
568

RE VIE W /  GYNECOLOGY

Ginekologia Polska
2017, vol. 88, no. 10, 568–573
Copyright © 2017 Via Medica

ISSN 0017–0011

DOI: 10.5603/GP.a2017.0102

Novel biomarkers of overactive bladder syndrome
Andrzej Wróbel1, Tomasz Kluz2, Grzegorz Surkont3,  

Edyta Wlaźlak3, Paweł Skorupski1, Aleksandra Filipczak1,  
Tomasz Rechberger1

1Second Department of Gynecology, Medical University of Lublin, Poland 
2Department of Obstetrics and Gynecology, Fryderyk Chopin University Hospital No 1, Faculty of Medicine,  

Rzeszow University, Poland 
3Department of Operative Gynecology and Gynecologic Oncology, Ist Department of Gynecology and Obstetrics,  

Medical University of Łódź, Poland

ABSTRACT
The social aspect of overactive bladder syndrome (OAB) and the lack of objective diagnostic methods for this syndrome 
have spurred research into its potential biomarkers which can constitute useful diagnostic tools, while also allowing the 
evaluation of the intensity of clinical symptoms and the efficacy of implemented pharmacotherapy in OAB patients. Due 
to the complex etiopathogenesis of this syndrome, the researchers are seeking biomarkers connected with inflammation 
or nerve growth. The aim of this review was to analyse the latest literature data regarding potential biomarkers in OAB. The 
most promising opportunities are connected with the diagnostic use of the nerve growth factor (NGF), the brain derived 
neurotrophic factor (BDNF), C-reactive protein (CRP), prostaglandins and cytokines. Despite the most promising results to 
date having been obtained with regards to neurotrophic factors, it seems that, at the moment, none of these meets the 
criteria for becoming an isolated OAB marker. It is also suggested that the combined use of several biomarkers will facilitate 
obtaining the appropriate level of specificity and selectivity to allow their use in clinical practice.
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INTRODUCTION
OAB is a social disease which affects more than 10% of 

adults. It is a symptom-based condition, defined as a syn-
drome characterised by the presence of urgency, with or 
without urge urinary incontinence, which is usually accom-
panied by frequency and nocturia, in the absence of proven 
pathologies. Urinary urgency is a subjective symptom re-
ported by patients, which is considered essential for making 
an accurate diagnosis. At present, the basis of OAB diagnos-
tics is constituted by medical interview and the analysis of 
bladder diaries. Thus, there is a great demand for developing 
objective testing which would become a useful diagnostic 
tool and allow the assessment of the intensity of observed 
clinical symptoms and the monitoring of treatment efficacy.

Attempts are made to identify a non-invasive, cost-ef-
fective, sensitive and specific biomarker which could be 
detected in biological samples, using a simple and repeti-

tive method. Below is a short review of the potential OAB 
biomarkers and the possibilities of their application in clini-
cal practice.

BDNF
BDNF plays an important role in the normal function-

ing of sensory neurons. It belongs to neurotrophic factors 
(including NGF, BDNF, NT3 NT4) and is secreted from the 
urothelium. It binds with TrkB receptors present in both 
the urothelium and the afferent fibres of the bladder. Fur-
thermore, it has a trophic effect on nerve tissue, and plays 
an important role in nociceptive processes, at both the 
spinal cord and supra-spinal levels, and also in inflammatory 
processes. Its presence was detected in terminal endings 
of sensory fibres, which where the presence of CGRP and 
substance P is found. It is suggested that the expression 
of BDNF is modelled by NGF. Its synthesis is significantly 
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increased in the case of spinal cord injuries and chronic 
cystitis. The results of preclinical trials have shown that the 
acute intrathecal (into the spine) administration of BDNF 
induces an increase in urinary frequency, an effect which 
was not observed in the case of chronic administration [1].

The secretion of BDNF is usually induced by an increase 
in NGF synthesis in an inflamed tissue. Since BDNF plays 
an important role in the etiopathogenesis of both pain 
and inflammation, the work was undertaken with the aim 
to evaluate its role in the etiopathogenesis of cystitis and 
OAB. It was found that chemically induced cystitis changed 
the properties of afferent fibres in the spinal cord and dor-
sal root ganglia. It is suggested that BDNF is responsible 
for these adaptive changes and neuronal plasticity. It has 
been proven that the expression of TrkB receptors was sig-
nificantly increased in L1, L2, L6 and S1 dorsal-root ganglia 
in the case of acute cystitis induced by cyclophosphamide, 
but not in chronic cystitis cases. These studies have con-
firmed that the level of BDNF is much higher in animals with 
cyclophosphamide-induced bladder hyperactivity.

There are studies proving that BDNF sequestration has 
a positive effect on bladder function in cystitis. Importantly, 
BDNF sequestration does not affect the physiological mic-
turition reflex, which proves that BDNF modulates bladder 
activity only in the case of its dysfunction. It has been noted 
that the BDNF/creatinine (pg/mg) ratio is low in healthy 
people and is independent of gender or the circumstances 
of sample collection. A very significant increase in BDNF 
has, in turn, been found in OAB patients, in particular in 
people with OAB wet. Interestingly, the level of BDNF is 
increased in people with depression, usually coexisting 
with OAB, which might suggest this is a common element 
in the etiopathogenesis of these two diseases. Thus, it seems 
that urinary BDNF can become a valuable biomarker in OAB 
diagnostics. It is particularly worth pointing out that the 
conducted comparative analysis of the receiver-operator 
characteristic curves of urinary NGF/creatinine and urinary 
BDNF/creatinine in OAB patients demonstrated that BDNF 
had a better area under the curve than NGF [2].

BDNF was also analysed in the context of its possible 
use in assessing the effectiveness of OAB treatment. As 
botulinum toxin displays analgesic effects, which result from 
the inhibition of nociceptive neurotransmission in the spinal 
cord and the prevention of neurogenic inflammation, it was 
verified whether its administration into the bladder triangle 
in patients with bladder pain syndrome could affect BDNF 
levels. It was found that neurotrophin concentrations signifi-
cantly decreased after one month from the administration 
of neurotoxin, which proved to correlate with a drop in pain 
intensity on a visual analogue scale. The patients also noted 
a subjective improvement in terms of daytime frequency 
and nocturia, one and three months following the admin-

istration of the botulinum toxin. The BDNF level increased 
gradually to reach the baseline value six months after the 
administration of the neurotoxin. Another clinical study 
proved that BDNF/creatinine decreased as a result of treat-
ment with cholinergic blocking agents. What is particularly 
interesting is that the drop in BDNF/creatinine correlated 
with a decrease in urinary urgency, which was not observed 
in the case of NGF/creatinine [3].

In general, the BDNF concentration in urine is rela-
tively low irrespectively of the time of sample collection. 
It has been proved that the BDNF/creatinine level is sig-
nificantly higher in OAB patients than in healthy individu-
als (980.3 ± 1,774.8 vs. 110.4 ± 159.5). Interestingly, after 
three-month treatment its level in the OAB group was signifi-
cantly reduced (980.3 ± 1,774.8 vs. 399.5 ± 487). This decrease 
was accompanied by a reduction in clinical symptoms (Inde-
vus Urgency Severity Scale scores 3.29 ± 0.59 vs. 3.18 ± 0.39). 
Thus, it seems that BDNF can become an acute biomarker of 
OAB treatment efficacy. The results of the conducted studies 
showed that BDNF proved superior to NGF in OAB diagnos-
tics. An obstacle to adapting BDNF as an OAB biomarker 
is the lack of standardised data concerning its reference 
values in healthy people, and the lack of knowledge of the 
threshold value above which this biomarker would show 
sensitivity and specificity in OAB diagnostics [4].

CRP AND CYTOKINES
It seems that cytokines can become a useful biomarker 

in OAB diagnostics, as their level in biofluids shows a ten-
dency to increase in inflammatory processes. The results of 
clinical trials have shown that the level of the soluble fraction 
of the CD40 ligand (sCD40L) and monocyte chemotactic 
protein-1 (MCP-1) was several times higher in the urine of 
OAB patients when compared with healthy controls. A sig-
nificant difference between the groups was also found in 
relation to growth-related oncogene (GRO-α), epidermal 
growth factor (EGF), and macrophage inflammatory protein 
(MIP- 1β), IL-12p70/p40, IL-5, IL-10 and sIL-2Rα. It was also 
proved that the level of cytokines (MCP1, TARC, PARC and 
Fas/TNFRSF6) was increased in OAB patients, to the statisti-
cally significant extent.

Given that CRP is a recognised acute-phase marker of 
inflammation, which is synthesised in the liver as a response 
to the factors secreted by macrophages and adipocytes, the 
studies were also undertaken to examine this protein in the 
context of using it as an OAB biomarker. The tests included 
patients with OAB wet and dry, comparing CRP levels in 
the urine, blood and bladder tissue with their counterparts 
in healthy controls. The CRP levels were higher in patients 
of both studied groups when compared with the control 
group. At the same time, it was noted that the blood serum 
CRP levels, although higher in OAB patients, failed to reach 
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the values usually observed in the case of inflammation. 
Interestingly, it was also found that the CRP level was statisti-
cally significantly higher in OAB wet patients than in the OAB 
dry group. At the same time, it was observed that urinary 
and bladder CRP levels were considerably lower than the 
serum CRP level [6].

Other trials revealed a correlation between serum-CRP 
levels and episodes of urgency in patients with benign 
prostatic hyperplasia. The patients who reported urgency 
symptoms had significantly higher CRP levels than healthy 
individuals. At the same time, intensified OAB symptoms 
were noted in people with CRP levels > 0.3 mg/dL than in 
those with CRP levels < 0.3 mg/dL. High serum CRP levels 
were also found in women with OAB, with statistically higher 
values noted in the OAB wet group when compared with 
female patients with bladder hypersensitivity, but without 
the urodynamic symptoms of detrusor overactivity. Interest-
ingly, a correlation was found between an increase in CRP 
level and a drop in the maximum urinary flow rates. Higher 
values of the maximum urinary flow rate and the body 
mass index turned out to be two independent factors af-
fecting the CRP level. It was also proven that a CRP level of 
1–3 mg/L entailed an increase in the risk of OAB symptoms, 
which might suggest that the inflammatory process plays 
an important role in the etiopathogenesis of OAB [7].

It seems that due to the very low values of CRP present in 
the urine and bladder which are detectable only in specialist 
research centres, it will be difficult to develop a urinary assay 
to become commonly available and ready for use in every-
day clinical practice in the nearest future. It is also of essence 
that CRP is not a characteristic marker of pathophisiological 
processes underlying OAB, but only a non-specific marker 
of inflammation. It seems that at present it has too poor 
sensitivity and selectivity to become an isolated biomarker 
of OAB. However, it can be useful when combined with other 
biomarkers such as NGF or BDNF. Such combinations might 
significantly increase its diagnostic value [8].

PROSTANOIDS
Prostanoids (PGs) have a modulating effect on the func-

tioning of the lower urinary tract. They play an important 
role in maintaining the basal tone of the urinary bladder, 
and impact on the afferent nerves which supply it. PGs are 
synthesised in both the urothelium and the bladder detru-
sor. Their synthesis increases in response to the stimulation 
of bladder nerve endings, detrusor contraction, urothelial 
damage, or inflammation. Their effect on the micturition re-
flex includes the lowering of the threshold value of impulses 
necessary to generate detrusor contraction. Therefore, it 
seems that there might be a correlation between the PGs 
level and the intensification of symptoms reported by OAB 
patients [9].Prostaglandins increase the afferent impulsation 

of the voiding reflex, leading to the occurrence of OAB symp-
toms. It has been found that COX-2 blocking with the use 
of non-selective cyclooxygenase inhibitors (ketoprofenum 
or indometacinum) increases the voiding threshold and the 
functional bladder volume in patients with detrusor hyper-
reflexia. Despite the fact that the subjective symptoms of 
OAB are improved, those medications do not modulate the 
cystometric parameters characteristic of DO in urodynamic 
tests. Such urodynamic changes, in turn, have been found 
after the administration of flurbiprofen, which led to the 
reduction in urgency and an increase in voiding volume. 
Due to the negative impacts of COX-2 inhibitors on the 
cardiovascular system, it seems that an interesting treatment 
option can be not so much the effects on COX but rather the 
determination of receptors for prostanoids. These theories 
find confirmation in the results of trials in which the animals 
genetically devoid of the EP1 receptor have not displayed DO 
symptoms after the instillation of the bladder with a solution 
containing prostaglandins [10].

Preclinical trials have shown that administration of PGs 
to the lumen of the urethra induces its relaxation, while 
intravesical instillation causes detrusor contraction. The 
results of the clinical trials conducted have proved that 
the PGE2 and PGF2α levels in the urine of OAB patients are 
considerably higher than in healthy people. A correlation 
has also been detected between the PGE2 level in the urine 
and the maximum cystometric capacity, and the volume 
to first desire to void. Such a correlation was not observed 
in relation to NGF, PGF2α and PGI2. In turn, the intravesical 
administration of PGE2 proved to lead to an increase in 
maximal volume pressure and a drop in the voided volume. 
There are also studies in which the authors did not find any 
significant differences in PGE2 levels between OAB patients 
and the controls [11].

The role of PGs in OAB diagnostics remains controversial. 
According to some researchers, PGE2 levels are superior to 
NGF in diagnosing OAB. Interestingly, it was proved that 
the PGE2 and PGF2α levels in patients with detrusor under-
activity, which had been confirmed in urodynamic tests, 
were considerably lower when compared with the group 
displaying the signs of DO. The differences between the 
groups in terms of PGI2 were not observed [12].

ATP (ADENOSINE TRIPHOSPHATE)
ATP is secreted by urothelium in response to bladder 

contraction. It has been demonstrated that stretch-acti-
vated ATP release is markedly increased in OAB patients 
and whenever a decrease in the extracellular pH level is 
induced by bladder hypoxia. ATP mediates detrusor contrac-
tions induced by adrenergic and cholinergic neurotrans-
missions  [13]. An in vitro study has shown increased ATP 
secretion by urothelium cells and cholinergic nerve endings 
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in OAB patients. The ATP level is now being investigated as 
a potential OAB biomarker. Preliminary results revealed that 
urinary ATP was increased in OAB (wet and dry) patients, 
which correlates with a reduced first desire to void in urody-
namic tests [14]. Importantly, its level decreased in patients 
positively responding to pharmacological treatment with 
antimuscarinics. It was also shown that the urinary ATP to 
urine creatinine levels (ATP/Cr) ratio was significantly higher 
in patients with OAB and DO features, compared with the 
control group. An increased ATP/Cr correlated with a de-
creased mean voided volume. The area under the curve was 
proportional to the increased ATP/Cr level, which suggests 
that it can be a very sensitive biomarker of OD in patients 
with OAB symptoms [15].

NGF
The NGF action mechanism is mediated by two types of 

receptor: TrkA — with high affinity to NGF, whose density 
increases in inflammatory processes, and p75 — with low 
affinity, whose high expression was found in the urothelium 
of the patients with OAB symptoms. Apart from its impact 
on the above-mentioned types of receptors, NGF also affects 
the functioning of potential-dependent sodium channels 
(Nav 1.8, SNS, PN3) as well as NK and TRPV1 receptors [16].

The results of preclinical trials have confirmed that the 
intravesical instillation of NGF causes OAB, increasing af-
ferent impulsation through a rise in TRPV1 receptor expres-
sion. DO symptoms could be reversed by NGF-neutralising 
antibodies. Thus, the blocking of receptors to NGF seems 
to be an interesting option for OAB pharmacotherapy [17].

A number of studies confirmed a positive correlation 
between increased NGF and OAB or DO symptoms. Pre-clin-
ical study results demonstrated that this neurotrophin is 
profusely secreted by urothelial cells and smooth muscle 
cells in the detrusor of animals with a hyperactive bladder. 
It was proved that the intravesical instillation of NGF led to 
reduced intercontraction intervals and bladder capacity, 
which was indirectly confirmed by observations involving 
a TrkA receptor antagonist, which reduced the increased 
contractile activity of the detrusor in animals with spinal 
cord injury and interstitial cystitis (IC) [18, 19]. Interestingly, 
TRPV1 knockout animals, when administered NGF, did not 
develop DO symptoms, which might suggest that TRPV1 is 
a downstream receptor for NGF [20].

Based on the results of the pre-clinical studies, it was 
hypothesised that increased NGF levels in urine could sen-
sitise afferent fibres in the bladder and, as a result, lead to 
the development of DO. This claim was supported by the 
clinical study which proved urine NGF levels to be much 
higher in OAB, DO, BOO and IC patients, compared with 
healthy populations. In relation to OAB, these differences 
were particularly significant (11-fold). Interestingly, statisti-

cally significant differences in NGF levels were also found 
between OAB wet and OAB dry patients, and a positive 
correlation was established between urgency and urinary 
NGF levels. Patients with Indevus Urgency Severity Scale 
scores ≥ 3 had considerably higher average NGF levels 
than those with scores ≤ 2. The results of studies on NGF 
sensitivity and specificity are of special importance in terms 
of the application in clinical practice. Specifically, it was 
demonstrated that when OAB patients were diagnosed 
using the NGF/creatinine ratio, the specificity was 93.8 %, 
and the sensitivity 67.9% [21]. It is suggested that the cut-off 
value for this parameter should be > 200 pg/mg. 

The impact of pharmacotherapy on NGF levels in pa-
tients with OAB was also analysed. Therapy employing 
cholinergic blocking agents produced a decrease in this 
neurotrophin corresponding to the reduction in USS scores, 
which returned to their initial values after pharmacotherapy 
was discontinued. Consistent results were produced when 
patients with neurogenic bladders were administered botu-
linum toxin. These observations could suggest that NGF 
might become more than just a useful marker for OAB di-
agnosis, but also prove applicable for assessing the efficacy 
of pharmacological treatment [22].

ULTRASOUND
In patients with bladder outlet obstruction (BOO), OAB 

diagnostics has used the ultrasound measurement of blad-
der wall thickness (BWT) or only detrusor thickness (DT). 
For both these parameters, the measurements proved to 
be significantly higher among OAB patients than in healthy 
controls. This might have been due to bladder hypertro-
phy induced by its excessive contractibility. Some studies 
showed that increased DT correlated with greater urgency 
reported by patients. BWT measurements were also taken 
using intravaginal ultrasound in patients with idiopathic 
DO. It was found that in 58.7% of the analysed patients the 
average BWT was above 5 mm, of whom as many as 94% 
exhibited urodynamic DO characteristics [23, 24]. Only in 
1.6 % of the patients with DO symptoms, BWT was ≤ 3 mm. 
Based on the above-mentioned findings, it is proposed that 
a BWT of 5 mm should be considered the limit for ultrasound 
screening tests for OAB. A positive correlation has also been 
found between the presence of OAB symptoms and high 
BWT and DT. Furthermore, BWT measurement makes it pos-
sible to distinguish between patients with BOO and those 
with clinical symptoms of stress urinary incontinence, which 
has significant clinical implications, since it can be used as 
the basis for targeted therapy in specific patients. Interest-
ingly, DWT levels were reduced following successful treat-
ment with cholinergic blocking agents [25, 26].

A problem which hinders the widespread use of BWT 
and DT is the lack of standardised measurement proce-
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dures for these parameters. It has not been unequivocally 
determined whether these should be measured on a full 
or empty bladder. If on a full bladder, then what should be 
the volume? The majority of facilities prefer an transvagi-
nal procedure, but some practitioners advocate that these 
measurements be performed transperineally [27, 28].

Some studies have demonstrated that DT levels in OAB 
patients show considerable diversification, thus making the 
results statistically insignificant, despite the clear tendency 
towards increased BWT and DT in OAW wet populations. This 
might be due to the use of various USG scanners across 
different studies, and, consequently, the resolution of the 
produced images. It is believed that, in the future, DT can be-
come a pathognomonic marker for DO. This claim is based 
on the assumption that involuntary isometric bladder con-
tractions induce bladder hypertrophy, which translates into 
the ultrasound-measured thickness of its detrusor muscle. 
BWT and DT measurements are considered a more reliable 
DO marker than cystometric measurements, especially in 
relation to patients with BOO [29, 30].

SUMMARY
The clinical trials conducted have identified several 

potential OAB biomarkers, including nerve growth factor, 
brain derived neurotrophic factor, C-reactive protein, pros-
taglandins and cytokines. In terms of sensitivity, specific-
ity, cost- and time-effectiveness, it seems that, when used 
together, these markers can have greater diagnostic value 
and applicability in everyday clinical practice.

REFERENCES
1. Merighi A, Salio C, Ghirri A, et al. BDNF as a pain modulator. Prog Neu-

robiol. 2008; 85(3): 297–317, doi: 10.1016/j.pneurobio.2008.04.004, 
indexed in Pubmed: 18514997.

2. Obata K, Noguchi K. BDNF in sensory neurons and chronic pain. Neurosci 
Res. 2006; 55(1): 1–10, doi: 10.1016/j.neures.2006.01.005, indexed in 
Pubmed: 16516994.

3. Antunes-Lopes T, Pinto R, Carvalho-Barros S, et al. 883 URINARY LEVELS 
OF BRAIN DERIVED NEUROTROPHIC FACTOR (BDNF) IN WOMEN WITH 
OVERACTIVE BLADDER (OAB) SYNDROME CORRELATE WITH THE SEVER-
ITY OF SYMPTOMS. Eur Urol. 2011; 10(2): 277–278, doi: 10.1016/s1569-
9056(11)60867-1.

4. Pinto R, Lopes T, Silva J, et al. Trigonal injection of botulinum toxin A in 
patients with refractory bladder pain syndrome/interstitial cystitis. Eur 
Urol. 2010; 58(3): 360–365, doi: 10.1016/j.eururo.2010.02.031, indexed 
in Pubmed: 20227820.

5. Tyagi P, Barclay D, Zamora R, et al. Urine cytokines suggest an inflamma-
tory response in the overactive bladder: a pilot study. Int Urol Nephrol. 
2010; 42(3): 629–635, doi: 10.1007/s11255-009-9647-5, indexed in 
Pubmed: 19784793.

6. Chuang YC, Tyagi V, Liu RT, et al. Urine and Serum C-Reactive Protein 
Levels as Potential Biomarkers of Lower Urinary Tract Symptoms. Urol 
Sci. 2010; 21(3): 132–136, doi: 10.1016/s1879-5226(10)60028-0.

7. Hsiao SM, Lin HH, Kuo HC. The role of serum C-reactive protein in women 
with lower urinary tract symptoms. Int Urogynecol J. 2012; 23(7): 935–
940, doi: 10.1007/s00192-012-1715-1, indexed in Pubmed: 22422219.

8. Liao CH, Chung SD, Kuo HC. Serum C-reactive protein levels are associ-
ated with residual urgency symptoms in patients with benign prostatic 
hyperplasia after medical treatment. Urology. 2011; 78(6): 1373–1378, 
doi: 10.1016/j.urology.2011.04.076, indexed in Pubmed: 21962879.

9. Kim JC, Park EY, Seo SIl, et al. Nerve growth factor and prostaglandins 
in the urine of female patients with overactive bladder. J Urol. 2006; 
175(5): 1773–6; discussion 1776, doi: 10.1016/S0022-5347(05)00992-4, 
indexed in Pubmed: 16600756.

10. Yokoyama O, Miwa Y, Oyama N, et al. Antimuscarinic drug inhibits 
detrusor overactivity induced by topical application of prostaglandin 
E2 to the urethra with a decrease in urethral pressure. J Urol. 2007; 
178(5): 2208–2212, doi: 10.1016/j.juro.2007.06.044, indexed in Pubmed: 
17870108.

11. Liu HT, Tyagi P, Chancellor MB, et al. Urinary nerve growth factor but 
not prostaglandin E2 increases in patients with interstitial cystitis/blad-
der pain syndrome and detrusor overactivity. BJU Int. 2010; 106(11): 
1681–1685, doi: 10.1111/j.1464-410X.2009.08851.x, indexed in Pubmed: 
19751258.

12. Andersson KE, Wein AJ. Pharmacology of the lower urinary tract: basis 
for current and future treatments of urinary incontinence. Pharmacol 
Rev. 2004; 56(4): 581–631, doi: 10.1124/pr.56.4.4, indexed in Pubmed: 
15602011.

13. Silva-Ramos M, Silva I, Oliveira O, et al. Urinary ATP may be a dynamic 
biomarker of detrusor overactivity in women with overactive blad-
der syndrome. PLoS One. 2013; 8(5): e64696, doi: 10.1371/journal.
pone.0064696, indexed in Pubmed: 23741373.

14. Cheng Y, Mansfield K, Allen W, et al. Correlation between cystometric 
volumes, ATP release and pH in women with overactive bladder versus 
controls. Neurourol Urod. 2013; 32(7): 969–973, doi: 10.1002/nau.22344, 
indexed in Pubmed: 23129360.

15. Nishijima S, Sugaya K, Kadekawa K, et al. Comparison of the effect of 
anti-muscarinic agents on bladder activity, urinary ATP level, and auto-
nomic nervous system in rats. Biomed Res. 2009; 30(2): 107–112, doi: 
10.2220/biomedres.30.107, indexed in Pubmed: 19420734.

16. Lamb K, Gebhart GF, Bielefeldt K. Increased nerve growth factor ex-
pression triggers bladder overactivity. J Pain. 2004; 5(3): 150–156, doi: 
10.1016/j.jpain.2004.01.001, indexed in Pubmed: 15106127.

17. Zvara P, Vizzard MA. Exogenous overexpression of nerve growth factor in 
the urinary bladder produces bladder overactivity and altered micturi-
tion circuitry in the lumbosacral spinal cord. BMC Physiol. 2007; 7: 9, doi: 
10.1186/1472-6793-7-9, indexed in Pubmed: 17725832.

18. Kim JC, Park EY, Seo SIl, et al. Nerve growth factor and prostaglandins 
in the urine of female patients with overactive bladder. J Urol. 2006; 
175(5): 1773–6; discussion 1776, doi: 10.1016/S0022-5347(05)00992-4, 
indexed in Pubmed: 16600756.

19. Yokoyama T, Kumon H, Nagai A. Correlation of urinary nerve growth factor 
level with pathogenesis of overactive bladder. Neurourol Urodyn. 2008; 
27(5): 417–420, doi: 10.1002/nau.20519, indexed in Pubmed: 17924444.

20. Liu HT, Chen CY, Kuo HC. Urinary nerve growth factor in women with 
overactive bladder syndrome. BJU Int. 2011; 107(5): 799–803, doi: 
10.1111/j.1464-410X.2010.09585.x, indexed in Pubmed: 20804479.

21. Chen CY, Kuo HC. Novel urinary biomarkers in the diagnosis and as-
sessment of overactive bladder. Incontinence Pelvic Floor Dysfunct. 
2009; 3: 20.

22. Kuo HC, Liu HT, Chancellor MB, et al. Decrease of urinary nerve growth 
factor levels after antimuscarinic therapy in patients with overactive 
bladder. BJU Int. 2009; 103(12): 1668–1672, doi: 10.1111/j.1464-
-410X.2009.08380.x, indexed in Pubmed: 19220267.

23. Hakenberg OW, Linne C, Manseck A, et al. Bladder wall thickness in 
normal adults and men with mild lower urinary tract symptoms and 
benign prostatic enlargement. Neurourol Urodyn. 2000; 19(5): 585–593, 
doi: 10.1002/1520-6777(2000)19:5<585::aid-nau5>3.0.co;2-u, indexed 
in Pubmed: 11002301.

24. Robinson D, Anders K, Cardozo L, et al. Can ultrasound replace 
ambulatory urodynamics when investigating women with irritative 
urinary symptoms? BJOG. 2002; 109(2): 145–148, doi: 10.1016/s1470-
0328(02)01021-2, indexed in Pubmed: 11888096.

25. Blatt AH, Titus J, Chan L. Ultrasound measurement of bladder wall 
thickness in the assessment of voiding dysfunction. J Urol. 2008; 179(6): 
2275–8; discussion 2278, doi: 10.1016/j.juro.2008.01.118, indexed in 
Pubmed: 18423703.

26. Rechberger T, Nowakowski Ł, Rechberger E, et al. Prevalence of common 
comorbidities among urogynaecological patients. Ginekol Pol. 2016; 87(5): 
342–346, doi: 10.5603/gp.2016.0012, indexed in Pubmed: 27304649.

27. Panayi DC, Tekkis P, Fernando R, et al. Ultrasound measurement of blad-
der wall thickness is associated with the overactive bladder syndrome. 
Neurourol Urodyn. 2010; 29(7): 1295–1298, doi: 10.1002/nau.20871, 
indexed in Pubmed: 20127835.

http://dx.doi.org/10.1016/j.pneurobio.2008.04.004
https://www.ncbi.nlm.nih.gov/pubmed/18514997
http://dx.doi.org/10.1016/j.neures.2006.01.005
https://www.ncbi.nlm.nih.gov/pubmed/16516994
http://dx.doi.org/10.1016/s1569-9056(11)60867-1
http://dx.doi.org/10.1016/s1569-9056(11)60867-1
http://dx.doi.org/10.1016/j.eururo.2010.02.031
https://www.ncbi.nlm.nih.gov/pubmed/20227820
http://dx.doi.org/10.1007/s11255-009-9647-5
https://www.ncbi.nlm.nih.gov/pubmed/19784793
http://dx.doi.org/10.1016/s1879-5226(10)60028-0
http://dx.doi.org/10.1007/s00192-012-1715-1
https://www.ncbi.nlm.nih.gov/pubmed/22422219
http://dx.doi.org/10.1016/j.urology.2011.04.076
https://www.ncbi.nlm.nih.gov/pubmed/21962879
http://dx.doi.org/10.1016/S0022-5347(05)00992-4
https://www.ncbi.nlm.nih.gov/pubmed/16600756
http://dx.doi.org/10.1016/j.juro.2007.06.044
https://www.ncbi.nlm.nih.gov/pubmed/17870108
http://dx.doi.org/10.1111/j.1464-410X.2009.08851.x
https://www.ncbi.nlm.nih.gov/pubmed/19751258
http://dx.doi.org/10.1124/pr.56.4.4
https://www.ncbi.nlm.nih.gov/pubmed/15602011
http://dx.doi.org/10.1371/journal.pone.0064696
http://dx.doi.org/10.1371/journal.pone.0064696
https://www.ncbi.nlm.nih.gov/pubmed/23741373
http://dx.doi.org/10.1002/nau.22344
https://www.ncbi.nlm.nih.gov/pubmed/23129360
http://dx.doi.org/10.2220/biomedres.30.107
https://www.ncbi.nlm.nih.gov/pubmed/19420734
http://dx.doi.org/10.1016/j.jpain.2004.01.001
https://www.ncbi.nlm.nih.gov/pubmed/15106127
http://dx.doi.org/10.1186/1472-6793-7-9
https://www.ncbi.nlm.nih.gov/pubmed/17725832
http://dx.doi.org/10.1016/S0022-5347(05)00992-4
https://www.ncbi.nlm.nih.gov/pubmed/16600756
http://dx.doi.org/10.1002/nau.20519
https://www.ncbi.nlm.nih.gov/pubmed/17924444
http://dx.doi.org/10.1111/j.1464-410X.2010.09585.x
https://www.ncbi.nlm.nih.gov/pubmed/20804479
http://dx.doi.org/10.1111/j.1464-410X.2009.08380.x
http://dx.doi.org/10.1111/j.1464-410X.2009.08380.x
https://www.ncbi.nlm.nih.gov/pubmed/19220267
http://dx.doi.org/10.1002/1520-6777(2000)19:5%3c585::aid-nau5%3e3.0.co;2-u
https://www.ncbi.nlm.nih.gov/pubmed/11002301
http://dx.doi.org/10.1016/s1470-0328(02)01021-2
http://dx.doi.org/10.1016/s1470-0328(02)01021-2
https://www.ncbi.nlm.nih.gov/pubmed/11888096
http://dx.doi.org/10.1016/j.juro.2008.01.118
http://dx.doi.org/10.5603/gp.2016.0012
https://www.ncbi.nlm.nih.gov/pubmed/27304649
http://dx.doi.org/10.1002/nau.20871
https://www.ncbi.nlm.nih.gov/pubmed/20127835


573

Andrzej Wróbel et al., Potential biomarkers of overactive bladder

www. journals.viamedica.pl/ginekologia_polska

28. Serati M, Salvatore S, Cattoni E, et al. Ultrasound measurement of bladder 
wall thickness in different forms of detrusor overactivity. Int Urogynecol 
J. 2010; 21(11): 1405–1411, doi: 10.1007/s00192-010-1194-1, indexed in 
Pubmed: 20535449.

29. Latthe PM, Champaneria R, Khan KS. Systematic review of the accuracy 
of ultrasound as the method of measuring bladder wall thickness in the 

diagnosis of detrusor overactivity. Int Urogynecol J. 2010; 21(8): 1019–
1024, doi: 10.1007/s00192-010-1144-y, indexed in Pubmed: 20424825.

30. Bright E, Oelke M, Tubaro A, et al. Ultrasound estimated bladder weight 
and measurement of bladder wall thickness--useful noninvasive meth-
ods for assessing the lower urinary tract? J Urol. 2010; 184(5): 1847–1854, 
doi: 10.1016/j.juro.2010.06.006, indexed in Pubmed: 20846683.

http://dx.doi.org/10.1007/s00192-010-1194-1
https://www.ncbi.nlm.nih.gov/pubmed/20535449
http://dx.doi.org/10.1007/s00192-010-1144-y
https://www.ncbi.nlm.nih.gov/pubmed/20424825
http://dx.doi.org/10.1016/j.juro.2010.06.006
https://www.ncbi.nlm.nih.gov/pubmed/20846683

