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Abstract
Background: Several authors have investigated the relationship between obesity – assessed 
only by body mass index (BMI) – and overactive bladder (OAB) symptoms. Objectives: The 
objective of this study was to determine the relationship between body fat percentage (BFP) 
and the severity of OAB symptoms with an impact on quality of life. Design: Cross-sectional 
study. The sample consisted of 206 overweight women; they were university students (BMI = 
25.8 ± 3.0) with an average age of 30.6 ± 2.4 years. Body composition analysis was used, in-
cluding assessment of BFP, visceral fat area (cm2/level), and other parameters. OAB symptoms 
were evaluated with an OAB questionnaire (OAB-q), voiding diary, and quality of life scale (I-
QoL). Results: Ninety women had a BFP > 32% and 116 had a BFP < 32%. The voiding diary 
and OAB-q confirmed significant differences in 24-h daytime and nighttime frequency of 
voiding and average urine volume during the day. The OAB-q symptom score was lower in 
the group with BFP < 32%. I-QoL recorded significantly worse parameters in the group with 
BFP > 32% (p < 0.01). The Patient Perception of Intensity of Urgency Scale significantly corre-
lated with BFP (r = 0.466, p < 0.001). Women with a BFP above 32% had a 1.95 times greater 
chance of developing OAB (odds ratio = 1.95, 95% CI = 1.09–3.52, p < 0.02). Conclusion: Young 
women with a BFP > 32% were 95% more likely to have OAB than other young women with a 
BPF < 32%. © 2020 The Author(s)
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Introduction

Overweight is generally due to excess body fat. The body mass index (BMI) values for 
overweight are between 25 and 29.9 [1]. However, overweight may also be due to extra 
muscle, bone, or water. Being overweight may lead to obesity. It brings with it not only an 
increased risk of cardiovascular disease and metabolic syndrome, but also urological dysfunc-
tions, including overactive bladder (OAB) [2, 3].

The methods for measurement of body fat are computed tomography and dual-energy 
X-ray absorptiometry and they are considered the gold standards for the evaluation of body 
fat distribution, but they are costly and therefore too complicated for use in population studies 
[4]. A frequently used method is bioelectrical impedance analysis. This is a method that is 
often used in clinical practice to evaluate body composition, including body fat percentage 
(BFP), and is low in cost and strongly correlates with dual-energy X-ray absorptiometry and 
computed tomography or magnetic resonance imaging [5].

BMI is only an informative indicator, as it does not distinguish between body fat and 
skeletal muscle mass (SMM). BMI can be increased even if the body has more muscle mass. 
Therefore, it is important to measure the BFP of the overall weight for the diagnosis of over-
weight and obesity. The American Exercise Committee describes overweight as 32–39% 
body fat in women and 23–29% body fat in men [2]. Abdominal obesity is caused by an accu-
mulation of body fat and visceral fat in the abdominal cavity. It increases intra-abdominal and 
intravesical pressure, which may lead to the development of stress urinary incontinence 
(SUI), urgency urinary incontinence (UUI), and OAB [6].

The International Continence Society and the International Urogynecological Association 
define OAB as urinary urgency, usually accompanied by frequency and nocturia, with or 
without UUI, and with the absence of urinary tract infection or other obvious pathology [7–9]. 
According to epidemiological studies, the prevalence of OAB was from 5 to 10% [10]. In young 
women aged 18–35 years, the prevalence of overweight was 16% [11].

Several authors have investigated the relationship between obesity, assessed only by 
BMI, and OAB symptoms. [12, 13]. However, few studies have examined the relationship 
between BFP in overweight young women and OAB symptoms, with an impact on life quality 
[14]. The aim of this study was to determine the relationship between BFP and the severity 
of OAB symptoms by assessing the impact on quality of life in a group of young women with 
overweight.

Materials and Methods

This cross-sectional study was approved by the ethics committee of the University 
Hospital in Martin, Slovakia, IRB approval number 255/2018. The study was conducted from 
March 2018 through September 2018. All women provided informed consent according to 
the Declaration of Helsinki.

The research sample consisted of female university students randomly selected from two 
universities. The number of participants was determined according to the prevalence of over-
weight, using the following formula: n = Z2 P (1 – P)/d2, where n = sample size, Z = 1.96 (95% 
confidence level), P = the expected prevalence of overweight (P = 0.16), and d = 0.05 (confi-
dence interval = 10%) [12, 15]. The minimum number of participants was set at 195 indi-
viduals.

A total of 7,943 participants completed a screening questionnaire which collected demo-
graphic data. Calculation of the BMI was done according to the formula: BMI = m/h2, where 
m = body weight in kg and h = body height in m. All overweight women (BMI 25–29.9) were 
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enrolled, with a total of 1,932 women. Of the 1,932 women, 293 women were randomly 
selected to participate because we anticipated a loss of at least 25%. An independent person 
who did not participate in the study performed random sampling using Microsoft Office Excel 
2010. Data collection was anonymous. After completing the questionnaires, 87 women were 
excluded, as described in Figure 1.

According to the inclusion criteria, all participants were nulliparous women aged 18–35 
years and overweight with BMI 25–29.9. Patients were excluded if they had genuine SUI, a 
history of surgical treatment of gynecological or urological diseases, infection of the urinary 
tract, neurological and/or oncological urinary tract disease, or incomplete questionnaires.

Body composition analysis was performed using a 230 BioSpace body composition 
analyzer. Measurements included BFP, visceral fat area (VFA) (cm2/level), SMM (kg), body 
fat mass (BFM) (kg), and the waist circumference (cm) to hip circumference (cm) ratio (WHR) 
[16, 17].

The International Continence Society and the International Urogynecological Association 
define OAB as urinary urgency, usually accompanied by frequency and nocturia, with or 
without UUI, in the absence of urinary tract infection or other obvious pathology [7].

Participants used a voiding diary that evaluated voided volume, number of voidings per 
24 h (mL), voided volume during the day (mL), daytime frequency, voided volume during the 
night (mL), and nocturia. Data for 3 days and average values were calculated [7].

The OAB questionnaire (OAB-q) was used to determine the symptoms of UUI. Six ques-
tions assessed symptom scores that ranged from 0 (no symptoms) to 100 (the most symptoms). 

Fig. 1. Enrollment flow diagram.
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Thirteen questions assessed quality of life, with scores ranging from 0 (the worst) to 100 (the 
best). Cronbach’s alpha for the OAB-q is 0.90 [18–20].

The Patient Perception of Intensity of Urgency Scale (PPIUS) was used to determine the 
severity of symptoms of UUI, where 0 = “No urgency. I felt no need to empty my bladder, but 
did so for other reasons.”, 1 = “Mild urgency. I could postpone voiding as long as necessary, 
without fear of wetting myself.”, 2 = “Moderate urgency. I could postpone voiding for a short 
while, without fear of wetting myself.”, 3 = “Severe urgency. I could not postpone voiding, but 
had to rush to the toilet in order not to wet myself.”, and 4 = “Urge incontinence. I leaked 
before arriving to the toilet.” The scale has an intra-class correlation coefficient of 0.95 and a 
Spearman’s correlation of 0.89 [21, 22].

The Urinary Incontinence Quality of Life scale (I-QoL) consists of three subscales: (1) 
avoidance score and limiting behavior score, (2) psychosocial impact score, and (3) social 
embarrassment score. The I-QoL has 22 questions, with a total score ranging from 0 (worst 
life quality) to 100 (best life quality). The Cronbach’s alpha reliability of the I-QoL is 0.91–0.96 
[23, 24].

Statistical Processing
Analytical and descriptive statistics were used. The data were presented as mean values 

and standard deviations. The data had a normal distribution, and p values were obtained 
using a t test. The significance level was set at p < 0.05. The relationships between the vari-
ables were evaluated using the Spearman’s correlation coefficient, r. Logistic regression 
analysis was used to determine the risk estimate (odds ratio) with a 95% confidence interval. 
The receiver operating characteristics and area under the curve (AUC) were calculated for 
the prediction of OAB with the risk factor of being overweight. The calculations were 
performed using IBM SPSS, version 22.0 (Armonk, NY, USA).

Results

After evaluating the completed questionnaires from 206 women with a mean age of 30.6 
± 2.04 years, average BMI of 25.8 ± 3.0, confirming that they were overweight, the group 
consisted of 90 women with a BFP higher than 32% and 116 women with a BFP less than 
32%.

No significant differences in BMI between these two groups were found. The prevalence 
of OAB in the group with BFP > 32% was 57.7%, and in the group with BFP < 32%, it was 
12.2%.

OAB-q and the voiding diary confirmed significant differences in 24-h urination, daytime 
and nighttime urination frequencies, and average urine volume during the day, as well as 
the OAB-q symptom score, with significantly higher values in the group with a BFP > 32% 
(p < 0.01). The PPIUS confirmed significant differences between the groups, with signifi-
cantly higher values in the group with a BFP > 32% (p < 0.001). I-QoL recorded a signifi-
cantly worse parameter in the group with a BFP > 32% for the overall score and the scores 
evaluating psychosocial impact and social embarrassment (p < 0.01). Results are shown in 
Table 1.

Significant differences were found in the BFM, VFA, and WHR, with significantly higher 
values in the group with a BFP > 32% (p < 0.01). The results are shown in Table 2.

We correlated body composition parameters and OAB parameters. Significant correla-
tions were observed between the BFP and the voiding diary parameters (number of urina-
tions per 24 h, number of urinations over daytime and nighttime, night urine volume, mean 
urine volume per day, and OAB symptoms score). Significant correlations were observed 
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between the VFA and the voiding diary parameters (number of urinations per 24 h, number 
of urinations over daytime and nighttime, and urine volume over 24 h). PPIUS scores signifi-
cantly correlated with BFP. A significant correlation was observed between the number of 
urinations per day and BFM, WHR index, and waist circumference. No significant correlation 
was observed between muscle mass and OAB parameters (Table 3).

The ROC curves express the prediction of OAB development according to the individual 
parameters of the body composition analysis. All AUC values achieved a positive prediction 
in the monitored parameters in the participating women (Fig. 2; Table 4). Mean VFA was most 
strongly associated with OAB, as denoted by the significantly large AUC (0.70) (Table 4).

Table 1. Statistical comparison of OAB-q, voiding diary, and I-QoL parameters according to body fat percentage

Parameter Body fat percentage
>32% (n = 90)

Body fat percentage
<32% (n = 116)

p
(t test)

Age, years 29.19±2.34 27.58±1.72 0.051
Body mass index 26.79±3.0 25.3±2.8 0.61
Voided volume during 24 h, mL 1,331.09±534.5 1,292.63±463.6 0.58
Number of voidings per 24 h 8.08±2.72 6.77±1.83 <0.001
Voided volume during day, mL 1,173.02±538.42 1,189.89±486.74 0.81
Daytime frequency 6.64±2.00 5.83±1.20 <0.001
Voided volume during night, mL 158.07±132.06 102.74±129.96 <0.05
Nighttime frequency (nocturia) 1.43±1.08 0.94±0.98 <0.001
Mean voided volume per 24 h, mL 170.16±68.60 183.72±73.58 0.17
Mean voided volume during day, mL 181.84±82.53 206.43±76.8 <0.05
Mean voided volume during night, mL 114.13±42.7 115.81±62.11 0.86
PPIUS – Patient Perception of Intensity of Urgency Scale 1.50±0.83 0.31±0.46 <0.001
SS – symptom score OAB-q 11.73±10.16 8.79±8.47 <0.05
HR – life quality OAB-q 93.57±7.50 94.88±6.49 0.18
Total score of I-QoL 96.28±5.75 97.90±3.36 <0.01
Avoidance and limiting behavior score 95.06±7.13 96.12±6.81 0.28
Psychosocial impact score 97.09±6.06 99.18±1.90 <0.001
Social embarrassment score 96.77±6.50 98.44±3.57 <0.05

Data are presented as mean ± standard deviation. p values were obtained by non-paired t test.

Table 2. Statistical comparison of body composition parameters according to body fat percentage

Parameter Body fat percentage
>32% (n = 90)

Body fat percentage
<32% (n = 116)

p
(t test)

Body composition analysis
Skeletal muscle mass, kg 25.21±3.81 24.81±3.29 0.42
Body fat mass, kg 26.78±6.80 18.00±6.61 <0.001
Body fat percentage, % 37.38±4.76 26.06±4.24 <0.001
Visceral fat area, cm2/level 108.54±27.71 73.00±24.04 <0.001
WHR circumference index, cm/hips, cm 2.80±12.61 0.86±0.54 <0.01
Waist, cm 92.04±9.49 82.22±9.11 <0.001

Data are presented as mean ± standard deviation. p values were obtained by non-paired t test.
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Discussion/Conclusion

The aim of this study was to determine the relationship between BFP and the severity of 
OAB symptoms and the impact on life quality in a group of young women with overweight. 
No significant differences in BMI between these two groups were found.

Table 3. Spearman correlation coefficient r of body composition parameters and OAB

Body composition analysis BMI Skeletal
muscle
mass, kg

Body fat
mass, kg

Body fat
percentage,
%

Visceral
fat area,
cm2/level

WHR
index,
cm/cm

Waist,
cm

Voided volume during 24 h, mL 0.070 –0.049 0.120 0.032 0.188** 0.121 0.125
Number of voidings per 24 h 0.174 –0.033 0.112 0.281** 0.229** 0.131 0.101
Voided volume during day, mL 0.009 –0.054 0.075 –0.066 0.105 0.072 0.080
Daytime frequency 0.177 –0.018 0.196** 0.266** 0.307** 0.215** 0.199**
Voided volume during night, mL 0.140 –0.069 0.016 0.228** 0.119 0.032 –0.011
Nighttime frequency (nocturia) 0.167 –0.033 0.051 0.262** 0.155* 0.072 0.033
Mean voided volume per 24 h, mL 0.008 –0.056 0.089 –0.068 0.091 0.094 0.101
Mean voided volume during day, mL –0.049 –0.039 –0.006 –0.182** –0.015 –0.003 0.003
Mean voided volume during night, mL –0.025 –0.101 –0.023 –0.017 –0.005 –0.041 –0.042
PPIUS – Patient Perception of

Intensity of Urgency Scale 0.23** 0.026 0.241** 0.466** 0.318** 0.192** 0.194**
SS – symptom score OAB-q 0.025 –0.065 0.036 0.182** 0.123 0.077 0.047
HR – quality of life OAB-q 0.009 0.057 0.072 –0.094 –0.038 –0.011 0.033

* p ≤ 0.05, ** p ≤ 0.001.

Fig. 2. Area under the curve – prediction of overactive bladder according to body composition.
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The prevalence of OAB in the group of women with BFP > 32% was 57.7%. The OAB-q and 
the voiding diary confirmed significant differences between the groups, with considerably 
worse values in the group with a BFP > 32%. We found a relationship between increased BFP 
and worsened OAB symptoms, as evaluated by a voiding diary, the intensity of urgency scale 
(PPIUS), and the OAB-q. A BFP higher than 32% has an influence on OAB symptoms, with a 
negative impact on quality of life.

We evaluated the OAB prediction for body composition parameters. The ROC curves 
expressed the prediction of OAB according to individual body composition analysis param-
eters. All AUC values achieved a positive prediction for the monitored parameters in the 
female body. According to the obtained analysis, when the BFP is above 32%, the probability 
of OAB occurrence is 70%.

The precise mechanisms explaining the relationship between obesity, overweight, and 
OAB are not well understood. Some authors report that excess body weight increases intra-
abdominal pressure, which in turn increases bladder pressure and intravesical pressure, 
leading to excessive activity of the urinary bladder [25].

Ko et al. [26] examined the relationship between obesity and urinary incontinence, 
finding that overweight women have SUI and mixed urinary incontinence more frequently 
than women with normal weight. However, the women in their study were much older (53.8 
years) than those in our study. Furthermore, they did not use a body composition analysis or 
a voiding diary, which were used in our research.

There is currently an ongoing discussion about the impact of overweight on OAB. Al-Shaiji 
and Radomski [27] studied 113 obese patients with an average age about 55 years and found 
that a BMI above 30 was related to an increased incidence of mixed incontinence and the use 
of inserts. However, urodynamic examination did not confirm a significant relationship with 
obesity and overweight evaluated by BMI and urodynamic parameters, besides urinary 
leakage. In our research, we found that the BFP most strongly correlated with the OAB param-
eters, followed by the VFA, and minimally correlated with BFM, the WHR index, and waist 
circumference. Muscle mass did not correlate with OAB.

Uzun and Zorba [28] found a correlation between metabolic syndrome and OAB in 313 
obese and overweight women with an average age about 50 years. They evaluated obesity 
only by means of BMI, with an average of 27, and an average waist circumference of 31 cm.

Zacche et al. [6] found a correlation between obesity and OAB in 260 overweight women 
and 272 obese women with an average age about 50 years. However, these authors only eval-
uated obesity and overweight by BMI. By contrast, we used several parameters of bioelec-
trical impedance analysis for the evaluation of overweight: SMM, BFM, BFP, VFA, and WHR 
index. The incidence of OAB in women with obesity, according to Zacche [6], is explained by 
a chronic increase in intraabdominal pressure. The authors recommended a reduction of 
weight, behavioral training, and patient education.

Test result variable(s) Area 95% confidence interval 
(lower–upper)

Skeletal muscle mass (kg) 0.44 0.38–0.54
Body fat mass (kg) 0.63 0.41–0.57
Body fat percentage (%) 0.53 0.53–0.69
Visceral fat area (cm2/level) 0.70 0.47–0.72
WHR circumference index 

(cm)/hips (cm) 0.70 0.44–0.70

Table 4. Area under the curve – 
prediction of the overactive 
bladder according to the body 
composition
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Brucker et al. [29] assessed whether overweight and obesity in 166 women, assessed 
with a mean BMI of 45 and with an average age about 35–40 years, was associated with 
urogynecological symptoms and reduced life quality. SUI and mixed urinary incontinence 
were found in half of the women, as well as frequent negative impacts on life quality. There 
was no positive correlation between obesity and urogynecological symptoms. In our study, 
we recorded a significant effect of OAB symptoms on the quality of life in the group with a BFP 
> 32%.

Strengths and Limitations
A strength of our study is the use of an objective method for the assessment of body 

composition – bioelectrical impedance analysis. Many authors have used this for the 
assessment of obesity and overweight only, but we focused on the objective evaluation of 
overweight through BFP and other parameters of bioimpedance analysis. The above-
mentioned investigation is low in cost, fast, and painless. This study deals with the risk factor 
of being overweight and OAB symptoms and explains the relationship between them, with 
advice to prevent the worsening of OAB symptoms in the future.

A limitation of our study is the small number of inclusion criteria, e.g., other age cate-
gories. Average BMI was at the low end of the overweight range, meaning that we need larger 
generalizability of the population in the future; this could have affected our results. Moreover, 
it would be more appropriate to perform examinations by means of bioelectrical impedance 
analysis and OAB in women with normal weight and subsequently on obese women, and then 
analyze these factors.

We concluded, that 	no significant differences in BMI between these two groups were 
found. The OAB-q and voiding diary confirmed significant differences between the groups, 
with significantly worse values in the group with a BFP > 32%. We found a relationship 
between an increased BFP and worsened OAB symptoms, as evaluated by a voiding diary, the 
PPIUS, and the OAB-q. According to the completed AUC analysis, when the BFP is above 32%, 
the probability of OAB occurrence is 70%. Overweight women should be informed of the risk 
of the occurrence of OAB and the causes of OAB development. In addition to adjusting dietary 
habits, appropriate and regular exercise activity should be advised.
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