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Associations Between Risk Factors and Overactive Bladder:
A Meta-analysis
Jingzhen Zhu, MD, Xiaoyan Hu, MD, Xingyou Dong, MD, and Longkun Li, MD, PhD
Objective: The purpose of this study was to investigate the risk factors of
overactive bladder (OAB).
Methods: The PubMed, Embase, and Cochrane Library databases were
retrieved through May 2016. Odds ratios (OR) or standard mean differ-
ences (SMDs) with 95% confidence intervals (CIs) were used to evaluate
the associations between risk factors and OAB. Heterogeneity among stud-
ies was examined using χ2 test based on the Q and I2 tests.
Results: A total of 28 articles were analyzed in our study. The results sug-
gested that age and body mass index were significantly higher in OAB pa-
tients than in non-OAB controls (SMDs [95% CIs], 0.30 [0.19–0.41] and
0.39 [0.24–0.53]). A significant negative association was found between
employment status and OAB (OR [95% CIs], 0.64 [0.46–0.90]). However,
sex, educational level, parity, vaginal delivery, race, menopause, marital
status, smoking, and alcohol consumption were not significantly different
in OAB and non-OAB control patients (ORs [95% CIs], 0.95 [0.59–1.55],
1.04 [0.82, 1.33], 0.98 [0.56–1.70], 1.66 [0.90–3.07], 0.98 [0.75–1.28],
1.84 [0.23–14.70], 0.97 [0.78–1.19], 0.91 [0.77–1.08], and 0.88
[0.71–1.09], respectively). In addition, the number of parities and vaginal
deliveries in OAB patients also showed no significant differences com-
pared with non-OAB control patients (SMDs [95% CI], 0.05 [−0.27 to
0.38] and −0.16 [0.40 to 0.09]).
Conclusions: This meta-analysis suggests that age and body mass index
are associated with increased risks of OAB, whereas employment status is
associated with a decreased risk of OAB. Further prospective studies with
large sample sizes are needed to confirm this conclusion.
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O veractive bladder (OAB) is a clinical syndrome defined by
the International Continence Society as urinary urgency,

with or without urge incontinence, usually with frequency and
nocturia, in the absence of infection or other obvious pathological
features.1 The pathogenesis of OAB is poorly understood. Overac-
tive bladder may occur in individuals of all ages and has a high
prevalence. In Europe and Canada, a population-based survey es-
timated the prevalence of OAB to be 12.8% in women and 10.8%
in men.2 In a European SIFO study conducted in 6 countries, the
prevalence of OAB in women was estimated to be 17.4%.3 In the
United States, the prevalence reached 16.9%.4 In the Spanish pop-
ulation, it was reported to be 9.9% in women 25 to 64 years of
From the Department of Urology, Second Affiliated Hospital, Third Military
Medical University, Chongqing, China.
Correspondence: Longkun Li, MD, PHD, Department of Urology, Second

Affiliated Hospital, Third Military Medical University, Chongqing 400037,
China. E‐mail: lilongk@hotmail.com.

Jingzhen Zhu and Xiaoyan Hu contributed equally to this work.
Funding: None.
The authors have declared they have no conflicts of interest.
Copyright © 2018 The Author(s). Published by Wolters Kluwer Health, Inc.

This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the work
provided it is properly cited. The work cannot be changed in any way or
used commercially without permission from the journal.

DOI: 10.1097/SPV.0000000000000531

238 www.fpmrs.net Female Pelvic Medicine
age.5 Many epidemiologic surveys conducted in Japan have
shown that the prevalence of OAB may be as high as 12.4%.6

The Korean EPIC study, which was conducted in 2006, revealed
the overall prevalence to be 12.2% (10.0% of men, 14.3% of
women).7 In China, the prevalence rate of OAB was estimated to
be 6.0% to 8.0% in women 18 years or older.8,9 Furthermore, some
researchers have estimated that the prevalence of OAB will increase
to 20.1% by 2018.10 In addition to its high prevalence, OAB results
in both physical and psychological distress to patients and has a neg-
ative impact on health-related quality of life.11 Because OAB is a
nonfatal and an embarrassing disease for many patients, its presence
may be significantly underreported or underdiagnosed.12

Many factors, including age, body mass index (BMI), sex,
educational level, parity, vaginal delivery, race, employment status,
menopause, marital status, smoking, and alcohol consumption have
been considered to be possibly related to OAB. However, the results
have been inconsistent. We hypothesized that the differences ob-
served in the associations of specific risk factors with OAB are in-
fluenced by methodology and biology. Thus, to clarify these
conflicting results, we conducted a meta-analysis to examine the
relationships between specific risk factors and OAB.
MATERIALS AND METHODS

Search Strategy and Selection Criteria
Two investigators (J.Z.Z. and X.Y.D.) searched the PubMed,

Embase, and Cochrane Library databases with no language re-
striction. Both of the 2 investigators are urologists, and they have
been formally trained in evidence-based medicine. The most recent
search was performed in May 2016. The keyword-based retrieval
was based on combinations of risk factors (including aging, age,
bodymass index, BMI, sex, gender, education, parity, delivery, vag-
inal delivery, vaginal birth, race, employment, occupations, work,
menopause, marital status, smoking, alcohol and drinking) and
OAB. In addition, articles cited in the reference lists of the primary
articles were also reviewed. If more than one article had been pub-
lished using the same data, we selected the most complete or the
most recent study.

The criteria for inclusion of studies in our meta-analysis were
as follows: (1) the diagnostic criteria of OABwere defined: the ex-
perimental group included patients diagnosed as having OAB, and
the control group included patients without OAB; (2) the study re-
ported the associations between risk factors and OAB; or (3) the
data were available and could be extracted from the article or ob-
tained by calculation. Major reasons for excluding studies in-
cluded the following: (1) the article was a review, case report,
comment, or letter; (2) the article reported research on animals;
(3) the article reported the risk factors that had been matched; or
(4) based on the sensitivity analysis, the article influenced the
overall pooled estimates.

Study Selection
Titles and abstracts were first screened to confirm potential

eligible studies. If the relevance of the article was uncertain, a
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FIGURE 1. Flowchart of the study selection process.
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subsequent full-text evaluation was conducted. All datawere inde-
pendently extracted in duplicate by 2 investigators (J.Z.Z. and
X.Y.D.) according to the prespecified selection criteria. Controver-
sial issues were resolved through further discussion. There were
no restrictions on the sample size, study type, and language.

Data Extraction and Quality Assessment
The following data were extracted: the first author's name,

the year of publication, the country, the sex of the participants,
the participant sample size, and the risk factors analyzed (ie,
age, BMI, sex, education, parity, vaginal delivery, race, employment
status, menopause, marital status, smoking, and alcohol consump-
tion). Education was classified into “high school degree or below”
and “bachelor degree or above.” The parity was divided into “nul-
liparous” and “primiparous or multiparous.” Vaginal delivery was
divided into “no vaginal birth” and “history of vaginal delivery.”
Race was separated into “Caucasian” and “non-Caucasian.” Em-
ployment status was classified as “employment” and “unemploy-
ment” (retired, homemaker, student, and disabled). Marital status
was grouped into “married” and “single” (widowed, divorced or
separated, unmarried). In the meta-analysis, we completed the qual-
ity assessment according to the primary criteria for nonrandomized
and observational studies of the Newcastle-Ottawa Scale (NOS) for
assessing quality. This scale evaluates 3 broad perspectives of meth-
odology: subject selection, 0 to 4; comparability of subject, 0 to 2;
and clinical outcome, 0 to 3. The scale ranges from 0 to 9 points,
with higher points indicating higher study quality. Published series
awarded at least 6 points were considered to be of high quality. In
this meta-analysis, literature search, study selection, data extraction,
and quality assessment were independently performed in duplicate
by 2 investigators.

Statistical Analysis
The measured effect sizes were odds ratios (ORs) with 95%

confidence intervals (CIs) for binary variables; for continuous var-
iable data, the standard mean differences (SMDs) with 95% CIs
were used to determine the relationship between risk factors and
OAB. If the 95% CIs of ORs crossed 1 or the 95% CIs of SMDs
crossed 0, there was no significant statistical difference between
the experimental group and the control group, and the risk factor
had a neutral effect on OAB. Heterogeneity among studies was
assessed by using the χ2 test based on the Q and I2 tests. When
I2 ≤ 50% for the Q test, a lack of heterogeneity among studies
was indicated, and the summary estimate of each study was calcu-
lated using the fixed-effects model. Otherwise, the random-effects
model was used. A sensitivity analysis was performed to evaluate
the influence of a single study on the overall estimate. In addition,
the Begg andMazumdar adjusted rank correlation and the Egger re-
gression asymmetry tests were conducted to detect publication bias.
AllP valueswere for 2-sided tests, andP < 0.05was considered sta-
tistically significant. All statistical analyses were performed by
using STATA12.0 and RevMan 5.2 software, and allmethodswere
conducted according to PRISMA guidelines.
RESULTS

Characteristics of 28 Included Studies
A flow diagram showing the details of the study selection

process is presented in Figure 1. In all, 2738 potential studies were
identified. After screening all titles and abstracts, 2463 articles
were excluded. These articles were not associated with our study
(n = 1862) or were reviews (n = 454), animal studies (n = 80), case
reports (n = 9), or comments or letters (n = 58). A total of 275
© 2018 The Author(s). Published by Wolters Kluwer Health, Inc.
potentially eligible studies were further reviewed through full-
text evaluation. In addition, 247 other articles were excluded from
our study because of the following reasons: an irrelevant conclu-
sion (n = 159), no control cases (n = 79), no usable data (n = 6),
duplicate data (n = 2), or failure to conform to the sensitivity anal-
ysis (n = 1). Finally, a total of 28 articles13–40 that met our inclu-
sion and exclusion criteria were included in this meta-analysis.
The mean NOS score was 6.4 (of a possible 9 points), suggesting
a high quality of the studies included in this analysis. The general
characteristics of all 28 studies are summarized in Table 1.

Meta-Analysis
Fourteen risk factors (ie, age, BMI, sex, education, parity, the

number of parities, vaginal delivery, the number of vaginal deliveries,
race, employment status, menopause, marital status, smoking, and al-
cohol consumption) were individually analyzed using a fixed-effects
or random-effects model to estimate the association with OAB. The
main characteristics of each risk factor are summarized in Table 2.
The results suggested that age and BMI were significantly higher
in OAB patients than in non-OAB controls; the pooled SMDs
(95% CIs) were 0.30 (0.19–0.41) and 0.39 (0.24–0.53), respec-
tively (P < 0.05; Figs. 2, 3). A significant negative association
was found between employment status and OAB; the summary
OR (95% CI) was 0.64 (0.46–0.90; P < 0.05; Fig. 4). However,
sex, education, parity, vaginal delivery, race, menopause, marital
status, smoking, and alcohol consumption in OAB patients were
not significantly different from those in non-OAB controls (ORs
[95% CIs], 0.95 [0.59–1.55], 1.04 [0.82–1.33], 0.98 [0.56–1.70],
1.66 [0.90–3.07], 0.98 [0.75–1.28], 1.84 [0.23–14.70], 0.97
[0.78–1.19], 0.91 [0.77–1.08], and 0.88 [0.71–1.09], respectively;
P > 0.05). Furthermore, the number of parities and vaginal deliver-
ies in OAB patients were not significantly different from those in
www.fpmrs.net 239
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TABLE 2. Main Characteristics of Each Risk Factor

Risk Factors No. Studies Effect Model I2, % Ph SMDs/ORs Effect Size (95% CI) P

Age 20 R 79 0.00 SMD 0.30 (0.19 to 0.41) 0.00
BMI 16 R 84 0.00 SMD 0.39 (0.24 to 0.53) 0.00
Sex 6 R 91 0.00 OR 0.95 (0.59 to 1.55) 0.84
Educational level 9 R 69 0.00 OR 1.04 (0.82 to 1.33) 0.74
Parity 5 R 56 0.06 OR 0.98 (0.56 to 1.70) 0.94
No. parities 4 R 77 0.005 SMD 0.05 (−0.27 to 0.38) 0.75
Vaginal delivery 4 R 65 0.03 1.66 (0.90 to 3.07) 0.11
No. vaginal deliveries 2 F 31 0.23 SMD −0.16 (0.40 to 0.09) 0.20
Race 4 F 0 0.79 OR 0.98 (0.75 to 1.28) 0.87
Employment status 5 R 87 0.00 OR 0.64 (0.46 to 0.90) 0.01
Menopause 4 R 97 0.00 OR 1.84 (0.23 to 14.70) 0.57
Marital status 9 R 78 0.00 OR 0.97 (0.78 to 1.19), 0.76
Smoking 6 F 0 0.60 OR 0.91 (0.77 to 1.08) 0.29
Alcohol consumption 5 F 11 0.34 OR 0.88 (0.71 to 1.09) 0.25

F, fixed-effects model; R, random-effects model; Ph, P value of heterogeneity.
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non-OAB controls (SMDs [95% CIs], 0.05 [−0.27 to 0.38] and
−0.16 [0.40 to 0.09]; P < 0.05). There was no evidence of signifi-
cant heterogeneity regarding the number of vaginal deliveries, race,
smoking, or alcohol consumption (P < 0.05, I2 < 50%). However,
there was evidence of significant heterogeneity in age, BMI, sex, edu-
cational level, parity, the number of parities, vaginal delivery, employ-
ment status, menopause, and marital status (P > 0.05, I2 > 50%).

Sensitivity analyses were performed to detect potential
sources of heterogeneity in the associations between the consid-
ered risk factors and OAB. None of the corresponding pooled
SMDs or the summary ORs were materially changed except one
study,41 which was therefore excluded from our meta-analysis.
Figure 5 shows the results of the sensitivity analysis of the associ-
ation between age and OAB; the results of the other sensitivity
analyses are not shown because of space limitations. Begg and
FIGURE 2. Forest plot of the association between age and OAB.

© 2018 The Author(s). Published by Wolters Kluwer Health, Inc.
Egger tests were performed to evaluate the publication bias of
the literature; little publication bias was found.
DISCUSSION
In this meta-analysis, 28 available studies were statistically

analyzed to investigate the associations of risk factors with OAB.
Our results suggested that age and BMI had a significant positive as-
sociation with OAB, whereas employment status had a significant
negative association with OAB. In addition, no significant association
of sex, educational level, parity, vaginal delivery, race, menopause,
marital status, smoking, or alcohol consumptionwithOABwas found.

Overactive bladder is a clinical diagnosis that includes the pres-
ence of bothersome urinary symptoms. It is often but not always
associated with detrusor overactivity on urodynamic evaluation.
www.fpmrs.net 241
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FIGURE 3. Forest plot of the association between BMI and OAB.
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Overactive bladder is subclassified as “OAB wet” if associated
with urinary incontinence and as “OAB dry” if it is not associated
with incontinence. Overactive bladder is a chronic disease, and
the severity of OAB symptoms progresses dynamically over long
periods, as exemplified by the progression in OAB symptoms
from OAB dry to OAB wet. Thus, the treatment paradigm is not
only symptom control but also prevention of the worsening of
the condition.42 Although many studies have examined the rela-
tionships between risk factors and OAB, conflicting results have
been obtained. To prevent OAB as much as possible, we con-
ducted this meta-analysis to determine the risk factors for OAB.

Many studies have indicated a positive association between
age and OAB, but other studies have not supported this conclu-
sion.14,29,34,40,43 In our study, 20 articles reported a relationship
between age and OAB, and we found that age had a positive asso-
ciation with OAB. The prevalence of OAB symptoms increased
with age in both men and women.22 Age-related changes in the blad-
der and pelvic floor tissues and/or in the nervous system contribute to
the high prevalence of OAB in elderly women.44 Increased incidence
of OABwith age may be linked to cerebrovascular disorders and pel-
vic tumors.45 Moreover, Tomaszewski46 reported that advanced age
was associated with decreased bone mineral density and an increased
risk of osteoporosis, for which fractures were serious complications.
Among elderly people, OAB is associated with an increased risk of
falls and fractures, which are often caused by rushing to the toilet.
In addition, men 60 years or older have a high prevalence of benign
prostatic hyperplasia, which often causes bladder outlet obstruction
and contributes to OAB.47 The severity of OAB increases between
FIGURE 4. Forest plot of the association between employment status an

242 www.fpmrs.net
40 and 49 years of age, reaches a plateau at 50 to 59 years of age, in-
creases steeply in patients 60 to 69 years of age, continues to rise in
patients 70 to 79 years of age, and reaches a plateau in patients older
than 80 years.48 With the gradual aging of the population, OAB is
presenting new challenges to the health care system.

With improvement in living standards, unhealthy lifestyles,
including high-calorie diets, lack of exercise, and too many hours
sitting in front of a computer or television, have contributed to the
increased number of individuals with high BMI. The high BMI
levels seriously endanger the health of persons of all ages, and
many types of diseases are related to obesity. The results of our
study showed that BMI was significantly higher in OAB patients
than in non-OAB controls. Higher BMI exposes the pelvic floor
to increased intra-abdominal and intravesical pressure, which
may chronically stretch the pudendal nerve, leading to nerve injury
and pelvic floor dysfunction.49 Higher BMI is also more likely to
be associated with diabetes and neurological conditions such as di-
abetic autonomic neuropathy, which may lead to the onset of
OAB.50 The pelvic organs and their surrounding muscular and
connective supporting tissues are hormone responsive, and in-
creases in BMI are associated with higher levels of estrone and es-
tradiol and lower levels of plasma testosterone.51 Joseph et al52

found that increasing levels of BMI were significantly associated
with larger prostate volumes. In addition, a previous study has
shown that weight loss resulted in improvement of OAB symp-
toms.53 Fortunately, as an independent risk factor of OAB, BMI
can be intervened. We can control our weight to reduce the risk
of OAB and other problems by exercise and a balanced nutritional
d OAB.

© 2018 The Author(s). Published by Wolters Kluwer Health, Inc.

http://www.fpmrs.net


FIGURE 5. Sensitivity analysis of the association between age and OAB.
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diet. According to our research results, employment status pre-
sented a negative association with OAB. The exact mechanism
for this is still unclear. Age may certainly confound the relationship
between employment and OAB. Older adults are less likely to be
employed, and age is significantly higher in OAB cases than in
non-OAB controls in our study. Further well-designed cohort stud-
ies, which eliminate the influences of age, are necessary to explain
the association between employment status and OAB. In addition,
we speculate that behavioral changes associated with employment
may be beneficial to OAB. However, as is well known, it is impos-
sible to conclude from case–control analysis whether an association
is causal. For example, because of their symptoms, individuals with
OABmay be less competent in the workplace, which would lead to
a lower employment rate.

Some studies found no20,26 or a negative28,54–56 association
of female sex with OAB, but other studies33,57,58 showed that fe-
male sex was an independent risk factor for OAB. Irwin et al2 re-
ported a higher prevalence of OAB symptoms in women than in
men before 60 years of age, whereas men had a greater prevalence
of OAB symptoms after 60 years of age. Other studies4,7 performed
in the United States andKorea reported that although the prevalence
of OAB increased linearly in the male population, it decreased in
the oldest age group in the female population. In concordance with
the results reported by Jo et al26 and Cheung et al,20 our analysis
also showed that there was no significant difference between men
and women in the prevalence of OAB, despite the differences in
anatomy and lifestyle habits between men and women.

Precious studies8,33 have shown a negative relationship be-
tween educational level and OAB. The authors of these studies
suggested that persons with a higher educational level were more
likely to pursue health-promoting behaviors and might have
healthier lifestyles, whereas persons with lower educational levels
might have a higher prevalence of poor diet, exposure to toxins,
and so on.26 However, in our study, 9 articles comprehensively an-
alyzed the association of educational level (high school degree or
below, bachelor degree or above) with OAB, and no significant
difference was found. This result is similar to those of a number
of other studies.15–17,21,27,36

Many studies59–62 reported the relationship between parturi-
tion and OAB, but the results were inconsistent. The EPICC
© 2018 The Author(s). Published by Wolters Kluwer Health, Inc.
study59 found that multiparous women and women who had un-
dergone vaginal delivery were more likely to have OAB. Palma
et al60 also found that nulliparous women presented fewer OAB
symptoms compared with primiparous women and that therewere
no significant differences between women who had experienced
different modes of delivery (vaginal and cesarean). In addition,
Lukacz et al61 demonstrated that vaginal delivery increased the
risk of pelvic floor disorders. In another study, Rortveit et al62

showed that the risk of OAB in women 5 to 10 years after giving
birth was not significantly associated with birthing method (vagi-
nal or cesarean). Most studies did not find significant differences
in the likelihood of OAB in women who experienced different
modes of delivery.60 In our meta-analysis, parity, the number of
parities, vaginal delivery, and the number of vaginal deliveries
were analyzed to explore the relationships of these factors to
OAB; the results showed that those factors had no significant as-
sociation with OAB.

The possible association of race2,3,8,9,63 and marital status
15,16,21,22,26,27,32,37,38 with OAB was addressed in several studies.
Consistent with most of the previous experimental results,2,3,8,9,15,
16,21,22,27,32,37,63 our study suggested that race and marital status
are not risk factors for OAB.

The World Health Organization defines natural menopause
as the permanent cessation of menstruation resulting from the loss
of ovarian follicular activity. Natural menopause usually occurs
between 45 and 55 years of age. Lack of estrogen is the main cause
of menopausal symptoms. The decrease in estrogen, which leads to
atrophy of the lower urinary tract and pelvic floor, triggers urinary
symptoms, such as frequency, urgency, and nocturia.64 Salcedo
and Sanchez Borrego65 reported that menopause was significantly
associated with OAB, with 3.7-fold greater likelihood in meno-
pausalwomen than in nonmenopausalwomen. de Boer et al66 also
demonstrated that menopause was a risk factor for OAB symp-
toms. Four studies were analyzed in our study; the results showed
that there was no significant association between menopause and
OAB. Additional studies of this topic with larger sample sizes
are needed.

It is well known that cigarette smoking is an intractable
and preventable public health problem.67 Many previous stud-
ies26,50,56,63,66,68,69 have explored the role of smoking in OAB.
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Although some studies26,69 found no relationship between smoking
and OAB, other studies50,63 reported that smoking was a risk factor
for the onset of OAB. The higher incidence of OAB in smoking
populations may be explained by the following: (1) smoking ele-
vates mean serum levels of testosterone and androstenedione70;
(2) cigarette smoking is correlated with an antiestrogenic hormonal
effect on the bladder and urethra71; and (3) nicotine increases the
activity of the sympathetic nervous system and exacerbates irrita-
tive urinary symptoms.72,73 In the present study, smoking was
found to be unrelated to the onset of OAB, although it is an impor-
tant risk factor for and is involved in the pathogenesis of a variety
of disorders.

Chronic alcohol abuse, which can lead to tissue damage and
organ dysfunction, is a significant contributor to the global burden
of disease.74A few studies8,24–26,28,32,63,69,75 evaluated the association
of alcohol intake with OAB. Some studies69,75 showed an inverse as-
sociation, whereas others8,63 reported a positive association. Acute
and chronic consumption of alcoholmay result in higher serum estro-
gen levels and reduced androgen levels.76 These changes in hormone
levels can cause urinary symptoms by various mechanism.40 In
addition, animal studies77,78 have shown that ethanol can reduce
the contractility of the detrusor muscle and the urethra. However,
in this meta-analysis, no significant association was found be-
tween alcohol consumption and OAB. The specific mechanisms
need to be elucidated in further studies.

To our knowledge, this is the first systematic review and
meta-analysis to explore the risk factors associated with OAB. In
our meta-analysis, 28 studies that involved relatively high numbers
of cases and controls were included, strengthening the reliability
and conclusiveness of our results. However, our study also has
some limitations. First, residual confounders and unidentified fac-
tors are inevitable in observational studies. Second, the definitions
and diagnostic criteria of OAB used in the studies included in our
meta-analysis were not completely consistent. Third, the number of
cases and controls in some studies was relatively small, and some
studies were excluded because of a lack of useful data. Finally, there
was strong evidence of heterogeneity among the included studies. Al-
thoughwe detected onemajor source of heterogeneity by conducting
sensitivity analyses, other differences between the studies should
be considered.

CONCLUSIONS
Our research showed that age and BMI had significant posi-

tive associations with OAB, whereas employment had a significant
negative association with OAB. In addition, we demonstrated that
sex, educational level, parity, vaginal delivery, race, menopause,
marital status, smoking, and alcohol consumption were not found
by these analyses to impact on the risk of OAB. Our results may
be helpful in designing effective medical and preventive interven-
tions targeting the susceptible population.
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