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Abstract 
Introduction: Nocturia has a multifactorial etiology, and its diagnostic ap-
proach involves, in addition to medical history and physical examination, the 
use of a bladder diary to define the pathophysiological mechanisms present in 
each case. Methods: This study investigated the prevalence of nocturia, its 
mechanisms, and associated factors in women with lower urinary tract symp-
toms attending two urogynecology clinics in the state of Rio de Janeiro, Bra-
zil. Anamnesis, physical examination, and a 24-hour bladder diary were con-
ducted. Two definitions of nocturia were considered: one or more nighttime 
voids and two or more nighttime voids. Mann-Whitney and Chi-square tests 
were used, with p-value ≤ 0.05 considered significant. Results: A total of 133 
participants were included. The majority were aged 60 years or older (61.4%) 
and had three or more comorbidities (66.7%), with systemic arterial hyper-
tension being the most prevalent (59.1%). Of the total participants, 54 
(41.4%) completed the bladder diary. Among those with one or more night-
time voids (70.7%), the prevalence of nocturnal polyuria was 69.1%, reduced 
nocturnal bladder capacity was 17.3%, and global polyuria was 12.9%. Among 
participants with two or more nighttime voids (56.4%), the prevalences were 
respectively 68.2%, 19.1%, and 13.6%. Among the mechanisms, associations 
were found only with global polyuria, namely: use of insulin, body mass index 
and tobacco consumption. An association was also found between recurrent 
urinary tract infection and global polyuria in participants with two or more 
nighttime voids. Conclusions: The prevalence of nocturia was higher than 
that reported in general population studies and specialized services for lower 
urinary tract symptoms. Nocturnal polyuria was the most prevalent mechan-
ism. Associations were observed between the use of insulin, body mass index, 
tobacco consumption, and recurrent urinary tract infection with global po-
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lyuria. No associations were found between any clinical or demographic va-
riables and nocturnal polyuria or reduced nocturnal bladder capacity. 
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1. Introduction 

Nocturia is a urinary symptom characterized by urination that occurs during the 
primary sleep period [1]. Although a single episode of urination is considered 
nocturia, studies assessing quality of life generally indicate significant discomfort 
from two or more episodes [2]. 

In population-based studies, the prevalence of one or more episodes of noctu-
ria was 57.3% in the general population of Malaysia [3], 69.6% in women in the 
United States [4], and 76% in a multicenter study conducted in the United 
States, United Kingdom, and Switzerland [5]. The prevalence of two or more ep-
isodes was 23.2%, 28.8%, and 34%, respectively. In a study conducted in the 
general Brazilian population, 32.4% of women had two or more episodes [6]. 

The causes of nocturia can be urological, such as overactive bladder syndrome 
[7] and underactive bladder [8], as well as non-urological. The latter largely in-
volve alterations in water or sodium homeostasis, such as endocrine [9], cardi-
ovascular [10], sleep [11], and renal pathologies, as well as the medications used 
in their treatment [12]. There are also associated factors, such as older age, lower 
income, and lower education level [4]. Other factors that should be included in 
the investigation of nocturia are caffeine consumption, as the substance increas-
es glomerular filtration rate [13], and tobacco consumption, which can interfere 
with the circadian rhythm of blood pressure [14]. 

These factors are related to nocturia through one or more of the following 
physiological mechanisms: global polyuria, nocturnal polyuria, and reduced 
nocturnal bladder capacity. Evaluation of these mechanisms is important in de-
fining the diagnostic strategy for possible etiologies. 

To assist in this definition, a bladder diary is an extremely important tool. It 
records the individual’s activities, any urinary symptoms they may experience 
(urgency, stress urinary incontinence, urge incontinence), volume of urine 
voided, and the timing of voids. 

Global polyuria can be defined as a urine volume exceeding 40 ml/kg in 24 
hours [15]. This condition is present in more than 20% of patients with lower 
urinary tract symptoms and is generally caused by excessive water consumption 
for a variety of reasons, mostly behavioral. Additionally, it can be caused by var-
ious clinical conditions such as uncontrolled diabetes mellitus, advanced stages 
of chronic kidney disease, and diabetes insipidus [16]. 

Nocturnal polyuria is assessed through the percentage relationship between 
nocturnal urine volume and 24-hour urine volume and varies according to age: 
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greater than 20% in patients younger than 65 years old [15] or greater than 33% 
in those aged 65 years or older. The majority of cases are associated with one or 
more comorbidities. According to a large population-based study, in women, the 
association of nocturnal polyuria with overactive bladder syndrome is more 
prevalent than that with diabetes mellitus, systemic arterial hypertension, heart 
failure, and obstructive sleep apnea [17] [18]. 

Reduced nocturnal bladder capacity is evaluated through the nocturnal blad-
der capacity index, calculated from the number of nocturia episodes, nocturnal 
urine volume, and the highest 24-hour urine volume. Values of this index above 
1.3 indicate a higher probability that nocturia is influenced by nocturnal bladder 
capacity [15]. This, in turn, can occur due to alterations in the circadian cycle of 
mechanisms involved in detrusor contractility, sodium and water transport across 
the bladder wall, and perception of urinary volume and composition [19]. 

Given the diversity of associated factors and physio-pathological mechanisms 
involved in nocturia, the inclusion of a bladder diary in the diagnostic arsenal 
for the condition is essential. It provides a wealth of information, and its stan-
dardization allows for comparison among different populations. 

Therefore, the present study aims to evaluate the prevalence of nocturia in 
women attending urogynecology clinics, the prevalence of the three main me-
chanisms causing nocturia, and the factors associated with them. 

2. Methods 

This is a cross-sectional study involving women with lower urinary tract symp-
toms attending two urogynecology clinics in the state of Rio de Janeiro, Brazil, 
between July 2021 and January 2023. The exclusion criteria were age below 18 
years, ongoing pregnancy, history of pelvic radiotherapy, surgery for pelvic can-
cer, neurological disease, and impaired cognitive capacity. 

The project was approved by the Research Ethics Committee of the School of 
Medicine at the Federal Fluminense University with CAAE 43177721.5.0000.5243, 
and all participants completed the Informed Consent Form. 

Participants underwent a medical history and physical examination as part of 
a comprehensive gynecological evaluation. Sociodemographic data, such as data 
collection location, age, and education level, were recorded. In addition to noc-
turia, the presence of other lower urinary tract symptoms, pelvic organ prolapse 
[20], evacuation symptoms [21], comorbidities, and medications used were in-
vestigated. Two definitions of nocturia were used: one or more episodes of uri-
nation and two or more episodes of urination. Polypharmacy was defined as the 
concomitant use of five or more medications [22]. The consumption of caffeine 
in mg/day and tobacco in packs/year were estimated. 

During the physical examination, weight and height were evaluated, and body 
mass index (BMI) was calculated and stratified as normal, overweight, and obese 
[23]. Pelvic organ prolapse, when present in the examination, was staged using 
the Pelvic Organ Prolapse Quantification (POP-Q) system [24]. 
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In addition, participants with the symptom of nocturia were instructed to fill 
out a 24-hour bladder diary, including the times they went to bed and woke up, 
the frequency of daytime and nighttime urination, and the urine volumes. 

All urinations after lying down to sleep, provided that they were followed by a 
period of sleep or intention to sleep, were considered part of the nocturnal uri-
nary frequency. The daytime volume was calculated from the second urination 
of the day until the last urination before going to bed. The nocturnal volume 
considered was the sum of the volumes of nocturnal urinations plus the volume 
of the first daytime urination of the following day, according to the ICIQ [25] 
standardization. The 24-hour bladder diary data allowed for the evaluation of 
the presence of global polyuria, nocturnal polyuria, and reduced nocturnal bladder 
capacity. 

Regarding statistical analysis, caffeine consumption and tobacco consumption 
were treated as continuous variables, while all other variables were dichotomized. 
Frequency distribution tables were constructed for the clinical and sociodemo-
graphic variables of the participants. For the analysis of women with nocturia, 
for quantitative characteristics, the mean and standard deviation (mean ± SD) 
were calculated in general and among women with/without global polyuria, 
with/without nocturnal polyuria, and with greater/lesser nocturnal bladder ca-
pacity. Additionally, the Mann-Whitney test was applied to compare the values 
of caffeine consumption and tobacco consumption between patients with noctu-
ria in the mentioned groups. 

Finally, the Pearson chi-square test (with Yates’ continuity correction) was 
adopted to evaluate the association between sociodemographic and clinical cha-
racteristics of patients with the outcomes of global polyuria, nocturnal polyuria, 
and reduced nocturnal bladder capacity. For all these analyses, a significance 
level of 5% was considered. 

3. Results 

A total of 133 women agreed to participate in the study, of which 94 (70.7%) re-
ported at least one nocturnal urination and 75 (56.4%) reported at least two 
nocturnal urinations. Out of the total participants, 70 (52.6%) were 60 years or 
older, and 73 (53.9%) had lower education levels. The remaining clinical and so-
ciodemographic variables are presented in Table 1. 

Out of the total participants, 54 (41.4%) filled out the bladder diary. Among 
the bladder diaries of participants with nocturia defined by one or more voids, 
54 had information on 24-hour urine volume, and 52 had information on night-
time bladder capacity. Among participants with nocturia defined by two or more 
voids, 42 out of 44 bladder diaries had information on nighttime bladder capac-
ity. 

Among women with one or more episodes of nocturia, the most prevalent 
mechanism was nocturnal polyuria, present in 38 (69.1%) participants, followed 
by reduced nighttime bladder capacity in 9 (17.3%) participants and global  
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Table 1. Descriptive analysis of sociodemographic and clinical characteristics in women attending two urogynecology clinics 
(N = 132). Niterói (RJ) and Petrópolis (RJ), Brazil, 2021-2023. 

Characteristics 
Number of participants and 

percentage 
or mean and standard deviation 

Location Niterói 45 (33.83%) 

 Petrópolis 88 (66.17%) 

Age Less than 60 years old 63 (47.37%) 

 60 years old or older 70 (52.63%) 

Education level Up to incomplete primary school 60 (45.11%) 

 At least completed primary school 73 (54.89%) 

Nocturia 1 No urination 39 (29.32%) 

 One or more urinations 94 (70.68%) 

Nocturia 2 Up to one urination 58 (43.61%) 

 Two or more urinations 75 (56.39%) 

Stress urinary incontinence No 110 (82.71%) 

 Yes 23 (17.29%) 

Urgency urinary incontinence No 115 (86.47%) 

 Yes 18 (13.53%) 

Mixed urinary incontinence No 59 (44.36%) 

 Yes 74 (55.64%) 

Overactive bladder syndrome No 35 (26.32%) 

 Yes 98 (73.68%) 

Hesitation No 118 (88.72%) 

 Yes 15 (11.28%) 

Slow stream No 110 (82.71%) 

 Yes 23 (17.29%) 

Feeling of incomplete bladder emptying No 59 (44.36%) 

 Yes 74 (55.64%) 

Post-voiding incontinence No 91 (68.42%) 

 Yes 42 (31.58%) 

Pelvic organ prolapse (symptom) No 91 (68.42%) 

 Yes 42 (31.58%) 

Anterior vaginal wall prolapse Up to stage II 119 (89.47%) 

 Stage III or IV 14 (10.53%) 

Posterior vaginal wall prolapse Up to stage II 130 (97.74%) 

 Stage III or IV 3 (2.26%) 

Apical prolapse Up to stage II 130 (97.74%) 

 Stage III or IV 3 (2.26%) 
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Continued 

Fecal incontinence No 124 (93.23%) 

 Yes 9 (6.77%) 

Constipation (Bristol stool scale) No 107 (80.45%) 

 Yes 26 (19.55%) 

Constipation (bowel movement frequency) No 105 (78.95%) 

 Yes 28 (21.05%) 

Recurrent urinary tract infection No 116 (87.22%) 

 Yes 17 (12.78%) 

Systemic arterial hypertension No 54 (40.60%) 

 Yes 79 (59.40%) 

Diabetes mellitus No 93 (69.92%) 

 Yes 40 (30.08%) 

Congestive heart failure No 131 (98.50%) 

 Yes 2 (1.50%) 

Chronic kidney disease No 130 (97.74%) 

 Yes 3 (2.26%) 

Chronic venous insufficiency No 90 (67.67%) 

 Yes 43 (32.33%) 

Depression/Anxiety No 115 (86.47%) 

 Yes 18 (13.53%) 

Number of comorbidities Up to two 25 (33.30%) 

 Three or more 107 (66.70%) 

Antidepressant No 107 (80.45%) 

 Yes 26 (19.55%) 

Diuretic No 93 (69.92%) 

 Yes 40 (30.08%) 

Calcium channel blocker No 110 (82.71%) 

 Yes 23 (17.29%) 

Benzodiazepine No 119 (89.47%) 

 Yes 14 (10.53%) 

Angiotensin II receptor blocker No 73 (54.89%) 

 Yes 60 (45.11%) 

Beta-blocker No 111 (83.46%) 

 Yes 22 (16.54%) 

Hypoglycemic agent No 94 (70.68%) 

 Yes 39 (29.32%) 

Insulin No 126 (94.74%) 
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Continued 

 Yes 7 (5.26%) 

Angiotensin-converting enzyme inhibitor No 126 (94.74%) 

 Yes 7 (5.26%) 

Polypharmacy No 91 (68.42%) 

 Yes 42 (31.58%) 

Caffeine (mg/day)  163.1 ± 77.8 

Tobacco (packs/year)  4.4 ± 13.5 

Body mass index (BMI)a Normal 20 (15.15%) 

 Obesity 52 (39.39%) 

 Overweight 60 (45.46%) 

Risk of obstructive sleep apnea Low 54 (40.60%) 

 Intermediate/High 79 (59.40%) 

a133 patients in the database − 1 (no BMI information) = 132 patients. 
 

polyuria in 7 (12.9%). 
Regarding two or more episodes of nocturia, the mechanisms followed the 

same order of prevalence, present in 30 (68.2%), 8 (19.1%), and 6 (13.6%) par-
ticipants, respectively. 

Among participants with nocturia defined by one or more voids, an associa-
tion was observed between global polyuria and recurrent urinary tract infection, 
insulin use, body mass index, and tobacco consumption (Table 2). 

In those with nocturia defined as two or more urinations, an association was 
found between the use of insulin, BMI, and tobacco consumption with global 
polyuria (Table 3). 

There was no statistically significant association observed between the studied 
variables and nocturnal polyuria or reduced nocturnal bladder capacity. 

4. Discussion 

The study analyzed the prevalence of nocturia in women seeking care at two 
urogynecology outpatient clinics for lower urinary tract symptoms. Among these 
women, the study evaluated the prevalence of the three main mechanisms 
through which nocturia occurs and factors associated with them. 

The prevalence of nocturia defined by one or more episodes (70.7%) was 
similar to a cross-sectional study conducted by Daugherty et al. (2021) in the 
United States (69.6%), which included 7620 adult women [4], and another 
cross-sectional study conducted by Cruz et al. (2020) in the state of Rio de Ja-
neiro, Brazil (68.4%), which included 411 women over 45 years old [26]. How-
ever, the prevalence of two or more episodes was higher than that of the Brazili-
an study (56.4% versus 49%) and nearly double that of the American study 
(28%). 
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Table 2. Association between sociodemographic and clinical characteristics and presence of global polyuria in women with 
nocturia (one or more voids) attended at two urogynecology clinics (N = 54). Niterói (RJ) and Petrópolis (RJ), Brazil, 2021-2023. 

Characteristics 
% of patients 
(n = 54*) or 
Mean ± SD 

Global polyuria 
p-value** 

(c2) Absent  
(n = 47) 

Present  
(n = 7) 

Location     

Niterói 38.9 90.5 9.5 
0.854 

Petrópolis 61.1 84.8 15.2 

Age     

Under 60 years 40.7 90.9 9.1 
0.772 

60 years or older 59.3 84.4 15.6 

Education     

Up to incomplete primary school 51.9 85.7 14.3 
1.000 

At least completed primary school 48.1 88.5 11.5 

Hesitation     

Absent 88.9 85.4 14.6 
0.720 

Present 11.1 100 0 

Slow stream     

Absent 72.2 84.6 15.4 
0.688 

Present 27.8 93.3 6.7 

Feeling of incomplete bladder emptying     

Absent 35.2 94.7 5.3 
0.414 

Present 64.8 82.9 17.1 

Post-voiding incontinence     

Absent 61.1 84.8 15.2 
0.854 

Present 38.9 90.5 9.5 

Pelvic organ prolapse (symptom)     

Absent 68.5 86.5 13.5 
1.000 

Present 31.5 88.2 11.8 

Anterior vaginal wall prolapse     

Up to stage II 90.7 85.7 14.3 
0.836 

Stage III or IV 9.3 100.0 0.0 

Posterior vaginal wall prolapse     

Up to stage II 96.3 86.5 13.5 
1.000 

Stage III or IV 3.7 100 0 

Apical prolapse     

Up to stage II 96.3 86.5 13.5 
1.000 

Stage III or IV 3.7 100.0 0.0 

Fecal incontinence     
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Continued 

Absent 90.7 85.7 14.3 
0.836 

Present 9.3 100.0 0.0 

Constipation (Bristol stool scale)     

Absent 75.9 90.2 9.8 
0.440 

Present 24.1 76.9 23.1 

Constipation (bowel movement frequency)     

Absent 77.8 92.9 7.1 
0.058 

Present 22.2 66.7 33.3 

Recurrent urinary tract infection     

Absent 81.5 93.2 6.8 
0.022 

Present 18.5 60.0 40.0 

Systemic arterial hypertension     

Absent 37.0 90.0 10.0 
0.938 

Present 63.0 85.3 14.7 

Diabetes mellitus     

Absent 64.8 88.6 11.4 
0.975 

Present 35.2 84.2 15.8 

Heart failure     

Absent 96.3 86.5 13.5 
1.000 

Present 3.7 100.0 0.0 

Chronic kidney disease     

Absent 94.4 88.2 11.8 
0.844 

Present 5.6 66.7 33.3 

Chronic venous insufficiency     

Absent 64.8 88.6 11.4 
0.975 

Present 35.2 84.2 15.8 

Depression/Anxiety     

Absent 85.2 89.1 10.9 
0.598 

Present 14.8 75.0 25.0 

Number of comorbidities     

Up to 2 comorbidities 20.4 100.0 0.0 
0.352 

3 or more 79.6 83.7 16.3 

Antidepressant     

Absent 81.5 88.6 11.4 
0.832 

Present 18.5 80.0 20.0 

Diuretic     

Absent 70.4 86.8 13.2 1.000 
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Continued 

Present 29.6 87.5 12.5  

Calcium channel blocker     

Absent 75.9 82.9 17.1 
0.261 

Present 24.1 100.0 0.0 

Benzodiazepine     

Absent 88.9 85.4 14.6 
0.720 

Present 11.1 100 0 

Angiotensin II receptor blocker     

Absent 53.7 86.2 13.8 
1.000 

Present 46.3 88.0 12.0 

Beta blocker     

Absent 81.5 86.4 13.6 
1.000 

Present 18.5 90.0 10.0 

Hypoglycemic agent     

Absent 64.8 88.6 11.4 
0.975 

Present 35.2 84.2 15.8 

Insulin     

Absent 94.4 90.2 9.8 
0.049 

Present 5.6 33.3 66.7 

Angiotensin-converting enzyme inhibitor     

Absent 92.6 86.0 14.0 
0.977 

Present 7.4 100 0 

Polypharmacy     

Up to 4 medications 63.0 94.1 5.9 
0.110 

5 or more medications 37.0 75.0 25.0 

Body mass index     

Normal 16.7 66.7 33.3 

0.040 Overweight 27.8 80.0 20.0 

Obesity 55.6 96.7 3.3 

Risk of obstructive sleep apnea     

Low 31.5 82.4 17.6 
0.796 

Moderate or high 68.5 89.2 10.8 

Stress urinary incontinence     

Absent 87.0 87.2 12.8 
1.000 

Present 13.0 85.7 14.3 

Urgency urinary incontinence     

Absent 88.9 85.4 14.6 0.720 
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Continued 

Present 11.1 100 0  

Mixed urinary incontinence     

Absent 29.6 93.8 6.2 
0.611 

Present 70.4 84.2 15.8 

Overactive bladder syndrome     

Absent 14.8 87.5 12.5 
1.000 

Present 85.2 87.0 13.0 

Quantitative characteristics:     

Caffeine (mg/day)*** 153.2 ± 71.3 154.0 ± 70.3 150.0 ± 84.2 0.728 

Tobacco (packs/year)*** 4.2 ± 10.9 3.3 ± 8.3 10.4 ± 22.1 0.046 

*54 female patients with nocturia (one or more urinations) and information on global polyuria; **p-value of Pearson's chi-square 
test (with Yates continuity correction); ***For the variables caffeine consumption and tobacco, the nonparametric Mann-Whitney 
test was applied. 
 

Considering that the prevalence of nocturia increases with age [4] [5], it is 
noteworthy that the present study had a higher percentage (52.6%) of partici-
pants aged 60 years or older compared to the Brazilian study (43.3%). In the 
American study, age stratification was not provided. However, the mean age of 
participants with information on nocturia was 48.3 years, which is lower than 
the mean age of the present study, which was 58.4 years. 

Patients in older age groups usually have a higher number of comorbidities 
and, consequently, are more likely to use polypharmacy. The association of these 
factors may explain the higher prevalence of nocturia in the study population. 
Furthermore, Daugherty et al. (2021) provided the descriptive analysis of soci-
odemographic and clinical factors, from which we could make additional com-
parisons. In the present study, the prevalences of systemic arterial hypertension 
(59.1% versus 43.3%) and obesity (45.5% versus 37.5%) were higher, two factors 
known to be associated with nocturia [4] [26]. 

When compared to a study conducted by Clemens et al. (2020) in a specia-
lized urogynecology service in the United States, the prevalences were higher in 
the present study, with 70.7% versus 41.5% for one or more episodes of nocturia, 
and 56.4% versus 14.3% for two or more episodes in women [27]. Lower income 
and education levels of the population included in the present study, variables 
associated with a higher prevalence of nocturia in the literature, may contribute 
to explaining these differences [4]. Another factor to consider is the method 
used to measure episodes of nocturia, which was self-reported by patients in the 
present study, while in the US study, it was estimated by the average episodes 
recorded in a three-day bladder diary. 

Another relevant information is that in Clemens et al.’s (2020) study, the 
mean age was 60.4 years, but it did not distinguish between men and women. 
This hinders the comparison between studies, as the causes of nocturia differ  
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Table 3. Association between sociodemographic and clinical characteristics and the presence of global polyuria in women with 
nocturia (two or more urinations) attended at two urogynecology outpatient clinics (N = 54). Niterói (RJ) and Petrópolis (RJ), 
Brazil, 2021-2023. 

Characteristics 
% patients (n = 44*) Global polyuria 

p-value** (c2) 
or Mean ± SD Absent (n = 38) Present (n = 6) 

Location     

Niterói 36.4 87.5 12.5 
1.000 

Petrópolis 63.6 85.7 14.3 

Age     

Less than 60 years old 38.6 88.2 11.8 
1.000 

60 years or older 61.4 85.2 14.8 

Education     

Up to incomplete primary school 50.0 86.4 13.6 
1.000 

At least completed primary school 50.0 86.4 13.6 

Hesitation     

Absent 88.6 84.6 15.4 
0.801 

Present 11.4 100.0 0.0 

Slow stream     

Absent 75.0 84.8 15.2 
1.000 

Present 25.0 90.9 9.1 

Feeling of incomplete bladder emptying     

Absent 29.5 100.0 0.0 
0.220 

Present 70.5 80.6 19.4 

Post-voiding incontinence     

Absent 61.4 85.2 14.8 
1.000 

Present 38.6 88.2 11.8 

Pelvic organ prolapse (symptom)     

Absent 70.5 87.1 12.9 
1.000 

Present 29.5 84.6 15.4 

Anterior vaginal wall prolapse     
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Continued 

Up to stage II 93.2 85.4 14.6 
1.000 

Stage III ou IV 6.8 100.0 0.0 

Posterior vaginal wall prolapse     

Up to stage II 97.7 86.0 14.0 
1.000 

Stage III ou IV 2.3 100.0 0.0 

Apical prolapse     

Up to stage II 97.7 86.0 14.0 
1.000 

Stage III ou IV 2.3 100.0 0.0 

Fecal incontinence     

Absent 90.9 85.0 15.0 
0.945 

Present 9.1 100.0 0.0 

Constipation (Bristol stool scale)     

Absent 77.3 88.2 11.8 
0.886 

Present 22.7 80.0 20.0 

Constipation (frequency of bowel movements)     

Absent 75.0 90.9 9.1 
0.310 

Present 25.0 72.7 27.3 

Recurrent urinary tract infection     

Absent 81.8 91.7 8.3 
0.109 

Present 18.2 62.5 37.5 

Systemic arterial hypertension     

Absent 40.9 88.9 11.1 
1.000 

Present 59.1 84.6 15.4 

Diabetes mellitus     

Absent 63.6 85.7 14.3 
1.000 

Present 36.4 87.5 12.5 

Heart failure     

Absent 97.7 86.0 14.0 1.000 
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Continued 

Present 2.3 100.0 0.0  

Chronic kidney disease     

Absent 93.2 87.8 12.2 
0.874 

Present 6.8 66.7 33.3 

Chronic venous insufficiency     

Absent 68.2 90.0 10.0 
0.577 

Present 31.8 78.6 21.4 

Depression/Anxiety     

Absent 81.8 88.9 11.1 
0.641 

Present 18.2 75.0 25.0 

Number of comorbidities     

Up to 2 comorbidities 22.7 100.0 0.0 
0.365 

3 or more 77.3 82.4 17.6 

Antidepressant     

Absent 77.3 88.2 11.8 
0.886 

Present 22.7 80.0 20.0 

Diuretic     

Absent 72.7 84.4 15.6 
0.893 

Present 27.3 91.7 8.3 

Calcium channel blocker     

Absent 75.0 81.8 18.2 
0.310 

Present 25.0 100.0 0.0 

Benzodiazepine     

Absent 86.4 84.2 15.8 
0.684 

Present 13.6 100.0 0.0 

Angiotensin II receptor blocker     

Absent 61.4 85.2 14.8 
1.000 

Present 38.6 88.2 11.8 
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Continued 

Beta-blocker     

Absent 84.1 86.5 13.5 
1.000 

Present 15.9 85.7 14.3 

Hypoglycemic agent     

Absent 63.6 85.7 14.3 
1.000 

Present 36.4 87.5 12.5 

Insulin     

Absent 95.5 90.5 9.5 
0.010 

Present 4.5 0.0 100.0 

Angiotensin-converting enzyme inhibitor     

Absent 90.9 85.0 15.0 
0.945 

Present 9.1 100.0 0.0 

Polypharmacy     

Up to 4 medications 59.1 92.3 7.7 
0.350 

5 or more medications 40.9 77.8 22.2 

Body mass index     

Normal 18.2 62.5 37.5 

0.018 Overweight 31.8 78.6 21.4 

Obesity 50.0 100.0 0.0 

Risk of obstructive sleep apnea     

Low 34.1 80.0 20.0 
0.674 

Moderate or high 65.9 89.7 10.3 

Stress urinary incontinence     

Absent 86.4 86.8 13.2 
1.000 

Present 13.6 83.3 16.7 

Urgency urinary incontinence     

Absent 90.9 85.0 15.0 
0.945 

Present 9.1 100.0 0.0 
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Continued 

Mixed urinary incontinence     

Absent 27.3 91.7 8.3 
0.893 

Present 72.7 84.4 15.6 

Overactive bladder syndrome     

Absent 13.6 83.3 16.7 
1.000 

Present 86.4 86.8 13.2 

Quantitative characteristics:     

Caffeine (mg/day)*** 151.9 ± 65.7 153.0 ± 62.5 142.0 ± 89.6 0.538 

Tobacco (packs/year)*** 4.8 ± 11.8 3.7 ± 8.8 12.1 ± 23.6 0.037 

*44 female patients with nocturia (two or more urinations) and information on global polyuria; **p-value of Pearson’s chi-square 
test (with Yates continuity correction); ***For the variables caffeine consumption and tobacco, the nonparametric Mann-Whitney 
test was applied. 
 

between men and women and vary with age [18] [27]. 
Regarding the mechanisms through which nocturia can occur, the prevalence 

of nocturnal polyuria was 69.1%, reduced nighttime bladder capacity was 17.3%, 
and global polyuria was 12.9% (nocturia defined as one or more voids) and 
68.2%, 19.1%, and 13.6%, respectively, for nocturia defined as two or more vo-
ids. The order of prevalences remained consistent in studies conducted by 
Drangsholt et al. (2019), who conducted a retrospective chart analysis of records 
of women with nocturia treated at a functional urology clinic and evaluated 72 
bladder diaries, and also consistent with the findings of Clemens et al. (2020), 
which included 217 diaries from women. Drangsholt et al. (2019) found preva-
lences of 75% for nocturnal polyuria, 40.2% for reduced nighttime bladder ca-
pacity, and 18.1% for global polyuria in women with one or more nocturnal vo-
ids. Excessive fluid intake was identified as the primary cause of most cases of 
global polyuria [28]. Clemens et al. (2020) found prevalences of 77%, 36%, and 
22%, respectively, in participants with two or more voids [27]. 

It is worth noting that the prevalences of the mechanisms of nocturia were all 
lower in the present study compared to the other two, particularly the reduced 
nighttime bladder capacity compared to the study by Drangsholt et al. (2019). 
This study included women with a mean age of 73.3 years compared to the mean 
age of 58.4 years in the present study, indicating that they were in the long 
postmenopausal period when a higher prevalence of the three mechanisms 
causing nocturia is expected. Furthermore, although it excluded patients with 
predominantly daytime symptoms, the inclusion criteria were women with ur-
gency urinary incontinence with nocturia. Lastly, the criterion used to define 
reduced bladder capacity (greater urinary volume in 24 hours < 300 mL) was the 
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most sensitive among the studies. This justifies a disproportionately higher pre-
valence of this mechanism [28]. 

In the study by Clemens et al. (2020), where the mean age was similar to the 
present study and less sensitive criteria were used for nocturnal polyuria (>33% 
of 24-hour urine volume) and reduced nighttime bladder capacity (nocturnal 
bladder capacity index >2), lower prevalences of these mechanisms would be 
expected. However, the rates were not stratified by sex. It is known that in men, 
prostate disease is associated with reduced bladder capacity, while in women, 
there are specific conditions such as hypoestrogenism and genital prolapse. 

In the three studies that evaluated bladder diaries, nocturnal polyuria was the 
most prevalent mechanism. It is believed that nocturnal polyuria results from 
changes in the circadian rhythm of antidiuretic hormone. This is a heterogene-
ous condition that can result from excessive fluid intake, be induced by medica-
tions such as diuretics taken in the late afternoon, or be part of a global polyuria 
picture. Systemic diseases that have the potential to alter electrolyte and water 
homeostasis, such as heart failure, venous stasis in the lower limbs, and obstruc-
tive sleep apnea, may be factors involved in nocturnal polyuria [29]. 

In a study involving women with nocturnal polyuria in the US (2023), 72.7% 
had the condition associated with overactive bladder syndrome, and 10.8% had 
it associated with other comorbidities (diabetes mellitus, systemic hypertension, 
heart disease, or obstructive sleep apnea). Among patients with at least two vo-
ids, 75.3% had the condition associated with overactive bladder syndrome, and 
11% had it associated with other comorbidities [17]. In the present study, no as-
sociation of any variables with nocturnal polyuria was observed. 

Among the studied population, 66.7% had three or more comorbidities. The 
most prevalent comorbidities were systemic hypertension (59.1%), obesity 
(45.5%), and chronic venous insufficiency (32.6%). Additionally, the majority 
(59.1%) of participants had a moderate or high risk for obstructive sleep apnea. 
According to the literature, these mentioned conditions are known to be asso-
ciated with nocturia. The most commonly used medications were angiotensin II 
receptor blockers (44.7%), diuretics, and hypoglycemic agents (both 29.5%) [9] 
[10] [11] [12]. 

In terms of urinary symptoms, there was a substantial prevalence of overactive 
bladder syndrome (73.5%), which can be associated with reduced bladder capac-
ity [7]. The sensation of incomplete bladder emptying was also highly prevalent 
(55.3%), a symptom that may be associated with hypoactive bladder and conse-
quently reduced bladder capacity [8]. Pelvic organ prolapse was reported by 
31.8% of participants, with the highest prevalence of stage 3 or 4 prolapse being 
in the anterior vaginal wall (10.6% of participants) upon physical examination. 

Our analyses found an association between normal body mass index, insulin 
use, and higher tobacco consumption with global polyuria both in participants 
with defined nocturia as one or more voids and in those with two or more voids. 
On the other hand, the association between a history of recurrent urinary tract 
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infection and global polyuria occurred only when nocturia was considered as 
one or more voids. 

Several studies have observed an association between obesity and nocturia in 
women [5] [26] [30]. Moon et al. (2019) even found a positive association be-
tween increasing body mass index and the likelihood of having two or more vo-
ids in adjusted analyses for age, sex, and various comorbidities [31]. The associa-
tion found between normal body mass index and polyuria may be related to fac-
tors that were not part of the scope of the present study, such as the measure-
ment of fluid intake in the bladder diary, as well as the hormonal status of the 
participants related to menopause [9]. 

The observed association between insulin use and the presence of global po-
lyuria contradicts current evidence, which suggests that the medication reduces 
polyuria associated with osmotic dieresis [32]. On the other hand, Chang et al. 
(2017) found that among diabetic women, those with more than 10 years since the 
diagnosis of diabetes mellitus had a 1.9 times higher chance of reporting nocturia 
compared to those diagnosed within 10 years [33]. It is possible that among in-
sulin users, there was a high proportion of participants with long-standing di-
abetes mellitus and diabetic nephropathy, which may explain our findings. 

Regarding the association between smoking and global polyuria, a popula-
tion-based study conducted in China (2014) also found an association in indi-
viduals with nocturia using both definitions [34]. The relationship between 
smoking and changes in the physiological nighttime drop in blood pressure, a 
possible cause of nocturia, is still controversial and would be partly attributed to 
sympathetic nervous system activation [35] [36]. It is possible that such changes 
contribute to the occurrence of polyuria, but the exact mechanisms still need to 
be further studied. 

According to the literature, a history of recurrent urinary tract infection is as-
sociated with nocturia. Madhu et al. (2015), in a multicenter study, found in-
creasing frequencies of this condition as the number of nighttime urinations in-
creased [5]. The mechanism through which these variables are related seems to 
be a reduction in nighttime bladder capacity. Another hypothesis suggests that 
urothelial dysfunction and underlying chronic inflammation justify both recur-
rent urinary tract infection and lower urinary tract symptoms in the context of 
hypersensitivity to bladder distension [29] [37]. 

The association between recurrent urinary tract infection and global polyuria 
in the present study can be understood in light of hypoestrogenism, which can 
be associated with both conditions. Vaginal epithelium has reduced epithelial 
glycogen production, leading to a decrease in Lactobacillus population and mak-
ing the environment more vulnerable to uropathogens [38]. On the other hand, 
global polyuria can occur due to impaired secretion of antidiuretic hormone, 
resulting in predominantly free water diuresis, and due to decreased activation 
of the renin-angiotensin-aldosterone axis, leading to increased solute excretion. 
Both mechanisms are modulated by estrogen. Furthermore, oral mucosa and sa-
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livary glands contain estrogen receptors, and decreased activation of these re-
ceptors leads to dry mouth after menopause, which can result in increased fluid 
intake throughout the 24-hour period [9]. 

However, there are certain limitations in this study that need to be mentioned. 
It was not possible to determine the postmenopausal duration for a significant 
percentage of the participants due to a high prevalence of women who had pre-
viously undergone hysterectomy. Comorbidities were self-reported by the par-
ticipants, thereby potentially leading to an underestimation or overestimation of 
their prevalence. The research team observed a relative difficulty in correctly 
filling out the bladder diary, which resulted in a reduced number of available di-
aries. 

On the other hand, this study contributes to a better understanding of the 
prevalence of nocturia in a population attending specialized services in Brazil, as 
well as it’s associated factors. It also investigated the prevalence of the three main 
causative mechanisms of nocturia and a wide range of potential associations. 
Such information can support investigative protocols for nocturia and raise 
awareness among different medical specialties regarding the relevance of this 
topic. 

5. Conclusions 

The prevalence of nocturia was higher than that observed in previous studies 
conducted in both the general population and referral services for the treatment 
of lower urinary tract symptoms, especially when the condition was defined as 
the presence of two or more urinations. Nocturnal polyuria was the most preva-
lent cause of nocturia. Associations were found between global polyuria and 
normal body mass index, insulin use, higher tobacco consumption, and recur-
rent urinary tract infection.  

Therefore, in patients with documented global polyuria, based on these find-
ings, it becomes important to advise smoking cessation, assess the possible 
presence of recurrent urinary tract infection, provide appropriate clinical man-
agement, and evaluate the adequacy of therapeutic targets in diabetic patients. 
On the other hand, for patients with such conditions, it can be interesting to as-
sess the possibility of polyuria associated. Lastly, no associations were found 
with nocturnal polyuria or reduced nocturnal bladder capacity. 
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