
Disease state Review

Nocturia: Focus on Etiology and 
Consequences
Jeffrey P. Weiss, MD, FACS
Department of Urology, SUNY Downstate College of Medicine, Brooklyn, NY

Nocturia is a condition characterized by the need to awaken  1 times per night to void. 
Although nocturia is a multifactorial condition that can coexist with other lower urinary 
tract symptoms, the most common causal factor is nighttime overproduction of urine. 
Many people with nocturia do not seek help, accepting it as a natural consequence of 
aging. However, nocturia is common in men and women of all ages and has a profound 
impact on quality of life, especially in the young, that may be associated with increased 
morbidity and mortality. Nocturia as a condition deserves public health attention. 
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Nocturia is defined as the need to awaken  1 
times per night to void.1 It is divided into 
two main categories: upper urinary tract and 

lower urinary tract dysfunction. However, nocturia 
has long been considered one of a range of symp-
toms associated with well-recognized lower urinary 
tract symptoms (LUTS), such as benign prostatic 
obstruction (BPO) and overactive bladder (OAB). 
This assumption is not surprising, given that BPO 
and OAB are generally associated with urinary fre-
quency. However, although nocturia is urinary 
frequency that occurs during nighttime sleep, it 
is not necessarily driven by a lower urinary tract 

dysfunction involving the bladder, prostate, or ure-
thra; it may be driven instead by nighttime urine 
overproduction, or nocturnal polyuria (NP), result-
ing from renal, cardiovascular, or pulmonary factors.

Although nocturia has been shown to be one of 
the most bothersome LUTS2,3 and despite much 
emphasis placed on the need to improve patient-
reported outcomes in all LUTS, nocturia has not 
received the clinical attention that it deserves.4 
In trials reporting the impact on nocturia of BPO 
and OAB medications, such as a-antagonists and 
antimuscarinics, the clinical significance of the 
reductions in  nocturnal voids, although in some 
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ranges were reported in men. The 
proportion of men aged 20 to 30 
years reporting  2 voids per night 
was 2% to 17%, rising to 29% to 
59% in men aged 70 to 80 years. In  
European Pain in Cancer (EPIC), a 
population-based, cross-sectional 
telephone survey of 19,165 adult 
men and women in five countries 
(Canada, Germany, Italy, Sweden, 
and the United Kingdom), 13% 
to 17% of adults aged , 40  years 
reported  2 nocturnal voids, 
increasing to 20% to 21% of middle-
aged men and women and 35% to 
36% of adults aged  60 years.8 The 
condition, therefore, can affect up 
to one in five or six younger adults, 
as well as up to one-third of older 
people.8,9

In addition to nocturia preva-
lence increasing with age, it is 
also common in certain racial and 
patient populations. Data from 
the National Health and Nutrition 
Examination Survey demonstrated 
that non-Hispanic black men are 
at greater risk for nocturia even 
when controlling for other factors, 
such as education and income.9 
Almost 84% of patients in an OAB 

Nocturia Is the Most 
Common LUTS
Although its prevalence is generally 
underestimated, nocturia is in fact 
an extremely common condition, 
affecting both men and women of 
all ages. Almost 69% of men and 
76% of women (aged  40 years) in 
the United States, United Kingdom, 
and Sweden, randomly selected 

cases demonstrating statistical sig-
nificance, is yet to be determined.5 
Many clinicians consider nocturia 
to be of minor concern and do little 
to dispel the myth that nocturia is a 
normal part of aging.4,6

Nocturia is, however, an impor-
tant condition that warrants specific 
clinical attention. Repeated noctur-
nal voiding can result in chronically 

Repeated nocturnal voiding can result in chronically disturbed sleep, 
which in turn negatively affects a patient’s quality of life and general 
health.

Figure 1. Prevalence of nocturia in men (A) and women (B) from a meta-analysis of epidemiology studies, by number of nocturia episodes per night. Reproduced with 
permission from Bosch JL, Weiss JP.7
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disturbed sleep, which in turn nega-
tively affects a patient’s quality of life 
(QoL) and general health. In addi-
tion to daytime lack of vitality and 
the overall bother caused by waking 
at night to void, poor sleep can con-
tribute to the exacerbation of exist-
ing health conditions. Furthermore, 
there is mounting evidence that 
nocturia may be associated with an 
increased mortality risk, via its det-
rimental effects on sleep and other 
associated comorbidities. This arti-
cle reviews current knowledge of the 
prevalence, etiology, and impact of 
nocturia.

from Internet-based panels (20,000 
participants in the United States, 
7500 in the United Kingdom, and 
2500 in Sweden), reported  1 noc-
turnal voids.3 In a review of 43 stud-
ies of the prevalence of nocturia 
around the world, Bosch and Weiss 
recently reported that, although 
nocturia is most prevalent in older 
people, it also affects a significant 
proportion of younger individuals.7 
For instance, 4% to 18% of women 
in their 20s and 30s were affected 
by  2 voids per night, increasing 
to 28% to 62% for women in their 
70s and 80s (Figure  1). Similar 
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study reported nocturia among 
their urinary symptoms,10 and 71% 
of patients with benign prostatic 
hyperplasia (BPH) experienced fre-
quent nighttime voiding (ie, 2 or 
more episodes per night).11

Nocturia Is a Multifactorial 
Condition
The pathophysiology of nocturia is 
complex and multifactorial, which 
may partly explain why the condi-
tion has not received appropriate 
attention as a disorder in its own 
right. The underlying causes may 
be urologic or nonurologic in origin 
and may be described in terms of the 
broad categories listed in Table 1.4 

Although the causes of nocturia 
may differ among patients, mul-
tiple factors may underlie the cause 
of nocturia in any given patient. 
Failure to incrementally evaluate 
the potential underlying factors 
may lead to poor clinically relevant 
outcomes because the major causes 
of nocturia may not be addressed. 
Therefore, it is paramount that 
clinicians are aware of the mul-
tiple potential contributing factors 
in any given patient, in order to 

enable optimal treatment decisions 
that address each issue adequately. 
Nevertheless, nocturnal overpro-
duction of urine at night (. 20% 
to 33% of daily total urine volume 
depending on age),1 also known as 
NP, has been implicated as a signif-
icant causal factor in up to 88% of 
nocturia cases.12

Nocturia is common among 
patients suffering from BPO or 
OAB,10,11 and their nocturnal uri-
nary frequency may be an exten-
sion of their daytime symptoms 
because of diminished bladder 
storage capacity. However, the 
modest clinical improvement of 
nocturia in patients receiving BPO 
or OAB medications5 suggests 
that the key underlying cause of 
nocturia in these patients, as just 
mentioned, may not solely be their 
enlarged prostate or bladder dys-
function. A review of eight trials or 
groups of trials with antimuscarin-
ics for OAB found that drug treat-
ment did not significantly reduce 
the mean number of nocturnal 
voids in two of the trials.5 The 
other six trials did demonstrate a 
significant reduction in noctur-
nal voids from baseline, but when 

a placebo group was included, the 
maximum reduction in nocturnal 
voids was only 0.2 voids compared 
with placebo. Similar results were 
seen in the review of nocturia end-
points in six trials for BPH medi-
cation such as a-antagonists or 5-a 
reductase inhibitors or combina-
tion therapy.5 Numerically similar 
reductions in the number of noc-
turnal voids were seen across the 
trials, and when a placebo group 
was included, a further reduc-
tion of 0.05 to 0.3 nocturnal voids 
occurred compared with placebo.5 
Even in a trial with a reduction in 
number of nocturnal voids relative 
to placebo, there was no change in 
time to first void.5

Overproduction of urine at night 
may result from a number of fac-
tors, such as evacuation of daytime 
third-space fluid sequestration 
with peripheral edema due to a 
recumbent position for sleep, exces-
sive production of atrial natriuretic 
peptide due to sleep apnea or con-
gestive heart failure, abnormalities 
in antidiuretic hormone arginine 
vasopressin (AVP) secretion, exter-
nal factors such as medications (eg, 
diuretics), or lifestyle factors such 
as fluid intake at night.1,4,13

Mechanism of Urine 
Production and Nocturnal 
Overproduction of Urine
AVP is involved in the regulation of 
many organ systems and functions 
including body fluid osmolality, 
blood volume, blood pressure, cell 
contraction, cell proliferation, and 
adrenocorticotropic hormone secre-
tion.14 In particular, AVP plays a key 
role in the control of urine produc-
tion by increasing water absorption 
and thus concentration of urine at 
night. AVP release is modulated 
by plasma osmolality mediated by 
specialized cells in the hypothala-
mus.15 Although AVP mediates its 
effects via the stimulation of specific 

TABLe 1

Causes of Nocturia

Urologic Conditions Nonurologic Conditions

• LUTS (OAB, BPH) • Chronic heart failure

• Neurogenic voiding dysfunction • Diabetes mellitus (uncontrolled)

•  Idiopathic nocturnal detrusor 
overactivity

• Diabetes insipidus

• Bladder cancer
• Nocturnal polyuria

• Hypoalbuminemia

• Sleep apnea

• Multiple sclerosis

• Depression

• Chronic pain

• Inadequate fluid intake 

BPH, benign prostate hyperplasia; LUTS, lower urinary tract symptoms; OAB, overactive bladder.
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States demonstrated a significant 
association between self-reported 
nocturia and objective measures of 
sleep disruption, such as total sleep 
time, sleep efficiency, proportion 
of REM sleep, arousal index, and 
oxygen saturation as measured by 
polysomnography.20 Given its high 
prevalence, nocturia is a major 
cause of sleep disturbance, which is 
a key factor in making nocturia one 
of the most bothersome LUTS.17,21 
Nocturia was associated with sig-
nificant decreases in 14 of the 15 
domain scores reported by men 
and women in the Health-Related 
QoL (HR-QoL) questionnaire.19 
For every increase in nocturnal 
voids above 1, further reductions in 
HR-QoL scores were seen.19

A causal relationship between 
nocturia and many disorders is 
suspected and nocturia is acknowl-
edged to be a possible symptom of 
the primary illness—for example, 

AVP secretion, mutations of AVP 
receptors, or renal AVP resistance 
caused by intrinsic renal disease or 
exogenous factors such as medica-
tions or electrolyte abnormalities 
may all result in increased urine 
production and may be responsible 
for nighttime overproduction of 
urine.17,18

Impact of Nocturia on 
Overall Health and QoL
Although nocturia is defined as 
waking to void  1 time, a signifi-
cant impact of nocturia on patient 
QoL is considered to be bothersome 
when  2 nocturnal voids are expe-
rienced.19 Sleep plays a vital role in 
physical and mental functioning, 
and repeated interruptions due to 
nighttime voiding can reduce the 
quantity and quality of sleep. For 
example, a cross-sectional analysis 
of the Sleep Heart Health study of 
6342 men and women in the United 

receptors throughout the body (V1 
vascular, V2 renal, and V3 pituitary), 
the antidiuretic effect of AVP (ie, 
regulation of water excretion) is 
achieved by the binding of AVP to 
the V2 receptors primarily located 
in the connecting tubules and col-
lecting ducts of the renal medulla in 
the kidney (Figure 2).14,15 Activating 
the V2 receptors in the renal medulla 
induces the translocation of pre-
formed water channels called aqua-
porins from a store in intracellular 
vesicles to the apical plasma mem-
brane of the principal cells in the 
connecting tubules and collecting 
ducts of the nephron. These water 
channels increase the permeability 
of the distal tubules and collecting 
ducts, resulting in the osmotic reab-
sorption of water without solute, 
thereby increasing urine concentra-
tion and decreasing urine volume.16

Insufficient AVP in the kidneys, 
an impaired circadian rhythm of 

Figure 2. Mechanism of nocturnal overproduction of urine. AQP, aquaporin; ATP, adenosine triphosphate; AVP, arginine vasopressin; cAMP, cyclic 
adenosine monophosphate; GTP, guanosine triphosphate; PKA, protein kinase A. A portion of this image appears courtesy of Joseph Verbalis, 
MD, Georgetown University Medical Center, Washington, DC.
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Clinical Considerations
Despite the prevalence of nocturia 
in the general population and asso-
ciated recognized bother, clinicians 
should be aware that nocturia may 
be underreported for various rea-
sons. Affected individuals may be 
reluctant to discuss their nocturia. 
In addition, many patients with noc-
turia consider nocturnal frequency 
to be a normal part of aging.4,6 
Individuals with nocturia may not 
consider their condition to be suf-
ficiently serious to warrant consult-
ing a physician and, thus, may not 
seek medical attention for nocturia.6 
Finally, patients may believe that 
nocturia cannot be treated.6 

Given the multifactorial nature 
of nocturia, a thorough patient his-
tory assessment, including behav-
ioral factors such as daily fluid 
intake, must be made to more 
clearly understand the patient’s 
symptoms. The frequency volume 
chart (FVC) defined as a 24-hour 
evaluation of the time of urina-
tion (frequency) and the volume, is 
an invaluable tool in the diagnosis 
of the underlying causes of noctu-
ria. It provides objective informa-
tion on the characteristics of the 
patient’s urinary frequency and 
volume, as well as timing and type 

of fluid intake, all of which have a 
bearing on urine output (Figure 3).4

Analysis of the patient’s FVC facil-
itates diagnosis of the main cause of 
nocturia from four main categories:

1.  Reduced maximum voided vol-
ume (MVV), indicating a reduced 
capacity of the bladder to store 
urine, which may occur exclusively 
during the hours of sleep (low noc-
turnal bladder capacity [NBC]) or 
throughout the day and night4

with all-cause mortality27,28 and 
sleep parameters such as sleep effi-
ciency have been shown to inde-
pendently predict mortality.27

Overall, epidemiologic stud-
ies support that nocturia is not a 
trivial condition. Nocturia may 
be linked with increased morbid-
ity and increased risk of mortality, 
and in some studies these relation-
ships have been found to be inde-
pendent of various confounding 
comorbidities and age.25,29 However, 
a recently reported 15-year follow-

up of 1114 Dutch men, aged 50 to 
78 years, challenges the association 
between nocturia and increased 
risk of mortality.30 When age was 
taken into account, no association 
between nocturia and mortality risk 
existed. The multifactorial causes of 
nocturia, the increasing prevalence 
of the condition with age, and the 
frequent comorbidities in patients 
with nocturia make conclusions on 
the impact of mortality a challenge. 
Nocturia may impact health and 
survival because of the persistent 
negative effect frequent nocturnal 

voiding has on sleep. Regardless 
of whether nocturia is a condition 
directly implicated in causing poor 
health, or whether nocturia is simply 
a symptom heralding the presence of 
another important underlying med-
ical condition, the general finding of 
increased risk of significant illness 
associated with nocturia indicates 
that nocturia should be thoroughly 
investigated in each individual. 
Greater public health attention to 
nocturia is therefore needed.

raised blood glucose in poorly con-
trolled type 2 diabetes can lead to 
polyuria,1 fluid accumulation in the 
lower extremities caused by right-
sided congestive heart failure causes 
increased urine production upon 
attaining the recumbent position, 
and sleep apnea can increase renal 
sodium and water excretion due to 
elevated plasma atrial natriuretic 
peptide levels.4,18 A further com-
plication in determining causality 
is that many epidemiologic studies 
have not adjusted for factors known 

to contribute to nocturia, such as 
sleep-disordered breathing. It has 
been shown that sleep-disordered 
breathing is independently associ-
ated with increased cardiovascular 
risk20; thus, failure to exclude this 
or other known causes of noctu-
ria may lead to erroneous associa-
tions between nocturia and certain 
morbidities.

A reduction in sleep quality is 
independently associated with 
indicators of poor health common 
to those associated with noctu-
ria, including disturbed glucose 
homeostasis,22 diabetes,23 and 
hypertension.24 The direction of 
the cause-and-effect relationship 
between sleep and poor health is 
not always proven. The hypoth-
esis that there may be a direct link 
between nocturia and mortality in 
an elderly population is supported 
by findings from the Olmsted 
County Study that showed an asso-
ciation of nocturia with mortal-
ity in men aged  60 years.25 The 
increased mortality rate associated 
with nocturia was likely due to its 
association with impaired sleep, as 
well as the increased risk of falls 
and related fractures in patients 
with nocturia, especially elderly 
patients.26 Poor sleep is associated 

A reduction in sleep quality is independently associated with 
 indicators of poor health common to those associated with nocturia, 
including disturbed glucose homeostasis, diabetes, and hypertension.

Given the multifactorial nature of nocturia, a thorough patient 
history assessment, including behavioral factors such as daily fluid 
intake, must be made to more clearly understand the patient’s 
symptoms.
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does include the first morning void. 
Nighttime overproduction of urine 
(NP) may be reported using the 
nocturnal polyuria index (NPi).31 
The NPi is calculated by dividing 
NUV by total 24-hour urine vol-
ume. Thus, if 24-hour urine pro-
duction is within normal limits, an 
NPi . 20% to 33% (age-dependent) 
indicates NP.1 Nocturia index (Ni) 
is calculated by dividing NUV by 
MVV. If Ni . 1, nocturia occurs 
because the MVV is exceeded by 
the NUV. NBC is defined as the 
largest voided volume during the 
hours of sleep. The NBC index 
(NBCi) is used to address the degree 
to which nocturnal voided volumes 
vary from bladder capacity. NBCi 
is the actual number of nightly 
voids minus the predicted num-
ber of nightly voids. The predicted 
number of nightly voids is derived 
by calculating Ni and subtracting 1 
(NBCi 5 Ni 2 1). NBCi . 0, indi-
cates nocturia at volumes less than 
MVV, implying bladder storage 
problems at night. An example of 
FVC analysis used to classify noc-
turia etiology is given in Table 2.

TABLe 2

Patient Case Studies Using Frequency Volume Chart for Diagnosis

Patient 1 Patient 2 Patient 3

24-h volume 1900 mL  
(no global polyuria)

6000 mL 2500 mL  
(no global polyuria)

Nocturia episodes 3 3 7

NUV, including first morning void 1200 mL 1500 mL 1500 mL

MVV 400 600 200

Ni (Ni = NUV/MVV; if Ni . 1, 
 Nocturia due to NUV exceeding 
MVV)

3 2.5 7.5

NPi (NPi = NUV/24-h volume;  
if NPi . 33% at any age, NP is 
 present)

63% (NP) 25% (normal) 60% (NP)

Diagnosis NP Global polyuria Mixed etiology (NP and reduced 
voided volumes)

MVV, maximum voided volume; Ni, Nocturia index; NP, nocturnal polyuria; NPi, nocturnal polyuria index; NUV, nocturnal urine volume.

2.  24-hour urine volume of  
. 40 mL/kg, representing exces-
sive urine production during the 
day and night (global polyuria)4

3.  Excessive production of urine 
at night (NP), in which noctur-
nal urine output (at any age) is 
. 33% of the 24-hour urine out-
put and global urine production 
remains normal4

4.  Mixed etiology comprising com-
binations of the foregoing criteria4 

Conducting simple mathemati-
cal analysis of the 24-hour FVC 
can help elucidate the etiology of 
nocturia. For instance, nocturnal 
urine volume (NUV) is defined as 
the total volume of urine produced 
between the time the individual 
goes to bed with the intention 
of sleeping and the time of wak-
ing with the intention of rising.1 
Thus, NUV does not include the 
last void before going to bed, but it 

Figure 3. Example of a frequency volume chart.

Daytime
(from waking up to
going to bed)

Nighttime
(from going to bed to
waking up; includes first morning void)

Time of 
waking up

7:00 AM

7:00 AM 200

11:10 PM

1:00 AM 400

3:00 AM

6:00 AM

350

450

300

300

12:00 PM

4:30 PM

6:30 PM

11:00 PM

Voided
volume, mL

Time of
going to bed

Voided
volume, mL

400

300

Woke up at 8:00 AM next morning
and voided 200 mL
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of nocturia is overproduction of 
urine at night,12 nocturia may not 
respond to treatments designed to 
reduce urgency and increase blad-
der capacity or increase urine flow, 
such as agents for the management 
of OAB or bladder outlet obstruc-
tion, respectively.5

Nocturia may be more than sim-
ply a patient inconvenience, in view 
of its association with increased 
risk of morbidity and mortality. 
Clinicians often underestimate the 
consequences of nocturia, however, 
and thus fail to perform a thorough 
evaluation of the condition and 
its  causes. Patients with nocturia 
deserve full consultation and 
implementation of an appropriate 
management strategy to ensure 
that the specific underlying medi-
cal conditions associated with 
nighttime voiding are addressed. 

Medical writing and editorial assis-
tance, provided by ApotheCom 
ScopeMedical, were funded by Ferring 
Pharmaceuticals.
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MAin PoinTs

• Nocturia is a prevalent condition in men and women of all ages but is a major problem in the young.

• Nocturia, caused primarily by nocturnal overproduction of urine, or nocturnal polyuria, is primarily a kidney-
driven urine production disease, as opposed to a bladder-driven urine storage disease. It is the underlying cause 
of nocturia in the majority of cases.

• Treatments designed for the management of other lower urinary tract symptoms, such as overactive bladder or 
benign prostatic obstruction, may only result in a modest clinical improvement of nocturia.

• Nocturia is the leading cause of sleep deprivation and has a detrimental effect on general health and quality of 
life. It also may be associated with an increased risk of morbidity and mortality. 

• Clinicians underestimate the impact of nocturia, regarding it as an inconvenience for their patients rather than 
a condition in its own right that merits clinical attention. Patients with nocturia deserve a full consultation and 
appropriate management strategies to address the underlying causes of the condition.
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