefore, absence of progesterone 
during menopause may decrease 
respiratory drive and increase apnea 
episodes. The lack of progesterone may 
also decrease pharyngeal dilator muscle 
activity, which leads to repetitive collapse 
of the upper airway during sleep.25 
Estrogen improves sleep quality by 
decreasing arousals and increasing total, 
slow wave, and REM duration.26,27 It is 
also involved with temperature 
regulation. Therefore, low estrogen 
during menopause leads to hot flashes, 
which may disrupt sleep, and poor sleep 
quality. Women diagnosed with OSA are 
mostly postmenopausal.9,28 In the 
Wisconsin Sleep Cohort Study, the 
authors demonstrated that 
postmenopausal women were 2.6 times 
more likely to have an AHI of 5 or more 
and 3.5 times more likely to have OSA 
defined by an AHI of 15 or more 
compared with premenopausal women.16 
To further help describe the relationship 
between sex hormones and OSA, in the 
Nurses’ Health Study and Nurses’ Health 
Study II, 50 473 and 53 827 
postmenopausal women, respectively, 
were studied to examine the type of 
menopause and age at menopause in 
relation to OSA. The type of menopause 
is characterized as being natural or 
surgical (hysterectomy/oophorectomy). 
The risk of having OSA with surgical 
menopause was 1.27 times higher 
compared with that for natural 
menopause. The association did not 
change even after accounting for age at 
menopause. These findings suggest that 
the abrupt termination of sex hormones 
is associated with higher risk of OSA, 
and sex hormones play a role in OSA.29

As women increase in age, the 
prevalence of nocturia increases, but the 
number of voiding episodes per night is 
not related to parity.1,30 Factors associated 
with increase in urine production include 
advanced age, prior history of 
hysterectomy, hot flashes in the past 
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month, worse depressive symptoms, 
vaginal estrogen cream use, and lack of 
physical activity.31 Of interest, nocturia 
and nocturnal enuresis are associated 
with OSA in menopause.2,32

In light of the association of 
menopause with OSA, hormone therapy 
(HT) has been studied to treat OSA in 
postmenopausal women. Several studies 
have demonstrated that HT reduces the 
prevalence and severity of OSA in 
postmenopausal women.11,33,34 However, 
there are no studies quantifying the 
effect of HT on nocturia in patients with 
OSA.

Although previous observational 
studies showed benefit of HT in 
decreasing the risk of OSA, the use of 
HT for treatment has been controversial. 
Two issues arose when HT was studied 
longitudinally in postmenopausal 
women. First, HT was thought to have 
cardiovascular benefits in 
postmenopausal women. A large study in 
the Women’s Health Initiative (WHI) 
showed no long-term benefit with HT in 
reducing cardiovascular risk. Participants 
in the WHI were followed for 5.2 years. 
There was a modest increase in coronary 
heart disease, breast cancer, and stroke.35 
Second, previous observational studies 
showing benefit of HT in reducing OSA 
risk may be biased by healthy user effect. 
In the Wisconsin Sleep Cohort Study, 228 
women were recruited. Overnight 
polysomnography was completed every 
6 months from 1997 to 2006. AHI 
decreased prior to July 2002, but the 
effect waned after July 2002, resulting in 
similar AHI between users and nonusers 
of HT.36 Overall, the risks and benefits of 
HT will need to be weighed and 
individualized prior to initiating therapy.

Pathophysiology of 
Nocturia and Nocturnal 
Enuresis in OSA

The pathophysiology explaining the 
relationship between OSA and nocturia 
remains poorly understood. Several 
possible mechanisms, however, have 
been suggested by previous studies, 
including hypoxemia, changes in 
intrathoracic pressure, and changes in 

renin-angiotensin-aldosterone axis. In 
one study, rats were exposed to 
intermittent hypoxia during sleep, 
simulating an OSA-like environment. 
These mice were found to have structural 
and functional changes in their bladder, 
resulting in nocturia. Additionally, 
hypoxia led to oxidative stress and 
increased protein and lipid oxidation at 
the microscopic level, leading to bladder 
overactivity.37 Whether or not this 
pathway is responsible for nocturia in 
human beings has not been studied.

Increase in the serum level of atrial 
natriuretic peptide (ANP) in patients with 
OSA has also been cited as a potential 
explanation of increased urine 
production at night. ANP is primarily 
synthesized in mammalian cardiac cells, 
and the stimuli for its release include 
stretch, volume overload, high salt diet, 
and stress on cardiac myocytes.38 The 
mechanism of ANP secretion is depicted 
in Figure 1. Negative intrathoracic 
pressure increases venous return on the 
right side of the heart, which causes the 
myocardium to stretch and release ANP. 
Increased levels of ANP lead to 
natriuresis and urine production. Its 
release has been noted in hypoxemia 
and increased intravascular volume and 
has many effects, including systemic and 
renal vasodilation, antidiuretic hormone 
inhibition, and activation of the rennin-
angiotensin-aldosterone system.39 
Hypoxemia could also lead to pulmonary 
vasoconstriction and sympathetic 
activation. Mackay et al40 explored the 
association of negative intrathoracic 
pressure generated by airway closure 
during sleep increasing circulating ANP 
and causing nocturia. Their study 
showed an increase in the level of ANP 
in OSA patients. However, it failed to 
show any significant improvement in the 
symptoms of nocturia with oxygen 
supplementation and correction of 
hypoxia. Another study reported a 
statistically significant decline in 
circulating ANP and improvement in 
nocturia episodes with the use of 
positive airway pressure.41

In addition to increased urine 
production caused by ANP, the sensation 
of needing to urinate at night and 

having nocturia or nocturnal enuresis 
could also occur mechanically from 
increased abdominal pressure during 
apneic episodes or loss of neurological 
control during an arousal episode.41 If 
nocturia occurs solely from intra-
abdominal pressure changes, complete 
resolution of nocturia is possible by 
treating OSA.

Less is known about nocturnal 
enuresis. Nocturnal enuresis is 
uncommon in adult patients with OSA. It 
is mainly reported in pediatric cases of 
OSA. The presence of this symptom has 
been described in small case studies. 
Kramer et al42 found that enuresis was 
associated with sleep apnea symptoms, 
and treatment of OSA with positive 
airway pressure prevented further 
episodes of enuresis. A recent study by 
Koo et al2 found an association between 
OSA risk factors and nocturnal enuresis 
in postmenopausal women. The 
mechanism of nocturnal enuresis was 
considered to be similar to that for 
nocturia. In postmenopausal women, 
nocturnal enuresis is more common 
because of higher prevalence of bladder 
dysfunction or anatomical changes from 
hormonal imbalance.2

Role of Nocturia in 
Screening for OSA

With OSA becoming more common in 
the general population and the known 
negative health effects it has if left 
untreated, recognition of OSA by primary 
care providers has become increasingly 
more important. There have been many 
studies that aimed to determine the best 
screening tool in the primary care 
setting. Hoffstein and Szalai43 examined 
the predictive value of clinical features in 
diagnosing OSA. Helpful clinical 
predictors include BMI, sex, age, 
pharyngeal anatomy, snoring, nocturnal 
choking, excessive daytime sleepiness, 
impotence, and bed partner’s 
observations of apneic episodes. Based 
on the clinician’s history and physical 
exam, specifically focusing on 
pharyngeal abnormalities, the sensitivity 
and specificity of diagnosing OSA were 
60% and 63%, respectively.43 The use of 
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the history and physician exam to 
adequately identify OSA was about 50%. 
This indicates that 50% of patients with 
OSA go undetected by their primary care 
physicians.

Currently available screening 
questionnaires only include BMI, 
snoring, other respiratory-related 
symptoms, and presence of 
hypertension (Table 1). Nocturia has 
not been included even though it is a 
commonly reported symptom for 
patients with OSA and has a relevant 
pathophysiological association with 
OSA. A recent study that examined a 
large population of sleep patients from 
a tertiary care center provided greater 
insight on the association of nocturia 
with OSA. A total of 1084 patients who 
completed a sleep questionnaire, 

Berlin questionnaire, and Epworth 
sleepiness scare and diagnostic 
polysomnography were included in the 
study. Commonly reported OSA 
symptoms, including snoring, apneas, 
frequent awakenings, excessive 
daytime sleepiness, and nocturia, and 
atypical OSA symptoms such as 
diaphoresis, nightmares, and morning 
headaches were recorded. Of the 1084 
patients, 788 had the diagnosis of OSA. 
About 40% of those who had OSA 
were female. With regard to nocturia, 
overall 40% of those who had OSA 
reported the symptom. Of the 40%, 
100 (32.9%) were female, and 143 
(29.5%) were male. Nocturia was also 
reported in 69 (23.3%) patients who 
did not have OSA. The sensitivity of 
nocturia for OSA was low (31%), and 

the specificity was high (77%). The 
positive likelihood ratio (+LR) was 
1.35. Snoring, a symptom that has 
been included in many questionnaires 
had high sensitivity (91%) but very low 
specificity (31%). The +LR for snoring 
(+LR = 1.32) was similar to that for 
nocturia. As with previous studies, the 
authors did not find any association 
between gender and nocturia in those 
with OSA.44

Based on the lower prevalence of 
nocturia as compared with snoring and 
its high specificity, nocturia may be 
underreported. Many studies 
demonstrated a significant association 
between nocturia and hypertension.45-47 
Hypertension also has a strong association 
with OSA, which is also associated with 
nocturia.48 Per Dr Feldstein, the presence 

Figure 1.

Pathophysiology of nocturia in obstructive sleep apnea.
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of nocturia is seen in many comorbid 
conditions, but it is frequently 
overlooked and underreported.49 
Although nocturia is considered to be a 
common symptom and the expectation 
that the bother should prompt patients to 
report the symptom, the actual reporting 
of the symptom is low. Urinary 
symptoms, interactions with health care 
providers, treatment practices and 
expectations, and comorbid conditions 
were examined in 1046 women via 
survey. Most of the women rate urinary 
symptoms such as nocturia as 
moderately to extremely bothersome. 
However, more than half of the women 
did not seek medical help. More than a 
third of the women would like their 
health care provider to inquire about 
urinary symptoms.50 The barriers that 
lead to underreporting include 
embarrassment, thinking that nocturia is 
normal with aging, minimizing the 
seriousness of the condition, and 
believing that there is no treatment for 
nocturia.14,51 Given the implications, it 
would be prudent for physicians to 
inquire about nocturia in patients who 
are at risk for OSA.

Changes in Nocturia 
With OSA Treatment

The use of positive airway pressure to 
treat OSA has been well established. 
Although positive airway pressure is the 
most common and more efficacious 
treatment, other treatment options for 
patients, especially those in the mild to 
moderate OSA groups, are available. 
They include oral devices, positional 
therapy, and even surgery in some cases. 
Each treatment strategy has its risk and 
benefits. The efficacy of these treatment 
options depends on the severity of OSA 
and compliance. The effectiveness of 
each treatment modality in reducing 
nocturia is presented in Table 2.

The use of mandibular airway devices 
(MADs) is a common treatment modality 
in OSA. These devices mechanically 
protrude the mandible, which improves 
the patency of the upper airway and 
reduces the collapsibility of the upper 
airway during sleep. The American 
Academy of Sleep Medicine recommends 
their use in patients with mild to 
moderate OSA or in those who cannot 
tolerate positive airway pressure 

treatment. Although they are not used as 
first-line therapy, they are becoming 
more popular. Because of its ease of use 
and less intrusive nature, the compliance 
of using MAD is better compared with 
positive airway pressure therapy.52,53 In a 
study that followed 176 patients who 
wore MAD for nearly 1000 days, there 
was a significant short-term reduction in 
nocturia. At the beginning of the study, 
48% of those recruited reported nocturia. 
At the short-term follow-up period (3-6 
months after initiation of MAD), 13% 
reported nocturia.54 Over time, relapse of 
nocturia occurred likely as a result of 
worsening OSA severity55 or device wear 
from long-term use.52

Positional therapy by which patients 
avoid sleeping in the supine position 
and/or sleep with neck extension could 
be considered in patients with mild to 
moderate OSA and predominant airway 
obstruction while sleeping in the supine 
position. It has been shown to normalize 
AHI and reduce AHI by greater than 
50%. Its effectiveness is comparable to 
positive airway pressure therapy in some 
studies.56,57 However, a meta-analysis of 3 
crossover trials from 1999 to 2010 

Table 1.

Inquiry of Symptoms and Risk Factors by Questionnaires.

Epworth Sleepiness Scale STOP STOP-BANG Berlin

Age Not used in interpretation Not used in interpretation Yes Not used in interpretation

Gender Not used in interpretation Not used in interpretation Yes Not used in interpretation

Neck size No No Yes No

Obesity No No Yes Yes

Snoring No Yes Yes Yes

Daytime sleepiness Yes Yes Yes Yes

Poor sleep quality No No No No

Frequent awakenings No No No No

Apnea No Yes Yes Yes

Nocturia No No No No

Hypertension No Yes Yes Yes
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comparing continuous positive airway 
pressure (CPAP) with positional therapy 
demonstrated that CPAP is superior to 
positional therapy in reducing OSA 
severity and improving oxygenation in 
those with positional OSA.58 There are 
no studies evaluating the effectiveness of 
positional therapy on reducing or 
eliminating nocturia.

There are several surgical procedures 
that could be performed to treat OSA, 
specifically if there is an anatomical 
abnormality that is causing airway 
obstruction during sleep. 
Uvulopalatopharyngoplasty removes or 
repositions excess tissue from the soft 
palate and/or uvula. Surgical correction 
is offered on a patient-by-patient basis 
and should be considered as primary 
treatment in patients with mild OSA and 
severe obstructing anatomy.59 A recent 

study examined nocturia after surgical 
correction in 66 patients with OSA. Of 
the 66 patients who had the surgery, 37 
responded to the follow-up telephone 
interview. Using the International 
Prostatic Symptom Score item 7, which 
inquires about the frequency of nocturia, 
the authors found that the number of 
episodes decreased from 1.8 times to 0.8 
times per night. Nocturia was abolished 
in 41% of the patients. Lower-urinary-
tract symptoms and quality of life also 
improved after surgical treatment.60

Positive Airway pressure is the most 
common and effective modality to treat 
OSA. It works by pneumatically splinting 
open the upper airway to prevent upper 
airway collapse.61 It reduces snoring, 
gasping or choking, nocturnal 
awakenings, daytime sleepiness, and 
nocturia and improves quality of life.62-67 

It has been found to reduce not only 
nocturia but also volume of urine.68 In a 
meta-analysis of 5 publications 
performed by Wang et al,66 the authors 
found that CPAP reduced the 
standardized mean difference of nocturia 
incidents by 2.28 and that of nighttime 
urine volume by 183.12 mL. The 5 
studies reported significant reductions in 
nocturia incidents after treatment with 
CPAP (Table 2).66 One of the 
pathophysiological explanations is the 
significantly reduced ANP secretion with 
positive airway pressure.69 Krieger et al70 
demonstrated that positive airway 
pressure significantly decreased urinary 
sodium excretion secondary to sodium 
resorption. They also showed that with 
reduction in apnea episodes per night, 
there was an associated decrease in 
fractional urinary flow, sodium and 

Table 2.

Effectiveness of Treatment Modalities in Reducing Nocturia.54,60,68,71-74

Treatment n Pretreatment Posttreatment Reference

Mandibular airway device

  Attali et al, 2016 279 48% Of the population reported 
nocturia

13% Of the population reported 
nocturia. The incident increased 
to 57% after 6 months

54

Positional therapy No data No data  

Uvulopalatopharyngoplasty

  Park et al, 2016 66 Mean nocturia episodes per night: 
1.8 ± 1.1

Mean nocturia episodes per night: 
0.8 ± 1.2

60

Continuous positive airway pressure

  Miyauchi et al, 2015 51 Mean nocturia episodes per night: 
1.6 ± 1.3

Mean nocturia episodes per night: 
1.1 ± 0.9

68

  Guilleminault et al, 2004 31 Mean nocturia episodes per night: 
3.8 ± 0.4

Mean nocturia episodes per night: 
0.7 ± 0.3

71

  Margel et al, 2006 97 Mean nocturia episodes per night: 
2.4 ± 2.4

Mean nocturia episodes per night: 
0.7 ± 0.6

72

  McMillan et al, 2014 113 Mean nocturia episodes per night: 
1.9 ± 1.3

Mean nocturia episodes per night: 
1.6 ± 1.4

73

  Liu and Liu, 2001 15 Mean nocturia episodes per night: 
2.9 ± 1.5

Mean nocturia episodes per night: 
1.3 ± 0.8

74
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potassium excretion, and osmolal 
clearance.70

Conclusion

Nocturia is an important symptom of 
OSA that can help primary care providers 
in screening for this disease, particularly 
in women, because they generally 
present with atypical symptoms 
compared with men with OSA. Most of 
the screening tools we have today do not 
include nocturia as one of the symptoms. 
Treatment of OSA with mandibular 
advancement devices, positive airway 
pressure, or surgery improves nocturia. 
Therefore, further research is needed to 
investigate whether routinely questioning 
about nocturia in women would improve 
efficacy in screening for OSA.
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