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Abstract

Aim: To perform a systematic review summarizing the knowledge of genetic

variants, gene, and protein expression changes in humans and animals asso-

ciated with urgency urinary incontinence (UUI) and to provide an overview of

the known molecular mechanisms related to UUI.

Methods: A systematic search was performed on March 2, 2020, in PubMed,

Embase, Web of Science, and the Cochrane library. Retrieved studies were

screened for eligibility. The risk of bias was assessed using the ROBINS‐I
(human) and SYRCLE (animal) tool. Data were presented in a structured

manner and in the case of greater than five studies on a homogeneous out-

come, a meta‐analysis was performed.

Results: Altogether, a total of 10,785 records were screened of which 37 studies

met the inclusion criteria. Notably, 24/37 studies scored medium‐high to high on

risk of bias, affecting the value of the included studies. The analysis of 70 unique

genes and proteins and three genome‐wide association studies showed that spe-

cific signal transduction pathways and inflammation are associated with UUI.
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A meta‐analysis on the predictive value of urinary nerve growth factor (NGF)

levels showed that increased urinary NGF levels correlate with UUI.

Conclusion: The collective evidence showed the involvement of two molecular

mechanisms (signal transduction and inflammation) and NGF in UUI, enhancing

our understanding of the pathophysiology of UUI. Unfortunately, the risk of bias

was medium‐high to high for most studies and the value of many observations

remains unclear. Future studies should focus on elucidating how deficits in the

two identified molecular mechanisms contribute to UUI and should avoid bias.
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1 | INTRODUCTION

Urgency urinary incontinence (UUI) is a prevalent
symptom that negatively impacts the quality of life.1,2

Patients with UUI sense a sudden, compelling desire
to pass urine that is difficult to defer combined with
the involuntary loss of urine.2,3 The reported pre-
valence of UUI ranges between 1.8% and 30.5%, and
differs substantially due to different definitions in
studies.4 Clear risk factors for UUI are age, obesity,
and postmenopausal status in women.5–8

The pathophysiology of UUI is considered to be
multifactorial: both intrinsic and environmental factors
are involved.

The underlying processes that contribute to the
development of UUI are still unresolved. Although the
cellular and/or molecular mechanisms related to UUI
have been studied, most studies focus on the over-
arching overactive bladder (OAB) syndrome. The
current systematic review focusses on one clinically
well‐defined and objectively measurable symptom
(UUI) to be able to study the relation between a clear
phenotype and/or population and cellular/molecular
mechanisms. Because several symptoms (urgency, ur-
inary frequency, nocturia, and/or UUI) may indicate
OAB, a systematic review of all these symptoms or
OAB as a whole may lead to inaccuracy or cluttering in
the results due to ill‐defined (mixed) populations or a
combination of phenotypes. This was one of the
drawbacks noticed in a recent systematic review of
biomarkers of several lower urinary tract symptoms
(LUTS), including OAB.9 A systematic review sum-
marizing and critically evaluating all available evi-
dence of cellular and/or molecular mechanisms
underlying UUI is lacking. Such overview is critical to
understand the mechanisms involved in the patho-
physiology that leads to UUI.

1.1 | Objective

This systematic review combines and summarizes studies
—both human and animal–on genetic variants, gene, and
protein expression changes in relation to UUI.

2 | MATERIALS AND METHODS

We investigated human and animal studies (domain) on
genetic variants, gene and/or protein expression changes
(outcome) in relation to UUI (determinant). A prospectively
registered protocol in Prospero was used concerning genetic
variants, gene, and protein expression changes in relation to
urinary incontinence (UI) in general (Supporting Informa-
tion 1), ultimately narrowed to UUI only instead of UI in
general to examine a more homogeneous population.

2.1 | Information sources and search
strategy

On March 2, 2020, a systematic search was performed in
PubMed, Embase, Web of Science, and the Cochrane li-
brary to identify available studies using the search strategy
described in Supporting Information 2. The terms used
were related to UI in general and a broad spectrum of
genetic and protein expression terms and assays. Refer-
ences of reviews and included studies were cross‐checked
for studies not retrieved by the database search.

Studies were screened by two independent reviewers in
two phases (title/abstract and full‐text phase). Studies judged
as eligible for full‐text screening by one of the reviewers were
screened for full text by both. The inclusion criteria were:
studies with primary research data of affected cases (UUI)
and controls of both humans and animals (all species and
genders/sexes), examining genetic variants, gene expression,
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or protein expression differences, with sufficient information
to determine the risk of bias. Nocturnal enuresis in children
was beyond the scope of this review and was excluded. We
included studies on OABwhen the criterium of incontinence
was met in greater than 50% of the patients. For animal
studies, a clear UUI model must be defined.

2.2 | Data extraction

The extraction of study characteristics was performed
by one reviewer and verified by a second reviewer. Char-
acteristics extracted for human studies were: first author and
year of publication, gender, number of participants, defini-
tion and diagnosis‐method of UUI, assessed material, assay
method, investigated gene/protein/genetic variant, and re-
sults of the (value) differences between the groups (UUI and
controls). For animal studies, first author and year of pub-
lication, type of animal, sex, number of subjects, UUI in-
duction method and confirmation of diagnosis, assessed
material, assay method, and investigated gene/protein/
genetic variant were extracted.

The risk of bias assessment was performed by one and
checked by a second reviewer. All discrepancies were dis-
cussed until agreement was reached and with the help of a
third reviewer when necessary. The tools used were the
Cochrane risk of bias in non‐randomized studies of inter-
ventions (ROBINS‐I)10 for human studies, and the SYRCLE
risk of bias tool11 for animal studies. Differences between
cases and controls in age, body mass index (BMI), and me-
nopausal status were recorded and taken into account in the
risk of bias assessment. The basic signaling questions of the
ROBINS‐I tool do not cover in vitro aspects of studies, that is,
the derivation and preparation of cell material for outcome
assessment. Therefore, seven signaling questions addressing
the risk of bias for in vitro aspects of studies were used if
applicable (Supporting Information 3), based on a tool de-
veloped in 2016 for in vitro studies by the National
Toxicology Program.12

The retrieved data per outcome measure were pre-
sented in a structured manner. Outcome measures were
grouped in themes according to the knowledge of their
functions. Since it was expected that the outcomes of the
included studies were too diverse for an overall meta‐
analysis, we decided that when more than five homo-
geneous studies explored one outcome measure, a meta‐
analysis of that outcome measure would be performed.
When a standard error (SE) was provided instead of the
standard deviation (SD) in the studies included in the
meta‐analysis, SDs were calculated using the following
formula: SD= SE× n . Standardized mean difference
(SMD) was used as an effect size measure. Subsequently, a
random effect meta‐analysis was performed using STATA

version 15, and forest plots were created. For quantifying
heterogeneity, I2 was used.

3 | RESULTS

3.1 | Study selection

Figure 1 shows the flow chart of the review. Out of 10,785
retrieved articles, only 37 studies met the inclusion criteria
and were included in the final analysis.

3.2 | Study characteristics

Tables 1 and 2 show an overview of the characteristics of
the human (N=33) and animal (N=4) studies, respec-
tively. Nine studies investigated genetic variants,14–22 4
studies gene expression changes,23–26 and 26 studies protein
expression changes24,25,27–50 including 17 studies on urinary
or serum biomarkers.27,28,31–36,38,39,41,43–45,47,49,50 Four stu-
dies investigated possible associations in a nonhypothesis‐
driven manner: three genome‐wide association studies
(GWASs)15,17,18 and one whole‐genome expression
microarray.23 Seventy unique genes/proteins/protein‐
related products were analyzed in hypothesis‐driven stu-
dies, and the majority of the genes/proteins/protein‐related
products (83%) were examined in only one study. The four
animal studies were all (conditional) gene knockout mouse
models.19–22 A more extensive description of study char-
acteristics is presented in Tables S1 and S2.

3.3 | Risk of bias of included studies

In the overall risk of bias judgment with the ROBINS‐I tool,
6 studies scored high,29,31,34,37,39,42 18 medium‐
high,15,23–25,27,28,33,35,36,38,40,41,43–46,48,50 and 9 medium‐
low14,16–18,26,30,32,47,49 (Figure 2). Human studies scored poor
on the topics of confounding, bias in the measurement of
outcomes, and reporting of deviations between study groups.
In the SYRCLE tool, all four animal studies scored unclear
on risk of bias for most items (Figure 3).19–22 The topics
blinding (performance and detection), random outcome as-
sessment, and incomplete outcome data were scored most
often as contributing to unclear the risk of bias. Tables S3
and S4 show the risk of bias assessment per study.

3.4 | Synthesis of the results

The overview of the extracted results of the included
studies are displayed in Tables 3 (nonhypothesis‐driven)
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and 4 (examining specific gene/protein/protein‐related
product). Concerning genetic variants, the three
GWASs did not find any replicable association
(Table 3).15,17,18 Another human study, investigating
specific predefined polymorphisms, indicated an asso-
ciation between a polymorphism in the androgen re-
ceptor and UUI.14 The (conditional) knockout of
muscarinic‐Ras (M‐Ras),19 β‐1 integrin,20 and Slo121,22

genes led to UUI‐like symptoms in animals, demon-
strating a functional correlation between these genes
and the occurrence of UUI.

Concerning gene expression differences, a tran-
scriptome analysis of bladder biopsies showed several
associated genes per p‐value threshold, suggesting the
involvement of multiple molecular pathways23 (Table 3).
In other studies examining gene expression, only one to
three genes were examined and the results were con-
flicting or differences were not significant.24–26

The vast majority of the included studies examined
protein expression(‐related) differences that involved
urinary or serum biomarkers (Table 4). These potential
biomarkers were often tested in individual studies only
and results were not independently validated. In view of
the former, these single‐study results are not discussed
separately and can be found in Table 4.

Nerve growth factor (NGF) was the most represented
biomarker (12 studies). Figure 4 shows the meta‐analysis of

urinary NGF/creatinine (Cr) values of patients with UUI
versus controls. Two studies were not included in the meta‐
analysis because log‐transformed data before analysis were
reported47 or only median and interquartile values were
reported43 instead of means and SD or SE. Five studies
included in the meta‐analysis were from one research
group.38,39,41,42,44 Communication with the corresponding
author of the studies by email confirmed that there was
no overlap of included subjects in these studies. Two
studies38,44 did not report which measure (SD or SE) was
used. Therefore, we employed a conservative approach and
assumed that the studies used SE and these were re-
calculated into SD. This random effect meta‐analysis
showed a pooled SMD of 1.01 (confidence interval
(CI) = 0.49–1.52, I2 = 90.0%; Figure 4). A sensitivity analy-
sis, assuming the unknown measurement units were SDs,
resulted in a similar pooled effect (Table S5).

Two studies examined adenosine triphosphate (ATP)
release in relation to UUI. Tissue ATP levels were sub-
stantially pronounced and urinary UUI levels were sig-
nificantly increased in UUI patients.37,49 In three studies,
urinary brain‐derived neurotrophic factor (BDNF)/Cr levels
were investigated. A trend toward higher BDNF/Cr levels
was observed but a clear association between elevated urine
BDNF/Cr levels and UUI could not be established.27,28,47

For serum C‐reactive protein (CRP), three out of four stu-
dies showed increased levels in UUI patients compared

FIGURE 1 Systematic selection of
articles and main reasons for exclusion
based on Prisma 2009. ROB, risk of bias;
UUI, urgency urinary incontinence13
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with controls, one study failed to demonstrate this asso-
ciation.31,33,45,50 In two studies examining ischemia mod-
ified albumin (IMA) significantly elevated IMA levels were
found in UUI patients compared with controls in one
study,32 but this was not confirmed in the second study.36

Two studies examining urinary47 or serum45 levels of
interleukin‐1B, ‐6, and ‐8 showed increased levels in the
serum of UUI patients but no significant differences in the
urine. Finally, in three studies urinary27,32 and serum45 le-
vels of monocyte chemoattractant protein‐1 (MCP‐1) were

FIGURE 2 Risk of bias graph of each item from the Cochrane ROBINS‐I tool that was applied to all included human studies and scored
by two investigators. For each item, several questions were scored with answers ranging from yes/probably yes/probably no/no/no
information/not applicable. Finally, all items were scored as low risk of bias, medium‐low risk of bias, medium‐high risk of bias, and high
risk of bias. BMI, body mass index; ROBINS‐I, risk of bias in non‐randomized studies of interventions

FIGURE 3 Risk of bias graph of each item from the SYRCLE tool that was applied to all included animal studies and scored by two
independent investigators. For each item, “yes” correlates to low risk of bias and scores 1, while “no” correlates to high risk of bias and
scores 0. SYRCLE, SYstematic Review Centre for Laboratory animal Experimentation
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investigated, showing a trend toward elevated
levels in UUI patients compared with controls but a
statistically significant difference was achieved in only one
study.32

4 | DISCUSSION

In search of molecular pathways involved in UUI, we
performed a systematic review of literature concerning
genetic variants, and differences in gene and protein
expression in UUI subjects when compared with con-
trols. The symptom of UUI was selected to examine a
clear and clinically well‐defined phenotype, with the aim
to avoid cluttering of results. After the extended search,
only 0.03% of initial studies were ultimately included in
the analysis. In general, the risk of bias was judged as
medium‐high or high (unclear in animal studies), and
the majority of the outcomes were only examined by
single studies. Despite the heterogeneity between the
studies—which made it a challenge to find common
denominators—two major molecular themes were dis-
tinguished as being associated with UUI: signal trans-
duction and inflammation.

4.1 | Signal transduction

Several studies suggested an association of genetic poly-
morphisms with UUI.14,18 Polymorphisms in the genes
encoding CIT (associated with cytokinesis), the tran-
scription factor ZNF5521, and the androgen receptor
were described, but unfortunately, the association could
not be validated in independent cohorts. Although this
suggests that these genes are not linked to UUI, re-
plication in larger cohorts is necessary to draw firm
conclusions. The four animal gene knockout studies all
showed an association of specific gene expression with a
UUI phenotype. Slo1, investigated in two studies, en-
codes for the pore‐forming subunit of the calcium‐
activated BK potassium channel in bladder smooth
muscle cells.21,22 It contributes to the control and reg-
ulation of spontaneous bladder contractions by regulat-
ing its membrane potential and repolarizing the action
potentials and deletion of this gene resulted in a UUI
phenotype.51,52 The studies firmly demonstrated a direct
relation between Slo1 expression and regulation of
bladder contractions and UUI. Whether Slo1 expression
or expression levels are involved in human UUI is,
however, still unsolved. Male M‐Ras−/− knockout mice
developed an UUI phenotype but the female M‐Ras−/−

mice did not.19 The sex‐dependent variation of this
phenotype and the expression of both M3R and M2R hasT
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not been explained. M‐Ras is expressed predominantly in
fibroblasts and skeletal muscle cells and activates a wide
variety of proteins. The results suggest that phenotypic
changes in these cells contribute to UUI. Finally, the
association of B1‐integrin (encoded by the ITGB1 gene), a
receptor for collagen, with UUI suggests that an aberrant
extracellular matrix (ECM) composition may play a role
in UUI.20

Concerning gene expression studies, the tran-
scriptome analysis comparing normal versus UUI‐
derived bladder tissue showed the differential expression
of a large number of genes linked to multiple pathways.23

Interestingly, smooth muscle contraction, cholinergic, G‐
protein coupled, and calcium‐dependent signaling were
major pathways in which genes that are differentially
expressed in UUI are involved.

Collectively, these studies show that the occurrence
of aberrant signaling, abnormal responses of contractile
cells, and aberrant ECM composition are intimately as-
sociated with UUI.

Finally, protein expression studies support the asso-
ciation of signal transduction pathways and UUI. Mul-
tiple studies demonstrated a correlation between UUI
and an increased urinary NGF/Cr ratio (pooled SMD:
1.01, CI: 0.49–1.52; I2: 90.0%). An SMD of zero denotes no

effect. Nevertheless, this result should be interpreted
with caution because the heterogeneity between studies
was high in the participants enrolled (difference in the
severity of UUI, medication use, and/or age), in
the method of collection of the urinary sample, and in
the method of NGF/Cr determination. It is intriguing
that NGF is associated with neurological effects53 and the
collective evidence suggests that NGF also affects the
bladder.54,55 Kashyap et al.56 showed that, when inducing
bladder overactivity with acetic acid in female Sprague‐
Dawley rats, NGF overexpression and chemokine upre-
gulation occurred. How this relates to UUI and whether
this leads to NGF signaling remains undetermined and
deserves further investigation. Importantly, elevated
NGF/Cr values are not solely restricted to UUI, as these
were also found to be elevated in OAB in general57–59 and
bladder pains syndrome/interstitial cystitis,60 a conclu-
sion recently confirmed by Siddiqui et al.9 who reviewed
biomarkers related to LUTS. In line with our findings,
they judged the included studies as being of poor quality.
The studies investigating urinary BDNF/Cr levels in UUI
patients were inconclusive. However, transgenic animals
overexpressing BDNF in the bladder showed changes in
the bladder neurons leading to detrusor overactivity, a
common finding in UUI.61 This does suggest a role for

FIGURE 4 Meta‐analysis of urinary NGF/Cr levels in patients with urgency urinary incontinence versus controls.
CI; confidence interval; Cr, creatinine; NGF, nerve growth factor; SMD, standardized mean difference; st. dev., standard deviation;
UUI, urgency urinary incontinence
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BDNF in UUI, albeit that apparently this may not be
related to BDNF levels but to downstream signaling.
Combined with the findings on NGF, it could con-
ceivably be hypothesized that UUI is associated with
neuronal changes and/or aberrant signaling.

Multiple studies investigated the possible involve-
ment of the purinergic signaling pathway in UUI,
showing changes in purinergic receptor (subtypes 3–7)
expression,46 ATP release,37,49 and involvement of tran-
sient receptor potential cation channel subfamily V
member 1 (TRPV1).62 Nevertheless, the evidence is cur-
rently insufficient to conclude that TRPV1 and pur-
inergic receptors (subtypes 3–7) play a role in the etiology
of UUI.

Finally, combining the results of gene expression and
protein expression studies, we were also able to identify
similarities of association in protein expression from the
following pathways indicated by the transcriptome study of
Cartwright et al.23: calcium‐dependent signaling,25,29

smooth muscle contraction,19,29,46 G‐protein coupled,16,19,29

and cholinergic signaling.19,29

4.2 | Inflammation

Inflammatory responses and UUI appeared to be asso-
ciated: serum CRP levels were significantly elevated in
UUI patients in all three studies included,31,33,45 and also
levels of other inflammatory markers (interleukins, tu-
mor necrosis factor‐alpha, and MCP‐1)27,32,45,47 were
elevated. The finding that urinary CRP was not elevated
in UUI patients31 implies that the elevated serum CRP
levels do not originate from the bladder epithelium, but
are possibly a reflection of submucosal inflammatory
responses. How this relates to (the development of) UUI
is unknown. Possibly, the different urinary microbiome
of UUI patients may play a role.63 Clearly, these aspects
deserve attention to understand their role in UUI.

4.3 | Considerations and limitations

Despite the high number of studies retrieved by our
search, only 37 studies were included. Due to an ex-
tensive search and the strict inclusion criteria, with the
intention to restrict ourselves to a rather homogeneous
and clear study population, many articles were excluded.
We believe this method of reviewing associations in a
well‐defined population prevented the introduction of
significant bias, which would make it difficult to link
associations to specific symptoms, a problem Siddiqui
et al.9 described in their review of LUTS. However, de-
spite this precaution, the populations (UUI vs. control)

included in the various studies differed substantially, for
instance in reporting of age, gender/sex, use of medica-
tions, BMI, and controls with different diseases, such as
bladder cancer or a combination of these aspects.
Therefore, some of the reported outcomes may still not
be UUI‐related, since these parameters could affect ex-
pression differences or influence genetic variant asso-
ciation. We decided to present these studies but marked
them as (medium) high risk of bias.

With the use of different risk of bias tools for animal
and human studies, we were able to assess study‐specific
determinants in an effort to reduce over/underestimation
of the results. Generally, the risk of bias assessment
showed a relatively high or unclear risk of bias which is a
risk factor for an overestimation of reported associations.
The unclear risk of bias was mainly due to the general
lack of reporting standards and transparency in animal
studies.

Most of the analyzed genes/proteins(‐related pro-
ducts) were studied in isolation and involved individual
studies, emphasizing the fragmented nature of the UUI
research. Moreover, relatively low numbers of subjects
were analyzed, possibly because of ethical considera-
tions. This was also true for the gene knockout animal
models. Nevertheless, these are very informative to de-
monstrate a direct cause‐effect relationship between a
certain gene and the UUI phenotype. The animal studies
allowed researchers to study individual animals before
they acquired UUI, something that is not possible in
patients. Thus, the underlying molecular drivers can be
studied in more detail. The value of these observations
and the relation with clinical UUI remains to be firmly
established, due to possible biological differences be-
tween animals and humans. The contribution of in-
dividual genetic variants to the etiology may also be
limited. This may explain the lack of replicated results
from the three GWASs.15,17,18 In addition, these studies
may have been underpowered. For a multifactorial
symptom such as UUI, mostly occurring later in life, it is
expected that the effect sizes of the variants will be low
and therefore, a large group of participants is needed to
find a statistically significant and replicable association.

5 | CONCLUSIONS

Signal transduction pathways and inflammation emerged
as important biological processes potentially associated
with UUI. A meta‐analysis suggests a relation between
an increased urinary level of NGF and UUI. This suggests
aberrant signaling in both smooth muscle and nerve cells
with the involvement of inflammation. Studies combin-
ing this information might lead to better insights in the
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development and occurrence of UUI. Despite the high
prevalence of UUI, only 37 studies met our inclusion
criteria, implying the need for more focused and less
fragmented future research with clearly defined popula-
tions. This systematic review provides an overview of
genetic variants, gene, and protein expression changes in
relation to UUI and therefore helps to formulate the
actual knowledge gaps and research questions that need
to be solved.
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