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Purpose: Metabolic syndrome and obesity have been advocated to be risk factors for the development of overactive bladder (OAB).
Additionally, insulin resistance is the underlying mechanism of metabolic syndrome. We aimed to investigate the association of
insulin resistance with overactive bladder in female patients.

Methods: We prospectively conducted the study in our urology department. Female patients aged between 30 and 76 years old
applied to our policlinics with or without OAB symptoms were enrolled. One hundred and twenty-two patients with OAB and
62 age-matched controls without OAB were included into the study. Fasting serum insulin, glucose, high-density lipoprotein
(HDL-c), and triglycerides levels were measured. Insulin resistance value was obtained via the homeostasis model assessment of
insulin resistance (HOMA-IR) calculator. The chi-square and Mann-Whitney U tests were used to compare differences in vari-
ables.

Results: Serum insulin level was found higher in female patients with OAB (11.5+6.2 pU/mL) relative to controls (6.4 +2.1 pU/
mL), statistically significant (P=0.036). In addition, HOMA-IR was significantly found higher in the OAB group, 2.86 (0.76 to
17.04) in comparison to controls, 1.32 (0.67 to 224), P =0.018. High-density lipoprotein cholesterol levels (HDL-c) were signifi-

cantly found lower in females with OAB.

Conclusions: Insulin resistance can be associated to overactive bladder and may play significant role in pathogenesis.
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INTRODUCTION

Opveractive bladder (OAB), is a highly prevalent and disturbing
disease with a profound impact on quality of life. Urinary ur-
gency is the based symptom and usually accompanied by fre-
quency and nocturia, with or without urgency urinary inconti-
nence, in the absence of urinary tract infection or other obvious
pathology [1]. The pathophysiology has been substantially poor-
ly understood, and metabolic syndrome has been elucidated to
play a significant role in etiopathogenesis [2].

Recent clinical studies have provided emerging evidence that
metabolic syndrome and obesity may play a significant role in

the development of lower urinary tract symptoms (LUTS) in
men and OAB in females [2]. Metabolic syndrome is a cluster
of visceral obesity, dyslipidemia, hypertension and glucose in-
tolerance. Insulin resistance (IR) is the underlying pathogenesis
and is likely to be a significant link between the components of
the metabolic syndrome [3]. Sympathetic overactivity, proin-
flammatory status, oxidative stress and other pathological con-
ditions are known to be associated to metabolic syndrome-IR
state. In addition, these mechanisms are also supposed to be in-
volved in the development of OAB [2].

We aimed to investigate the association of IR with OAB in
female patients and clarify the underlying mechanisms that may
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link these two pathologic conditions.

MATERIALS AND METHODS

We prospectively conducted the study in our urology depart-
ment. Female patients aged between 30 and 76 years old ap-
plied to our policlinics suffering from OAB symptoms or com-
plaints other than LUTS were invited to participate in our study.
OAB syndrome is defined according to International Conti-
nence Society 2010 definition as urinary urgency that is usually
accompanied by frequency and nocturia, with or without ur-
gency urinary incontinence, in the absence of urinary tract in-
fection or other obvious pathology [1]. Patients with symptoms
arising from childhood or any congenital, neurologic and se-
vere psychiatric diseases were not enrolled. Subjects with uri-
nary tract infection, or with diabetes mellitus, with pure stress
or mixed urinary incontinence and with previous pelvic sur-
gery were also excluded. In both groups we excluded the pa-
tients with visceral obesity below 85 cm.

Female patients agreed to participate in the study had com-
pleted a 3 day frequency-volume chart and the quality of life
measures including the OAB validated 8-question screener and
patients with scores 8 or greater were acknowledged to have an
OAB. The control group was free of urgency or urgency incon-
tinence. All patients in OAB group had urge urinary inconti-
nence.

Demographic characteristics such as age, medical history,
marital status, educational attainment, drugs on use, comorbid-
ities, constipation and menopausal status were obtained. Pelvic
examination was performed in each patient with LUTS. Body
weights, heights and waist circumference were recorded and
body mass index was calculated. Blood pressure of subjects with-
out current antihypertensive drug therapy were also measured.

Blood Collection

Overnight fasting blood samples were collected from each sub-
ject with minimal stasis and serum was separated. Serum ali-
quots were then storaged at -80°C. Fasting serum insulin con-
centration was determined with the automated chemilumines-
cent immunoassay analyzer (The Architect i1000SR analyzer,
Abbott Laboratories. Abbott Park, IL, USA). Serum concentra-
tions (mg/dL) of glucose, high-density lipoprotein cholesterol,
and triglycerides were measured by automated enzymatic pho-
tometry (Abbott Architect 16200, Abbott Diagnostics, Lake
Forest, IL, USA). Homeostasis model assessment of insulin re-
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sistance (HOMA-IR) was used to quantify IR and values was
obtained via the HOMA-IR calculator.

The study was approved by the Local Ethics Committee and
informed consent was obtained from all patients.

Statistical Analysis

Chi-square and Mann-Whitney U test was used for all of the
analysis performed between patients with OAB and controls
due to nonnormal distribution of the variables. Statistical calcu-
lations were performed using PASW ver. 18 (IBM Co., Armonk,
NY, USA). The null hypothesis was rejected if P-value was <0.05.

RESULTS

One hundred and twenty-two patients with OAB in the study
group and 62 age-matched controls without OAB were includ-
ed into the study. Mean ages for the study group and controls
were equivalent, 52.1+8.6 years (range, 33 to 73 years) and
51.1+6.4 years (range, 42 to 68 years), respectively. Mean serum
insulin level was higher in female patients with OAB, 11.5+6.2
(range, 3.3 to 50. 2 uU/mL) relative to controls, 6.4 +2.1 (range,
2.2 t0 9.7 pU/mL), statistically significant (P =0.036). In addi-
tion, HOMA-IR values were calculated and significantly found
higher in OAB group, 2.86 (range, 0.76 to 17.04) in comparison
to controls, 1.32 (range, 0.67 to 2.24), P=0.018. Both groups were
equivalent in terms of marriage status, smoking habitus, educa-
tion level and constipation. Demographic and clinical charac-
teristics of patients with and without OAB is shown in Table 1.
Hypertension was found higher in the study group, but did

Table 1. Demographic and clinical characteristics of patients with
and without overactive bladder (OAB)

Variable OAB (+) OAB (-) P-value
No. 122 62

Age (yr) 52.1+8.6 51.1+64 0.38
Waist circumference (cm)  102.7+14.7 98.1+11.6 0.12
Hypertension (%) 52.5 36.8 0.11
Height (cm) 162+3.1 164£3.2 0.18
Weight (kg) 83.2+10.4 76.9+4.2 0.16
Body mass index (kg/m?) 324+49 29.2+3.1 0.21
Constipation (%) 27 21 0.13
Menopause (%) 80 88 0.31

Values are presented as mean + standard deviation unless otherwies in-
dicated.
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Table 2. Laboratory findings of patients with and without over-
active bladder (OAB)

Variable OAB (+) OAB (-) P-value
Insulin (WU/mL) 11.5+6.2 6.4+2.1 0.036
HOMA- IR 2.86(0.76-17.04) 1.32(0.67-2.24) 0.018
Glucose (mg/dL) 107.4+6.1 94.5+7.3 0.007
HDL (mg/dL) 493+12.3 584+134 0.015
Total cholesterol (mg/dL)  216.1+44.3 218.5+283  0.29
Triglyceride (mg/dL) 133.4+84.1 1243453 049
LDL (mg/dL) 138.5+ 334 132.3+40.8 0.78

Values are presented as mean + standard deviation or mean (range).
HOMA-IR, homeostasis model assessment of insulin resistance; HDL,
high-density lipoprotein; LDL, low-density lipoprotein.

not reach statistical significance. Additionally, high-density li-
poprotein levels were significantly found lower in females with
OAB. Triglyceride and total cholesterol levels were statistically
nonsignificant (Table 2). Both groups were equivalent in terms
of visceral obesity and body mass index.

DISCUSSION

Initially, hyperinsulinaemia has been related as an etiologic risk
factor for prostate growth [3]. Following this attractive study,
many trials have revealed associations between visceral obesity
or metabolic syndrome and LUTS [2]. In terms of relation to
OARB visceral obesity, the core component of the metabolic syn-
drome, has been found to be a risk factor in both sexes, more
pronounced for women, and finally metabolic syndrome has
been strongly related to OAB in females [2]. Additionally, both
IR and OAB have an increasing prevelance with advancing age.
On account of these cumulative evidence, IR as an underlying
mechanism of metabolic syndrome can play a significant role
in the etiopatogenesis of this prevalent disease. Likewise, in our
small group HOMA-IR values were significantly found higher
than controls. Visceral obesity, body mass index and hyperten-
sion were not found significant between the groups. However,
these parameters were significantly found higher in our previ-
ous study [2]. IR is known highly correlated to visceral obesity
and therefore, we excluded the patients with visceral obesity be-
low 85 cm in this study.

Inflammation and oxidative stress has been advocated in the
etiopathogenesis of OAB. In an epidemiologic survey Kupelian
et al. [4] revealed an association between increasing C-reactive
protein levels and OAB for both men and women and hypoth-
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esized a role of inflammation in the development of OAB. In
addition, urine levels of inflammatory mediators were found el-
evated in female patients with OAB [5]. This association has
been supported by animal studies. In fructose-fed rats, a com-
mon model used for metabolic syndrome, detrusor overactivity
mainly by increased phasic contractions were demonstrated in
62.5 t0 66.7% of the rats compared to none in controls [6,7].
Histological examination of the bladders revealed leukocyte in-
filtration around the endothelium of vessels and into the inter-
stitial tissue, hypoxia and fibrosis [7]. Furthermore, increased
muscarinic M2-3 receptor m-RNA and protein expression has
been associated with evidence of detrusor overactivity and con-
nected with metabolic syndrome [8]. In addition to relation of
metabolic syndrome related chronic inflammation with OAB,
another IR related mechanism, oxidative stress, has also been
advocated to play a significant role in the pathogenesis of OAB.
It has been suggested that reactive oxygene species stimulate
capsaicin-sensitive bladder afferent fibres and mediate detrusor
overactivity in rats [8].

Obesity is no longer characterized as a chronic and systemic
inflammatory disease where adipose tissue produces inflamma-
tory mediators [9]. Adipose tissue is known to produce and se-
crete several inflammatory mediators and adipokines (cyto-
kines) [9]. These mediators, such as interleukin 6 and tumor
necrosis factor alfa and other adipokines induce oxidative stress
and endothelial dysfunction [10]. Additionally, obesity give rise
to increase in nonesterified fatty acids [10]. These free fatty ac-
ids and inflammatory mediators may activate serine kinases
which phosphorylate serine residues of insulin receptor sub-
strate-1 and cause IR [9]. Disrupt insulin signaling further ag-
gravates oxidative stress and endothelial dysfunction [10]. It is
known that chronic subclinical inflammation affects endotheli-
al dysfunciton and is involved in aterosclerotic process. Fur-
thermore, obesity associated free fatty acids and inflammatory
mediators are also responsible for the development of compo-
nents of metabolic syndrome, which are IR, dyslipidemia, and
hypertension [10]. IR is the common link between obesity, the
metabolic syndrome and profinlammatory state, free fatty ac-
ids, hypercoagulability, hypothalamic-hypophyseal adrenal axis
and cellular oxidative stress [10].

It is known that IR cause sympathetic overactivity [11]. Ad-
ditionally, Hubeaux et al. [12] reported that sympathetic over-
activity is the main neuropathologic finding in patients with id-
iopathic OAB. Increased sympathetic activity of the bladder
neck and prostate is also an independent etiologic factor for the
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development of LUTS in men [13]. Women with OAB have
been reported to have hypoesthesia in the urethra and may
have alterations in C fiber function which has been suggested
to play a role in detrusor overactivity [14]. Furthermore, de-
creased perfusion of the bladder neck was observed in elderly
females with LUTS [15]. Additionally, it is shown that chronic
nitric oxide (NO) deficiency at trigon and urethra can trigger a
persistent contraction leading to a detrusor overactivity [16].
Trigon and proximal urethra mediates the sympathetic trans-
duction of the bladder and therefore can be the critical zone of
the development of OAB in females. Additonally, benign pros-
tatic hyperplasia is suggested to cause to detrusor overactivity
and storage symptoms in men. This might be partly true, and
metabolic syndrome related IR and chronic inflammation in
bladder seperately might cause storage symptoms.

There is growing evidence that decreased bladder blood flow
may contribute to detrusor overactivity in elderly men and wo-
men [15]. In addition, severity of LUTS has been found corre-
lated with decreasing blood flow in bladder neck or urethra
[15]. Animal studies have shown that moderate bladder isch-
aemia resulted in enhanced detrusor overactivity [17], musca-
rinic receptor overreactivity and smooth muscle instability [17,
18]. Additionally, IR is known to cause to endothelial dysfunc-
tion and play significant role in formation of atherosclerosis
[19]. Nevertheless, chronic ischaemia might increasingly con-
tribute to pathogenesis at the advanced or refractory form of
the OAB.

We suggest that ischaemic damage forms through the stor-
age phase to the begining of micturition and the bladder reper-
fuses as the urine outflows. Reperfusion injury is known to cause
to more severe damage in bladder than ischaemia alone [20]
and results in production of oxidative radicals, activates C fiber
afferents and induce detrusor overactivity and urinary frequen-
cy [8]. Men or women with OAB have frequent detrusor con-
tractions and relaxations and higher intrabladder pressures com-
pared to subjects with healthy daily micturitions, that means,
more frequent daily ischaemic and reperfusion cycles. Addi-
tionally, ischaemia increases collagen deposition and impairs
the fibroelasticity of the bladder wall and contributes to non-
compliance [17]. Considerable evidence suggests a relationship
between LUTS and erectile dysfunction, and chronic pelvic
ischaemia can be the common pathophysiology of both disor-
ders.

NO has been reported to modulate the storage phase of the
micturition reflex [16]. Additionally, it was shown that long
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term NO deficiency sentitizes the bladder to muscarinic ago-
nists and reduces b-adrenoreceptor mediated detrusor smooth
muscle relaxations [16] and cause detrusor overactivity. These
evidences point out that OAB may have close associations with
chronic NO deficiency. IR is associated with a decrease in en-
dothelial nitric oxide synthase phosphorylation and decreased
endothelial NO production [21]. Additionally, oxidative stress
reduces NO production [21]. NO pathway can be a significant
intermediate pathophysiology of IR and chronic inflammation-
oxidative stress related development of OAB.

OAB is suggested to be characterized with increase in blad-
der wall thickness and ultrasonographic bladder wall measure-
ment is proposed to be used as a diagnostic tool. It is known
that IR and oxidative stress reduce NO production [21]. NO has
been shown to inhibit the bladder smooth muscle cell growth
[16] and chronic NO deficiency may result in smooth muscle
cell proliferation contributing to bladder wall thickness. Addi-
tionally, IR is associated with an increase in the level of insulin-
like growth factor 1 (IGF-1) and IGF-1 m-RNA has been found
increased in urinary bladder during hypertrophy of smooth
muscle and has been suggested to play a role in smooth muscle
cell hypertrophy [22]. Furthermore, streptozotocin induced di-
abetic rats showed an increase in total bladder tissue with hy-
pertrophy of the bladder wall and increase in smooth muscle
and urothelium thickness [23]. All these IR related mechanisms
might be the underlying pathophysiology of bladder wall thick-
ness in patients with OAB. Moreover, it is shown that metabolic
syndrome rabbits developed fibrosis in bladder [24], and isch-
aemia is shown to increase collagen content and impair the fi-
broelastic structure of the bladder [17] and results in thicken-
ing. Increase in collagen content decreases the viscoelasticity of
the bladder wall and may result in low bladder compliance.
Sudden increase in bladder pressure disproportional to bladder
volume is the clinical definition of OAB and we believe corre-
sponds to a hypocompliance. IR and chronic inflammation can
decrease the compliance of the bladder through impairing the
viscoelastic structure of the bladder wall.

Based on these evidences, OAB might be the pathology of all
layers of bladder wall rather than the sole smooth muscle (myo-
genic theory) or nerves (neurogenic theory), and OAB can be
an impaired bladder contractility rather than an overactivity.

IR is found to stimulate ovarian androgenesis [25] and sig-
nificant positive correlation was found between total testoster-
one level and urgency and nocturia in females with a IR related
disease, polycystic ovary syndrome, and indicates that women
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with higher serum testosterone levels are more likely to have
bladder symptoms [26]. In contrast, the result of IR in men is a
relative hyperestrogenemia which is reported to be related to
detrusor overactivity in rats [27].

Urinary nerve growth factor (NGF) levels are reported to be
increased in women with OAB [28] and serum levels were up-
regulated in metabolic syndrome [29]. NGF is mainly implicat-
ed in inflammatory response and NGF gene and protein is re-
ported to be upregulated in ischaemic bladder [18] and elevated
urinary levels can be the result of obesity-IR state.

The limitations of our study are the nature of cross-sectional
and small size of the patient cohort, and lack of measurement
of inflammatory mediators. Further studies are needed to in-
vestigate the pathogenetic relations of IR and chronic inflam-
mation with OAB.

People with nocturia have been shown to have higher mor-
tality rates [30] and IR can be the underlying etiologic reason.
IR can also be cause of a likely higher mortalilty in women with
OAB. Cardiovascular diseases, erectile dysfunction, diabetes,
and Alzheimer’s disease are related to IR and we believe idio-
pathic OAB can be a predictor of general health status. Addi-
tionally, improved control of IR, obesity related chronic inflam-
mation and oxidative stress might prevent the onset of OAB or
improve the symptoms.

In conclusion, IR is associated to OAB and may play signifi-
cant role in pathogenesis.
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