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Purpose: The pathophysiology of nocturia and nocturnal polyuria (NP), conditions that become more prevalent with aging, 
may in part be explained by changes in hormones involved in water homeostasis. The purpose of this study was to analyze the 
impact of aging on urinary natriuretic peptides in nocturia and NP.
Methods: Patients aged ≥18 years completed 24-hour bladder diaries for assessment of nocturia and NP. They were divided 
into subgroups of ≥65 years old and <65 years old. Urine samples were collected and analyzed for natriuretic peptide (NT-
proANP, NT-proBNP, and NT-proCNP) levels. Peptide levels were compared between patients with and without nocturia/NP 
and within age subgroups; correlation to the NP index (NPi) was determined.
Results: Compared to patients without nocturia (N=15), patients with nocturia (N=36) had higher median levels of urinary 
NT-proANP (15.8 pmol/mmol Cr vs. 10.9 pmol/mmol Cr, P=0.016) and NT-proBNP (6.3 pmol/mmol Cr vs. 4.5 pmol/mmol 
Cr, P=0.021), but showed no differences in NT-proCNP (2.4 pmol/mmol Cr vs. 2.5 pmol/mmol Cr, P=0.967). Patients ≥65 
years old with nocturia had higher NT-proANP (29.8 pmol/mmol Cr vs. 11.0 pmol/mmol Cr, P<0.001) and NT-proBNP (9.6 
pmol/mmol Cr vs. 5.0 pmol/mmol Cr, P<0.001) than patients <65 years old. Additionally, patients with NP (N=30) showed 
higher urinary NT-proANP (19.6 pmol/mmol Cr vs. 10.5 pmol/mmol Cr, P<0.001) and NT-proBNP (6.7 pmol/mmol Cr vs. 
4.7 pmol/mmol Cr, P=0.020) compared to patients without NP (N=21). NP patients ≥65 years had higher NT-proANP (29.8 
pmol/mmol Cr vs. 12.5 pmol/mmol Cr, P<0.001) and NT-proBNP (9.6 pmol/mmol Cr vs. 4.4 pmol/mmol Cr, P=0.004) than 
patients <65 years old. NPi positively correlated with urinary NT-proANP (RS =0.417, P=0.002) and NT-proBNP (RS =0.303, 
P=0.031), but not with NT-proCNP (RS =-0.094, P=0.510).
Conclusions: Since urinary NT-proANP and NT-proBNP were greater in aged patients with nocturia and NP, natriuretic 
peptides may contribute to the pathophysiology of these conditions and further research should aim to explore them as targets 
for management.
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INTRODUCTION

Nocturia, defined as waking to pass urine during the main 
sleep period, with ≥2 nighttime voids considered clinically sig-
nificant, impacts all age groups [1-3]. In a review of 43 articles 
investigating nocturia prevalence, it was found that the preva-
lence of nocturia is greater in adults over 70 (68.9%–93%) com-
pared to younger adults ages 20 to 40 (11%–43.9%) [4]. Noctu-
ria has the most significant impact on quality of life amongst 
lower urinary tract symptoms (LUTS), with nocturia patients 
self-reporting being tired “always” or “usually” significantly 
more than patients with daytime only LUTS [5]. While a vari-
ety of factors can cause nocturia, nocturnal polyuria (NP), 
characterized by nocturnal urine volume greater than 20%–
33% of 24-hour voided volume, is the major contributing factor 
[2].

The increased prevalence of nocturia with aging may be in 
part due to hormonal changes, such as dysregulation of the di-
urnal rhythm of plasma antidiuretic hormone (ADH) concen-
tration [6]. In healthy adults, there is a physiological increase in 
plasma ADH concentration during the night which decreases 
nocturnal diuresis. However, this increase in ADH secretion 
during the night was observed to be absent in elderly subjects 
with nocturia [7]. Additionally, V2 ADH receptor expression in 
urinary bladder mucosa and the kidneys may change with age, 
contributing to nocturia pathophysiology [8].

Another family of hormones involved in water homeostasis, 
natriuretic peptides, may also play a role; this family is made up 
of atrial natriuretic peptide (ANP), B-type natriuretic peptide 
(BNP), and C-type natriuretic peptide (CNP) [9,10]. ANP is 
secreted from the right atrium in response to stretching of the 
atrial wall, sensed via atrial volume receptors and comprises 
most of the total circulating natriuretic peptides. B-type natri-
uretic peptide (BNP) is secreted from the cardiac ventricular 
myocytes in response to increased ventricular wall stress. C-
type natriuretic peptide (CNP) is secreted from cardiac endo-
thelium in response to shear stress. While the active forms of 
these hormones have short half-lives, their inactive N-terminal 
regions, serving as more stable markers, are secreted in similar 
molar ratios to the active regions and have longer half-lives: 
NT-proANP (60–120 minutes), NT-proBNP (120 minutes), 
and NT-proCNP (>120 minutes) [11-13]. In fact, urinary na-
triuretic peptides can be markers of heart failure; all are elevated 
in patients with heart failure, with urinary NT-proBNP having 
a diagnostic accuracy comparable with that of plasma NT-

proBNP [14].
The purpose of this study is to evaluate the impact of aging 

on urinary natriuretic peptides in patients with nocturia and 
NP.

MATERIALS AND METHODS

This study was conducted in accordance with the Declaration 
of Helsinki guidelines and approved by the Institutional Review 
Board (IRB) & Privacy Board of SUNY Downstate Medical 
Center (No. 1471991-4) in November 2019. All participants 
provided informed consent for the study.

In this IRB approved study, patients 18 years or older who 
were evaluated across 2 clinics were recruited from November 
2019 to July 2021. Following enrollment, participants under-
went blood pressure measurements and urine collection. Pa-
tients completed 24-hour voiding diaries over 3 consecutive 
days (72 hours) as part of the assessment of nocturia/NP. Noc-
turia was defined as ≥2 nighttime voids, which was determined 
clinically significant by the International Consultation on In-
continence Research Society; NP was defined as NP index (NPi; 
equal to nocturnal urine volume divided by 24-hour urine vol-
ume) >0.33 [3].

Patients were included if they were ≥18 years of age. Patients 
were excluded if they had any comorbidities that may influence 
nocturia including other urologic conditions (e.g., benign pros-
tatic hyperplasia, overactive bladder, prostate cancer), cardio-
vascular conditions (e.g., congestive heart failure, coronary ar-
tery disease, history of myocardial infarction), metabolic condi-
tions (e.g., diabetes insipidus, hypercalcemia, diabetes mellitus), 
neurological conditions (e.g., autonomic neuropathy, epilepsy, 
spinal cord injury), and various other conditions (e.g., obstruc-
tive sleep apnea, renal tubular dysfunction). Patients who drank 
alcohol, were treated with medications impacting urine output 
(e.g., diuretics, urinary stimulants, alpha agonists/blockers), and 
had past urologic surgeries (e.g., prostatectomy, transurethral 
resection of the prostate, urethroplasty) were also excluded.

Patients were categorized by status of nocturia/NP and sub-
divided into age groups (≥65 years and <65 years) to follow 
the model of previous studies [4]. Baseline characteristics re-
trieved included age, gender, nighttime voids, body mass index, 
systolic and diastolic blood pressures, and creatinine levels (se-
rum and urine). Urine samples following the first morning void 
were collected from patients and stored at -20°C; they were 
thawed out at 4°C for analysis. Measurement of urinary NT-
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proANP (Product by Biomedica, Vienna, Austria; purchased 
through Eagle Biosciences, Amherst, NH, USA), NT-proBNP 
(BioVendor, Asheville, NC, USA), and NT-proCNP (Product 
by Biomedica, Vienna, Austria; purchased through Eagle Bio-
sciences, Amherst, NH, USA) for all patients was done using 
commercially designed enzyme-linked immunoassay kits fol-
lowing standard protocol. All urinary natriuretic peptide mea-
surements were adjusted for creatinine excretion by dividing 
urine natriuretic peptide concentration (pmol/L) by urine cre-
atinine concentration (mmol/L); adjusted values were used for 
statistical analysis.

Data on baseline characteristics and urinary natriuretic pep-
tide levels was reported as median and interquartile range 
(IQR). The Mann-Whitney U-test was used to compare pa-
tients with and without nocturia/NP; additionally, chi-square 
analysis was done for gender differences. For analysis on age, 
the 4 groups (defined by presence or absence of nocturia/NP 
and age ≥65 years or <65 years) were compared using the 
Kruskal-Wallis H-test for overall significance, followed by the 
Mann-Whitney U-test to determine differences between spe-
cific subgroups. Scatter plots of urinary natriuretic peptides vs 

age were made for the 4 subgroups. Spearman rank order cor-
relation was used to determine the correlation between urinary 
natriuretic peptides and age for the 4 subgroups and NPi and 
urinary natriuretic peptides for the overall patient population. 
Level of statistical significance was set at P<0.05. All analyses 
were done via IBM SPSS Statistics ver. 27.0 (IBM Co., Armonk, 
NY, USA).

RESULTS

Baseline characteristics of all 51 patients are provided in Table 1. 
Compared to patients without nocturia (N=15), patients with 
nocturia (N=36) had significantly higher median levels of uri-
nary NT-proANP and NT-proBNP, but showed no differences 
in median NT-proCNP. The same relationships were observed 
for patients with NP (N=30) compared to patients without NP 
(N=21). In addition, patients with NP had higher median NPi 
compared to patients without NP (median [IQR]: 0.44 [0.12] 
vs. 0.18 [0.05], P<0.001).

Impact of aging on nocturia was compared by analyzing dif-
ferences between patients younger than 65 years (N=6 for no 

Table 1. Baseline characteristics and urinary natriuretic peptide levels in nocturia and nocturnal polyuria

Variable
Nocturia Nocturnal polyuria

Absent (N=15) Present (N=36) P-value Absent (N=21) Present (N=30) P-value

Age (yr) 68.0 (8.0) 64.0 (13.8) 0.084 64.0 (7.0) 64.0 (7.8) 0.611

Sex, n (%) 0.650 0.687

Male 6 (40.0) 12 (33.3) 7 (33.3) 11 (36.7)

Female 9 (60.0) 24 (66.7) 14 (66.7) 19 (63.3)

Body mass index (kg/m2) 28.2 (3.4) 29.3 (5.5) 0.226 29.2 (7.1) 28.9 (4.0) 0.389

Systolic blood pressure (mmHg) 126.0 (14.0) 134.0 (18.8) 0.612 135.0 (17.0) 131.0 (18.0) 0.333

Diastolic blood pressure (mmHg) 76.0 (3.5) 79.5 (11.0) 0.106 78.6 (6.0) 78.5 (13.5) 0.559

Serum creatinine (mg/dL) 0.9 (0.3) 0.9 (0.2) 0.126 0.8 (0.2) 0.9 (0.3) 0.985

Urine creatinine (mg/dL) 55.0 (10.5) 56.0 (8.8) 0.481 55.0 (9.0) 56.0 (8.8) 0.591

Nighttime voids 1.0 (0) 2.5 (2.0) <0.001* 1.0 (1.0) 3.0 (2.0) <0.001*

Nighttime volume (mL) 300.0 (237.5) 587.5 (481.3) <0.001* 290.0 (100.0) 675.0 (385.0) <0.001*

Total volume (mL) 1,550.0 (265.0) 1,500.0 (885.0) 0.780 1,500.0 (320.0) 1,600.0 (956.3) 0.343

NT-proANP (pmol/mmol Cr) 10.9 (5.8) 15.8 (19.5) 0.016* 10.5 (5.8) 19.6 (18.1) <0.001*

NT-proBNP (pmol/mmol Cr) 4.5 (2.4) 6.3 (5.0) 0.021* 4.7 (2.6) 6.7 (6.5) 0.020*

NT-proCNP (pmol/mmol Cr) 2.5 (0.7) 2.4 (0.4) 0.967 2.5 (0.7) 2.3 (0.4) 0.646

Values are presented as median (interquartile range) unless otherwise indicated.
NT-proANP, N-terminal proatrial natriuretic peptide; NT-proBNP, N-terminal pro B-type natriuretic peptide; NT-proCNP, N-terminal pro C-type 
natriuretic peptide.
*P<0.05, statistically significant differences.
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nocturia and N=24 for nocturia) and older than or equal to 65 
years (N=9 for no nocturia and N=12 for nocturia) (Table 2). 
Kruskal-Wallis H-test comparing the 4 subgroups showed sig-
nificant differences for urinary NT-proANP (P <0.001) and 
NT-proBNP (P<0.001), but not NT-proCNP (P=0.902). Pa-
tients ≥65 years old with nocturia had higher median urinary 
NT-proANP (29.8 pmol/mmol Cr vs. 11.0 pmol/mmol Cr, P< 
0.001) and NT-proBNP (9.6 pmol/mmol Cr vs. 5.0 pmol/mmol 
Cr, P<0.001) levels than those <65 years old; in addition, older 
patients with nocturia also had higher median NT-proANP 
(29.8 pmol/mmol Cr vs. 10.5 pmol/mmol Cr, P <0.001) and 
NT-proBNP (9.6 pmol/mmol Cr vs. 5.0 pmol/mmol Cr, P < 
0.001) levels than those without nocturia. Patients ≥65 years 
old without nocturia also had higher median NT-proBNP lev-
els than those <65 years old (P=0.008).

The impact of aging on NP was also analyzed comparing pa-
tients aged less than 65 years (N=12 for no NP and N=18 for 
NP) and greater than or equal to 65 years (N=9 for no NP and 
N=12 for NP) (Table 3). Kruskal-Wallis H-test comparing the 4 
subgroups showed significant differences for urinary NT-pro-
ANP (P<0.001) and NT-proBNP (P=0.001), but not NT-proC-
NP (P=0.734). Patients ≥65 years old with NP had higher me-
dian NT-proANP (29.8 pmol/mmol Cr vs. 12.5 pmol/mmol Cr, 
P<0.001) and NT-proBNP (9.6 pmol/mmol Cr vs. 4.4 pmol/
mmol Cr, P=0.004) than patients <65 years old with NP; older 
patients with NP also had higher median NT-proANP (29.8 

pmol/mmol Cr vs. 10.5 pmol/mmol Cr, P <0.001) and NT-
proBNP (9.6 pmol/mmol Cr vs 5.0 pmol/mmol Cr, P<0.001) 
than those without NP. Data on urinary natriuretic peptides, not 
adjusted for urinary creatinine excretion, is available in supple-
ment Tables 1-3.

Age positively correlated with urinary NT-proANP (RS = 
0.613, P<0.001) and NT-proBNP (RS =0.396, P=0.017) for the 
patients with nocturia and with urinary NT-proBNP (RS =0.485, 
P<0.001) for patients without nocturia (Fig. 1). When analyzing 
NP, age positively correlated with urinary NT-proANP (RS = 
0.610, P<0.001) and NT-proBNP (RS =0.386, P=0.035) for pa-
tients with NP (Fig. 2). NPi positively correlated with urinary 
NT-proANP (RS =0.417, P=0.002) and NT-proBNP (RS =0.303, 
P=0.031), but did not correlate with NT-proCNP (RS =-0.094, 
P=0.510).

DISCUSSION

Natriuretic peptides play an important role in water homeosta-
sis, ranging from increasing excretion of salt and water to in-
creasing vasodilation in order to decrease blood pressure and 
cardiac stress [6,9,10]. Due to their ability to impact urination, 
we hypothesized that they likely play a role in the pathophysiol-
ogy of nocturia and NP. Previous studies have demonstrated 
the involvement of ANP in nocturia; for example, in patients 
with sleep apnea experiencing nocturia, fluctuations of intra-

Table 2. Urinary natriuretic peptide levels in patients younger 
and older than 65 years with nocturia

Group Age <65 
years

Age ≥65 
years P-value

NT-proANP (pmol/mmol Cr)

No nocturia 11.3 (3.8) 10.5 (5.6) 0.689

Nocturia 11.0 (7.5) 29.8 (9.3) <0.001*

NT-proBNP (pmol/mmol Cr)

No nocturia 2.9 (0.8) 5.0 (1.3) 0.008*

Nocturia 5.0 (4.4) 9.6 (4.8) <0.001*

NT-proCNP (pmol/mmol Cr)

No nocturia 2.8 (0.6) 2.5 (0.6) 0.607

Nocturia 2.4 (0.3) 2.3 (0.5) 0.804

Values are presented as median (interquartile range).
NT-proANP, N-terminal proatrial natriuretic peptide; NT-proBNP, N-
terminal pro B-type natriuretic peptide; NT-proCNP, N-terminal pro 
C-type natriuretic peptide; Cr, creatinine.
*P<0.05, statistically significant differences.

Table 3. Urinary natriuretic peptide levels in patients younger 
and older than 65 years with nocturnal polyuria

Group Age <65 
years

Age ≥65 
years P-value

NT-proANP (pmol/mmol Cr)

No nocturnal polyuria 9.6 (5.4) 10.5 (5.6) 0.995

Nocturnal polyuria 12.5 (7.8) 29.8 (9.3) <0.001*

NT-proBNP (pmol/mmol Cr)

No nocturnal polyuria 4.0 (3.6) 5.0 (1.3) 0.219

Nocturnal polyuria 4.4 (4.8) 9.6 (4.8) 0.004*

NT-proCNP (pmol/mmol Cr)

No nocturnal polyuria 2.6 (0.5) 2.5 (0.6) 0.554

Nocturnal polyuria 2.4 (0.3) 2.3 (0.5) 0.602

Values are presented as median (interquartile range).
NT-proANP, N-terminal proatrial natriuretic peptide; NT-proBNP, N-
terminal pro B-type natriuretic peptide; NT-proCNP, N-terminal pro 
C-type natriuretic peptide; Cr, creatinine.
*P<0.05, statistically significant differences.
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thoracic pressures were correlated to fluctuations in levels of 
ANP, potentially explaining the development of nocturia [15-
17]. Nevertheless, to the best of our knowledge, the levels of na-
triuretic peptides, especially using urine samples, have not been 
investigated in patients with nocturia and NP in relation to age.
In the present study, higher urinary levels of NT-proANP and 
NT-proBNP were noted in patients with nocturia/NP, poten-
tially leading in part to increased nighttime voiding. These re-
sults were expected as both ANP and BNP are involved with 

natural diuresis physiologically and are in tandem with previ-
ous findings in studies relating both to sleep apnea [15-19]. NT-
proCNP, a peptide that has not been studied before in nocturia 
patients, showed no differences between patients with and 
without nocturia/NP. Physiologically, CNP has various cardio-
vascular functions similar to other natriuretic peptides and also 
plays a role in bone growth, neuronal development, and repro-
duction; lack of differences in CNP was not expected due to its 
role in natriuresis [20].
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Fig. 1. Scatter plots and spearman correlations between urinary natriuretic peptides (NT-proANP, NT-proBNP, and NT-proCNP) 
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Age-related changes to hormones involved in water homeo-
stasis have also been associated with nocturia. For example, 
studies have shown ADH, which in normal individuals peaks at 
night to reduce urine output by 25%, is insufficiently secreted 
in the elderly with nocturia [21]. Our study shows that age and 
natriuretic peptide levels are also related in nocturia/NP. Uri-
nary NT-proANP was almost 2.4–2.9 times greater in elderly 
patients with nocturia/NP compared to those younger than 65 
years old. Analysis of the urinary NT-proBNP shows that in 

both patients with and without nocturia, the levels almost dou-
bled in the older group; this effect was retained only for patients 
with NP. In addition, correlations between age and urinary NT-
proANP and NT-proBNP were noted for the nocturia and NP 
groups. A previous cross-sectional analysis supports our results 
because it also showed an association between increased serum 
NT-proBNP and nocturia [22]. No impact of aging was noted 
on urinary NT-proCNP levels.

Since older patients without nocturia had higher NT-proBNP 
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Fig. 2. Scatter plots and spearman correlations between urinary natriuretic peptides (NT-proANP, NT-proBNP, and NT-proCNP) 
and age for patients without nocturnal polyuria (A-C) and patients with nocturnal polyuria (D-F). Rs, Spearman rank order correla-
tion coefficient; NT-proANP, N-terminal proatrial natriuretic peptide; NT-proBNP, N-terminal pro B-type natriuretic peptide; NT-
proCNP, N-terminal pro C-type natriuretic peptide; Cr, creatinine.
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than younger patients, there is a possibility that other factors 
are contributing to the pathophysiology of nocturia; these could 
include hormones and other biomolecules, age-related LUT 
dysfunction, or other underlying conditions not accounted for. 
Future research should be done to investigate additional factors 
associated with water homeostasis in the context of nocturia 
development. Another possibility is that there is a clinical 
threshold below which differences in BNP levels do not influ-
ence nocturia development, which can be determined with 
larger scale prospective studies. However, there were no differ-
ences found in NT-proBNP levels in older vs younger patients 
without NP, suggesting that BNP may be playing a stronger role 
in nocturia development as a result of NP rather than other po-
tential etiologies.

Nocturia is highly prevalent in patients with heart failure and 
while mechanisms remain unclear, they may be due to direct 
effects of heart failure (e.g., increased peripheral lower extremi-
ty edema redistributing when laying supine at night or release 
of natriuretic peptides from cardiac cells) or the use of diuretics 
[23]. In our analysis, we excluded all patients with heart failure 
to explore potential alternate causes of nocturia/NP that may be 
in part due to changes in natriuretic peptides. In the absence of 
heart failure, natriuretic peptides have been noted to increase 
due to various etiologies ranging from left/right ventricular hy-
pertrophy, right ventricular dysfunction from pulmonary dis-
eases, inflammatory diseases, and endocrine disease [24]. Since 
we excluded many of these disease states, we believe that reason 
for the higher urinary natriuretic peptides noted in nocturia/
NP, with the effects increasing with aging, are likely due to LV 
hypertrophy and remodeling, which commonly also occurs 
with aging, causing greater release of the peptides; these chang-
es are likely modulated by blood pressure increases and further 
explorations of the correlations between age-related nocturia/
NP and natriuretic peptides when stratified by status of hyper-
tension are warranted [25].

Several limitations exist for our study. Due to the smaller 
sample size of the study and patients being from the same med-
ical center, findings are underpowered and would require fur-
ther support from larger multi-center studies. Also, while we 
used extensive exclusion criteria, participants may have had co-
morbidities not accounted for that impacted findings. Data may 
have been prone to operator error when running the procedure 
to detect peptide levels; however, by running the procedure 
twice with the use of standards and controls, we tried to reduce 
this error. A lack of measurements of plasma ADH and natri-

uretic peptides limited our assessment of the pathophysiology 
of nocturia/NP; further research should look to assess plasma 
measurements to provide additional insight. We also did not 
measure prostate size or PSA; although, by excluding disease 
states like benign prostatic hyperplasia/LUTS and prostate can-
cer, there was no indication for these measurements.

Despite these limitations, to the best of our knowledge, we 
are the first study to compare urinary natriuretic peptides in 
patients with nocturia/NP and provide analysis on the impact 
of age. Urinalysis of natriuretic peptides provides the benefit of 
less invasive testing over plasma studies and convenience of 
adding the measurement as part of the urinalysis for other ana-
lytes commonly done for patients with nocturia to understand 
underlying disease. An exploration of the correlations of uri-
nary natriuretic peptides to other urinary analytes may provide 
further insight on nocturia pathophysiology. In separately ana-
lyzing NP rather than singularly examining nocturia in the ab-
sence of other nocturia causing etiologies, we aimed to show 
that specific mechanistic differences may exist that impact de-
velopment of NP. Experimentation and data analysis was per-
formed by separate individuals, reducing bias. By using voiding 
diaries to determine presence of nocturia, we abided by stan-
dardized protocol and therefore removed any self-reporting er-
ror. Overall, the study demonstrates that urinary NT-proANP 
and NT-proBNP levels are higher in nocturia and greater levels 
can be seen in patients ≥65 years old. While studies have sug-
gested measuring plasma levels of these hormones for evalua-
tion of cardiovascular conditions, this study opens the possibili-
ty to monitor these hormones via urinalysis to evaluate noctu-
ria. Further work should look to use preclinical study designs in 
controlled settings to establish causality. Another future direc-
tion of this study is to observe the relationship of these hor-
mones in the setting of nocturia while accounting for hyperten-
sion. Hypertension is commonly associated with nocturia and 
with natriuretic peptides impacting blood pressure, it is impor-
tant to understand their relationship to effectively treat patients. 
Understanding the underlying pathophysiology of nocturia can 
aid development of treatment pathways, which can be targeted 
to specific age demographics.

Natriuretic peptides may play a role in the pathophysiology 
of nocturia and NP, serving as markers for the condition. Uri-
nary NT-proANP and NT-proBNP were greater in patients 
with nocturia/NP compared to patients without nocturia/NP, 
and differences increased with age. Urinary NT-proCNP was 
not different amongst patients. These findings suggest that hor-
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monal changes play a role in the pathophysiology of nocturia/
NP with aging and should be used to guide further preclinical 
studies in controlled settings to establish causality. Nevertheless, 
our results demonstrate potential for developing treatment 
pathways unique to managing nocturia and NP in aging pa-
tients.
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