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The gut microbiota (GM) functions as an endocrine organ that can influence other distant organs. The GM has

been found to modulate hormone levels in the body, especially estrogens in women
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1. Introduction

Humans are ‘superorganisms’ that are colonized by 10  total cells of more than 1000 species of bacteria,

especially in the gastrointestinal tract . Each host has a unique microbiota, which is essential for its immunity,

nutrition, and pathogenesis . Microorganisms inhabit various anatomical sites in the body such as the skin,

mucosa, gastrointestinal tract, respiratory tract, urogenital tract, and mammary gland. They establish complex and

distinct ecosystems that adapt to the specific environmental circumstances of each niche .

Starting from birth, a strict symbiotic relationship between the human body and its native microbiota is established.

This relationship plays crucial functions in maintaining overall health and well-being. Therefore, its pivotal roles in

protecting against pathogens; regulating metabolic, endocrine, and immune processes; and in influencing drug

metabolism and absorption have started to be elucidated . The microbiota leads the body to experience various

changes from conception to death and also undergoes continuous modifications throughout life, which are

influenced by various host elements such as age, dietary habits, lifestyle, hormonal fluctuations, and medical

conditions . Nevertheless, alterations in the microbiota composition, known as dysbiosis, have the potential to

result in severe and even life-threatening illnesses, including gynecological disorders . In detail, the gut

microbiota (GM) functions as an endocrine organ that can influence other distant organs such as the central

nervous system and the liver. It has been demonstrated that many chronic conditions, such as obesity, diabetes,

and non-alcoholic fatty liver disease (NAFLD), are all linked to GM dysbiosis . Recent investigations suggest that

intestinal dysbiosis can affect gut permeability, the innate immune system, the fermentation of indigestible

carbohydrates, and the intestinal production of short-chain fatty acids (SCFAs), which can lead to NAFLD .

Consequently, NAFLD is related to other diseases like diabetes mellitus, obesity, metabolic syndrome,

hypertension, renal disorders, and cardiovascular diseases—pathologies that strongly affect human life .

SCFAs are a group of fatty acids produced in the colon by the bacterial fermentation of dietary fibers and resistant

starch. The most common types are butyrate, propionate, and acetate. SCFAs allow the growth of homeostasis-
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promoting bacteria, such as Lactobacilli and Bifidobacteria, and hinders colonization by opportunistic pathogenic

bacteria, including Clostridium and Escherichia coli . In addition, SCFAs contribute to the preservation of a

functional gut barrier and to the maintenance of host homeostasis by stimulating the regeneration of epithelial cells

and the production of mucus and antimicrobial peptides . Other critical SCFAs roles are the modulation of T

regulatory (Treg) cells, as well as their crucial physiological effects on several organs, including the brain and the

urogenital apparatus . G-protein coupled receptors (GPCR) and free fatty acid receptors (FFA) are the

main receptor types that are activated by SCFAs; they are expressed in several tissues and regulate both energy

metabolism and immune response . Growing evidence suggests that intestinal dysbiosis can cause various

immune and metabolic alterations through the activity of bacterial products: a decrease in SCFAs’ production can

increase the risk of intestinal, neurological, and cardiovascular diseases development . Dysbiosis can

also increase lipopolysaccharide (LPS) circulating levels that can enhance the inflammatory response through

micro-organism-associated molecular pattern (MAMPs) and the activation of pattern recognition receptors (PRR)

such as toll-like receptors (TLRs) signaling pathways  (Figure 1). Moreover, the production of pro-

inflammatory cytokines, including interleukin-17 (IL-17), tumor necrosis factor-α (TNF-α), and interferon-γ (INF-γ),

can result in reactive oxygen species (ROS) release in the cells of distant organs, including the gynecological tract,

whose homeostasis could be altered, contributing to the induction of a pathological state  (Figure 1). In addition

to SCFAs, there are several metabolites produced by the microbiota that are involved in the gut-brain axis

modulation, such as neurotransmitters  (Figure 1).

Figure 1. Involvement of vaginal and gut dysbiosis in the alteration of distal tissues homeostasis, contributing to

gynecological disorders’ development (created with Biorender.com, accessed on 22 September 2023).

2. Gut Microbiome–Estrogen Axis in Gynecological
Disorders

It has been widely recognized that the mutual relationships and metabolic activities among microorganisms have a

significant impact on the host pathophysiology . In particular, the gut microbiome (GM) has been found to
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modulate hormone levels in the body, especially estrogens in women . The connection between GM and

estrogen was first observed thirty years ago when Adlercreutz et al. found that antibiotics assumption reduced

estrogen levels in women . The GM mainly controls estrogen levels through the secretion of an enzyme called

β-glucuronidase, which is encoded by several GM genera, including Bacteroides, Bifidobacterium, Escherichia,

and Lactobacillus . This enzyme converts conjugated estrogens to deconjugated forms in the gastrointestinal

tract. These deconjugated and unbound “active” estrogens enter the bloodstream and subsequently act on

estrogen receptor alpha (ERα) and estrogen receptor beta (ERβ), eliciting downstream activation of intracellular

signaling cascades, gene transcription, and epigenetic effects . When there is a decrease in β-glucuronidase

activity due to an imbalance in the GM community (dysbiosis), there is less estrogen deconjugation, resulting in

lower circulating estrogen levels . Conversely, increased β-glucuronidase activity can increase estrogen levels.

Thus, maintaining optimal β-glucuronidase activity is critical for regulating estrogen levels in females .

Estrogens contribute to epithelial proliferation throughout the female reproductive system and have been shown to

drive proliferative diseases such as endometriosis and polycystic ovary syndrome (PCOS) .

Endometriosis is defined as the presence of endometrial tissue outside the uterus, including glands and stroma,

that express the ER and therefore respond to estrogen. Endometriosis is a benign chronic inflammatory

gynecological disease, but it can also involve the malignant behavior of invasion and migration . Some studies

have found higher levels of taxa that encode for β-glucuronidase, which are mainly Bifidobacterium and

Escherichia, in endometriosis women compared with control women . Wei Y. et al. found that β-glucuronidase

promoted endometriosis development directly or indirectly by causing macrophage dysfunction. They documented

the GM changes on patients and mice with endometriosis and the effect of β-glucuronidase on the proliferation and

invasion of endometrial stromal cells and the development of endometriotic lesions .

The correlation between GM and hormones regulation was also found to affect PCOS disease . PCOS is a

common endocrine disorder in women of reproductive age and its clinical features are mainly oligo-ovulation or

anovulation, hyperandrogenemia and insulin resistance. Moreover, PCOS is considered one of the leading causes

of infertility in women of childbearing age . The etiology and pathogenesis of PCOS remain unclear and may

be multi-factorial, but in recent years growing evidence has highlighted a GM role in modulating PCOS

progression.

In 2012, Tremellen et al. hypothesized that the gut flora could be related to PCOS, suggesting that GM imbalance

could be associated with various PCOS clinical symptoms, such as hyperandrogenemia, multiple ovarian cysts,

and anovulation . Since then, several studies have found that specific microflora was changed in PCOS patients

compared to healthy controls, such as the variation in the balance between Bacteroides and Firmicutes .

Moreover, the increase in the relative abundance of Firmicutes and Bacteroidetes was positively correlated with

androgens concentration, body mass index, and insulin resistance, as well as with the level of free testosterone 

. Regarding the genera Bacteroides, Liu et al. observed an increase in Escherichia and Shigella in PCOS

patients, and a similar GM composition compared to obese control women . The GM modifications in PCOS are

different, sometimes controversial, and not yet fully understood.
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Anyway the GM may influence the sex hormones levels also by the production of SCFAs . These SCFAs have

been shown to exert anti-proliferative effects  and have some anti-inflammatory properties that can be

extended to distant organs . SCFAs primarily affect the cells through several mechanisms, including the

activation of G-protein-coupled receptors, namely, GPR43, GPR41, and GPR109A , which are known to

downregulate inflammation ; and the inhibition of histone deacetylases , and the inhibition of histone

deacetylases 

In an interesting in vitro study, porcine granulosa cells treated with low concentrations of butyric acid showed

increased progesterone secretion, while higher butyrate concentrations significantly inhibited the progesterone

secretion via the cAMP signaling pathway . Another study by Liu et al. showed that the gut-derived butyrate can

contribute to nonalcoholic fatty liver disease in premenopausal women with estrogen deficiency . Moreover, it

has been observed that fecal samples of mice affected by endometriosis contained lower levels of SCFAs and

butyrate compared with control mice, and treatment with butyrate resulted in a decrease in the growth of both

mouse and human endometriotic lesions .

There is evidence of lower concentrations of SCFAs in fecal samples from PCOS patients . Indeed, probiotics’

supplementation promoted the growth of Faecalibacterium prausnitzii, Bifidobacterium, and Akkermansia, which

are SCFA-producing bacteria, and can lead to an increase in intestinal SCFAs. In turns, SCFAs bind to their

receptors on enteroendocrine cells and directly stimulate the release of gut–brain mediators that can influence sex

hormone secretion by the pituitary gland and hypothalamus via the gut–brain axis  (Figure 2).
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Figure 2. Schematic representation of the gut microbiome–estrogen axis (created with Biorender.com, accessed

on 22 September 2023).

These studies confirm that the GM metabolites produced in response to dietary intake may play a role in regulating

estrogen and progesterone levels in women. In light of these data, GM relevance in female gynecological disorders

and in conditions affecting the reproductive tract must be taken into consideration .

While investigations in mice are starting to propose ways in which the GM impacts female gynecological disorders,

no causal relationships between the GM and such disorders have been established in humans . The

significance of specific GM metabolites derived from the gut in relation to female reproductive health remains

unknown. However, this field of study holds promise as it could lead to dietary interventions and/or fecal microbiota

transplantation to improve the impact of gynecological disorders.
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