
● Menstruation was associated with a significant 
increase in vaginal Shannon diversity, likely due 
to a temporary reduction in Lactobacillus 
dominance. This supports our prior findings, and 
those of others, that menstruation disrupts 
microbial stability, suggesting that hormonal or 
physiological changes may drive shifts in vaginal 
composition.

● Moderate stress was associated with significantly 
higher average vaginal Shannon diversity 
compared to normal stress, suggesting a 
potential link between psychological stress and 
vaginal microbial composition. This pattern was 
not observed in higher stress categories, likely 
due to limited sample size.

● Progestin-only birth control methods were 
associated with lower vaginal Shannon diversity. 
Participants using local progestin methods had 
the lowest average diversity, indicating a stronger 
link between localized hormone delivery and 
vaginal microbial composition.

● Ongoing analyses include species-level analyses, 
mycobiome sequence data, and the interaction 
between the vaginal and gut microbiomes.

BACKGROUND
The human body hosts trillions of microorganisms known as the human 
microbiome. These microbes inhabit various body sites (e.g., gut, skin, mouth) 
and are critical in human health and disease (1,2). Disruptions in the gut 
microbiome have been associated with many diseases, including diabetes, 
obesity, and cancers (2). Additionally, the gut-brain axis is implicated in mental 
health and neurological disorders, including anxiety, depression, and 
Alzheimer’s disease (1, 3-8). While the vaginal microbiome is essential for 
maintaining vaginal health, imbalances in its composition have been linked to 
diseases such as endometrial and ovarian cancers (9-11). While the gut 
microbiome exhibits high microbial diversity, the vaginal microbiome is 
primarily characterized by the dominance of the Lactobacillus genus (9,10). 
Prior work from our group has shown that vaginal microbiota are related to 
factors such as the menstrual cycle, birth control, and diet (12). Compared to 
the gut, the vaginal microbiome is understudied and lacks the longitudinal, 
high-resolution studies needed to understand its temporal dynamics and 
stability (2). The present longitudinal study seeks to understand how 
lifestyle variables and stress relate to the composition of the vaginal 
microbiome over 10 weeks.

Data were collected over a 10-week period on the Wellesley College campus. 
Students (n=78) aged 18 and older with a vagina, who submitted at least one 
type of data, were included in the study analyzing the relationship between 
hormonal factors (e.g., menstruation, hormonal birth control), stress, diet, 
activity, and the gut and vaginal microbiomes (Fig. 1).

METHODS

Figure 1. Samples and data 
provided by participants. 
Microbial and fungal samples, 
diet, activity, and menstruation 
data were collected daily, while 
mood data and saliva samples 
(for cortisol assays) were 
collected weekly. Anal and 
vaginal swab samples were 
analyzed by 16S rRNA 
sequencing (Univ. Minnesota 
Genomics Center).

Hormonal birth control was categorized into four types: 1) none, 2) 
progestin-only local release contraceptives (local P), 3) progestin-only systemic 
release contraceptives (systemic P), and 4) estrogens and progestins 
combined systemic release contraceptives (systemic combined (E&P)). 
Participants were classified by whether or not they menstruated (Table 1).

Did Not Menstruate Menstruate Total
No Birth Control 2 31 33

Local P 4 5 9

Systemic P 3 5 8

Systemic E&P 3 13 16

Total 12 54 66

Table 1. Participant menstruation status (menstruated ≥1 day vs. no menstruation 
during the study period) and type of hormonal birth control used throughout 
study (E=estrogens; P=progestins).
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Conclusions
● Shannon diversity in the vaginal microbiome 

fluctuated over time, with individuals exhibiting 
distinct temporal patterns; in contrast, diversity in 
the gut microbiome remained relatively stable.

● Higher average Shannon diversity in the vaginal 
microbiome was associated with menstruation 
and moderate stress.

● Lower average Shannon diversity in the vaginal 
microbiome was associated with 
progestin-based, local-release hormonal birth 
control, and no birth control.

Limitations
● Missing data: the extent of missing data varied 

substantially by participant.
● Sample size: lack of participants at the more 

extreme stress levels.
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Linear regression was used to analyze aggregate outcomes by treating each 
participant as a single data point, with values averaged across time. 
Separately, linear random intercept, fixed slope mixed effects models were 
used to analyze Shannon diversity, genus-level abundance, and individual 
lifestyle variances at the sample level, accounting for repeated measures 
over time within individuals. Quadratic terms were included to model 
nonlinear patterns of microbial diversity over time.
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Figure 4. Participants not on birth control had higher vaginal microbial 
diversity compared to participants using hormonal birth control. On 
average over 10 weeks, participants not using hormonal birth control had a 
higher Shannon index than those using progestin-only local release birth 
control (p = 0.0319).

Figure 3. Stress scores and Shannon diversity per participant across the 
10-week study were averaged; participants reporting moderate stress had 
significantly higher vaginal Shannon diversity compared to those with 
normal stress levels (p = 0.00817). Participants (n = 61) who submitted at least 
one complete DASS stress survey and a corresponding vaginal sample were 
included. 

Figure 2. Menstruation is associated with instability in the vaginal microbiome. The analysis included participants who provided data for a 
at least one day during menstruation and one day outside of menstruation. (A) Average Shannon diversity increased during menstruation (p < 
0.0001). (B) Lactobacillus was significantly decreased during menses. Log fold change is shown, using non-menstruating abundances as a 
reference; negative values indicate a decrease in abundance, with greater magnitude reflecting larger decreases. Patterns over time in vaginal 
microbiome Shannon diversity in relation to menstruation varied by individual; (C) focuses on an individual (participant 61) with a significant 
increase in vaginal Shannon diversity during menstruation. (D) Gut Shannon diversity for participant 61 is shown.
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