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Introduction
Nocturia is one of the most common and bother-
some lower urinary tract symptoms (LUTS) in 
the general population.1,2 Nocturia is associated 
with significant morbidity, having been identified 
as an age-independent risk factor for falls and hip 
fractures, direct mediator of poor sleep, and prog-
nostic factor for all-cause mortality,3–5 and suc-
cessful treatment of nocturia is correspondingly 
accompanied by significant improvements in 
overall health-related quality of life.6 The patho-
genesis of nocturia is multifactorial,7 but medical 
therapy is frequently a staple of treatment, par-
ticularly in the absence of identifiable contribu-
tory comorbidities or behavioral factors – as is 
often the case in the real-world outpatient urol-
ogy setting.8,9 Historically, pharmacotherapy for 

nocturia centered on agents directed at lower uri-
nary tract dysfunction, such as those commonly 
used in the treatment of benign prostatic hyper-
plasia (BPH) and overactive bladder syndrome 
(OABS). Problematically, agents for BPH and 
OABS often fail to treat the primary pathophysi-
ology of nocturia and, thus, inconsistently trans-
late to meaningful benefit for patients in the 
real-world clinical setting.10–12 However, several 
recent advancements in pharmacotherapy for noc-
turnal polyuria – the most common cause of noc-
turia in adults of all ages and backgrounds – have 
the potential to reshape management and raise the 
standard of care for patients suffering from noc-
turia.13,14 Accordingly, this narrative review aims 
to synthesize available evidence on the efficacy 
and safety of current pharmacotherapies, as well 
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as and progress toward individualized treatment 
for patients with nocturnal polyuria.

Antidiuretic replacement therapy

Mechanism
Desmopressin (1-deamino-8-d-arginine vaso-
pressin) is a synthetic analog of endogenous argi-
nine vasopressin (AVP), a neuropeptide that is 
produced most abundantly by the supraoptic and 
paraventricular nuclei of the hypothalamus, trans-
ported to terminals of the posterior pituitary 
gland, and released into the general circulation in 
response to osmotic stimuli.15 AVP release in 
response to hyperosmolality plays a central role in 
physiologic water homeostasis by regulating water 
conservation at the level of the kidneys.15 Binding 
of AVP to the V2 receptor subtype (AVPR2) in 
the epithelial layer of renal collecting tubules pro-
motes trafficking of aquaporin-2 integral mem-
brane proteins to the apical plasma membrane 
surface to increase water permeability, facilitating 
water reabsorption and dilution of extracellular 
fluid, thereby concentrating the urine.16–19 
Endogenous AVP is normally expected to rise 
across the hours of sleep, promoting free water 
conservation and decreasing nocturnal urine vol-
ume, which naturally counteracts bladder filling 
and subsequent urge-driven nocturnal awaken-
ings.20 Therefore, a blunted physiologic rise in 
nocturnal AVP secretion, as has been observed in 
some nocturnal polyuria study samples,21 lends to 
excess nocturnal water diuresis and increased 
nocturnal urine production.15 Mechanistically, 
the primary role of antidiuretic replacement ther-
apy in alleviating nocturia is thus accomplished 
via a significant reduction in nocturnal water 
diuresis.22–25

Early formulations and endpoints
In healthy patients, the act of sleeping through 
the night without urinating requires that the noc-
turnal urine volume not exceed functional blad-
der storage capacity.26 When nocturnal urine 
volume does exceed the functional storage thresh-
old, the requisite end result is nocturnal urination 
– nocturia if the sensation of bladder fullness 
causes the patient to awaken and, if not, enuresis 
must ensue.10 Further, in view of the mechanism 
of action of antidiuretic replacement therapy, the 
primary role of desmopressin in alleviating both 
nocturia and nocturnal enuresis is accomplished 
via a significant reduction in nocturnal water 

diuresis.22–25 Correspondingly, initial trials of 
desmopressin in patients with nocturia employed 
oral tablet doses with proven efficacy in the treat-
ment of monosymptomatic nocturnal enuresis 
(100–400 mcg).27–29

Despite the congruence between the pathogenesis 
and expected mechanism of treatment response 
between nocturia and nocturnal enuresis,30 there 
were several pertinent methodological differences 
between enuresis and nocturia trials, as well as 
other fundamental distinctions between these two 
entities seemingly not accounted for in the dosing 
schema for nocturia.31 The standard primary out-
come variable in trials of desmopressin for pri-
mary monosymptomatic nocturnal enuresis was 
change in the frequency of wet nights.32 In view of 
the production-storage mismatch central to the 
pathogenesis of nocturnal micturition, a binary 
treatment outcome (i.e., “dry night” or “wet 
night” in enuretic children) requires maximal 
suppression of nocturnal urine production to a 
level below the functional storage threshold. 
Among adults with nocturia, the analogous out-
come would be complete symptom resolution 
(i.e., zero nocturnal voids), which was indeed the 
criterion for “full response” in the dose titration 
phase of early pivotal trials for nocturia.22,23 While 
complete resolution of nocturia (without adverse 
events) would indeed reflect the optimal response 
to treatment for nocturia, the number of nightly 
voids is associated positively with nocturia-related 
impairments in quality of life, such that nocturia 
severity has been increasingly described to exist 
on a graded continuum.33 Current understanding 
of nocturia as a continuous measure is of direct 
clinical relevance because treatment that success-
fully reduces nocturnal voiding frequency is asso-
ciated with significant improvements in overall 
health-related quality of life – even in patients 
who do not experience complete symptom 
resolution.34

Many of the consequences of nocturia on health-
related quality of life have been increasingly rec-
ognized to be mediated by the direct adverse 
effects of nocturia on sleep outcomes.7 Multiple 
studies have implicated nocturia as the most com-
mon cause of nocturnal awakenings in adults,35,36 
and most patients with nocturia experience their 
first nocturnal voiding episode within the first 
2–3 h of sleep.37 This time period is particularly 
meaningful because it coincides with the greatest 
concentration of slow-wave (i.e., N3 or “deep”) 
sleep in the normal sleep cycle. Slow-wave sleep, 

https://journals.sagepub.com/home/tau


TF Monaghan, JP Weiss et al.

journals.sagepub.com/home/tau	 3

which is clustered toward the beginning of the 
night,38,39 is considered the most restorative stage 
of sleep.40 Disrupted slow-wave sleep may not be 
recovered later in the night upon return to sleep 
and independently contributes to significant day-
time fatigue and discomfort, even when sleep effi-
ciency and total sleep duration are preserved.41,42 
Patients with nocturia demonstrate an inverse 
relationship between the total number of noctur-
nal voids and the duration of time from sleep 
onset until the first nocturnal awakening to void 
[i.e., first uninterrupted sleep period (FUSP)].3 
Consistently, a shorter FUSP is associated with 
lower whole-night sleep quality, sleep efficiency, 
and total sleep duration, corresponding to signifi-
cant impairment in daytime function.37 
Furthermore, improvement in the actual number 
of nocturnal voids is accompanied not only by a 
prolongation in the FUSP, but also in the total 
duration of sleep and overall sleep quality.43,44 
Treatment aimed at extending FUSP in particu-
lar may be central to mitigating the vast deleteri-
ous sequelae of nocturia, as was exemplified in a 
recent study of blood sugar in nocturia patients, 
which reported significant improvement in blood 
glucose upon successful prolongation of FUSP.45

Consideration of more refined clinical endpoints, 
with a particular emphasis on graded treatment 
response, sleep, and the broader sequelae of noc-
turia, has facilitated a more holistic approach to 
nocturia evaluation and management. By the 
same token, there now exist several lines of evi-
dence to suggest that the optimal dose range of 
desmopressin for nocturia may actually lie below 
the dose range initially surmised from the man-
agement of enuresis. While the pharmacokinetics 
of desmopressin are comparable between chil-
dren and adults, the pharmacodynamic effects of 
desmopressin differ significantly between these 
two populations.46–48 In the treatment of adults 
with nocturia, there appears to be a large discrep-
ancy between the median effective dose and the 
dose required to achieve maximal antidiuretic 
response, such that progressively increasing dose 
levels may produce minimal additional effect.49,50 
Consistently, administration of desmopressin in 
line with the median effective dose range retains 
most of its therapeutic effect, lending to ⩾33–
50% improvement in nocturia severity in a sizable 
proportion of patients, with improvements in 
FUSP and health-related quality of life compara-
ble with earlier studies of patients maximally 
exposed to desmopressin.49,50 Moreover, a plasma 
desmopressin concentration which exceeds the 

threshold required for a positive antidiuretic 
effect may actually prolong the duration of anti-
diuresis, exerting unintended effects on fluid han-
dling beyond the hours of sleep.51,52 Higher drug 
levels are also associated with hyponatremia – the 
most important risk factor associated with desm-
opressin.27 Taken together, lower-dose formula-
tions of desmopressin for nocturia are thought to 
offer a significant benefit in optimizing the bal-
ance between therapeutic effect and tolerability in 
patients of all ages.53

Recent formulations
Desmopressin has been approved in more than 
80 countries since the 1980s for the treatment of 
symptomatic nocturia.54 In the United States 
(US), two new formulations, desmopressin ace-
tate nasal spray and orally disintegrating tablets, 
are currently indicated for patients with nocturnal 
polyuria who void ⩾2 times nightly.55,56

Desmopressin acetate nasal spray
In March 2017, desmopressin acetate nasal spray 
became the first desmopressin formulation to be 
approved by the US Food and Drug 
Administration (FDA) in the treatment of noc-
turia, indicated for patients with nocturnal polyu-
ria who void ⩾2 times nightly.57 Desmopressin 
acetate nasal spray is an intranasal formulation of 
desmopressin with cyclopentadecanolide (CPD) 
– a novel cyclic fatty acid excipient designed to 
improve permeation, enhancing absorption across 
the nasal mucosa and bioavailability of the active 
compound.58 The proposed advantages of this 
formulation include potentially more consistent 
and predictable dosing, more rapid onset of the 
drug effect, and decreased likelihood of prolonged 
drug activity.54

Desmopressin acetate nasal spray is available in 
doses of 0.83 mcg and 1.66 mcg per 0.1 ml nasal 
spray, bioequivalent to 0.75 mcg and 1.5 mcg 
desmopressin free base per spray, respectively.57 
The 1.66 mcg/0.1 ml dosage is recommended for 
patients <65 years without risk factors for hypona-
tremia, whereas patients ⩾65 years or at increased 
hyponatremia risk should be started at the 
0.83 mcg/0.1 ml dose, and, if needed, advanced to 
1.66 mcg/0.1 ml after 1 week provided that serum 
sodium remains within normal limits.55 Patients 
should be instructed to administer one spray in 
either nostril approximately 30 min prior to 
bedtime. Consistent with other desmopressin 
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products, the main safety finding with this agent 
is hyponatremia, which can be mitigated by fol-
lowing warnings and precautions outlined in the 
prescribing information as well as scheduled 
serum sodium monitoring.55 Serum sodium 
should be measured before treatment, within 
7 days and approximately 1 month after initiation 
or dose escalation, and then periodically during 
treatment, with more frequent monitoring in 
patients ⩾65 years or at increased risk of 
hyponatremia.55

FDA approval for desmopressin acetate nasal spray 
was based on data from two independent North 
American phase III double-blind randomized pla-
cebo-controlled trials [ClinicalTrials.gov identifi-
ers: NCT01357356 and NCT01900704] of 
patients ⩾50 years of age with ⩾2 nightly voids 
for more than 6 months and ⩾2.16 average 
nightly voids during a 2-week screening period 
(Table 1).59 Eligible patients were randomized 
equally to receive 1.66 mcg/0.1 ml or 0.83 mcg/ 
0.1 ml (or 1.11 mcg/0.1 ml in one of the studies 
only) or placebo for 12 weeks. Co-primary end-
points were mean change in nocturia frequency 
and the percentage of patients reporting a ⩾50% 
response in nocturia frequency, as determined from 
nighttime voiding diaries maintained for three con-
secutive nights, which were completed by partici-
pants at baseline and then 1, 2, 4, 6, 8, 10, and 
12 weeks post-randomization. Secondary endpoints 
were duration of the FUSP, percentage of nights 
with ⩽1 or 0 nocturnal voids, change in nocturnal 
urine volume, and impact on quality of life [as 
assessed by validated questionnaire (one study 
only)]. Safety was assessed based on the incidence of 
adverse events, physical examination and electrocar-
diogram, and serum sodium monitoring at baseline 
and then at 2-week intervals post-randomization.

On pooled intent-to-treat analysis (n = 1333), 
both doses of desmopressin acetate nasal spray 
conferred significant benefit compared with pla-
cebo for mean change in nocturia frequency [−1.4 
with 0.83 mcg/0.1 ml and −1.5 with 
1.66 mcg/0.1 ml compared with −1.2 with pla-
cebo (p < 0.0001 for both)] as well as ⩾50% 
response rate [37.9% with 0.83 mcg/0.1 ml and 
48.7% with 1.66 mcg/0.1 ml compared with 
30.3% with placebo (p = 0.0227, p < 0.0001, 
respectively)]. Additionally, both doses also con-
ferred significant benefit compared with placebo in 
change in FUSP duration [+96 min with 
0.83 mcg/0.1 ml and +108 min with 1.66 mcg/0.1 ml 
compared with +72 min with placebo (p = 0.0121, 

p < 0.0001, respectively)], and statistical signifi-
cance was observed for all other secondary end-
points. A total of 5.9% of all patients discontinued 
the study due to adverse events, with study drug-
induced adverse events observed in 3.5% of 
patients receiving 0.83 mcg/0.1 ml, 5.6% receiv-
ing 1.66 mcg/0.1 ml, and 4.0% receiving placebo. 
Upper respiratory symptoms (e.g., nasal discom-
fort, congestion, rhinorrhea, sinus pain, or throat 
irritation) were the adverse event most commonly 
leading to study discontinuation. The incidence 
of hyponatremia, defined as serum sodium 
⩽125 mmol/l or <130 mmol/l with symptoms, 
was 1.1% with 1.66 mcg/0.1 ml, 0% with 
0.83 mcg/0.1 ml, and 0.2% with placebo. 
Differences in other adverse events were similar 
across treatment groups. Treatment efficacy was 
maintained with no overall changes in the safety 
profile at follow up of up to 2 years.57

Desmopressin acetate orally disintegrating 
tablets
The FDA approved desmopressin acetate orally 
disintegrating tablets in June 2018, indicated for 
patients with nocturnal polyuria who void ⩾2 
times nightly.56 Orally disintegrating tablets are 
unique in that they are offered at sex-specific dos-
ages, thus facilitating individualized treatment. 
Orally disintegrating tablets are available in doses 
of 27.7 mcg and 55.3 mcg, equivalent to 25 mcg 
and 50 mcg of desmopressin, respectively.56 The 
desmopressin 25 mcg tablets are recommended 
for women and the desmopressin 50 mcg tablets 
are recommended for men.56 Patients should be 
instructed to administer one tablet sublingually 
without water 60 min before bedtime. Consistent 
with other desmopressin products, the main safety 
finding with this agent is hyponatremia, which can 
be mitigated by following warnings and precau-
tions outlined in the prescribing information for 
orally disintegrating tablets as well as scheduled 
serum sodium monitoring.56 Serum sodium 
should be measured before treatment, within 
7 days and approximately 1 month after initiating 
treatment, and then periodically during treatment, 
with more frequent monitoring in patients 
⩾65 years or at increased risk of hyponatremia.56

Foundational evidence regarding the efficacy 
and safety of orally disintegrating tablets has 
been derived from three independent multicenter 
phase III double-blind randomized placebo-con-
trolled trials involving both men and women 
[ClinicalTrials.gov identifier: NCT00477490],34 
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specifically men [ClinicalTrials.gov identifier: 
NCT01262456],60 and specifically women 
[ClinicalTrials.gov identifier: NCT01223937].61 
The trial involving both men and women was a 
4-week parallel group study designed to test the 
relative efficacy and tolerability of low doses of 
orally disintegrating tablets using a step-down 
approach.34 Eligible for inclusion were men and 
women ⩾18 years of age with ⩾2 voids nightly as 
confirmed by 3-day voiding diary analysis during 
screening. Included patients were randomized 
accounting for age and nocturnal polyuria into 
equal groups to receive 10, 25, 50, or 100 mcg 
desmopressin orally disintegrating tablets or pla-
cebo for 28 days. Co-primary endpoints were 
mean change in average nocturnal voiding fre-
quency and the percentage of patients reporting a 
⩾33% response in nocturia frequency from base-
line to the final visit. Secondary endpoints 
included change in nocturnal and total urine vol-
ume, duration of the FUSP, and change in noc-
turia-related quality of life. Safety was assessed 
based on the incidence of adverse events, physical 
examination with comprehensive blood and urine 
analyses, and serum sodium monitoring per-
formed at baseline, on days 4 and 8, and then 
weekly for the remainder of the study period.

A total of 757 patients were included in the final 
intent-to-treat analysis. Among all patients, the 
50 and 100 mcg doses conferred significant ben-
efit for mean change in nocturia frequency [−1.18 
with 50 mcg and −1.43 with 100 mcg compared 
with −0.86 with placebo (p = 0.020, p ⩽ 0.0001), 
respectively] and the 100 mcg dose conferred sig-
nificant benefit for 33% responder rate [71% with 
100 mcg compared with 47% with placebo 
(p < 0.0001)]. For secondary endpoints, change 
in nocturnal urine volume compared with pla-
cebo was significant with 25, 50, and 100 mcg 
doses, change in 24-h in total urine volume was 
significant with the 100 mcg dose, and change in 
duration of the FUSP was significant with 25, 50, 
and 100 mcg doses. In total, 24 (3%) of patients 
were found to have serum sodium levels 
<130 mmol/l, of whom 9 (1.1%) had reductions 
to <125 mmol/l.

Although not factored into the primary study 
design, post hoc analyses revealed several pertinent 
outcome differences on the basis of sex. Among 
males, the 100 mcg dose conferred significant 
benefit compared with placebo for mean change 
in nocturia frequency [−1.38 with 100 mcg com-
pared with −0.84 with placebo (p = 0.005)] as 
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well as for 33% responder rate [65% with 100 mcg 
compared with 50% with placebo (p = 0.050)]. 
For secondary endpoints, change in nocturnal 
urine volume compared with placebo was signifi-
cant with 50 and 100 mcg doses, change in 24-h 
in total urine volume was significant with the 
100 mcg dose, and change in duration of the 
FUSP was significant with the 100 mcg dose. 
Among females, 25, 50, and 100 mcg doses con-
ferred significant benefit compared with placebo 
for mean change in nocturia frequency [−1.22 
with 25 mcg, −1.23 with 50 mcg, and −1.51 with 
100 mcg compared with −0.88 with placebo 
(p = 0.020, p = 0.009, p < 0.0001, respectively)] as 
well as for 33% responder rate [62% with 25 mcg, 
59% with 50 mcg, and 77% with 100 mcg com-
pared with 42% with placebo (p = 0.020, p = 0.040, 
p < 0.0001, respectively)]. For secondary end-
points, change in nocturnal urine volume com-
pared with placebo was significant with 10, 25, 
50, and 100 mcg doses, change in 24-h in total 
urine volume was significant with the 25 mcg 
dose, and change in duration of the FUSP was 
significant with 25, 50, and 100 mcg doses.

This parallel study of men and women was par-
ticularly noteworthy in that it provided a pivotal 
foundation for establishing sex-specific dosing 
recommendations. These data from Weiss and 
colleagues, in conjunction with results from an 
open-label extension trial [ClinicalTrials.gov 
identifier: NCT00615836] and two separate 
phase I studies, were subsequently operationalized 
by Juul et al. to characterize sex differences in anti-
diuretic response to desmopressin therapy.50 Juul 
and colleagues observed a significant sex differ-
ence in nocturnal urine volume with desmopres-
sin, characterized by a significantly greater 
decrease (i.e., desmopressin sensitivity) with 10 
and 25 mcg doses in women compared with men, 
which could not be explained by pharmacokinetic 
differences. Regarding tolerability, no hypona-
tremia events (defined as serum sodium 
<130 mmol/l) were identified in women ⩽50 years 
or men ⩽65 years of age, but a dose-response rela-
tionship was observed in patients beyond 50 years 
of age, wherein the incidence of hyponatremia was 
approximately twofold greater in women at dose 
levels ⩾25 mcg. Taken together, Juul et al. con-
cluded that a dose of 50−100 mcg was optimal in 
balancing therapeutic benefit with tolerability in 
men, while a dose of 25 mcg is efficacious in 
women with no observed incidences of clinically 
significant hyponatremia. Notably, these findings 
were consistent with well-controlled physiologic 

evidence of sex differences in the endogenous reg-
ulation of AVP secretion and sensitivity,63 thought 
to be mediated by sex hormones or differential 
expression of AVPR2 receptor mRNA and protein 
on the X chromosome due to the process of 
X-inactivation in females.64–66

In view of growing evidence favoring sex-specific 
dosing for orally disintegrating tablets, Weiss 
et al. subsequently investigated the efficacy and 
safety of 50 mcg and 75 mcg orally disintegrating 
tablets compared with placebo in men ⩾18 years 
with ⩾2 voids nightly, as confirmed by 3-day 
voiding diary analysis during screening.60 Eligible 
patients underwent age-stratified equal randomi-
zation to receive 50 mcg or 75 mcg of desmopres-
sin or placebo for 12 weeks. Co-primary endpoints 
were mean change in nocturia frequency and the 
percentage of patients reporting a mean change in 
average nocturia frequency of ⩾33%, as deter-
mined from longitudinal analysis of 3-day voiding 
diaries, which were completed immediately pre- 
and post-randomization and then at weeks 1, 4, 
8, and 12. Secondary endpoints were mean 
change in average nocturnal voiding frequency 
and ⩾33% response rate at the 3-month mark, 
duration of the FUSP, and change in nocturnal 
urine volume. Safety was assessed based on the 
incidence of adverse events, physical examination 
with comprehensive blood and urine analyses, 
and serum sodium monitoring performed at base-
line and then 4, 7, 30, 60, and 90 days after treat-
ment initiation.

On final analysis (n = 385), both doses of desmo-
pressin acetate orally disintegrating tablets con-
ferred significant benefit compared with placebo 
for adjusted mean change in nocturia frequency 
[−1.25 with 50 mcg and −1.29 with 75 mcg com-
pared with −0.88 with placebo (p = 0.0003, 
p < 0.0001, respectively)] as well as for adjusted 
odds of ⩾33% response rate [odds ratio (OR) 
1.98 with 50 mcg versus placebo; OR 2.04 with 
75 mcg versus placebo (p = 0.0009, p = 0.004, 
respectively)]. Additionally, statistical signifi-
cance was observed for secondary endpoints at 
3 months, and both doses conferred significant 
benefit compared with placebo for change in 
FUSP duration [+112 min with 50 mcg and 
+116 min with 75 mcg compared with +73 min 
with placebo (p = 0.006, p = 0.003, respectively)]. 
The most common adverse events were dry 
mouth and headache, and a total of 4.7% of all 
patients experienced an adverse event leading to 
discontinuation. The incidence of hyponatremia 
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was 1.9% with 50 mcg, 3.3% with 75 mcg, and 
0% with placebo using a serum sodium threshold 
of ⩽125 mmol/l, and 1.9%, 7.4%, and 0%, 
respectively, using a serum sodium threshold of 
<130 mmol/l.

Contemporary to the desmopressin trial involving 
men, Sand et al. investigated the efficacy and 
safety of 25 mcg orally disintegrating tablets com-
pared with placebo in women ⩾18 years of age 
with ⩾2 voids nightly, as confirmed by 3-day 
voiding diary analysis during screening.61 Core 
features of the study design, including randomi-
zation, primary and secondary outcomes, meas-
urement and timing of outcomes, and safety 
monitoring, were analogous to those employed by 
Weiss and colleagues.60 On final analysis 
(n = 261), desmopressin conferred significant 
benefit compared with placebo for adjusted mean 
change in nocturia frequency (−1.46 with desmo-
pressin compared with −1.24 with placebo, 
p = 0.028) as well as for adjusted odds of ⩾33% 
improvement (OR 1.85, p = 0.006 compared with 
placebo). Statistical significance was also observed 
in the change in average nocturnal voiding fre-
quency at the 3-month mark, as well as in the 
duration of the FUSP and nocturnal urine vol-
ume from baseline, although no significant differ-
ence was observed in 3-month 33% responder 
rate. The most common adverse events were uri-
nary tract infection, headache, and upper respira-
tory tract infection, and a total of 1.9% of all 
patients experienced adverse events leading to 
discontinuation. The incidence of hyponatremia 
according using a serum sodium threshold 
<130 mmol/l was 2.2% in the desmopressin 
group and 0% in the placebo group. No patients 
in either study arm were found to have serum 
sodium ⩽125 mmol/l.

More recently, the concept of sex-specific dosing 
was also further explored through two independ-
ent multicenter phase III randomized placebo-
controlled trials investigating orally disintegrating 
tablets in Japanese males [ClinicalTrials.gov 
identifier: NCT02904759] and females 
[ClinicalTrials.gov identifier: NCT02905682].62 
Patients ⩾20 years of age were eligible if they 
were found to have persistent nocturia (⩾2 noc-
turnal voids) due to nocturnal polyuria after com-
pleting a 1-week placebo run-in period with 
behavioral counseling. Females received either 
25 mcg or placebo and males received 25 mcg, 
50 mcg, or placebo. The primary endpoint was 
change from baseline nocturnal voiding frequency 

during 12 weeks of treatment. Secondary end-
points included changes in duration of the FUSP, 
nocturnal urine volume, nocturnal polyuria index 
(defined as nocturnal urine volume/24-h urine 
volume), and nocturia-related quality of life. 
Safety was assessed based on the incidence of 
adverse events, physical examination with com-
prehensive blood and urine analyses, and serum 
sodium monitoring performed at baseline and 
then on days 3, 7, 14, 30, 60, and 90 after treat-
ment initiation.

A total of 525 patients were included in the full 
analysis set. Among males (n = 338), both 25 and 
50 mcg dose levels conferred significant benefit in 
mean nocturia frequency compared with placebo 
[−0.96 with 25 mcg and −1.21 with 50 mcg com-
pared with −0.76 with placebo (p = 0.0143, 
p < 0.0001, respectively)]. Among females 
(n = 187), 25 mcg improved mean nocturia fre-
quency with borderline statistical significance 
compared with placebo (−1.11 versus −0.95, 
respectively, p = 0.0975). While the primary end-
point did not meet statistical significance accord-
ing to conventional standards, duration of the 
FUSP, nocturnal urine volume, and nocturnal 
polyuria index all significantly improved beyond 
placebo for all dose levels in females as well as in 
males. Further, 25 mcg tablets in females, as well 
as 25 and 50 mcg tablets in males, demonstrated 
long-term efficacy and reasonable tolerability in a 
subsequent long-term trial designed partly as an 
extension study for subjects completing the 
phase III trials [ClinicalTrials.gov identifier: 
NCT03051009].67 Treatment-emergent hypona-
tremia of <130 mmol/l was observed in none of 
the females and in 0.9%, 1.8%, and 0% of males 
with 25 mcg, 50 mcg, and placebo, respectively. 
(Yamaguchi, Juul and Falahati, 2020) No patients 
of either sex were found to have serum sodium 
⩽125 mmol/l. (Yamaguchi, Juul and Falahati, 
2020)

Sodium monitoring
Owing to significant regional regulatory variation, 
current guidelines from the International 
Continence Society advocate for comprehensive 
monitoring when serum sodium checks are clini-
cally warranted, but do not offer a consensus as to 
whether baseline serum sodium must be assessed 
before starting desmopressin in young patients 
with no risk factors for hyponatremia.68 However, 
more definitive recommendations have been 
detailed in current European Association of 
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Urology (EAU) guidelines for non-neurogenic 
male LUTS, as well as US FDA prescriber infor-
mation for both desmopressin acetate nasal spray 
and orally disintegrating tablets. EAU guidelines 
specify that serum sodium should be assessed at 
the time of medication initiation or dose titration, 
and then 3, 7, and 30 days after baseline, followed 
by periodic monitoring across the course of treat-
ment.69 According to these guidelines, mainte-
nance serum sodium checks can be scheduled 
every 3 months for patients with stable serum 
sodium during the initial monitoring sequence, 
but should occur more frequently in patients 
⩾65 years or with risk factors for hyponatremia, 
and the initial monitoring regimen should be 
restarted following dose escalation.69 As out-
lined in the sections above, FDA prescriber 
information for both desmopressin acetate nasal 
spray and orally disintegrating tablets specifies 
safe use to include serum sodium monitoring for 
all patients prior to medication initiation, 
restart, or dose escalation, and again within 
7 days and approximately 30 days from baseline, 
with subsequent periodic monitoring and more 
frequent checks in patients ⩾65 years or at 
increased risk of hyponatremia.55,56 Indeed, the 
risk of hyponatremia in patients ⩾65 is high-
lighted by the inclusion of desmopressin in the 
2019 American Geriatrics Society Beers Criteria 
describing pharmaceuticals to be used with par-
ticular caution in both men and women of this 
age group.70

Notwithstanding the logistical considerations of 
routine serum sodium monitoring, recent research 
contends that a conservative approach to sodium 
testing may reliably prevent clinically significant 
hyponatremia in patients on desmopressin 
replacement therapy. Using pooled data from 
1443 patients included in phase III trials for desm-
opressin acetate orally disintegrating tablets,34,60,61 
Juul et al. performed a meta-analysis to identify 
specific risk factors for clinically significant treat-
ment-induced hyponatremia, defined as serum 
sodium <130 mmol/l.27 In both sexes, patient 
characteristics independently associated with sig-
nificant hyponatremia included age ⩾65 years and 
diminished renal clearance (<60 ml/min).27 
Baseline serum sodium <135 mmol/l, as well as 
exposure to desmopressin above the sex-specific 
minimum effective dose (25 μg for females and 
50 μg for men), were also identified as independ-
ent risk factors for clinically significant hypona-
tremia, and a majority of all hyponatremic events 
occurred within the first 3 weeks of treatment.

Consistent with these observations, Juul et al. 
devised a structured serum sodium monitoring 
plan for preventing desmopressin-induced 
hyponatremia. One approach proposed by the 
investigators called for a baseline serum sodium 
check in all patients, with repeat monitoring at 7 
and 30 days in patients ⩾65 years or concurrently 
taking other medications associated with hypona-
tremia. Notably, for patients exposed to the mini-
mum effective dose of desmopressin, adherence 
to this sodium monitoring plan with immediate 
discontinuation following a serum sodium level 
<135 mmol/l would have successfully identified 
all subsequent cases of clinically significant 
hyponatremia for exclusion from further treat-
ment. This particular sodium monitoring sched-
ule was also noteworthy because of its significant 
overlap with current FDA prescriber guidelines 
for desmopressin (albeit slightly less stringent due 
to the researcher’s omission of 7- and 30-day 
repeat checks in healthy younger patients). While 
such analyses have not been repeated using desm-
opressin acetate nasal spray, nearly half the inci-
dent cases of serum sodium <130 mmol/l in 
pivotal trials for that formulation were likewise 
observed within the first 2 weeks following treat-
ment initiation.54

Current trends in antidiuretic replacement 
therapy
Based on a recent update from the EAU non-
neurogenic male LUTS guidelines panel, desmo-
pressin for nocturia in men <65 years is the only 
medication supported by Level 1a evidence, as 
well as the only specific pharmacotherapy to 
receive a Grade A recommendation in the treat-
ment of nocturia.71 At present, real-world noctur-
nal polyuria patients are being actively recruited 
for long-term specified-use prospective observa-
tional trials, which stands to further corroborate 
current evidence regarding the efficacy and safety 
of currently-approved desmopressin formulations 
[ClinicalTrials.gov identifier: NCT04329975]. 
In the clinical setting, there exists significant 
investigative interest in phenotyping the popula-
tion of patients most likely to respond to antidiu-
retic replacement therapy, including our own 
work on differential trajectories of intra-nocturnal 
urine production between distinct subsets of 
patients with nocturnal polyuria.72–78

While desmopressin is the only antidiuretic pep-
tide available to treat nocturia and other condi-
tions characterized by AVP deficiency, several 
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alternative small-molecule AVP2R agonists are in 
various stages of development. A phase II trial of 
ASP7035 for nocturnal polyuria is listed in the 
European Clinical Trials Database as ongoing at 
some study sites (EudraCT2013-003701-25). 
Recently completed trials include a phase II study 
of SK-1404 for nocturnal polyuria [ClinicalTrials.
gov identifier: NCT03116191] and a phase IIB/
III study of fedovapagon (VA106483) for noc-
turia in men with BPH [ClinicalTrials.gov identi-
fier: NCT02637960]. While results of these trials 
are not widely available, a summary of key results 
was included in a prior evidence briefing on fed-
ovapagon from the National Institute for Health 
Research, which reported significant improve-
ment in primary study endpoints pooled across 
the entire treatment period.79 Even more recently, 
a series of newly discovered truncated AVP ana-
logs were reported to retain AVP2R potency with 
increased selectivity, and thus hold the potential 
to further improve the pharmacological profile of 
antidiuretic replacement therapy.80 Two of these 
new compounds, FE 202217 and FE 201836, 
were selected for clinical development, and a 
response-adaptive dose-finding phase II trial in 
nocturnal polyuria patients has been completed 
for FE201836 [ClinicalTrials.gov identifier: 
NCT03201419].

Additional pharmacotherapies for nocturnal 
polyuria
While medications prototypically used for lower 
urinary tract dysfunction have been increasingly 
recognized to affect systems and processes beyond 
the bladder,81–83 their potential effects on physio-
logic fluid handling and urine production are 
highly complex,84–86 and possible benefit in reduc-
ing nocturnal urine production has not been con-
sistently demonstrated.87–91 Further, these agents 
have been studied most extensively in carefully 
selected LUTS patient subsets, among which 
they generally reduce nocturia by 0.2−0.4 or 
fewer voids per night beyond placebo.71 As such, 
desmopressin remains the only medical therapy 
in the clinician’s standard toolkit for LUTS from 
which clinically meaningful improvement in noc-
turia due to nocturnal polyuria may be reasonably 
expected.

However, beyond antidiuretic replacement ther-
apy, several other emerging pharmacotherapies 
may also be effective in targeting excess noctur-
nal urine production. At present, timed diuretic 
therapy holds a Grade C recommendation from 

the EAU guidelines panel for male LUTS, but 
does find support through Level 1B evidence.71 
Evidence supporting the role of pharmacotherapy 
for hypertension, nonsteroidal anti-inflammatory 
drugs (NSAIDs), and sex hormone replacement 
therapy in treating nocturnal polyuria is variable 
in quality. Moreover, the specific physiologic 
mechanisms by which these agents contribute to 
a positive treatment response in patients with 
nocturia have not been completely characterized, 
but such knowledge gaps are the focal point of 
extensive ongoing nocturnal polyuria research.75,92 
As was the case for antidiuretic replacement ther-
apy, diuretic therapy for nocturia should be 
accompanied by regular screening for hypona-
tremia,71 while all above-mentioned modalities 
require careful patient selection and shared deci-
sion-making to optimize the balance between 
therapeutic effect and risks associated with 
treatment.93–96

Diuretics
The relationship between nocturia and diuretics 
is rather paradoxical and highly dependent on the 
specific situation at hand. Several population 
studies have identified an association between 
nocturia severity and diuretic use,97–99 and yet, 
multiple double-blind placebo-controlled trials 
involving healthy adults have found afternoon 
administration of potent diuretics to significantly 
improve nocturia. Because diuretics are a core 
tenet in the management of congestive heart fail-
ure and other volume overload states, and day-
time third-space fluid sequestration, in and of 
itself, is an important pathophysiologic mecha-
nism of nocturnal polyuria in some patients,100 
the population-level association between nocturia 
and diuretics is likely explained, in large part, by 
the status of diuretics as a marker of volume over-
load states.101,102 In contrast, among otherwise 
healthy adults, administration of short-acting diu-
retics in the afternoon (i.e., more than 4–6 h prior 
to bedtime) is thought to improve nocturia by 
restoring the circadian rhythm of sodium 
homeostasis.103

In a double-blind randomized placebo-controlled 
crossover study, adults regularly experiencing ⩾2 
nocturnal voids in a general practice setting were 
administered 2 weeks of bumetanide 1 mg and of 
placebo, taken 4−6 h prior to bedtime.104 Of the 
28 patients who completed the study, bumetanide 
conferred a significant benefit compared with pla-
cebo in median number of weekly nocturnal voids 
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(10.0 versus 13.8, p < 0.05). A total of 33 patients 
were initially enrolled in the study, including 2 
excluded for nonadherence and 3 excluded for 
adverse events, although the time frame and 
severity of the adverse events was not made clear.

These results were later extended through the use 
of voiding diaries in a subsequent 4-week double-
blind randomized placebo-controlled study of 
furosemide.105 Reynard et al. randomized 49 men 
⩾50 years with nocturnal polyuria to receive 
afternoon furosemide 40 mg or placebo following 
a 2-week placebo run-in period. Nighttime and 
daytime voiding frequency and voided volumes 
were compared between groups using 7-day void-
ing diaries completed in the second week of the 
run-in period and then during the fourth week of 
treatment. Of the 43 (88%) men who completed 
the study, furosemide conferred a significant ben-
efit in nocturia frequency (−0.5 versus 0, p = 0.014) 
and the proportion of subjects responding by ⩾1 
nightly void (36.8% versus 5.0%, p = 0.02). While 
the change in nocturnal urine volume observed 
between groups was not statistically significant 
(−120 versus +9 ml, p = 0.064), subjects in the 
experimental group were found to experience a 
significant increase in daytime voided volume 
with no change in 24-h urine output, correspond-
ing to a significant improvement in the nocturnal 
polyuria index with furosemide (−0.18 versus 0, 
p = 0.001). No adverse events were reported.

The efficacy of furosemide in treating nocturia 
has been also been assessed in two studies involv-
ing combination pharmacotherapy. One trial 
published in Chinese randomized 64 LUTS 
patients to receive afternoon furosemide 40 mg 
combined with doxazosin 4 mg or doxazosin 
monotherapy.106 Combination therapy conferred 
significant improvement in nocturia frequency 
(−1.22 versus −0.47 voids, p = 0.003) and noctur-
nal urine volume (−138 versus −43 ml, p < 0.001) 
relative to alpha-blocker monotherapy.106 In 
another prospective randomized control trial of 
adults >60 years with nocturia, afternoon furo-
semide staggered with bedtime desmopressin 
therapy was found to significantly improve noc-
turia severity compared with placebo,107 but it 
should be noted that loop diuretics remain a con-
traindication to desmopressin in current FDA 
prescriber guidelines.55,56

A more recent multicenter open-label randomized 
crossover trial compared the efficacy of furosem-
ide and an gosha-jinki-gan (GJG) − an East Asian 

blended herbal medicine which is popular in 
some countries for nocturia and other LUTS – in 
patients ⩾50 years of age with nocturia (⩾2 
nightly voids) due to nocturnal polyuria.108 
Furosemide 20 mg was administered once daily in 
the afternoon, while GJG 7.5 mg was adminis-
tered 3 times daily, and patients sequentially 
received each treatment for a total of 4 weeks. Of 
the 36 patients who completed the study, analysis 
of 3-day voiding diaries revealed significant 
improvement in mean nocturnal voiding fre-
quency with both interventions relative to base-
line [3.3 with furosemide and 3.9 with GJG, 
compared with 4.4 voids at baseline (p < 0.001, 
p = 0.020, respectively)], as well as significantly 
greater benefit with furosemide compared with 
GJG (p < 0.001). Mean nocturnal urine volume 
was also lower with furosemide compared with 
GJG and baseline [793 ml with furosemide, 
897 ml with GJG, and 991 ml at baseline 
(p < 0.001 between furosemide and both GJG 
and baseline)]. All adverse events were graded as 
mild and no serum electrolyte imbalances were 
observed.

Antihypertensive therapy
Disruption in the normal circadian rhythm of 
blood pressure has been increasingly recognized 
as an important mediator of the widely described 
population-level association between nocturia 
and hypertension.99,102,109,110 Blood pressure fol-
lows a well-defined circadian pattern, character-
ized by a 10–20% decline during the main 
sleeping period relative to daytime. The absence 
of this expected nocturnal blood pressure decline, 
or “dip,” is referred to as non-dipping hyperten-
sion – a phenomenon affecting upwards of 40–
50% of hypertensive adults.111,112 In the 
Nagahama cohort study of community-dwelling 
adults in the Japanese general population, fre-
quent nocturnal urination was found to be inde-
pendently associated with a smaller drop in 
nocturnal blood pressure relative to daytime 
blood pressure, as determined from scheduled 
home blood pressure recordings.113 Similar results 
were observed using multi-day ambulatory blood 
pressure monitoring in the HEIJO-KYO cohort 
study of community-dwelling older adults in 
Japan, which found nocturia to be significantly 
associated with higher nighttime blood pressure 
and blunted nocturnal dipping, independent of 
several potential confounding variables including 
antihypertensive medication utilization and circa-
dian rhythm parameters.114
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The pathophysiology of nocturia owing to non-
dipping hypertension has not yet been fully char-
acterized, but likely involves dysregulation of the 
renin-angiotensin-aldosterone pathway, corre-
sponding to a relative excess in aldosterone and 
enhanced nocturnal natriuresis.115,116 In a well-
controlled study of healthy Danish men with 
occasional nocturia, the occurrence of nocturia 
was characterized by both greater nocturnal urine 
volume and higher nighttime mean arterial blood 
pressure compared with nights without nocturia, 
supporting the role of excess nocturnal urine pro-
duction as a key mediator in the relationship 
between nocturia and nocturnal blood pressure.117 
Non-dipping hypertension on ambulatory blood 
pressure monitoring was also found to be signifi-
cantly more prevalent in nocturic subjects with 
versus without nocturnal polyuria in a recent con-
venience sample of patients with LUTS.118

Current evidence suggests that medical optimiza-
tion of hypertensive disease may also be an effec-
tive intervention in the clinical management of 
nocturnal polyuria. In a prospective clinical study, 
Cho et al. reported significant improvement in 
nocturia frequency, nocturnal urine volume, and 
nocturnal polyuria index after 4 weeks of after-
noon hydrochlorothiazide 25 mg adjunctive 
therapy in men with nocturia refractory to alpha 
blocker monotherapy.119 Although blood pres-
sure was not taken into account, it should be 
noted that thiazide diuretics exert a particularly 
pronounced antihypertensive effect, as evi-
denced by the fact that thiazide-like diuretics are 
often warranted as first-line management for 
hypertension.120 In a non-controlled exploratory 
analysis of elderly patients (73.3% with noc-
turia) with losartan-refractory hypertension 
started on hydrochlorothiazide 12.5 mg, Kojima 
et al. observed significant improvement in nocturia 
frequency as well as systolic and diastolic blood 
pressure after 1 month of combination therapy, 
although statistical significance did not persist for 
nocturia relative to baseline at the 3-month mark.121 
While nocturia response to antihypertensive treat-
ment remains under-studied, it is one of the pri-
mary aims of an active pilot study on treatment for 
nocturnal hypertension in African-American men 
[ClinicalTrials.gov identifier: NCT03319823], 
designed as a foundation for future grant-funded 
comprehensive research on this topic.

Nonsteroidal anti-inflammatory drugs
NSAIDs inhibit the synthesis of prostaglandins, 
which are known to increase and maintain renal 

blood flow and subsequent sodium and water 
excretion, and may also indirectly counteract 
renal free water conservation via inhibition of 
endogenous AVP activity at the renal collecting 
duct.122,123 In a 1-month double-blind rand-
omized placebo-controlled study, 80 men with 
⩾2 nocturnal voids and LUTS with BPH were 
assigned to receive nightly 100 mg celecoxib – a 
selective cyclooxygenase-2 inhibitor – or pla-
cebo.124 Patients in the exposure group experi-
enced significant benefit in mean nocturnal 
voiding frequency, whereas no such effect was 
observed among controls [5.17−2.5 with 
celecoxib and 5.30−5.12 with placebo 
(p < 0.0001, p = 0.980, respectively)]. Four (10%) 
patients in the experimental group experienced 
mild gastric discomfort and no serious adverse 
events were reported in either group.

More recently, Lee et al. published data from a 
14-day multicenter phase II double-blind rand-
omized placebo-controlled 4-arm parallel study 
of a novel immediate/sustained-release formula-
tion of combination acetaminophen-ibuprofen 
pharmacotherapy [ClinicalTrials.gov identifier: 
NCT02646826].125 A total of 86 patients with 
⩾2.5 nightly voids and overactive bladder symp-
toms were assigned one of three dose levels or 
placebo. The active medication conferred signifi-
cant benefit in reducing average nocturnal void-
ing frequency compared with placebo at all dose 
levels [−1.1 with low-dose, −1.4 with mid-dose, 
and −1.3 with high-dose compared with −0.3 
with placebo (p = 0.002, p = 0.003, p = 0.001, 
respectively)]. There were no adverse events 
deemed treatment-related or severe in any group.

Although both aforementioned studies were lim-
ited by the absence of voiding diary data to quan-
tify changes in nocturnal urine production, 
extended-duration diaries were obtained through a 
2-week double-blind randomized placebo-con-
trolled crossover study of diclofenac.126 Addla et al. 
reported that diclofenac 50 mg tablets taken nightly 
by 26 adult patients with nocturia (⩾2 nightly 
voids) due to nocturnal polyuria conferred signifi-
cant benefit compared with placebo, with nocturia 
frequency improving from 2.7 to 2.3 voids 
(p < 0.004) and nocturnal polyuria index improv-
ing from 0.44 to 0.39 (p < 0.001), as well as bor-
derline significance observed for nocturnal urine 
volume (802–745 ml, p = 0.05).126 Notably, the 
significant shift in 24-h urine production toward 
the daytime period (i.e., decreased nocturnal poly-
uria index) is consistent with well-controlled 
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physiologic evidence on the effect of diclofenac on 
renal function, characterized by a rapid and persis-
tent reduction in free water clearance owing to a 
35% decrease in renal plasma flow and glomerular 
filtration rate with a nadir at 2 h and evidence of 
recovery starting at 3 h.127 Several institutional 
studies have also demonstrated efficacy in treating 
nocturia with loxoprofen, a non-selective cycloox-
ygenase inhibitor marketed in some coun-
tries,128–132 with evidence supporting reductions in 
nocturnal urine volume as the primary mediator of 
nocturia treatment response.128,130,131

Hormone replacement therapy
During and after the transition to menopause, noc-
turia may arise in the context of the genitourinary 
syndrome of menopause (GSM),133 which is a 
broad symptom complex encompassing multiple 
lower urinary tract symptoms and genital/sexual 
signs and symptoms associated with a decrease in 
sex hormones.134 A wide range of pharmacologic 
treatment options are available for GSM, includ-
ing multiple formulations of systemic and vaginal 
estrogen products, as well as newer non-estrogen 
medications such as the selective estrogen receptor 
modulator ospemifene.94 Evidence derived from 
patients with OABS and secondary analyses of piv-
otal trials on the systemic effects of estrogen 
replacement therapy identified a significant thera-
peutic benefit of hormone replacement therapy in 
improving nocturia severity.135,136 Retrospective 
data from postmenopausal women with symptoms 
consistent with OABS suggest that ospemifene 
may also be effective for treating nocturia.137,138

Although the direct role of GSM pharmacother-
apy in the management of nocturia has classically 
received relatively less attention, nocturia has 
recently been recognized not only as one potential 
facet of the GSM, but rather as one of the most 
pervasive complaints in this population.133 The 
direct relevance of nocturia in patients with GSM 
is also underscored by a recent prospective obser-
vational study of systemic hormone replacement 
therapy from Pauwaert and colleagues, which was 
highly novel in that it considered nocturia the pri-
mary outcome variable, and found oral estradiol-
progesterone combination therapy to indeed 
confer significant benefit for nocturia.139 A pro-
spective observational cohort study led by 
Pauwaert et al. to assess the effect of 10 different 
hormone replacement therapies on nocturia is 
also in the active recruitment phase [ClinicalTrials.
gov identifier: NCT04433897].

Nocturnal polyuria is thought to be the most 
common cause of nocturia in patients of all ages 
and backgrounds, but its prevalence further 
increases with age, such that a disproportionate 
burden of nocturnal polyuria would be expected 
in postmenopausal women compared with 
younger nocturia cohorts.14 Consistently, explor-
atory data have identified decreased urine output 
as a potential central mechanism in nocturia 
treatment response following hormone replace-
ment therapy in postmenopausal women.140 Well-
controlled physiologic evidence demonstrates 
that administration of estradiol is associated with 
increased plasma AVP concentration, volume 
expansion, and a lower osmotic threshold for 
AVP release, as well as enhanced renal sodium 
reabsorption despite a stable plasma aldosterone 
concentration, suggesting that synthetic estrogens 
may also directly influence electrolyte handling at 
the level of the kidney.65 Taken together, current 
evidence suggests that estrogens as well as proges-
terones play an important role in the central regu-
lation of whole-body fluid balance and sodium 
regulation.141 For an excellent review on the hor-
mone changes and fluid regulation during meno-
pause, see Stachenfeld.141

Emerging technologies: individualizing 
nocturnal polyuria diagnosis and treatment
In recent years, the nocturia research community 
has grown increasingly aware of the extensive 
breadth of pathophysiologic mechanisms that may 
underlie nocturia.102 Parallel to the diversity in noc-
turia pathophysiology, nocturia patients are simi-
larly heterogenous with respect to the composition 
of urine produced during the hours of sleep. 
Compared with nocturia patients without noctur-
nal polyuria, the volume of urine produced during 
the night by those with nocturnal polyuria is not 
only greater in volume, but also significantly more 
dilute during the early hours of sleep.74 Consistently, 
our own analysis of the volume and osmolality of a 
single urine sample from the early hours of the 
night revealed that these parameters combined can 
predict a diagnosis of nocturnal polyuria with a rea-
sonably high degree of sensitivity and specificity.142

While the volume of a single void can be measured 
easily, urine osmolality – the gold standard param-
eter for quantifying urine concentration – was his-
torically measured using a freezing point 
depression technique, which is time-intensive and 
not widely available in the routine diagnostic labo-
ratory setting.143 However, urine osmolality was 
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recently demonstrated to be reliably estimated 
from an assessment of standard urinalysis param-
eters (e.g., creatinine, glucose, and specific grav-
ity) in conjunction with urine conductivity – a 
dilution parameter which is relatively easy to 
obtain using meters that can now be inte-
grated into standard urinalysis equipment.143–145 
Accordingly, current technology now makes fea-
sible the analysis of single-void nocturnal urine 
samples in a general diagnostic laboratory setting 
to obtain clinically meaningful data for diagnosing 
nocturnal polyuria. This potential diagnostic 
alternative is particularly noteworthy in view of 
growing investigative interest in adjunctive strate-
gies to voiding diary analysis in order to facilitate a 
more patient-centered approach to nocturia eval-
uation and management.146–151

Even among patients who share a common diag-
nosis nocturnal polyuria, the composition of their 
nocturnal urine is highly variable,117,152,153 such 
that most nocturnal polyuria patients can be 
further phenotyped as having (a) excess free 
water diuresis, (b) excess solute diuresis, or (c) 
mixed water/solute diuresis74,154 (Figure 1). 
Phenotyping patients by the composition of 
their excess urine volume – the relevant substrate 
for pharmacologic interventions directed at noc-
turnal polyuria – carries the potential to directly 
facilitate individualized treatment.155 For example, 
in view of the mechanism of antidiuretic replace-
ment therapy, patients with nocturnal polyuria 
owing to water diuresis or a mixed phenotype would 

be expected to demonstrate the most robust 
response to treatment with desmopressin.156 
Conversely, normalization of circadian homeostasis 
with appropriately timed diuretic/natriuretic would 
likely be of particular benefit in patients with a sol-
ute-predominant phenotype.103 Urine composition-
based phenotyping may thus also be useful in 
guiding future research on antihypertensives, 
NSAIDs, and sex hormone replacement therapy in 
the treatment of nocturnal polyuria.

Beyond substrate-guided nocturnal polyuria phe-
notypes, contemporary advancements in our 
understanding of the pathogenesis of nocturnal 
polyuria, and AVP dysregulation in particular, 
have introduced several novel opportunities for 
point-of-care testing in patients with nocturnal 
polyuria. Urinary AVP from early-morning urine 
samples has been recognized as a potential bio-
marker for nocturnal polyuria, and, more specifi-
cally, impaired circadian rhythmicity in 
endogenous AVP activity.157–159 Additionally, 
pre-treatment plasma copeptin levels have been 
found to be predictive of desmopressin response 
in younger patients with nocturnal polyuria,160 
and this concept is also the subject of a large 
ongoing prospective observational study currently 
in the recruitment phase [ClinicalTrials.gov iden-
tifier: NCT02621736]. Measurement of arginine-
stimulated plasma copeptin has been identified as 
an effective and relatively safe alternative to the 
water deprivation test in the diagnosis of the poly-
uria-polydipsia syndrome,161,162 and it stands to 

Figure 1.  Observed distribution of nocturnal polyuria phenotypes following different definitions for nocturnal 
polyuria.74 (A) Nocturnal polyuria defined as nocturnal polyuria index (nocturnal urine volume/24-h total urine 
volume) >0.20-0.33. (B) Nocturnal polyuria defined as nocturnal urine production >90 ml/h. Modified with 
permission from Goessaert et al.74
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reason that this technology may also be relevant 
in identifying nocturnal polyuria owing to blunted 
nocturnal endogenous AVP activity.163

Future directions
In general, evidence supporting the efficacy and 
safety of non-antidiuretic therapies for nocturnal 
polyuria remains limited, and combination phar-
macotherapies targeting excess nocturnal urine 
production have likewise not been well studied. 
Further research is also needed to better charac-
terize the patients most likely to respond to anti-
diuretic replacement therapy and other 
pharmacologic modalities targeting excess noc-
turnal urine production. While this narrative 
review highlights mechanisms underlying the 
effects of several medications on nocturnal urine 
production in particular, nocturia treatment 
response with medications other than diuretics 
has not been completely characterized, and these 
agents may also alter other factors relevant to 
nocturia such as bladder contractile function and 
sleep architecture.164–170 The utility of urinary 
phenotypes, as well as copeptin assays and other 
potential modalities for point-of-care testing, 
requires evaluation in larger study samples of 
real-world patients with nocturnal polyuria.
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