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Abstract
Background: Nocturia is a common complaint in the general population and prevalence
varies across studies. It not only causes significant sleep disruption and daytime consequences
such as impaired concentration and fatigue but also is independently associated with the
risk of cardiovascular morbidity. Nocturia may be associated with various disorders including
sleep-disordered breathing (SDB). The mechanism by which SDB causes nocturia is not clear
from the various studies conducted so far. Several different hypotheses suggesting various
different mechanisms have been proposed. A systematic large-scale study of the association
between nocturia and SDB indicating its prevalence and association with its severity has not
been performed.
Objective: To investigate the occurrence of nocturia in SDB, identify its prevalence and
explore its correlation with severity of the disease.
Methodology: A prospective case-controlled study was conducted among 150 adult patients
of SDB with obstructive sleep events, along with 150 age- and sex-matched healthy adult
controls. The cases were subclassified into mild (respiratory disturbance index [RDI] >5–15/
h), moderate (RDI >15–30/h) and severe (RDI >30/h) categories comprising 50 patients
each. Scoring was done and the diagnosis was made in accordance with the latest American
Academy of Sleep Medicine guidelines. Both cases and controls were evaluated for the
presence of nocturia, pathological nocturia (PN) and frequency of nocturia through a common
questionnaire. Nocturia was defined as self-reported awakening at least once per night to
urinate, while PN was defined as awakening at least twice per night to urinate. Statistical
analysis was carried out using SPSS 16.0 (SPSS Inc., Chicago, IL USA) and GraphPad Prism
6.01 software and a p value of <0.05 was considered as statistically significant.
Results: Nocturia was found to be present in more than 4/5of the patients, and half of the
patient population had PN (p<0.0001). The mean frequency of nocturia in patients was
1.75±1.29 and that in the control group was 0.51±.071 (p<0.0001). Nocturia was found
to be more common in females compared with males. The prevalence of PN differed
significantly (p<0.05) between various severities of SDB, thereby showing an increase in the
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frequency with increasing severity of the disease. The correlation between severity of SDB
and frequency of nocturia was also found to be positive (p<0.001).
Conclusions: Nocturia and PN are more common in patients of SDB as compared to the
general population, and more commonly seen with increased severity of SDB. The frequency
of nocturia shows an independent positive correlation with severity of SDB irrespective of the
presence of various confounders for nocturia. High prevalence of both PN and SDB in the
population suggests the likelihood of the presence of a large percentage of patients with
nocturia having concomitant SDB.
Keywords: Sleep-disordered breathing, Obstructive sleep apnoea, Hypopnoea syndrome,
Respiratory disturbance index, Polysomnography, Pathological nocturia

Introduction

N

octuria is a highly prevalent and bothersome
condition, characterized by the need to wake
to void at night. It is a common cause of
nocturnal awakenings, may lead to sleep maintenance
insomnia and can be associated with impaired mental
and somatic health, impaired quality of life and even
increased mortality. 1–6The International Continence
Society has defined nocturia as “the number of voids
recorded during a night’s sleep: each void is preceded
and followed by sleep”.7The consequences of nocturia
are significantly disturbing, causing sleep disruption,
daytime fatigue and an approximately two-fold increase
in the number of falls at night. Despite being a troubling
condition with severe implications, it often goes
unreported as a symptom.
Various epidemiological studies suggest nocturia to
be highly common across populations.8–14 It is most
prevalent in older people, but it also affects a significant
proportion of younger individuals. The varying prevalence
rates in the general population across different studies
could be related to the absence of a uniformly accepted
definition of the condition and differences in the nature
of the study populations.
Nocturia has been found to occur equally in men
and women, as the age-standardized prevalence of
nocturia (1 or more voids per night) was approximately
40% for both genders.10–12 Nocturia is more common
among women at a younger age but the differences
disappear by middle age. In men, the prevalence of
nocturia increases more rapidly with age than that in
women.8–10 Prevalence rates in younger men (20–50
years) in various studies were 1 or more voids in 11–
35.2% and 2 or more voids in 2–16.6%. Prevalence
rates in younger women were 1 or more voids in 20.4–
43.9% and 2 or more voids in 4.4–18%.13 Studies reveal
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that subjects with ages between 50 and59, between 60
and 69 and 70 years old or over, respectively, have 1.75,
3.35 and 6.21 times the prevalence of nocturia than
that of the 49 years or younger cohort. In older men
(older than 70 years), rates were 1 or more voids in
68.9–93% and 2 or more voids in 29–59.3%. In older
women, rates were 1 or more voids in 74.1–77.1% and
2 or more voids in 28.3–61.5%. Therefore, in the elderly,
nocturia was found to be more frequent among men
and up to 60% of older people void 2 or more times per
night.12–14
The aetiology of nocturia is inadequately understood.
Nocturia is frequently attributed to ageing or childbirth
in women9 and to benign prostatic hyperplasia (BPH) in
men.8 Other related conditions include overactive bladder
syndrome, nocturnal polyuria, urinary incontinence,
awakening for other reasons such as anxiety and use of
diuretics, caffeine or alcohol. Nocturia is also found to
be related to disorders such as diabetes, cardiovascular
disease, chronic renal insufficiency, urinary tract
infection and SDB, particularly obstructive sleep apnoea
hypopnea syndrome (OSAHS).3,5,11–13
Among the variety of disorders causing nocturia, the
association between SDB and nocturia has been least
studied.14–18 Nocturia is a reported sleep problem in 60%
of cases hospitalized for various sleep-related problems
including SDB. Studies report that 76% of nocturnal
urination episodes are immediately preceded by an
episode of obstructive apnoea or snoring. 19,20 The
frequency of nocturia has been reported to be greater in
adult men with OSAHS than in age-controlled healthy
male adults and also has been positively correlated with
the severity of OSAHS.21 The mechanism by which SDB
leads to nocturia has not been definitively identified with
multiple hypotheses suggesting different mechanisms.21,22
There seemed a need to perform a large-scale systematic
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and comprehensive study indicating the prevalence of
nocturia in SDB and its association with severity of SDB.
The objective of our study was to determine the
prevalence of nocturia in adult patients of SDB mainly
having obstructive sleep apnoea events compared with
the general population and to explore its relationship
with different grades of severities of SDB between
different gender and age groups. Such information may
have implications for OSAHS case finding and severity
prediction.

Materials and Methods
A prospective case-controlled study was designed and
conducted among patients who had a level I whole night
polysomnographic (PSG) study done between June 2011
and June 2012 at the Department of Pulmonary, Critical
Care and Sleep Medicine, Vardhmaan Mahavir Medical
College, Delhi. The study was performed after approval
from the institutional ethical committee and informed
consent from the patients.
A total of 150 adult (age >30 years) cases of SDB
having obstructive sleep events were enrolled in the study
including both males and females. The patients were
initially evaluated with a detailed sleep and medical
history, physical examination, routine and specific
laboratory investigations and sleep questionnaires. Their
sleepiness was measured according to the Epworth
Sleepiness Scale and the Stanford Sleepiness Scale and
were then subjected to PSG and the following parameters
were measured: two channels each for
electroencepholography (EEG), electrooculography
(EOG) and electromyography (EMG), airflow recording
through nose and mouth by thermistor and nasal
pressure cannula, thoracic and abdominal efforts by
plethysmography, oxygen saturation through pulse
oximetry and tracheal sound recording by using a
microphone attached to the neck.
Obstructive apnoea was defined as cessation of airflow
at the nose and mouth, as measured by a thermistor/
nasal cannula, while the respiratory effort continues for
at least 10 s. Hypopnea was scored when the nasal
pressure signal excursions dropped by >50% of the
baseline for a duration of at least 10 s and was associated
with a drop of saturation of >3% from the pre-event
baseline or if it was associated with an arousal.
Respiratory effort-related arousal (RERA) was scored
when there was a sequence of breaths lasting at least 10
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s, characterized by increasing respiratory effort or
flattening of the nasal pressure waveform, leading to an
arousal from sleep when the sequence of breaths did not
meet the criteria for an apnoea or hypopnoea. SDB was
diagnosed when a patient with symptoms suggesting SDB
had a respiratory disturbance index (RDI) (apnoeas +
hypopnoeas + RERAs) > 5/h.
The cases were subclassified into mild (RDI > 5–15/
h), moderate (RDI >15–30/h) and severe (RDI > 30/h)
categories comprising 50 patients each. Scoring was done
and the diagnosis of OSA was made in accordance with
the American Academy of Sleep Medicine guidelines.23
During the study period, 150 age- and sex-matched
healthy controls were also included in the study. Both
cases and controls were evaluated for the presence of
nocturia, PN and frequency of nocturia through a
common questionnaire. Nocturia was defined as selfreported awakening at least once per night to urinate,
while PN was defined as awakening at least twice per
night to urinate. The frequency of nocturia was
documented 0–5 as the number of episodes of nocturnal
enuresis in all the cases, with a higher number denoting
higher frequency. PSG variable included in the study
was RDI, whereas the demographic variables defined
for the purpose of this study were age, gender and BMI.
Statistical analysis was carried out using SPSS 16.0
(SPSS, Chicago, USA) and GraphPad Prism 6.01
software. Data was analyzed for distribution pattern and
homogeneity of variances. Group t-tests were used to
assess the significance of differences between patients
with SDB and controls with respect to continuous
variables (age, BMI, frequency of nocturia). c2 test was
used to assess the significance of differences between
the two groups with respect to categorical variables
(gender, age groups, severity of SDB). Multiple-group
comparisons of quantitative variables were made using
analysis of variance (ANOVA) and intergroup
comparisons were carried out using Bonferroni’s test to
identify the significantly different groups. Correlation
analysis was performed using Spearman’s test. Data was
presented as mean±SD wherever appropriate and a p
value of <0.05 was considered as statistically significant.

Results
Of a total of 150 patients analyzed, 112 (74.7%) were
males and 38 (25.3%) were females, who were further
subgrouped according to the severity of SDB into the
Indian Journal of Sleep Medicine (IJSM), Vol. 7, No. 1, 2012
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mild (50), moderate (50) and severe (50) categories. In
the control group comprising 150 age- and sex-matched
healthy individuals, there were 115 (76.7%) males and
35 (23.3%) females. There was a weak correlation
between RDI and age as well as between RDI and BMI
(rs= 0.2; p<0.05). The various demographic parameters
are shown in Table 1.
Table 1: Demographic Parameters
Patients
(N=150)

Controls
(N=150)

p-value

Males (M)

112 (74.7%)

115 (76.7%)

ns

Females (F)

38 (25.3%)

35 (23.3%)

ns

Age (years)

56.7±10.6

52.2±10.1

ns

BMI (kg/m2)

32.3±5.7

26.2±5.0

<0.05

Of the 150 patients, more than 80% (124) had
nocturia; almost two-third of these patients (80) and half
(53.3%) of the entire patient population also had PN.
The prevalence of nocturia in the control group was
around 40% (60) (p<0.0001), while that of PN was less
than 10% (13) (p<0.0001). The mean frequency of
nocturia among patients was 1.75±1.29, while that of
the control group was 0.51±0.71 (p<0.0001). In the
subgroup analysis, nocturia was found to be more
common in females (almost 90%) compared with males
(80%); although not amounting to statistical significance,
the prevalence rates were similar (around 40%) in the
control group for both the genders (p<0.0001). These
results have been compiled in Table 2.
Table 2: Prevalence of Nocturia
Patients
(N=150)

Controls
(N=150)

p-value

Nocturia
Males
Females

124 (82.7%)
90 (80.4%)3
4 (89.5%)

60 (40%)
46 (40 %)
14 (40%)

<0.0001
<0.0001
<0.0001

Pathological
nocturia
Males
Females

80 (53.3%)

13 (8.7%)

<0.0001

56 (50.0%)
24 (63.2%)

10 (8.5%)
3 (8.6%)

<0.0001
<0.0001

Frequency
of nocturia

1.75±1.29

0.51±0.71

<0.0001

The patient group was further subgrouped into
various categories by gender, age and severities. The mean
RDI values in males were 9.7±2.9 (mild), 21.9±4.6
(moderate) 48.0±10.8 (severe) (p<0.001). Similarly, the
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Table 3: Subgroup Analysis in SDB Patients
SDB Patients Prevalence
of Nocturia

p-value Prevalence of p-value
Pathological
Nocturia

Sex
Males
Females

90 (80.4%) ns
34 (89.5%)

56 (50.0%)
24 (63.2%)

ns

Age groups
30–40 yrs
40–50 yrs
50–60 yrs
60–70 yrs

18 (81.8%) ns
39 (86.7%)
35 (74.5%)
32 (88.9%)

12 (54.5%)
24 (53.3%)
22 (46.8%)
22 (61.1%)

ns

Severity
Mild
Moderate
Severe

39 (78%)
40 (80%)
45 (90%)

20 (40%)
27 (54%)
33 (66%)

p<0.05

ns

mean RDI values in females were 8.5±2.5 (mild),
22.1±4.8 (moderate) 40.1±14.1 (severe) (p<0.001). The
subgroup analysis for the prevalence of nocturia and
PN was performed. The prevalence of PN differed
significantly (p<0.05) between various severities of SDB.
The prevalence of nocturia and PN was higher with
more severe disease, and there was a significant
difference in the frequencies of nocturia across different
severities, showing an increase in the frequency with
increasing severity of the disease. The results of the
subgroup analysis have been summarized in Table 3 and
Figure 1.
The correlation between the severity of SDB and
frequency of nocturia was found to be positive and was
statistically significant (N=150; p<0.001). Patients with

Figure 1: Comparison of frequency of nocturia between
various groups control vs mild, moderate, severe (p < 0.0001),
mild vs severe (p=0.001), moderate vs severe (p<0.05)
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the presence of confounding factors for nocturia (i.e.,
diabetes, chronic renal disease, congestive heart failure,
benign prostatic hyperplasia, cystitis, chronic urinary
tract infections and the use of drugs like diuretics) were
not considered, and a correlation analysis of the pure
group (N=50) between severity of SDB and frequency of
nocturia revealed a much stronger positive correlation
between the two (rs = 0.7; p<0.0001).

Discussion and Conclusions
The primary conclusion from our study is that nocturia
and PN are more common in patients with SDB( age
30–70 years) compared with the age-matched general
population. The prevalence of nocturia and PN, 82.7%
and 53.3%, respectively, in our patients is similar to
that reported in elderly (age >70 years) populations (70–
85% and 40–60%),20–22 while the prevalence of nocturia
and PN is 40% and 9%, respectively, in the age-matched
general population. Prevalence of nocturia and PN seems
to be higher in females than that in males, although not
statistically significant because of the fewer number of
female patients enrolled in the study; however, the role
of age and BMI as predictors of nocturia could not be
confirmed through our study.
Nocturia and PN are more commonly seen with the
increased severity of SDB as established by our study.
The frequency of nocturia shows a positive correlation
with the severity of SDB irrespective of the presence of
various confounders for nocturia, suggesting that the
higher the severity of the disease, the higher the frequency
of nocturia in these patients.
Our study was a case-controlled design; therefore, it
provides for various advantages over the previously
attempted uncontrolled studies. The aim was to maximize
the sample size while recruiting adequate controls for
comparison. We also decided to collect data of equal
number of patients in each subgroup of SDB severity
for ease of analysis. However, although large in
comparison with the previous published studies, our
sample size may not be sufficient to address all of the
potentially important subgroup analyses. There also
appears to be a male bias in recruitment, which can be
attributed to the lesser OPD attendance of female SDB
patients in our setting during the specified time period
for our study.
Our study was not designed to define the mechanisms
for PN in SDB patients, but our data provides some
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insights with regard to the high prevalence of PN observed
in these patients. The mechanism of nocturia in patients
with SDB is probably multifactorial. Patients with massive
obesity (risk factor for OSAHS) have an increased
glomerular filtration rate, higher fractional urinary flows,
higher fractional sodium and chloride excretion and a
lower percentage of filtered sodium reabsorption
compared with normal subjects.24,25 Second, SDB leads
to disturbed sleep, sleep fragmentation and insufficient
arousal response, which itself may be associated with
nocturia. 26 Third, there appears to role for atrial
natriuretic peptide (ANP) and antidiuretic hormone
(ADH) in these changes in renal function. SDB leads to
repetitive episodes of complete or partial upper airway
obstruction causing various complex adverse
pathophysiological consequences including multiple
nocturnal episodes of hypoxemia, increased sympathetic
activity (due to hypoxaemia and arousals from sleep),
right atrial stretching secondary to increased atrial
transmural pressure and exaggerated intrathoracic
pressure swings causing increased venous return. Such
pathophysiological mechanisms stimulate the secretion
of ANP and decreased ADH27–29, thereby cause nocturia.
Lastly, the increased intraabdominal pressure caused by
respiratory efforts against an obstructed airway can be
transmitted to the urinary bladder causing a steep rise
in the bladder pressures. Thus, SDB also promotes
nocturia by increasing bladder pressure during sleep.30,31
There are various other potential aetiologies for
nocturia such as diabetes, chronic renal insufficiency,
recurrent urinary tract infections, the presence of
prostatic enlargement and parity that were not specifically
addressed in our study by multivariate analysis. Finally,
there is no scientifically validated definition of PN. The
definition we used is arbitrary. However, it has been
used by others in various studies.20–22, 31,32
In summary, based on our findings, we conclude that
nocturia is highly common in SDB especially OSAHS,
affecting almost 80% of the patients with half of these
patients having PN. Considering the high prevalence of
SDB in the general population (2–13.2%), nocturia is a
significant symptom that may affect up to 0.1–7% of
the population. Furthermore, in view of the high
prevalence rates of both PN and SDB, it is likely that a
notable percentage of patients with nocturia also have
SDB. As shown from our study, nocturia is independently
associated with SDB. Some studies have suggested an
association between nocturia and cardiovascular
morbidity.30–32 These results support screening for SDB
Indian Journal of Sleep Medicine (IJSM), Vol. 7, No. 1, 2012
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in all patients reporting with nocturia. Increased
awareness in this regard will not only improve SDB case
finding but also will facilitate treatment strategies for
nocturia that are directed to the underlying aetiology in
patients who are diagnosed with concomitant SDB.
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