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Abstract 

 
Exploring Associations between the Vaginal Microbiome and Health Behaviors, Sociodemographic 

Factors, and Vaginal Symptoms in Postmenopausal Women 

By Gaea Daniel 

 

Background: Postmenopausal women are more likely to have greater bacterial diversity and less 

protective Lactobacillus (L. spp.) within their vaginal microbiome than premenopausal women 

due to decreased estrogen levels. It is unclear whether health behaviors and sociodemographic 

factors affect the vaginal microbiomes of postmenopausal women and if vaginal symptoms are 

related to unhealthy changes in the vaginal microbiome. 

Purpose: To characterize the vaginal microbiomes of postmenopausal women, and to assess 

associations between the vaginal microbiome of these women and their health behaviors, 

sociodemographic factors, and vaginal symptoms. 

Methods: A secondary analysis of an ongoing study of postmenopausal women was conducted. 

Twenty-one participants with physician-collected vaginal swabs and self-reported responses to 

questionnaires about their health behaviors, sociodemographic factors, and vaginal symptoms 

were available for analysis. Alpha and beta diversity were used to assess microbial diversity 

within and between samples. The Wilcoxon and Kruskal-Wallis rank sum tests, relative 

abundances, Bray-Curtis and Jaccard distances, PERMANOVA, and Linear Decomposition 

Model were used to evaluate associations between the vaginal microbiome and health behaviors, 

sociodemographic factors, and vaginal symptoms.  

Results: Alpha diversity was significantly higher for participants who used antibiotics (p<0.05) 

and trended towards significance for participants who used oral probiotics (p=0.16). Four vaginal 

microbiome samples had a relative abundance of L. spp. ≥90%. Relative abundance of other 

genera was negligible in these samples.  

Conclusion: Use of antibiotics is associated with increase diversity in the vaginal microbiome, 

and oral probiotic use may potentially be associated with decreased diversity. The association 

between L. spp.-dominance and health promoting and disruptive behaviors warrants further 

study. A larger sample size is needed to confirm associations. Both researchers and clinicians 

should thoroughly assess health promoting and health disruptive behaviors when evaluating the 

vaginal microbiome and gynecological health. 
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Article One: A Framework for Studying the Vaginal Microbiome 

Introduction 

A person whose biological sex is female ages with time and naturally transitions into the 

postmenopausal life stage, indicating the end of reproductive years. Although a female is beyond 

childbearing years, their gynecological health still plays an important role in health outcomes. 

For example, the drying and thinning of the vaginal wall in postmenopausal women, combined 

with reduced condom utilization due to the inability to get pregnant, may increase the risk of 

contracting a sexually transmitted infection (STI) (Minkin, 2010). Furthermore, the risk of 

endometrial, ovarian, and vulvar cancers increases during the postmenopausal years of life 

(Furau et al., 2011). Gynecological health is influenced by multiple factors including health 

behaviors of the host and the sociodemographic factors that characterize the host. Recent 

research has identified another factor that may influence vaginal health, the vaginal microbiome 

(VM).  To date, most research has focused on premenopausal women and the association among 

vaginal microbial communities and preterm births.  However, more recent work has begun to 

assess how the vaginal microbiome may impact and promote gynecological health or disease, 

although most of this research has continued to ignore postmenopausal women. Based on the 

limited current literature, a framework (Figure 1) was developed to explore the interactions 

among the vaginal microbiome, sociodemographic factors (SDFs), health behaviors, and vaginal 

symptoms. 

The vaginal microbiome (VM) is the symbiotic microbial community inhabiting the 

vagina and is composed of microorganisms, including bacteria, fungi, and archaea. The VM has 

long been associated with gynecological health in premenopausal women relative to the 

dominating presence of Lactobacillus species (L. spp.) in the vagina. Growth of other bacterial 
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species is inhibited by L. spp.’s production of lactic acid, hydrogen peroxide, and proteins that 

are toxic to some pathogens (Fettweis, Brooks, Serrano, Sheth, Girerd, Edwards, Strauss, 

Vaginal Microbiome, et al., 2014). Therefore, L. spp. supports a protective acidic vaginal 

environment through bactericidal and bacteriostatic properties. These characteristics lead to 

decreased diversity (the number of different types of bacteria) in the VM, which is considered 

healthy. Dysbiosis of the VM occurs when L. spp. is lacking and other, often pathogenic bacteria 

dominate the VM. This dysbiotic state is associated with increased susceptibility to poor 

gynecological health outcomes such as increased susceptibility to STIs and uncomfortable 

vaginal symptoms like discharge, dryness, and itching (Low et al., 2011a; Muhleisen & Herbst-

Kralovetz, 2016).  

Sociodemographic Factors and the Vaginal Microbiome 

Postmenopausal women are at greater risk than premenopausal women of experiencing a 

dysbiotic VM since estrogen, which supports the abundance of L. spp. in the VM, decreases as a 

woman transitions into menopause. When it occurs naturally, most women transition into the 

menopausal stage at ages between their late 40s to early 50s and will spend about 40% of their 

lives in the postmenopausal state (Takahashi & Johnson, 2015). Thus age both a SDF and 

biologic factor that affects the amount of L. spp. in the VM due to temporal changes in the sex 

hormone estrogen (Muhleisen & Herbst-Kralovetz, 2016). Education, unlike age, has not been 

shown to directly affect the amount of L. spp. in the VM. Although few have assessed the 

relationship between education and the vaginal microbiome, a recent study revealed that higher 

education level is associated with L. spp.-dominant VMs (Virtanen et al., 2019). Health 

insurance is a common proxy for socioeconomic status when household income is not available 

since household income is not usually collected in hospital data (Foraker et al., 2010). Inability 
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to afford healthcare or lack of access to healthcare may indirectly affect the VM, as women may 

self-treat for vaginal symptoms. No significant relationships have been found between the VM 

and income, but a trend in association was found between income and dysbiosis (Fettweis, 

Brooks, Serrano, Sheth, Girerd, Edwards, Strauss, Vaginal Microbiome, et al., 2014). 

Race as an SDF may increase susceptibility to infections and diseases due to shared 

social, cultural, and physical environments. Race is a social construct used to categorize 

individuals to align with historical US health data (DeSantis et al., 2016). It is within the racial 

context that distinct differences are seen in the VM that increase susceptibility to human 

papillomavirus (HPV) (Fettweis, Brooks, Serrano, Sheth, Girerd, Edwards, Strauss, The Vaginal 

Microbiome, et al., 2014; Mitra et al., 2016). The explicit physiological differences in VMs 

based on race and ethnicity may be linked to factors like biological processes (i.e. DNA 

methylation from stress) and socioeconomic status (SES), which can be tied to the effects of 

racism and promote race-based differences (Burger et al., 2016).  

A longitudinal cohort study funded through the Vaginal Human Microbiome Project 

found that the mean localized alpha diversity (vaginal microbial diversity within one sample) of 

Black women’s VMs is significantly greater than that of White women, and that Black women 

were 2.9 times more likely to be diagnosed with bacterial vaginosis (BV), a form of dysbiosis 

that may be asymptomatic (Fettweis, Brooks, Serrano, Sheth, Girerd, Edwards, Strauss, The 

Vaginal Microbiome, et al., 2014). The same group from the Vaginal Human Microbiome 

Project more recently conceded that the cause of the differences seen in the VM by race and 

ethnicity is not clear, and that “genetic and environmental influences are likely contributors” 

(Serrano et al., 2019). While acknowledging race-based differences in the VM, caution must be 

taken to avoid speculation that the differences are only genetically determined by the host and 
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redirect the focus towards “human habits and practices” for explanation of gynecological 

disparities (Ravel et al., 2011). These “human habits and practices” are addressed in the 

framework (Figure 1) as health behaviors. Some behaviors, such as intravaginal practices and 

cigarette smoking, have been associated with an unhealthy increase in VM diversity.  

Health Behaviors and the Vaginal Microbiome 

Intravaginal practices (IVPs) refer to the types of practices women use to clean inside 

their vaginas and are generally considered unhealthy. A wide variety of products, including 

commercial douching products, antiseptics, detergents, soaps, and herbs, are placed or pushed 

inside the vagina with different types of tools, including fingers, bottles, wipes, and commercial 

tools, by women all over the world to make their vaginas feel clean, control odor, or to enhance 

sexual pleasure for themselves or their partners (Alcaide et al., 2015; Alcaide, Rodriguez, Fischl, 

Jones, & Weiss, 2017; Amaral et al., 2007; Brown et al., 2016; Chisembele, Rodriguez, Brown, 

Jones, & Alcaide, 2018; Crann, Cunningham, Albert, Money, & O'Doherty, 2018; Masese et al., 

2013; McCarthy, Nii-Trebi, Musah, & Asmah, 2015; Ness et al., 2001; Sivapalasingam et al., 

2014; van de Wijgert et al., 2000). Details of IVPs are not well-described, especially in the US, 

and no validated metrics exist to assess IVPs. Therefore, an in-depth description of this practice 

is provided here.  

Researchers in countries other than the US have documented use of homemade, 

household, and natural products used for IVPs (Alcaide et al., 2015; Alcaide et al., 2017; Amaral 

et al., 2007; Brown et al., 2016; Chisembele et al., 2018; Crann et al., 2018; Masese et al., 2013; 

McCarthy et al., 2015; Ness et al., 2001; Sivapalasingam et al., 2014; van de Wijgert et al., 

2000). A well-known form of IVPs in the US is douching where women irrigate their vaginas 

with a liquid solution. A variety of douching products are sold commercially and can be found 
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on shelves of stores. Douching is a significant risk factor for dysbiosis associated with race since 

Black women are at least two times more likely than White women to douche (Fettweis et al., 

2014, Mitra et al., 2016). Women may try to remedy malodor caused by BV or sexual 

intercourse with douching without the realization that douching can exacerbate the problem.  

Intravaginal practices, including douching but also the use of other products, are often a 

result of misperceptions about appropriate vaginal hygiene and are associated with younger ages 

of sexual debut (Ness et al., 2003). Products used for IVPs can cause dysbiosis by depleting or 

killing L. spp. (Aslan & Bechelaghem, 2018). In one study conducted in Sub-Saharan African 

women, IVPs are associated with dysbiosis in the VM leading to BV and increase risk of STIs, 

including persistent, oncogenic strains of HPV and human immunodeficiency virus (HIV) (Low 

et al., 2011b). 

Some studies in the US have yielded insignificant associations between IVPs and 

dysbiosis in the VM (Brotman, He, et al., 2014; Fettweis, Brooks, Serrano, Sheth, Girerd, 

Edwards, Strauss, Vaginal Microbiome, et al., 2014). However, IVPs were not consistently and 

thoroughly assessed in these studies, and primarily focused on douching with commercial 

products, ignoring the myriad of additional IVPs women may use.  

A few studies conducted in the US have conducted more in-depth investigations of IVP 

use and have found that women reported use of soap and water; use of a cloth, finger, sponge, 

rag, or wipe to clean inside their vaginas; or use of lubricants, oils, and petroleum jelly for 

lubrication during sexual activities (Brown et al., 2013). In addition, even on the rare occasions 

when IVP use is assessed, the purpose of use is rarely assessed; however, when asked, some 

women have indicated that their use of IVPs is related to hygiene and sex (Alcaide et al., 2017). 

The frequency of IVP use has not been regularly assessed. The reason why women use IVPs 



 6 

varies; women state that they want to feel and smell fresh and want to get rid of any odor 

especially concerning peri-sexual activities, thus they clean inside of their vaginas to prepare for 

sex and may clean themselves after sex (Amaral et al., 2007). Additionally, products are also 

inserted related to sex for lubrication during sexual activities to reduce vaginal dryness and 

discomfort, while some women may insert products to promote vaginal dryness, believing it 

increases pleasure for their male sex partners (Sivapalasingam et al., 2014). 

At least one study has reported that some women use IVPs to satisfy their sexual 

partner’s request and misguided belief that IVPs maintain or improve vaginal health. They are 

often taught these practices by their mothers or grandmothers, some other relative, friends, or 

sexual partner(s) (Masese et al., 2013). Some women teach themselves IVP use, and other 

women are influenced by media advertisements (Martin Hilber et al., 2010).   

There are aspects of sexual behaviors that may have unhealthy consequences for the VM. 

Having both male and female sex partners and multiple sex partners are all associated with 

dysbiosis (Koumans et al., 2007; Muzny, Harbison, Pembleton, & Austin, 2013). Use of 

condoms may decrease the unhealthy effects of sex on the VM (Jespers et al., 2014). Related to 

sexual activity, vaginal lubricants used to alleviate vaginal dryness may have a negative effect on 

the VM depending on the ingredients of the lubricants. Though no studies have been conducted 

to our knowledge to evaluate the use of lubricants on the VM, it has been hypothesized that the 

use of lubricants will disrupt the VM (Brotman, 2016). 

Smoking cigarettes, a behavior that is linked to several poor health outcomes, is 

consistently associated with dysbiosis in the VM compared to women who do not smoke 

(Bagaitkar, Demuth, & Scott, 2008; Brotman, He, et al., 2014). One study also observed nicotine 

and its metabolites in the vagina from smoking cigarettes has be detected (Nelson et al., 2018).  
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While some behaviors are unhealthy and can be considered risky concerning the VM, 

others have been associated with a healthy decrease in VM diversity or an increase in L. spp. 

Hormonal replacement therapy (HRT), either oral or topical estrogen, have both been associated 

with increased vaginal L. spp. (Heinemann & Reid, 2005; Shen et al., 2016; Si, You, Yu, Sung, 

& Ko, 2017).  

Ingested products have also been associated with L. spp.-dominant VMs. Oral probiotics 

are associated with increased L. spp. in the VM after two weeks of use; and vaginal symptoms 

from dysbiosis decreased with ingestion of yogurt after four weeks of use (Laue et al., 2018; 

Petricevic, Unger, Viernstein, & Kiss, 2008). Both of these oral products contained L. spp. It is 

unclear if the abundance of L. spp. is maintained after the consumption of probiotics or yogurt 

ceases. Alcohol consumption in moderation is likely to yield less pathogenic bacteria in the VM 

than women who do not consume alcohol; however, excessive alcohol consumption is 

considered an independent risk factor for dysbiosis (Baisley et al., 2009; Fettweis, Brooks, 

Serrano, Sheth, Girerd, Edwards, Strauss, Vaginal Microbiome, et al., 2014). The amount where 

alcohol consumption crosses the threshold to become excessive and negatively affect the VM is 

unknown. 

These behaviors, both healthy and unhealthy influence the diversity of the VM, and some 

specifically affect the abundance of L. spp. Decreased diversity tends to lead to optimal 

gynecological health outcomes, while increased diversity can lead to poor outcomes like vaginal 

symptoms. However, beyond diversity, the actual composition and abundance of healthy vaginal 

microbial communities has yet to be defined. 

Vaginal symptoms, including dryness and discharge, are common in about half of 

postmenopausal women and are associated with dysbiosis of the VM (Muhleisen & Herbst-
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Kralovetz, 2016). The pain and discomfort associated with these vaginal symptoms impact 

sexual health and overall quality of life (Freedman, 2002; Muhleisen & Herbst-Kralovetz, 2016). 

Understanding the association among vaginal microbial communities and vaginal symptoms is 

important for symptom management. An assessment of the literature characterizes the VM as a 

moderator for vaginal symptoms, thereby making it an important target for assessment and 

intervention since dysbiosis of the VM is associated with vaginal symptoms (Brotman, Shardell, 

et al., 2014; Muhleisen & Herbst-Kralovetz, 2016). 

Discussion 

Based on the literature, the model proposed herein is appropriate for studying the VM 

when aims include 1) characterizing the VM by participant characteristics, 2) identifying 

racial/ethnic disparities in the VM composition, 3) exploring associations between the VM and 

social, cultural, and environmental factors, and 4) examining outcomes as a result of vaginal 

microbial dysbiosis. Future research should delve further into identifying the non-biological 

contributing factors of healthy and dysbiotic VM in order to test appropriate and feasible 

interventions. Clinicians should assess IVP use and educate patients accordingly. Encouragement 

of smoking cessation and safe sex practices would also be beneficial. 

In summary, the vaginal microbiome is dynamic and complex, and its composition is not 

based on one factor or biological process, but rather an interaction of sociodemographic factors 

and health behaviors. Researchers should further assess social, cultural, and environmental 

influences to better understand which factors determine healthy microbial composition in 

postmenopausal women. 
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Figure 1. A model displaying the relationships among the vaginal microbiome, health behaviors, 

and sociodemographic factors as a framework for studying the vaginal microbiome. 
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Article Two: Exploring the Vaginal Microbiome and Intravaginal Practices in 

Postmenopausal Women 

Introduction 

The Vaginal Microbiome 

The human microbiome is the microbial community composed of trillions of microorganisms 

that lives in and on the body in a symbiotic relationship with the host (Turnbaugh et al., 2007). 

Microorganisms that have been identified in the microbiome include archaea, bacteria, and fungi, 

but for the purpose of the study, the focus is exclusively on bacteria (Blum, 2017). The vaginal 

microbiome (VM) is specific to the vagina, as the name implies, and promotes homeostasis when 

dominated by the bacterial genus Lactobacillus (Huang, Fettweis, Brooks, Jefferson, & Buck, 

2014).  The abundance of Lactobacillus species (L. spp.) is an important component of the VM 

since L. spp. produce lactic acid, which makes the vaginal environment acidic and protects it 

from infectious, pathogenic microorganisms such as viruses and some other bacteria (Fettweis et 

al., 2014; Zhou et al., 2007). Additionally, some L. spp. are able to inhibit the growth of other 

bacterial species with their production of hydrogen peroxide and proteins that are toxic to 

pathogenic bacteria (Fettweis et al., 2014). These characteristics support studies suggesting high 

abundance of L. spp. is associated with reproductive and gynecologic health (Fettweis et al., 

2014; Green, Zarek, & Catherino, 2015; Mitra et al., 2016). Compared to other organs in the 

human body such as the colon, the VM has relatively few bacterial species, and the bacterial 

species within the VM vary among women. Ravel et al. groups the bacterial communities of 

maternal-aged pre-menopausal women into categories called community state types (CSTs), 

which are characterized by the dominant bacterial species in the VM (Ravel et al., 2011).  
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Community state type I, CST II, CST III, and CST V are dominated by L. crispatus, L. 

gasseri, L. iners, and L. jensenii, respectively (Ravel et al., 2011). CST IV is a group with lower 

proportions of L. spp. and higher proportions of anaerobic bacteria (Ravel et al., 2011). CST IV 

was later divided into two groups, CST IV-A (characterized by species of the Anaerococcus, 

Peptonophilus, Prevotella, and Streptococcus genera) and CST IV-B (Atopobinum and 

Megasphaera genera), by Gajer et al (Gajer et al., 2012). Brotman et al. found that the 

association among 87 pre-, peri-, and postmenopausal healthy women (67% White, 27% Black, 

and 6% other) between CST and menopausal transition status is statistically significant and that 

postmenopausal women are classified mostly to CST IV-A (Brotman, Shardell, Gajer, Fadrosh, 

et al., 2014). A decrease in estrogen levels as a result of naturally occurring or surgically induced 

menopause is associated with unhealthy changes in the VM, making this population important to 

study (Muhleisen & Herbst-Kralovetz, 2016).  In addition, there is emerging evidence that 

intravaginal practices that women use to cleanse their vagina, reduce odor, or enhance sexual 

pleasure may be associated with unhealthy changes in the VM, however, to date, this work has 

only been conducted in premenopausal women. 

Intravaginal Practices 

Intravaginal practices (IVPs) are defined in this study as the insertion of substances (soaps, 

deodorizers, powders, and others listed in Figure 1) via finger(s), cloth, or specialized tool(s) into 

the vagina to cleanse, reduce odor, or enhance sexual pleasure (Alcaide et al., 2015; Alcaide, 

Rodriguez, Fischl, Jones, & Weiss, 2017; Amaral et al., 2007; Brown et al., 2016; Chisembele, 

Rodriguez, Brown, Jones, & Alcaide, 2018; Crann, Cunningham, Albert, Money, & O'Doherty, 

2018; Masese et al., 2013; McCarthy, Nii-Trebi, Musah, & Asmah, 2015; Ness et al., 2001; 

Sivapalasingam et al., 2014; van de Wijgert et al., 2000). IVPs are used by nearly 60% of Black 
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women versus approximately 30% of Whites (Brown et al., 2013; Chandra, Martinez, Mosher, 

Abma, & Jones, 2005; Low et al., 2011b). Misperceptions about cleaning inside the vagina and 

cultural norms influence IVP use, which are linked to younger ages of sexual debut (Alcaide, 

Cook, Chisembele, Malupande, & Jones, 2016; Ness et al., 2003). The purpose of IVPs is to 

cleanse, dry, and/or tighten the vagina for hygienic or sex-related reasons (Esber et al., 2016). 

However, IVPs are associated with unhealthy changes in the VM (Low et al., 2011b). Vaginal 

douching with commercial products is a common type of IVP where women irrigate their vagina 

with products that have been shown to contain bactericidal chemicals that affect L. spp. (Aslan & 

Bechelaghem, 2018). Overall types and frequencies of IVP use vary widely, and given most 

studies investigating use have had small to moderate sample sizes, statistical power is limited 

from which to draw conclusions (Lewis et al., 2017). Additionally, no valid, reliable way to 

measure IVP use is available in the literature. 

IVPs are associated with disruptions in the VM, including bacterial vaginosis (BV), and 

those disruptions increase the risk of sexually transmitted infections (STIs), including human 

papillomavirus (HPV) and human immunodeficiency virus (HIV) in pre- but not postmenopausal 

women (Cherpes, Meyn, Krohn, & Hillier, 2003; Gillet et al., 2012; Low et al., 2011b; Short et 

al., 2010; Tsai, Shepherd, & Vermund, 2009; Viens et al., 2016). While the adverse effects of 

IVPs are consistent worldwide, the association between the VM and IVPs beyond douching 

specifically in the US is not well understood, especially in postmenopausal women.  

The purpose of this pilot study was 1) to characterize the VMs of postmenopausal 

women, 2) to identify IVP use, types, and evaluate the frequency of these practices in this cohort 

of postmenopausal women, and 3) to explore associations among VM communities and IVP use 

in postmenopausal women.  
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Methods 

Setting and Study Participants 

This pilot study is a secondary analysis assessing the control arm of an ongoing parent study 

(GEMSTONE; PI: Bruner) of the VM in postmenopausal women with gynecological cancer and 

healthy controls. Postmenopausal women in this study were recruited from hospitals and clinics 

in metro Atlanta, Georgia. Inclusion criteria for the control group included women who were 

postmenopausal, 18 years of age or older, willing and able to provide informed consent, and able 

to read, write, and speak English in order to complete patient reported questionnaires. Exclusion 

criteria for the control group included the following: history of cancer and co-morbidities that 

may cause severe vaginal toxicities (cystic fibrosis, poorly controlled diabetes, autoimmune 

disease, STIs, and current fungal infection). Participants enrolled in the healthy control cohort 

completed a Demographic Short Form (DSF) questionnaire for sociodemographic data and the 

Vaginal Cleansing Practices (VCP) questionnaire to assess IVPs. Participants completed the 

questionnaires in paper and pencil format and also provided physician-collected vaginal swab 

samples for VM assessment. The data were collected at the baseline study visit after obtaining 

informed consent. 

Vaginal Cleansing Practices (VCP) Questionnaire 

Intravaginal practices were obtained from the VCP questionnaire. Since a validated questionnaire 

was not available in the literature, the VCP questionnaire was developed specifically for this 

study. Items were derived from a literature review of how women in the United States have 

reported use of home remedies or products for vaginal hygiene. Items underwent expert review 

by a nurse scientist with expertise in gynecological cancer research. The VCP questionnaire has 

four items: one item addresses postmenopausal status (yes/no). Another item addresses whether 
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vaginal cleansing practices changed after menopause (yes/no), since IVPs are associated with 

menstrual hygiene practices (Mitra et al., 2016). Two questions address the types of products 

used to clean inside and outside of the vagina (including douching, vinegar/water, soap/water, 

vaginal deodorants or suppositories, natural herbs, and other product not previously mentioned) 

and how often (select all that apply) they were used. Thus, IVP use was questioned in the same 

manner to assess practices before and after menopause. Since the VM changes significantly once 

women reach menopause, and VM samples were collected only for postmenopausal women, thus 

this pilot study analyzed practices used after menopause only. The type and frequency of 

products used were assessed by providing participants with a list of practices with frequency 

options for each practice. In addition, an “other” category was included so participants could add 

practices and frequencies not on the instrument list. The “other” response was created to provide 

options other than douching with commercial products to capture additional information 

previously not studied in US samples (Brotman, Shardell, Gajer, Tracy, et al., 2014; Fettweis et 

al., 2014; Zhou et al., 2007). Examples of questions and options regarding IVP use from the VCP 

questionnaire can be found in Table 1. All survey data were entered into and managed using 

REDCap database at Emory University (Harris et al., 2009). 

Vaginal microbiome samples 

Vaginal microbiome samples in the parent study were collected by a physician using a validated 

and standardized protocol from the Human Microbiome Project as described in Aagaard et al. 

(2013). The samples were collected during a routine visit to the gynecologist. Vaginal swabs 

were obtained from the mid vagina using Catch-All™ sample collection swabs (Epicentre 

Biotechnologies, Madison WI); they were immediately placed in 750 µL of MoBio buffer 

contained in sterile MoBio Power Bead tubes (Mo Bio Laboratories, Inc., Carlsbad, CA) and 



 22 

stored at −80°C until deoxyribonucleic acid (DNA) extraction. The VM data were obtained from 

files containing raw sequences of the V3-V4 hypervariable regions of the bacterial 16S rRNA 

gene from collected vaginal swab samples.  

Statistical Analyses 

De-identified data for postmenopausal women in the parent study’s healthy control group were 

extracted from REDCap. Women who self-identified as more than one race or as a race other 

than black or white were categorized as “other.” Amazon Web Services was used to build a 

virtual machine to run Quantitative Insights Into Microbial Ecology (QIIME), through which the 

raw sequences of the VM samples were analyzed. Through the QIIME™2 (qiime2018.11) 

pipeline, the classifier was trained on the Greengenes reference taxonomy database with the 

sequences trimmed to include 250 base pairs. Forty-one genus-level taxonomy was chosen over 

species-level due to missing assignment of most operational taxonomic units (OTUs) to species. 

An OTU, or operational taxonomic unit, is a way to classify or categorize closely related units, 

or in the case of this study, bacteria. The genus-level taxonomy table and the corresponding 

metadata were imported into RStudio for the analyses (2016). The relative abundance was 

calculated for the genera. 

 To characterize the VMs of postmenopausal women, the mean relative abundance of each 

genus was calculated for each sample. Relative abundance is the count of a specific type of 

bacterium relative to other bacteria in a sample and is important in assessing the microbiome. 

Women with a VM having 50% L. spp. relative abundance were considered to have L. spp.-

dominant VMs. If another bacterial genus represented 50% of the bacteria in the VM, it was 

recoded accordingly. The six types of IVPs used by this cohort were identified from the VCP 

questionnaire, from which the frequencies of the identified IVP types were evaluated. Women 
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who reported using any type of IVP use at any frequency after menopause were categorized as 

current postmenopausal IVP users.  

Several measures of alpha diversity (the diversity within a sample) and beta diversity (the 

diversity between samples) exist to assess the microbiome. Species richness (the count of 

different bacteria in a sample), Shannon’s diversity index (the count of different bacteria in a 

sample and how many of each type of different bacteria), Inverse Simpson index (similar to 

Shannon’s diversity index, but less affected by rare bacteria), and Chao1index (estimates 

bacterial diversity from abundance and is affected by rare bacteria) are measures of alpha 

diversity. Measures of beta diversity include Bray-Curtis distance, which is based on the number 

of each type of bacteria present, and Jaccard distance, which is based on the ratio of the size of 

the symmetric difference to the union of the groups. While there are multiple ways to measure 

diversity, each strategy should be employed since each one is measured differently and will most 

likely not account for every species in a sample. Associations between the VM and IVP use were 

explored by calculating alpha diversity using species richness, Shannon Index, Inverse Simpson 

Index, and Chao 1 Index; and beta diversity using Bray-Curtis, and Jaccard distances. For 

association testing, our primary variable was IVP use (yes or no), which classified the 

participants by whether they used IVPs. The Wilcoxon rank-sum test was used to compare each 

univariate measure of the VMs, such as an alpha diversity metric or relative abundance of a 

specific OTU, between the VMs of women who used IVPs and women who did not. The 

permutational multivariate analysis of variance (PERMANOVA) was used to associate each beta 

diversity metric to the IVP use status or the IVP use frequency. The linear decomposition model 

(LDM) package in RStudio was used to test the global association of the overall microbiome 



 24 

profile and the IVP use status, as well as to detect individual OTUs that contributed to the global 

association. 

Results 

Twenty-one women met inclusion criteria for this analysis which included VM data at baseline 

and completion of the VCP questionnaire. The sociodemographic, L. spp.-dominance of the VM 

samples, and IVP characteristics of the participants collected at one time point (baseline) are 

described in Table 2. The average age of the women was 64.2 years (range: 55-74 years), and 

66.7% of the women self-reported as White, 23.8% as Black, and 9.5% as Other.  

 The most abundant known bacterial genus found overall in the VM samples was 

Lactobacillus (35.7%). Following in descending order of the most abundant known bacterial 

genera found were: Prevotella (21.4%), Bifidobacterium (8.8%), Gardnerella (4.7%), Atopobium 

(4.3%), and Streptococcus (4.0%) (Figure 2). However, only five VM samples (GEM-B, GEM-

C, GEM-I, GEM-K, and GEM-R) possessed a relative abundance of L. spp. greater than 75%.  

Ten (48%) women reported never using IVPs since menopause, while the remaining 11 

(52%) reported using at least one type of IVP since menopause. The most common type of IVP 

was the use of soap and water to clean inside the vagina, with seven participants reporting it. One 

participant reported using two types of IVPs (douching and other), but none reported using 

vinegar and water mixtures or natural herbs. Table 3 describes the frequency of use for each IVP 

listed in the VCP questionnaire. 

 Due to a general lack of data beyond species level resulting from the low resolution of 

16S rRNA marker gene, only four VM samples were able to be identified according to the 

Brotman classifications. Two participant VM samples could be classified as CST III (GEM-C 
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and GEM-R) and two other participants could be classified as CST IV-A (GEM-E and GEM-I) 

(Brotman, Shardell, Gajer, Fadrosh, et al., 2014).  

Although L. spp. was the most abundant genus among all samples combined, the 

abundance of L. spp. was concentrated within the five (23.8%) VM samples that exhibited L. 

spp.-dominance. The remaining VM samples possessed less than 25% relative abundance of L. 

spp., with 14 of 16 non-L. spp.-dominant containing less than 3% relative abundance of L. spp. 

The heatmap in Figure 3 illustrates the relative abundance of each of the top known bacterial 

genera by self-reported IVP use of each participant, which also emphasizes the large relative 

abundance of L. spp. in the five L. spp.-dominant VM samples.  

 Alpha diversities were not significantly different between IVP users and non-users for 

Shannon Index (p=0.8094), Inverse Simpson Index (p=0.6539), and Chao1 Index (p=0.8783) 

using the Wilcoxon rank-sum test as evidenced by the boxplots in Figure 4. Beta diversities were 

not significant for Bray-Curtis (p=0.8351) (Figure 5) or Jaccard (p=0.1292) (Figure 6) distances 

revealing that the frequency or presence-absence of which each bacteria genera occur does not 

account for the variance in the difference we see between those who do and do not use IVPs. 

Furthermore, the LDM test indicated a lack of global association of the overall microbiome 

profile and the IVP use status. 

Discussion 

In this study of postmenopausal women, L. spp. was the most dominant bacterial genus 

present in their VM. This is in contrast to a  previous study of 87 women (of which 28 

postmenopausal) which used 16S rRNA gene analysis indicating that postmenopausal women 

are most likely to have vaginal microbiomes Brotman grouped as CST IV-A, characterized by 
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Anaerococcus, Peptonophilus, Prevotella, and Streptococcus genera (Brotman, Shardell, Gajer, 

Fadrosh, et al., 2014).  

Intravaginal practices were more common (52%) in this cohort than previously identified 

in studies by Fettweis et al. and Mitra et al. reporting only douching at rates of 11% and 22%, 

respectively; however, douching by itself in this study fell within the previously identified rates 

at 14% (Fettweis et al., 2014; Mitra et al., 2016). However, IVPs were less common in other 

studies reporting IVPs beyond douching (Alcaide et al., 2017; Brown et al., 2016). The use of 

soap and water for IVPs was the most common IVP in this cohort as seen in previous studies 

(Low et al., 2011a). Fifty-seven percent of non-White women and 50% of the White women had 

used IVPs since menopause. While this finding aligned with previous studies where women of 

color were found to use IVPs more than White women, the magnitude of IVP use was less in our 

study compared to a study by Chandra and colleagues which reported 59% of non-White women 

and 27% of White women reported IVP use (Chandra et al., 2005). 

After the analyses of the VMs, four women from the study warranted further exploration.  

The VMs of these four women (GEM-B, GEM-C, GEM-K, and GEM-R) were of particular 

interest due to their VMs being dominated by L. spp. (at least 90% composition) with almost no 

relative abundance of any other bacteria from the known top twelve genera. The one Black and 

three White participants ranged in age from 58 to 73 years old. Two of them used IVPs and two 

of them did not. The two participants who used IVPs reported using soap and water to clean 

inside the vagina. While species-level data were not available for all the bacteria found in the 

VMs of the participants in this study, L. iners was one of the unique taxa able to be identified, 

and each bacterium identified as L. iners was found in both of the VMs of GEM-C and GEM-R 

but neither of the other two participants with VMs dominated by at least 90% L. spp. The 
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presence of L. iners is important since it is considered a transitional species of Lactobacillus 

where some strains are thought to have pathogenic or less protective effects compared to other L. 

spp. (Ferris, Norori, Zozaya-Hinchliffe, & Martin, 2007). This observation suggests that L. iners 

has the ability to dominate the VM, but additional research is needed to identify the effects of L. 

iners in the VMs of postmenopausal women and the function of the different strains of L. iners. 

Limitations to this pilot study should be noted. The sample size was small and 

underpowered to draw conclusions; however, the findings can be considered hypothesis 

generating. Another limitation was that the VCP questionnaire has not been validated and 

requires additional testing.  

In summary, IVPs may be used by women regardless of race and menopausal status. 

Clinicians should thoroughly assess IVP use to help determine whether the women may be at 

risk for poor gynecological health outcomes including STIs. Future research should employ a 

mixed methods research design to understand what IVPs are common in the US, why 

participants do or do not use IVPs, and which IVPs are associated with dysbiosis in the VM.   
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Figure 1. Reports of intervaginal practices from around the globe. (Alcaide et al., 2015; Alcaide 

et al., 2017; Amaral et al., 2007; Brown et al., 2016; Chisembele et al., 2018; Crann et al., 2018; 

Masese et al., 2013; McCarthy et al., 2015; Ness et al., 2001; Sivapalasingam et al., 2014; van de 

Wijgert et al., 2000) 

 

 

 

 

 

 

 

 

Questions to access 

intravaginal practices 

Have you experienced menopause (either naturally or as a result of 

surgery or other treatment)? 

Have your common vaginal cleansing practices changed since 

menopause? 

Since menopause, what has been your common vaginal cleansing 

practice(s)? Please check all that apply and indicate frequency of 

use. 

Options for products 

used in vaginal 

cleansing 

Douche 

Natural herbs 

Soap/water 

Vaginal deodorants 

Vinegar/water 

Other product 

Table 1. Example questions and options from the Vaginal Cleansing Practices questionnaire 

 

 

Cleaning

• Antiseptics

• Commercial douching products

• Deodorants

• Detergents

• Disinfectants

• Lemons

• Salt

• Vinegar

Drying

• Herbs

• Flowers

• Leaves

• Powder

Other

• Carbonated beverages

• Homemade formulas 

• Sticks/Stones/Rocks

Lubrication

• Cream

• Saliva

• Petroleum 
jelly

• Oils/Lotions

Products Inserted for Intravaginal Practices
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 29 

 

 

 

 

 

 

 

 

 

 

Table 2. Sociodemographic, vaginal microbiome, 

and intravaginal practice characteristics of  

postmenopausal participants. 

 

 

 

 

 

 

 

 

 

IVP Types 

Frequency 

Never Occasionally No Answer 

Douching 16 3 2 

Vinegar/water 17 - 4 

Soap/water 11 7 3 

Vaginal deodorants 

or suppositories 

17 1 3 

Natural herbs 18 - 3 

Other 16 1 4 

Table 3. Participant results from the Vaginal Cleansing Practices  

questionnaire assessing the type and frequency of intravaginal 

practices (IVPs) use. One participant reported using two IVPs while  

the other reported only using one. 

 

 

 

Characteristic Total 

Age, mean yrs (sd) 64.2 (5.8) 

Race, n (%) 

  White 

  Black 

  Other (includes more than one  

     race and other 

 

14 (67) 

5 (24) 

2 (9) 

Lactobacillus-dominant, n (%) 

   Yes 

   No 

 

5 (24) 

16 (76) 

Intravaginal Practice Use, n (%) 

   Yes 

   No 

 

11 (52) 

10 (48) 
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Figure 2. Taxonomy bar plot for relative frequency of vaginal bacteria present for each 

participant by the relative frequency of Lactobacillus species grouped by IVP use.  

 

 

 
Figure 3. Heatmaps emphasizing the relative abundance of the top twelve known bacterial genera 

by IVP use. 
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Aim 2b: Characterize the VM
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Figure 4. Alpha diversity boxplots for VM samples of women who reported no use IVPs during 

menopause versus those who did. 

 

 

 

 
Figure 5. Bray-Curtis Distance Ordination Plot displaying no difference between groups based 

on intravaginal practices. 

 

p=0.8094 p=0.8783 p=0.6539 

p=0.8351 
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Figure 6. Jaccard Distance Ordination Plot displaying no difference between groups based on 

intravaginal practices. 

 

 

 

 

  

p=0.1292 
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Article Three: The Vaginal Microbiome in Postmenopausal Women: Associations with 

Health Behaviors, Sociodemographic Factors, and Vaginal Symptoms  

Introduction 

The Vaginal Microbiome 

The healthy vaginal microbiome (VM) is a symbiotic community of microorganisms (bacteria, 

archaea, fungi, etc.) that is specific to the vagina. Gynecological health is directly associated with 

the types (composition) and amounts (abundance) of bacteria in the VM. Unlike the well-known 

gut microbiome, low bacterial diversity in the VM is conducive to a healthy environment. 

Particular Lactobacillus species (L. spp) are associated with low bacterial diversity due to their 

ability to produce lactic acid to reduce or eliminate the presence of pathogenic, infectious 

microorganisms (Mitra et al., 2016; Reid, 2016; Stapleton, 2016). Certain species of 

Lactobacillus are considered protective and, when dominant, are used in most of the literature as 

synonymous with a healthy VM. These L. spp. inhibit the growth of other bacterial species with 

their production of hydrogen peroxide and toxic proteins (Fettweis, Brooks, Serrano, Sheth, 

Girerd, Edwards, Strauss, The Vaginal Microbiome, et al., 2014).  

Microbial imbalance, or dysbiosis, of the VM is characterized as decreased amounts of L. 

sp. and increased amounts of pathogenic bacteria like Gardnerella and Prevotella (Huang, 

Fettweis, Brooks, Jefferson, & Buck, 2014). Dysbiosis may lead to increased susceptibility to 

infections. For example, Gardnerella and Prevotella are associated with bacterial vaginosis 

(BV), which is a type of dysbiosis that is the most common vaginal infection (Muzny & 

Schwebke, 2016). Many factors can contribute to dysbiosis including hormonal status, 

sociodemographic factors and individual behaviors. Dysbiosis can also occur as a result of 

menopause (Lee et al., 2013). Postmenopausal women are more likely to have VMs that are 
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classified into a group characterized by species of the Anaerococcus, Peptonophilus, Prevotella, 

and Streptococcus genera (Brotman, Shardell, et al., 2014). Few studies have explained the 

composition of the VM in postmenopausal women or explored the impact that health behaviors 

and sociodemographic factors have on the VM in this specific population. Furthermore, it is 

unclear whether the composition of the VM is associated with vaginal symptoms such as 

dryness, discharge, and itching. The bacterial composition of the VM is dynamic over a woman’s 

lifespan with short-term fluctuations occurring in response to hormonal changes; however, 

various health behaviors related to socially-, culturally-, and environmentally-influenced 

decisions  can also contribute to changes in the VM (Hickey, Zhou, Pierson, Ravel, & Forney, 

2012). 

Health Behaviors 

Individuals choose to participate in activities that impact their health with positive and negative 

outcomes. Intravaginal practices (IVPs) are the methods women use to clean inside their vaginas 

for hygienic and sexual purposes although negative health outcomes may result from this 

behavior. (Esber et al., 2016; Hilber, Chersich, van de Wijgert, Rees, & Temmerman, 2007; Low 

et al., 2011b). Women insert many different types of homemade, household, natural, or 

commercial products into their vaginas with cloth, specialized tools, and their fingers to maintain 

cleanliness or to increase sexual desire and pleasure for their partners or themselves (Esber et al., 

2016; Low et al., 2011b). Douching means to irrigate the vagina with a liquid, and some IVPs 

can be classified as such. However, women may not consider or admit their IVPs as douching 

with non-commercial products or products not specifically labeled for douching. Additionally, 

some women use non-liquid products or leave products inside the vagina for an extended period 

of time and are practices not defined as douching. IVP use not classified as douching, such as the 
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use of leaves, stones, and homemade or “traditional” products, has been associated with 

dysbiosis in the VM of women in countries outside of the United States, but few studies have 

characterized the VM of postmenopausal women, and none have focused on postmenopausal 

women using IVPs (Low et al., 2011a). 

Recreational health behaviors have been associated with changes in the VM. While not 

well understood, women who consume alcohol have been found to be less likely to have 

pathogenic bacteria in the VM than women who do not consume alcohol (Fettweis, Brooks, 

Serrano, Sheth, Girerd, Edwards, Strauss, The Vaginal Microbiome, et al., 2014). However, 

increased or perhaps excessive alcohol consumption has also been deemed an independent risk 

factor for BV (Baisley et al., 2009). Women who smoke tobacco are consistently more likely to 

have pathogenic bacteria linked to BV in their VM than women who do not smoke tobacco 

(Bagaitkar, Demuth, & Scott, 2008; Brotman, He, et al., 2014). One study concludes that 

increased pathogenic bacteria in the VM is associated with increased metabolites related to 

nicotine in smokers, as well as increased biogenic amines in smokers that are known to 

contribute to vaginal malodor and to impact the virulence capabilities of pathogens (Nelson et 

al., 2018). Currently it is unclear whether alcohol and tobacco use are associated with IVP use 

and exacerbate vaginal dysbiosis.  

Sexual activity is an important behavior for evaluating potential causes of vaginal 

dysbiosis. Frequent sexual (vaginal) intercourse and multiple, new or an increased number of 

male partners are associated with vaginal dysbiosis (Cherpes, Hillier, Meyn, Busch, & Krohn, 

2008; Fethers, Fairley, Hocking, Gurrin, & Bradshaw, 2008; Jespers et al., 2015). Also, the VMs 

of women who have sex (anal, vaginal, and/or oral) with women may be more likely to have 

pathogenic bacteria that is associated with dysbiosis, whereas the VMs of women who have sex 
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with men have higher bacterial diversity (Muzny, Harbison, Pembleton, & Austin, 2013). 

Additionally, a study evaluating the effects of over-the-counter feminine hygiene products found 

that vaginal lubricant related to sexual activity can be bactericidal (Fashemi, Delaney, 

Onderdonk, & Fichorova, 2013).  

Recreational behaviors are not the only types of behaviors that affect the VM. Different 

types of medications may be related to changes in the VM as well.  For instance, alterations in 

the VM occur as a result of antibiotic use (Ferrer, Mendez-Garcia, Rojo, Barbas, & Moya, 2017). 

Antibiotics can clear bacteria in the VM, and pathogenic bacteria have been shown to quickly 

reemerge, potentially causing dysbiosis (Mayer et al., 2015). Conversely, postmenopausal 

women who used various forms of prescribed hormone replacement therapy (HRT) and topical 

estrogen possessed vaginal microbial communities dominated by L. spp. (Gliniewicz et al., 

2019). While more research is needed, there may be over-the-counter products that benefit the 

VM. One randomized control trial found that postmenopausal women who received oral 

probiotic strains of L. spp. reported statistically significant improvements in vaginal symptoms 

(Petricevic, Unger, Viernstein, & Kiss, 2008). Vaginal dysbiosis and symptoms have been shown 

to decrease with oral consumption of yogurt containing L. spp. strains (Laue et al., 2018).  

Health behaviors themselves may be influenced by sociodemographic factors which may 

in turn have a direct effect on the VM, as explored below. 

Sociodemographic Factors 

Sociodemographic factors (SDFs) are the social, economic, and physical conditions of a person’s 

environment that have the potential to interact with and influence individual health behaviors and 

contribute to health outcomes. SDF variables that have been suggested to be related to the VM 

include age, education, health insurance, and race. These variables may impact how an 
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individual’s social environment influences their behavior, the quality of healthcare they receive, 

and the type of care needed for optimal health.  

Age is a biological SDF that is related to menopausal status, which affects the vaginal 

microbial community (Muhleisen & Herbst-Kralovetz, 2016; Office of Disease Prevention and 

Health Promotion, 2018). Age may be also associated with the use of IVPs. In a prospective 

observational study of 1,199 women in the US age range 13 to 36, 75% African American, 

women who used IVPs tended to be older with 59% of the 30 age range cohort using IVPs vs 

only 31% in the 13-18 younger age cohort (Ness et al., 2005). Level of education is another SDF 

that may play a role in IVP use and vaginal dysbiosis. Lower educational attainment has been 

associated with a higher prevalence of douching and attitudes more likely to perceive IVPs as 

positive or healthy behaviors (Chandra, Martinez, Mosher, Abma, & Jones, 2005; Ness et al., 

2003); however, as of yet, no studies have documented associations between education and the 

VM. Health insurance, another SDF, serves as a proxy for access to care and household income. 

Access to care has yet to be studied in association with vaginal microbial communities or IVPs. 

With the exception of White women, lower household income is associated with greater IVP use, 

but little is known about its impact on the VM (Brotman et al., 2008; Chandra et al., 2005; 

Fettweis, Brooks, Serrano, Sheth, Girerd, Edwards, Strauss, The Vaginal Microbiome, et al., 

2014; Ness et al., 2005). 

Race is the SDF that has received the most attention in studies of the VM. Race can serve 

as a weak proxy for social norms and attitudes experienced by people of color since multiple 

ethnicities and enormous cultural diversity exists within a racial category. Studies have 

consistently demonstrated that IVPs are more often used by Black women compared to White 

women (Chandra et al., 2005; Ness et al., 2005). Studies also reveal a difference between the 
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vaginal microbial communities of mostly premenopausal Black and White women with Black 

women’s vaginal communities having significantly fewer L. spp. and more pathogenic bacteria 

in their VM than White women (Fettweis et al., 2014; Ravel et al., 2011). Aligning with these 

differences, Black women in the United States also have higher rates of HPV, HIV, BV, and 

cervical cancer than White women (Center for Disease Control and Prevention, 2018; DeSantis 

et al., 2016; Fettweis et al., 2014; Viens et al., 2016). Since race is not biological, we posit that 

other factors like health-related behaviors are the contributors to the disparities as opposed to 

one’s race. 

Vaginal Symptoms 

Hormonal changes from menopause are also associated with disruptions in the VM and 

symptoms (Lee et al., 2013; Muhleisen & Herbst-Kralovetz, 2016). The menopausal-related 

decrease in L. spp. and other healthy vaginal microbiota are associated with vulvovaginal 

atrophy (also known as atrophic vaginitis). Vulvovaginal atrophy is characterized by 

uncomfortable, sometimes painful symptoms including dryness, discharge and itching (Brotman, 

Shardell, et al., 2014; Shen et al., 2016). Vaginal symptoms, including discharge, dryness, and 

itching, related to menopause significantly affect a woman’s quality of life (Hummelen et al., 

2011). Additionally, 25-50% of postmenopausal women experience vaginal symptoms such as 

dryness, but the degree to which these symptoms are associated with specific bacteria in the VM 

is understudied (Sturdee, Panay, & International Menopause Society Writing, 2010). A study of 

menopausal women concluded that increased vaginal symptom severity was associated with 

increased microbial diversity in the VM, but many health behaviors with the potential to 

influence the VM were exclusionary criteria, so the effects of health behaviors on the VM were 

not able to be explored (Hummelen et al., 2011). Studies are needed to assess whether SDFs and 
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current health behaviors contribute to dysbiosis and presence of vaginal symptoms of 

postmenopausal women. 

Therefore, the purpose of this pilot study was to evaluate the relationships among the 

VM, health behaviors, SDFs, and vaginal symptoms in postmenopausal women by assessing 1) 

whether the vaginal microbial community is associated with health behaviors, 2) whether the 

vaginal microbial community is associated with SDFs, 3) whether the vaginal microbial 

community is associated with vaginal symptoms, and 4) whether health-promoting and health-

disruptive behaviors are associated with L. spp. dominance. 

Methods 

Setting and Study Participants 

This secondary analysis of an ongoing primary study assessing the VM in healthy vs women 

treated for gynecologic cancers, GEMSTONE, includes post-menopausal women from hospitals 

and clinics in metro Atlanta, Georgia. Twenty-one participants enrolled in the healthy control 

cohort of the primary study who were eligible for this study. Eligibility included completion of 

the Demographic Short Form questionnaire [DSF], Female Sexual Function Index questionnaire 

[FSFI], Pre-Exam questionnaire [PE-Q], and Vaginal Cleansing Practices questionnaire [VCP], 

and provision of a vaginal swab sample for vaginal microbiome assessment. The data were 

collected at the baseline study visit. 

Questionnaires: All questionnaires from the primary study are given in pencil-and-paper format 

at the study visit to assess self-reported health behaviors, SDFs, and vaginal symptoms. The VCP 

assessed self-reported IVPs as described elsewhere (Daniel et al., 2019). Alcohol consumption 

and tobacco smoking information were obtained from the DSF. Alcohol was categorized by the 

following levels: <1 drink/week, 1-4 drinks/week, and 5-14 drinks/week. Tobacco smoking was 
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defined as smoking at least 100 cigarettes, cigars, or e-cigarettes ever, and the options available 

from which the participant was able to choose were no; yes, but quit; and yes, currently smoke. 

Sexual intercourse defined as penile penetration (entry) of the vaginal was the health behavior 

obtained from the FSFI. The FSFI is reliable and psychometrically and clinically valid (Rosen et 

al., 2000). This questionnaire obtained participant engagement in sexual intercourse over the past 

four weeks. The FSFI asks questions in the context of sexual activities (Rosen et al., 2000). The 

participant is given an option to choose an answer from a Likert-type scale that best describes 

their situation or indicates that they have had no sexual activity over the last four weeks. The PE-

Q is a questionnaire designed by the GEMSTONE study team to assess use of medical and 

dietary products that may affect the VM and symptoms experienced by the participant related to 

the VM. Additional health behaviors obtained from the PE-Q included the following: 

antibiotic(s) use during the last four weeks (yes/no), current or past HRT use (yes/no), 

probiotic(s) use over the last four weeks (yes/no), topical estrogen use over the last four weeks 

(yes/no), vaginal lubricant(s) use over the last four weeks (yes/no), and regular oral consumption 

of (non-frozen) yogurt (yes/no).  

Sociodemographic characteristics such as age, education, healthcare insurance type, and 

race were obtained from the DSF. Vaginal symptoms were assessed with the PE-Q. Vaginal 

discharge, dryness, and itching were specific vaginal symptoms assessed. The participants who 

answered the questionnaires also provided biological samples from their VMs.  

Vaginal microbiome samples 

Vaginal microbiome samples were obtained from physician-collected swabs using Aagaard et 

al.’s validated and standardized protocol from the Human Microbiome Project (2013). Files 

containing raw sequences of the V3-V4 hypervariable regions of the bacterial 16S rRNA gene 



 48 

from collected vaginal swab samples were used to assess the vaginal microbiome. The samples 

were collected during a routine visit to the gynecologist; collection procedures are described 

elsewhere (Article #2). 

Statistical Analyses 

De-identified data from the questionnaires for the healthy control group from the primary study 

of postmenopausal women were extracted from REDCap. Due to the small sample size and low 

number of responses across response options, several items were collapsed or dichotomized.  As 

previously reported, data for L. spp. dominance was recoded “yes” if the relative abundance of L. 

spp. was 50% or “no” if it was <50%; IVPs were recoded as “yes” or “no” based on the 

participants’ report of any IVP use during menopause; and race was recoded as “other” for the 

participants who self-reported as Asian and two races (Black and Asian). (Daniel et al., 2019). 

Additionally, alcohol, tobacco, and sexual intercourse were recoded. Alcohol use for participants 

who consumed <1 drink/week were recoded as “no” for alcohol use, and alcohol use for 

participants who consumed 1 drink/week were recoded as “yes” for alcohol use. Tobacco 

smoking for participants who answered “no” or “yes, but quit” were recoded as “no” for tobacco 

smoking, and tobacco smoking for participants who answered “yes, currently smoke” were 

recoded as “yes” for tobacco smoking. Sexual intercourse for participants who answered “No 

sexual activity” was recoded as “no” for sexual intercourse, and the remaining answers were 

recoded as “yes” for sexual intercourse. 

 The QIIME™2 (qiime2018.11) pipeline was employed through Amazon Web Services to 

analyze the raw sequences of the VM samples. Missing assignment of most operational 

taxonomic units (OTUs), or bacterial classifications for identification, to species dictated the 

decision to choose genus-level taxonomy. That taxonomy table was imported into RStudio, along 
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with the corresponding metadata, for analyses, and relative abundance was calculated for the 

genera. 

Alpha diversity, diversity within a sample, of the VM samples was calculated using 

Shannon Index, Inverse Simpson Index, and Chao 1 Index to assess whether differences within 

the VM sample were related health behaviors, SDFs, and vaginal symptoms. Many metrics are 

used to assess diversity since each one measures alpha diversity differently. The Wilcoxon rank 

sum test was used to compare alpha diversity between each health behavior (coded as “yes” or 

“no”) used by postmenopausal women. Similarly, this test was used to assess SDFs and vaginal 

symptoms where appropriate. The Kruskal-Wallis rank sum test was used to compare alpha 

diversity among ages, races, insurances, and vaginal symptom types. The LDM package in 

RStudio was used to assess whether health behaviors, SDFs and vaginal symptoms were 

significantly associated with the VM.   

Results 

Twenty-one participants from the primary study met inclusion criteria. Participants racially self-

identified as White (n = 14; 67%), Black (n = 5; 24%), and Asian (n = 2; 9%). Age ranged from 

55 to 74 years, with a mean age of 64.2 years (SD = 5.8). More than half of the participants used 

IVPs and experienced vaginal symptoms. Table 1 displays the sample demographic 

characteristics, IVP use, and symptoms. 

The vaginal microbiome genus, abundance, and diversity has been reported elsewhere 

(Daniel et al., 2019). Of all the study participants, only four (GEM-B, GEM-C, GEM-K, and 

GEM-R) displayed VMs that were L. spp.-dominant as displayed in the heatmap (Figure 1). The 

VM of those four participants also displayed no other genera in the top ten known bacteria. 

Three of the four self-identified as White (21% of all Whites in the study), and one as Black 
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(20% of all Blacks). This similarity in racial percentages further removes race as a factor for the 

differences in relative abundance of L. spp. in the VM for this study. Their ages ranged from 58 

to 73 years old, with the oldest and youngest having the highest relative abundance of L. spp., so 

age also did not appear to be a contributing factor in the relative abundance of L. spp.  

The p-values for all alpha diversities using the Wilcoxon or Kruskal Wallis rank sum 

tests are listed Table 1. Alpha diversity assessed using the Wilcoxon rank sum test was 

significant for only the Inverse Simpson Index of antibiotic use (p=0.046). The boxplot in Figure 

2 depicts this significant difference in alpha diversity for antibiotic use. Although alpha diversity 

was significantly associated with antibiotic use, the LDM test indicated a lack of global 

association of the overall microbiome profile and antibiotic use (p=0.66).  

Discussion 

This study aimed to enhance the understanding of the relationship between the VM and 

health behaviors, SDFs, and vaginal symptoms in postmenopausal women. Age and level of 

education while not significantly associated with the VM in this study may be important for 

future exploration. As women reach menopause, estrogen levels decrease, which may decreased 

diversity in the VM, possibly leading to increased susceptibility to vaginal symptoms, bacterial 

vaginosis, and sexually transmitted infections. Level of education may be a confounder for 

increased diversity in the VM since education level is associated with the use of IVPs, and IVPs 

are associated with increased diversity in the VM. Additional research is needed to further 

explore the association between the VM and SDFs with a larger sample size since women who 

have no insurance or are underinsured may be more likely to self-treat vaginal symptoms due to 

lack of access to care.  
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While no association between the VM and race was found in this study, previous studies 

reveal a difference between the vaginal microbial communities of Black and White women with 

Black women’s vaginal communities having significantly fewer L. spp. and more pathogenic 

bacteria in their VM than White women (Fettweis, Brooks, Serrano, Sheth, Girerd, Edwards, 

Strauss, The Vaginal Microbiome, et al., 2014; Ravel et al., 2011). The discordance between this 

sample and others may be due to small sample size, or as described by Ravel, “human habits and 

practices” that strongly influence the association between the VM and race, which were assessed 

differently from previous studies (Ravel et al., 2011).  

A few noteworthy health behaviors that bear further study were observed. Three of the 

four women with the L. spp.-dominant VMs had used topical estrogen. This could have 

contributed to the high relative abundance of L. spp. as estrogen is related to the abundance of L. 

spp. in the VM (Muhleisen & Herbst-Kralovetz, 2016). Two other women without L. spp.-

dominant VMs also used topical estrogen. However, one was underweight based on her BMI 

(17.7kg/m2) and the other reported using corticosteroids, both of which have been found to be 

associated with decreased estrogen levels, which is associated with decreased L. spp. (Gong et 

al., 2008; Muhleisen & Herbst-Kralovetz, 2016; Ziomkiewicz, Ellison, Lipson, Thune, & 

Jasienska, 2008).  

Another health behavior explored was the use of probiotics and the consumption of 

yogurt. Three of the four women with L. spp.-dominant VMs took probiotics, and a different 

group of three women with L. spp.-dominant VMs consumed yogurt on a regular basis. The 

content of these products and the specific regimen in which they were consumed is unknown but 

could be related to the relative abundance of L. spp. or could support the maintenance of a L. 

spp.-dominant VM as evidenced in prior studies (Barrons & Tassone, 2008; Laue et al., 2018). 
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This study suffered from a number of limitations. Only 21 participants were available for 

analysis in this pilot study and therefore the study was underpowered to draw definitive 

conclusions, hence the data is considered hypothesis generating. Future research with larger 

samples should further investigate the associations between the VM and SDFs and health 

behaviors described in this pilot study and how the influence vaginal microbial diversity and risk 

of disease and/or vaginal symptoms. Another limitation in this study was the inability to access 

frequency of sexual activity and number of sexual partners as health behaviors since these were 

not collected in the primary study. Sexual activity should be described and evaluated in future 

studies, as it is associated with increased diversity from semen and vaginal fluid exchange during 

sex, as well as multiple sex partners. Sexual activity is also important because many women use 

IVPs before sex to prepare for the activity and after sex for hygienic purposes (Alcaide, 

Rodriguez, Fischl, Jones, & Weiss, 2017).  

   In summary, health-related behaviors may influence a woman’s ability to acquire and/or 

maintain a potentially healthy L. spp.-dominant VM. Sociodemographic factors should not be 

ignored, and understanding and focusing on behaviors that affect the VM will help in the 

development of interventions that modify behaviors to support a L. spp.-dominant VM. 

 

 

 

 

 

Characteristic Frequency, 

n (%) 

Shannon 

Index  

(p-value) 

Inverse 

Simpson Index 

(p-value) 

Chao1 

Index 

 (p-value) 

Vaginal 

Microbiome 

Lactobacillus species-dominant^ 

   Yes 

   No 

 

5 (23.8) 

16 (76.2) 

- - - 

Health Behaviors Intravaginal practice use (since menopause)^ 

   Yes 

   No 

 

10 (47.6) 

11 (52.4) 

0.8094 0.6539 0.8783 

Alcohol consumption (past one year)^ 

   Yes 

   No 

   Missing 

 

10 (47.6) 

10 (47.6) 

1 (4.8) 

0.393 0.6842 0.8695 

Tobacco smoking (current)^ 

   Yes 

 

0 (0) 

- - - 
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   No 21 (100) 

Sexual intercourse^ 

   Yes 

   No 

   Missing 

 

10 (47.6) 

10 (47.6) 

1 (4.8) 

0.7394 0.8534 0.2799 

Antibiotic use (last 4 weeks)^ 

   Yes 

   No 

   Missing 

 

6 (28.6) 

13 (61.9) 

2 (9.5) 

0.1061 0.0462* 0.7012 

Hormone replacement therapy use (last 4 weeks)^ 

   Yes 

   No 

   Missing 

 

8 (38.1) 

12 (57.1) 

1 (4.8) 

0.3837 0.5208 0.2083 

Topical estrogen use (last 4 weeks)^ 

   Yes 

   No 

   Missing 

 

6 (28.6) 

14 (66.7) 

1 (4.8) 

0.7791 0.9044 0.4940 

Oral probiotics use (current)^ 

   Yes 

   No 

   Missing 

 

7 (33.3) 

13 (61.9) 

1 (4.8) 

0.3507 0.3507 0.1574 

Vaginal lubricant use (last 4 weeks)^ 

   Yes 

   No 

   Missing 

 

3 (14.3) 

17 (80.9) 

1 (4.8) 

0.6158 0.7649 0.3579 

Yogurt consumption^ 

   Yes 

   No 

   Missing 

 

15 (71.4) 

5 (23.8) 

1 (4.8) 

0.5531 0.6116 0.3949 

Sociodemographic 

Factors 

Age (years), mean (range)~ 64.2 (55-

74) 

   

Education^ 

   <Bachelor’s degree 

   Bachelor’s degree 

 

6 (28.6) 

15 (41.4) 

0.3023 0.3809 0.6643 

Insurance~ 

   Public 

   Private 

   Both 

 

5 (23.8) 

9 (42.8) 

7 (33.3) 

0.4928 0.3710 0.9022 

Race~ 

   White 

   Black 

   Other 

 

14 (66.7) 

5 (23.8) 

2 (9.5) 

0.3710 0.4643 0.5566 

Vaginal Symptoms Vaginal symptoms (current)^ 

   Yes 

   No 

   Missing 

 

12 (57.1) 

8 (38.1) 

1 (4.8) 

0.3054 0.2380 0.3837 

Vaginal symptom type~ 

   Discharge 

   Dryness 

   Itching 

   Missing 

 

1 (4.8) 

7 (33.3) 

4 (19.0) 

1 (4.8) 

0.2475 0.2121 0.3679 

Table 1. Participant (n=21) characteristics and resulting p-values of the vaginal microbiome, 

health behaviors, sociodemographic factors, and vaginal symptoms. 

^- Wilcoxon rank sum test 

~-Kruskal-Wallis rank sum test 

*-Significant 
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Figure 1. Heatmap emphasizing the relative abundance of the top known bacterial genera by 

subject identification. L. spp. being the most abundant overall. 

 

 

 
Figure 2. Alpha diversity (Shannon, Inverse Simpson, and Chao1 Indices, respectively) boxplots 

for antibiotic use. 

Relative

Abundance

Prevotella spp.

Lactobacillus spp.

Lactobacillus iners

Streptococcus anginosus

Anerococcus spp.

Fusobacterium spp.

Peptoniphilus spp.

Bifidobacerium longum

Streptococcus spp.

Gardnerella spp.

Atopobium vaginae

Dialister spp.

Bifidobacterium spp.

Porphyromonas spp.

Finegoldia spp.

Aerococcus spp.

Corynebacterium spp.

p=0.11 p<0.05 p=0.70  
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