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Nocturia: A Highly Prevalent Disorder

With Multifaceted Consequences

Donald L. Bliwise, Adrian Wagg, and Peter K. Sand

Nocturia is a bothersome, multifactorial condition with many underlying causes and contributing factors. Nocturnal poly-
uria (NP; overproduction of urine at night) is a frequent component. The prevalence of nocturia increases with age;
specific estimates of prevalence are influenced by frequency thresholds used to define it. There is a tendency toward
higher prevalence in young women than young men, which is reversed in later life.
The association between frequency of nocturnal voiding and sleep disruption is well-documented. Nocturia correlates

strongly with shorter sleep during the first part (2-4 hours) of the night, during which the first nocturnal void often
occurs. A short time to first void after sleep onset (often referred to as “first uninterrupted sleep period”) is associated
with increased daytime dysfunction and decreased sleep quality and/or sleep efficiency.
Adverse health consequences related to nocturia include poor sleep, depression, reduced quality of life, and increased

risk of morbidity, mortality, falls, and fractures; studies have been able to establish a causal role for nocturia in only some
of these.
The potential impact of nocturia on health increases with age. By age 80, 80% of people will rise at least once per night

to void. Despite its associated bother, nocturia is often accepted as a natural consequence of aging and many people do
not seek help. Women, in particular, may be reluctant to report nocturia.
This article reviews the prevalence of nocturia, possible impact on sleep, mortality and morbidity, and falls, and its

importance in the elderly/frail population and women. UROLOGY 133: 3−13, 2019. © 2019 Elsevier Inc.
Nocturia has been defined by the International
Continence Society (ICS) as “the complaint that
the individual has to wake at night one or more

times for voiding.” Each void is preceded and followed by
sleep.1 Although the ICS definition of nocturia is clear, few
people are bothered or affected by one nightly nocturic epi-
sode, and this does not seem to be either harmful and/or
bothersome.2 Nevertheless, nocturia is considered one of
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the most bothersome lower urinary tract symptoms
(LUTS).3 The majority of people with nocturia report
moderate bother associated with 2 nocturnal voiding epi-
sodes or major bother with 3 or more,4 although the degree
of bother from a similar number of nocturia episodes may
vary from person to person.5

Nocturia is a multifactorial condition with many possi-
ble contributing etiological factors of which nocturnal
polyuria (NP; overproduction of urine at night [greater
than 20%-33% of total 24-hour urine volume depending
on age]) is a frequent contributor,1,6 albeit one which is
often overlooked. NP is present in most patients with
nocturia (76%-88%).6,7 The ICS defines NP as a night-
time urine volume (NUV) that is greater than 20% of
total daily urine output in young people and more than
33% of total daily urine output in elderly people
(>65 years of age).1 NUV is “the total volume of urine
passed between the time the individual goes to bed with
the intention of sleeping and the time of waking with
the intention of rising.” Thus, NUV does not include
the last void before going to bed, but it does include the
first morning void.1 In an effort to provide further clarity
and user-friendly definitions to aid clinical practice and
research, an ICS draft report on the terminology for noctu-
ria and nocturnal lower urinary tract function published in
2019 suggests that NP be redefined as “excessive production
of urine during the individual’s main sleep period”; the
threshold used to quantify “excessive” will need to be
highlighted in clinical and research settings and derived
from a bladder diary.8
3https://doi.org/10.1016/j.urology.2019.07.005
0090-4295
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The multifactorial etiology of nocturia complicates the
diagnosis and treatment of nocturia. Numerous potential
factors underlying nocturia have been identified including
sleep disorders, bladder outlet obstruction, overactive blad-
der (OAB) syndrome, sleep apnea syndrome, amongst
others.1,6,9 Given the myriad of possible contributors to
nocturia, the use of a frequency-volume chart, which pro-
vides an accurate assessment of nocturia, is fundamental to
the identification of the underlying mechanisms, such as
NP, and may help identify the appropriate treatment.
In this article, one of a series of articles published in

this supplement that summarizes the presentations and
discussions from a roundtable meeting focused on noctu-
ria and NP, we examine the prevalence of nocturia, its
potential impact on sleep, mortality, morbidity, quality of
life (QoL), and its importance in the elderly/frail popula-
tion and women.
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Figure 1. Trends in prevalence of nocturia stratified by num-
ber of voids per night and age intervals in (A) men and (B)
women, represented by continuous lines. Square markers
on continuous lines are the mean values of the prevalence
for each category in each age interval. Dotted lines repre-
sent the minimal and maximal values in the literature for
each age interval.10Reprinted from Cornu et al.10 Copyright
2012, with permission from Elsevier B.V.
PREVALENCE OF NOCTURIA AND NP
Using a clinically meaningful definition of nocturia as two
or more voids/night, its prevalence in women in their sec-
ond or third decades was 4.4%-18%, whilst in their sev-
enth and eighth decades it was 28.3%-61.5%. In men, the
corresponding age groups demonstrated a prevalence of
2%-16.6% and 29%-59.3%, respectively. Prevalence
increased with age in both sexes in all studies.6 Illustrative
data from a systematic review by Cornu et al are shown in
Figure 1.10

Irrespective of the varying classifications, 3 epidemio-
logical properties of nocturia persist: (1) it is common; (2)
the prevalence increases with age; and (3) it affects a sig-
nificant proportion of younger individuals. For example,
in the epidemiology and incontinence survey, a popula-
tion-based, cross-sectional telephone interview of 19,165
adult men and women in 5 countries (Canada, Germany,
Italy, Sweden, and the UK), 13% of men and 17% of
women aged <40 years reported 2 or more nocturnal
voids, which increased to 20% and 21% of middle-aged
(aged 40-59 years), and to 35% and 36% of men and
women aged ≥60 years. Unsurprisingly, when nocturia
was defined as one or more voids, the prevalence of noctu-
ria increased in all ages.11

A similar pattern was reported in the USA. Data from
the 2005 to 2006 and 2007 to 2008 cycles of the National
Health and Nutrition Examination Survey, a cross-sec-
tional survey of the United States noninstitutionalized
population, demonstrated an overall prevalence of noctu-
ria (2 or more voids per night) of 21% (weighted 95%
confidence interval [CI] 19.3-23.0) and a linear progres-
sion with age (P <.001) from 8.2% (CI 6.6-10.2) in men
aged 20-34 years to 55.8% (CI 51.3-60.2) in men aged
≥75 years.12

Although usually considered a predominantly male
condition, the prevalence of nocturia in women in the
5 countries participating in the epidemiology and inconti-
nence survey was 54.5% compared with 48.6% in men.11

As noted by Bosch and Weiss in their review, there
4

appears to be a tendency toward a higher prevalence of
ICS-defined nocturia in young women than in young men,
a trend which is reversed in later life.6 In a Finnish study,
higher rates of nocturia were observed for women than for
men in younger populations; this gender difference disap-
peared between the ages of 50-59 years and the prevalence
was higher among men aged >60 years (Fig. 2).13
THE POTENTIAL IMPACT OF NOCTURIA
AND NP ON SLEEP
A large number of observational studies demonstrate a
relationship between the frequency of nocturnal voiding
and the negative effect on QoL and well-being. Foremost,
nocturia is associated with disruption of sleep that can
result in daytime fatigue, cognitive impairment, mood
alterations, increased susceptibility to disease, decreased
work performance, dizziness, an increased risk of falls,
depression, and mortality.14 The effect of disturbed sleep
per se can be best understood in the context of the normal
physiology of sleep.
UROLOGY 133, 2019
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Figure 2. Prevalence by age and sex of nocturia (defined as at least one void per night).13Adapted with permission from Wol-
ters Kluwer Health, Inc.: Tikkinen et al.13
Sleep Quality
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 its associated wide-ranging and serious
repercussions. There are many reasons why sleep can be
disrupted or shortened at night, including primary sleep
disorders, intrinsic lightening of sleep and sleep fragmen-
tation, changes in circadian rhythms, environmental stres-
sors, genetics, or even voluntary curtailment. Patients
frequently report sleep impairment associated with noctu-
ria, although it is often overlooked as a cause of sleep
problems. Sleep disturbance is significantly bothersome in
those with 2 or more nocturnal voids.15 A National Sleep
Foundation survey in the USA in 2003 found that noctu-
ria was the attributed cause of sleep disturbance every
night or almost every night in 53% of those aged 55-84
years. Sleep disturbance due to nocturia was more than 4
times more prevalent than pain, cited as the next most fre-
quent attributed cause (Fig. 3).16
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The Normal Sleep Cycle
The monitoring and staging of human sleep has been well
described in the Principles and Practice of Sleep Medi-
cine.17 The progression of a nightly pattern of sleep com-
prises multiple sleep cycles in which rapid eye movement
(REM) and non-REM (NREM) sleep stages 1-4 alternate.
The normal human adult enters sleep through deeper
NREM stages (stages 2, 3, and 4 using the classic defini-
tions, or stages N2 and N3 using the updated definitions)
before the first episode of REM sleep occurs approximately
≥80 minutes later. Thereafter, NREM sleep and REM
sleep alternate through the night, with an approximately
90-minute cycle (Fig. 4).17

NREM stages 3 and 4 (or stage N3) concentrate in the
early NREM cycles, and REM sleep episodes lengthen
across the night. Stage N1 is considered to be a transition
between wakefulness and sleep. It occurs upon falling
asleep and during brief arousal periods within sleep and
usually accounts for 2%-5% of the total sleep time. Stage
N2 occurs throughout the sleep period and represents
ights/month
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Figure 4. Sequences of states and stages of sleep on a typical night.17Permission is granted to reproduce this figure; Car-
skadon et al.17
45%-55% of the total sleep time. Stage N3 (delta or slow-
wave sleep [SWS]) occurs mostly in the first third of the
night and constitutes 3%-8% of the total sleep time, though
this varies widely across studies. Stage N3 sleep decreases
with aging and differs widely between women and men,
with men showing considerably less N3 sleep in nearly every
age group. REM represents 20%-25% of total sleep time and
usually occurs in 4-6 episodes throughout the night.17

Effects of Sleep Disruption
Interruption of Stage N3 or restorative SWS—even without
a reduction in the total quantity of sleep—leads to fatigue,
increased discomfort, and a decreased pain threshold,18 sug-
gesting that sleep during the first 2-4 hours of the night, in
particular, should be minimally disturbed. The duration of
uninterrupted sleep until the first void may be useful in mea-
suring the impact of nocturia on the patient’s QoL.19 The
importance of SWS deprivation is suggested by the preemp-
tive recovery of SWS during undisturbed subsequent sleep,
which may be either within the same sleep episode or during
the next sleep episode. Furthermore, the association of SWS
with sleep continuity (as assessed by the number of awaken-
ings), suggests that enhancement of SWS may lead to an
improvement in sleep continuity and may contribute to
improved daytime function, noting that loss of SWS early in
the sleep period may not be recovered in later sleep peri-
ods.20 SWS reduction increases morning plasma glucose and
serum insulin responses and reduces postprandial insulin sen-
sitivity, thus playing a key role in the impairment of glucose
tolerance associated with disturbed sleep.21 Interruption of
SWS is linked with impaired glucose metabolism with
abnormalities in glucose intolerance, insulin resistance, and
impaired b-cell function.22

Sleep Disturbances and Nocturia
Several studies have reported that nocturia is associated
with disrupted sleep although the relationship is likely
bidirectional. A polysomnographic analysis of patients
6

with nocturia indicates that nocturnal voiding was associ-
ated with poor sleep across the entire night of sleep.23 In a
multivariate analyses of a large, elderly population (≥60
years) adjusted for potential confounding factors (such as
age, sex, body mass index (BMI), medication use, renal
function, bedtime, rising time, daytime physical activity,
endogenous melatonin levels, and bedroom light levels),
an increased nocturnal voiding frequency (0, 1, 2, 3 or
more), was significantly associated with poorer objective
sleep quality. An increase in nocturnal voiding frequency
was significantly associated with lower sleep efficiency
(SE; duration of time asleep as a proportion of intended
sleep time) and longer wake after sleep onset (WASO)
(mean SE, 86.3, 84.8, 83.6, and 81.2%, respectively;
mean WASO: 42.6, 48.9, 53.6, and 66.1minutes, respec-
tively; both Ptrend <.001).

24 Polysomnographic data from
the Sleep Heart Health Study demonstrated that patients
with nocturia had less total sleep time, sleep efficiency
and proportion of REM sleep, but had a higher arousal
index and were more hypoxemic, the latter indicating a
higher likelihood of sleep apnea. They also were subjec-
tively more sleepy on the basis of their Epworth Sleepiness
Score.25

An association between nocturia and sleep disturbance
is further supported by objective measures of sleep quality
and clinically validated questionnaires, although this is
often not queried on traditional sleep diaries. Sleep diaries
completed by elderly volunteers with poor sleep report
that nightly awakenings are frequently accompanied by
bathroom trips for urination.26 Actigraphic measurements
confirm an association between a higher number of awak-
enings after sleep onset and wake bouts with a greater
number of voids. Wake bouts were a mean of 11.5%
(§23.5%) longer on nights on which there was a trip to
the bathroom (P <.05, paired t test). WASO was also lon-
ger on nights on which there was a trip to the bathroom
(20.8% § 33.0%; P <.05, paired t test). There were no
differences in total sleep time (P = .18), the length of sleep
UROLOGY 133, 2019
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Figure 5. Frequency distribution of time to first void (*Also called first uninterrupted sleep period, FUSP) in untreated
nocturia.28Republished with permission Bliwise et al.28
bouts (P = .52), or the number of sleep (P = .12) or wake
(P = .15) bouts.27

Nocturnal voiding is negatively related to the occur-
rence of the restorative N3 stage of sleep, which can have
a potentially deleterious impact on daytime alertness,
health, and well-being.23 A patient’s first nocturnal void
often occurs within 2 to 3 hours of sleep onset, likely dis-
rupting SWS (Fig. 5).28 This time to first void after sleep
onset (or the first uninterrupted sleep period; FUSP), is an
important indicator of overall sleep quality in people with
nocturia. A shorter FUSP is associated with increased day-
time dysfunction and a decrease in sleep quality, sleep effi-
ciency, and total sleep duration.28

The duration of FUSP is drastically reduced with
increasing severity of nocturia. Compared with those with
1 or 2 nocturnal voids, FUSP was significantly shorter
than in those with 3 or 4 nocturnal voids (150.4 [104.9]
minutes vs 57.4 [34.1] minutes, respectively; t = 2.37,
P <.05).23 Improvements in nocturia are associated with
lengthening of FUSP and result in longer total sleep dura-
tion29 and improvements in scores on the Pittsburgh
Sleep Quality Index—a clinically-validated tool for mea-
suring sleep quality.28,30
NOCTURIA, NP, AND POTENTIAL HEALTH
IMPACTS
Awide range of potential adverse consequences upon health
have been reported as being related to the presence of noc-
turia and its associations with poor sleep. Although a num-
ber of primarily observational, cross-sectional studies
demonstrate relationships between nocturia and these con-
ditions, it is important to note that these studies have been
unable to establish causality and a direct link. Some of the
most convincing evidence that nocturia is a cause for at least
some health consequences has been obtained from clinical
trials that demonstrate improvement in parameters such as
QoL as a result of treatment for nocturia. For example, des-
mopressin, a selective vasopressin receptor 2 (V2) agonist,
has been shown to be effective, well-tolerated and to
improve QoL in adults with nocturia due to NP. Two
UROLOGY 133, 2019
formulations, an orally disintegrating tablet and a low-dose
intranasal spray, showed treatment effects corresponded
with significant improvements in patient QoL based on the
Nocturia QoL questionnaire scores for bother/concern and
sleep/energy; P <.0531 and the Impact of Nighttime Urina-
tion QoL questionnaire scores for overall impact and the
nighttime domain; P ≤.0255.32
DEPRESSION
Nocturia is frequently cited as a cause of mood distur-
bance, although it may be equally likely that the disturbed
sleep associated with depression makes nocturnal voiding
more likely to occur. It is difficult to establish a temporal
link between nocturia and depression to determine which
is primary. A systematic review focused on the relation-
ship between nocturia and depression/anxiety revealed
that depression and nocturia frequently coexist. Overall,
nocturia increased the odds of reporting depression
(odds ratio [OR] 1.20-20.24), while depression similarly
increased the odds of reporting nocturia (OR 1.20-7.73).
The findings of this systematic review suggested a bidirec-
tional association of depression and anxiety with noctu-
ria.33 Nocturia appears to carry a greater risk of depression
in men than in women. Results from the Boston Area
Community Health (BACH) Survey indicate the risk of
depression symptoms in patients with nocturia was almost
3 times higher in men with versus without nocturia, and
almost twice as high in women (OR 2.79, 95% CI 1.81-
4.31, and 1.80, 95% CI 1.29-2.51, respectively). Increased
odds of depression were also observed with an increasing
number of nightly voids. Among women who reported
sleep interference due to urological symptoms, nocturia
was associated with a threefold increase in the odds of
depression.34 Earlier BACH data showed that mean men-
tal health scores were lower in those with nocturia than in
those without nocturia35 and that statistically signifi-
cant associations were observed between depression
and nocturia of any degree of severity among both men
and women.36
7



MORTALITY
Some studies have shown an association between nocturia
and mortality. Increased mortality in individuals with
nocturia might be related to sleep disruption and concom-
itant health issues. Nevertheless, some studies suggest that
nocturia may be an independent predictor of mortality
and indicate a correlation with the number of voiding epi-
sodes. For example, the National Health and Nutrition
Examination Survey III data indicate that nocturia pre-
dicted mortality in men and women after accounting
for major confounding factors. A multivariate analysis
showed a statistically significant trend of increased mortal-
ity risk with increased number of nocturnal voiding epi-
sodes in men and women. The association was strongest
in men and women younger than 65 years. Increased mor-
tality risk was observed with an increase in the number of
nocturnal voids.38 Similarly, in a community-based sam-
ple of Japanese individuals 70 years old or older, the
5-year mortality rate in individuals with nocturia (2 or
more voids per night) was significantly higher than in
those without nocturia (35/359 [9.7%] vs 18/425 [4.2%],
respectively). In patients with nocturia, the mortality haz-
ard ratio (HR), adjusted for age, sex, and BMI, was 1.91
(95% CI 1.07-3.43, P = .03). This relationship was
unchanged (HR: 1.98, 95% CI 1.09-3.59, P = .03) when
adjusted for comorbidities and associated pharmacologic
treatments.39 Neither of these studies controlled for dis-
turbed sleep in their models, thus allowing for the possibil-
ity that sleep disruption from causes other than nocturia
was ultimately the relevant predictor.
In an attempt to overcome some of the limitations of

earlier observational studies, nocturia was examined as a
mortality risk factor based on the baseline data in a large,
well-characterized male population (participants in the
Reduction by Dutasteride of Prostate Cancer Events
[REDUCE] trial), controlling explicitly for a wide range
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of comorbidities and risk factors for nocturia, including
disturbed sleep.40 Nocturia was associated with a risk of
increased mortality (HR = 1.72; 95% CI 1.15-2.55) when
controlled for age, sex, and medical comorbidities. Inclu-
sion of disturbed sleep in the model reduced the magni-
tude of the association (HR = 1.43; 95% CI 0.93-2.19),
arguing for at least partial mediation by disturbed sleep.
These results, although limited to men aged 50-75 years,
suggest that nocturia may be associated with all-cause mor-
tality, even after adjusting for confounding comorbidities.40
QoL
It is well-recognized that nocturia is associated with poorer
QoL and may affect the ability to carry out normal activi-
ties of daily living. In 2003-2004, a survey in Finland
designed to evaluate the associations of nocturia and
health-related quality of life (HRQoL) identified that the
presence of at least two voids per night was associated
with impaired HRQoL, as measured by the generic 15D
instrument. Nocturia was statistically significantly associ-
ated with lower scores in 14 of the 15 domains reported
by men and women in the HRQoL questionnaire (Fig. 6).
For every increase in nocturnal voids above one, further
reductions in HRQoL scores were seen. The mean age-
adjusted 15D score for men (and women) without noctu-
ria was 0.953 (0.950) compared with 0.925 (0.927), 0.898
(0.890), and 0.833 (0.840) for those with 1, 2, and 3 or
more voids per night, respectively.4 In the LUTS Disease-
Specific Program, a noninterventional survey of real-life
clinical practice patients with a diagnosis of nocturia
reported a significantly higher impact on their QoL than
did patients with a diagnosis of daytime LUTS only. The
underlying causes of bother were related to sleep prob-
lems.41 In 2 studies of desmopressin formulations in adults
with nocturia due to NP, treatment effects corresponded
ati
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with significant improvements in patient QoL.31 Nocturia
is one of a range of symptoms associated with OAB. The
MATRIX study assessed HRQoL and safety with transder-
mal oxybutynin in patients with OAB syndrome, more
than 80% of whom were affected with nocturia. In
patients with OAB syndrome, the MATRIX study
assessed HRQoL and safety with the transdermal oxybuty-
nin. A significantly greater proportion of participants
reported improvement rather than worsening on all indi-
vidual item responses for the majority of the King’s Health
Questionnaire domains (range: �4.3% to �29.5%;
P ≤.001). The greatest proportionate changes were for
the domains of Role Limitations (�29.5%), Emotions
(�29.3%), and Personal Relationships (�29.1%).37
WORK PRODUCTIVITY AND ACTIVITY
IMPAIRMENT
Alongside the well-documented associations with QoL
impairment, the presence of bothersome or frequent noc-
turia is also associated with impaired physical activity and
work productivity. For example, data gathered for the
LUTS Disease-Specific Program, revealed that 60% of
patients diagnosed with night-time LUTS reported being
tired “always” or “usually”; this proportion was signifi-
cantly lower for patients with daytime problems only
(37%; P <.0001).42

Overall work productivity impairment associated with
nocturia was between 14% and 39% in a systematic
review which estimated productivity impairment as mea-
sured by the work productivity and activity impairment
instrument. This level of impairment was similar to that
observed in conjunction with other common chronic dis-
eases (eg, GERD, asthma/allergies, sleep problems, OAB
syndrome, and gout).43

Data from other studies support the findings of the
review by Miller et al.43 For example, a cross-sectional
study investigated the relationship between nocturia and
productivity, vitality and utility in a group of working
individuals in Sweden. Here, the presence of nocturia
was associated with a significant impairment in daytime
activity and work productivity. Overall work impairment
statistically significantly increased with increasing sever-
ity of symptoms (impairment increased on average 2%
with each additional void). The overall impairment was
related to reduced productivity as a possible consequence
of nocturia (13% in the nocturia group vs 8.6% for con-
trols). In addition, a higher proportion of people with
nocturia reported sick leave for any reason (21% vs
12.5% in the control group).44 The relationship between
nocturnal voids and sick leave was confirmed by data
from a postal survey in Sweden. Seven or more days of
sick leave during the past year was reported by 13.4% of
the men and 24.7% of the women with no nocturnal
voids, and by 19.9%, 20.4%, and 55.6% of the men
(P = .001) and 25.4%, 44.6%, and 50% of women
(P = .001) with 1, 2, and 3 or more nocturnal voids,
respectively.45
UROLOGY 133, 2019
FALLS AND FRACTURES
An association between nocturia and falls was reported in
ambulatory elderly participants in 1992.46 Since then sev-
eral retrospective, population-based studies have suggested
that nocturia may be a risk factor for falls and fractures.
A study to evaluate the relationship between hip fractures
and nocturia in elderly people in Finland found that the
occurrence of hip fractures increased in relation to the
number of nocturnal micturition episodes and with an
increased nocturnal urine output. The risk of hip fractures
was independently increased by 3 or more nocturia epi-
sodes/night vs ≤2 episodes/night (OR 1.8, 95% CI 1.1-
3.0).47 An association of nocturia with fracture risk was
also observed in Japanese individuals ≥70 years old. For
all fractures and fall-related fractures with nocturia the
HR was 2.01 (95% CI 1.04-3.87; P = .04) and 2.20 (95%
CI 1.04-4.68; P = .04).39

Additionally, in a prospective, cohort study of commu-
nity-dwelling, elderly people, nocturia (≥3 voids/night)
was associated with an approximately 28% increased risk
of falling. The increase in the risk of an incident fall asso-
ciated with nocturia was 1.27 (95% CI 1.01-1.60). The
effect was similar following adjustment for age, sex, race,
and length of follow-up. The authors suggested that their
study supported the notion that repeatedly arising from
bed, perhaps in a sleepy state, to walk to the bathroom in
a dark or dimly lit room may be the contributing factor
associated with these falls. Daytime falls may also be
related to sleep deprivation resulting from numerous
awakenings in connection with nocturia/NP.48 There are,
however, significant limitations of these data. Although
nocturia has been consistently associated with an
increased risk of falls and fractures, in a similar fashion to
urinary urgency and urgency incontinence by day. Data
on this temporal association are few and limited to falls,
regardless of timing, in community-dwelling elderly
women, which failed to demonstrate a strong association
with LUTS49 and to falls where a relationship to toileting
in hospital inpatients has been demonstrated.50-52 Like-
wise, there are no clinical trials that have addressed the
impact of any nocturia intervention with falls or falls risk
as a primary outcome. The relatively low absolute inci-
dence of falls, even in a population at risk, makes this a
daunting task.
NOCTURIA IN THE FRAIL ELDERLY
As previously discussed, the prevalence of nocturia and its
considerable negative impact on QoL and health increases
with age and is associated with social isolation, depression,
and increased risk of morbidity and mortality. It is practi-
cally axiomatic that nocturia in the elderly is related to
NP; hence the need for a discussion on the nexus among
nocturia, NP, and frailty.

Frailty is a distinct clinical syndrome, associated with
the aging process, in which multiple body systems gradu-
ally lose their physiological reserve. Consequently, frail
9



people are, by definition, particularly vulnerable to func-
tional decline or death, often after an apparently minor
challenge to their health. Frailty carries an increased risk
for poor health outcomes, including falls, incident disabil-
ity, hospitalization, and mortality.53,54

What is Frailty?
A variety of models have been described in an attempt to
explain the physiological, biological, and molecular path-
ways of the syndrome. The phenotypic model53 and the
accumulated deficit model55 are the 2 best established
international frailty models. In the phenotypic definition,
frailty is postulated to be a “biologic syndrome of decreased
reserve and resistance to stressors, resulting from cumulative
declines across multiple physiologic systems”. In this model
a frailty phenotype is defined by 5 physical characteristics:
reduced grip strength, slow walking speed, low level of physi-
cal activity, self-reported exhaustion, and unintentional
weight loss. People with 1 or 2 characteristics are identified
as prefrail; those with 3 or more are identified as frail.53

The accumulated deficits model identifies frailty based
on the number of deficits accumulated, including clinical
signs, symptoms, diseases, physical and cognitive impair-
ments, psychosocial risk factors, and common geriatric
syndromes, which are combined to form a frailty index.
An individual's frailty index (FI) score is based on a sim-
ple count of the number of deficits present expressed as a
proportion of potential deficits and indicates the likeli-
hood that frailty is present.55 An integral conceptual
model of frailty has been proposed that includes physical,
psychological, and social domains of frailty extend to
include a fourth domain, cognitive frailty (Fig. 7).56,57
Fra
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Figure 7. Adapted version of the integral conceptual model of fr
et al.56
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Mortality, Morbidity, and Frailty
Whichever frailty model is considered when examining
the complex and heterogeneous scenario of frailty in older
persons, there is no doubt that frailty correlates with mor-
tality. An evaluation of the prevalence and 10-year out-
comes of frailty in older adults in relation to deficit
accumulation indicates that the prevalence of frailty
increases with age and at any age frailty lessens survival.
The mean FI increases with age, as does the mortality
rate. The correlation coefficient (r) between age and the
mean FI value was high for both men (r = .989, P = .001)
and women (r = .992, P = .001). The mean FI was signifi-
cantly higher (P <.001) in people who died (0.195 §
0.135) than in those who survived (0.119 § 0.102).58

Similarly, in a representative Canadian population survey
(N = 66,589) the proportion of accumulated deficits in FI
showed a linear relationship with mortality. On average,
although women accumulated more deficits than men of
the same age, their risk of mortality is lower.54 A system-
atic review and meta-analysis has demonstrated the FI is a
significant predictor of mortality; a higher FI was signifi-
cantly associated with higher mortality risk (pooled HR
for 13 cohorts: 1.039, 95% CI 1.033-1.044, P <.001).59

The FI is a sensitive predictor of survival; personal biologi-
cal age (which can be estimated from the FI), is a stronger
correlate of mortality than chronological age.60 The
dependence of the mortality rate on the FI supports its use
as a simple and accessible tool for estimating individual
risks of mortality.

Data from the Cardiovascular Health Study show mod-
est concordance between frailty and disability. Of those
who were frail, 46% had comorbid disease, 6% had
ilty
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• Depressive symptoms
• Mental health
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Excessive 
healthcare utlization

Death

Psychological

Social

ailty, based on Gobbens, 2010.56Adapted from van Oostrom
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activities of daily living (ADL) disability, 22% had both
comorbid disease and ADL disability, and 27% had nei-
ther ADL disability nor comorbidity.53 Around 15%
(95% CI 14-16%) of the older non-nursing home popula-
tion were frail, and 45% (95% CI 44-47%) were prefrail;
chronic disease and disability prevalence increased with
frailty; >50% of frail people had had a fall in the previous
year.61 The incidence of frailty and LUTS both increase
with age, but there is limited information available on
frailty and associated nocturia. A Brazilian cross-sectional
urban study in an independent elderly population showed
that incontinence doubled in the frail vs nonfrail (42.9%
vs 20.8%, respectively).62 Similarly, in a Taiwanese study
from veterans’ nursing homes, the presence of frailty was
more common among people with urinary incontinence
than those without (60.7% vs 32.3%, P <.001)63 but, as in
the Brazilian study, nocturnal LUTS were not expressed
separately from overall incontinence.
NOCTURIA AND NP IN WOMEN
Nocturia in women is a notable health concern, associated
with significant morbidity and decreases in HRQoL. Noc-
turia and NP are common among women; among young
adults, the prevalence of nocturia is generally greater in
women, except in very late life.6,10 The prevalence of noc-
turia is more common in parous women and shows a linear
increase with age, occurring in more than 50% of women
aged ≥80 years.10 Studies also suggest that nocturia is more
frequent during pregnancy and postpartum, as well as post-
menopausally.9 The proposed link between nocturia and
menopause has been challenged, and recent nomenclature
(''genitourinary syndrome of menopause'') describing the
genitourinary symptoms associated with menopause does
not explicitly include nocturia.64 Although data are limited
regarding the exact etiology of nocturia in women, a num-
ber of studies have identified risk factors for its occurrence,
including urgency and snoring,6 high BMI,65 age, hyperten-
sion, and heavy smoking.66

A survey of 3,669 40- to 64-year-old Swedish women
analyzed the relationship between nocturnal micturition
and health. Poor health was 8 times more common
in women with 3 or more nocturnal voiding episodes than
in women with no such episodes; poor health was reported
by 4.7% of the women without nocturnal micturition, and
by 11.2%, 20.1%, and 39.0% (P <.0001) of the women
with 1, 2, and 3 or more nocturnal voiding episodes, respec-
tively.67 In addition, the profound effects of nocturia on
perceived state of health was independent of heart disease,
diabetes, age, and menopausal status.67 Furthermore, data
drawn from a survey of physicians and patients in France,
Germany, Spain, UK, and USA to assess the impact of
nocturia, revealed that women with nocturia and daytime
symptoms had the worst outcomes of all the diagnostic sub-
groups on 3 PRO scales (the OAB Questionnaire Short
Form, the Nocturia Impact Diary, and the Work Productiv-
ity and Activity Impairment Questionnaire).42
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Women with regular nocturia report a pronounced
deterioration in their sleep, QoL, and general health.68

Possible associations between excessive daytime sleepiness
and nocturia were investigated in a group of Brazilian
women undergoing screening for cervical cancer. In these
women (aged 18-89 years), the prevalence of excessive
daytime sleepiness was 31.3% and the majority of
respondents (56.7%) reported having nocturia; 32.4% of
the women reported nocturia once a night and 24.3% had
2 or more nocturnal voids. The relative risk of excessive
daytime sleepiness was 1.58 (CI 1.06-2.37) in women
with 2 or more nocturnal voids, independent of time in
bed (P = .030). In addition, women with a higher noctur-
nal voiding frequency had worse quality of sleep
(P <.001) and a higher prevalence of daytime sleepiness
(P = .016).69 Effective pharmacologic treatment of
urgency urinary incontinence is associated with a
decreased frequency of incontinence and nocturia, and an
improvement in overall sleep quality, sleep duration, and
sleep efficiency. A secondary analysis of the data from a
multicenter, double-blind, 12-week randomized trial (4-8
mg fesoterodine [antimuscarinic] therapy daily versus pla-
cebo) found a greater improvement in sleep quality (total
Pittsburgh Sleep Quality Index score 0.48; P = .02) and a
greater improvement in sleep duration and sleep efficiency
subscales (P <.05), although intervention did not affect
daytime sleepiness. The improvement in nighttime void-
ing frequency was found to explain 13% of the treatment
association with sleep quality.70

The lower estrogen levels that occur in relation to
the menopause and beyond are associated with urinary
frequency, urgency, and nocturia. Postmenopausal
women are often prescribed vaginal estrogen to help
combat vaginal and lower urinary tract symptoms such
as dryness, dyspareunia, urgency, frequency and recur-
rent urinary tract infections. A systematic review, con-
ducted by the Society of Gynecologic Surgeons,
compared the efficacy and safety of vaginal estrogens
with placebo, systemic estrogen, and nonhormonal vag-
inal alternatives in the management of genitourinary
syndrome of menopause. In addition to relieving com-
mon vulvovaginal atrophy-related symptoms, vaginal
estrogens offered substantial improvement in symptoms
of urinary urgency, frequency, nocturia, stress urinary
incontinence, and urgency urinary incontinence.71
CONCLUSIONS AND FUTURE LINES OF
INVESTIGATION
Nocturia and NP are common and deserve attention.
Anyone can be affected but it is most prevalent in later
life and affects both men and women. Nocturia disturbs
sleep and can seriously affect QoL and health.

Nocturia develops against a background of age-related
changes in the renal and urinary systems, sleep disturban-
ces, and concurrent disease states, and with pharmaco-
logic interventions. In particular, sleep interruption may
have numerous negative consequences for those with
11



nocturia, including daytime fatigue, difficulty concentrat-
ing, mood alterations, and decreased workplace productiv-
ity. The detrimental effects of sleep fragmentation are
especially difficult for those with active lifestyles and
demanding work schedules.
Nocturia may be responsible for significant morbidity and

increased risk of falls and fractures, and is a strong predictor
of mortality, with a dose-response pattern of increased mor-
tality risk with increasing number of nocturnal voids. The
consequences of nocturia, as demonstrated by their improve-
ment in randomized clinical trials, are: a lower QoL,
increased depression, and poorer sleep quality. Nocturia is
associated with poor concentration at work and can lead to
a loss of productivity. Despite its impact, nocturia is often
accepted as a natural consequence of aging; many people do
not seek help and are less likely to do so with increasing
age.31 In the elderly, frailty may be useful concept for risk
assessment that can be applied to the elderly population in
care settings as well as in the community.
Progress in the treatment of nocturia and NP will be

aided by research initiatives aimed at better understanding
the pathophysiological basis of nocturia. Identifying an
independent relationship between nocturia and sleep dis-
turbance represents a challenge. However, more detailed
measurements of sleep need to be employed to fully under-
stand the complex relationship between sleep disorders
and nocturnal urine production and to characterize the
various chronobiological components of excess nocturnal
urine production. Additionally, it is unclear which factor
(nocturia or sleep disturbance) is the biggest detriment to
QoL.
Although falls are undoubtedly associated with the pres-

ence of nocturia, and also represent a significant economic
burden, further investigations are needed to determine the
underlying mechanisms of the observed association. Institu-
tion-wide fall-rate studies may help to characterize the extent
of the problem, and in addition there is a need to better
understand the relationship between the frailty and nocturia.
Acknowledgments. The authors gratefully acknowledge the
contributions of the following individuals who participated in the
discussion that shaped the content of this article: Lori A Birder;
Matthew R. Epstein; Karel Everaert; Philip EV Van Kerrebroeck;
Jason Lazar; Thomas F. Monaghan; and Jeffrey P. Weiss. Writing
and editorial assistance were provided by Diane Kwiatkoski, Gra-
ham Joint, and Eric Weathers of IQVIA.
References
1. van Kerrebroeck P, Abrams P, Chaikin D, et al. The standardisation

of terminology in nocturia: report from the standardisation sub-
committee of the International Continence Society. Neurourol
Urodyn. 2002;21:179–183.

2. Bosch JL, Everaert K, Weiss JP, et al. Would a new definition and
classification of nocturia and nocturnal polyuria improve our manage-
ment of patients? ICI-RS 2014.Neurourol Urodyn. 2016;35:283–287.

3. Agarwal A, Eryuzlu LN, Cartwright R, et al. What is the most
bothersome lower urinary tract symptom? Individual- and popula-
tion-level perspectives for both men and women. Eur Urol.
2014;65:1211–1217.
12
4. Tikkinen KA, Johnson 2nd TM, Tammela TL, et al. Nocturia
frequency, bother, and quality of life: how often is too often? A
population-based study in Finland. Eur Urol. 2010;57:488–496.

5. Vaughan CP, Eisenstein R, Bliwise DL, et al. Self-rated sleep charac-
teristics and bother from nocturia. Int J Clin Pract. 2012;66:369–373.

6. Bosch JL, Weiss JP. The prevalence and causes of nocturia. J Urol.
2013;189(1 Suppl):S86–S92.

7. Weiss JP, van Kerrebroeck PEV, Klein BM, Nørgaard JP. Excessive
nocturnal urine production is a major contributing factor to the eti-
ology of nocturia. J Urol. 2011;186:1358–1363.

8. Hashim H, Blanker MH, Drake MJ, et al. International Continence
Society (ICS) report on the terminology for nocturia and nocturnal
lower urinary tract function. Neurourol Urodyn. 2019;38:499–508.

9. Miot»a P, Dobruch J, Lipi�nski M, et al. Diagnostic and therapeutic
recommendations for patients with nocturia. Cent Eur J Urol.
2017;70:388.

10. Cornu J-N, Abrams P, Chapple CR, et al. A contemporary assess-
ment of nocturia: definition, epidemiology, pathophysiology, and
management—a systematic review and meta-analysis. Eur Urol.
2012;62:877–890.

11. Irwin DE, Milsom I, Hunskaar S, et al. Population-based survey of
urinary incontinence, overactive bladder, and other lower urinary
tract symptoms in five countries: results of the EPIC study. Eur Urol.
2006;50:1306–1314. discussion 1314-1305.

12. Markland AD, Vaughan CP, Johnson TM, Goode PS, Redden DT,
Burgio KL. Prevalence of nocturia in United States Men: results
From the National Health and Nutrition Examination Survey.
J Urol. 2011;185:998–1002.

13. Tikkinen KAO, Tammela TLJ, Huhtala H, Auvinen A. Is nocturia
equally common among men and women? A population based study
in Finland. J Urol. 2006;175:596–600.

14. Asplund R. Nocturia: consequences for sleep and daytime activities
and associated risks. Eur Urol. 2005;3:24–32.

15. Ancoli-Israel S, Bliwise DL, Nørgaard JP. The effect of nocturia on
sleep. Sleep Med Rev. 2011;15:91–97.

16. Bliwise DL, Foley DJ, Vitiello MV, Ansari FP, Ancoli-Israel S,
Walsh JK. Nocturia and disturbed sleep in the elderly. Sleep Med.
2009;10:540–548.

17. Carskadon MA, Dement WC. Normal human sleep: an overview.
In: Kryger MH, Roth T, Dement WC, eds. Principles and Practice of
Sleep Medicine. 5th ed Saint Louis: Elsevier Saunders; 2011:16–26.

18. Lentz MJ, Landis CA, Rothermel J, Shaver JL. Effects of selective
slow wave sleep disruption on musculoskeletal pain and fatigue in
middle aged women. J Rheumatol. 1999;26:1586–1592.

19. Stanley N. The physiology of sleep and the impact of ageing. Eur
Urol Suppl. 2005;3:17–23.

20. Dijk DJ. Regulation and functional correlates of slow wave sleep.
J Clin Sleep Med. 2009;5(suppl 2):S6–15.

21. Herzog N, Jauch-Chara K, Hyzy F, et al. Selective slow wave sleep
but not rapid eye movement sleep suppression impairs morning glu-
cose tolerance in healthy men. Psychoneuroendocrinology. 2013;38:
2075–2082.

22. Tasali E, Leproult R, Ehrmann DA, Van Cauter E. Slow-wave sleep
and the risk of type 2 diabetes in humans. Proc Natl Acad Sci U S A.
2008;105:1044–1049.

23. Bliwise DL, Dijk DJ, Juul KV. Nocturia is associated with loss of
deep sleep independently from sleep apnea. Neurourol Urodyn.
2015;34:392.

24. Obayashi K, Saeki K, Kurumatani N. Quantitative association
between nocturnal voiding frequency and objective sleep quality in
the general elderly population: the HEIJO-KYO cohort. Sleep Med.
2015;16:577–582.

25. Parthasarathy S, Fitzgerald M, Goodwin JL, Unruh M, Guerra S,
Quan SF. Nocturia, sleep-disordered breathing, and cardiovascular
morbidity in a community-based cohort. PLoS One. 2012;7:e30969.

26. Bliwise DL, Friedman L, Hernandez B, Zeitzer JM, Kushida CA, Yes-
avage JA. Nocturia reported in nightly sleep diaries: common occur-
rence with significant implications? Health Psychol. 2014;33:
1362–1365.
UROLOGY 133, 2019

http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0001
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0001
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0001
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0001
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0002
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0002
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0002
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0003
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0003
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0003
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0003
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0004
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0004
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0004
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0005
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0005
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0006
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0006
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0007
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0007
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0007
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0008
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0008
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0008
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0009
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0009
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0009
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0009
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0009
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0010
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0010
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0010
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0010
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0011
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0011
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0011
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0011
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0012
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0012
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0012
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0012
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0013
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0013
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0013
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0014
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0014
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0015
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0015
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0016
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0016
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0016
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0017
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0017
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0017
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0018
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0018
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0018
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0019
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0019
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0020
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0020
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0021
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0021
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0021
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0021
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0022
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0022
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0022
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0023
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0023
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0023
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0024
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0024
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0024
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0024
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0025
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0025
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0025
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0026
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0026
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0026
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0026


27. Zeitzer JM, Bliwise DL, Hernandez B, Friedman L, Yesavage JA.
Nocturia compounds nocturnal wakefulness in older individuals
with insomnia. J Clin Sleep Med. 2013;9:259–262.

28. Bliwise DL, Holm-Larsen T, Goble S, Nørgaard JP. Short time to
first void is associated with lower whole-night sleep quality in noctu-
ria patients. J Clin Sleep Med. 2015;11:53–55.

29. Bliwise DL, Holm-Larsen T, Goble S, Juul KV, van der Meulen EA,
Nørgaard JP. Delay of first voiding episode is associated with longer
reported sleep duration. Sleep Health. 2015;1:211–213.

30. Bliwise DL, Holm-Larsen T, Goble S. Increases in duration of first
uninterrupted sleep period are associated with improvements in
PSQI-measured sleep quality. Sleep Med. 2014;15:1276–1278.

31. Weiss JP, Zinner NR, Klein BM, Nørgaard JP. Desmopressin orally
disintegrating tablet effectively reduces nocturia: results of a ran-
domized, double-blind, placebo-controlled trial. Neurourol Urodyn.
2012;31:441–447.

32. Kaminetsky J, Fein S, Dmochowski R, et al. Efficacy and safety of
SER120 nasal spray in patients with nocturia: pooled analysis of 2
randomized, double-blind, placebo controlled, phase 3 trials. J Urol.
2018;200:604–611.

33. Breyer BN, Shindel AW, Erickson BA, Blaschko SD, Steers WD,
Rosen RC. The association of depression, anxiety and nocturia: a
systematic review. J Urol. 2013;190:953–957.

34. Kupelian V, Wei JT, O'Leary MP, Nørgaard JP, Rosen RC, McKin-
lay JB. Nocturia and quality of life: results from the Boston area com-
munity health survey. Eur Urol. 2012;61:78–84.

35. Fitzgerald MP, Litman HJ, Link CL, McKinlay JB, Investigators BS.
The association of nocturia with cardiac disease, diabetes, body mass
index, age and diuretic use: results from the BACH survey. J Urol.
2007;177:1385–1389.

36. Kupelian V, Rosen RC, Link CL, et al. Association of urological
symptoms and chronic illness in men and women: contributions of
symptom severity and duration−results from the BACH Survey.
J Urol. 2009;181:694–700.

37. Sand P, Zinner N, Newman D, et al. Oxybutynin transdermal sys-
tem improves the quality of life in adults with overactive bladder:
a multicentre, community-based, randomized study. BJU Int.
2007;99:836–844.

38. Kupelian V, Fitzgerald MP, Kaplan SA, Nørgaard JP, Chiu GR,
Rosen RC. Association of nocturia and mortality: results from the
Third National Health and Nutrition Examination Survey. J Urol.
2011;185:571–577.

39. Nakagawa H, Niu K, Hozawa A, et al. Impact of nocturia on bone
fracture and mortality in older individuals: a Japanese longitudinal
cohort study. J Urol. 2010;184:1413–1418.

40. Bliwise DL, Howard LE, Moreira DM, Andriole GL, Hopp ML, Freed-
land SJ. Nocturia and associated mortality: observational data from the
REDUCE trial. Prostate Cancer Prostatic Dis. 2019;22:77–83.

41. Everaert K, Herve F, Bower W, et al. How can we develop a more
clinically useful and robust algorithm for diagnosing and treating
nocturia? ICI-RS 2017. Neurourol Urodyn. 2018;37:S46–S59.

42. Everaert K, Anderson P, Wood R, Andersson FL, Holm-Larsen T.
Nocturia is more bothersome than daytime LUTS: results from an
observational, real-life practice database including 8659 European
and American LUTS patients. Int J Clin Pract. 2018;72:e13091.

43. Miller PS, Hill H, Andersson FL. Nocturia work productivity and
activity impairment compared with other common chronic diseases.
Pharmacoeconomics. 2016;34:1277–1297.

44. Kobelt G, Borgstrom F, Mattiasson A. Productivity, vitality and util-
ity in a group of healthy professionally active individuals with noctu-
ria. BJU Int. 2003;91:190–195.

45. Asplund R, Marnetoft SU, Selander J, Akerstrom B. Nocturia in
relation to somatic health, mental health and pain in adult men and
women. BJU Int. 2005;95:816–819.

46. Stewart RB,MooreMT,May FE, Marks RG, HaleWE. Nocturia: a risk
factor for falls in the elderly. J AmGeriatr Soc. 1992;40:1217–1220.

47. Asplund R. Hip fractures, nocturia, and nocturnal polyuria in the
elderly. Arch Gerontol Geriatr. 2006;43:319–326.
UROLOGY 133, 2019
48. Vaughan CP, Brown CJ, Goode PS, Burgio KL, Allman RM, Johnson
2nd TM. The association of nocturia with incident falls in an elderly
community-dwelling cohort. Int J Clin Pract. 2010;64:577–583.

49. Edwards R, Hunter K, Wagg A. Lower urinary tract symptoms and
falls in older women: a case control study. Maturitas. 2015;80:
308–311.

50. Chen XL, Liu YH, Chan DK, Shen Q, Van Nguyen H. Characteris-
tics associated with falls among the elderly within aged care
wards in a tertiary hospital: a retrospective. Chin Med J. 2010;123:
1668–1672.

51. Ishikuro M, Ramon Gutierrez Ubeda S, Obara T, et al. Exploring
risk factors of patient falls: a retrospective hospital record study in
Japan. Tohoku J Exp Med. 2017;243:195–203.

52. Magota C, Sawatari H, Ando SI, et al. Seasonal ambient changes
influence inpatient falls. Age Ageing. 2017;46:513–517.

53. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evi-
dence for a phenotype. J Gerontol A Biol Sci Med Sci. 2001;56:
M146–M156.

54. Mitnitski AB, Mogilner AJ, MacKnight C, Rockwood K. The mor-
tality rate as a function of accumulated deficits in a frailty index.
Mech Ageing Dev. 2002;123:1457–1460.

55. Mitnitski AB, Mogilner AJ, Rockwood K. Accumulation of deficits
as a proxy measure of aging. Sci World J. 2001;1:323–336.

56. van Oostrom SH, van der AD, Rietman ML, et al. A four-domain
approach of frailty explored in the Doetinchem Cohort Study. BMC
Geriatr. 2017;17:196.

57. Gobbens RJ, Luijkx KG, Wijnen-Sponselee MT, Schols JM.
Towards an integral conceptual model of frailty. J Nutr Health Aging.
2010;14:175–181.

58. Song X, Mitnitski A, Rockwood K. Prevalence and 10-year out-
comes of frailty in older adults in relation to deficit accumulation.
J Am Geriatr Soc. 2010;58:681–687.

59. Kojima G, Iliffe S, Walters K. Frailty index as a predictor of
mortality: a systematic review and meta-analysis. Age Ageing.
2018;47:193–200.

60. Mitnitski AB, Graham JE, Mogilner AJ, Rockwood K. Frailty, fitness
and late-life mortality in relation to chronological and biological
age. BMC Geriatr. 2002;2:1.

61. Bandeen-Roche K, Seplaki CL, Huang J, et al. Frailty in older
adults: a nationally representative profile in the United States.
J Gerontol A Biol Sci Med Sci. 2015;70:1427–1434.

62. Calado LB, Ferriolli E, Moriguti JC, Martinez EZ, Lima NK. Frailty
syndrome in an independent urban population in Brazil (FIBRA
study): a cross-sectional populational study. Sao Paulo Med J.
2016;134:385–392.

63. Wang CJ, Hung CH, Tang TC, et al. Urinary incontinence and its
association with frailty among men aged 80 years or older in Taiwan:
a cross-sectional study. Rejuvenation Res. 2017;20:111–117.

64. Kurtzman JT, Bergman AM, Weiss JP. Nocturia in women. Curr
Opin Urol. 2016;26:315–320.

65. Asplund R. Obesity in elderly people with nocturia: cause or conse-
quence? Can J Urol. 2007;14:3424–3428.

66. Yoshimura K, Terada N, Matsui Y, Terai A, Kinukawa N, Arai Y.
Prevalence of and risk factors for nocturia: analysis of a health
screening program. Int J Urol. 2004;11:282–287.

67. Asplund R, Aberg HE. Nocturia and health in women aged 40-64
years.Maturitas. 2000;35:143–148.

68. Lose G, Alling-Moller L, Jennum P. Nocturia in women. Am J
Obstet Gynecol. 2001;185:514–521.

69. Sacomori C, Cardoso FL, Louzada FM, Pereira EF. Excessive day-
time sleepiness and nocturia in women. Sleep Med. 2014;15:
677–680.

70. Warsi QA, Huang AJ, Hess R, et al. Association of pharmacologic
treatment of urgency urinary incontinence with sleep quality and
daytime sleepiness. Obstet Gynecol. 2018;131:204–211.

71. Rahn DD, Carberry C, Sanses TV, et al. Vaginal estrogen for genito-
urinary syndrome of menopause: a systematic review. Obstet Gynecol.
2014;124:1147–1156.
13

http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0027
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0027
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0027
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0028
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0028
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0028
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0029
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0029
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0029
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0030
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0030
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0030
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0031
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0031
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0031
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0031
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0032
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0032
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0032
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0032
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0033
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0033
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0033
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0034
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0034
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0034
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0035
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0035
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0035
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0035
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0036
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0036
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0036
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0036
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0037
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0037
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0037
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0037
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0038
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0038
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0038
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0038
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0039
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0039
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0039
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0040
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0040
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0040
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0041
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0041
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0041
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0042
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0042
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0042
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0042
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0043
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0043
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0043
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0044
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0044
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0044
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0045
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0045
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0045
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0046
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0046
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0047
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0047
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0048
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0048
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0048
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0049
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0049
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0049
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0050
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0050
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0050
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0050
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0051
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0051
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0051
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0052
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0052
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0053
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0053
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0053
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0054
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0054
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0054
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0055
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0055
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0056
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0056
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0056
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0057
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0057
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0057
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0058
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0058
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0058
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0059
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0059
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0059
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0060
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0060
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0060
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0061
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0061
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0061
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0062
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0062
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0062
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0062
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0063
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0063
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0063
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0064
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0064
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0065
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0065
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0066
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0066
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0066
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0067
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0067
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0068
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0068
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0069
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0069
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0069
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0070
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0070
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0070
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0071
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0071
http://refhub.elsevier.com/S0090-4295(19)30624-7/sbref0071

	Nocturia: A Highly Prevalent Disorder With Multifaceted Consequences
	Prevalence of Nocturia and NP
	The Potential Impact of Nocturia and NP on Sleep
	Sleep Quality
	The Normal Sleep Cycle
	Effects of Sleep Disruption
	Sleep Disturbances and Nocturia

	Nocturia, NP, and Potential Health Impacts
	Depression
	Mortality
	QoL
	Work Productivity and Activity Impairment
	Falls and Fractures
	Nocturia in the Frail Elderly
	What is Frailty?
	Mortality, Morbidity, and Frailty

	Nocturia and NP in Women
	Conclusions and Future Lines of Investigation
	Acknowledgments
	References


