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Abstract: Objective: To explore the effect of topical estrogen therapy on the expression of estrogen receptor β (ERβ) 
in bladder tissue of female patients with overactive bladder (OAB). Methods: A total of 58 female OAB patients who 
were treated in the Affiliated Hospital of Qinghai University were included in this retrospective study. The patients 
were divided into an estrogen group (28 cases) and a tolterodine group (30 cases). In the estrogen group, patients 
received topical vaginal estrogen treatment (0.5 mg daily) for 3 consecutive weeks and this was followed by a one-
week interval. In the tolterodine group, patients received tolterodine (4 mg once daily) for 3 consecutive weeks and 
this was followed by a one-week interval. All patients underwent cystoscopy and completed Overactive Bladder ques-
tionnaire short form (OAB-q SF). The expression of ERβ in the bladder tissue was detected by immunohistochem-
istry. Results: After 12 weeks, there was no statistical difference in the OAB-q scores between the tolterodine and 
estrogen groups. However, tolterodine treatment significantly improved urinary incontinence than estrogen treat-
ment (P = 0.03). After 12 weeks of estradiol treatment, the expression of ERβ in the bladder tissue was significantly 
higher than that in the tolterodine group (P < 0.05). Conclusion: Topical estrogen therapy ameliorates OAB in female 
patients, and this may be related to improved ERβ expression in the bladder mucosa.
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Introduction

Abnormal bladder storage and voiding func-
tions are commonly associated with overactive 
bladder (OAB). According to the definition by  
the International Continence Society (ICS), OAB 
is characterized by urgency, with or without 
urgency incontinence, often accompanied by 
increased daytime frequency and nocturia [1]. 
The prevalence of OAB has been reported to be 
11.8% in Europe and North America, 20.8% in 
East Asia, with the highest prevalence found in 
China at 23.9%, and the prevalence tends to 
increase with age [2]. OAB patients are primar-
ily affected by lower urinary tract symptoms 
(LUTS), with urgency and frequent urination 
being the most common symptoms [3]. There- 
fore, OAB patients not only experience a signifi-
cant decrease in quality of life but also psycho-
logical problems [4].

The cause of OAB is uninhibited spastic detru-
sor muscle contractions, but detrusor overac-

tivity is not enough to cause urinary inconti-
nence (UI). Michel et al. suggest that estrogen 
deficiency caused by menopause is related to 
the occurrence of OAB, and estrogen can sig-
nificantly increase bladder capacity and compli-
ance [5]. The female urinary tract arises from 
the urogenital sinus, which is sensitive to sex 
steroid hormones [6]. A series of periodic LUTSs 
and urodynamic changes in premenopausal 
women suggest that estrogen has a certain 
physiological effect on the lower urinary tract 
[7]. Estrogen receptors (ERs) have been identi-
fied in the bladder, urethra, and pelvic floor [8]. 
Estrogen acts through the binding and activa-
tion of estrogen receptors α (ERα) and β (ERβ), 
with ERβ being the major ER subtype in the 
bladder [9, 10]. Although the current first-line 
treatment for OAB is antimuscarinic drugs, lar- 
ge literature reports suggest that estrogen 
replacement therapy (ERT) can also significant-
ly improve OAB symptoms [3, 11]. ERT was first 
used for OAB-related symptoms as early as 
1992 [12]. In addition, a meta-analysis of post-
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menopausal women using estrogen to treat 
OAB symptoms has shown that ERT significant-
ly improved the symptoms of OAB [13].

Although OAB is more common in elderly post-
menopausal women, the safety and effective-
ness of estrogen in treating OAB have been 
confirmed in a number of reports [14]. Com- 
pared with systemic ERT, the use of topical  
vaginal estrogen for OAB has more obvious 
advantages and fewer adverse reactions [11, 
15]. The above studies are mainly conducted 
through questionnaires, so the subjective im- 
provement of OAB symptoms may only repre-
sent a local improvement in vaginal atrophy, 
rather than a description of urothelial changes. 
Estrogen has been used for the treatment of 
postmenopausal UI for more than decades. 
However, there are few basic studies on the 
role of sex hormones in the lower urinary tract. 
If the lower urinary tract is indeed the target 
organ for estrogen action, it should be possible 
to detect the presence of ERs in tissues and 
the changes in ERs after the application of 
estrogen. The purpose of this study was to 
detect the expression of ERβ in the bladder 
mucosa tissue of female OAB patients after 
intravaginal estrogen treatment, so as to pro-
vide a theoretical basis for estrogen treatment 
of OAB.

Subjects and methods

Subjects

This study was approved by the Ethics Com- 
mittee of the Affiliated Hospital of Qinghai 
University. A total of 58 female OAB patients 
who were treated in the Affiliated Hospital of 
Qinghai University were included in this retro-
spective study. The patients were divided into 
an estrogen group (28 cases) and a toltero- 
dine group (30 cases). In the estrogen group, 
patients received topical vaginal estrogen 
treatment (0.5 mg daily) for 3 consecutive 
weeks and were closed for 1 week. In the tolt-
erodine group, patients received tolterodine (4 
mg once daily) for 3 consecutive weeks and 
were closed for 1 week. Inclusion criteria: (1) 
women aged over 18 years old; (2) women with 
a history of OAB symptoms for at least 3 
months, including an average of 8 or more mic-
turitions per 24 h and at least one urgency 
incontinence episode per 24 h recorded in 
3-day bladder diaries at baseline; (3) women 

with significant OAB symptoms which reduced 
quality of life as measured by the Overactive 
Bladder questionnaire short form (OAB-q SF) 
[16]. Each item is rated on a six-point scale, 
with 1 being “not at all” to 6 being “a very great 
deal”. Exclusion criteria: (1) patients with evi-
dence of chronic urologic inflammation; (2) 
patients with uncontrolled narrow-angle glau-
coma; (3) patients with recurrent urinary tract 
infection; (4) patients with significant stress 
incontinence; (5) patients with sexual dysfunc-
tion or an anatomic disorder of sexual function 
of their partner; (6) patients who recently had a 
major gynecological surgery; (7) patients with 
abnormal cervical smear results; (8) patients 
with a history of gynecological malignancy; (9) 
patients with uncontrolled hypertension; (10) 
patients with incomplete clinical data.

Cystoscopy

Cystoscopy was performed as a standard pro-
cedure in all the patients. A minimum of two 
bladder biopsies were taken approximately 2 
cm superolateral to the ureteric orifices in all 
patients using cold cup biopsy forceps. Bladder 
biopsy specimens were sent in 10% formalin 
solution for histopathologic examination and 
immunohistochemistry (IHC).

Primary endpoints

The primary endpoints included improvement 
in OAB symptom severity (measured by the 
OAB-q SF) after 12 weeks of treatment. Clinic 
visits took place at 1 and 12 weeks. At baseline 
and week 12, all participants underwent cys-
toscopy and completed questionnaires includ-
ing the OAB-q SF as well as a 3-day bladder 
diary.

Immunohistochemistry

All formalin-fixed bladder tissue samples were 
embedded in paraffin. The entire tissue sam-
ples were incubated with monoclonal mouse 
anti-human ERβ antibody (clone 14C8, Abcam®) 
for final IHC evaluation. IHC analyses were car-
ried out on 4-μm-thick sections placed on tis-
sue bond coated slides using immunoperoxi-
dase method with respective antibodies as per 
manufacturer instructions. A total red score 
was used for semi-quantitative analysis of ERβ 
expression, considering both the proportion 
score and intensity score. Positively stained 
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target cells were graded on a scale of 0 to 4 
based on the proportion score: 0 (none), 1 
(1-10%), 2 (11-50%), 3 (51-80%), and 4 (81-
100%). Similarly, the intensity (staining intensi-
ty) scores were graded on a scale of 0 to 1 
based on the score: 0 (no staining), 1 (weak 
staining), 2 (intermediate), and 3 (strong). The 
two scores were added to obtain a final score.  
If it was less than or equal to 2 then this was 
considered a negative score and a score over 2 
was considered positive. Under 40× magnifica-
tion, areas with the highest intensity were iden-
tified. Subsequently, under 400× magnifica-
tion, the percentage of ERβ was calculated by 
counting positive stained cells in 100 examin- 
ed cells. A total of 5 serial sections comprising 
epithelial tissue were examined and then the 
mean score (in the form of either positive or 
negative) was calculated for each specimen 
(ERβ in epithelium).

Statistical analysis

Statistical analysis was performed with SPSS 
version 26.0. Fisher’s exact test and the chi-
squared test were used to evaluate the differ-
ence between categorized variables, and a 
p-value of < 0.05 was deemed significant. The 
categorical data were presented as numbers 
(percentage) and were compared using the  
Chi-square test and Odds ratio (95% confiden- 
ce interval). The quantitative data were pre-
sented as mean and standard deviation (SD) 
and were compared using a Student’s t-test. 
Relationships between the quantitative vari-
ables were assessed by using Pearson’s corre-
lation coefficient. P < 0.05 was considered 
significant.

Results

General clinical information

A total of 65 eligible women (33 premenopaus-
al, 32 postmenopausal) were included between 
April 2017 and August 2019, with 28 patients 
in the tolterodine group and 30 patients in the 
topical vaginal estrogen group completed the 
12-week study. Both groups were age-matched, 
and the serum hormone profile and body mass 
index were also comparable in both groups (P > 
0.05). There were no significant differences in 
marital status and comorbidity between the 
two groups (P > 0.05, Table 1).

Analysis of OAB-q SF scores

There were no significant differences in OAB-q 
SF scores and urgency incontinence episodes 
between the two groups at baseline (Table 2). 
After 12 weeks of treatment, the differences 
were in OAB-q SF score (46.7 ± 23.4 vs. 45.4 ± 
21.0, P = 0.84) and UI episodes (-1.2 ± 8.3 vs. 
-1.6 ± 7.2, P = 0.26) were not significant 
between the tolterodine and intravaginal estra-
diol groups (Table 2). However, both groups 
reported reduced OAB-q SF scores after 12 
weeks of treatment compared to baseline (tolt-
erodine, P < 0.0001; intravaginal estradiol, P = 
0.002, Table 2). In addition, within-group analy-
ses showed a significant decrease in UI epi-
sodes in the tolterodine group but not in the 
intravaginal estradiol group (tolterodine, P = 
0.03; intravaginal estradiol, P = 0.26, Table 2).

Immunohistochemistry of ERβ

Immunohistochemistry was performed to exa- 
mine the expression of ERβ protein on selected 

Table 1. Baseline characteristics
Characteristic Tolterodine (n = 30) Intravaginal Estrogen (n = 28) t/F p
Years of age, mean ± SD 52.81 ± 9.92 51.88 ± 4.81 3.450 0.631
BMI (kg/m2), mean ± SD 26.04 ± 4.61 24.34 ± 2.45 7.585 0.837
Serum Estradiol 40.16 ± 12.8 35.58 ± 9.04 12.444 0.124
Marital status, n (%) 15.481 0.130
    Single/never married 3 (10.0) 7 (25.0)
    Married 27 (90.0) 21 (75.0)
Comorbidity, n (%)
    Diabetes mellitus 1 (3.3) 1 (3.6) 8.749 0.961
    Hypertension 2 (6.6) 1 (3.6) 1.547 0.595
BMI, body mass index.
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tissues. ERβ staining in the squamous epitheli-
um of the bladder trigone (Figure 1A) and do- 
me (Figure 1B) is presented. However, ERβ was 
uniformly expressed in all nuclei in bladder 
transitional epithelium (Figure 1C) while under-
lying stromal cell nuclei showed no immunore-
action (Figure 1D). There was no difference in 
ERβ staining between the tolterodine and intra-
vaginal estradiol groups at baseline (P > 0.05, 
Table 3). ERβ was positive in 14 of 30 patients 
in the tolterodine group (47%; 12 weak and 2 
intermediate), and was positive in 14 of 28 
patients (50%; 11 weak, 2 intermediate, and 1 
strong) in the vaginal estradiol group. Follow-up 
after 12 weeks of medication, ERβ expression 
was significantly increased in intravaginal es- 
tradiol groups (Figure 1E) vs. tolterodine group 
(Figure 1F; Table 3). No significant changes 
were found in ERβ expression in the tolterodine 
group after 12 weeks of treatment (P > 0.05). 
There, ERβ was positive in 13 of 30 patients in 
the tolterodine group (43%; 13 weak), while 
was positive in 23 of 28 patients (73%; 13 
weak, 8 intermediate and 2 strong) in the vagi-
nal estradiol group, indicating that the expres-
sion score and quantity of ERβ in the vaginal 
estradiol group were increased. In addition, 
compared with baseline, ERβ expression also 
changed significantly after 12 weeks of estro-
gen treatment (P < 0.01, Table 3).

Comparison of adverse effects

Adverse reactions to oral tolterodine were 
observed in 16 cases, resulting in an overall 
adverse reaction rate of 53%, and were primar-

ily characterized by mild toxic anticholinergic 
effects, with dry mouth being the most com-
mon. Adverse reactions to intravaginal estro-
gen occurred in 7 cases, with an overall adverse 
reaction rate of 25%, mainly characterized by 
irregular vaginal bleeding and local infection 
(Table 4).

Comparison of urodynamic parameters

Urodynamic examination of both groups after 
12 weeks of treatment revealed that use of 
intravaginal estrogen did not differ from oral 
Tolterodine in terms of maximum urinary flow 
rate, mean uroflow rate, urination time, and 
maximum detrusor pressure. However, there 
was a significant difference in maximum blad-
der capacity, P < 0.05, probably due to the 
enhanced bladder capacity expansion caused 
by the anticholinergic effect induced by Tol- 
terodine (Table 5).

Discussion

In this study, we explored the expression of  
ERβ in female OAB patients after topical estro-
gen therapy. It was found that topical estrogen 
therapy improved the symptoms of OAB and 
increased the expression of ERβ.

A number of studies have confirmed that female 
patients are more susceptible to OAB, which 
may be related to female physiologic character-
istics [17, 18]. However, the etiology of OAB is 
still unclear and might be multifactorial. The 
occurrence of OAB is associated with endocrine 
disorders [19]. Zhu et al. suggested that estro-

Table 2. Analysis of OAB-q SF scores and changes from baseline to 12 weeks (mean ± SD)
Item Tolterodine (n = 30) Intravaginal Estradiol (n = 28) t/F p
Baseline
    OAB-q SF score 65.48 ± 15.37 61.61 ± 20.04 19.375 0.421
    UI episodes 10.42 ± 11.64 16.21 ± 10.54 4.594 0.554
12-week Follow-up
    OAB-q SF score 46.71 ± 23.42* 45.44 ± 21.01* 4.058 0.815
    p 0.025 0.028
    t/F 5.982 7.531
    UI episodes -1.27 ± 8.34# -1.64 ± 7.22 7.251 0.854
    p < 0.014 0.267
    t/F 3.597 6.914
OAB-q SF, Overactive Bladder questionnaire short form; UI, urinary incontinence. *Compared to the 12-week follow-up OAB-q 
score within-group; #Compared to the 12-week follow-up UI episodes within-group. All reported P values are paired t test P 
values.
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gen status could directly affect bladder func-
tion [20]. The decrease in estrogen after the 
beginning of the post-menopausal period and 
pregnancy is believed to lead to the onset of 
OAB [21]. Estrogen therapy can reverse in- 
crease functional bladder capacity and reduce 
micturition frequency in ovariectomized rats, 
suggesting that abnormal estrogen may cause 
frequent urination and dysuria [22]. In addition, 

estrogen can also improve the nutritional sta-
tus of the urethra and bladder mucosa, increa- 
se blood flow around the urethral mucosa, and 
elevate the maximum closed pressure of the 
urethral sphincter [23].

Previous studies have shown that ERβ is much 
more widely expressed than ERα, and ERβ 
plays an important role in the development and 

Figure 1. Immunohistochemical staining of ERβ protein in squamous epithelium in the bladder trigone (A) and dome 
(B). Positive immunoreaction is indicated by brown color. ERβ was mostly confined to nuclei, but cytoplasmic stain-
ing was seen in all transitional epithelial cells (C), while underlying stromal cell nuclei showed no immunoreaction 
(D). Follow-up after 12 weeks of medication, ERβ expression was significantly increased in intravaginal estradiol 
groups (E) compared with that in tolterodine group (F). Immunonegative structures show the counterstain only 
(indicated by blue color). (A) was captured at ×100 magnification, (B-F) were captured at ×400 magnification. ERβ, 
estrogen receptor β.
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function of the bladder [24]. Studies have fo- 
und that female urinary bladder mucosa mainly 
expresses ERβ [9, 10] in the bladder triangle 
and bladder dome. This indicates that ERβ is 
uniformly distributed in the nucleus of the blad-
der triangle and the squamous metaplasia of 
the bladder dome.

Antimuscarinic drugs are effective in treating 
OAB. In recent years, β3 receptor agonist mira-
belon has received attention as a novel treat-
ment for OAB [25]. Since OAB occurs predomi-
nantly in the elderly, complications should also 
be recognized, and the use of these drugs in 
elderly patients is strictly limited because of 
possible adverse reactions. With the extension 
of medication time, patients’ compliance with 
anti-muscarinic drugs (mouthfeel, constipation, 
dysuria, etc.) also decreased [26]. Mirabillon is 
not suitable for elderly patients with uncon-
trolled hypertension and severe heart disease 
[27]. This study employed estrogen to treat OAB 
patients because the occurrence of OAB in 
women is related to estrogen deficiency, and 

the efficacy of estrogen in treating urgency/fre-
quency symptoms of OAB patients has been 
confirmed in previous studies [13]. Previous 
animal studies have also shown that estrogen 
can reduce the frequency and amplitude of 
detrusor contractions, thereby promoting de- 
trusor relaxation [28]. Postmenopausal women 
can use estrogen to improve symptoms of 
urgency, frequent urination, and nocturia [29]. 
On the one hand, estrogen improves urogenital 
tract blood supply [30], and on the other hand, 
we speculate that it may be associated with  
the ERs in the bladder mucosa. Estrogen has 
attracted attention as a possible way to treat 
OAB symptoms. Estrogen may act on the blad-
der and, in turn, indirectly regulate urothelial 
bladder sensory-motor function or increase the 
expression of ERs, as observed in Syrian ham-
sters [31]. Nelken et al. compared the use of 
estradiol vaginal rings and oxybutynin in the 
treatment of OAB and reported that the daily 
voiding rate was significantly reduced in both 
groups, but there was no significant difference 
between the two groups [32]. Tseng et al. con-

Table 3. ERβ expression in the tolterodine and intravaginal estradiol groups and changes from base-
line to 12 weeks

Group
ERβ expression 12-week Follow-up ERβ 

expression t/F p
0 (%) 1 (%) 2 (%) 3 (%) 0 (%) 1 (%) 2 (%) 3 (%)

Tolterodine (n = 30) 16 (53) 12 (40) 13.542 2 (7) 0 (0) 17 (57) 13 (43) 0 (0) 0 (0) 0.165
Intravaginal Estrogen (n = 28) 14 (50) 11 (39) 6.821 2 (8) 1 (3) 5 (17) 13 (46) 8 (29) 2 (8) < 0.014*
p 0.485 0.001
t/F 12.587 1.685 p (t/F)
ERβ, estrogen receptor β. *Compared to the 12-week follow-up within Intravaginal Estrogen group.

Table 4. Comparison of adverse effects of the two treatment modalities

Adverse effect Dry 
mouth Dysuria Vertigo Xerophthalmia Local  

inflammation
Enlarged 
breasts

Vaginal 
bleeding

Overall 
incidence

Tolterodine (n = 30) 8 3 2 1 2 0 0 53%
Intravaginal Estrogen (n = 28) 0 1 1 0 3 0 2 25%

Table 5. Comparison of urodynamic parameters between the two groups after treatment

Urodynamic Qmax (mL/s) Qave (mL/s) Vt(s) Pdet. Qmax 
(cmH2O) MCC (ml) FS (ml) BC (ml/cmH2O)

Tolterodine (n = 30) 27.26 ± 4.43 12.62 ± 1.49 23.6 ± 4.9 32.5 ± 7.8 519.1 ± 81.6 225.3 ± 44.5 4.50 ± 0.73

Intravaginal Estrogen (n = 28) 25.70 ± 4.59 12.36 ± 1.66 23.4 ± 5.0 30.6 ± 7.2 479.6 ± 57.1 209.6 ± 42.1 4.66 ± 0.69

F 1.727 0.392 0.009 0.867 4.503 1.881 0.684

P 0.194 0.534 0.924 0.356 0.038* 0.176 0.412
*Compared to the 12-week follow-up within Intravaginal Estrogen group. Qmax: maximum urinary flow rate; Qave: mean uroflow rate; Vt: urination time; Pdet. Qmax: 
maximal detrusor pressure; MCC: maximum bladder capacity; FS: bladder initial sensing capacity; BC: bladder compliance.
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ducted a randomized controlled trial in 80 
women, comparing the group treated with tolt-
erodine alone with the group treated with tolt-
erodine and intravaginal estrogen cream [33]. 
The tolterodine plus intravaginal estrogen gr- 
oup showed a significant improvement in the 
mean day frequency and urine output after 
treatment, but there were no significant differ-
ences in terms of nocturia and urgency. Given 
that our study showed no difference in the 
improvement of symptoms between the two 
groups, topical vaginal estrogen therapy may 
be an effective and well-tolerated alternative to 
anticholinergic treatment for female OAB.

Previously observed fluctuations in the men-
strual cycle of urinary symptoms may be medi-
ated by ERβ [34]. In this study, while the OAB 
symptoms were improved in patients treated 
with estrogen, we observed that the expression 
of ERβ in the bladder epithelium changed, indi-
cating that estrogen may directly regulate epi-
thelial cells. Thus, exogenous estrogen has an 
impact on bladder filling and voiding sensation 
to some extent. Our data indicated that ERβ 
plays a crucial role in this functional aspect. 
Interestingly, estrogen stimulation on uterine 
smooth muscle nerve regeneration through 
mechanisms dependent on ER indicates that 
the bladder may be subject to similar control 
mechanisms [35]. By employing IHC semi-
quantitative analysis to assess ERβ expression, 
we can gain insights into the regulation of ERβ 
function by estrogen and help understand the 
biological significance of ERβ in OAB. RhoA/
ROCK is a calcium-sensitive pathway involved 
in mediating changes in bladder contraction, 
and ERβ is involved in regulating this pathway 
to improve OAB symptoms [36]. Our data 
showed that ERβ expression significantly ele-
vated in bladder mucosa after topical vaginal 
estrogen therapy, and we speculate that in- 
creased ERβ expression may inhibit bladder 
contraction. Although the urinary tract function 
changes under the long-term effects of estro-
gen still need further research, our observa-
tions suggest that ERβ is an important target in 
the bladder for improving the subjective symp-
toms of patients with OAB by estrogen therapy.

There are some limitations in this study. First, 
the sample size is small. Second, this study is a 
single-center study. Third, we did not explore 
the mechanism of the effect of local estrogen 
therapy on bladder ERβ expression in female 

OAB patients. Therefore, in future studies, we 
should execute a multicenter study with a large 
sample size to validate the results of this study 
and explore the possible mechanisms.

Conclusion

Topical estrogen therapy can significantly im- 
prove the subjective symptoms of OAB, and the 
effect is no less than that of tolterodine. The 
possible mechanism is that estrogen supple-
mentation can significantly increase the expres-
sion of ERβ in the bladder mucosa.
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