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Abstract

Female sex hormones are thought to be important in the histological and functional maintenance of the genitourinary tract. Estro-
gen deficiency after menopause may be related to urinary symptoms. Postmenopausal atrophic changes cause genital and urinary
deterioration and reduce sexual health, resulting in an overactive bladder. Ovariectomized virgin rats appear to be an optimal post-
menopausal animal model, as they are free of the confounding effects of delivery and advancing age. Although the exact mecha-
nisms of postmenopausal bladder dysfunction are undetermined, decreased vascularity has been introduced as the primary event
resulting in atrophy, with possible underlying mechanisms, which can explain bladder dysfunction. Local administration of estro-
gen seems to be effective in the management of urinary symptoms in postmenopausal women, and this route of administration
has the advantage of alleviating the adverse side effects of systemic replacement.
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1. Postmenopausal Bladder Function

The female urinary tract shares the same origin as
the genital tract in the urogenital sinus. Menopause can
change the histological and physiological characteristics
of the urinary tract, as well as the genital organs. Female
sex hormones are thought to be important in the histologi-
cal and functional maintenance of the genitourinary tract.

Moreover, estrogen deficiency after menopause may
be related to urinary symptoms (1). Bladder function is
known to become overactive after menopause (2, 3). How-
ever, researchers have reported no correlations between
menopause and overactive bladder (OAB) (4-7). The dif-
ficulty in determining the effects of menopause on OAB
stems partly from the aging of the postmenopausal pop-
ulation, as age is an important factor in OAB.

OAB is a symptom complex of urinary urgency, which
isusuallyaccompanied by urinary frequency and nocturia,
with or without incontinence in the absence of metabolic,
infectious, or local pathologic conditions (8). The overall
prevalence of OAB in a large population study was 11.8%
(9), while in an epidemiological study in North Amer-
ica, the prevalence was estimated at 16.9% among women
(10). Moreover, in a European study, the prevalence was
16.6% in women aged over 40 years, whereas a more recent
population-based study reported a prevalence of 7.8% in
women aged 45 - 60 years (11).

The variations in the prevalence rates may be related

to the characteristics of the studied populations, such as
age, race, and ethnicity, or differences in the evaluation
tools. Among OAB symptoms, urinary frequency is the
most common (85%), followed by urinary urgency (54%)
and incontinence (36%) (12). Overall, OAB is not a life-
threatening condition, but its impact on quality of life is
substantial and deteriorates patients’ social, psychologi-
cal, emotional, physical, and sexual functioning (13, 14).

Menopause also influences the prevalence of OAB. It
refers to a transition to non-reproductive years due to de-
creased production of sex hormones in the ovaries (15).
After menopause, urogenital atrophy, besides a variety of
sexual and lower urinary tract symptoms, can develop or
worsen (16, 17). A number of studies have reported as-
sociations between menopausal symptoms and OAB, al-
though the causative relationship is not clear (18, 19). Post-
menopausal atrophy leads to both genital and urinary de-
terioration and reduces sexual health, resulting in the de-
velopment of OAB.

Recently, the concept of genitourinary syndrome of
menopause (GSM) has been introduced to properly define
the symptoms and signs of menopause (20). The urinary
tract undergoes the same atrophic changes as the vagina.
Decreased amount of collagen in periurethral tissues, be-
sides urethral mucosal atrophy, causes the so-called “at-
rophic urethritis”. These changes are known to lead to uri-
nary frequency, nocturia, urinary incontinence, and in-
creased risk of urinary tract infection.
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Similar to atrophic vaginitis, atrophic urethritis itself
is not an infective condition. If combined with stenosis, it
can cause bladder pathology and functional impairment,
similar to bladder outlet obstruction in male patients. It is
unclear if atrophic urethritis changes the bladder function
or the bladder undergoes similar atrophic changes, result-
ing in functional impairment. One recent animal study
reported explainable bladder changes in terms of weight
similar to the uterus and modulatory proteins (21).

It seems that various factors affect bladder function re-
lated to menopause. Menopause is also associated with
obesity (22), diabetes (23), cardiac diseases (24), and psy-
chological stress, and these conditions are in turn associ-
ated with OAB (10, 25, 26). Besides age, a variety of other
factors are associated with OAB, causing problems in the
epidemiological assessment of menopause and OAB.

2. Ovariectomized Animals in an Experimental
Menopause Model

Bladder function may be affected by many factors, in-
cluding age and menopausal status, which can distort in-
terpretation of the results. In experimental animal mod-
els, the possibility of bias can be overcome in early iatro-
genic menopause via ovariectomy. Ovariectomized virgin
rats have been established as optimal models for studying
the menopausal effects, as they are free of the confounding
effects of delivery and advancing age (27).

Prior to ovariectomy, the rats need time to adjust to
the environment. The optimal age for ovariectomy in
virgin rats is approximately 10 weeks before they reach
menopause. After the rats are anesthetized, their ovaries
are typically exposed using a lateral flank approach rather
than making midline incisions, as the ovaries are located
in the flank area (21). A few weeks later, bladder function in
ovariectomized rats can be evaluated with cystometry or
observation of voiding patterns in the metabolic cage.

Rat cystometry has been well-described in many arti-
cles (28). The infusion rate of filling saline should be suffi-
ciently low to avoid artifacts, and the frequency of bladder
contractions can take a range of cut-off values. Breyer et al.
considered more than 4 contractions in 10 minutes to be
indicative of detrusor overactivity at an infusion rate of 0.1
ml/min (29).

Ovariectomy in rats increases their body weight; addi-
tionally, their uterus shrinks, and the bladder appears to
become thinner. Ovariectomized rats also have OAB (30),
and unlike rats with obstructed bladder outlets, which is
another OAB rat model, the bladder wall does not thicken
in ovariectomized rats, at least not in the early period af-
ter ovariectomy. Ovariectomy in rats also attenuates their

bladder muscles and causes fibrotic changes due to de-
creased vascularity, whereas rats with obstructed bladder
outlets develop bladder hypertrophy. Therefore, the blad-
der of ovariectomized animals may appear overactive with
low contractility (31).

3. Possible Mechanisms of OAB After Menopause

Decreased concentrations of female sex hormones af-
ter menopause appear to make the bladder overactive (31,
32), although the exact mechanisms remain unknown. De-
creased vascularity can be described as the starting point
of a cascade of events, which lead to bladder dysfunction
(33). Muscarinic receptors play a central role in OAB, and
blocking these receptors is a common treatment for OAB;
therefore, they can be important in postmenopausal OAB.

In ovariectomized animals, increased levels of mus-
carinic receptors have been reported as a possible cause
of OAB (34), whereas other studies have found contradic-
tory results (35). In this regard, a recent study reported
no increase in muscarinic receptors in ovariectomized rats
(21). Muscarinic receptors may be functionally potentiated
without changes in receptor density; this can be accom-
plished by gap junction proteins. These proteins are re-
sponsible for coordination of cell-to-cell communication
and major simultaneous contractions of bladder smooth
muscle cells, which occur when these cells are coupled
(36).

Connexin-43 is the main gap junction protein in rat de-
trusor cells (37); it can be found in the suburothelium, be-
sides the detrusor (38, 39). The level of connexin-43 has
been reported to increase in the detrusor cells of patients
with overactive neurogenic bladder (40), as well as the rat
bladder after ovariectomy. In a previous study, hormone
replacement after ovariectomy was followed by decreased
connexin-43 level, reflected as improved bladder function
(41).

Other possible mechanisms of OAB induced by ovariec-
tomy may involve gap junction proteins, vanilloid recep-
tors, Rho-kinase receptors (42), neurokinin receptors (43),
or purinergic receptors (44). Although changes in blad-
der function after menopause begin with decreased lev-
els of sex hormones and atrophy in the urogenital tract,
the eventual manifestations and mechanisms of post-
menopausal OAB may be the same as other types of OAB. If
important stages in postmenopausal changes of the blad-
der are identified, they can be extrapolated to all types of
OAB.
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4. Can Hormone Replacement Reverse OAB?

Contrary to the previous notion of the beneficial ef-
fects of estrogen on urinary symptoms in postmenopausal
women (45), recent studies of systemic estrogen adminis-
tration have revealed no improvement or deterioration in
urinary incontinence, compared with the placebo. In the
Heart and Estrogen/progestin Replacement Study (HERS,
a large prospective randomized study), patients treated
with conjugated estrogen plus progesterone showed a
21% improvement in incontinence versus a 26% improve-
ment in the placebo group. Incontinence deteriorated in
39% of patients treated with hormones versus 27% of pa-
tients in the control group (46). Meanwhile, the Women’s
Health Initiative (WHI) reported similar results. Post-
menopausal women were treated with either conjugated
estrogen alone or conjugated estrogen plus progesterone,
and hormone treatment worsened urgency and stress in-
continence (47).

The negative effects of systemic hormone replacement
on urinary symptoms were found in another large-scale
study on postmenopausal women (48). In this longitu-
dinal study, all 4 methods of hormone administration
(oral estrogen, transdermal estrogen, oral estrogen with
progestin, and transdermal estrogen with progestin) in-
creased the risk of incontinence, compared with women
who had never received hormones. On the other hand, dis-
continuation of hormones decreased the risk of inconti-
nence over time. Ten years after the end of hormone ther-
apy, these women had the same risk as women who had
never used hormones.

Although the primary focus of the mentioned stud-
ies was cardiac diseases or osteoporosis, and some studies
(49) have expressed concerns about the misinterpretation
of WHI results, analysis of previous studies about urinary
symptoms as additional endpoints seems clear. However,
local administration of estrogen appears to be effective in
the management of urinary symptoms in postmenopausal
women, and local administration has the advantage of al-
leviating the adverse side effects of systemic replacement.
There are concerns about protection of the endometrium
in breast cancer after hormone replacement, especially
with systemic administration (50). One study reported
vaginal bleeding and hysterectomy in some patients due to
complications after estradiol implants for OAB (51); based
on the findings, systemic administration should not be ap-
plied in the postmenopausal management of OAB.

Low-dose, vaginally administered estrogen was re-
ported to be beneficial against the adverse symptoms of
urinary urgency, frequency, and incontinence (52). How-
ever, this effect was thought to result from the reversal of
urogenital atrophy rather than any direct activities in the
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lower urinary tract. A meta-analysis regarding the role of
estrogen therapy in the management of OAB examined 11
randomized trials, including 430 patients (53). Overall, es-
trogen was associated with all outcome parameters. Diur-
nal and nocturnal frequency, urgency, number of inconti-
nence episodes, and bladder capacity improved, whereas
local administration was superior to systemic administra-
tion.

Moreover, Simunic et al. reported urodynamic changes
after local estrogen therapy in postmenopausal OAB pa-
tients. The subjective symptoms, maximal cystometric ca-
pacity, strong desire to void, and uninhibited bladder con-
tractions improved with local administration of 25 ug of
micronized 17 beta-estradiol (54). In another study, a lo-
cally administered estradiol-releasing ring was compared
with oral 5-mg oxybutynin, and the efficacy results were
comparable (55). Moreover, local estrogen therapy, com-
bined with oral anticholinergic drugs, has been applied.
However, the synergistic effects of combination therapy
were not consistent, and more data are needed (56-58).
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