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Abstract

Objective—To examine associations between the composition of the vaginal microbiota and 

genitourinary menopausal symptoms, serum estrogen, and vaginal glycogen.

Methods—For this cross-sectional study, 88 women ages 40–62 enrolled in a hot flash treatment 

trial provided vaginal swabs and a blood sample at enrollment. Bacterial communities were 

characterized using 16S rRNA PCR and deep sequencing targeting the V3-V4 region. Quantities 

of Lactobacillus crispatus and L. iners were measured using qPCR. Self-reported genitourinary 

symptoms included: 1) presence and severity of individual symptoms and 2) identification of most 

bothersome symptom. Glycogen was measured fluorometrically in swab eluate. Serum estradiol 
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(E2) and estrone (E1) were measured by liquid chromatography/mass spectrometry. Associations 

between bacteria, symptoms, glycogen, and serum estrogens were tested by linear regression or 

Wilcoxon signed-rank test, adjusted for multiple comparisons. Comparisons between groups used 

Kruskall-Wallis or Fisher’s exact test.

Results—Of the 88 women, 33 (38%) had a majority of Lactobacillus species, while 58 (66%) 

had any Lactobacillus detected. Over half (53%) reported ≥ 1 vulvovaginal symptom (most 

commonly dryness), but symptoms were not associated with the presence of Lactobacillus species. 

Women with Lactobacillus dominant communities had higher unconjugated serum estrone, but no 

difference in vaginal glycogen levels, compared to those with non-Lactobacillus dominant 

communities. Higher serum E2 and E1 were not associated with higher vaginal glycogen, nor 

detection of individual genera.

Conclusions—Presence of Lactobacillus-dominant vaginal microbiota was not associated with 

fewer vulvovaginal symptoms. Serum estrone was higher in women with Lactobacillus-

dominance, but vaginal free glycogen was not associated with composition of the vaginal 

microbiota.
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Introduction

Genitourinary symptoms of menopause (GSM) including vaginal dryness and discomfort 

occur in 45–77% of women and cause significant distress.1,2 Few studies have evaluated risk 

factors for vaginal symptoms in menopausal women. In a study of 32 postmenopausal 

women, those with greater evidence of genitourinary atrophy on exam had lower abundance 

of Lactobacillus species, and a more diverse community of vaginal microbes.3 However, 

overall severity of patient-reported symptoms was significantly lower than severity of 

observed atrophy, and did not correlate well with exam findings.

Studies using both culture and molecular methods have shown that postmenopausal women 

are less likely than premenopausal women to have vaginal colonization with Lactobacillus 
bacterial species.3–5 This has been attributed to decreased serum estrogen, which reduces 

glycogen content in vaginal epithelial cells, and limits the energy source for lactobacilli. 

While all postmenopausal women experience a drop in serum estradiol, not all lose vaginal 

lactobacilli.3,4,6 Recent data have shown that free glycogen in vaginal fluid, which is 

liberated from epithelial cells by enzymes like α-amylase, is associated with Lactobacillus 
colonization in both pre- and postmenopausal women, suggesting glycogen may be a 

mediating factor for Lactobacillus presence.7,8 In premenopausal women, serum estrogen 

levels were not correlated with free vaginal glycogen levels, but this relationship has not 

been examined in postmenopausal women.9

To evaluate the role of these factors in genitourinary symptoms of menopause we conducted 

a pilot analysis of the association between vaginal microbiota, systemic hormones, vaginal 

glycogen and vulvovaginal symptoms in postmenopausal women.
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Methods

Study participants

This pilot study used pre-treatment samples and data from a subset of women who 

participated in a 3-arm double-blind randomized trial of oral estradiol, venlafaxine and 

placebo for the alleviation of menopausal hot flashes. The study was conducted at three 

Menopause Strategies: Finding Lasting Answers for Symptoms and Health (MsFLASH) 

network sites (Boston, Philadelphia and Seattle). Details about the MsFLASH Research 

Network,10 study design, methods, and main trial results have been reported elsewhere.11 

Women aged 40–62, in the menopausal transition (≤12 months since last menstrual period) 

or in menopause (> 12 months since last period), who reported ≥ 14 hot flashes per week 

and met other inclusion criteria participated. The protocol was approved by the appropriate 

institutional review board at each site. All participants provided written informed consent. 

Women who agreed to the ancillary vaginal microbiome study signed a second consent 

form. The parent study enrolled 339 women between November 2011 and October 2012. 

Enrollment in the vaginal health substudy was offered between June and October 2012 and 

93 of 117 (79%) women who enrolled in the parent study during that time also enrolled in 

the vaginal health substudy.

Demographic and symptom measures

Baseline demographic characteristics were assessed by questionnaire and included: smoking 

status, menopausal status (menopause transition, postmenopause), and health status. 

Validated questionnaires at baseline also evaluated menopause quality of life (MENQOL),12 

depressive symptoms (9-item scale from the Patient Health Questionnaire [PHQ-9]),13 

anxiety (7-item Generalized Anxiety Disorder scale [GAD-7]),14 and sexual function (19-

item Female Sexual Function Index [FSFI]).15 Height and body weight were measured at 

baseline and were used to calculate body mass index (BMI). There are no validated scales 

for measurement of genitourinary symptoms of menopause, therefore we used two 

instruments based on previous studies.16,17 Self-reported vaginal symptom measures 

included: 1) presence and severity of individual symptoms (vaginal dryness, vulvovaginal 

itch/burn, vaginal discharge, vaginal pain with intercourse) on a 5-point scale (ranging from 

mild to severe) and 2) selection of the most bothersome symptom for the participant. Women 

had blood drawn and self-collected vaginal swabs at enrollment.

Characterization of the vaginal microbiota

Vaginal swabs were mailed to the Fredricks Lab from study sites via regular mail and stored 

at −80C until processed, as previously described.18 Swabs were eluted in 400 μL of sterile, 

filtered saline and centrifuged at 14,000 rpm for 10 minutes. DNA was extracted from the 

cell pellet using the MoBio Bacteremia extraction kit (MoBio, Carlsbad, CA) as previously 

described.18 The bacterial 16S rRNA gene was amplified using primers for the V3-V4 

hypervariable region, libraries were created using barcoded primers, and amplicons were 

sequenced using the Roche 454 Titanium platform (Roche, CT).19 Sequence reads have been 

deposited to the NCBI Short Read Archive (SRP100779). Negative controls included sham 

digests that were processed in the same way as samples to assess contamination from DNA 

extraction or PCR reagents. Sequences were filtered for length (minimum 250 bp) and 
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quality score (minimum 30), and reads originating from contaminants in PCR controls were 

removed. Sequence reads were classified using the pplacer phylogenetic placement tool and 

a curated reference set of vaginal bacterial sequences.19 Based on the dominant bacterial 

genus, participants were categorized into two groups: Lactobacillus-dominant (> 50% of 

sequences from Lactobacillus species) and non-Lactobacillus dominant. For quantification 

of L. crispatus and L. iners, species-specific qPCR using a TaqMan-based assay was 

performed as previously described.18,20

Vaginal glycogen assay

Vaginal swabs were vortexed in 350 μL filtered saline. The recovered vaginal fluid was 

further diluted in saline (1:5), and 50 μL of the diluted fluid was used in a fluorometric assay 

(BioVision, Milpitas, CA) to measure glycogen levels.

Serum estrogen measurements

At each clinic visit blood was drawn and serum stored at −80C until processing. An 

ultrasensitive stable isotope dilution liquid chromatography/selected reaction monitoring/

mass spectrometry (LC/SRM/MS) assay was used to measure total and unconjugated 

estradiol and estrone.21 The limit of detection for each estrogen using 0.5 mL of serum was 

0.156 pg/mL and linear standard curves were obtained up to 20 pg/mL.

Statistical analysis

For the cross-sectional analysis, associations between individual bacterial taxa, estrogen and 

glycogen were estimated by linear regression, and with symptoms by Wilcoxon signed-rank 

test, both adjusted for multiple comparisons via Bonferroni correction. Comparisons of 

participant characteristics between women with and without Lactobacillus-dominant 

microbiota used Student’s t-test, Wilcoxon signed-rank test, chi square or Fisher’s exact test, 

as appropriate. Similar comparisons were performed to assess whether characteristics of the 

substudy cohort were similar to the parent cohort. Symptoms were categorized for analysis 

into None (not present), Mild (score 1–2 on 5–point scale) or Moderate-severe (score 3–5).

Results

We enrolled 93 women in the vaginal health substudy of whom 88 (95%) had complete 

results for evaluation and were included in the cross-sectional analysis. The substudy cohort 

was 55% white and 39% African American, had mean (± standard deviation) age of 54 ± 4 

years, BMI of 29 ± 6 kg/m2 and MENQOL score of 3.6 ± 1.2. None of these characteristics 

significantly differed from the remainder of the parent cohort (data not shown). Most women 

(71/88, 81%) were postmenopausal while 17/88 (19%) had a period within the last 12 

months and were in the late menopausal transition. Over half (47/88, 53%) reported at least 

one of the evaluated symptoms of any severity (vaginal dryness (38%), vulvovaginal itch/

burn (25%), vaginal discharge (26%), vaginal pain with insertion (10%)). Of the 44 women 

reporting sex with a male or female partner in the past month, 7 (16%) reported vaginal pain 

with insertion, in contrast to 1/19 (5%) reporting only self-stimulation and 1/22 (5%) 

reporting no sexual activity at all.
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By 16S rRNA gene sequencing of amplicons, 58 (66%) women had any Lactobacillus 
species detected and 33 (38%) had a Lactobacillus-dominant vaginal microbiota (Figure 1). 

Lactobacillus dominance was not associated with severity of individual symptoms (Figure 

2). By species-specific qPCR, 21 (24%) had both L. crispatus and L. iners, 8 (9%) had L. 
crispatus only, 28 (32%) had L. iners only and 30 (34%) had neither species detected. By 

qPCR there was no significant difference in detection or quantity of L. crispatus and L. iners 
between women reporting no, mild or moderate-severe symptoms (data not shown). When 

analyzed by individual bacterial taxa, women with vaginal itching (n = 10) or pain (n = 7) 

were more likely to have BV Associated Bacterium 1(BVAB1) (p<0.01). The distribution 

and severity of the most bothersome vaginal symptom did not differ significantly between 

women with and without a Lactobacillus-dominant vaginal microbiota (Table 1). In contrast 

to most studies of pre-menopausal women, we saw no difference in ethnicity between 

women with Lactobacillus-dominance and those without.

Median unconjugated serum estrone was higher in women with a Lactobacillus dominant 

compared to women with a non-Lactobacillus dominant microbiota (Table 1, p = 0.007). 

There were no significant associations between levels of unconjugated estrone and quantity 

of L. crispatus or L. iners (Figure 3). There were no significant differences in serum 

estradiol between women with majority Lactobacillus sequences vs. those with other 

species. There was no association between serum estrogens and report of symptoms (data 

not shown). In addition, there were no significant associations between serum estradiol or 

estrone levels and individual bacterial taxa after controlling for multiple comparisons.

There was no significant association between serum estrogens and vaginal glycogen levels. 

Vaginal glycogen levels did not significantly differ between women with a Lactobacillus 
dominant microbiota and those without. After adjusting for multiple testing, there were four 

species associated with higher vaginal glycogen levels: Streptococcus agalactiae (p < 0.001), 

Porphyromonas bennonis (p < 0.001), Anaerococcus vaginalis (p = 0.001) and 

Campylobacter (p = 0.001).

Discussion

The association between vaginal lactobacilli and vaginal health is a core concept in 

gynecology, but whether lactobacilli are simply a marker of vaginal health or have a 

functional role in promoting vaginal health is still an active scientific question. The classic 

description of the postmenopausal vagina is of an environment devoid of lactobacilli, with 

an elevated pH, although numerous studies show that a significant proportion of women 

maintain vaginal colonization with lactobacilli after menopause.4–6 Between 40–80% of 

women develop vulvovaginal symptoms in menopause,1,2,22 which can be a source of 

significant distress.23 The etiology of these common symptoms is not well understood, 

which limits treatment options. Identifying whether the vaginal microbiota play a role in 

genitourinary symptoms of menopause would be an important contribution to our 

understanding of genital tract pathophysiology.

Little is known about the correlation between report of genitourinary symptoms and the 

vaginal microbiota. Previous studies correlating the vaginal microbiota with genitourinary 
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atrophy have relied primarily on composite severity scores based on physical examination 

findings.3,4 However, patients’ distress derives more from symptoms than an atrophic 

vulvovaginal appearance. Many studies have attempted to correlate vulvovaginal symptoms 

with findings of atrophy on exam, with variable success.3,24,25 We queried women about the 

presence and severity of vulvovaginal symptoms in some detail. In contrast to other DNA-

sequencing-based studies showing lower prevalence of Lactobacillus species in women with 

exam findings of atrophy,3,4 we did not find any correlations between reported menopausal 

genitourinary symptoms and the vaginal microbiota. In a study of 59 postmenopausal 

Chinese women, those who reported symptoms of genitourinary discomfort and had exam 

findings of atrophy (n=30) had lower proportions of Lactobacillus and higher proportions of 

Gardnerella and Atopobium than women with no signs or symptoms of atrophy.6 Most 

symptomatic women treated with oral estrogen showed an improvement in symptoms and a 

simultaneous increase in proportion of Lactobacillus in the vaginal community. However, no 

data were presented on whether the 6 women who did not have an increase in lactobacilli 

showed improvement in symptoms.

We did find an association between vulvovaginal itching and pain and the presence of 

BVAB1, a Gram negative curved rod highly associated with bacterial vaginosis26 and pelvic 

inflammatory disease.27 Morphologically, this species is similar to Mobiluncus and in fact 

many communities previously identified by microscopy as having Mobiluncus may actually 

have been colonized by BVAB1.28 In addition to its association with bacterial vaginosis in 

general, BVAB1 was closely correlated with the presence of a positive “whiff” test in 

women with bacterial vaginosis, indicating the presence of volatile amines.19 This bacterium 

has not yet been cultivated, thus we have limited information about its metabolic capacity 

and potential for producing compounds that may cause irritation.29

Several culture or Gram stain-based studies of the vaginal microbiota have shown decreased 

prevalence of lactobacilli in the vaginal microbiota in postmenopausal women not on 

hormone therapy (HT) as compared to premenopausal women.5,30,31 Recent studies using 

molecular methods to assess the vaginal microbiota have confirmed these findings3,4,32 and 

demonstrated increased diversity of the vaginal microbial community in menopausal women 

not on HT. While it has long been assumed that these associations are due to a direct 

correlation between serum estrogen, vaginal glycogen and quantity of lactobacilli, few 

studies have concretely demonstrated those links. Mirmonsef et al showed a correlation 

between quantity of vaginal lactobacilli and free vaginal glycogen, but did not see a link 

between serum estrogen and either vaginal glycogen or Lactobacillus levels.7 In Chinese 

women with and without vaginal signs and symptoms of atrophy, while serum estradiol 

levels were similar, relative proportion of vaginal lactobacilli was not.6 These data, and our 

findings, suggest that there may not be direct links between serum estrogen, glycogen and 

Lactobacillus colonization as previously postulated.

Estrogen is present in blood in several forms such as estradiol, estrone and estriol which can 

be free or conjugated via sulfation or glucoronidation.21 We measured both estradiol and 

estrone, in both conjugated and unconjugated forms, giving a more comprehensive picture of 

estrogen levels when compared with previous studies. We found that unconjugated serum 

estrone was associated with a Lactobacillus-dominant microbial community, though not with 
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any particular Lactobacillus species or with quantity of L. crispatus or L. iners. One possible 

explanation for the tenuous association between serum estrogen and vaginal lactobacilli is 

that the ability of the vaginal tissue to respond to estrogen may be more important than 

simply its presence in determining the local environment. Polymorphisms in the gene for 

estrogen receptor alpha (ERα) are associated with increased prevalence of vaginal dryness 

symptoms and hot flashes in postmenopausal women.33 There are few studies of estrogen 

receptor phenotype and microbiota, but in mice negative for the ERβ gene the 

gastrointestinal microbiota are significantly different from mice with the gene present; mice 

without ERβ were less likely to have Lactobacilliales detected in the gastrointestinal 

microbial community.34

While our study focused on the associations between vulvovaginal symptoms, serum 

estrogen and the microbiota, our population was selected from a hot flash intervention trial, 

thus the prevalence and severity of vulvovaginal symptoms was relatively low. This limits 

the generalizability of our results and means that this pilot study had limited power to detect 

subtle differences in our outcomes of interest. Because the parent study was not focused on 

vaginal health, we do not have physical exam findings, pH or VMI data to correlate with our 

measures of symptoms or the microbiota. However, this descriptive analysis is one of the 

first to evaluate associations between presence and severity of genitourinary symptoms with 

the vaginal microbiota.

Conclusion

Genitourinary symptoms of menopause are a source of distress for many postmenopausal 

women. Understanding the pathophysiology of genitourinary symptoms will help identify 

new strategies for treatment and prevention of this distressing condition. Vaginal 

colonization with Lactobacillus is an important area of focus, but our findings suggest that 

this may be a marker of vulvovaginal health rather than the agent actively promoting a 

healthy vagina.

Acknowledgments

Funding: This project was funded by the National Institutes of Health as a cooperative agreement issued by the 
National Institute of Aging: #U01 AG032656, U01AG032659, U01AG032669, U01AG032682, U01AG032699, 
U01AG032700. Dr. Mitchell is supported by a Clinical Scientist Development Award from the Doris Duke 
Foundation. These data were presented in part at the annual meeting of the Infectious Disease Society of Obstetrics 
& Gynecology, August 11–13, 2016.

References

1. Minkin MJ, Reiter S, Maamari R. Prevalence of postmenopausal symptoms in North America and 
Europe. Menopause. 2015; 22(11):1231–1238. [PubMed: 25944521] 

2. Santoro N, Komi J. Prevalence and impact of vaginal symptoms among postmenopausal women. J 
Sex Med. 2009; 6(8):2133–2142. [PubMed: 19493278] 

3. Hummelen R, Macklaim JM, Bisanz JE, et al. Vaginal microbiome and epithelial gene array in post-
menopausal women with moderate to severe dryness. PLoS One. 2011; 6(11):e26602. [PubMed: 
22073175] 

4. Brotman RM, Shardell MD, Gajer P, et al. Association between the vaginal microbiota, menopause 
status, and signs of vulvovaginal atrophy. Menopause. 2014; 21(5):450–458. [PubMed: 24080849] 

Mitchell et al. Page 7

Menopause. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



5. Hillier SL, Lau RJ. Vaginal microflora in postmenopausal women who have not received estrogen 
replacement therapy. Clin Infect Dis. 1997; 25(Suppl 2):S123–126. [PubMed: 9310650] 

6. Shen J, Song N, Williams CJ, et al. Effects of low dose estrogen therapy on the vaginal microbiomes 
of women with atrophic vaginitis. Sci Rep. 2016; 6:24380. [PubMed: 27103314] 

7. Mirmonsef P, Modur S, Burgad D, et al. Exploratory comparison of vaginal glycogen and 
Lactobacillus levels in premenopausal and postmenopausal women. Menopause. 2015; 22(7):702–
709. [PubMed: 25535963] 

8. Spear GT, French AL, Gilbert D, et al. Human alpha-amylase present in lower-genital-tract mucosal 
fluid processes glycogen to support vaginal colonization by Lactobacillus. J Infect Dis. 2014; 
210(7):1019–1028. [PubMed: 24737800] 

9. Mirmonsef P, Hotton AL, Gilbert D, et al. Glycogen Levels in Undiluted Genital Fluid and Their 
Relationship to Vaginal pH, Estrogen, and Progesterone. PLoS One. 2016; 11(4):e0153553. 
[PubMed: 27093050] 

10. Newton KM, Carpenter JS, Guthrie KA, et al. Methods for the design of vasomotor symptom 
trials: the menopausal strategies: finding lasting answers to symptoms and health network. 
Menopause. 2014; 21(1):45–58. [PubMed: 23760428] 

11. Joffe H, Guthrie KA, LaCroix AZ, et al. Low-dose estradiol and the serotonin-norepinephrine 
reuptake inhibitor venlafaxine for vasomotor symptoms: a randomized clinical trial. JAMA Intern 
Med. 2014; 174(7):1058–1066. [PubMed: 24861828] 

12. Hilditch JR, Lewis J, Peter A, et al. A menopause-specific quality of life questionnaire: 
development and psychometric properties. Maturitas. 1996; 24(3):161–175. [PubMed: 8844630] 

13. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J 
Gen Intern Med. 2001; 16(9):606–613. [PubMed: 11556941] 

14. Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief measure for assessing generalized anxiety 
disorder: the GAD-7. Arch Intern Med. 2006; 166(10):1092–1097. [PubMed: 16717171] 

15. Rosen R, Brown C, Heiman J, et al. The Female Sexual Function Index (FSFI): a multidimensional 
self-report instrument for the assessment of female sexual function. J Sex Marital Ther. 2000; 
26(2):191–208. [PubMed: 10782451] 

16. Bachmann GA, Schaefers M, Uddin A, Utian WH. Microdose transdermal estrogen therapy for 
relief of vulvovaginal symptoms in postmenopausal women. Menopause. 2009; 16(5):877–882. 
[PubMed: 19458560] 

17. Bachmann G, Bouchard C, Hoppe D, et al. Efficacy and safety of low-dose regimens of conjugated 
estrogens cream administered vaginally. Menopause. 2009; 16(4):719–727. [PubMed: 19436223] 

18. Srinivasan S, Liu C, Mitchell CM, et al. Temporal variability of human vaginal bacteria and 
relationship with bacterial vaginosis. PLoS One. 2010; 5(4):e10197. [PubMed: 20419168] 

19. Srinivasan S, Hoffman NG, Morgan MT, et al. Bacterial communities in women with bacterial 
vaginosis: high resolution phylogenetic analyses reveal relationships of microbiota to clinical 
criteria. PLoS One. 2012; 7(6):e37818. [PubMed: 22719852] 

20. Fredricks DN, Fiedler TL, Thomas KK, Mitchell CM, Marrazzo JM. Changes in vaginal bacterial 
concentrations with intravaginal metronidazole therapy for bacterial vaginosis as assessed by 
quantitative PCR. J Clin Microbiol. 2009; 47(3):721–726. [PubMed: 19144794] 

21. Wang Q, Mesaros C, Blair IA. Ultra-high sensitivity analysis of estrogens for special populations 
in serum and plasma by liquid chromatography-mass spectrometry: Assay considerations and 
suggested practices. J Steroid Biochem Mol Biol. 2016; 162:70–79. [PubMed: 26767303] 

22. DiBonaventura M, Luo X, Moffatt M, Bushmakin AG, Kumar M, Bobula J. The Association 
Between Vulvovaginal Atrophy Symptoms and Quality of Life Among Postmenopausal Women in 
the United States and Western Europe. J Womens Health (Larchmt). 2015; 24(9):713–722. 
[PubMed: 26199981] 

23. Hunter MM, Nakagawa S, Van Den Eeden SK, Kuppermann M, Huang AJ. Predictors of impact of 
vaginal symptoms in postmenopausal women. Menopause. 2016; 23(1):40–46. [PubMed: 
26173074] 

24. Davila GW, Singh A, Karapanagiotou I, et al. Are women with urogenital atrophy symptomatic? 
Am J Obstet Gynecol. 2003; 188(2):382–388. [PubMed: 12592244] 

Mitchell et al. Page 8

Menopause. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



25. Greendale GA, Zibecchi L, Petersen L, Ouslander JG, Kahn B, Ganz PA. Development and 
validation of a physical examination scale to assess vaginal atrophy and inflammation. 
Climacteric. 1999; 2(3):197–204. [PubMed: 11910597] 

26. Fredricks DN, Fiedler TL, Marrazzo JM. Molecular identification of bacteria associated with 
bacterial vaginosis. N Engl J Med. 2005; 353(18):1899–1911. [PubMed: 16267321] 

27. Haggerty CL, Totten PA, Tang G, et al. Identification of novel microbes associated with pelvic 
inflammatory disease and infertility. Sex Transm Infect. 2016; 92(6):441–446. [PubMed: 
26825087] 

28. Srinivasan S, Morgan MT, Liu C, et al. More than meets the eye: associations of vaginal bacteria 
with gram stain morphotypes using molecular phylogenetic analysis. PLoS One. 2013; 
8(10):e78633. [PubMed: 24302980] 

29. Srinivasan S, Morgan MT, Fiedler TL, et al. Metabolic signatures of bacterial vaginosis. MBio. 
2015; 6(2)

30. Cauci S, Driussi S, De Santo D, et al. Prevalence of bacterial vaginosis and vaginal flora changes in 
peri- and postmenopausal women. J Clin Microbiol. 2002; 40(6):2147–2152. [PubMed: 12037079] 

31. Gustafsson RJ, Ahrne S, Jeppsson B, et al. The Lactobacillus flora in vagina and rectum of fertile 
and postmenopausal healthy Swedish women. BMC Womens Health. 2011; 11(1):17. [PubMed: 
21609500] 

32. Zhang R, Daroczy K, Xiao B, Yu L, Chen R, Liao Q. Qualitative and semiquantitative analysis of 
Lactobacillus species in the vaginas of healthy fertile and postmenopausal Chinese women. J Med 
Microbiol. 2012; 61(Pt 5):729–739. [PubMed: 22301614] 

33. Malacara JM, Perez-Luque EL, Martinez-Garza S, Sanchez-Marin FJ. The relationship of estrogen 
receptor-alpha polymorphism with symptoms and other characteristics in post-menopausal 
women. Maturitas. 2004; 49(2):163–169. [PubMed: 15474761] 

34. Menon R, Watson SE, Thomas LN, et al. Diet complexity and estrogen receptor beta status affect 
the composition of the murine intestinal microbiota. Appl Environ Microbiol. 2013; 79(18):5763–
5773. [PubMed: 23872567] 

Mitchell et al. Page 9

Menopause. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
A. Relative abundance of the most common vaginal bacteria among 88 post-menopausal 

women, as determined by 16S rRNA gene sequencing and B. presence and severity of 

patient-reported vulvovaginal symptoms.
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Figure 2. 
Proportion of women with Lactobacillus-dominant vaginal communities (more than 50% of 

sequences from Lactobacillus spp.) with No, Mild or Moderate-Severe symptoms. Numbers 

in the bars are the number of participants reporting that severity of symptom. No significant 

differences were noted in Lactobacillus-dominance according to symptom severity for any 

of the symptoms.
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Figure 3. 
Correlation between serum levels of unconjugated estrone (A) and vaginal glycogen (B) (Y-

axes) and quantity of L. crispatus and L. iners (X-axis) as measured by 16S rRNA gene 

qPCR. No significant correlations were noted. The lower limit of detection for the 

lactobacilli was 83.3 16S rRNA gene copies/swab.
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Table 1

Comparison of participant demographic characteristics, serum estrogen, vaginal glycogen and most 

bothersome genitourinary symptoms between women with and without Lactobacillus dominance of the 

vaginal microbial community (ie. > 50% of sequences from Lactobacillus species)

Lactobacillus dominant
N = 33

Non-Lactobacillus dominant
N = 55

P value

Demographics

Age (years; mean ± SD) 53 ± 4 55 ± 4 0.08

BMI (kg/m2; mean ± SD) 29 ± 5 29 ± 6 0.96

Ethnicity 0.14

 White 14 (32%) 34 (62%)

 African American 17 (52%) 17 (31%)

 Hispanic 1 (3%) 2 (4%)

 Asian 0 0

 Other/Mixed 1 (3%) 2 (4%)

Education 0.60

 High school 8 (24%) 10 (18%)

 Vocational/some college 11 (33%) 18 (33%)

 College graduate 7 (21%) 17 (31%)

 Graduate degree 6 (18%) 10 (18%)

Smoking 0.96

 Current 6 (18%) 11 (20%)

 Former 10 (30%) 18 (33%)

# hot flashes/24h (median, IQR) 6 (5, 8) 7 (4, 11) 0.74

Menopausal status 0.41

 Perimenopausal (< 1 yr since LMP) 8 (24%) 9 (16%)

 Postmenopausal (≥ 1yr since LMP) 25 (76%) 46 (84%)

Years since LMP* (median, IQR) 6 (2, 10) 5.5 (2, 10) 0.83

MENQOL (mean ± SD) 3.6 ± 1.2 3.6 ± 1.3 0.86

GAD-7 (median, IQR) 1 (0, 5) 0.5 (0, 5) 0.77

PHQ-9 (median, IQR) 2 (1, 5) 2 (0, 4) 0.62

Sexually active in past 4 weeks?

 With Men 16 (48%) 27 (49%) 0.93

 With Women 0 1 (2%) -

 Self-stimulation 11 (33%) 21 (38%) 0.88
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Lactobacillus dominant
N = 33

Non-Lactobacillus dominant
N = 55

P value

FSFI (median, IQR) 22 (8, 29) 22 (12, 30) 0.96

Laboratory values

Vaginal glycogen(pg/mL;median, IQR) 6 (3, 72) 6 (3, 9) 0.66

Serum estradiol (median, IQR)

 Total (pg/mL) 13.5 (0.5, 30.3) 11.4 (4.7, 22.2) 0.99

 Unconjugated (pg/mL) 3.8 (0.5, 8.3) 2.6 (0.5, 5.6) 0.40

Serum estrone (median, IQR)

 Total (pg/mL) 198 (139, 363) 181 (117, 293) 0.45

 Unconjugated (pg/mL) 33.4 (21.5, 55.3) 22.2 (15, 30.5) 0.007

Symptoms

Most bothersome symptom (MBS) 0.88

 Vaginal dryness 8 (24%) 14 (25%)

 Vulvovaginal itch/burn 7 (21%) 8 (15%)

 Vaginal discharge 4 (12%) 5 (9%)

 Pain 2 (6%) 2 (4%)

 Inability to have sex 3 (9%) 9 (16%)

 No bothersome symptom 9 (27%) 17 (31%)

Severity of MBS (median, IQR) 2 (0, 5) 0.5 (0, 4) 0.24

*
Among women reporting ≥ 1 year since last menstrual period (LMP)

MENQOL = Menopause quality of life questionnaire12

GAD-7 = Generalized anxiety disorder 7-item questionnaire14

PHQ-9 = Patient Health Questionnaire-913

FSFI = Female Sexual Function Index15
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