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Purpose: Low nocturnal urine production (NUP) may be sufficient to rule out global polyuria (GP) in men. This study deter-
mines the sensitivity of indices for nocturnal polyuria (NP), defined as nocturnal polyuria index (NPi; nocturnal urine
volume/24-hour urine volume) >0.33 or NUP >90 mL/hr, for detecting GP in women.

Methods: Data were analyzed from 2 prospective protocols involving subjects recruited from a urology ambulatory care unit
and a continence clinic. Women > 18 years with nocturia were included if they met either of 2 common criteria for GP: (1)
>40 ml/kg/24 hr or (2) 23,000 mL/24 hr.

Results: Thirty-one women were included (NPi, 28.6 [21.3-40.7]; NUP, 100.8 [68.3-135.8] mL/hr). At the >40 mL/kg/24-hr
cutoff, 40% and 63% of women reporting > 1 nocturnal void(s) (n=30) had NPi >0.33 and NUP =90 mL/hr, respectively.
Additionally, 53% and 71% of subjects reporting >2 nocturnal voids (n=17) had NPi >0.33 and NUP >90 mL/hr, respec-
tively. At the >3,000 mL/24-hr cutoft, 38% and 69% of women reporting >1 nocturnal void(s) (n=13) had NPi >0.33 and
NUP =90 mL/hr, respectively, and 63% and 88% of subjects reporting >2 nocturnal voids (n=8) had NPi >0.33 and NUP
>90 mL/hr, respectively. By extension, 37%-62% of women with nocturia and GP did not have NP by NPi >0.33 criteria, and
12%-37% did not have NP by NUP >90 mL/hr criteria.

Conclusions: Indices of excess nighttime urination do not reliably predict GP in women. A full-length voiding diary may be
particularly important in the evaluation of women with nocturia. Nocturia in women merits further consideration as a dis-
tinct entity.
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INTRODUCTION

Nocturia, defined by the International Continence Society as
waking to pass urine during the main sleep period [1], involves
a fundamental mismatch between production and storage. This
mismatch may be mediated by excess urine production (i.e.,
nocturnal polyuria [NP] or global polyuria [GP]) and small
bladder capacity [2]. Voiding diaries are the gold standard for
differentiating these mechanisms [3], but many patients find
them prohibitively cumbersome [4], such that voiding diary
utilization remains suboptimal [5].

Nocturnal-only voiding diaries have been proposed as an al-
ternative to voiding diaries of longer duration [6], and likewise
offer valuable insight regarding nocturnal urine volumes and
bladder capacities, which can be used to support diagnoses of
NP and nocturnal small bladder capacity, respectively. In con-
trast to NP and small nocturnal bladder capacity, a diagnosis of
GP is, by definition, predicated on 24-hour urine sampling
[1,7]. Nevertheless, it stands to reason that inordinate nocturnal
urine volumes are highly suggestive of GP, and provide a strong
indication for a full-length voiding diary. Recent research dem-
onstrated that a high nocturnal urine volume among men with
NP is fairly sensitive for a diagnosis of comorbid GP [8]. How-
ever, the relationship between nocturnal urine production
(NUP) and 24-hour urine production remains poorly charac-
terized in women with GP. Accordingly, the aim of the present
study is to determine the sensitivity of standard indices for NP
in detecting GP in women.

MATERIALS AND METHODS

1. Study Protocol
The present study is a post hoc analysis of voiding diaries ob-
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tained from 2 prospective observational protocols. The first
protocol enrolled subjects (n=135) recruited by a urology am-
bulatory care unit [9]. The second protocol (n=95) recruited
participants >65 years who consulted a continence clinic [10].
For both protocols, participants completed 24- to 72-hour void-
ing diaries, and subsequently collected urine samples at 3-hour
intervals to complete renal function profile. Both studies were
conducted following local ethics committee approval in accor-
dance with the Declaration of Helsinki on an a priori basis. The
methodology of these studies has previously been described
[9,10].

2. Subjects

Voiding diaries were analyzed to identify subjects with GP us-
ing 2 distinct criteria for GP: (1) 24-hour urine production >40
mL/kg and (2) 24-hour urine production >3,000 mL [1,7].
Women > 18 years of age with nocturia were included if they
met either criteria for GP.

3.Voiding Diary Parameters

Twenty-four-hour urine volume was defined as the total quan-
tity of urine passed in one day. The actual number of nocturnal
voids (ANV) was defined as the number of nocturnal awaken-
ings during the intended sleep period. Nocturnal urine volume
was defined as the quantity of urine produced during the peri-
od of intended sleep (including the first morning voided vol-
ume) [1]. Nocturnal polyuria index (NPi) was defined as the
fraction of 24-hour urine output produced during the intended
sleep period (nocturnal urine volume/24-hour urine volume)
[1]. NUP was defined as the hourly rate of urine production
during the intended sleep period (nocturnal urine volume/
sleeping hours) [1]. Daytime urine production (DUP) was de-
fined as the rate of urine produced during nonsleeping hours
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[(24-hour urine volume - nocturnal urine volume)/(24 - sleep-
ing hours)].

4.Test Methods

For each GP criterion (i.e., 240 mL/kg/24 hr and >3,000
mL/24 hr), the sensitivity of indices for NP in diagnosing GP
was determined using 2 common criteria for NP: (1) NPi
>0.33 and (2) NUP >90 mL/hr [1,11]. DUP was also calculat-
ed for each GP-NP criteria combination to further characterize
urine production by circadian period (i.e., nighttime vs. day-
time).

A subgroup analysis excluding patients with nocturnal uri-
nary incontinence was performed to account for potential dif-
ferences by continence status. Nocturnal incontinence was
identified by one or more nighttime incontinence episodes on
voiding diary analysis.

5. Statistical Analysis
A Wilcoxon signed-rank test was used to compare NUP versus
DUP for matched pairs. All tests were performed 2-sided and a

Table 1. Patient characteristics

P-value <0.05 was deemed statistically significant. All results
are presented as median (interquartile range).

RESULTS

A total of 31 women met the criteria for inclusion (Table 1).
Median NPi was 28.6 (21.3-40.7). Median NUP was 100.8
(68.3-135.8) mL/hr, whereas median DUP was 132.4 (114.4—
160.3) mL/hr (P=0.087).

Thirty subjects met the criteria for GP according to the >40
mL/kg/24-hr threshold. Subjects reporting >1 nocturnal
void(s) (n=30) had a median NPi of 28.5 (21.3-39.4) and a
median NUP of 98.8 (68.2-134.1) mL/hr (vs. DUP, 133.1
[115.6-161.3] mL/hr, P=0.058) (Table 2, Fig. 1A). Among
these subjects, NPi >0.33 and NUP >90 mL/hr were 40% and
63% sensitive for GP, respectively.

The subset of participants reporting =2 nocturnal voids
(n=17) had a median NPi of 37.7 (22.1-45.0) and a median
NUP of 108.9 (86.9-162.1) mL/hr (vs. DUP, 146.0 [109.7 vs.
158.5] mL/hr, P=0.644), wherein NPi >0.33 and NUP >90

Global polyuria criteria

Characteristic
All (n=31) >40 mL/kg/24 hr (n=30) >3,000 mL/24 hr (n=13)

Demographic

Age (yr) 69 (55-74) 69 (53-75) 69 (66-71)

Weight (kg) 62 (58-70) 62 (57-69) 70 (62-79)

Body mass index (kg/m?) 24.0 (21.3-27.0) 23.9(21.2-26.7) 26.5(23.2-32.7)
Voiding diary

No. of daytime voids 8(7-10) 8(7-10) 8(7-9)

No. of nighttime voids 2(1-3) 2(1-3) 2(1-3)

500 (357-584)
296 (233-337)
1.8 (1.3-2.4)

0.29 (0.21-0.41)
900 (649-1192)
101 (68-136)

132.4 (114.4-160.3)
2,970 (2,746-3,173)
45.6 (41.9-51.8)

Maximum voided volume (mL)
Mean voided volume (mL)

Nocturia Index

Nocturnal polyuria index

Nocturnal urine volume (mL)
Nocturnal urine production (mL/hr)
Daytime urine production (mL/hr)
24-Hour urine volume

Urine production by weight (mL/kg/24 hr)

497 (355-563)
299 (232-337)
1.8 (1.3-2.4)
0.29 (0.21-0.39)
885 (648-1167)
99 (68-134)
133.1(115.6-161.3)
2,951 (2,743-3,186)
45.8 (42.2-51.8)

538 (493-567)
337 (219-383)
2.0(1.7-3.0)

0.28 (0.22-0.43)
907 (695-1606)
129 (87-196)

153.1(126.3-182.2)
3,215 (3,072-3,640)
45.9 (45.0-51.9)

Values are presented as median (interquartile range).

Voiding diary terminology: maximum voided volume (single largest voided volume passed in a 24-hour period); mean voided volume (average voided vol-
ume passed in a 24-hour period); nocturia index (nocturnal urine volume/maximum voided volume); nocturnal polyuria index (nocturnal urine
volume/24-hour urine volume); nocturnal urine volume (volume of urine produced during the period of intended sleep; includes the first morning voided
volume); nocturnal urine production (hourly rate of urine production during the intended sleep period); daytime urine production (hourly rate of urine pro-

duced during nonsleeping hours).
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mL/hr were 53% and 71% sensitive for GP, respectively. In a
subgroup analysis of subjects without nocturnal urinary incon-
tinence, NPi >0.33 and NUP >90 mL/hr were 19% and 52%
sensitive for GP among participants reporting >1 nocturnal
void(s) (n=21), respectively, and 27% and 55% sensitive for GP
in those with >2 nocturnal voids, respectively (n=11) (Fig.
1B).

Thirteen subjects met the criteria for GP at the >3000
mL/24-hr cutoff. Subjects reporting >1 nocturnal void(s)
(n=13) had a median NPi of 28.4 (22.1-42.9) and a median
NUP of 128.6 (86.9-196.1) mL/hr (vs. DUP, 153.1 [126.3-
182.2] mL/hr, P=0.542). Among these subjects, NPi >0.33 and
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NUP =90 mL/hr were 38% and 69% sensitive for GP, respec-
tively.

The subset of participants reporting >2 nocturnal voids
(n=8) had a median NPi of 42.6 (28.0-46.0) and a median
NUP of 187.0 (122.8-215.5) mL/hr (vs. DUP, 146.9 [113.3 vs.
154.5] mL/hr, P=0.461), wherein NPi >0.33 and NUP >90
mL/hr were 63% and 88% sensitive for GP, respectively. In a
subgroup analysis of subjects without nocturnal urinary incon-
tinence, NPi >0.33 and NUP 290 mL/hr were 11% and 56%
sensitive for GP among participants reporting >1 nocturnal
void(s) (n=9), respectively, and 25% and 75% sensitive for GP
in those with >2 nocturnal voids, respectively (n=4).

Table 2. Daytime versus nocturnal urine production in women with global polyuria

Global polyuria criterion

Variable >40 mL/kg/24 hr >3,000 mL/24 hr
NUP (mL/hr) DUP (mL/hr) P-value NUP (mL/hr) DUP (mL/hr) P-value

ANV >1

All patients 98.8(68.2-134.1)  133.1(115.6-161.3) 0.058 128.6(86.9-196.1)  153.1(126.3-182.2) 0.542

Continent patients 91.4(58.8-101.8)  146.0 (125.7-164.8) <0.001" 96.7 (68.4-192.2)  164.6 (146.0-192.2) 0.039"
ANV >2

All patients 108.9 (86.9-162.1)  146.0 (109.7-158.5) 0.644 187.0 (122.8-215.5) 146.9 (113.3-154.5) 0.461

Continent patients 96.7 (58.6-105.4)  153.1(127.5-163.5) 0.005" 114.1 (94.2-143.1)  149.6 (135.9-168.7) 0.625

Values are presented as median (interquartile range).

NUP, nocturnal urine production; DUP, daytime urine production; ANV, actual number of nighttime voids (defined as the number of nocturnal awakenings
during the intended sleep period; “ANV 1” denotes included subjects with ANV > 1; “ANV 2” denotes subjects with ANV >2).

*P <0.05, statistical significance.
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Fig. 1. (A) Daytime versus nocturnal urine production in all women. (B) Daytime versus nocturnal urine production in continent
women. Horizontal band within boxes denotes median values; box ends reflect 25%-75% interquartile range (IQR); whisker ends re-
flect minimum and maximum NUP rates among women with global polyuria at each cutoff. ANV, actual number of nocturnal voids
(defined as the number of nocturnal awakenings during the intended sleep period; ANV 1” denotes included subjects with ANV > 1;
“ANV 2” denotes subjects with ANV >2); DUP, daytime urine production; NUP, nocturnal urine production. “P < 0.05, statistical sig-

nificance.
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Table 3. Nocturnal polyuria index and nocturnal urine production rate cutoffs corresponding to different sensitivities for a diagnosis

of global polyuria
Global polyuria criterion
Variable >40 mL/kg/24 hr >3,000 mL/24 hr
>80% >90% 100% >80% >90% 100%
ANV >1
All patients NPi 20.20 NPi >0.14 NPi >20.09 NPi 20.21 NPi >20.18 NPi >0.09
NUP 2588mL/hr NUP 2433 mL/hr NUP 231.3mL/hr ~ NUP 2684mL/hr NUP 268.1mL/hr NUP 2352 mL/hr
Continent patients NPi >0.18 NPi >0.13 NPi >0.09 NPi >0.18 NPi >20.09 NPi >0.09
NUP 2583 mL/hr NUP 242.7mL/hr NUP 231.3mL/hr ~ NUP 268.1mL/hr NUP >352mL/hr NUP >35.2mL/hr
ANV 22
All patients NPi 20.21 NPi 20.14 NPi 20.13 NPi 20.27 NPi >20.22 NPi 20.22
NUP >58.8 mL/hr NUP >42.7mL/hr NUP >31.3 mL/hr NUP >96.7 mL/hr NUP >86.9mL/hr NUP >86.9 mL/hr
Continent patients NPi >0.19 NPi >0.14 NPi >0.13 NPi >0.22 NPi >0.22 NPi >0.22

NUP >583 mL/hr

NUP >42.7 mL/hr

NUP >31.3 mL/hr

NUP >86.9 mL/hr

NUP >86.9 mL/hr

NUP >86.9 mL/hr

NPj, nocturnal polyuria index; NUP, nocturnal urine production; ANV, actual number of nighttime voids (defined as the number of nocturnal awakenings

during the intended sleep period).

Specific NPi and NUP cutoffs required to capture >80%,
290%, and 100% of included women with GP are provided in
Table 3.

DISCUSSION

The major finding of the present study was that 13%-89% of
women with voiding diary-confirmed GP fell below the thresh-
old for a diagnosis of NP, depending on the GP/NP/ANYV crite-
ria applied. Suboptimal sensitivity (27%-53%) persisted when
the most clinically relevant GP/NP/ANV criteria were em-
ployed (GP defined as >40 mL/kg/24 hr, in accordance with
current International Continence Society terminology, NPi
20.33, the most widely recognized NP cutoff, and ANV >2,
the threshold at which nocturia tends to become clinically sig-
nificant) [1,12]. Consistently, NUP was significantly or trending
lower than DUP across multiple GP/NP/ANV criteria, and the
magnitude of this effect increased upon exclusion of subjects
with nocturnal incontinence. Taken together, these results sug-
gest that women with GP may produce less urine at night rela-
tive to daytime.

This finding has major clinical implications with respect to
the diagnostic utility of nocturnal-only voiding diaries, which
may be used to screen for nocturia owing to NP or small noc-
turnal bladder capacity [6]. Real-world use of nocturnal-only
diaries is hindered by the fact that a diagnosis of GP is uni-
formly defined on the basis of 24-hr urine volume [1,7]. Recent
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research has shown that comorbid GP is characterized by even
higher nocturnal urine volumes among men with NP [8], such
that low NUP—as is readily ascertainable from a nocturnal-
only voiding diary — may be sufficient to rule out underlying
GP in men. This finding posits that nocturnal-only diaries offer
valuable insight regarding all major broad etiologies of nocturia
(i.e., NP, small bladder capacity, and also GP), supporting the
rational use of nocturnal-only diaries in the initial evaluation of
nocturia in men.

To our knowledge, the present study was the first to recog-
nize that, in contrast to men, some women with GP appear to
maintain relatively low nocturnal urine volumes, such that GP
may go undetected by a nocturnal-only screening diary. Ac-
cordingly, completion of a full 24-hr diary appears to be partic-
ularly central to the classification of nocturia in women.

Obstetric and gynecologic factors including parity, pelvic or-
gan prolapse, menopause, estrogen status, and gynecologic sur-
gical history are all directly relevant to nocturia, and thus make
nocturia in women a unique entity [13,14]. Much of what is
known about the natural history of nocturia has been derived
from a large longitudinal population voiding diary study of
men, and nocturia in women has been incompletely character-
ized. While conclusions must be drawn judiciously in view of
the modest sample size of the present study, this study was the
first, to our knowledge, to specifically characterize a sample of
women with nocturia owing to GP.

GP is a rather uncommon entity, and perhaps even more so

Int Neurourol J September 30, 2020



in women compared to men. GP is present in less than 1-in-5
women with nocturia in some real-world clinical cohorts, even
following less stringent cutoffs than those employed in the pres-
ent analysis [15]. One prior study of voiding diary outcomes in
asymptomatic adults reported a median (Interquartile range)
24-hr urine volume of 1,515 (1,100-2,130) mL in women [16].
Assuming these data were normally distributed renders a z-
score of 1.70 for a 24-hr urine volume of 2,800 mL (based on
the current 40 mL/kg/24-hr International Continence Society
cutoff for GP in a 70-kg individual), corresponding to a 1-sided
z-critical value of 0.0459, such that 695 women would need to
be screened to identify 31 cases of GP. Consistently, a retrospec-
tive chart review of women from a single-center urology prac-
tice reported a voiding diary completion rate of 30.1%, and an
18.1% prevalence of GP among voiding diary completers, such
that requesting voiding diaries from 569 real-world female pa-
tients with nocturia would be required to identify 31 women
with nocturia owing to voiding diary-confirmed GP [13].

Although GP and NP are both manifestations of excess urine
production, current International Continence Society termi-
nology employs a relative weight-based criterion for GP (=40
mL/kg/24 hr) [1], whereas the most common criteria for NP
are either proportion-based (i.e., NPi 20.33) or absolute vol-
ume-based (i.e.,, NUP >90 mL/hr) [1,11]. Albeit highly depen-
dent on geographic and cultural factors, women tend to weigh
less than men [17], which corresponds to a lower absolute vol-
ume-per-hour urine production threshold for GP. Interestingly,
however, common NP cutoffs had suboptimal sensitivity for
detecting GP not only according to the >40 mL/kg/24-hr
weight-based cutoff [1], but also according to the alternative
3,000 mL/24-hr absolute volume-based cutoff [7]. Therefore,
differential rates of NUP among women versus men with GP
may not be solely attributable to anthropomorphic differences
between the sexes.

Several physiologic mechanisms may contribute to relatively
low nocturnal urine volumes amongst women with GP. Plasma
concentrations of arginine vasopressin and other neuroendo-
crine signaling peptides responsible for water and solute equi-
librium follow a well-defined circadian rhythm such that the
nocturnal period is characterized by a marked decrease in the
excretion of water and several major electrolytes [18]. In animal
models, female vs. male rats exhibited significantly greater renal
expression of vasopressin 2 receptor (V2R) and greater physio-
logic responses to V2R agonism [19]. In humans, women tend
to be more sensitive to the effects of arginine vasopressin re-
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placement therapy [20]. Consequently, both differential secre-
tion and response to endogenous arginine vasopressin may
contribute to differential nocturnal urine volumes and circadi-
an rhythmicity in urine production by sex. Additional contrib-
utory mechanisms may include female reproductive hormones,
which are associated with changes in homeostatic set points for
fluid regulation, as coadministration of progesterone and estra-
diol has been found to increase both extracellular and plasma
volumes [21].

One notable limitation of the present analysis was the ab-
sence of data pertaining to dietary and fluid intake. Although
undoubtedly highly variable across populations, men tend to
consume greater quantities of free water and dietary protein
(with the former strongly associated with urine volume, and the
latter known to acutely augment glomerular filtration rate) [22-
25]. It stands to reason that evening dietary intake may also
contribute to sex differences in NUP. Increased 24-hr urine
production with a strong predilection for the hours awake may
also be suggestive of primary polydipsia, although the preva-
lence of primary polydipsia in community-dwelling women
and men without a prerequisite mental health diagnosis re-
mains unknown [26]. Likewise, data from the National Health
and Nutrition Examination Survey suggest that adult and el-
derly males in the United States consume upwards of 1 g more
dietary sodium compared to their female contemporaries [27],
and high dietary sodium is associated with both greater NPi
and NUP [28].

The present study is also subject to the inherent limitations of
a single institution analysis with a limited number of partici-
pants. The duration and severity of nocturia and other lower
urinary tract symptoms could not be assessed. Additionally, co-
morbidities associated with increased urine production, such as
obstructive sleep apnea, cardiovascular disease, diabetes melli-
tus, diabetes insipidus, and metabolic syndrome, were not taken
into account. Similarly, data pertaining to the use of diuretics
and other medications were not available, which may have had
bearing on the observed trends as well as serum sodium levels.
Larger study samples with well-defined GP patient subgroups
are needed to establish reproducible nocturnal urine cutoff val-
ues and further elucidate the relationship between nighttime
and DUP in both women and men with GP. It stands to reason
that nocturia-specific and global lower urinary tract symptom
questionnaires, which are routinely used as adjunctive instru-
ments in the clinical management of nocturia, would also be
highly useful in characterizing the population of nocturia pa-
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tients with GP. Future research must also concurrently employ
intake diaries to account for the possibility of primary polydip-
sia. Notwithstanding these limitations, the present findings un-
derscore the need for greater representation of women in noc-
turia literature.

In conclusion, GP is one of the major pathophysiologic mech-
anisms of nocturia and a harbinger of serious systemic disease
[2]. Recent research suggests that low NUP may be sufficient to
rule out underlying GP in men. However, the present analysis
demonstrates that women with GP may instead produce rela-
tively little urine at night, such that indices of nocturnal urina-
tion are fairly insensitive for GP. Accordingly, completion of a
full 24-hr diary thus remains particularly important in classify-
ing the etiology of nocturia in women as to not miss underlying
GP, underscoring the need for future research on the patho-
physiology of GP and clinical predictors of a daytime predomi-
nance in urinary output in these patients. Potential sex differ-
ences in the pathophysiology of GP also merit further investi-
gation.
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