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Abstract

Purpose of Review To explore the current literature regarding the epidemiology, pathophysiology, diagnosis, and management of
overactive bladder in diabetic patients.

Recent Findings Overactive bladder is a syndrome complex of urinary urgency, often accompanied by frequency and nocturia.
Several studies have established the relationship between diabetes mellitus and bladder dysfunction. However, there is limited
literature available to evaluate the prevalence of overactive bladder in this population and to guide clinical practice. The
introduction of medications such as mirabegron and minimally invasive techniques such as intravesicular
onabotulinumtoxinA injections has resulted in a shift in the treatment model for overactive bladder. New technologies for
treatment such as radiofrequency therapy are also under active development. Ongoing research seeks to further understand the
mechanisms involved in the pathogenesis of overactive bladder and identify biomarkers.

Summary With the increasing prevalence of diabetes mellitus, it is expected that patients with overactive bladder
symptoms will be seen more frequently. The American Urological Association (AUA) and Society of Urodynamics
and the Female Pelvic Medicine & Urogenital Reconstruction (SUFU) recently updated the guidelines for the diagnosis
for overactive bladder in 2019. However, there are important considerations in diabetic patients that may alter clinical
evaluation and management. We tried to shed some light on these diagnostic considerations and the management options
available to diabetic patients.

Keywords Overactive bladder - Diabetes mellitus - Incontinence - Urinary tract infection

Abbreviations PCP primary care physician

DM diabetes mellitus PTNS  peripheral tibial nerve stimulation
UsS United States

LUTS lower urinary tract symptoms

BPH  benign prostatic hyperplasia

OAB  overactive bladder Introduction

UTI urinary tract infection

ER endoplasmic reticulum The prevalence of both type 1 and type 2 diabetes mellitus
AUA  American Urological Association (DM) is predicted to increase by 54% in the United States

SUFU Female Pelvic Medicine & Urogenital Reconstruction (US) between the years 2015 and 2030 [1]. DM often results
in serious morbidity affecting multiple organ symptoms, in-
cluding the lower urinary tract. In fact, lower urinary tract
This article is part of the Topical Collection on Overactive Bladder symptoms (LUTS) affect up to 80% of patients with DM [2,
3]. DM impacts the lower urinary tract by several mecha-
nisms: chronic hyperglycemia causes polyuria and can lead
to peripheral nerve injury and neuropathy, which subsequently
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DM on the lower urinary tract have long been acknowledged,
there is a relative paucity of literature on this topic.

Few studies have reviewed the epidemiology and patho-
physiology of the relationship between overactive bladder and
DM, and there is limited research available to guide clinical
practice. In addition, most studies have focused on women as
they tend to have a higher rate of urinary incontinence.
Research in men is complicated by conditions such as benign
prostatic hyperplasia (BPH) that may present with LUTS sim-
ilar to those experienced as a result of DM, thus serving as a
significant confounder. However, bladder changes with DM
are prevalent in both men and women and have a significant
impact on the quality of life in both groups.

In this review, we focus on one of the most common uro-
logical complications: overactive bladder (OAB). OAB is de-
fined as a syndrome of urinary urgency, often accompanied by
frequency and nocturia, with or without urgency urinary in-
continence, in the absence of urinary tract infection (UTI) or
other underlying pathology [5]. We discuss the epidemiology,
current understanding of the pathophysiology, diagnosis, and
management of OAB in diabetic patients. We hope the infor-
mation presented will aid both primary care physicians and
urologists in providing optimal care of these patients.

Epidemiology

Numerous studies have been conducted to identify the preva-
lence of OAB. Data on the overall prevalence of OAB is
variable, with this condition estimated to affect 11.8% to
35.6% of the general population, though most published liter-
ature indicates a higher prevalence in women than men
[6-10].

In the US, the National Overactive Bladder Evaluation
(NOBLE) study in 2003 found the prevalence of OAB to be
similar in women and men (16.9% and 16%, respectively) [6].
The Epidemiology of Lower Urinary Tract Symptoms
(EpiLUTS) study found the prevalence of OAB in women
and men to be 43.1% and 27.2%, respectively, and reported
that approximately 29.8 million adults in the US aged >
40 years had bothersome OAB symptoms [7]. The interna-
tional multicenter EPIC study, including data from Canada,
Germany, Italy, Sweden, and the United Kingdom found an
overall prevalence of 11.8%, with similar rates in women and
men (12.8% and 10.8%) [8]. Finally, the Milsom study which
was conducted in six European countries found the overall
prevalence of OAB to be 16.6% with the prevalence among
women and men as 17.4% and 15.6% [9].

The available literature addressing the prevalence of OAB
in patients with DM is limited. A questionnaire-based study
conducted by Palleschi et al. (2014) in Italy found that OAB
was more common in diabetic patients (35.7% of DM group
vs. 4.8% of control group). Among the diabetic patients, the

prevalence of OAB among women and men was found to be
36.1% and 34.9%, respectively [11]. Liu et al. (2011) queried
patients at a dedicated diabetic center in Taiwan. Among pa-
tients with type 2 diabetes, 22.5% had OAB, including 20.1%
of women and 24.8% of men [12]. Finally, a more recent study
conducted by Xu et al. (2017) in mainland China found the
prevalence of OAB in patients with type 2 diabetes to be
13.9%, which is two-fold greater than that in the Chinese
general population [13]. Although population-level data in
patients with DM is scarce, published data indicates that the
burden of OAB symptoms is significantly greater among dia-
betic patients, with nearly double the prevalence in this unique
population.

Pathogenesis of Overactive Bladder
in Diabetes Mellitus

The bladder is composed of several layers, all of which un-
dergo changes as a result of diabetes. The innermost layer is
the urothelium; it acts as a non-permeable barrier and prevents
leakage of urine, thereby protecting the underlying tissue. The
urothelium has chemical, mechanical, and thermal sensors
which relay the extent of bladder fullness to the neurogenic
and myogenic systems [14]. The next layer is the lamina
propria which connects the urothelium layer to the underlying
smooth muscle. It contains collagen, interstitial cells, fibro-
blasts, adipocytes, abundant blood supply, and nerve bundles.
This is followed by three layers of detrusor smooth muscle
that operate under sympathetic and parasympathetic control.
The detrusor muscle is composed of an inner layer with cir-
cular muscle fibers sandwiched between two layers of longi-
tudinal smooth muscle. Finally, the urethra is responsible for
voiding the bladder and is held by the internal urethral sphinc-
ter made of smooth muscle and the external urethral sphincter
made of skeletal muscle [15].

There are several studies in the literature with suggested
mechanisms to describe the changes occurring due to diabetes
in all the layers of the bladder in a time-dependent manner.
Studies have demonstrated changes in muscle contractility
due to calcium homeostasis, ion channels and receptors, oxi-
dative stress, neuropathy, inflammation, cellular senescence,
alterations in urothelial mechanosensitivity and cell signaling
[15-20]. Wang et al. (2017) observed structural changes in-
volving the endoplasmic reticulum (ER) cisternaes in
streptozotocin-induced diabetic rats. They observed swelling,
fusion, and degranulation of cisternaes in the ER, deformed
nuclei and increased apoptosis in the detrusor smooth muscle
after the 12th week of induction. These findings may add ER
stress to the complex picture in the pathogenesis of bladder
dysfunction in diabetes [21]. An early study by Daneshgari
et al. (2006) analyzed streptozotocin-induced diabetic rats and
developed a temporal model of an early compensated to a late
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decompensated bladder state. It was found that morphological
damage to the detrusor smooth muscle begins 9—12 weeks
after induction and is characterized with the progressive loos-
ening and collapse of muscle bundles under light microscopy
[22].

The temporal hypothesis proposed by Daneshgari et al. [2,
22] describes a spectrum of clinical presentation and
urodynamic findings. The initial stage is an early compensated
state which results from hyperglycemia coupled with osmotic
diuresis and polyuria. The patient at this stage will experience
bladder storage problems and may clinically present with ur-
gency, increased urinary frequency, and nocturia. The early
stage may then progress to a late decompensated state which
results from a chronic hyperglycemic state coupled with oxi-
dative stress. The patient in the late decompensated state is
characterized by voiding difficulties and may present with
underactive bladder, reduced bladder contractility, and diffi-
culty initiating and maintaining a urine stream with increased
post-void residual volume and overall capacity. The clinical
findings in a patient with DM, therefore, range from increased
bladder contractility to impaired contractility which may prog-
ress further to flaccidity and impact the upper tract with recur-
rent pyelonephritis and kidney failure [22].

Diagnosis

The 2019 American Urological Association (AUA) and
Society of Urodynamics, Female Pelvic Medicine &
Urogenital Reconstruction (SUFU) guidelines for the diagno-
sis for OAB recommends a thorough diagnostic process
which includes, at a minimum, a careful history, physical ex-
am, and urinalysis in all patients [23e¢]. Bladder symptoms
should be carefully documented along with baseline symp-
toms, duration, and medical comorbidities. The degree of
bother is a key clinical parameter which must be assessed as
it is unnecessary to begin treatment in patients who are not
bothered by LUTS. For the diabetic patient under the care of a
primary care physician (PCP), bladder symptoms should be
carefully documented along with baseline symptoms, dura-
tion, and comorbidities to determine whether the patient re-
quires referral to a urologist. In addition to DM, relevant co-
morbidities in a complicated patient may include stroke, spi-
nal cord injury, multiple sclerosis, motility disorders, chronic
pelvic pain, recurrent urinary tract infections, prior pelvic sur-
geries, pelvic cancer, and pelvic radiation [23ee].

In a diabetic patient, one may consider additional diagnos-
tic procedures typically reserved for a complex presentation,
including a post-void residual and urodynamics. Though the
AUA/SUFU recommends against urodynamics, cystoscopy,
and renal/bladder ultrasound for uncomplicated patients
[23e¢], patients with DM have variable phenotypes of bladder
dysfunction that may warrant this additional testing. If the
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patient has not undergone testing within 3 months, a hemo-
globin Alc should also be included in the initial evaluation,
particularly if there is an acute onset or change in symptoms,
which may indicate worsening hyperglycemia. The rate of
infections is also higher in diabetic patients; hence, urinalysis
and urine culture with additional tests to assess the degree of
glycemic control may be necessary [24].

It is also important to keep in mind that a patient presenting
with OAB symptoms may have underlying undiagnosed DM.
Therefore, it is imperative to conduct a thorough exam which
includes evaluation for signs of DM, such as acanthosis
nigricans, truncal obesity, weight changes, and vision chang-
es. Glucosuria on urinalysis may also indicate a diagnosis of
DM. Medications taken by the patient should be reviewed
since several medications used for glycemic control such as
SGLT-2 inhibitors induce glycosuria. Diuretics also increase
urine output and may precipitate symptoms. Diagnosis of DM
may be confirmed with hemoglobin A1C values, a fasting
glucose test or a two-hour glucose test.

Management

Management should be tailored to each individual patient,
taking into account symptom severity and goals of treatment.

Patient Education Thorough patient and caregiver counseling
is the foundation of OAB treatment. It is very important for the
patient to understand that OAB associated with diabetes is a
symptom complex with a chronic and progressive course.
Therefore, the patient’s active participation is important for
successful treatment. Substantial improvements can be
achieved by actively partnering with the patient and PCP for
glycemic control and weight management. A qualitative study
by Davenport et al. (2019) found that insufficient in-office
education was a common barrier to transitioning to third-line
therapy [25¢]. Education about the OAB clinical care pathway
which was created from the guidelines set by AUA and SUFU
will aid in expectation management and ease the transition to
advanced therapy in patients who develop refractory symp-
toms. The clinical care pathway is available for free at www.
SUFUorg.com.

Lifestyle and Behavioral Modifications Lifestyle modifications
include weight loss, diet changes, and behavioral therapies
include bladder training, bladder control techniques, fluid in-
take management, and pelvic floor muscle strengthening.
These techniques can significantly help with symptom im-
provement in diabetic patients [26].

Weight loss has long been established to be highly effective
in reducing the risk of diabetes and preventing complications
[27]. An incontinence sub-study from the results of the
Diabetes Prevention Program Outcomes study, which
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investigated the persistence of positive effects from lifestyle
interventions and metformin, found that intensive lifestyle in-
terventions have a positive and enduring impact on urinary
continence. The prevalence of weekly incontinence was lower
in the intensive lifestyle intervention group when compared to
the metformin and placebo groups (44.2% vs. 51.8%, 48.0%
urinary incontinence/week) [28]. A strong emphasis on glyce-
mic control, blood pressure control, and smoking cessation are
other important components in the management of diabetic
patients.

A bladder diary to document fluid intake and voiding be-
havior is a first step to identify targets for individualized be-
havioral management goals. Repeat bladder diaries may then
be used to monitor progress and evaluate treatment efficacy.
The PCP can partner with patients and caregivers to make
small adjustments to daily routines such as timed voiding,
voiding before bed-time, limiting fluid intake, and avoiding
food or beverages which may irritate the bladder.

Pelvic floor muscle exercises may also alleviate OAB
symptoms, with efficacy supported by systematic meta-
analysis [29]. Referral to a physical therapist specializing in
pelvic floor therapy may be offered as part of any conservative
management plan.

Pharmacologic Management Oral anti-muscarinic medica-
tions (e.g., oxybutynin, solifenacin, tolterodine) or oral f35-
adrenoceptor agonists (mirabegron) may be offered as
second-line therapy following failure of or in conjunction with
lifestyle and behavioral adjustments.

There are several possible side effects of anti-muscarinics,
most notably dry mouth, dry eyes, and constipation. In addition,
muscarinic blockade in the brain may result in cognitive impair-
ment and the development of dementia especially in middle-aged
and older people [30+]. Diabetic patients, in particular, are prone
to cognitive decline which may be accelerated when treated with
anti-muscarinics. Data from the Taiwan National Health
Insurance Research Database suggests that rates of dementia
were significantly higher in diabetic patients taking oxybutynin,
solifenacin, and tolterodine (3.9%, 4.3%, and 2.2%, respectively)
compared to diabetic patients not taking anti-muscarinic medica-
tions (1.2%) [31]. Given the potential association with dementia,
cognitive impairment must be assessed prior to initiating therapy
or transitioning to the next level of therapy. It may be beneficial
to use anti-muscarinics that have more favorable properties with
regard to side effects that effect the brain and cognitive function.
These include trospium, tolterodine, darifenacin, and solifenacin
[32].

{35-adrenoceptor agonists such as mirabegron may be
the preferred drug in patients who may need to avoid anti-
muscarinics or may be already taking a cholinesterase
inhibitor. The main concerns with mirabegron are the ef-
fect on the cardiovascular system due to the presence of
these receptors in those tissues. Hypertension may

develop as a result of treatment and hence blood pressure
will need to be monitored closely.

The SYNERGY 1I study evaluated the long-term safety
and efficacy of combination therapy of mirabegron and
solifenacin versus monotherapy for overactive bladder
(OAB) in 2018. They reported only a slightly higher frequen-
cy of adverse events from combination therapy when com-
pared to mirabegron and solifenacin alone (49% versus 41%
versus 44%, respectively) [33¢].

Minimally Invasive and Surgical Techniques Peripheral tibial
nerve stimulation (PTNS), sacral neuromodulation, and intra-
detrusor onabotulinumtoxinA injection may be offered as
third-line therapies when both behavioral and pharmacologi-
cal management are ineffective for the patient.

PTNS is carried out by stimulating the S3 sacral nerve plexus,
using a retrograde pathway via direct stimulation of the posterior
tibial nerve. PTNS is a simple outpatient procedure and an at-
tractive option for patients who cannot tolerate the side effects of
medications. Several studies have demonstrated the efficacy of
PTNS in improving OAB symptoms. In trials comparing PTNS
to anti-muscarinic drugs, the symptomatic improvements were
similar and side effect profiles were superior [34-36]. A single-
center study conducted by Mathieu et al. (2017) addressed PTNS
outcomes in patients with and without DM and found similar
functional outcomes in both diabetic and non-diabetic groups
[37]. Considering the side effects of medical management and
polypharmacy experienced by many, PTNS may be more desir-
able for certain patients.

Cystoscopic injection of onabotulinumtoxinA into the
detrusor muscle works by inhibiting the release of acetylcholine
at the neuromuscular junction in peripheral nerve endings
resulting in temporary muscle paralysis. Studies indicate that
onabotulinumtoxinA injections can improve symptoms in pa-
tients with moderate to severe OAB symptoms [38—41]. Wang
et al. (2014) evaluated the safety and efficacy of intravesicular
onabotulinumtoxinA injection in patients with DM and OAB.
They reported success rates that were statistically similar in both
the DM and control groups (56% and 61%, respectively) [42].
After intravesical onabotulinumtoxinA injection, the rate of tran-
sient urinary retention in the general population was found to be
35% [43]. The DM patients in the same study by Wang et al. had
significantly higher larger post-void residual volumes compared
to the control group (60.4% and 33.3%, respectively) as well as
general weakness (10.4% and 0%, respectively) [42]. Patients
with DM, then, should be counseled about a higher than normal
risk of post-procedure urinary retention that may require inter-
mittent self catheterization.

Sacral neuromodulation is another surgical treatment option
in carefully selected patients. This device delivers mild electrical
impulses to the sacral nerve roots using an implanted
neurostimulator and lead and is usually placed adjacent to the
S3 sacral nerve root. There are several considerations prior to
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device implantation. Patients must have the cognitive and motor
ability to operate the remote control of the neurostimulator, the
battery or device itself may need periodic surgical replacement,
and patients with implanted devices cannot undergo MRIs,
though newer devices in product development are MRI compat-
ible. Studies have also reported frequent adverse events such as
pain or electric shock sensation at the device site, lead migration,
need for surgical correction, infection at site of implantation
[44-48]. Infection risk is of particular concern in patients with
DM. In fact, Daniel et al. (2010) conducted a study on patients
undergoing sacral neurostimulator implantation. While success
rate was similar in both the diabetic and non-diabetic cohorts, the
number of device removals due to infections was higher in the
diabetic cohort (37.5 vs. 25.5%) [24, 49].

Conclusions and Future Directions

OAB is a common pathology reported in 11.8% to 35.6% of
patients in the general population [6—10]. Patients with DM
experience more severe symptoms, with a higher impact on
their quality of life. It is important for providers to recognize
the synergistic effect of DM on patients with OAB and man-
age these patients with consideration for their increased risk of
urinary tract infection and their likelihood of failing primary
and secondary therapies.

The precise mechanisms involved in the pathogenesis of
OAB in a diabetes bladder remain to be fully understood.
Studying the molecular mechanisms may help with the devel-
opment of better diagnostic tools and treatment options. There
are promising efforts being made investigate biomarkers of
OAB such as nerve growth factor, prostaglandin E2, adeno-
sine triphosphate [50¢e, 51¢¢]. The results from a recent study
suggest that alteration of stable microRNA (miRNA) levels in
plasma may be used as auxiliary parameters to evaluate the
mechanisms involved in the pathophysiology of OAB [52].

Finally, there are new technologies for the treatment of OAB
under active development. Radiofrequency therapy can be used
to disrupt nerve signaling pathways within the bladder and there
are a few studies being conducted to evaluate its safety and
efficacy [53]. Another recent study developed an external
compression-release protocol that was demonstrated in an
ex vivo porcine model. The authors suggest that this technique
could represent a noninvasive form of pelvic floor muscle ther-
apy that could potentially decrease the load on bladder tension
sensors and hence reduce urinary urgency [54].
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