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Continence Society (ICS) as “passing large volume of urine
during the main sleep period” (8, 9). Among men complain-
ing of nocturia, the prevalence rate of NP is quite high,
ranging from 76 to 88%, and up to 93% in those aged
≥ 65 years old (3). In a large community study, the preva-
lence of NP was confirmed high, with a prevalence of
77.8% of the whole studied population (9); NP has been
demonstrated more prevalent in men with nocturia
(91.9%) compared to those without this condition
(70.1%) (10). Thereby, a lot of males complaining of noc-
turia might be affected by an underlying condition of NP,
which might remain unidentified and consequently not
adequately treated whether a bladder diary or a frequency
volume chart (FVC) has not been used. Males with LUTS
including nocturia, usually perform uroflowmetry (UF) as a
first step assessment, since these symptoms are common-
ly considered suggestive of bladder outlet obstruction
(BOO)/benign prostatic hyperplasia (BPH). In these sub-
jects, NP is rarely investigated before the UF and, conse-
quently, the prevalence of nocturia remains unknown.
Similarly, also most commonly LUTS associated with men
with an underlying NP condition who are candidates for
UF is undetermined. NP mainly influences the bladder
storage phase, and therefore this disorder is not expected
to play an essential role in the voiding phase. However,
there is still no conclusive data showing, in real-life prac-
tice, the rate of men with an underlying NP condition per-
forming UF for LUTS and studies excluding with certain-
ly an impact of NP on UF results. This study aimed to
assess the prevalence of NP in males performing UF for
LUTS and the influence of NP on UF outcomes. We also
evaluated whether NP was significantly associated with
nocturia, with other urinary symptoms investigated by
IPSS questionnaire, and with the bother due to LUTS in
males scheduled for UF. Finally, an analysis of the rela-
tionship between NP and patient’s age was also performed.

MATERIALS AND METHODS
Between September 2017 and January 2019, all consecu-
tive men with LUTS scheduled for UF execution were
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INTRODUCTION
The complaining of lower urinary tract symptoms (LUTS) is
one of the most common causes that lead men to seek uro-
logical attention. Among LUTS, nocturia is one of the most
bothersome (1) and it is frequently caused by nocturnal
polyuria (NP), even in neurological patients (2-6). NP is a
multifactorial disorder (7), defined by the International
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screened in outpatient clinics of two Tertiary Hospitals for
study inclusion. The experimental procedures were car-
ried out in accordance with the Declaration of Helsinki.
This research was registered in our Department clinical
audit. All patients signed written informed consent.
Data collected were a detailed medical history, self-
administered International Prostate Symptom Score (IPSS)
questionnaire, UF, post-void residual urine volume (PVR)
measured by ultrasound, and 3-day FVC, indicating “bed-
time” and “waking time”. The 3-day FVC was delivered to
patients at the time the UF was scheduled and was
returned by patients on the day of UF execution.
Increased urinary frequency, urinary urgency, voided vol-
ume (VV), and nocturnal urine production were assessed
by 3-day FVC. Nocturia was defined as at least one
episode of nocturnal voiding at 3-day FVC. The nocturnal
polyuria index (NPi) was used to assess NP (8). NPi is cal-
culated by dividing the amount of nocturnal urine pro-
duction by 24-hour production, and the threshold of
33% is the most accepted cut-off (8). Therefore, we used
a cut-off of NPi ≥ 33% of the total 24-h urine production
to diagnose NP. Thus, patients were divided into two
groups: Group A comprising males with NPi < 33% (no
NP patients) and was the control group, and Group B
including men with NPi ≥ 33% (NP patients).
Inclusion criteria were age≥18 years, complete filling of
both FVC and IPSS, UF with a voided volume higher than
150mL as suggested by ICS recommendation on Good
Urodynamic Practices (11). Exclusion criteria were all con-
ditions that could be confounding factors, as following:
surgery of lower urinary tract (prostatectomy, radical
prostatectomy, radical cystectomy, bladder, and urethral
surgery), pelvic radiation, urolithiasis, double J stent, and
urinary devices, and recurrent lower urinary tract infection. 
The relationship between NP and maximum flow rate
(Qmax), VV at UF, and PVR after UF was evaluated. A com-
parison between the VV of the day-time and night-time
micturitions was also assessed in each group. The VV of
day-time and night-time micturitions and at UF were also
compared between the two groups. 
The association between NP and urinary symptoms was
evaluated through the IPSS questionnaire, analyzing the
IPSS total score and all IPSS item scores. According to the
last “ICS report on the terminology for adult male lower uri-
nary tract and pelvic floor symptoms and dysfunction”, we
divided the urinary symptoms reported by IPSS ques-
tionnaire as following: IPSS item #1 -feeling of incom-
plete bladder emptying- as a “Postvoiding symptom”; IPSS
item #2 -increased urinary frequency, IPSS item #4 -
urgency, IPSS item #7 -nocturia- as “Storage symptoms”;
IPSS item #3 -intermittency, IPSS item #5 -slow urinary
stream, IPSS item #6 -straining to void- as “Voiding symp-
toms” (9). The sub-analysis, according to patients’ age,
was also performed, distributing the patients into three
groups according to age: 1) < 65 years, 2) between 65 and
74 years, and 3) ≥ 75 years.

Statistical analysis
Statistical analysis was performed with IBM-SPSS v.17 for
Windows (IBM Corp, Armonk, NY, USA). Student’s t-test
and the Mann- Whitney U test were performed to com-
pare continuous parametric and nonparametric variables,

as appropriate. Continuous variables were reported as
mean ± SD. All values in the text and tables are expressed
as mean ± SD. Statistically significant results were p < or
equal to 0.05. Spearman correlations were used to test for
the strength of linear association between variables along
with the Wilcoxon and Mann-Whitney. X2 test was also
used. Multiple linear regression analysis was performed
evaluating NP and the following variables: NPi, total noc-
turnal diuresis, total daily (24 hours) diuresis, Qmax, PVR,
age, cardiologic disease and diuretic drugs.

RESULTS
During the study period, 254 men met inclusion criteria
and were enrolled in the study. Data on UF, PVR, and both
IPSS and 3-day FVC were completed in 162/254 (63.8%)
patients, who were included in the analysis. Table 1
shows the patients’ characteristics. Mean age was 70.95 ±
8.04 years. Among males aged lower than 65 years
(Group i), one patient was 47 years old, and the remain-
ing were older than 52 years. Eighty-eight (54.3%)
patients were on urological therapy and 44 (27.1%) on
cardiological treatment. Only 15 (9.2%) patients were on
diuretics, and 7 (4.3%) were diabetic. 
The prevalence of NP was 54.9% (89/162 patients) with
a mean NPi of 34.4 ± 11.2. Table 2 reports the rate of NP
according to age, and Table 3 the comparison between the
groups stratified by age. Younger males were the smaller
group (n = 34), but with the highest NP rate (64.7%).
75% of the men affected by NP were aged ≥ 65 years old.
Finally, we found a positive association between NP and
age only in the group of men 65-74 years-old (p < 0.05).
One-hundred-ten (68%) patients reported nocturia, and
among these, NP was documented in 76 (69%). Nocturia
was found in 85% (76/89) of the population with NP.
Total IPSS score, IPSS items #1, IPSS items #2 and #7
showed a significant difference in men with NP compared
with those without this disorder (Table 4). The maximum
flow rate and PVR did not significantly change in the two
groups of males (Table 4). 
Multiple regression analysis showed a significant correla-
tion between NP and NPi, total nocturnal diuresis, total
24 h daily diuresis, age, cardiologic disease, and diuretic
drugs (r = 0.96; p = 0.001), but not with Qmax and PVR
(r = 2; p = 0.8).

Table 1. 
Patients’ characteristics.

Patients  (n = 162) n (%)

Patients in cardiological therapy 44 (27.1)
- diuretic therapy 15 (9.2)
- non diuretic therapy for hypertension 24 (14.8)
- antiarrhythmics 9 (5.5)
- antiplatelets/anticoagulants 11 (6.7)
- diabetes therapy 7 (4.3)

Patients in urological therapies 88 (54.3)
- α1-blockers 62 (38.3)
- 5α-reductase inhibitors 25 (15.4)
- α1-blockers + 5α-reductase inhibitors 11 (6.8)
- phytotherapy 1 (0.6)
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Table 5 reports data on the comparison of the mean VV of
the micturitions at night-time, day-time, and at UF
between the two groups. Mean VV of the night-time mic-
turitions was significantly higher in men with the diagno-
sis of NP compared to those without NP recorded at FVC
(p < 0001). Mean VV of the micturitions during the day-
time and measured at UF was not statistically different
between the two groups. However, volumes were slightly
higher in Group A. In Group A, the mean VV of micturi-
tions at day-time was 222.1 ± 83.1 ml, while at night-

time was 175.2 ± 168.7 (p = 0.03). Conversely, in Group
B mean VV of micturitions at day-time was significantly
lower than at night-time, 213.7 ± 79.4 ml, and 532.1 ±
275.6 ml respectively (p = 0.0001).
Total daily (24-hours) diuresis was 757.8 ± 73.7 ml in
Group A, and 1095.6 ± 103.8 ml in Group B (p < 0.0001).
Total nocturnal diuresis was 223.8 ± 64.1 ml in Group A,
and 587.1 ± 86.6 ml in Group B (p < 0.0001). The mean
nocturnal number of voids was 0.8 ± 0.7 in Group A, and
1.9 ± 1 in Group B (p < 0.0001).

DISCUSSION
To date, the prevalence of NP in men candidates to UF for
LUTS, and the impact of NP on bladder emptying, have
been poorly investigated (12).
Our study demonstrated a high NP prevalence (54.9%) in
men performing UF for LUTS. In this cohort, NP was a
common condition, identified by FVC in more than half of
the cases. The rate of NP was lower than the data report-
ed in community studies (10, 13). Nevertheless, it was
comparable to the NP prevalence reported in the
Caucasian population, and cohorts of men with LUTS (14-
16). The high rate of NP in this selected population of men
performing UF for LUTS may be explained by the age and
comorbidities of the patients, and by the coexistence of NP
with other pathological conditions, such as BOO/BPH or
overactive bladder (OAB) syndrome, which may cause
LUTS. Another reason could be that NP, due to the related
LUTS, in some cases could be confused with other clinical
conditions needing an investigation with UF. 
In our series, NP had a relevant association with most of the
storage symptoms, mainly nocturia, and with postvoiding
symptoms, but not with voiding symptoms. At the same
time, the parameters related to voiding and bladder empty-
ing, such as Qmax and PVR, did not change significantly
between the two groups of patients. Therefore, in our
cohort, data on LUTS and UF demonstrated that NP had a
significant impact on the bladder filling phase, but only a
limited effect on the voiding phase. Men who referred
mainly storage symptoms, complaining mostly of nocturia,
and reported only a few voiding/postvoiding symptoms,
were the most likely patients to be affected by NP. These
males should be investigated with FVC in addition to
symptomatic questionnaires, and to UF with PVR, to avoid
misleading diagnosis, useless examinations, and treatments.
Symptomatic questionnaires, as IPSS, are useful to define
the patient’s LUTS, but they are not able to identify NP.
These tools cannot assess whether nocturia was a symptom
correlated to BOO/BPH or OAB, or, conversely, to the large
amount of nocturnal urine which, continuously filling the
bladder, leads the patient to awake. This latter pathophysi-
ological mechanism was demonstrated by our data, show-
ing that the mean VV of night-time micturitions was signif-
icantly higher in men with nocturia and NP. In males with
unidentified NP, when nocturia is mistakenly evaluated as a
BOO/BPH or OAB symptom, inappropriate therapies with
alpha-blockers or anticholinergics agents may be offered to
patients. The outcomes of these latter treatments have been
reported as unsuccessful on NP and poorly effective on
nocturia, and thus should be avoided (3, 12, 16). 
In men with BOO/BPH, usually voiding symptoms are

Table 2. 
Nocturnal polyuria prevalence according to patients’ age.

Age (years) NPi < 33% NPi ≥ 33%
(n = 73) (n = 89)

< 65 (n = 34) 12 (35.3) 22 (64.7%)

65-74 (n = 66) 34 (51.6%)   32 (48.4%)

≥ 75 (n = 62) 27 (43.6%) 35 (56,4%)

Tot n = 162 73 (45.0%) 89 (55%)

NPi: nocturnal polyuria index.

Table 3. 
Comparison between patients with NPi > 33% stratified by age.

NPi ≥ 33% < 65 (n = 34) 65-74 (n = 66) ≥ 75 (n = 62) P

22 (64.7%) 32 (48.4%) - 0.4 

- 32 (48.4%) 35 (56.4%) 0.05

22 (64.7%)   - 35 (56.4%) 0.5 

NPi: nocturnal polyuria index.

Table 5. 
Comparison between voiding volume of day-time and night-
time micturition and voiding volume on uroflowmetry stratified
according to Nocturnal polyuria index.

NPi < 33% (n = 73) NPi ≥ 33% (n = 89) P

VV of night-time micturition, mean ± SD 175.2 ± 168.7 532.1 ± 275.6 0.0001           

VV of day-time micturition, mean ± SD 222.1 ± 83.1 213.7 ± 79.4 0.5           

VV at UF, mean ± SD 267.1 ± 136.3 246.7 ± 109.7 0.2

NPi: nocturnal polyuria index; VV: voiding volume.

Table 4. 
Correlations between NP and IPSS scores, maximum flow rate,
and post-void residual urine volume. 

NPi < 33% (n = 73) NPi ≥ 33% (n = 89) P

IPSS score, mean ± SD Item # 1 1.0 ± 1.5 1.2 ± 1.6 0.002
Item # 2 1.0 ± 1.1 1.6 ± 0.9 0.00
Item # 3 0.9 ± 1.4 1.4 ± 1.8 0.4
Item # 4 0.7 ± 1.2 0.7 ± 1.4 1
Item # 5 1.3 ± 1.5 1.6 ± 1.9 0.07
Item # 6 0.4 ± 0.8 0.6 ± 1.3 0.2
Item # 7 1.5 ± 0.4 2.5 ± 0.7 0.00
Item # 8 1.9 ± 0.8 1.9 ± 1.1 0.06

Total 6.5 ± 3.5 9.8 ± 6.7 0.00

Qmax (mean ± SD) 13.4 ± 2.5 11.6 ± 2.6 0.08

PVR (mean ± SD) 40.05 ± 30.2 37.8 ± 20.9 0.2

NPi: nocturnal polyuria index; IPSS: International Prostate Symptom Score; Qmax: maximnum flow rate; 
PVR: post-void residual.
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prevalent, and abnormal UF parameters are often associ-
ated with this condition (17). Conversely, our data
showed that men with NP had no voiding symptoms, and
both Qmax and PVR were not associated with NP, because
the UF outcomes did not significantly differ between men
affected by NP and males without NP. These results sup-
port the finding that NP is scarcely related to voiding dys-
functions, as was also supposed by a study on a small
sample size of men with LUTS suggestive of BPH per-
forming UF (12). In this small population, the rate of NP
was 95%, and in 75% of these patients, NP did not sig-
nificantly vary after alpha-blockers therapy, although an
increase in Qmax was found in the treated men (12).
Hence, males with NP may have concomitant BOO/BPH,
but usually, the latter is not the leading cause of NP. For
this reason, conventional BOO/BPH treatments often
poorly influence NP conditions. 
The other pathological condition which should be distin-
guished from NP is represented by OAB syndrome,
defined by “urinary urgency, usually accompanied by
increased daytime frequency and nocturia, with or without
urinary incontinence” (9). In our cohort, NP was signifi-
cantly associated with increased urinary frequency and
nocturia, but not with urinary urgency, which is one of
the most characterizing symptoms of OAB (9). 
Furthermore, OAB syndrome is often accompanying by a
reduced VV, which was not observed in NP patients of
our study. Finally, the reporting of mainly storage symp-
toms, as frequency and nocturia, without urgency, and
with no reduced VV at FVC, might be considered as a
“red-flag” for differentiating between OAB and NP. 
An accurate assessment of LUTS and FVC, in addition to
the other first-step office evaluations, may aid in the
achievement of a correct differential diagnosis. 
Our study confirmed previous data on the very close rela-
tionship between nocturia and NP (2-4, 14, 15). 
The majority of the males with NP reported concomitant
nocturia (85%), due to the increased nocturnal urine pro-
duction, which led them to awake. On the other hand,
patients reporting nocturia also demonstrated a high rate
of NP (69%). Therefore, in males affected by nocturia, a
concomitant NP should be supposed and should be
investigated appropriately with FVC. Furthermore, our
study confirmed that, also in men performing UF for
LUTS, severe nocturia associated with VV significantly
lower at day-time than at night-time might warn on a
condition of NP (18).
Feeling of incomplete bladder emptying, a postvoiding
symptom, was significantly associated with NP. Patients
affected by NP showed a higher severity of frequency and
nocturia. Therefore, men with NP might be more con-
cerned by the increased need to urinate, and consequently,
they may have a greater sensation of not having complete-
ly emptied the bladder. Furthermore, in men with NP, the
mean VV of the night-time micturitions was more than
twice compared to the mean VV of the day-time, and sig-
nificantly higher than the mean VV of micturitions at night
of patients with no NP. The excessive night-time urine pro-
duction may cause recurrent nocturnal overstretching of
detrusor fibers, as the high nocturnal VV documented,
leading patients to a worse bladder emptying and, as a con-
sequence, to a greater feeling of incomplete bladder emp-

tying. Moreover, the increased night-time bladder capacity
may amplify the feeling of bladder filling even after mic-
turition. These reasons may also explain the higher rate of
increased urinary frequency in NP males.
The quality of life (IPSS item #8) was not significantly
associated with NP in our study. Patients enrolled during
a UF, might have been more concerned by micturition
and bladder emptying, which are poorly influenced by
NP. This could be a possible explanation of this finding
and could be a limit of our study.
NP was more prevalent in younger males, but this result
may be related to the low number of younger men includ-
ed in our study. Indeed, we found that NP increased with
age, showing that 75% of men with NP were aged ≥ 65
years old. Data also showed a significant association
between NP rate and age in the older males, although not
in the oldest (> 75 years). The relationship between NP
and aging might be influenced by population selection,
race, NPi criteria, and sample size. Most of the literature
data on NP have been reported considering the general
population or in community cohorts. Conversely, our
cohort included only males with LUTS performing UF,
with strict inclusion/exclusion criteria, and these parame-
ters may have influenced our findings on aging. 
The strength of our study was the finding of the relevant
prevalence of NP on a large sample size of males perform-
ing UF for LUTS. Our data also demonstrated that NP has
a limited impact on micturition and bladder emptying.
These latter data could only have been hypothesized, but
not documented, before our study. Another strong point of
our research was the identification, among the main stor-
age symptoms, of those significantly associated with men
with NP who perform UF for LUTS, and the uncovering of
the voiding/postvoiding symptoms most commonly
reported by these patients. Hence, the value of our study
was to recognize the "warning symptoms" of men with NP,
among the males scheduled for the UF for LUTS. 
A limit of our study was the lack of repeated UFs, due to
the real-practice design of the present research. Another
limit was the low sample size of the younger people, which
was smaller than the other age groups. The choice of the
NPi threshold of 33% might be a further limitation of the
study. However, we have used this cut-off because it is one
of the most accepted. Furthermore, there were only a few
younger males in our study, and a lower threshold could
have been useful in cohorts comprising younger patients
than those enrolled in our study. A further limitation of the
research is that NP has been correlated only with the uri-
nary symptoms reported by the IPSS questionnaire, and
not with all the LUTS. However, these symptoms are the
most commonly complained by the males and assessed by
clinicians. The strict inclusion/exclusion criteria led to
reducing the number of males recruited in the study. 
The choice of these stringent parameters may have been a
limit of this research, but allowed us to reduce potential
biases and achieve more reliable data on the prevalence and
impact of NP in men with LUTS performing UF.

CONCLUSIONS
In conclusion, our study highlighted that urologists
should always look for NP among men who report noc-
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turia and mainly storage symptoms, and only mild emp-
tying/postvoiding symptoms. Both IPSS and FVC are
needed to diagnose NP accurately, while UF with PVR
assessment is useful for excluding potential associated
pathological conditions.
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