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Abstract

Objective: To examine the associations between vaginal estrogen use and multiple health 

outcomes including cardiovascular disease (total myocardial infarction, stroke, and pulmonary 

embolism/deep vein thrombosis), cancer (total invasive, breast, endometrial, ovarian, and 

colorectal cancer), and hip fracture.

Methods: We included postmenopausal women from the Nurses’ Health Study (1982–2012) who 

were not current users of systemic hormone therapy at the start of the study or during follow-up. 

Vaginal estrogen use was self-reported on the biennial questionnaires. Information on incident 

health outcomes were self-reported and confirmed by medical records. We used Cox proportional 

hazards regression to model the multivariable adjusted hazard ratios and the 95% confidence 

intervals for vaginal estrogen use and multiple health outcomes.

Results: Over 18 years of follow-up, after adjusting for covariates, risks for cardiovascular 

disease, cancer, and hip fracture were not different between users and non-users of vaginal 

estrogen. No statistically significant increase in risk of any health outcome was observed with 

vaginal estrogen use. In sensitivity analyses, when we examined associations by hysterectomy 

status, the stratified results were generally similar to those for the total cohort.
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Conclusions: Vaginal estrogen use was not associated with a higher risk of cardiovascular 

disease or cancer. Our findings lend support to the safety of vaginal estrogen use, a highly 

effective treatment for genitourinary syndrome of menopause.
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INTRODUCTION

Genitourinary syndrome of menopause (GSM) is a chronic condition that is associated with 

a decrease in exposure of the urogenital tissues to estrogen.1 Vulvovaginal atrophy and 

atrophic vaginitis are components of GSM, which affects a substantial proportion of 

postmenopausal women with prevalence estimates ranging from as low as 25% to as high as 

70%.2–4 GSM encompasses a constellation of signs and symptoms including genital 

symptoms of dryness, burning, and irritation; sexual symptoms of lack of lubrication, 

discomfort or dyspareunia; and urinary symptoms of urgency, dysuria, and recurrent urinary 

tract infections.5 Unlike vasomotor symptoms, symptoms of GSM do not resolve over time, 

are chronic, and can become progressively worse without treatment.6 They can significantly 

impair quality of life7, 8 and despite their high prevalence, they remain largely under 

diagnosed.6

Low-dose vaginal estrogen therapy is the preferred and most effective treatment for GSM 

and is recommended by the North American Menopause Society, the American College of 

Obstetricians and Gynecologists, the Endocrine Society, and other professional societies.
6,9,10 11Although non-hormonal options are available, a systematic review of evidence from 

randomized controlled trials and prospective comparative studies has shown that vaginal 

estrogen therapy was superior to non-hormonal therapies in improving symptoms in patients 

with two or more complaints.12 A meta-analysis of 58 comparative studies of 

postmenopausal women with GSM found that vaginal estrogen therapy correlated with 

better patient reports of symptom-relief compared to oral estrogen therapy.13 A more recent 

Cochrane Database Systematic Review found that all commercially available vaginal 

estrogens effectively relieve symptoms with no difference in efficacy between the various 

regimens (creams, tablets, rings).14 Although a recent 12-week multicenter randomized 

clinical trial showed that neither a vaginal tablet nor moisturizer provided additional benefit 

over a placebo gel in the relief of postmenopausal vulvovaginal symptoms,15 this was a 

short-duration trial with several limitations.16 Despite the availability of strong and generally 

consistent data to show its effectiveness, low-dose vaginal estrogen therapy remains 

underutilized owing to perceived risks associated with menopausal hormone therapy.17 In 

addition, the FDA-issued black-box warning on the low-dose vaginal estrogen package label 

discourages clinicians from prescribing the product and women from using prescribed 

therapy.18 However, these warnings stem from evidence generated by randomized clinical 

trials of systemic hormone therapy19 which utilized much higher doses of estrogen. Unlike 

oral estrogen therapy, vaginal estrogen is not subject to gastrointestinal conversion of 

estradiol (E2) to estrone and avoids the first-pass liver metabolism associated with increased 
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hepatic synthesis of thrombotic and other factors. 18,20 Further, the substantial increases in 

blood hormone levels seen with systemic estrogen treatment are not observed in treatment 

with the recommended low-doses of vaginal estrogen where serum hormone concentrations 

remain within the postmenopausal range.21–26

Randomized clinical trial data on the effect of low-dose vaginal estrogen therapy on major 

chronic disease outcomes such as cardiovascular disease and cancer are lacking. Evidence 

from population-based cohort studies has been limited with one study reporting no 

association between vaginal estrogen use and risk of breast cancer and endometrial cancer,27 

another reporting a higher risk of endometrial cancer,28 and a few others demonstrating a 

lower risk of coronary heart disease and stroke.27,29,30 Given the overall limited data on 

risks and benefits associated with long-term use of low-dose vaginal estrogen use among 

women not using systemic hormone therapy, we aimed to examine the prospective 

associations between vaginal estrogen use and chronic disease outcomes among 

postmenopausal women in the Nurses’ Health Study.

METHODS

Study Population

The Nurses’ Health Study (NHS) began in 1976 as a long- term prospective investigation of 

the health effects of various contraceptive methods in female registered nurses residing in 11 

U.S. states. Every 2 years, participants returned a mailed validated questionnaire that 

obtained detailed and updated information on their lifestyle, behavioral, personal, and 

reproductive factors, medical history, health status, and a range of other exposures and 

covariates.31–34 A response rate of at least 90% has been achieved in most follow-up cycles.

Assessment of vaginal estrogen use

Beginning in 1982, use of vaginal estrogen was ascertained through self-report on the main 

questionnaire. We did not collect information on dose or specific type of vaginal estrogen 

regimen (cream, ring, tablet, or suppository). When information regarding vaginal estrogen 

use was missing, we carried forward information from the previous cycle.

Outcome ascertainment

In order to understand whether the risks and benefits associated with systemic hormone 

therapy also apply to vaginal estrogen use, we considered the following outcomes in our 

analyses: cancer outcomes (all cancer types and site-specific cancers including invasive 

breast, ovarian, endometrial, and colorectal cancer), cardiovascular outcomes (total 

myocardial infarction [MI], stroke, and pulmonary embolism/deep vein thrombosis), and hip 

fracture.

To confirm cases of MI, we used the World Health Organization criteria which include 

typical symptoms and either elevated enzymes or diagnostic electrocardiographic findings.35 

Further, as specified by the European Society of Cardiology and the American College of 

Cardiology, elevated cardiac specific troponin are diagnostic of MI when accompanied by 

pain or EKG changes.36 We confirmed MI deaths if the autopsy report showed evidence of 
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fresh infarction or thrombus or if there were EKG and enzyme changes characteristic of MI 

prior to death by medical records. We did not include sudden cardiac deaths without 

evidence of MI in our analyses. We classified stroke according to the National Survey of 

Stroke criteria37 which require evidence of a neurological deficit with sudden or rapid onset 

that persisted for more than 24 hours or until death. We excluded cerebrovascular pathology 

due to infection, trauma, or malignancy, and “silent” strokes discovered only by radiologic 

imaging. Pulmonary embolism cases were confirmed if a ventilation/perfusion lung scan 

was read by a radiologist as high probability for pulmonary embolism, or if there was a 

filling defect on contrast-enhanced computed tomography of the pulmonary vasculature or 

on catheter-based pulmonary angiography. We included both “idiopathic” (defined by the 

absence of recent surgery, major trauma, or active malignancy) and “non-idiopathic” cases 

(associated with recent surgery, trauma, or malignancy) in our analyses.38,39 Physician 

diagnosed deep vein thrombosis was identified from participants writing in this diagnosis on 

the biennial questionnaires on a blank line reserved for “other conditions”. For the current 

analysis, we included any report of pulmonary embolism or deep vein thrombosis that were 

confirmed by medical records or by additional evidence from the participant.

For all cancer types, we considered all pathologically confirmed and probable cases of 

invasive cancer (except non-melanoma skin cancer). For breast cancer, we included only 

confirmed cases with evidence of invasion (including microinvasion) on the pathology 

report. Cases of carcinoma in situ were not included in our analyses. Cases of ovarian and 

endometrial cancer were reported on the biennial questionnaires. For all reported cases, we 

requested medical records pertaining to the diagnosis. For cases where records were 

unavailable, we confirmed diagnoses through state cancer registries. For ovarian and 

endometrial cancer, incident cases were confirmed after review of pathology reports by a 

gynecologic pathologist.40 Incident cases of colorectal cancer were confirmed by a review of 

medical records by study physicians. Colorectal cancer and sub-sites were defined according 

to the International Classification of Diseases, Ninth Revision.41

Deaths were identified by reports from next-of-kin or from the U.S. postal service when a 

questionnaire or newsletter mailed to a participant is returned. Deaths were also identified 

through a search of the National Death Index. To identify the primary cause of death, 

attempts were made to contact the next-of-kin to request permission to obtain medical 

records. Information was also obtained from the National Death Index, from tumor 

registries, and from death certificates obtained from state vital statistics departments. Deaths 

were classified according to the International Classification of Diseases, Eighth Revision 

(ICD-8) as cardiovascular deaths (ICD-8 codes 390–458) or cancer deaths (ICD-8 codes 

140–207). Follow-up for deaths was >98% complete.42,43

Assessment of covariates

In the biennial follow-up questionnaires, we updated information on age, weight, smoking 

status, physical activity, aspirin use, history of bilateral oophorectomy, personal history of 

chronic disease, and mammogram screening in the previous cycle. Height and age at first 

birth were determined in 1976. Information on race was obtained in 1992 and 2004. Parental 

history of MI was ascertained in 1976 and in 1984. Family history of cancer was first 
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ascertained in 1976 and again in the years1982, 1992, 1996, 2004, and 2008. Parity was 

assessed from 1976 to1984 and again in 1996. Cumulative duration of systemic hormone 

therapy use and vaginal estrogen use was calculated for the years that women reported their 

use. Alcohol intake was measured every 4 years using the food frequency questionnaire.

Statistical analysis

Beginning in 1982 we included women on a rolling basis as they became postmenopausal. 

For the current analysis, we excluded current (but not past) users of systemic hormone 

therapy at the time of study enrollment. We also excluded women with previously diagnosed 

cancer (except non-melanoma skin cancer). For cardiovascular outcomes, we also excluded 

participants with self-reported cardiovascular disease. Person-time was calculated from the 

time a participant entered the analysis to the first diagnosis of an outcome, start of systemic 

hormone therapy use, loss to follow-up, death, or the cut-off date (June 2012) whichever 

came first.

For all outcomes, we used time-varying updates of vaginal estrogen use. We used Cox 

proportional hazards regression model to estimate the age- and multivariable-adjusted 

hazard ratios (HRs) for the association between vaginal estrogen use (current users versus 

non-users) and various clinical end points. The Cox proportional hazards regression models 

included age in years as the time scale, stratified by calendar time in 2-year intervals, and 

allowed for the possible interaction between calendar time and age in the baseline hazards to 

be accounted for non-parametrically. Covariates included in the multivariable adjusted 

models were selected based on apparent differences in study characteristics between users 

and non-users of vaginal estrogen and a prior knowledge of variables that could confound 

the association between hormone therapy use and chronic disease risk. In multivariable 

adjusted model 1, we adjusted for race, smoking status, alcohol intake, physical activity, 

BMI, aspirin use, age at menopause, bilateral oophorectomy status (except for ovarian 

cancer models), and past systemic hormone therapy use. Models with cardiovascular end-

points and mortality end-points additionally adjusted for aspirin use. In multivariable 

adjusted model 2, we further adjusted for parental history of cancer. Models with 

cardiovascular events and mortality as the endpoint additionally adjusted for history of 

chronic disease including a history of type 2 diabetes, hypertension, hypercholesterolemia, 

and parental history of MI before age 60. Models with breast cancer as an outcome 

additionally adjusted model 2 for height, parity, age at first birth, BMI at age 18, and history 

of benign breast disease. Because women who had mammogram screening in the previous 

cycle were more likely to be diagnosed with invasive breast cancer,44 we also adjusted for 

this surveillance-related variable. To fully and completely account for any effect of systemic 

hormone therapy use on risk of invasive breast cancer, in sensitivity analyses for breast 

cancer models, we further excluded past systemic hormone therapy users at study enrollment 

and follow-up. For endometrial cancer models, we conducted two additional sensitivity 

analyses. First, because NHS women during early follow-up were more likely to use vaginal 

estrogen with much higher doses, we conducted a sensitivity analysis based on starting 

follow-up in 1992 (instead of 1982). Second, because systemic progestin is prescribed to 

protect the endometrium, in sensitivity analyses, for endometrial cancer models, we only 

censored women upon starting systemic estrogen therapy and we adjusted for past use of 
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systemic estrogen plus progestin therapy and systemic progestin therapy. Because the risks 

associated with hormone therapy (estrogen alone or with progestin) differ by hysterectomy 

status, results for all outcomes are also presented by hysterectomy status (time-varying) in 

sensitivity analyses. All statistical tests were 2-sided and were conducted using SAS for 

UNIX (version 9.3, SAS Institute Inc., Cary, NC, USA).

RESULTS

Characteristics of participants at entry into analysis

In the overall analytic sample, users of vaginal estrogen had an overall favorable risk profile 

(Table 1). Compared to non-users, vaginal estrogen users were more likely to be never 

smokers, had a lower BMI, a marginally higher level of physical activity, and a lower 

prevalence of hypertension. However, these women were more likely to have had a bilateral 

oophorectomy, a hysterectomy, and a history of benign breast disease. They were also more 

likely to have a family history of cancer. Women using vaginal estrogen were more likely to 

be younger at first birth, more likely to have 2 or more children, and more likely to be past 

users of systemic hormone therapy. There were no appreciable differences in age at study 

entry, race, height, history of diabetes, parental history of MI, or aspirin use between users 

and non-users of vaginal estrogen. The average duration of vaginal estrogen use, over 

follow-up, was 35.7 months.

Risk for major health outcomes

In the overall sample, in the age adjusted model, compared to non-users, users of vaginal 

estrogen had a lower risk of total MI (HR 0.56, 95% confidence interval [CI] 0.36–0.87) and 

a marginally but non-significant lower risk of total stroke (HR 0.71, 95% CI 0.47–1.09). 

(Table 2) There were no significant differences in the age-adjusted risk of pulmonary 

embolism/deep vein thrombosis, total invasive cancer, invasive breast cancer, ovarian cancer, 

endometrial cancer, colorectal cancer, or hip fracture between users and non-users of vaginal 

estrogen. In the fully adjusted model, after accounting for differences in race, smoking 

status, alcohol intake, physical activity, BMI, aspirin use, age at menopause, bilateral 

oophorectomy, past systemic hormone therapy use, history of hypertension, 

hypercholesterolemia, type 2 diabetes, parental history of early MI, and family history of 

cancer, we found no statistically significant difference between users and non-users of 

vaginal estrogen in the risk of all major cardiovascular outcomes (including total MI, stroke, 

pulmonary embolism/deep vein thrombosis), cancer outcomes (including total invasive 

cancer, ovarian cancer, endometrial cancer, and colorectal cancer), or hip fracture. When we 

further adjusted breast cancer models for additional covariates such as height, parity, age at 

first birth, BMI at age 18, history of benign breast disease, and mammogram screening in the 

previous cycle, results remained null and non-significant (HR 1.07, 95% CI 0.78–1.47). 

When we further excluded past systemic hormone therapy users at entry and follow-up, the 

HR for invasive breast cancer among vaginal estrogen users remained unchanged (HR 1.07, 

95% CI 0.77–1.47).

In sensitivity analyses, for endometrial cancer, when we started follow-up in 1992 (instead 

of 1982), results remained null and non-significant (HR=1.52, 95% CI 0.78–2.98). In 
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additional analyses, when we only censored women for past systemic estrogen use and 

adjusted for past systemic estrogen plus progestin or progestin alone use, the HR for 

endometrial cancer among VE users was attenuated and remained non-significant (HR=1.24, 

95% CI 0.64–2.41). When we examined the association between vaginal estrogen use and 

health outcomes by hysterectomy status, results remained similar to the overall sample with 

no differences in risk for cardiovascular and cancer outcomes (Figure 1).

DISCUSSION

In this large prospective study of postmenopausal nurses’, over a period of 18 years of 

follow-up, after accounting for differences in major confounders, we found that users and 

non-users of vaginal estrogen did not have different risks for major cardiovascular outcomes 

(including total MI, stroke, pulmonary embolism/deep vein thrombosis), cancer outcomes 

(total invasive cancer, invasive breast, ovarian, endometrial, or colorectal cancer), or hip 

fracture. When we examined associations by hysterectomy status, results remained similar to 

the overall cohort.

Only a few previous studies have examined the association between vaginal estrogen use and 

various health outcomes, and only one previous study comprehensively examined the 

balance of risks and benefits associated with vaginal estrogen use.27 Although use of oral 

conjugated equine estrogens (0.625 mg/d) was associated with an increased risk of stroke 

and deep vein thrombosis in the intervention phase of the Women’s Health Initiative (WHI) 

Hormone Therapy (HT) trials,45 we found no evidence for a higher risk for either of these 

outcomes with use of vaginal estrogen. Our findings for stroke are consistent with WHI 

Observational Study (WHI-OS) findings27 that found no association with vaginal estrogen 

use. However, two studies from Scandinavian nations found a lower risk of stroke with 

vaginal estrogen use. A Danish national cohort of 980,003 postmenopausal women, aged 

51–70 years,29 documented a 35% (RR=0.65, 95% CI 0.59–0.70) lower risk of stroke 

among vaginal estrogen users while a pooled analysis of 5 Swedish cohort studies30 found 

that late initiation (>5 years since menopause onset) of vaginal HT was associated with a 

longer stroke-free period. The apparent discrepancies in these findings may be attributed to 

differences in study populations, more comprehensive adjustment for potential confounding 

variables in our study and the types of vaginal hormones used. For example, while the 

Swedish analysis examined associations with vaginal HT which could include progestin 

creams, it remains unclear if the inverse association persisted when limited to vaginal 

estrogen use. For total MI, similar to the WHI-OS analysis (which examined CHD as an 

outcome),27 we found an inverse association, albeit non-significant, with vaginal estrogen 

use.

For breast cancer, similar to the results of the WHI-OS analysis27 and a study of 

postmenopausal women from Finland,46 we found no association between vaginal estrogen 

use and incident breast cancer. Moreover, because use of systematic unopposed estrogen was 

not associated with an increased risk of breast cancer in either the intervention or the 

cumulative follow-up phases of the WHI HT trials,45 it is unlikely that use of a low-dose 

vaginal estrogen would have an effect on risk of breast cancer.
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With respect to endometrial cancer, consistent with the findings of Crandall et al27 we found 

no evidence for a difference in risk between users and non-users of vaginal estrogen. 

However, contrary to our findings, a Danish national cohort study found that compared to 

never users, users of vaginal estrogen therapy had a nearly 2-fold risk of endometrial cancer 

(RR=1.96, 95% CI 1.77–2.17).28 The potential reasons underlying these differing findings, 

as articulated in a recent editorial,47 included potential confounding by concomitant use of 

systemic hormone therapy in the Danish cohort, as a substantial proportion of women were 

using unopposed systemic estrogen. In both the WHI-OS cohort and the current study, 

current users of systemic hormone therapy were excluded at baseline and women were 

censored at the start of systemic hormone therapy during follow-up. This analytic approach 

allowed us to minimize any “effects” of unopposed systemic hormone therapy use on the 

endometrium. We also adjusted for the past systemic hormone therapy use. In sensitivity 

analyses, when we only censored who were current users of systemic estrogen therapy and 

adjusted for systemic estrogen plus progestin or systemic progestin therapy, results were 

attenuated and remained non-significant. Second, data from the National Danish Prescription 

Registry indicate that doses of vaginal estrogen in Denmark were generally higher (25 μg 

E2) than those in the US (10 μg E2).47 Because systemic absorption has been shown in 

women using vaginal E2 at doses of 25 μg,48 the safety of estrogen on the endometrium at 

these higher doses remains unknown. At the same time, 10 μg vaginal E2 results in at least 

50% lower mean E2 concentrations than with the 25 μg dose within 24h after dosing.25 

Because NHS women used vaginal estrogen therapy with much higher doses during early 

follow-up, when we initiated follow-up in 1992 instead of 1982, results for endometrial 

cancer were null and non-significant. A 2006 Cochrane review of 4 trials found that, when 

compared to a placebo, vaginal estrogen therapy was not associated with a statistically 

significant risk of endometrial hyperplasia among postmenopausal women, although no data 

were available to evaluate safety beyond six months of use.49 However, our findings 

combined with those of the WHI-OS27 provide reassurance that use of low-dose vaginal 

estrogen for more than six months is not associated with a higher risk of endometrial cancer. 

Still, because GSM symptoms could last for a long time thereby warranting a longer 

treatment duration, additional studies are needed to examine the safety of longer duration of 

use beyond what was observed in the WHI-OS and the NHS. Nonetheless, our conclusions 

are in line with recommendations by the North American Menopause Society and the 

American College of Obstetricians and Gynecologists that state that low-dose vaginal 

estrogen can be used indefinitely, if needed, and do not advise use of concomitant progestion 

to protect the endometrium.9,10

Although systemic HT use has consistently been shown to be associated with a lower risk of 

hip fracture, we did not document such an association with vaginal estrogen use. In line with 

our results, a case-control study of 4589 postmenopausal women also found no association 

between low potency vaginal estrogen and hip fracture risk (OR=0.82, 95% CI 0.50–1.36).50 

However, the WHI-OS analysis documented a strong and inverse association between 

current vaginal estrogen use and hip fracture risk (RR=0.40, 95% CI 0.19–0.85) although 

this estimate is based on only 10 cases of hip fracture in vaginal estrogen users.27 In a small 

randomized controlled trial of 30 health women, aged 60 years or more, ultralow doses of 

parenteral E2 (7.5 μg/24 hours) for 6 months increased forearm bone mineral density 
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compared to non-users51, suggesting a potentially causal role for E2 in lowering fracture 

risk.

The findings of our study together with those of the WHI-OS provide substantial and 

consistent evidence for the safety of vaginal estrogen use in postmenopausal women in 

relation to multiple health outcomes. Despite lack of any observational or clinical trial 

evidence for chronic disease risks related to vaginal estrogen use, the FDA has issued a 

boxed warning on the package label for low-dose vaginal estrogen. This black-box warning, 

which is the highest level of warning information in labeling, is designed to call attention to 

serious or life-threatening risks. The specified risks which include endometrial cancer, 

cardiovascular disorders, breast cancer, and probable dementia stem from the findings of the 

WHI HT trials19 that used systemic doses of hormone therapy and should not be 

extrapolated to the lower doses found in vaginal estrogen regimens. Unlike doses of estrogen 

therapy used to treat vasomotor symptoms, low-dose vaginal estrogen results in minimal 

systemic absorption and circulating E2 and estrone concentrations generally remain within 

the normal postmenopausal range.23,24,26

It is worth mentioning that prevalence of vaginal estrogen use in our study (<3%) was much 

lower than what was observed in the WHI-OS (~10%). While the reasons for the lower 

prevalence are not entirely clear, one possible reason is that women who reported using 

vaginal estrogen use in a questionnaire cycle and who also reported using a systemic form of 

hormone therapy were excluded from the analysis. Along with the low prevalence of vaginal 

estrogen use, the average duration of use (37.5 months) was also low in our population. 

Given the long lasting duration of GSM symptoms, additional data on the safety of longer 

duration of use of vaginal estrogen is warranted.

The strengths of the current study include prospective collection of hormone therapy use and 

health outcomes, confirmation of clinical endpoints, high rates of follow-up, and our ability 

to examine the risk-benefit profile by hysterectomy status. Still, several limitations are worth 

mentioning. First, although we comprehensively adjusted for a number of covariates that 

could confound the association between vaginal estrogen use and health outcomes, residual 

confounding remains a possibility given the observational nature of the study. Second, we 

did not have information on the individual types of vaginal therapy formulations such as 

creams, rings, tablets, and suppositories, or the doses used. During early follow-up in the 

NHS, it is possible that some women were using vaginal estrogen with much higher doses 

rather than the currently prescribed low-dose regimens. However, we did not have 

information to address this issue. Third, we did not have information on Femring which 

contains systemic doses of estrogen vaginally. Still, Femring use is unlikely to affect results, 

as it was not approved until 2003 and is an uncommonly prescribed form of systemic HT. A 

small open-label, randomized, multiple-dose, two-treatment crossover study among 24 

postmenopausal women showed that when women received 0.5 g Premarin vaginal cream 

(equivalent to 0.3 mg conjugated estrogens, 0.625 mg/g) for 7 days, unconjugated plasma E2 

and estrone levels remained within the normal postmenopausal range.24 Still the safety of 

these “higher” doses of vaginal estrogen need to be ascertained in future studies. Fourth, our 

study includes only health professionals mainly of European ancestry (~97%) with a high 

educational status. While the lack of racial diversity limits our ability to generalize our 
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findings to other ethnic groups, the consistency of these results with those of the WHI-OS 

supports the generalizability of our study. Further, the high educational status can be 

perceived as an advantage because high quality and reliable data can be collected from our 

study participants. Finally, given the observational nature of our study, we cannot establish 

cause and effect relationships..

CONCLUSIONS

In conclusion, our data lend support to the safety of vaginal estrogen use, as no excess risk 

of cardiovascular disease or cancer was observed among women who self-reported use of 

various delivery systems and doses of vaginal estrogen. Our findings provide a 

comprehensive summary of the relationship between vaginal estrogen and multiple health 

outcomes and offer reassurance regarding the safety of low-dose vaginal estrogen to treat 

GSM.
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Figure 1. 
Hazard Ratio (HR) and 95% Confidence Interval (CI) for health outcomes among Vaginal 

Estrogen (VE) users Overall and by Hysterectomy Status. VE and hysterectomy status were 

included in the model as time varying covariates. Analysis for ovarian cancer was not 

conducted on women with a bilateral oophorectomy. Ovarian cancer results are not 

presented by hysterectomy status due to model convergence issues. Endometrial cancer 

analysis was only conducted on women with an intact uterus. All models were adjusted for 

age, calendar time, race, smoking status, alcohol intake, physical activity, BMI, age at 
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menopause, hysterectomy status (for all overall models except endometrial cancer), bilateral 

oophorectomy (except for ovarian cancer), past systemic hormone therapy use, and parental 

history of cancer. In addition to these covariates, breast cancer models were also adjusted for 

height, parity, age at first birth, BMI at age 18, history of benign breast disease, and 

mammogram screening in the previous cycle. Cardiovascular endpoints were additionally 

adjusted for aspirin use, history of high blood pressure, hypercholesterolemia, history of 

type 2 diabetes, and parental history of early MI. CI, confidence interval; HR, hazard ratio; 

MI, myocardial infarction; NA, not applicable; NR, not reported
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TABLE 1.

Characteristics of participants at entry into analysis by vaginal estrogen (VE) use in postmenopausal women

Characteristic
a

Overall

No VE use VE use

n 52901 896

Age
b
, y

54.4 (3.9) 54.8 (4.0)

White, % 97 98

Age at menopause, y 49.6 (4.4) 49.0 (4.8)

Age at first birth, y 25.5 (12.4) 24.1 (12.6)

Body mass index, kg/m2 25.9 (5.2) 24.2 (4.1)

Height, inches 64.3 (3.3) 64.3 (2.3)

Smoking
c

 Never, % 43 49

 Past, % 31 36

 Current,% 27 15

Physical activity, MET-h/week 14.9 (21.3) 15.2 (17.4)

Alcohol intake, g/d 6.3 (10.8) 6.5 (9.7)

Bilateral oophorectomy, % 11 16

Hysterectomy, % 22 32

Parity
c

 Nulliparous, % 6 10

 1 child, % 7 6

 2–3 children, % 52 57

 >3 children, % 36 27

History of past systemic hormone therapy use, % 19 47

Hypertension, % 33 28

Hypercholesterolemia, % 23 24

History of diabetes, % 12 11

History of benign breast disease, % 34 45

Parental history of early MI, % 14 14

Family history of cancer, % 19 21

Aspirin use
d
, %

15 16

MET, metabolic equivalent task; VE, vaginal estrogen

a
Values are means(SD) or percentages and are standardized to the age distribution of the study population.

b
Not age adjusted

c
Values for polytomous variables do not add up to a 100 due to rounding

d
At least 1 tablet per day
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