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INTRODUCTION

According to the International Continence Society, 
overactive bladder syndrome (OAB) is a clinical 

entity including urgency with or without urgency incon-
tinence, frequency and nocturia in the absence of patho-
logical and/or metabolic disorder that may clarify these 
signs (1). According to literature, the prevalence of OAB 
has been reported  in a wide range up to 53% causing  
significant deterioration in patients sexual function, 
mental health, and overall life quality. Although, pre-
vious reports have reported several factors including 
aging, central and peripheral sensory, somatic and pe-
ripheral neuropathy, and atherosclerosis , the underly-
ing mechanism has not been understood clearly yet (2) .
Atherosclerosis (AT) is a course that progressive hard-
ening and thickening of arteries wall forms as a result 
of fat deposit plaques on their inner lining. Also, AT 
is a systemic disorder and small-medium size arteries 
such as iliac artery branches are more vulnerable to 
atherosclerotic lesions(3). Capple et al. stated that pelvic 
ischemia due to AT is trigger point for development of 
lower urinary system symptoms such as urgency, fre-
quency and nocturia(4). On the other hand, AT in the ili-
ac artery and distal branches of iliac artery is associated 
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with lower limb ischemia and lead symptoms including 
sense of fatigue, numbness, muscle pain, and muscle 
cramp. To determine severity of peripheral artery is-
chemia, Fontaine at al. described a classification system 
including four stages: asymptomatic patients, patients 
with intermittent claudication, patients with rest pain 
and patients with ischemic ulcers or gangrene(5).
Previous reports have demonstrated the relationship be-
tween pelvic ischemia and OAB, however none of these 
studies has evaluated the presence of OAB in patients 
with peripheral lower extremity artery ischemia. The 
aim of this study was to clarify the relationship between 
OAB and severity of lower extremity ischemia using 
Fontaine classification system. 

MATERIALS AND METHODS
After obtaining local ethics committee approval, pa-
tients diagnosed with lower extremity AT between Jan-
uary 2017 to January 2018 in the cardiovascular unit of 
a tertiary academic center were enrolled into the study. 
The research was managed in accordance with Helsinki 
Declaration and informed consent was obtained from 
all patients. To achieve indiscrete study population, 
patients younger than 18 years old, patients with be-
nign prostate hyperplasia, uncontrolled diabetes melli-
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tus, uncontrolled hypertension, neurological disorders, 
urinary system cancers, and history of pelvic radiation 
were excluded from the study. Moreover, patients with 
residual volume > 100 ml and maximum flow rate < 15 
ml/s were also excluded. History of incontinence sur-
gery and pelvic organ prolapse surgery, and presence 
of pelvic organ prolapse at the time of enrollment were 
other exclusion criteria.
Asymptomatic patients with lower extremity AT and 
patients with ischemic symptoms (fatigue, numbness, 
muscle pain, muscle cramp, skin ulcers and tissue loss) 
due to lower extremity AT were evaluated by a single 
cardiovascular surgeon in an outpatient setting. De-
tailed medical history was obtained and physical exami-
nation was performed in all patients. The Fontaine score 
of each patient was evaluated and all patients completed 
the validated Turkish version of 8- item validated over-
active bladder (OAB) questionnaire
(OAB-V8) . Smoking history and body mass index 
(BMI) were noted.  Also, serum creatinine, blood urea 
nitrogen, cholesterol, HDL- cholesterol, LDL- choles-
terol, triglyceride and fasting plasma glucose levels 
were measured. Moreover, urine culture,  urinalysis, 
sonography of the urinary tract, uroflowmetry, and 
bladder diary were performed routinely. 
The patients were divided into two groups based on se-
verity of OAB symptoms evaluated by OAB-V8 ques-
tionnaire. Patients with OAB-V8 score above 8 were 
enrolled into group 1 and patients with OAB-V8 score 
under 8 were enrolled into group 2, respectively. The 
groups were compared according to patients’ medical 
history, severity of lower extremity ischemic symp-
toms, OAB-V8 scores, serum blood test results, sonog-
raphy of the urinary tract and uroflowmetry findings. 
8- Item Validated Overactive Bladder (OAB) Question-
naire
The form OAB-V8 is a self-reported questionnaire, 

including 8 queries that evaluate severity of irritative 
symptoms including urgency, frequency, nocturia and 
urgency urinary incontinence. A score of 8 and above 
of the OAB shows significant association with OAB 
and a score under 8 indicates that diagnosis of OAB is 
questionable or absent. In this questionnaire, urgency 
and frequency are accepted as a sudden urge to pass 
urine and eight or more micturition per day. The noc-
turia is defined as waking at night to void ≥ 2 times and 
involuntary leakage with urgency is described  urgency 
urinary incontinence(6).
Fontaine Classification
The Fontaine classification is a clinical classification 
method to evaluate the severity of peripheral artery 
disease which includes four stages. Patients with sub-
clinical peripheral artery disease without any symptoms 
are enrolled in class 1. Patients with intermittent clau-
dication after walking are considered class 2 (2a: Inter-
mittent claudication after more than 200 meters of pain 
free walking and 2b: intermittent claudication after less 
than 200 meters of walking).  Patients with rest pain and 
patients with ischemic ulcers or gangrene are grouped 
in stage III and stage IV, respectively.
Statistical Analysis
The Statistical Package of Social Sciences for Windows 
(SPSS) version 20 was used for statistical analysis. We 
divided patients into 2 groups based on their OAB-V8 
score. Categorical variables were presented as num-
bers and percentages and compared with Chi Square 
test. Continuous variables were presented as means 
and standard deviations and compared with independ-
ent sample t-test. Logistic regression analysis was used 
to examine the possible association between age, BMI, 
HDL and Fontaine Score. Statistical significance was 
considered as a  two-tailed p value < 0.05.
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Table 1. Comparison of patients’ characteristics

     Groups    
    OAB  Non-OAB  p value
    [Group 1]  [Group 2] 

Number    79  102 
Gender [Male/Female]   66/13  81/21  .483
Age  [years]*   64.2 ± 8.1  56.0 ± 7.9  .001
BMI [kg/m2]*   32.3 ± 3.9  27.5 ± 3.9  .001
OAB-V8*   18.7 ± 5.8  3.8 ± 2.1  .001
OAB WET/OAB DRY  28/ 51  NA  NA
Total water intake (mL)  1750 ± 680  1320 ± 430  .001
Total caffeine  intake (mL)  440 ± 280  280 ± 120  .001
Total alcohol intake (mL)  50 ± 15  35 ± 10  .127
Fontaine Score   .001
Class 1    1 [1.3%]  47 [46.1%] 
Class 2a    32 [40.5%]  55 [53.9%] 
Class 2b    29 [36.7%]  0 
Class 3    15 [19.0%]  0 
Class 4     2 [2.5%]  0 
HT    26 [32.9%]  32 [31.4%]  .827
Smoking   29 [36.7%]  32 [31.4%]  .454
LDL, mg/ml*   130.4 ± 35.8  127.1 ± 36.2  .546
HDL, mg/dl*   45.1 ± 5.8  76.6 ± 32.2  .001
Cholesterol, mg/dl*   265.7 ± 89.1  243.2 ± 87.8  .091
Trigliseride, mg/dl*   163.6 ± 44.2  172.0 ± 49.2  .238
Glucose, mg/dl*   136.8 ± 28.7  137.8 ± 30.0  .819
Creatinine, mg/dl*   1.2 ± 0.7  1.4 ± 0.9  .195

* Mean ± standard deviation
Abbreviations: NA : not available; P < 0.05 : statistically significant difference; OAB: over active bladder; OAB V8: 8- item validated 
over active bladder syndrome questionnaire score; BMI: Body mass index; mg/dL: milligram per deciliter; HT: hypertension; LDL: low 
density lipoprotein; HDL: high density lipoprotein
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RESULTS
At the end of one-year study period, 322 patients were 
enrolled into the study out of which 181 patients  met 
the study inclusion criteria and where included in the 
final analysis. Due to  benign prostate hyperplasia, un-
controlled diabetes mellitus, neurological disease, his-
tory of pelvic radiation, history of pelvic organ surgery 
and usage of medication for OAB, 71, 12, 15, 9, 6 and 
19 patients were excluded from the study, respectively. 
Also, 9 patients were excluded due to other reasons in 
accordance with study exclusion criteria.
The patients with OAB ≥ 8 score (n = 79) and the pa-
tients with OAB < 8 score (n = 102) were compared. 
The mean age and the mean BMI were significantly 
higher in patients with OAB≥ 8 (p = 0.001 and p = .001, 
respectively). The mean age of patients with wet OAB 
was higher  although the  difference was not statistically 
significant (66.2 vs 62.7, p = .114). On the other hand, 
gender, presence of hypertension and smoking history 
were comparable between two groups (p = .483, p = 
.827 and p = .454, respectively). Moreover, levels of 
serum creatinine, fasting plasma glucose, LDL- cho-
lesterol and triglyceride did not show statistical differ-
ence between patients with OAB ≥ 8 and patients with 
OAB < 8 score. However, HDL- cholesterol levels were 
found significantly lower in patients in group 1 (45.1 
mg/dL vs 76.6 mg/dL, p = .001). When groups were 
compared according to Fontaine classification system, 
the patients with OAB ≥ 8 score had higher scores (p 
= .001). The mean post voiding volume was 42.5 ml 
in group 1 and 41.9 ml in group 2 (p =.887). Also, the 
mean maximum flow rate and the mean average flow 
rate were similar between two groups (p = .660 and p 
= .784, respectively). The patient number according to 
Fontaine classification is listed in Table 1.
Multivariate regression analysis showed that presence 

of Fontaine score ≥ class 2b is an independent risk fac-
tor for OAB and increases the risk of OAB upto 4 fold . 
Additionally, age ≥60 years, BMI ≥ 30 kg/m2 and lower 
HDL-cholestrol level (60 mg/dL) were predictive fac-
tors for OAB (Table 3).

DISCUSSION
Atherosclerosis is a multifocal, smoldering and im-
mune inflammatory disorder that leads to endothelial 
dysfunction affecting all arteries of the  body. It’s well 
known that small and medium sized arteries like penile 
and vesical arteries are more vulnerable to AT  due to 
their relatively small lumen diameter compared to wid-
er sized arteries. In accordance with this hypothesis, au-
thors showed that the significant relationship between 
coronary artery disease and erectile dysfunction indi-
cates the  possible role of OAB(7,8).
The severity of lower extremity ischemia has been re-
ported in a wide range according the literature due to the 
subjective examination finding and different interpreta-
tion of imaging modalities. Thus, classification systems 
have been created for more objective evaluation of is-
chemia, better surgical planning and comprehensive 
patient counseling. Additionally, using classification 
system has led to further scientific reporting(9). The 
Fontaine classification system is the first determined 
tool to clarify severity of lower extremity ischemia by 
European Society of Cardiovascular Surgery. The sys-
tem is solely based on physical examination and sever-
ity of ischemic symptoms classified into stage 1 to 4 
(5). According to artery size hypothesis, patients cate-
gorized within a  higher Fontaine class, are expected to 
face bladder ischemia, including  OAB syndrome more 
often. In accordance with that hypothesis, we found sig-
nificantly higher OAB-V8 score in patients categorized 
within higher Fontaine class and multivariate analysis 

Table 2. Comparison of patients according to OAB symptoms and uroflow parameters between groups
      Groups  
     OAB [Group 1] Non-OAB [Group 2] p value

Number     79  102 
Urgency     70 [88.6%]  22 [21.6%]  .001
Frequency    41 [51.9%]  20 [19.6%]  .001
Nocturia     43 [54.4%]  29 [28.4%]  .001
Urgency urinary incontinence   42 [53.2%]  7 [6.9%]  .001
Postvoiding urinary residue, ml*   42.5 ± 18.4  41.9±18.7  .887
Max flow rate, mL/s*    20.4 ± 3.4  20.7±3.9  .660
Average flow rate, mL/s*   13.6 ± 2.4  13.5±2.4  .784
Voided volume, mL*    200.1 ± 43.8  213.1±67.1  .135

* Mean ± standart deviation
P < 0.05 : statistically significant difference
Abbreviation: OAB: over active bladder

    Odds Ratio*  p* Odds Ratio** p**

Agea   1.9 (1.4-2.6)  0.001 2.5 (1.1-5.6)  .027
BMIb   2.6 (1.9-3.7)  0.001 4.2 (1.8-9.5)  .001
HDLc   17.5 (4.5-68.3) 0.001 30.9 (6.7-142.3) .001
Fontain Scored  1.3 (0.9-1.9)  0.002 4.0 (1.2-13.5)  .023

* univariate analysis
**multivariate analysis
a: < 60 years vs ≥ 60 years
b: < 30 kg/m2 vs ≥ 30 kg/m2

c: < 60 mg/dl vs ≥ 60 m/dL
d: < Grade 2b vs ≥ Grade 2b

Table 3. Univariate and Multivariant Analysis
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revealed  classification as Fontaine 2b or higher is an 
independent risk factor for OAB development. 
The incidence of atherosclerosis increases with age, it 
reduces blood flow and corrupts oxygenation of tissues. 
Pinggera et al. compared bladder perfusion of 32 elder-
ly patients which have lower urinary tract symptoms 
and 20 young healthy volunteers with transrectal col-
our Doppler ultrasonography. They found significant-
ly lower bladder perfusion rate in symptomatic elderly 
patients than in the younger healthy volunteers(10). In a 
more recent study by Kilinc et al. age was identified as 
independent risk factor for OAB development in multi-
variate regression analysis(11). In accordance with stud-
ies mentioned above, we also determined a statistically 
significant relation with age and OAB in the present 
study.
Several authors had stated that prevalence of OAB 
syndrome has a positive correlation with obesity due 
to increased intraabdominal and intravesical pressure 
that leads overactivity of detrusor muscle. Richter et al. 
claimed high abdominal pressure may deteriorate inner-
vations of pelvic floor(12). In another possible hypothe-
sis, ghrelin-A peptide hormone that regulates metabolic 
activity and reach higher levels in obese patients may 
be the other trigger causing an increase on contractile 
activity of the bladder through its receptors on pregan-
glionic neurons(13). Moreover, relationship between obe-
sity and AT risk factors such as dyslipidemia, hyperten-
sion, insulin resistance is well known. In this present 
study, we found significantly higher BMI in patients 
who were diagnosed OAB syndrome and BMI ≥ 30 kg/
m2 increased OAB syndrome risk 4.2 fold times. How-
ever, we did not find any association between other AT 
risk factors and OAB syndrome. Our study sample may 
justify  these results since only patients whose diabe-
tes mellitus and hypertension were under control were 
included into study. We found higher LDL- cholester-
ol levels in patients with OAB. However, univariate 
analysis did not predict LDL-cholesterol as risk factor 
for OAB development. However, we did not evaluate 
the possible effect of dyslipidemia duration and central 
obesity in the OAB development. These may be a sub-
ject of another study.
Plasma lipids have crucial role in AT development. The 
one of cholesterol subtype called as HDL cholesterol 
facilitates promotion of reverse cholesterol transport, 
accelerates plaque regression, and leads to endotheli-
al function improvement. Moreover, HDL has anti-in-
flammatory and anti-thrombotic characteristics. Thus, 
some authors hypothesize that increase in HDL levels 
may be associated with reduction of AT events(14). In 
accordance with that knowledge, we found significant 
higher HDL- cholesterol levels in patients without OAB 
(76.6 mg/dL vs 45.1 mg/dL, P = 0001, respectively). 
Moreover, multivariate regression analysis revealed 
higher HDL- cholesterol level as a predictive factor to 
prevent OAB. However, some studies emphasized the 
HDL- cholesterol functionality is more important to 
prevent AT event beyond plasma HDL-cholesterol con-
centration. Correlation between OAB and HDL- cho-
lesterol functionality may be a subject of another study.
The present study has some limitations. First, our study 
was a cross sectional study with a relatively small pa-
tient number. Additionally, this study included patients 
from only a single center and represented only single 
center experience. However, all patients were evaluated 

by a single cardiovascular surgeon and urologist that 
improve internal validity of the study. Also, we could 
not evaluate the interval time between the beginning of 
ischemic symptoms and OAB symptoms. Lastly, we 
did not analyze the treatment response and treatment 
cost of patients who referred to outpatient urology clin-
ic from the cardiovascular unit.
The present study  demonstrated that incidence of OAB 
was higher in patients with severe lower extremity is-
chemic symptoms. Additionally, patients with older 
age, high BMI and lower HDL-cholesterol level face 
OAB symptoms more frequently. Our study supported 
that investigating  bladder function is advisable in pa-
tients with severe leg ischemia. Our findings must be 
supported by further prospective studies with a larger 
patient volume.  
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