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Abstract
Introduction and hypothesis Nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), and other proteins are
related to overactive bladder (OAB) syndrome, as their urinary concentrations are significantly different from those of the general
non-OAB population. This review aims to systematically assess whether NGF, BDNF, and other urinary by-products can be used
as potential biomarkers to manage women with OAB.
Methods This was a systematic review and metanalysis that was conducted according to PRISMA guidelines. Studies were
identified by electronic search of Medline, Scopus, ScienceDirect, Embase, and Cochrane Register until October 2020. The
included studies investigated the correlation of OAB with NGF, BDNF, and other potential biomarkers in symptomatic women
and their controls.
Results Twelve studies (581 female OAB patients and 394 female controls) were included. Urinary NGF, NGF/Cr, BDNF/Cr,
ATP/Cr, and PGE2/Cr ratios were identified as potential biomarkers in female OAB patients. Results of the meta-analysis
indicated that uNGF [standard mean difference (SMD) 1.45, 95% CI 0.53–2.36], NGF/Cr ratio (SMD 1.23, 95% CI 0.67–
1.78), BDNF/Cr ratio (SMD 0.78, 95% CI 0.006–1.50), and BDNF/Cr ratio (RR 0.78, 95% CI 0.006–1.50) were increased in
female OAB patients compared to healthy controls, whereas no difference was found for the PGE2/Cr and ATP/Cr ratios. Current
data are inadequate to assess any other potential biomarkers, such as urinary MDA, ATP, and cytokines, in the management of
OAB in female patients.
Conclusions uNGF, NGF/Cr, and BDNF/Cr ratio could be used in the assessment of female OAB patients. Further studies are
needed to specify OAB urinary titer levels in OAB subgroups and healthy women and their potential as diagnostic and man-
agement tools in OAB women.

Keywords Overactive bladder . OAB . Biomarker . Nerve growth factor . NGF . Brain-derived neurotrophic factor . BDNF

Introduction

Overactive bladder (OAB) syndrome, according to the
International Continence Society (ICS) and the International
Urogynecological Association (IUGA), is a chronic clinical
disorder of the urinary bladder that is defined as urinary ur-
gency, usually accompanied by frequency and nocturia, with
or without urgency urinary incontinence, in the absence of
urinary tract infection or other obvious pathology [1–3]. The
definition of the term biomarker is anything from simple cells
to complicated tissues that can be easily measured and used as
an indicator of normal or pathological biological conditions in
diagnostic procedures or in evaluating the response to treat-
ment as a prognostic index [4–6].

Although several experimental studies had initially report-
ed an association between elevated urinary nerve growth
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factor (uNGF) levels in lower urinary tract disorders [7], more
biomarkers that could be applicable in everyday clinical use
for OAB patients have subsequently been studied. Currently,
uNGF, urinary brain-derived neurotrophic factor (BDNF),
and other substances have been investigated in patients with
overactive bladder (OAB) [8–10].

NGF is a neurotrophin that regulates the survival and func-
tion of neurons and is released from smooth muscle cells and
the urothelium [11]. There has been considerable interest in
studying NGF in patients’ urine samples, and NGF is in-
creased in OAB patients compared to healthy individuals
[12]. However, NGF raised levels may not only be related to
OAB; Chen et al. found that uNGF levels were also signifi-
cantly increased in patients with detrusor underactivity or
detrusor overactivity and inadequate contractility and margin-
ally elevated in patients with detrusor overactivity (DO) [13].

Urinary BDNF is another studied biomarker, and its levels
were found to be higher in OAB patients and correlated with
symptom severity [9]. BDNF/creatinine ratio was persistently
low in healthy volunteers, irrespective of gender or time of
urine sampling. By contrast, the urinary BDNF/creatinine ra-
tio was significantly higher in OAB patients than in controls
[9]. Other reported biomarkers used in OAB assessment are
C-reactive protein, cytokines, prostaglandins, adenosine tri-
phosphate (ATP), and oxidate stress markers [14–16].
Studies in animals are pioneering the relevant research, as
Takagi-Matsumoto et al.’s study in rats also showed that the
urinary prostaglandin E2 (PGE2) is increased in OAB [17].

Current literature provides unclear information about the
significance of biomarkers in the OAB female patient. Apart
from pregnancy-induced changes, delivery, and menopause,
bad urinary habits, recurrent urinary infections, and pelvic
organ prolapse, among other minor clinical entities, are unique
to or much more frequent in women: prostatic disease is usu-
ally the underlying pathology in men. Therefore, an evalua-
tion of the potential OAB biomarkers’ performance in a strict-
ly female population could indicate their possible use in clin-
ical conditions unique in females.

This systematic review attempts to summarize the role of
urinary NGF, BDNF, and other potential biomarkers in the
diagnosis and management of OAB in women.

Materials and methods

This systematic review followed the Preferred Reported Items
for Systematic Reviews and Meta-Analyses (PRISMA) state-
ment guidelines [18]. A protocol was submitted and registered
at the international prospective register of systematic reviews
(PROSPERO) with registration number CRD42018095429
(http://www.crd.york.ac.uk/PROSPERO). Ethical approval
was not required.

Study search

The primary studies were identified by electronic search of
Medline (via Pubmed), Scopus, ScienceDirect, Embase (via
Ovid), and the Cochrane Library (via Ovid) from inception till
October 2020. The following MeSH and non-MeSH terms
were used: ‘overactive bladder,’ ‘urinary incontinence,’ ‘pel-
vic organ prolapse,’ ‘urgency,’ ‘detrusor overactivity,’
‘nocturia,’ and ‘bladder outlet obstruction’ and were com-
bined with each one of the investigated biomarkers. The iden-
tified biomarkers which were used in the further literature
search were: ‘nerve growth factor-NGF,’ ‘brain-derived neu-
rotrophic factor-BDNF,’ ‘prostaglandin E2PGE2,’ ‘adenosine
tr iphosphate-ATP,’ ‘cytokines,’ and ‘C-react ive
protein-CRP.’ An additional search was also made using their
abbreviations. We also manually searched the reference lists
of all included articles and any relevant review articles.
Articles published from database inception till September
2020 were included in the review.

Study selection

The PICO criteria were applied for the selection of studies.

1. Participants: adult women with idiopathic OAB symp-
toms (urinary frequency, urgency, urgency urinary incon-
tinence (UUI), and duration of symptoms > 3 months;

2. Intervention: the measurement of a biomarker in the urine
during initial diagnosis or after treatment;

3. Comparators: healthy women or female patients with low-
er urinary tract symptoms (LUTS) but no-OAB symp-
toms; and

4. Outcomes: the concentrations of the biomarkers in the
study subgroups.

We excluded studies not written in English, case reports
and/or case series reporting on less than ten patients, and all
the gray literature (conference abstracts, letters to editors,
pre-prints of articles).

One of the authors (ST) performed a systematic search of
the literature to map the different diagnostic tests and their
characteristics. Two reviewers (ST, TM) independently
reviewed and documented all the identified studies by title
and/or abstract. The identified studies were divided into three
groups: ‘include,’ ‘exclude,’ or ‘unsure.’ Those classified as
‘include’ or ‘unsure’ were marked, and their full-text versions
were retrieved for a definitive assessment of eligibility. At that
stage, only those titles classified by both reviewing authors as
‘exclude’ were excluded. The articles that were finally con-
sidered eligible for further assessment were selected after the
consensus of the two reviewers (ST, TM). We used Mendeley
software as reference management to eliminate any
duplicates.

3144 Int Urogynecol J (2021) 32:3143–3155

http://www.crd.york.ac.uk/PROSPERO


Eligibility criteria

Inclusion criteria of the OAB patients were: (1) studies
reporting on pure OAB populations suffering from urgency
and/or urge urinary incontinence, and/or urodynamically
proven DO and/or no improvement following initial
antimuscarinic treatment; (2) adequate description of the lab-
oratory process for the measurement of the biomarkers.
Inclusion criteria of controls were: (1) recruited subjects were
free of OAB symptoms, LUTS, or any other pelvic pathology;
(2) adequate description of the laboratory process to measure
the biomarkers. Exclusion criteria were: (1) studies where
there was no clear separate report of the results for the female
group; (2) studies dealing with other LUTS, such as urinary
tract infection, interstitial cystitis, or cancer.

Data extraction and data items

Data were independently extracted by two reviewers (ST and
TM) using a predefined form for data extraction, which was
previously piloted. The variables assessed were study author,
year and location of the study, study design, sample size,
presenting symptoms, method of assessment of the patients,
biomarker studied, biomarker measurement procedure, and
biomarker levels. Any discrepancies between the reviewers
were resolved by discussion. Outcomes were defined accord-
ing to the use of the biomarker and its measurement
procedure.

Quality assessment

As there were no randomized controlled trials (RCTs) found
and the Cochrane Risk of Bias assessment tool could not be
used [19], ST and TM independently assessed the methodo-
logical quality of the included studies based on a modified
version of the Newcastle-Ottawa Scale (NOS) [20] checklists
for observational studies, a risk of bias assessment tool that is
recommended by the Cochrane Collaboration [21]. This eval-
uation is important as low-quality studies are highly likely to
present biased results. Quality of the reporting’s results was
collected in a specific data collection form. Any disagreement
was resolved by discussion. In both cohort and case-control
studies, NOS consists of three categories with eight parame-
ters, and the total maximum score of these is nine. We con-
sidered a study that scored ≥ 7 as a high-quality study since a
standard criterion for evaluation has not yet been established.

Data synthesis

All data were collected with Microsoft Office Excel, and the
search results were combined for meta-analysis with Revman
Software (version 5.1. Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2011). For the analysis,

the studies were combined into groups according to the stud-
ied biomarker as either a diagnostic tool or a treatment out-
come predictor in female OAB patients. The continuous data
were expressed as standardized mean differences (standard
mean difference, SMDs) with 95% confidence intervals
(CIs). Τhe method given by the Tiejun Tong group was used
to calculate the closest approximation of mean and standard
deviation (SD) frommedian and interquartile range (IQR) [22,
23]. Also, the use of the I2 index was employed to indicate
heterogeneity between studies that could not be attributed to
chance, with I2 ≥ 50% indicating significant heterogeneity.
The overall effect was also calculated. Statistical significance
was set at a P-level of 0.05. For each comparison,
random-effects model analyses were conducted with continu-
ous data (mean difference).

Results

Study selection

The initial study search identified 988 studies. Of these, 12
studies were included in the qualitative synthesis and the
quantitative analysis: 975 women were included in these stud-
ies (581 women with OAB and 394 controls). Figure 1 shows
the flow diagram of the literature identification and selection
process.

Study characteristics

All the studies included in the review were observational and
prospective: one was a cross-sectional study [24], two were
cohort studies [7, 25], and nine were case controls [9, 10,
26–32]. No relevant randomized clinical trials were found.
Table 1 summarizes the characteristics of the included studies.
The studies were geographically diverse, originating from
China, South Korea, Taiwan, the USA, Canada, UK, and
Portugal. Eight of the studies used uNGF and/or BDNF to
investigate the diagnosis and pathogenesis of OAB [10, 24,
26, 27, 29–32] and four to evaluate the response to OAB
therapy [7, 9, 28, 33]. In 11 reports, the urinary NGF/Cr ratio
was studied as a potential biomarker in OAB; in four of these
studies, the urinary NGF/Cr ratio was measured before and
after antimuscarinic treatment. There was only one study
where urinary NGF was used without normalization against
the concentration of the urinary creatinine [31, 32]. Urinary
BDNF/Cr ratio was measured in four studies [9, 10, 24, 27],
three as a biomarker in diagnosing OAB [10, 24, 27] and one
in correlation with the response to treatment [8]. The ATP/Cr
was measured in two studies, evaluating its relationship with
the pathogenesis of OAB [26, 29]. The PGE2/Cr was studied
in two studies, in diagnosis and regarding treatment response
[26, 30]. Other biomarkers, such as HB-EGF/Cr ratio, MDA,
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and cytokines, were each reported in only one study [14–16].
Follow-up time varied between 18 and 72 weeks. All studies
had a full physical examination during the selection process,
and the majority used a 3-day bladder diary and several stan-
dardized questionnaires.

Qualitative assessment of the studies

Cohort studies scored seven stars each, indicating a moderate
quality (7.33). Antunes-Lopes et al. reached the highest score
of nine among the case-control studies, indicating high quality
[9, 10, 26–32]. (Supplementary Tables 1 and 2).

Synthesis of the results

The uNGF levels ranged from 5.66 ± 9.1 to 66.8 ± 94.9 and
from 0.48 ± 0.84 to 2.45 ± 6.57 in 280 OAB patients and 142
controls, respectively; differences were statistically significant
in two out of three studies [7, 21, 32]. The uNGF/Cr ratio
levels ranged from 0.21 ± 0.23 to 488.59 ± 591.80 and from
0.07 ± 0.21 to 188.30 ± 290.20 in 762 OAB patients and 481
controls, respectively. There were significantly increased
uNGF/Cr concentrations in 7 out of 11 of these studies [9,
10, 24–32].

The urinary BDNF/Cr ratio was differently measured in the
four studies and ranged from 4 ± 4.1 to 1627.25 ± 1119.95 and
from 1.66 ± 0.58 to 859.58 ± 835.35 in 188 OAB patients and
115 controls, respectively. In three out of four studies, BDNF/
Cr ratio levels were significantly higher in female OAB pa-
tients [9, 10, 27]. However, in one study, healthy controls had
higher concentrations compared to the female OAB group
[24].

The urinary PGE2/Cr ratio was studied in two studies and
ranged from 7.2 ± 1.7 to 475.9 ± 526.7 and from 1.6 ± 0.4 to
237.2 ± 91.7 in 50 OAB patients and 35 controls, respectively
[26, 30]. Although the PGE2/Cr ratio levels were higher in
female OAB patients in both studies, only one study achieved
statistical significance [30].

ATP/Cr ranged from 13.2 ± 8.8 to 27.5 ± 8.3 and from 7.2
± 1.7 to 9.4 ± 8.01 in 54OAB patients and 56 healthy controls,
respectively [26, 29]. In both studies, the ATP/Cr ratio levels
were higher in female OAB patients, but one study demon-
strated statistical significance [29] (see Table 1).

Meta-analysis results

Sufficiently similar studies were available for separate
meta-analyses for the outcome of uNGF, NGF/Cr, and
BDNF/Cr with statistically significant results. Meta-analysis

Records identified through database 
searching (n=868)

Additional records identified through other sources
(n=22)

Records total identified and screened reviewing the title 
(n = 890)

Records screened after 
duplicates and records 
excluded by the title or 

abstract
(n=94)

Records excluded
(n= 796)

1. After reviewing the 
abstract or the title (n=619)

2. Duplicates (n= 117) 
3. Case Reports (n= 9)
4. Conference- Abstracts 

(n=26)
5. Animal studies (n= 13)
6. Letter to the editor (n= 12)

noitacifitnedI
gnineercS

Full-text articles assessed for eligibility 
(n=94)

ytilibigilE

Studies included in qualitative synthesis
(n=12)

dedulcnI

Full-text excluded
(n=82)

1. No women patient 
(n=58)
2. No clarify the 
measurement procedure 
or the measurement unit 
of NGF or other 
biomarkers (n=24)

Fig. 1 The flow diagram of study search and selection
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results are shown in Table 2. Forest plots for the
meta-analyses are shown in Fig. 2.

The results of the meta-analysis indicated that uNGF
(SMDs 1.45, 95% CI 0.53–2.36) [7, 31, 32], NGF/Cr ratio
(SMDs 1.23, 95% CI 0.67–1.78) [9, 10, 24–32], and BDNF/
Cr ratio (SMDs 0.78, 95% CI 0.006–1.50) [9, 10, 24, 27] were
statistically increased in the female OAB patients compared to
healthy controls (Fig. 2a, b, and c). The between-study het-
erogeneity in each performed meta-analysis was low, as dem-
onstrated by low I2 values. There was no statistical difference
in the PGE2/Cr ratio and ATP/Cr ratio in female OAB patients
compared to controls (Fig. 2d and e) [26, 29, 30]. Current data
are inadequate to assess any other potential biomarkers, such
as urinary MDA, ATP, cytokines, serum PGE2, and
C-reactive protein, in the management of OAB in female pa-
tients [14–16, 35, 36].

Conflict of interest and sponsorship source

Ethics approval was obtained in all studies. Only three studies
declared their conflicts of interest and commercial relation-
ships [7, 9, 24]. Five studies were sponsored or funded, and
in two, the role of the financial support in study design and
execution was explained [9, 24, 25, 28, 29].

Discussion

Our meta-analysis findings show that uNGF, NGF/Cr ratio,
and BDNF/Cr are significantly higher in female OAB patients
compared to healthy controls; on the other hand, ATP/Cr and
PGE2/Cr ratio were not significantly different between these
two groups, but only two studies were available for analysis.
These results indicate that uNGF, NGF/Cr ratio, and BDNF/
Cr ratio could be used as potential biomarkers in the diagnos-
tic approach to female OAB patients along with all the other

existing diagnostic OAB modalities (i.e., LUTS history, blad-
der diary, standardized questionnaires, urodynamics).

This study tried to quantitatively review the existing
literature on the role of biomarkers in female OAB patients.
Our findings are in full agreement with the published liter-
ature. Previous studies in mixed male and female OAB
patient populations also showed that urinary NGF levels,
uNGF/Cr ratio, and BDNF/Cr ratio are increased at initial
diagnosis and decrease after appropriate OAB treatment
[12]. The levels of these potential biomarkers were also
found to correlate with the severity of OAB symptoms
and lower urinary tract dysfunction associated with other
conditions such as bladder pain syndrome [37]. The nor-
malization of biomarker levels in OAB patients after ther-
apeutic interventions could signify their potential applica-
tion in the management strategy of OAB patients. These
observations can be explained by the active role of NGF
and BDNF in bladder physiology. Both are elicited by the
urothelium and the detrusor muscle and are involved in
mechanisms for the regulation of nerve cells of the bladder.
In OAB, the function of the afferent and efferent neurons is
impaired, leading to the generation of urgency symptoms.
Increased release of both NGF and BDNF accompanies the
symptomatology of OAB, supporting their role in bladder
pathophysiology [35].

The next issue that this study examines is why anybody
should expect different findings in the concentrations of po-
tential biomarkers in female OAB patients compared to men
with OAB. Current knowledge does not support that different
OAB pathophysiology is associated with differences in re-
sponse to treatment and/or in the clinical course of the disease
in patients of different sex. In the EPIC study, the incidence of
OAB in men has been reported to be 10.8% and in women
12.8% [38]. However, the underlying potential mechanisms
relating to the development of OAB symptoms may be quite
different in female patients. Pregnancy and delivery-induced

Table 2 Meta-analysis results

Biomarker Included studies Number of OAB
female patients

Summary estimates of standard mean
difference (SMD) from meta-analysis
a[95% CI] I2 b

NGF Liu 2008 [31], Liu 2010 [32] & Vijaya 2013 [7] 280 1.45 [0.53,2.36] 95% (*)

NGF/Cr Liu 2008 [31], Liu 2010 [32], Antunes-Lopes 2013 [9], Cho 2013 [30],
Silva-Ramos 2013 [29], Wang 2014 [10], Kim 2015 [28], Pennycuff 2016
[24], Suh 2017 [25], Tian 2019 [27] & Mossa 2020 [26]

645 1.23 [0.67,1.78] 93% (*)

BDNF/Cr Antunes-Lopes 2013 [9], Wang 2014 [10], Pennycuff 2016 [24] & Tian 2019
[27]

182 0.78 [0.06,1.50] 88%(*)

ATP/Cr Silva-Ramos 2013 [29] & Mossa 2020 [26] 54 1.91 [−0.98,4.81] 97%, NS

PGE2/Cr Cho 2013 [30] & Mossa 2020 [26] 50 2.23 [−0.98,5.45] 96%, NS

Cr creatinine, NS non-statistically significant

(*) Statistically significant P ≤ 0.05
a Random-effects meta-analysis. b Percentage of variation across studies attributable to heterogeneity
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pelvic floor changes as well as the abrupt arrest of estrogen
production at menopause are exclusively gender-dependent
prerequisite factors for OAB. Moreover, bad urinary habits,
recurrent urinary tract infections (UTI), and pelvic organ pro-
lapse are pre-existing conditions that are much more frequent
in females with OAB compared to men with OAB.

Urinary habits appear to have a bidirectional relationship
with OAB symptoms. It is not unusual for many healthy wom-
en to exercise pre-emptively voiding when the opportunity
arises or initiate voiding by abdominal straining in ‘conve-
nient’ circumstances. It is well known that the voiding habits
of women may play a role in LUTS development and

Fig. 2 Meta-analysis forest plots of the results from studies on the urinary concentrations of biomarkers in the diagnosis of OAB in female patients. a
NGF. Figure b NGF/Cr. c BDNF/Cr. d ATP/Cr. e PGE2/Cr
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progression, whereas, on the other hand, women modify their
voiding behaviors to adapt to LUTS [39].

Recurrent UTIs are related to OAB symptoms because they
cause voiding dysfunction patterns with large post-void resid-
ual (PVR) of urine, increased voiding pressure, and impaired
urothelial regeneration. Moreover, because of the bladder in-
tracellular bacterial colonization, the altered diversity of uri-
nary microbiota, and the possible decreased host immunity in
women with recurrent UTI, the bladder barrier function is
impaired, the urothelium shows increased apoptosis, and the
sensory activity of the bladder is increased. Therefore, women
with OAB symptomatology may subsequently develop recur-
rent UTIs [40].

Finally, pelvic organ prolapse can lead to OAB symptoms
because it primarily causes bladder outlet obstruction, a con-
dition related to denervation of the obstructed bladder, chang-
es in detrusor muscles, and alterations in spinal micturition
reflexes [41].

Further research should enlighten the relationships between
these pathophysiological processes, the role of the biomarkers
in the development of these symptoms, and the potential use
of them in the initial diagnostic steps of female OAB patients
as well as during their treatment as prognostic markers.

NGF as biomarker

In our analysis of published results, uNGF measurements
range from 5.7 ± 9.1 to 66.8 ± 94.9 pg/mg in female OAB
patients and from 0.5 ± 0.8 to 2.4 ± 6.6 pg/mg in healthy con-
trol groups. Levels of uNGF were significantly higher in the
OAB group. Similarly, the meta-analysis of Qu et al. showed
that patients with OAB symptoms had a higher uNGF level
than healthy volunteers (MD = 31.74, 95% CI = 9.48–54.00,
P = 0.005) [35]. In the same study, the patients with OAB-wet
symptoms had a higher uNGF or uNGF/Cr level than patients
with OAB-dry symptoms. Liu et al. were the first team to
report a clear difference of NGF and uNGF/Cr levels between
a group of 26 female OAB patients and 31 healthy controls
[31]. Cho et al. confirmed these results showing in their pro-
spective case-control study that the uNGF/Cr ratio was signif-
icantly increased in the OAB patients [30]. Antunes-Lopes
et al. found lower values of sensitivity and specificity for
NGF/Cr ratio (> 200 pg/mg), with an area under the curve in
receiver-operator characteristic (ROC) analysis of 0.68 [42].
Interestingly, in OAB patients with a high urinary concentra-
tion of NGF, Birder et al. did not find similar increases in
bladder biopsies obtained from the same group of patients
[36]. Similarly, Mossa et al. studied the role of uNGF/Cr,
PGE2/Cr, and ATP/Cr in a prospective case-control study:
no difference was found between OAB patients and healthy
controls, a finding which is challenging to the usefulness of
these biomarkers in the diagnostic approach to OAB [26].

Another challenge to the clinical application of uNGF/Cr
as a biomarker is the wide range of values of the absolute
measurement levels. Caution has been raised about the valid-
ity of the NFG measurements with the used assay kit [45].
Several reports have questioned the specificity of the NGF
kits due to concerns that the precursor of NGF can interfere
with NGF detection and result in false-positive results [46].
The extreme differences in average values of uNGF/Cr make
its use problematic in the current clinical practice. Therefore,
the clinical explanation of any uNGF/Cr measurements
should be in the context of a comparison between different
clinical groups. Moreover, there were a few studies where
normalization with urinary creatinine was not performed; this
made the synthesis and the between-study comparison more
difficult. Lastly, the study participants were poorly
aged-matched between the two groups, a fact which weakens
the included studies’ results and further hampers the interpre-
tation of our findings.

BDNF as a biomarker

According to our results, BDNF/Cr measurements range from
4.0 ± 4.1 to 1627 ± 1119 pg/mg in the female OAB patients
and from 4.7 ± 5.4 to 859 ± 835 pg/mg in the healthy control
groups. The BDNF/Cr ratio appears to be significantly higher
in the OAB group. Wang et al. studied 90 women with
urgency/frequency symptoms and reported that BDNF has
higher sensitivity than NGF in detecting OAB patients with-
out other lower urinary tract disorders. The ratio of uBDNF/Cr
in this study was higher in the OAB female patients compared
to healthy controls [10]. Antunes-Lopes et al. performed a
controlled study on 37 female treatment-naive OAB patients
and found that the baseline BDNF/Cr levels were significantly
increased in the OAB group.Moreover, there was a significant
decrease in urinary BDNF/Cr ratio after the 3-month lifestyle
intervention and/or 3-month anticholinergic treatment com-
pared to baseline levels [9]. Another study from Tian et al.
confirmed the above findings, reporting significantly in-
creased BDNF/Cr levels in a group of 30 female OAB patients
compared to healthy controls [27]. However, Pennycuff et al.
studied 38 female OAB patients and found no difference in
BDNF/Cr levels between the study group and an age-matched
control group of postmenopausal women. This study de-
scribed that neurotrophins increase along with the age of the
patient, not being related to any underlying pathology [24]. A
ROC analysis has been performed in the studies mentioned
above, evaluating the biomarkers’ diagnostic value, where the
AUC for NGF ranged between 0.69 and 0.79 and for BDNF
between 0.67 and 0.95. Both neurotrophins showed mostly a
‘poor’ to ‘fair’ diagnostic performance, except for the study by
Wang et al., who showed high sensitivity and specificity for
BDNF and reported the highest AUC (0.95) [14].
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Little is known about the role of BDNF in bladder function,
in both normal and pathological conditions, and the available
studies are mostly based on experimental non-human or
in vitro studies. Other studies not included in our review have
similar findings. Pinto et al. studied uBDNF levels in bladder
pain syndrome/interstitial cystitis patients who were treated
with intravesical botulinum toxin (BoNT-A) injection. The
initially high uBDNF levels decreased significantly after the
BoNT-A injection, supporting a potential correlation between
uBDNF change and LUTS improvement [13].

These promising results are weakened by the variety of kits
used in the various studies, the small sample sizes, and the
small number of relevant studies (only 4). BDNF’s diagnostic
performance in women with OAB thus needs to be demon-
strated in further studies [10, 14, 42].

Other biomarkers

Apart from NGF and BDNF, several other potential bio-
markers (other neurotrophic factors, cytokines, CRP, and
prostaglandins) have been studied to evaluate their use in the
management of OAB patients [15, 16, 43]. Bladder
urothelium and smooth muscle seem to respond to chemical
and inflammatory stimuli by secreting various other sub-
stances, such as ATP, nitric oxide, and acetylcholine [44].
These factors’ release may interact with the detrusor muscle
eliciting intramolecular alterations that may ultimately de-
crease the detrusor contractility threshold.

Inflammatory compounds have been implicated in OAB
pathogenesis and severity. Ghoniem et al. have hypothesized
that pro-inflammatory cytokines and chemokines are released
in excess from the bladder mucosa, promoting bladder over-
activity in OAB patients based on their findings that cytokines
are differently expressed in OAB. The association of
chemokines in other inflammatory diseases, such as rheuma-
toid arthritis, has now been studied in chronic pelvic pain
patients, and it is thought that their fluctuation may be linked
to OAB [15].

Hegele et al. reported significant PGE2 levels in OAB pa-
tients’ serum compared to healthy controls; in particular,
PGE2 levels were increased in the OAB-wet compared to
the OAB-dry group. Furthermore, they demonstrated a corre-
lation of serum PGE2 levels with the severity of OAB,
supporting its potential use at follow-up after therapy [34].
NGF, BDNF, and PGE2 seem to have essential roles in devel-
oping OAB symptoms in women [7, 10, 25, 28, 30]. Further
studies with many female OAB patients should allow clini-
cians to associate those compounds with OAB better.

There is intense ongoing research about health conditions
related to the potential increase of the concentrations of uri-
nary mediators. As early as 2009, Liu et al. published a series
of 143 individuals with idiopathic detrusor overactivity and
100 individuals with neurogenic detrusor overactivity and

found that uNGF could serve as a sensitive biomarker for
the diagnosis of both conditions [46]. Yamauchi et al. inves-
tigated the potential role of PGE2, NGF, and substance P in
patients with suprapontine diseases and OAB symptomatolo-
gy and found that urinary PGE2 was putatively elevated in
these subjects [47]. Interestingly, it appears that uNGF/Cr may
serve as a guide for therapy and improve outcomes in the
treatment of children with non-monosymptomatic nocturnal
enuresis [48]. Thus, a number of LUT-independent conditions
are related to the presence of increased mediators in the urine.
As this study was a review, attention was paid to the use of
strict inclusion/exclusion criteria, so as not to measure results
from studies that included individuals with non-idiopathic
OAB symptoms.

Strengths and limitations

This is the first comprehensive systematic literature review, to
our knowledge, which studies the use of biomarkers in female
OAB patients. All 12 studies included in this review were
prospective in design but without a long-term follow-up to
increase the studies’ validity. Our review highlights the need
for additional high-quality clinical studies of biomarkers in
OAB patients, particularly women. Our findings also high-
light the lack of a precise clarification of the studied subjects,
as female and male patients with OAB may have different
outcomes. Gender-specific differences may exist in OAB
symptoms, related bother, and quality of life and could be
evaluated in correlation with the use of urine biomarkers [49].

The robustness of the results of this review is limited by the
quality of included studies, as no randomized trial of bio-
markers in OAB women was found. Observational research
involves a large possibility of selection bias and has low sta-
tistical strength. Moreover, our analysis showed high hetero-
geneity between studies, and the numbers of patients studied
were small, which may reduce the overall reliability of results.

Conclusions

Our analysis suggests that uNGF, NGF/Cr ratio, and BDNF/
Cr ratio levels could be potential biomarkers for assessing
OAB in women. However, there are still limitations, including
lack of randomization in most published studies, controversy
concerning the available kits, and insufficient data on the sen-
sitivity and specificity of these biomarkers. Further studies are
warranted to provide more robust data on the association of
these urinary biomarkers with various management options in
OAB patients. Gender-specific research and research on var-
ious OAB etiologies could highlight further diagnostic and
management aspects of urine biomarkers in OAB.
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