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Abstract
Introduction Overactive Bladder Syndrome (OAB) significantly impacts quality of life, necessitating improved diagnostic tools and 
treatment monitoring. This study explores the potential of neurotrophins, nerve growth factor (NGF), and brain-derived neurotrophic 
factor (BDNF) as urinary biomarkers in patients with OAB undergoing mirabegron therapy, a β3-adrenergic agonist. This inves-
tigation is aimed at providing insights into the potential of neurotrophins to enhance OAB diagnosis and assess treatment efficacy.
Materials and Methods Urinary NGF and BDNF levels were measured in 15 healthy controls and 30 patients with OAB. 
Patients were treated with mirabegron 50 mg once daily. Urinary NGF and BDNF levels were measured by enzyme-linked 
immunosorbent assay method and normalized by urinary creatinine levels (NGF/Cre and BDNF/Cre). The urinary NGF/Cre 
and BDNF/Cre levels were compared between controls and patients with OAB and subsequently at baseline and 3 months 
after mirabegron treatment. Treatment efficacy was assessed with the Indevus Urgency Severity Scale (IUSS) questionnaire.
Results Urinary NGF/Cre and BDNF/Cre levels were significantly higher in patients with OAB than in the controls (p < 0.001 
and p = 0.03 respectively). Moreover, NGF/Cre and BDNF/Cre levels significantly decreased post-mirabegron treatment 
(p < 0.001 and p = 0.005 respectively). Patients with improvement of OAB symptoms after treatment showed lower levels 
of NGF/Cre at the 3-month evaluation than those with no improvement (p = 0.05).
Conclusion Although both NGF/Cre and BDNF/Cre levels were significantly decreased after mirabegron treatment, only 
NGF/Cre levels were associated with treatment response.

Keywords NGF · BDNF · Neurotrophins · Mirabegron · Overactive bladder

Abbreviations
BDNF  Brain-derived neurotrophic factor
BMI  Body mass index

Cre  Creatinine
DO  Detrusor overactivity
IUSS  Indevus Urgency Severity Scale
IQR  Interquartile range
LUTS  Lower urinary tract symptoms
NGF  Nerve growth factor
OAB  Overactive bladder
SD  Standard deviation  
UTI  Urinary tract infection

Introduction

Overactive bladder (OAB) syndrome is a urinary bladder 
disorder characterized by urinary urgency, usually with uri-
nary frequency and nocturia, with or without urinary incon-
tinence in the absence of urinary tract infection (UTI) or 
other proven disease [1]. The prevalence of OAB in females 
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is 16.9% [2]. This condition significantly impacts the quality 
of life for affected individuals by causing depression, anxi-
ety, poor quality of sleep, and social isolation [3]. OAB is a 
widely recognized term and is primarily diagnosed by the 
symptoms experienced by the patient. Moreover, diagnosis 
and treatment response are based on subjective tools such as 
history, self-reported symptoms, questionnaires, and void-
ing diaries rather than on specific clinical tests or objective 
markers [4]. Urgency is the main symptom used to diagnose 
OAB, and it is strongly associated with frequency, nocturia, 
and urge urinary incontinence. In certain cases, OAB is 
accompanied by involuntary contractions of the detrusor 
bladder muscle during the filling phase, a condition known 
as detrusor overactivity (DO). However, not all individu-
als with OAB exhibit DO. Conventional diagnostic meth-
ods only detect DO in roughly half of patients with OAB. 
Moreover, up to 50% of patients diagnosed with DO through 
urodynamic testing do not report clinical symptoms [5, 6]. 
This may indicate that we still need to fully understand the 
underlying mechanisms of this clinical condition.

The β3-adrenoreceptor is the predominant subtype among 
β-adrenoreceptors present in various bladder structures, includ-
ing mucosa and detrusor smooth muscle. Mirabegron is a syn-
thetic β-3 adrenergic agonist that binds to adrenoreceptors in 
the bladder and is widely used in the treatment of OAB, with 
an acceptable side effect profile [7]. This binding stimulates 
β3-adrenoreceptors and leads to the relaxation of the detrusor 
smooth muscle, improving bladder compliance and capacity [8].

Neurotrophins are proteins that belong to a large family of 
trophic factors. These proteins play a vital role in ensuring the 
survival of neurons and the development, maintenance, and reg-
ulation of synapses. Within the urinary bladder, neurotrophins 
are released by several cell types, including mast cells, urothelial 
cells, and smooth muscle cells. In the context of lower urinary 
tract disorders, the most extensively studied neurotrophins are 
nerve growth factor (NGF) and brain-derived neurotrophic fac-
tor (BDNF). Studies have demonstrated that NGF and BDNF 
play a significant role in the neural regulation of bladder storage, 
voiding processes, and urothelial regulation [9]. Moreover, some 
studies advocate that neurotrophins are implicated in the devel-
opment of lower urinary tract dysfunctions, including OAB. In 
patients with OAB, it has been observed that the concentration 
of these neurotrophins in the urine is significantly higher than 
that in healthy individuals [10–12].

We tested the hypothesis that efficient treatment of OAB 
with adrenergic agonists might primarily influence adrener-
gic receptors within sensory pathways, leading to modifica-
tions in the production of urinary NGF and BDNF. This, in 
turn, could result in a reduction of the sensation of urgency 
during the filling phase. If it can be demonstrated that uri-
nary levels of these neurotrophins decrease in patients with 
OAB who experience symptomatic improvement following 
treatment with mirabegron, it would support the existence of 

a connection between the production of neurotrophins and 
the activation of adrenergic receptors in OAB. Therefore, 
urinary NGF and BDNF levels could serve as an objective 
tool for evaluating the effectiveness of treatment.

Materials and Methods

This prospective study took place in the Urogynecology Unit 
of a University Hospital. The study received approval from 
the hospital's Ethical Committee (protocol number 115/13-
02-2019), and all patients provided written informed consent. 
The principles of the Declaration of Helsinki were observed.

We included 30 patients with OAB symptoms who had 
not been treated with any medications for the last 3 months. 
Additionally, 15 healthy individuals with no lower urinary 
tract symptoms (LUTS) were included as a control group. 
Evaluation included history, physical examination, urinaly-
sis, urine culture, and a 3-day voiding diary. All patients 
were screened for neurogenic bladder, UTIs, and upper uri-
nary tract diseases at the time of enrolment. Control subjects 
were aged-matched hospital employees and patients from 
the outpatient gynecology clinic, and none had any LUTS.

At baseline, patients with OAB completed the Indevus 
Urgency Severity Scale (IUSS) questionnaire. The IUSS ques-
tionnaire was classified as 0—no sense of urgency, 1—occa-
sional urgency, which was always tolerable, 2—urgency that 
could be tolerated for up to 5 min, 3—intolerable urgency, and 
4—urgency usually accompanied by incontinence [13]. The 
same questionnaire was also given to the control group and all 
participants answered 0—no sense of urgency.

Exclusion criteria were age over 80 years, pregnancy, any 
neurological disease, active or recurrent UTI, significant pelvic 
organ prolapse, presence of hypertension, and any OAB treat-
ment received in the last 3 months. The patients were treated 
with oral mirabegron 50 mg once daily. One month after the 
initiation of treatment, there was an over-the-phone evaluation 
for the tolerability of the medication, and if no adverse reactions 
had occurred, the medication was continued for 2 more months.

Patients were classified as responders when they had 
improvement in IUSS score by > 1 after mirabegron treat-
ment; otherwise, the patients were considered nonresponders.

Urine samples were collected for the measurement of 
urine NGF and BDNF in the patients with OAB and con-
trols. Regarding patients with OAB, urine samples were col-
lected at baseline (before treatment) and 3 months after the 
initiation of the treatment with mirabegron. All samples were 
obtained with a full bladder. Right after the collection, the 
samples were transferred to the laboratory and centrifuged 
at 3,000 rpm for 5 min. The supernatant was separated into 
aliquots in 1.5-ml tubes and preserved in a freezer at -80 ºC 
until further processing. The remainder of the urine was used 
to determine the creatinine (Cre) level.
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The NGF urine concentration was measured using an 
ELISA kit (Human NGF, PicoKine™ ELISA; Boster Bio-
logical Technology, Pleasanton, CA, USA) with a sensitiv-
ity < 1 pg/ml, detection range 15.6 to 1,000 pg/ml, intra-
assay CV < 6.7%, and inter-assay CV < 6.8%. Similarly, 
BDNF was measured using an ELISA kit (Human BDNF, 
PicoKine™ ELISA) with a sensitivity < 15 pg/ml, detec-
tion range 31.2 to 2,000 pg/ml, intra-assay CV < 7.2%, and 
inter-assay CV < 8.7%. Assays were conducted following the 
manufacturer's provided instructions. The total urinary NGF 
and BDNF levels were subsequently adjusted by normalizing 
them to the urinary Cre concentration, resulting in the NGF/
Cre and BDNF/Cre levels (pg/mg).

For statistical data analysis, parametric and nonpara-
metric methods were used such as t test, Wilcoxon t test, 
Wilcoxon paired t test, Fisher’s exact test, Shapiro–Wilk 
normality test, and Levene's test. Statistical analysis was 
conducted using statistical package R (www.r- proje ct. org, 
v3.6.2), whereas the level of statistical significance was 
defined at p ≤ 0.05.

Results

A total of 45 white women (30 patients with OAB and 15 
healthy controls) were initially enrolled in the study. The 
mean age of the OAB group was 60 years (standard deviation, 
SD, 8.5; age range, 40–79 years), and of the control group, 
54 years (SD, 6.2; age range, 45–65 years). There were no 
statistically significant differences in age, body mass index 
(BMI), smoking, and menopausal status between the two 
groups. A comprehensive summary of the characteristics of 
both the patient and the control group is shown in Table 1.

Of the initial 30 patients in the OAB group, 29 completed 
the 3-month reassessment following mirabegron treatment. 
One patient withdrew from the study after 1 month owing to 
adverse reactions, specifically recurrent headaches, and dizzi-
ness. The IUSS score between patients with OAB at baseline 
and at the 3-month evaluation differed significantly (p < 0.01).

After normalization to Cre, a significant difference was 
observed in the baseline NGF/Cre and BDNF/Cre levels 

between the patients with OAB and the control group. More 
specifically, NGF/Cre levels for patients with OAB and con-
trols were mean ± SD, 2.6 ± 0.92 and 0.38 ± 0.23 respectively 
(p < 0.001), whereas for BDNF/Cre the levels were median 
(IQR) 13.7 (20.57) and 6.6 (3.39) respectively (p = 0.03; 
Table 2). Following the 3-month treatment regimen with 
mirabegron in the OAB group, a statistically significant reduc-
tion in the mean urinary NGF/Cre and BDNF/Cre level was 
recorded (p < 0.001 and p = 0.005 respectively; Fig. 1, Table 2).

Among the OAB group, 19 patients (65.5%) exhibited 
symptomatic improvement (responders), whereas 10 patients 
(34.5%) did not experience such improvement (nonresponders), 
as determined by responses to the IUSS questionnaire. In the 
nonresponders subgroup, the levels of NGF/Cre and BDNF/
Cre before and after treatment did not present a statistically 
significant difference (p = 0.052 and p = 0.878 respectively).

No statistically significant difference was observed 
between the responders group and the nonresponders group 
concerning age (60.05 ± 10.04 and 59.1 ± 5.56 respectively, 
p = 0.78), BMI (28.4 ± 6 and 25.9 ± 2.82 respectively, 
p = 0.53), smoking (26.3% and 10% respectively, p = 0.63), 
menopausal status (73.6% and 90% respectively, p = 0.63), 
and years with symptoms (2 ± 2.5 and 2.5 ± 1.75 respec-
tively, p = 0.92). When comparing urinary neurotrophin 
levels in responders with those in nonresponders, the base-
line levels of NGF/Cre did not exhibit a statistically signifi-
cant differences (2.54 ± 0.93 and 2.66 ± 0.93 respectively, 
p = 0.76). No statistically significant difference was observed 
for baseline BDNF/Cre levels either (14.78 [25.5] and 14.54 
[14.47] respectively, p = 0.24; Table 3).

However, the patients who showed improvement had 
lower levels of NGF/Cre at the 3-month evaluation than 
those who did not improve (p = 0.05). This finding was not 
evident in BDNF/Cre levels (p = 0.66; Table 3).

Discussion

The study findings indicated that individuals with OAB 
exhibit increased baseline urinary levels of NGF and BDNF 
in comparison with the control group. Following a 3-month 
course of mirabegron treatment, a significant decrease in 
neurotrophin levels was observed in the patient group. In 
patients who demonstrated a clinical improvement, there was 
a statistically significant reduction in NGF levels compared 
with those who did not. However, this difference was not 
significant for BDNF levels.

Based on very recent literature, there is a link between 
NGF/BDNF and OAB as neurotrophins could play a role 
in the connection between suburothelial sensory fibers 
and detrusor muscle excitability. These factors may act 
as intermediaries in the sensory threshold of urgency and 
influence the bidirectional communication between muscle 

Table 1  Patients’ basic characteristics

BMI body mass index, OAB overactive bladder

Variable OAB (n = 30) Controls (n = 15) p value

Age, years 60 ± 8.5 55 ± 6.2 0.057
Parity 2 2.1 (1) 0.48
BMI 27.49 ± 3.77 25.78 ± 2.95 0.1
Postmenopausal 24 (80%) 10 (66.7%) 0.46
Smokers 6 (20%) 3 (20%) 1
Years of symptoms 2.86 ± 2.01 – –

http://www.r-project.org
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or urothelium and nerves [14]. Additionally, bladder path-
ological conditions that may lead to OAB syndrome and 
are still unknown could cause increased production of neu-
rotrophins from bladder smooth muscle cells or urothe-
lium [12, 15, 16].

Increased secretion of NGF and BDNF by bladder muscle 
cells and urothelium leads to uptake of these neurotrophins 
by afferent nerves. This engrossment activates the trkA/
p75 signaling pathway (NGF) and trkB/p75 (BDNF), caus-
ing alterations in the function of local sensory channels. 
Moreover, upon reaching the dorsal root ganglion (DRG) 
cells through transport, neurotrophins and/or activated 
signalosomes may induce changes in the functional proper-
ties of ion channels and receptors, thereby enhancing neu-
ronal excitability. The heightened activity of afferent nerves 

triggers enhanced synaptic transmission and synaptic reor-
ganization in the spinal cord, ultimately resulting in bladder 
overactivity [12, 16–18].

According to the aforementioned studies, in the present 
study, we investigated the hypothesis that if these neuro-
trophins are involved in the development of OAB, subse-
quently a reduction of their levels should be associated with 
the improvement of urgency symptoms.

The observation that baseline urinary NGF/Cre and 
BDNF/Cre levels are higher in patients with OAB than 
in healthy individuals is consistent with previous studies 
[19–21]. Inferentially, NGF and BDNF may have a signifi-
cant impact on the sensitization of afferent neurons of the 
bladder, subsequently leading to the manifestation of symp-
toms associated with OAB.

Previous studies have investigated the levels of neurotro-
phins following various treatments for OAB. In a study by 
Antunes-Lopes et al., 24 patients with OAB were tested for 
urine NGF and BDNF levels at baseline, after a 3-month 
lifestyle intervention, and after a 3-month antimuscarinic 
treatment. It was found that following lifestyle intervention, 
the ratios of NGF/Cre and BDNF/Cre exhibited a decrease 
compared with baseline, which was statistically significant 
only for BDNF/Cre (p values of 0.318 and 0.033 respec-
tively). Subsequent antimuscarinic treatment led to a further 
reduction in these ratios, which was statistically significant 
(p values of 0.008 and 0.001 for NGF and BDNF respec-
tively). Furthermore, they found that the decrease in weekly 
urgency episodes related with the variation in BDNF/Cre 
(r = 0.607, p = 0.006), whereas no significant correlation was 
observed with the NGF/Cre ratio (r = 0.396, p = 0.094) [21].

Table 2  Nerve growth factor/creatinine (NGF/Cre) and brain-derived neurotrophic factor/creatinine (BDNF/Cre) levels in the control group and 
patients with overactive bladder (OAB) at baseline and 3 months post-treatment

*Comparison between controls and patients with OAB at baseline
**Comparison between patients with OAB at baseline and patients with OAB at the 3-month evaluation

Variable Controls  median 
(IQR)

OAB (baseline) median 
(IQR)

p* OAB (3 months) p**

NGF/Cre (pg/mg) 0.42 (0.32) 2.7 (1.25) < 0.001 0.72 (0.78) < 0.001
BDNF/Cre (pg/mg) 6.6 (3.39) 13.7 (20.57) 0.03 8.9 (15.19) 0.005

Fig. 1  Comparison of urinary 
nerve growth factor/creatinine 
(NGF/Cre) and brain derived 
neurtrophic factor/creatinine 
(BDNF/Cre) levels among con-
trols, overactive bladder patients 
at baseline and overactive 
bladder patients at 3-months 
post-treatment 

Table 3  Nerve growth factor/creatinine (NGF/Cre) and brain-derived 
neurotrophic factor/creatinine (BDNF/Cre) levels in responders and 
nonresponders (at baseline and 3 months post-treatment)

Variable Responders mean 
± SD or median 
(IQR)

Nonresponders  
mean ± SD or 
median (IQR)

p value

NGF/Cre baseline  
(pg/mg)

2.54 ± 0.93 2.66 ± 0.97 0.76

BDNF/Cre baseline  
(pg/mg)

14.78 (25.5) 14.54 (14.47) 0.24

NGF/Cre 3 months  
(pg/mg)

0.52 (0.65) 0.93 (0.80) 0.05

BDNF/Cre 
3 months (pg/mg)

8.9 (13.06) 9.07 (12.17) 0.66
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Suh et al. investigated the viability of NGF as a biomarker 
to predict the effectiveness of antimuscarinic treatment and 
the likelihood of recurrence. They found that NGF/Cre lev-
els tend to decrease among responders, encompassing both 
patients with recurrence and those without recurrence; how-
ever, this change was not statistically significant (p = 0.260). 
Notably, patients without recurrence demonstrated a signifi-
cant decrease in urinary NGF/Cre levels at the end of the 
treatment (p = 0.047) [22].

In 2021, Sağır et al. assessed NGF levels in patients 
with OAB subjected to either antimuscarinic treatment or 
onabotulinum toxin-A (onaBoNT-A) injection. They found 
significant decreases in NGF levels at the 3rd and 6th month 
follow-ups in the antimuscarinic group (p = 0.003, p = 0.007 
respectively), whereas the onaBoNT-A group showed non-
significant change (p = 0.069) [23].

According to the studies mentioned above, neurotrophin 
levels mainly decreased after antimuscarinic treatment. A 
possible explanation is that antimuscarinics could affect the 
secretion of neurotrophins. This is supported by the expres-
sion of muscarinic receptors in both urothelial and detrusor 
smooth muscle cells, which can synthesize and release neu-
rotrophins. Consequently, this action may elevate the thresh-
old of bladder sensory fibers, contributing to a reduction in 
urgency episodes [10, 24].

To the best of our knowledge, this is the first published 
clinical study evaluating changes in NGF and BDNF 
levels after treatment with mirabegron, a β3-adrenergic 
agonist. This study demonstrated that the NGF/Cre and 
BDNF/Cre levels decreased significantly after mirabe-
gron (a β3-adrenergic agonist) administration compared 
with baseline levels. β3-adrenoceptors are known to be 
abundant in the detrusor smooth muscle cells and urothe-
lial cells. The decreased detrusor activity during bladder 
filling expected after adrenergic receptor activation may 
contribute to the subsequent reduction in urinary neuro-
trophin levels [19].

The limitations of the study include the relatively small 
sample and that the post-treatment evaluation relied only on 
the IUSS questionnaire.

In conclusion, NGF and BDNF may play an impor-
tant role in the development of OAB symptoms in female 
patients and emerge as potential biomarkers for assessing 
therapeutic outcomes. Although both NGF/Cre and BDNF/
Cre levels were significantly decreased after mirabegron 
treatment, only NGF/Cre levels were associated with treat-
ment response. Further studies involving larger numbers of 
patients with OAB could provide insights into predicting the 
response to mirabegron treatment.

Despite the accumulating studies, neurotrophins are not 
yet utilized in clinical urology. The utilization of NGF and 
BDNF measurement to diagnose and assess treatment of 
OAB could serve as a more objective tool than existing 

patient-reported outcome measures. Moreover, understand-
ing their role may give clues regarding the pathophysiology 
of the syndrome, and contribute to more targeted treatments 
in the future. To achieve this, more studies are needed to 
establish the association between neurotrophins and the 
therapeutic outcome.
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