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Functional bladder disorders including overactive bladder and interstitial cystitis may induce problems in many other parts of
our body such as brain and gut. In fact, diagnosis is often less accurate owing to their complex symptoms. To have correct di-
agnosis of these diseases, we need to understand the pathophysiology behind overlapped clinical presentation. First, we fo-
cused on reviewing literatures that have reported the link between bladder and brain, as the patients with bladder disorders
frequently accompanied mood disorders such as depression and anxiety. Second, we reviewed literatures that have described
the relationship between bladder and gut. There exist many evidences of patients who suffered from both bladder and intesti-
nal diseases, such as irritable bowel syndrome and inflammatory bowel disease, at the same time. Furthermore, the interaction
between brain and gut, well-known as brain-gut axis, might be a key factor that could change the activity of bladder and vice
versa. For example, the affective disorders could alter the activity of efferent nerves or autonomic nervous system that modu-
late the gut itself and its microbiota, which might cause the destruction of homeostasis in bladder eventually. In this way, the
communication between bladder and brain-gut axis might affect permeability, inflammation, as well as infectious etiology and
dysbiosis in bladder diseases. In this review, we aimed to find an innovative insight of the pathophysiology in the functional
bladder disorders, and we could provide a new understanding of the overlapped clinical presentation by elucidating the patho-
physiology of functional bladder disorders.
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INTRODUCTION

Opveractive bladder (OAB) —a complex of symptoms —is de-
fined by the International Continence Society as “urinary ur-
gency with or without incontinence, usually accompanied by in-

creased daytime urinary frequency and nocturia” OAB can af-
fect the quality of life by interfering with work, social, and other
daily activities [1]. Interstitial cystitis/bladder pain syndrome
(IC/BPS) has been one of the most commonly diagnosed dis-
eases in the fourth decade or after, although the diagnosis may
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be delayed depending upon the index of suspicion for the dis-
ease. IC/BPS can coexist with other medical conditions, such as
fibromyalgia, irritable bowel syndrome (IBS), chronic fatigue
syndrome, and Sjogren syndrome. Patients with OAB and IC/
BPS frequently exhibit mental health disorders, such as depres-
sion and anxiety [2]. Moreover, the disorders are often over-
lapped with each other. Patients with OAB have a high risk of
developing IC/BPS, and vice versa [3].

The current concept of functional bladder disorders is direct-
ed away from organ-centered diseases towards symptom-based
syndromes, owing to its complex and elusive pathophysiology.
Until now, the underlying mechanism and treatment refractori-
ness of patients with functional bladder disorders has not been
clearly understood. Therefore, elucidating a mechanism that
causes functional bladder disorders is essential. In this study, we
introduce a mechanism that links bladder and brain-gut axis
has an important role in causing functional bladder disorder-
associated symptoms.

THE COMMUNICATION BETWEEN BLADDER
AND BRAIN

Significance of Stress and Corticotropin-Releasing Factor
in Bladder Disease
Corticotropin-releasing factor (CRF) —a stress-related peptide
that acts in hypothalamic-pituitary-adrenal axis — mainly func-
tions as a hormone that causes secretion of cortisol. CRF is se-
creted from hypothalamus in response to stress, allowing the
body to respond appropriately to a stressful stimulus. Bar-
rington’s nucleus (pontine micturition center) controls micturi-
tion [4], and its neurons are considered as one of the sources
that release CRF [5]. This indicates that the CRF released from
Barrington’s nucleus neurons plays a crucial role in micturition.
It has been reported that CRF secretion influences micturi-
tion. When patients with OAB were exposed to stress, they
manifested deterioration of symptoms such as frequent urina-
tion, urinary urgency, and nocturia, and when 60% of patients
with IC/BPS were exposed to stress, bladder pain was exacer-
bated [6-8]. The results from animal studies were consistent
with that from patient-based researches. In animal studies, rats
exposed to repeated social stress exhibited worsened urinary
tract symptoms [9]. A study that conducted water avoidance
test also demonstrated that stress-exposed rats showed in-
creased urinary frequency and shortened voiding interval [10].
Alterations in urodynamic functions, increased levels of CRF
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receptor (CRF-R) expression, and mRNA in stress-exposed rats
were observed when CRF level was increased by CRF adminis-
tration [11,12]. Given these findings, it is reasonable to say that
CRF-R activation followed by a specific signaling pathway plays
a crucial role in bladder control. For example, considerable in-
crease in CRF-R2 expression was detected in bladder after 48
hours of cyclophosphamide (CYP) treatment [13]. When rats
were treated with a CRF-R antagonist intrathecally, the inter-
contraction interval and micturition volume were markedly
lower than those of rats in the control group [14]. In addition,
experiments involving CRF-R agonist or antagonist demon-
strated the role of CRF-R signaling. CRF-R1 antagonist-treated
rats showed an increased micturition frequency and a de-
creased bladder capacity [15,16]. Visceromotor responses of
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Fig. 1. Functional bladder disorders have close relationship with
brain-gut axis. Stress/depression usually induces overexpression
of corticotropin-releasing factor (CRF), and this makes urinary
urgency, frequency, and pain. The affective disorders in brain in-
duce dysregulation of serotonin (5-hydroxy tryptamine, 5-HT)
and norepinephrine (NE), and altered levels of these neurotrans-
mitters could decrease inhibition effect of detrusor contraction.
It could also increase risks of urinary urgency, frequency and
pain. The noxious signal from bladder can affect the sensitivity
of gut afferent through cross-sensitization. Cross-sensitization is
one evidence of cross-talk between bladder and gut. Bladder has
unique bacterial community, called urobiome. Interstitial cysti-
tis/bladder pain syndrome (IC/BPS) and overactive bladder
(OAB) patients have altered urobiome composition, called dys-
biosis. Dysbiosis in bladder could affect gut microbiome and
vice versa. Inflammatory bowel disease (IBD) and irritable bow-
el syndrome (IBS) could affect brain through brain-gut axis such
as hypothalamic/pituitary/adrenal axis (HPA axis).
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rats to urinary bladder distension were elevated when treated
with a CRF-R2 agonist (urocortin), and this elevation was sup-
pressed when treated together with a CRF-R2 antagonist (anti-
sauvagine-30) [12] (Fig. 1).

Significance of Serotonin and Norepinephrine in
Functional Bladder Disease
Serotonin or 5-hydroxy tryptamine (5-HT) —a neurotransmit-
ter in the central nervous system (CNS) that regulates various
neurological activities—is produced mainly from the raphe
nuclei of brainstem [17,18]. 5-HT has an important role in reg-
ulating emotion, especially its association with the development
of depression. It is well known that the expression levels of
5-HT were remarkably low in the brain of depressed patients
[19]. Norepinephrine (NE) is primarily synthesized in neurons
that originate from locus coeruleus [20]. As a neurotransmitter
in sympathetic nervous system, NE is recognized to play a cru-
cial role in regulating blood pressure, heart rate, and muscles
during fight-or-flight response [21]. Similar to 5-HT, a de-
creased level of NE is associated with depression [22].

Functional bladder disorders are caused by the comorbid of
psychiatric symptoms such as depression and anxiety, which
eventually affects patients in their quality of life and financial
aspects. Of the 274 women diagnosed with OAB, many of them
developed depression or anxiety, accounting for 59.8% and
62.4%, respectively [23]. In the Hospital Anxiety and Depres-
sion Scale - Depression subscale scoring of 2 groups— 51 OAB
patients and 30 controls — OAB patients had 90% higher score
than that of controls [24]. Moreover, in these OAB patients, de-
pression turned out to induce deterioration of incontinence
symptom and in quality of life [24]. In addition, depression lev-
els were high in women with urinary urgency or stress inconti-
nence [25]. Moreover, the patients with severe depression
scored higher in International Consultation on Incontinence
Questionnaire-OAB and complained more of serious discom-
fort like enuresis and urge incontinence than those with mild
depression, and this aspect was also observed in the patients
with severe and mild anxiety [23]. Correlation analysis showed
that depression and urinary symptoms were positively correlat-
ed [23], corroborating the p association between functional
bladder and mood disorders. Given these findings, 5-HT and
NE are considered as factors that regulate the correlation be-
tween functional bladder and psychiatric disorders.

The role of 5-HT and NE in controlling micturition was sup-
ported by in vivo experiments in which the effects of the ad-
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ministered drug on urination were observed. Mice with altered
micturition pattern caused by moderate spinal contusion injury
exhibited enhanced micturition after the administration of se-
lective serotonin reuptake inhibitor (SSRI; fluoxetine) and
5-HT2A agonist (quipazine and 8-hydroxy-2-(di-n-propylami-
no)tetralin) [26]. Cats treated with a serotonin antagonist (me-
thysergide), showed reduced micturition threshold [27]. More-
over, a study using SSRI, serotonin and norepinephrine reup-
take inhibitors (SNRI), and their metabolites demonstrated the
alleviation in the micturition pattern of CYP-induced OAB
mice model [28].

Antidepressant injection was administered 24 hours post
OAB induction and its effect was observed after 24 and 48
hours of administration [28]. Both observations exhibited an
increase in first voiding latency and a reduction in number of
urine spots and urine volume [28]. Moreover, the administra-
tion of corticosterone injection for the signs of depression and
detrusor overactivity displayed a remarkable remission in SNRI
(duloxetine)-treated mice [29]. Depressogenic-like behavior,
cystometric parameters, altered concentration of proinflamma-
tory cytokines, and other parameters of depression were almost
recovered to normal levels [29-31]. Moreover, cats with reduced
bladder capacity and abnormal pattern of electromyography
(EMG) that resulted from the contraction of external urethral
sphincter caused by acetic acid infusion were improved after
the treatment with duloxetine [32]. Treatment of a patient suf-
fering from OAB and OAB-related anxiety and depression with
duloxetine ameliorated both bladder and mood disorders [33].
There are numerous 5-HT receptor subtypes, and the effect of
agonists/antagonists binding varies depending on the subtypes
and location of receptors, subjects, and signaling pathway trig-
gered — which implies the need for further investigation [34,35]
(Fig. 1).

THE RELATIONSHIP BETWEEN BLADDER AND
GUT DISORDERS

Evidences for the Co-occurrence of Bladder and Gut
Disorders

Patients with gut disorders were frequently accompanied by
urinary disorders including urinary urgency, increased fre-
quency of urination, straining to begin or finish voiding [36].
Approximately 20% of the 504 women with urinary inconti-
nence suffered from fecal incontinence [37]. In addition, void-
ing frequency and urgency were often found in patients with
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IBS when compared with that in controls [38]. The prevalence
rate of inflammatory bowel disease (IBD) was almost 100 times
higher in IC/BPS patients than in healthy control group, and
IBS was found to be the second most common concomitant
disease in IC/BPS patients [39]. Furthermore, the extent of
voiding symptoms depended on acute colitis severity [40].

Experimental animal models were similar to humans. Mice
with 2, 4, 6-trinitrobenzene sulfonic acid (TNBS)-induced coli-
tis were examined after 7 days of TNBS administration. It
showed a reduced void volume and substantially high urinary
frequency when compared with that in control groups [41].
TNBS-treated rats also showed altered micturition patterns, in-
cluding decreased voiding intervals and increased micturition
rate of 40% and above. Similarly, CYP-induced cystitis magni-
fied the visceromotor responses to colonic distension, which
suggests that dysfunction in bladder might cause colorectal dis-
orders [42].

These outcomes imply that colonic dysfunction affects blad-
der functions (urodynamic changes) and thereby, causing differ-
ent voiding patterns in patients. Therefore, given that the co-
morbidity of urinary and colonic dysfunctions is found to be
quite common, and pathology in one organ may give rise to
functional changes in the other, it is reasonable to say that there
is a cross-talk between these 2 organs. The most well-known hy-
pothesis of bladder-gut cross-talk is cross-afferent sensitization.

The contribution of afferent sensitization in bladder-gut
cross-talk was illuminated by several experiments. In colitis-in-
duced animal models, the activity of neurons was enhanced by
urinary bladder distention when compared with that in control
[43], and there was an increase in the amplitude of sodium ion
current in bladder afferent after the induction of colitis [44,45].
Moreover, in a study that measured the firing rate of bladder af-
ferent, especially C-fiber, there was a substantial difference in
response to mechanical or chemical stimulation between the
pre-intracolonic and postintracolonic administration of TNBS
[46]. Similarly, rats with TNBS-induced colitis displayed a de-
creased bladder pain in response to capsaicin, followed by the
denervation of capsaicin-sensitive afferent [47]. When the ab-
dominal EMG for colorectal distension was measured in an
acute cystitis-induced rat model, EMG activity was exhibited at
a lower pressure than in control [48]. Moreover, TNBS-induced
colitis model showed cystometric changes including decreased
bladder contraction interval [48]. Therefore, we can suggest
that the sensitivity of afferent changes depending on the pres-
ence of urinary or colonic irritation (Fig. 1).
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Table 1. Representative microbiota in bladder and gut

Bladder

Gut

Phylum

Genus Phylum

Genus

Firmicute

Bacteroidete

Proteobacteria

Actinobacteria

Aerococcus [60] Firmicute
Anaerococcus [60]
Lactobacillus [60,62]
Bacillus [62]
Enterococcus [60]
Staphylococcus [60]
Dialister [60]
Facklamia [60]
Bacteroides [62] Bacteroidete
Porphyromonas [60]
Proteiniphilum [60]
Prevotella [60,62]
Enterobacter [60)

Methylovirgula [60]

Proteobacteria

Microvirgula [60]

Pelomonas [60]

Bifidobacterium [65] Actinobacteria
Atopobium [60]

Clostridium [61]
Eubacterium [61]
Lactobacillus [63]
Bacillus [63]
Enterococcus [64]
Staphylococcus [63]
Dialister [61]
Faecalibacterium [61]
Bacteroides [61]
Tannerella [61]
Parabacteroides [64]
Prevotella [61]
Escherichia [64]
Shigella [61]
Desulfovibrio [61]
Bilophila [61]
Helicobacter [61]
Bifidobacterium [61,64]
Collinsella [61]

Corynebacterium [60,62]

Fusobacteria  Fusobacterium [60] Fusobacteria Fusobacterium [61]

Verrucomicrobia Akkermansia [61]

Microbiome - the Key Player of Communication

The microorganisms living in the specific locations of host’s
body regulate organ homeostasis, physiology, and interaction
with other organs. The definition of human microbiome in-
cludes the genome, collection of microorganisms, and their
ecology in human body (Table 1). The microbiota refers to the
microbes found in specific niche [49]. Most of the microbiota
are found in gastrointestinal tract, especially in large intestine. It
is reasonable to say that the gut microbiome regulates the health
of host as well as intestine, thereby maintaining a symbiotic re-
lation with the host. Moreover, alterations in the population of
gut microorganisms affect host gene expressions, metabolisms,
physiological functions, and immune system — eventually ex-
acerbating infectious diseases. Although the physiological cor-
relation between gut microbiome and bladder disorder is not
clearly understood, the overlap of several microorganisms in
diverse symptoms was observed in both gut and bladder dis-
eases (Fig. 2).
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Fig. 2. Bladder and gut share the common microbiota in species
level. When identifying microbiota in catheterized urine and
stool samples with 16S rRNA sequencing, 562 species and 1,482
species were found, respectively. Among the urine microbiota,
about 62.5% (351 species) were commonly identified in stool
sample [50].

The Problem Is Dysbiosis

“Urinary microbiome,” or “urobiome,” is the collective genome
of microorganisms in urine collected from the bladder [50,51].
It contains fungi, virus, and mainly bacteria. Some of these mi-
croorganisms can be pathogenic (uropathogen) and were iso-
lated from urine [52]. Dysbiosis is the alteration of normal
composition and function of microbiome in specific environ-
ments [53]. The changes in bacterial composition of urine sam-
ples collected from patients with bladder disease were observed,
suggesting that these alterations can be associated with the de-
velopment of functional bladder diseases [54]. In dysbiosis, the
total microbial diversity was decreased, and some bacterial taxa
were identified in increased or decreased concentration in urine
samples of the patients with bladder diseases. When comparing
with the healthy group, the IC/BPS and OAB groups common-
ly have a reduced microbial concentration and diversity in
urine [55,56]. In case of IC/BPS, the Streptococcus, Bifidobacte-
rium, Candida, and Lactobacillus genera concentration were in-
creased, while the Burkholderia, Staphylococcus, Propionbacteri-
um, Listeria, Finegoldia, and Corynebacterium genera concen-
tration were decreased [57]. In the OAB urine sample, 7 genera
including Sneathia, Staphylococcus, Proteus, Helococcus, Gemel-
la, Mycoplasma, and Aerococcus were in high concentration
[56]. Symptom severity and incontinence in bladder diseases is
remarkably correlated with urinary dysbiosis. The OAB patients
with a decrease in microbial diversity of urinary bacterial spe-
cies showed increased incontinence and symptom severity [58].
Furthermore, OAB patients with depression or anxiety showed
different bacterial genera in urine when compared with that in
OARB patients without mental disorders.
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Understanding the link between bladder and brain-gut axis,
and the discovery of urinary microbiota can bring profound
clinical implications in future. Many researchers suggest that
the interaction between bladder and brain-gut axis is bidirec-
tional. Efferent nerves of the CNS modulate the gut including
microbiota via autonomic nervous system and hypothalamic/
pituitary/adrenal axis. The interaction of the brain-gut (micro-
biota) axis is observed in chronic intestinal disorders such as
IBS or IBD. These disorders are also associated with cognitive
disorders (anxiety, depression, or stress). In note, the affective
disorders and chronic gut disorders are frequently associated
with functional bladder disorders. The communication be-
tween bladder and brain-gut axis might affect permeability, in-
flammation, as well as infectious etiology and dysbiosis in blad-
der diseases [59].

CONCLUSIONS

A new hypothesis should be put forth to understand the func-
tional bladder disorders that often show various overlapping
symptoms. In the present review, we suggest that other etiolo-
gies may exist in addition to neuromuscular dysfunction and
inflammation. We focused on the importance and possible role
of the bladder and brain-gut axis. In regard to this insight, in-
novative therapeutic strategies targeting the microbiota and the
integration of many overlapping symptoms could be developed
for the proper management of functional bladder disorders. In-
stead of a therapy focused on decreasing urinary frequency or
reducing bladder pain, evolving therapies are focused on en-
hancing the role of integrated care and beneficial microorgan-
isms in the urinary ecosystem.
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