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Sleep plays a vital role in physical and mental functioning. It is increasingly recognized that disturbed
sleep is a highly prevalent and chronic condition that merits greater awareness due to the wide-ranging
and serious repercussions associated with it. Nocturia is one of the causes of sleep disturbance and has
been shown to impair functioning, quality of life, health and productivity, with those experiencing two or
more voids per night reporting signiﬁcant ‘bother’. Nocturia warrants full consideration as a signiﬁcant
target for intervention, aiming to reduce the burden of disturbed sleep on individuals, families and
society. Currently, however, a deﬁnitive evaluation of the most relevant sleep endpoints in nocturia
therapy is lacking. One endpoint often used is the duration of the initial sleep period, which when
evaluated in combination with the number of voiding episodes per night, might be an indication of the
severity of sleep disruption in patients with nocturia.
Ó 2010 Elsevier Ltd. All rights reserved.
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Introduction
The importance of good sleep has only begun to be understood.
It has been known for many years that a good night’s sleep is
important, with 7e8 h endorsed for adults. New data reinforce the
increased risks associated with insufﬁcient sleep. In a series of
studies by Stone and associates in older men and women,1e5 less
sleep at night and lower sleep efﬁciency (deﬁned as the amount of
sleep given the amount of time in bed) were both associated with
increased risk of poor physical function, decreased cognitive function, falls and mortality. There are many reasons why sleep can be
disrupted or shortened at night, including primary sleep disorders,
changes in circadian rhythms, or just not spending enough time in
bed. In addition, both exogenous and endogenous factors can
disrupt sleep, such as too much light or noise in the bedroom. The
sensation of a full bladder may also cause awakening and ultimately
lead to the conscious decision to get out of bed to go to the
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bathroom; when this happens multiple times during the night, it is
deﬁned as nocturia.
What is ‘disturbed sleep’?
Disturbed sleep can mean many things but it is often equated
with insomnia, which is clinically deﬁned as persistent difﬁculty in
initiating or maintaining sleep, or non-restorative sleep, that causes
signiﬁcant daytime distress and impaired social or occupational
functioning.6 Insomnia affects around 15% of adults and is among
the most prevalent chronic disorder in the general population.7
Three types of insomnia have been characterized: sleep onset
insomnia (difﬁculty falling asleep), sleep maintenance insomnia
(frequent night-time awakenings), and early morning insomnia
(awakening early in the morning and being unable to return to
sleep).7 Sleep maintenance insomnia is most frequently reported in
older adults. In a recent survey of close to 9000 adults representative of the US general population, one-third of respondents
experienced nocturnal awakening at least 3 times per week, and
23% reported awakening every night.8 A high proportion of
respondents reporting nocturnal awakenings woke up at least
twice per night (59%), and nearly half of all respondents had difﬁculty resuming sleep once awake (43%).8 This difﬁculty returning to
sleep is associated with stronger impairment of daytime functioning, particularly daytime sleepiness. Signiﬁcantly, daytime
sleepiness was approximately twice as prevalent in respondents
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Glossary

a-blockers: These medications relax muscle ﬁbers that
control tension in the prostate gland and bladder.
They can reduce the pressure on the urethra and
increase the ﬂow of urine in patients with benign
prostatic obstruction
Anticholinergics (or antimuscarinics): A class of medications
that inhibit parasympathetic nerve impulses by
selectively blocking the binding of the
neurotransmitter acetylcholine to its receptor in
nerve cells. These cells can be responsible for
involuntary movements of smooth muscles present
in the urinary tract, causing overactive bladder
Benign prostatic obstruction: Generally caused by a benign
enlargement of the prostate gland, which can exert
pressure on the urethra and cause problems with
urination
Desmopressin: A synthetic analogue of arginine vasopressin
(see glossary), which has greater antidiuretic
potency, and no pressor effects; used in the
treatment of nocturia due to nocturnal polyuria
Quality-adjusted life year: A measure of disease burden,
taking into account the quality and the quantity of
life; used to assess the value for money offered by
medical intervention, with a value of 1.0 assigned to
each year in perfect health, and a value of 0.0 used
for death
Nocturia: Number of nocturnal bathroom visits, deﬁned by
the International Consultation on Incontinence as
one or more voids per night
Nocturnal polyuria: Production of an abnormally large
volume of urine at night (including the ﬁrst
morning void). Deﬁned as >20e33% of the daily
total volume (for younger and older adults,
respectively)
Vasopressin (or arginine vasopressin): Naturally occurring
antidiuretic hormone which concentrates urine and
reduces urinary output; it has additional pressor
effects

reporting nocturnal awakenings when compared with those who
did not report awakenings (P < 0.0001).8 In the vast majority of
respondents (90%), nocturnal awakenings were chronic in nature,
with the problem lasting more than 6 months.
The diagnosis and treatment of insomnia is complex, largely due
to the varying nature of the condition and its etiology. Broadly
speaking, however, insomnia can occur independently, i.e., primary
insomnia, or in conjunction with a medical or psychiatric condition,
in which case it is classiﬁed as co-morbid insomnia.9 Notably,
66e75% of all insomnia-related complaints are attributed to comorbid insomnia.7

or above (Fig. 1).8 Other causes of night-time awakenings such as
spontaneous awakening, being bothered by a bed partner, being
awakened by a child, due to thirst or due to a dream were reported
less frequently and their prevalence decreased with age (Fig. 1).
Data from the United States’ National Sleep Foundation 2003
survey corroborate these ﬁndings. The survey speciﬁcally assessed
the prevalence of nocturia among older age groups self-reporting
insomnia (N ¼ 1424).10 The results showed that more than half
(53%) of respondents aged 55e84 years perceived nocturia as the
cause of disturbed sleep ‘every night or almost every night’; this
was 4-fold higher than the proportion reporting pain, which was
the next most common reason for sleep disturbance (12%). Nocturia
was shown to be an independent predictor of self-reported
insomnia (odds ratio [OR] 1.75; 95% conﬁdence interval [CI] 1.31,
2.35) and deterioration in sleep quality (OR 1.71; 95% CI 1.31,
2.23).10 Study ﬁndings such as these highlight the need for greater
awareness of the impact of bladder sensations and ultimately
nocturia on sleep, and the implications of repeated sleep disturbance on a person’s daytime functioning.10
Several other studies have also reported that nocturia is associated with disrupted sleep. Cai et al.,12 reported that scores suggesting poor quality of sleep on most subscales of the Pittsburgh Sleep
Quality Index (PSQI) correlated with severity of nocturia; similar
ﬁndings of sleep disturbance were noted on the Nordic Sleep
Questionnaire insomnia subscale.13 Using a sleep diary, Yoshimura
et al.,14 found that nocturia was related speciﬁcally to more difﬁculty
falling asleep, whereas Yu et al.,15 reported that nocturia was associated both with fewer total hours of sleep and to difﬁculty falling
back to sleep during the night (sleep maintenance insomnia).
Although none of these studies used any objective sleep measures,
they nonetheless provide compelling evidence that nightly awakenings to void are highly disruptive to an individual’s sleep.
What is the real-life burden of ‘disturbed sleep’ and nocturia?
The individual
Quality of life
Chronic lack of sleep can have a great impact on ability to
function. Sleep disturbances which result in sleep deprivation can
also exact an immense personal toll, as evidenced by the adverse
impact of disturbed sleep on physical and emotional health as well
as overall quality of life (QoL). Sleep disruption among insomnia
sufferers has been associated with impairments in daytime

Insomnia co-morbid with nocturia
Disturbed sleep, or insomnia, is often co-morbid with nocturia,
i.e., the sensation of a full bladder leading to the need to get up to
urinate at night.10,11 Three-quarters of participants in a survey of US
residents aged 18 years or over cited the need to go to the bathroom
as the most frequent reason for nocturnal awakenings.8 Indeed,
going to the toilet was the primary reason for night-time awakening across all age groups, and the proportion affected increased
with age: 39.9% in those aged 18e44 years to 77.1% in those aged 65

Fig. 1. Reasons for nocturnal awakenings among the US general population by age
group. (Figure based on data in Ohayon)8.
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functioning and cognition, and with increased medical illnesses,
hospitalizations and work absences due to sickness.7,16,17 The
magnitude of daytime impairments is larger in patients with comorbid insomnia, which includes conditions such as nocturia, than
in those with primary insomnia, as shown by increased fatigue as
well as cognitive problems and sleepiness.7 It is increasingly
recognized that nocturia is a major cause of sleep disturbance
affecting around 50% of adults18 and, therefore, may be a key
contributor to reduced levels of QoL and functioning in a substantial proportion of the population.16,19,20
In one community study of 663 adults from Taiwan reporting at
least one episode of nocturia every night, QoL was measured using the
nocturia-speciﬁc quality of life (N-QOL) questionnaire (lower scores
indicate poorer QoL; range 0e100).15 The results showed that QoL
decreased with increasing episodes of nocturia (mean N-QOL scores
were 91.4, 83.7, 77.6, and 67.6 for one, two, three, and four nocturia
episodes, respectively). Importantly, the impact of nocturia on QoL
was greatest for those experiencing at least two episodes per night.
These ﬁndings were consistent with a US study of 1214 women,21
which showed that nocturia had a signiﬁcant impact in patients
with at least two night-time voids (as determined using Question 3 of
the Symptom Problem Index: ‘Over the past month, how much has
getting up at night to urinate been a problem for you?’). A further
study of 203 healthy professionally active people in Sweden
demonstrated that nocturia is associated with signiﬁcantly lower
vitality and utility (frequently-used indicators of QoL).22 These data
all suggest that irrespective of gender or professional or geographical
background, nocturia adversely affects QoL. Furthermore, the causal
relationship between nocturia and sleep disturbance is underscored
by the observation that the extent of sleep disturbance caused by
nocturia is an independent predictor of lower QoL.15
It may be hypothesized that the patient-reported impact of
nocturia should be greater in younger than in older patients since
younger people are likely to have more active lifestyles and
demanding schedules at work, factors particularly affected by
disturbed sleep. While formal studies investigating this possibility
are lacking, there is some limited evidence which may be consistent
with such a theory. For instance, the association between nocturia
and troubled sleep resulted in statistically signiﬁcant effects that
were 42% larger in 45e49 year old women relative to 60e64 year
old women.23
Performance at work
The impact of nocturia on the individual also translates into
adverse effects on occupational functioning. Similar to the impact of
disturbed sleep, lower work productivity and increased sick leave
have been reported in patients with nocturia.8,22 In a telephone
survey in the USA, frequent nocturnal awakenings were associated
with signiﬁcantly more days of sick leave (waking every night: 37.4
days; 5e6 nights per week: 36.4; 3e4 nights per week: 33.3)
compared with awakening fewer than 3 days per week (26.6,
P < 0.001).8 In their study of professionally active individuals with
nocturia, Kobelt et al.,22 showed that overall work impairment (as
assessed by the Work Productivity and Activity Impairment questionnaire) signiﬁcantly increased with increasing severity of nocturia
(P < 0.05). It is possible that this kind of impaired performance and
attendance at work may have consequences for the employability,
earning potential and job stability of some people with nocturia.
Accidents
Trafﬁc and workplace accidents are also a signiﬁcant hazard in
those experiencing sleep deprivation or disruption.24 Fatigue is
estimated to be involved in 16e60% of road accidents and driving
after even moderate sleep deprivation is at least as dangerous as
low-level alcohol intoxication.25 As a leading cause of sleep
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disruption, nocturia might play a role in fatigue in some drivers and
workers, and thereby contribute to accidents on the road and in the
workplace. Research is needed to test this hypothesis.
Falls and fractures among the elderly are another form of accident contributing to the morbidity and mortality associated with
sleep disturbance and nocturia. As mentioned above, decreased
total sleep time is associated with an increased risk of falls and
fractures.2 There is also an increased likelihood of falls among older
people with nocturia,26 which may arise directly from the necessity
to make trips to the bathroom at night and/or sleepiness during the
day. Studies have shown a signiﬁcant positive association between
the frequency of voiding each night and the prevalence of bone
fractures,26,27 with two voids or more per night associated with
a greater than 2-fold increase in the risk of fractures (hazard ratio
[HR] 2.45, 95% CI 1.08, 5.54) and fall-related fractures (HR 2.63, 95%
CI 1.05, 6.57) in one study.26 A recent study also found the increased
risk of hip fractures in men with nocturia to be age-independent.28
Morbidity and mortality
Poor sleepers and patients with nocturia are reported to have
increased morbidity. People with 2 voids are more likely to rate
their health as poor or moderate than those without nocturia.29 In
one study, poor health in women aged 40e64 years was positively
correlated with the number of nocturnal voids, such that the prevalence of poor health approached 40% in women experiencing at
least three nocturnal voids compared with 5% in those women who
did not report any night-time voids.30 This relationship may in part
be due to an association between nocturia and other chronic
conditions such as cardiovascular disease, diabetes, depression and
sleep apnea.24,31e33
Poor sleepers and patients with nocturia are also reported to
have increased mortality rates. Multivariate logistic models have
demonstrated an increased mortality risk among patients in Japan
reporting at least two night-time voids, even when controlling for
co-morbidities or correlates, including diabetes, hypertension,
coronary disease, nephropathy, alcohol consumption, history of
childbirth, and use of tranquilizers, hypnotics and diuretics (HR
2.68, 95% CI 1.12, 6.43).34 Further studies in this area are warranted.
Nocturia also may be associated with sleep apnea, and several
potential mechanisms have been postulated to play a role. First, and
perhaps most obvious, is that individuals with sleep apnea may
awaken from an apneic episode, appreciate the need to void and then
make a bathroom trip. Apart from such circumstances, however,
several interacting biochemical mechanisms may also be involved.
Sleep apnea is associated with decreased nocturnal plasma renin and
aldosterone secretion, and treatment with nasal continuous positive
airway pressure (CPAP) reverses these effects, as well as decreasing
nocturnal diuresis and normalizing sodium output. Nocturnal
diuresis may be partially mediated through enhanced release of atrial
natriuretic peptide (ANP) and elevated sympathetic tone (as indexed
by higher levels of norepinephrine, in particular), effects that also
reverse with CPAP, although a role for ANP may be most readily
apparent only in severe cases. Increased urine production in sleep
apnea does not appear related to reductions in antidiuretic hormone,
as CPAP has little effect on excretion of this peptide.
Several studies have demonstrated that prevalence of nocturia is
elevated in those who are diagnosed with sleep apnea in sleep
laboratories,31 as well as in more representative sampling from the
general population who report nocturia and then are evaluated for
breathing disorders in sleep.35 Sleep apnea, which is also a known
cause of increased mortality, was not directly controlled for in the
above Japanese analysis34, although many of the conditions associated with sleep apnea e such as hypertension and coronary heart
disease e were. These data suggest that there may be health consequences speciﬁcally related to nocturia and the sleep fragmentation
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caused by this condition, which are independent of co-morbidities.
Taken together, these studies suggest that sleep apnea should always
be considered carefully as a speciﬁc sleep disorder that may be
associated with nocturia. A number of studies have suggested that
successful treatment of sleep apnea with CPAP may result in reduced
levels of ANP and decreased nocturia episodes and/or decreased
urine production (see below).
Clinical evaluation of nocturia
Nocturia is multifactorial and can be associated with serious
medical conditions such as diabetes mellitus, diabetes insipidus and
congestive heart failure. Once such underlying illnesses have been
excluded through thorough history-taking and patient evaluation,
other possible contributory factors need to be explored. A fundamental issue in most patients is that the amount of urine produced
overnight exceeds the capacity of the bladder. This may be due to an
overproduction of urine (nocturnal polyuria [NP], deﬁned as
a nocturnal urinary output e including the volume of the ﬁrst void in
the morning e of >33% of the total daily output)11 or an inability of
the bladder to store normal quantities of urine (reduced bladder
capacity), or a combination of these factors. Nocturnal polyuria may
indicate sleep apnea, or a blunted circadian rhythm of vasopressin
release. Reduced bladder capacity may be caused by conditions such
as overactive bladder, or benign prostatic obstruction in men.
However, reduced bladder storage capacity is usually accompanied
by daytime symptoms such as frequency and urgency. It is noteworthy that the prevalence of nocturia in women is as high as it is in
men, despite the fact that women do not have a prostate, which
suggests alternative etiologies affecting both men and women. A key
tool in effective diagnosis of nocturia is the monitoring of voiding
volumes as well as frequency. Frequencyevolume charts, in which
patients record this information over 3 days and nights, can greatly
assist the clinician in differential diagnosis and the identiﬁcation of
NP, reduced bladder storage capacity, as well as cases where both of
these factors contribute to nocturia.
Treatment of nocturia
Before entering into discussion of available therapies for nocturia
and their effect on subsequent sleep, it should ﬁrst be highlighted
that the question of which sleep endpoints are most relevant is as yet
unresolved. Efﬁcacy in nocturia trials is generally reported as the
reduction in number of voids per night, or percentage reduction in
voids per night, and QoL studies indicate that those people with
fewer than two voids/night experience minimal impact on their
daytime functioning.15,21 It is reasonable therefore to argue that
treatment which reduces nocturnal voiding to this level or below is
of clinical signiﬁcance. But these are measures of nocturia and not of
sleep. It is not clear which measure of sleep would be most informative, or what degree of change in sleep parameters would
represent a genuine improvement for the patient. In many urological
studies, a practical endpoint of sleep duration to the ﬁrst void or ﬁrst
awakening is used. Even within this endpoint, there may be different
methods or inconsistencies of data collection. For example, in such
studies, does that initial sleep period begin when the subject goes to
bed, when they turn off the light, when sleep begins, or from the
time of the patient’s last void before he or she goes to bed? Does it
include only time when the subject is asleep, or does it also include
the time when they may be awake for a reason other than the need to
void? Further questions arise as to whether there is a minimal
duration of the initial sleep period above which the individual
experiences beneﬁts for health. Alternatively, are self-reported sleep
quality measures most relevant for deﬁning improvement?
Currently, a deﬁnitive evaluation of the most relevant sleep

endpoints in nocturia therapy is lacking. However, the duration of
the initial sleep bout would seem a reasonable and practical indication of the severity of sleep disruption in nocturia patients,
especially if evaluated in combination with the number of voiding
episodes per night. This measure of the initial sleep period duration
has been used in several studies.36e38
There are a number of possible therapy options for nocturia,
depending on the etiology of the condition. Urological causes of
nocturia can be treated with anticholinergics (e.g., tolterodine,
darifenacin, solifenacin), a-blockers/a-adrenergic blockers (e.g.,
tamsulosin), or with desmopressin. Some studies report signiﬁcant
improvements in sleep with anticholinergics or a-blockers.39,40
Although such studies report changes in measures that suggest
improvement in nocturia, some have used scales with uncertain
signiﬁcance. For example, one study reported an improvement of
3.85 in the sleep/energy domain of the King’s Health Questionnaire (KHQ) with tolterodine versus placebo (p ¼ 0.006)41;
however, this scale ranges from 0 to 100 and the relevance of such
small improvements at this level is uncertain e the authors of the
KHQ themselves suggest a change of 5 points is needed before ‘an
important effect at the patient level’ is suggested.42 On the other
hand, a study of darifenacin relying upon daily diaries39 reported
a signiﬁcant reduction in nocturnal awakenings due to micturition
and/or incontinence and/or urgency. It should be noted that this
reduction was reported as the number of voids per week, with
a maximum median treatment difference versus placebo of 1.6
awakenings per week (from a baseline of 12.4); if this were crudely
extrapolated to a nightly basis (as commonly reported in studies of
nocturia therapy), this is would be roughly equivalent to a net
beneﬁt versus placebo of about 0.2 awakenings per night.
Nocturnal polyuria may cause nocturia as an isolated lower
urinary tract symptom or may act in combination with bladder/
prostate-related factors. It has been found to be present in between
58 and 88% of nocturia patients presenting for a large clinical trial of
nocturia therapy,43 and its high prevalence should not be overlooked.
As mentioned, nocturnal polyuria in turn may be caused by a blunted
circadian rhythm of vasopressin release, or other issues such as sleep
apnea, which should be ruled out or treated. As mentioned above,
sleep apnea may lead to an increase in atrial natriuretic peptide,
resulting in nocturnal natriuresis and consequently increased
diuresis (solute diuresis) which does not respond to vasopressin
receptor 2 (V2) agonist treatment (desmopressin).44 A number of
studies have shown a decrease in nocturia episodes and/or nocturnal
urine production with CPAP treatment for sleep apnea.45,46 In other
patients with NP and a dilute diuresis, antidiuretic therapy may be
effective. Desmopressin is a synthetic analogue of the naturallyoccurring antidiuretic hormone, arginine vasopressin, and it has been
found to be an effective treatment in nocturia patients,44 with mean
number of voids per night reduced to less than two on average.47e49
Reductions in nocturia frequency with treatment are accompanied
by a signiﬁcant increase in the hours of undisturbed sleep50 (Fig. 2),
and a lengthening of the initial sleep period compared with
placebo.38,47,48 During the double-blind treatment phase of one 3week study, 27% of patients achieved more than 5 h of unbroken
sleep compared with only 9% of placebo-treated patients.38 In a large
long-term study, the ﬁrst sleep period was signiﬁcantly prolonged
from 157 to 288 minutes in men and 142 to 310 minutes in women.49
Moreover, active treatment improved daytime freshness (i.e., in
response to the question “During the last week, did you often feel
fresh in the mornings?”) signiﬁcantly more than placebo (p ¼ 0.02).38
A small number of studies have attempted to treat nocturia by
targeting the brain rather than the bladder, with the hypothesis
that nocturia in some patients may be attributable to sleep fragmentation causing the patient to wake up and then go to the toilet
because they are awake. For example, Song and Ku,51 showed that
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Fig. 2. Effects of desmopressin treatment on voiding frequency and sleep fragmentation in elderly patients with nocturnal polyuria (N ¼ 17). (Figure based on data from
Lose et al.49).

an a-blocker combined with zolpidem reduced subjectively
reported nocturia episodes more successfully than the a-blocker
alone, but there was no placebo control group in this study. Another
uncontrolled study by Sugaya et al.,52 found that increased physical
activity, itself an intervention known to solidify sleep,53 successfully reduced nocturia. There is some limited evidence then, that
targeting sleep or insomnia may help to reduce nocturia for some
patients, however, studies investigating this approach for treatment of nocturia are scarce. It is reasonable to assume that those
patients with a true mismatch between the amount of urine
produced overnight and the capacity of the bladder to hold urine
overnight (e.g., those with NP) will need to void, and are good
candidates for therapy targeting anomalies in these functions. In
the absence of such speciﬁc knowledge, targeting urinary tract
function or sleep itself may both represent viable treatments for
nocturia. It should be recognized that older people in particular,
who are most likely to be affected by nocturia, are at increased risk
of falls and cognitive-related side effects with sleep medication,54,55 though it is also becoming clear that arising from bed per
se during the night may constitute a risk for falls.54,56
The partner or caregiver
The far-reaching negative consequences of sleep disturbances
should not be under-estimated. Although relatively few studies have
examined the impact of sleep disturbance on families and caregivers,
those that have investigated this issue consistently report considerable difﬁculties for partners of people with nocturia. In one survey of
partners of men with benign prostatic enlargement, three-quarters
were woken up more than once a night by their partner, and nearly
half reported being ‘tired’ the next day because of the frequent
awakenings.57 In another study, sleep was reported to be the area of
greatest concern for wives and partners of men with prostate
symptoms (identiﬁed by using the international prostate symptom
score), with 46% of women waking due to their partner’s night-time
voiding.58 In a recent study in 130 Korean men with nocturia (>1
void) and their spouses, 98% suffered at least one inconvenience that
affected heath-related QoL; sleep disturbance was rated as the most
inconvenient.59 Sixty-two percent of spouses reported fatigue, and
36% reported feeling dissatisﬁed, unhappy, or terrible.
It has been reported that nocturnal problems, including micturition, may contribute to the institutionalization of older relatives.
Such difﬁculties are likely to include episodes of nocturnal incontinence, and the association therefore may not be a result of nocturia
alone. However, if patients with nocturia suffer falls and fractures as
discussed above, an additional strain is placed on families, both
emotionally and practically. Therefore, nocturnal voiding not only
has inevitable consequences for the partner’s sleep patterns, but
may also cause additional difﬁculties and distress for the household.

Health-economic studies in relation to urology, and speciﬁcally
to nocturia and its treatment, are in their infancy, and more analyses are needed to fully evaluate the cost of nocturia and its impact
on sleep for society, and the economic implications of appropriate
therapy. As part of an analysis of the impact of nocturia on functioning and QoL, a prospective Swedish study reported that individuals with nocturia had 9.2% greater overall work impairment
than controls; this was estimated to represent an indirect cost of
9.2% of the annual income. The loss of QoL caused by disease can be
numerically represented in terms of quality-adjusted life years
(QALYs), which are a measure of both quantity and quality of life,
with one full QALY representing perfect health, and 0 representing
death. Increasing severity of nocturia was associated with
a decrease in QALYs.22 Thus, using a multiple regression analysis,
each additional void would equate to a decrease of 0.027 QALYs.
The cost-effectiveness of strategies to address nocturia is
dependent on the etiology of nocturia and the selection of appropriate therapy. Using the above estimates of the reduction in QALYs
with nocturia to gauge the cost-effectiveness of one possible therapy
e antidiuretic treatment for nocturia in patients with NP e it was
calculated that the clinical beneﬁts of symptom improvement
translated to QALY gains of 0.03 for both men and women.22 In
addition, a preliminary analysis of data from published sources
comparing the cost-effectiveness of behavioral changes versus
antidiuretic treatment indicated that, although the direct costs of
pharmacological therapy may be greater than the costs of behavioral
changes,60 antidiuretic treatment of nocturia with NP was associated
with increased productivity and QoL.60 Cost-effectiveness studies of
other therapies such as anticholinergics exist, but few focus on the
impact speciﬁcally of nocturia, disturbed sleep, and improvements
in these nocturnal parameters since symptoms of urgency and
frequency are generally considered primary in patients with overactive bladder.61 While further studies are needed, available data
support the high societal costs of sleep disturbance, and highlight
the need for effective treatment, appropriate to the etiology in the
speciﬁc patient, to reduce the overall socioeconomic burden.
Behavioral treatment may be appropriate for some etiologies of
nocturia, for example in patients with urinary urgency at night or
apparent small bladder capacity. There are various behavioral
techniques for nocturia including bladder training (which involves
strict schedules for bathroom visits), changes in drinking habits and
bladder urge control procedures.62 Behavioral strategies in these
patients can be effective with no side effects, and the beneﬁt to the
patient may be greater than the “cost”.
Conclusions
Sleep plays a vital role in physical and mental functioning. It is
increasingly recognized that poor sleep quality is a highly prevalent
and chronic condition that merits greater awareness due to the
wide-ranging and serious repercussions associated with it. Nocturia
is one of the primary causes of sleep disturbance and has been
shown to impair functioning, QoL, health and productivity, with
those experiencing two or more voids per night reporting signiﬁcant
‘bother’. Many urologists have assumed that if nocturia does not
overtly ‘bother’ the individual, then the ultimate signiﬁcance of
these interruptions from sleep are dubious. As we have shown in this
paper, disregarding the potential consequences of nocturia are
misguided and ignore current literature. By comparison, one would
never ignore treatment of hypertension because the patient was not
bothered by his or her symptoms. Nocturia warrants full consideration as a signiﬁcant target for intervention, aiming to reduce the
burden of poor sleep quality on individuals, families and society.
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Practice points
 Chronic insomnia complaints are very frequent among
older adults with nocturia, particularly difficulty falling
asleep, fewer total hours of sleep, and difficulty falling
back to sleep.
 Nocturia is an independent predictor of insomnia and
deterioration of sleep quality
 Sleep apnea is associated with increased nocturia.
 Nocturia is known to impair functioning, quality of life
and productivity.
 Patients with two or more voids a night have a higher
risk of mortality after controlling for co-morbidities.
 In patients with insomnia co-morbid with nocturia,
health care professionals should consider concurrent
intervention for both conditions.

Research agenda
Future research priorities for understanding the relationship
between sleep and nocturia should include studies:
 To determine the most appropriate endpoint or
outcome measure when evaluating the effect of nocturia and nocturia treatment on sleep.
 To evaluate whether treating insomnia in the absence of
treating nocturia decreases the number of voids per night.
 To evaluate whether treating nocturia in the absence of
treating insomnia improves sleep.
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