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Abstract:
Background: Urogenital changes associated with menopause are now classified as genitourinary syndrome of menopause (GSM) which includes symptoms of urgency, frequency, dysuria, and recurrent urinary tract infections (UTIs) for which the recommended, treatment is estrogen. However, the association between menopause and urinary symptoms and the efficacy of hormone therapy (HT) for these symptoms is uncertain.
Objectives: Our objectives were (1) to define the relationship between menopause and urinary symptoms including dysuria, urgency, frequency, recurrent UTIs, and urge and stress incontinence, and 2) to systematically review the effects of HT for urinary symptoms in peri and post-menopausal women.
Search strategy: PubMed, Scopus, and the Cochrane Central Register of Controlled Trials (CENTRAL) were searched until April 2022 
Selection criteria: RCTs of peri or postmenopausal women with urinary symptoms including dysuria, frequent UTI, urgency, frequency, and incontinence, in English were included. 
Data collection and analysis: Two authors reviewed each paper with discrepancies resolved through whole group consensus. Data extracted included: publication date, country, setting, subject number, follow-up, duration, age, race/ethnicity, study design, inclusion criteria, and main findings.
Main results: There is insufficient evidence to confirm that menopause is associated with urinary symptoms. The effect of HT on urinary symptoms depends on type. Systemic HT may cause urinary incontinence or worsen existing urinary symptoms. Vaginal estrogen improves dysuria, frequency, urge and stress incontinence, and recurrent UTI in postmenopausal women. 
Conclusions: Menopause has not been shown to cause urinary symptoms. Vaginal estrogen improves urinary symptoms and decreases the risk of recurrent UTI in postmenopausal women.  
Funding: Department of Obstetrics and Gynecology University of Chicago.
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Tweetable abstract: We performed a systematic review of randomized controlled trials to examine the association between menopause and urinary symptoms and the efficacy of systemic hormone therapy (HT) and vaginal estrogen treatment for urinary symptoms. We were unable to demonstrate that menopause is associated with the urinary symptoms included in GSM.  Vaginal estrogen improves urinary symptoms in postmenopausal women, but systemic HT may cause urinary incontinence or make urinary symptoms worse.

















Introduction 
Historically the term ‘vulvovaginal atrophy’ (VVA) was used to describe physical changes to the vulva and vagina in the post-menopause. To standardize and broaden this terminology, the term genitourinary syndrome of menopause (GSM) was coined in 20141. Symptoms attributable to GSM were decided at a consensus conference held by the North American Menopause Society (NAMS) and The International Society of the Study of Women’s Sexual Health (ISSWSH). Urinary symptoms that were not previously part of VVA were added into GSM: specifically, urinary urgency, frequency, dysuria, and recurrent urinary tract infections (UTIs). The decision to include these symptoms was based on a non-systematic literature review and expert opinion. While acknowledging the overlap with urinary symptoms, aging and menopause, the panel did not address which symptoms might be attributable to aging versus those due to menopause. 
In 2020, updated recommendations suggested that symptoms included in GSM should be treated with vaginal estrogen2. Understanding what symptoms are attributable to menopause is of high clinical importance since menopause is ubiquitous and urinary symptoms are highly prevalent. If menopause causes urinary symptoms, then HT may lead to symptom relief. However, if these urinary symptoms are due to other causes, use of HT is unlikely to be effective and is associated with short and long-term risks3,4. 
The aim of this systematic review was (1) to clarify the association between menopause and urinary symptoms included in the definition of GSM: dysuria, urinary urgency and frequency, recurrent urinary tract infections and urinary incontinence, which was not included in the definition, but is often included in clinical trials and 2) to systematically review the effects of systemic and vaginal estrogen therapy for these urinary symptoms.

Methods
We first searched the literature for clinical trials including peri and postmenopausal women with a primary or secondary outcome of urinary symptoms including dysuria, urinary urgency, and frequency, nocturia, recurrent urinary tract infections, urge incontinence, and stress incontinence. We only included randomized control trials (RCT) that were written or translated into English. We excluded animal trials, cancer studies, pharmacokinetic studies, secondary analyses, observational studies, pilot studies, position papers, and conference abstracts. IRB approval was not required for this review.
PubMed, Scopus and the Cochrane Central Register of Controlled Trials (CENTRAL) were searched until October 2020 using the key words: perimenopause/perimenopausal/menopause/menopausal/postmenopause/postmenopausal/post-menopause/post-menopausal/climacteric/urinary frequency/urinary urgency/urinary incontinence/urinary symptoms/urinary tract infection/UTI/urge incontinence/bladder pain/vaginal atrophy/vaginal burning/dysuria/stress urinary incontinence/overactive bladder/OAB/menopause hormone therapy/hormone therapy/hormone replacement therapy/vaginal estrogen therapy/estrogen therapy/topical estrogen/vaginal DHEAS/Prasterone/Ospemifene/CO2 Laser (Appendix 1: Search Strategy). Please see Appendix S1 for the search terms used.  The search was repeated on April 28, 2022, yielding one additional RCT. 
The review was completed by five authors (MC, SI, JL, CD, SM). At least two authors reviewed each paper with discrepancies resolved through whole group consensus. Data extracted included: publication date, country of origin, setting (clinic vs community), number of subjects, follow-up, duration, mean age of subjects, inclusion of race/ethnicity data, study design, study inclusion/exclusion criteria, primary/secondary outcomes, types of data collected, and main findings.
All included randomized control trials were rated using the Jadad scoring system, a validated tool used to assess their methodological quality5. The scoring is based on 5 criteria (1 point each); was the trial randomized, an appropriate randomization method was used, was blinded, used an appropriate method of blinding, and accounted for all participants randomized. Using the Jadad scoring system, 13 of the 30 included RCTs were considered medium to high quality. 11(37%) of the included trials scored 5 out of 5 points, indicating the highest methodological quality. 2(7%) scored 4/5, 8(27%) scored 3/5, 7(23%) scored 2/5, and 2 (7%) scored 1/5. Jadad scoring is listed in Table 1 with the included trial. 


Results
We identified 5,265 papers, of which 30 were RCTs (Figure 1).  Studies were published between 1978 and 2021, with data from 17 countries. To better address the specific question of whether HT improves urinary symptoms in menopause we included only RCTs investigating HT for urinary symptoms. The included clinical trials were divided into systemic HT and vaginal estrogen therapy (Table 1). For clarity, we outline the findings from the trials grouped by treatment category. 

Efficacy of Systemic HT for urinary symptoms
Only a single RCT, published in 1978 (n=29), demonstrated statistically significant improvement in urge incontinence with oral estrogen compared to placebo (p<0.05)6.  All other included RCTs found no benefit from systemic HT or increased urinary symptoms compared to placebo 7-15. The Women’s Health Initiative (WHI), a large RCT (n=27,000) showed that stress incontinence (SUI) increased with both estrogen only and combined oral HT (RR 2.15 and 1.87 respectively) and, to a lesser degree, mixed urinary incontinence (RR 1.79 and 1.49 respectively) at one year in women who were continent at baseline13. In addition, oral estrogen, but not combined estrogen plus progestin, increased urge incontinence (RR 1.32). A few smaller  RCTs,  comparing oral estrogen plus progestin versus placebo in postmenopausal women with existing urge or stress urinary incontinence 8,11 and oral estrogen alone versus placebo in postmenopausal women with stress urinary incontinence10,12, all reported no benefit from HT for urinary incontinence.  
Similarly, neither subcutaneous estrogen16 or transdermal estrogen17  improved  urinary frequency, urgency, nocturia, dysuria, or urinary urge incontinence versus placebo. Consistent with WHI findings, transdermal estrogen increased new onset urinary incontinence (OR 1.2) compared to placebo. The findings from RCTs comparing oral estrogen to vaginal estrogen18, raloxifene14, transdermal estrogen (gel and patch)19 and oral isoflavone20 were difficult to interpret due to lack of clarity about what urinary symptoms were being treated.  In one RCT comparing oral, percutaneous gel and transdermal estrogen with no placebo group, found 90% of the gel group and 100% of the patch group reported complete relief of urinary symptoms vs only 40% in the oral group19. Another RCT comparing oral versus vaginal estrogen reported that urinary frequency and nocturia were decreased for both groups but changes in stress and urge urinary incontinence were not statistically significant when compared to baseline18. Like the WHI findings, a RCT comparing oral estrogen versus raloxifene versus placebo, found that oral estrogen was associated with increased incidence of urinary incontinence14.  One RCT comparing oral estrogen to isoflavone, and placebo reported no change in urinary symptoms in any group 20.
Three RCTs measured the efficacy of oral estrogen vs placebo for prevention of urinary tract infection (UTI) in postmenopausal woman 7,9,15. Two included women with a history of recurrent UTIs7,9, while the other measured UTI frequency in postmenopausal women with VVA on clinical exam15.  Only the RCT assessing incidence of UTI in post-menopausal with VVA demonstrated statistical significance in reducing the incidence of UTI when compared to placebo15.  

Vaginal Estrogen Therapy
	Most of the 30 RCTs reviewed found that vaginal estrogen formulations (cream, pill, and ring) improved a range of urinary symptoms in postmenopausal women including dysuria, urinary frequency, stress and urge incontinence, and reduction in recurrent UTIs. Several trials compared vaginal estrogen with placebo21-25. The type of vaginal estrogen (cream, pill, or ring) and outcome measures varied with each trial. One of the largest trials, comparing 25µg vaginal estradiol tablet to placebo in 1612 participants followed over 12 months demonstrated significant improvement in dysuria (p=0.028), incontinence (p=0.002), frequency (p=0.001) and decreased UTI (p=0.034) in the treatment arm22. Another trial comparing a 1mg vaginal estriol tablet to placebo also found a decreased incidence of stress urinary incontinence (p=0.01) and UTI (p=0.001) in the estrogen group25. A third RCT showed significant reduction in urinary urgency with 25µg vaginal estradiol but no improvement in urinary frequency or incontinence23.  In a trial comparing 2mg vaginal estrogen ring to placebo there was significant improvement in urge urinary incontinence (p=0.03) and stress urinary incontinence (p=0.003) and higher incidence of remaining UTI free (45% vs 20%) during the 36 week trial among postmenopausal women with history of recurrent UTIs; but no change was found in dysuria, frequency or urgency 24. Similarly, two other RCTs comparing vaginal estrogen to placebo in postmenopausal women with recurrent UTIs, demonstrated a lower incidence of UTI over 6 to 8 months in the treatment group21,26. Additionally, one trial found the days of antibiotic use during the 8-month trial was lower in the treatment group than placebo (6.9 days ±1.1 vs 32.0 days ±7.8)21. 
Other RCTs compared vaginal estrogen cream to either vaginal ring27, combined contraceptive pill (vaginally administered)28, or  transdermal estrogen patch (vaginal cream plus transdermal patch vs transdermal patch alone)29 in post-menopausal women with urinary symptoms. There were no statistically significant differences in urinary symptoms between therapy groups in these trials.
Several trials compared vaginal estrogen with non-hormonal therapies for urinary symptoms30-35. A RCT comparing vaginal estrogen with oral nitrofurantoin (100mg/day) for the prevention of UTI over 9 months found that nitrofurantoin was significantly more effective (p=0.0003)33.  In two separate trials, tolerodine30 and solifenacin succinate34 used alone and in conjunction with vaginal estrogen for urinary frequency were evaluated. The addition of vaginal estrogen to tolterodine was associated with reduced urinary frequency, decreased voided volume, and improved quality of life; however, there was no significant difference in voids/day, nocturia, urgency or urge incontinence. No statistical differences were seen in the solifenacin succinate trial. In another trial comparing an estradiol containing vaginal ring to oxybutynin, the vaginal ring was equally effective as oxybutynin for urinary frequency, although more women preferred the ring31.
Two RCTs compared vaginal estrogen to pelvic floor electrical stimulation or pelvic floor muscle training, either alone or in combination32,35. The addition of vaginal estrogen cream to the pelvic floor therapy modalities was associated with improved urinary incontinence when compared to either therapy alone.  

Discussion 
This systematic review aimed to determine the association between menopause and urinary symptoms and the impact of both systemic HT and vaginal estrogen on urinary symptoms. Although urinary symptoms are highly prevalent in mid-life women, we found no high-quality evidence that menopause causes urinary symptoms. Prospective studies of urinary symptoms after premature or early menopause may help clarify the extent to which age or the endocrine changes of menopause contribute to urinary symptoms in this population.  In an observational trial evaluating the prevalence of stress urinary incontinence in patients with primary ovarian insufficiency (POI), the duration of POI and HT use did not have an effect on incidence of stress urinary incontinence; however, higher BMI, prior vaginal delivery, and age were associated with greater stress urinary incontinence36. Together, this suggests that factors unrelated to menopause play a greater role in urinary symptoms in women. Although estrogen receptors have been found in the bladder, urethra, vagina and areas of the brain that control micturition, this does not necessarily imply that increasing circulating estrogen will improve these symptoms 37. A population-based study of 392 perimenopausal women reporting incontinence found no correlation between serum estradiol levels and type of incontinence or severity38. 
Since the term GSM was first proposed as the preferred terminology in 2014 there have been around 400 publications describing its prevalence, impact on QoL and treatment, with vaginal estrogen as the recommended treatment. However, the inclusion of urinary symptoms in GSM was not well justified. In 1992, a community-based study, surveyed 1299 Dutch women between the ages of 35 to 80 on urinary symptoms and other factors that may influence urinary function with the goal of investigating prevalence of incontinence in postmenopausal women and the impact of menopause on urinary symptoms. They reported no differences in type or prevalence of incontinence between pre- and postmenopausal women, but urinary urgency and nocturia were more common in post-menopausal women39.  Despite prevalence of incontinence being the same between both groups, 50% of women reported the onset of incontinence occurred after menopause (p<0.001). 
In a study using data from the Study of Women’s Health Across the Nation, 2415 women (age 42-52 years) who reported incontinence at baseline were followed annually for 6 years40. In this large cohort of midlife women, worsening incontinence was not attributable to the menopause transition, but rather other factors such as weight gain, stressful life events and race/ethnicity. In fact, 32.4% reported improvement in symptoms over the 6-year timeframe. Similarly, a study using data from the Australian Longitudinal Study of Women’s Health found urinary incontinence was positively associated with aging, along with parity and obesity, not the menopause transition41. Together these data suggest that factors other than menopause contribute to midlife urinary symptoms. Without clear evidence that menopause causes urinary symptoms, they should not be considered as a symptom of menopause. This may lead to inappropriate treatment. For example, systemic HT for the treatment of urinary symptoms.
We observed a consistent and clear difference between the effects of systemic and vaginal HT on urinary symptoms in postmenopausal women. Overall, systemic HT was no more effective than placebo for the treatment of urinary symptoms and may exacerbate or trigger new onset incontinence8,10,13,37,40,42.  However, vaginal estrogen therapy improved a range of urinary symptoms including dysuria, urinary frequency, urge and stress incontinence. Vaginal estrogen was also effective for preventing recurrent UTIs. The differences associated with systemic HT vs vaginal estrogen therapy for treatment of urinary symptoms in menopause is a conundrum. A case-control study assessing risk of stress urinary incontinence in postmenopausal women on HT postulated that sustained elevated serum estrogen levels in postmenopausal women on systemic HT results in weakening of the pelvic floor support structures, similar to that seen in pregnancy and leading to worsening or new onset urinary incontinence43. Vaginal estrogen leads to minimal increase in circulating estrogens compared to systemic HT which might explain why it does not increase urinary incontinence. A RCT of vaginal estrogen versus moisturizer versus placebo for genitourinary symptoms found no overall difference between groups for most bothersome symptom (MBS)44. However, vaginal estrogen was superior for those whose MBS was vaginal dryness. All three treatments demonstrated significant improvements in MBS, suggesting that base cream alone may have provided some symptomatic relief.
Variations in dose, delivery system and outcome measures used make it difficult to recommend the optimum vaginal estrogen for urinary symptoms.  Trials of vaginal estrogen for urinary symptoms were limited to 12 months maximum so the longer-term efficacy is unknown2,3. Vaginal estrogens have some systemic absorption, at least during the first 12 weeks of use but this may vary by delivery system. A recent systematic review of FDA-approved vaginal estrogen therapies found that estradiol creams led to a greater increase in circulating estradiol compared to inserts, tablets and rings45. However, systemic absorption was not enough to cause clinically significant endometrial proliferation. Less information is available about long-term safety, but 18-year follow-up from the Nurses’ Health Study reported no increase in cancer or cardiovascular disease in vaginal estrogen users46. 
Strengths of this study include expansive database search, inclusion of a wide range of urinary symptoms, consensus review of all articles, and quality ratings using the Jadad system. However, we did not include non-English translated studies. There were also limitations in the studies included in the review. First, there was no consensus in urinary symptoms included in RCTs and often definitions were ambiguous. For example, some trials did not specify the type of incontinence. Second, trials of systemic HT did not include all estrogen and progestogen types and combinations. In addition, there were no RCTs comparing newer therapies which might potentially treat genitourinary symptoms associated with menopause such as laser therapy, DHEA suppository and SERM with vaginal estrogen for treatment of urinary symptoms in menopausal women. Although there were no RCTs comparing laser to vaginal estrogen, a recent study comparing fractional carbon dioxide laser to sham treatment in postmenopausal women with vaginal symptoms did not find benefit after 12 months47. Lastly, this review was not registered in a systematic review database prior to starting the reviewing process. While a methodology was developed and adhered to during the process, a formal review protocol was not prepared. 
Our findings are consistent with a Cochrane review published in 2012 which reported that vaginal estrogen may improve urinary incontinence, but that systemic HT may worsen urinary incontinence37.  These findings are of direct clinical significance. First, we could not confirm that menopause causes urinary symptoms. This suggests that the symptoms currently classified as GSM may not be valid. Use of systemic HT is recommended on an individualized basis for women with troublesome vasomotor symptoms3. Based on 4 RCT including over 28,000 women, we found that systemic HT may cause urinary incontinence or worsen existing urinary symptoms12-14,17. Women and clinicians considering HT should be aware of this risk. Vaginal estrogen is recommended for predominantly genitourinary symptoms such as vaginal dryness, irritation, dyspareunia and recurrent UTI2,3. Our findings support this recommendation since vaginal estrogen for up to 12 months was effective for urinary symptoms of frequency, urgency, urge and stress incontinence and recurrent UTIs. However, the optimum dose, delivery system and duration of vaginal estrogen treatment are undetermined. 


Conclusion
It is uncertain whether menopause causes urinary symptoms. Vaginal estrogen effectively reduces urinary frequency, urgency, urge and stress incontinence, and recurrent UTIs. However, systemic HT does not appear to improve urinary symptoms and high-quality evidence suggests that systemic HT may cause new onset urinary incontinence or make urinary symptoms worse. Together, these findings suggest that postmenopausal women with urinary symptoms should consider vaginal estrogen. Those considering systemic HT should be aware that this might worsen or create new urinary symptoms such as incontinence. 
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