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Abstract

Endometriosis is a gynecological condition that affects 1 in 10 women of reproductive age,
is characterized by growth of endometrial tissue outside of the uterus, and encompasses
metabolic, immunologic, and endocrine dysfunction. Despite its significant impact,
endometriosis remains inadequately studied within the realm of women's health, emphasizing the
crucial need for innovative approaches in the analysis and diagnosis of this complex condition.
The cause of endometriosis is unknown however it could be influenced by genetics,
environmental factors, diet, lifestyle, and notably composition of the gut microbiome. Recent
scholarly interest has sparked inquiries into the correlations between endometriosis and the gut
microbiome, and studies have unveiled altered gut microflora profiles with endometriosis as well
as identified microbial metabolic byproducts that potentially influence disease development and
progression. The associations between endometriosis and the gut microbiome can be evaluated
using metabolomics, which is a rising branch in the sciences and medicine that involves the
study of metabolites in the body and can be used to identify biomarkers to non-invasively
analyze and diagnose a disease. Metabolomic studies have provided evidence for variations in
gut microbiota abundance, composition, and diversity among individuals with endometriosis,
alongside alterations in metabolites like short-chain fatty acids and estrogen-modulating bacteria
that potentially impact the risk and progression of the condition. Leveraging fecal metabolomics
to examine distinctions in gut microbiome composition specific to endometriosis, and identifying
potential biomarkers, offers a non-invasive avenue for diagnosing the condition. Furthermore,
the interplay between dietary factors, the gut microbiome, and endometriosis risk and
progression underscore the significance of dietary interventions in mitigating disease outcomes.

Evidence supports the beneficial role of fiber intake, omega-3 polyunsaturated fatty acids, foods



rich in phytoestrogens, antioxidants like resveratrol and vitamins C, E, and D, and probiotics in
reducing the risk and slowing the progression of endometriosis. While a causal relationship
between altered gut microbiota profiles and endometriosis remains elusive, further exploration of
the intricate connections between the gut and women's reproductive health is imperative.
Studying the associations between endometriosis and the gut microbiome through metabolomics
not only holds promise for enhancing diagnostic capabilities, but also for advancing minimally

invasive therapeutic strategies in the management of endometriosis and related conditions.

Introduction

Some ongoing research in the field of gynecology has focused on the development of
advanced diagnostic methodologies for gynecological conditions using metabolomics (Troisi J et
al. 2022). Metabolomics is a rising field of study that involves analyzing metabolites in the body
that could be biomarkers or indicators of certain metabolic processes or medical conditions. This
field will play an important role in medicine as technology advances considering that it can
provide access to non-invasive diagnostic methods.

Further research and application of metabolomics to the domains of female reproductive and
gastrointestinal systems is necessary, as there is a notable lack of comprehensive research on the
associations between digestive health and reproductive diseases like endometriosis. Given the
distinctive hormonal profiles and microbiomes of women, comprehending these intricate
correlations is crucial for enhancing diagnostic capabilities, preventive measures, and treatment
modalities for disorders affecting the endometrium. Furthermore, female health is lacking
sufficient research in general and there is much to discover regarding female reproductive system

pathology. Awareness, research, and therapeutic development for conditions like endometriosis



is important to modulate pain and prevent infertility for individuals with such gynecological
problems.

Moreover, the complex interplay between the gut microbiome and reproductive health offers
a promising avenue for future scientific inquiry. The gut microbiome can exert influence on the
host's physiological, psychological, and reproductive traits, while being reciprocally influenced
by environmental factors such as diet, immune system function, and exposure to toxins and
antibiotics (Talwar et al. 2022). Notably, disruptions in the gut microbiome have been associated
with inflammation, compromised epithelial integrity, nutrient absorption issues, and hormonal
imbalances, potentially contributing to reproductive tract pathologies, including endometriosis
(Talwar et al. 2022; Baker et al. 2017; Nabi et al. 2022; Yuan et al. 2018).

Factors that can influence endometriosis include estrogens, short chain fatty acid production,
polyunsaturated fatty acids, vitamins E, C, and D, and probiotics. Endometriosis is an estrogen
driven disease, and besides the endometrium, the gut microbiome is a principal regulator of
circulating estrogen levels. Additionally, endometriosis is driven by inflammation, and so
inflammatory mediators like polyunsaturated fatty acids and antioxidants including vitamins E,
C, and D can potentially modulate inflammatory responses and pain. Finally, considering the gut
microbiome’s influence on endometriosis progression, promoting a healthy microbial community
through probiotic supplementation can be effective.

Advancing the comprehension of the factors influencing endometriosis progression is
essential for innovating treatment strategies that alleviate pain and address infertility in affected
individuals. This review will address how endometriosis is interconnected with composition and

function of the gut microbiome, how using metabolomic studies to evaluate patterns of microbial



biomarkers persistent amongst patients with endometriosis is useful, and how nutrition-based

therapeutic approaches can affect endometriosis risk, progression, and pain management.

Materials and Methods
A review of literature was conducted to identify the most relevant studies regarding my
topic. | used the UTC library database and especially sources like the National Library of

Medicine, Science Direct, and PubMed, and searched for keywords and phrases including

29 <¢ 2 ¢

“endometriosis,” “gut microbiome,” “metabolomics,” “estrogen-driven disease,”

29 <¢

“environmental risks for endometriosis,” “genetics of endometriosis,” “biomarkers of

99 <¢ 29 <¢ 99 6y 99 <¢

endometriosis,” “microbiome dysbiosis,” “microbial diversity,” “intestinal integrity,” “non-

29 <¢

invasive diagnostic techniques,” “fecal metabolomics,” “role of short chain fatty acids,” “diet

29 <e 29 <¢

and endometriosis,” “nutritional risks of endometriosis,” “protective nutritional components
against endometriosis,” “benefits of a plant based diet for endometriosis,” etc. In my review, I

established key questions and topics to address.

Results and Discussion
A. What is endometriosis?

Endometriosis is becoming a more familiar and common medical condition across
women worldwide, though not long ago and even today still, endometriosis symptoms are
passed off as severe menstruation. Individuals are often dismissed for their symptoms,
prescribed hormones and birth control that have the potential to make the condition worse
and are forced to live with a lifetime of pain. Endometriosis affects one in 10 females of

reproductive age, is characterized by growth of endometrial tissue in extra-uterine sites,



and encompasses metabolic-, immunologic, and endocrine disruption (Talwar et al.
2022). In cases of endometriosis, the lining of the uterus, known as the endometrium,
grows into the outside of the uterus as well as on other organs of the female reproductive
tract including the fallopian tubes and ovaries, and the condition is characterized by
lesions of endometrial tissue in these abnormal locations (Kanellopoulos et al. 2022).
Endometriosis is one of the most frequently encountered pathological conditions as it
affects millions, about 10-15% of females worldwide, half of which (30-50%) present
with infertility (Bulletti et al. 2010; Moradi et al. 2021).

During a typical menstruation, the endometrium responds to a drop in estrogen and
progesterone levels which causes the endometrium to shed. The shedding of this uterine
lining results in menstrual bleeding, cramping, and pelvic pain. For a female with
endometriosis where the endometrium has grown outside and around the uterus, the
endometrium will respond to hormonal changes in a similar fashion to the interior
endometrium. However, because the displaced endometrium has no way to exit the body
if it were to shed off the same way, the result is severe inflammation, lesion formation,
scarring, and pain (Alimi et al. 2018). Endometriosis can present in four stages: stage 1
(minimal), stage 2 (mild), stage 3 (moderate), and stage 4 (severe), where patients with
stage 4 endometriosis often present with lesions beyond the reproductive tract as well as
infertility (Smolarz et al. 2021). As imagined, the pain that presents with endometriosis
can be debilitating and can impact patients’ daily lives. Endometriosis begins its effects
during reproductive years and because of its response to hormonal changes, the pain is
often more severe during menstruation. Since endometriosis is different for every

individual the condition claims, pain can vary from a mild discomfort to extreme pain



that prevents patients from going about their day-to-day activities (Maddern et al. 2020).
The clinical presentation of endometriosis can vary greatly from patient to patient, which
is one of the reasons why it often goes undiagnosed for years, and why development of
new diagnostic techniques is crucial for consistent and accurate diagnosis. Along with the
debilitating pain that is common for women with endometriosis, patients with this
condition often suffer from emotional and mental distress as well due to the chronic
nature of the disease. The physical and emotional struggle that women with
endometriosis endure greatly reduces their quality of life, which adds to the reasons why
further research in this field is so necessary (Van Stein, 2023).

Endometriosis, along with other conditions within gynecology, is understudied and
therefore the cause remains unclear. Though, factors such as genetic predisposition,
autoimmune disorders, and retrograde menstruation are believed to contribute to
development. Retrograde menstruation is described by the Sampson theory, which
proposes that the endometrial tissue typically expelled during a female’s period instead
flows backward through the fallopian tubes and into the peritoneal cavity, releasing
endometrial cells into the ectopic space (Dastur and Tank, 2010). This theory is widely
accepted, though is likely not the sole cause of endometriosis onset because while up to
90% of women experience some retrograde menstruation in their lifetime, only 10% of
women develop endometriosis, suggesting that other factors contribute to cause (Dastur
and Tank, 2010). Recent studies have revealed altered gut microflora profiles during
endometriosis and dysregulated microbial metabolic byproducts that potentially impact
disease progression, so it is possible that gut microbiome dysbiosis is a contributing

factor in endometriosis development (Yuan et al. 2018). Some gut bacteria may
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contribute to endometriosis progression while others may provide protection against
endometriosis.

Diagnosis is difficult in that there is no way to accurately diagnose endometriosis
without painful interventions such as an endometrial biopsy or exploratory surgery, so
developing new diagnostic measures will be crucial for the future of endometriosis
research. New diagnostic techniques could include performing genome studies to identify
genes that may predispose individuals to the disease, metabolic analysis to identify
protein biomarkers within host samples, and possibly gut microflora analysis to identify
bacteria dysbiosis associated with pathology of endometriosis (Hsu et al. 2010).

Endometriosis management does not include a single action for cure, but instead
involves a multidisciplinary approach involving hormonal therapies, pain management,
psychological support, surgical interventions, and gastrointestinal treatment to ensure
successful remission (Ugwumadu et al. 2017). Because of the gross disposition of
endometriosis and its treatments, some patients may have trouble with fertility (Bonavina
et al. 2022). Misdiagnosed and mistreated endometriosis cases often lead to premature
infertility, which is a reason why developing more efficient diagnostic measures and

treatment options is crucial.

How is endometriosis an estrogen-driven disease?

Endometriosis is an estrogen-dependent gynecological condition and high estrogen
production is a consistently observed endocrine feature of endometriosis (Chantalat, et al.
2020). For many females who have endometriosis, pain during certain durations in the

menstrual cycle can be more severe than average. Estradiol, the strongest form of
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estrogen responsible for growth and inflammation of endometrial tissue, is mainly
produced in endometriotic tissue and local accumulation of this hormone is considered to
contribute to endometriosis progression (Chantalat, et al. 2020). Because endometriosis
is hormonally driven, hormone supplements are a common treatment method. Hormonal
treatments for endometriosis focus on suppressing hormonal fluctuations using
gonadotropin and ovarian hormones, causing inhibition of ovulation and menstruation,
and resulting in a general decrease in inflammation (Chantalat, et al. 2020). Hormonal
treatments can be effective in managing endometriosis symptoms, however these
treatments come with significant side effects including vasomotor symptoms, sleep
disturbance, urogenital atrophy, bone loss, hot flashes, mood changes, and other
inconvenient and negative side effects (Vannuccini, et al. 2022). Because of the potential
side effects, it may be necessary to consider alternative, more natural remedies to
decrease estrogen levels and promote hormonal balance such as targeting the gut

microbiome.

Why does endometriosis cluster in families?

The cause of endometriosis is widely unknown and is often random, however
because endometriosis can cluster in families, there are likely genetic and/or
environmental factors that can impact onset of endometriosis (Dun et al. 2010). Many
researchers hypothesize that endometriosis is inherited in a polygenic/multifactorial
mode, which is a type of inheritance that occurs when phenotype is determined by a
combination of multiple genes and environmental effects (Hansen and Eyster 2010). If a

female is exposed to a toxin or toxicant that mutates DNA and genetically disposes them
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to endometriosis development, that gene could be passed on to her female offspring; or, if
a family lives in an environment where they are all exposed to toxins making them
susceptible to induction of endometriosis, the condition can cluster in families. No single
gene has been found to be associated with endometriosis, however some consistencies
have been observed such as a particular Mspl polymorphism of CYP1A1 with 95%
confidence (Hansen and Eyster 2010). Though, overall, even though many studies have
demonstrated familial clustering of endometriosis, the disease does not appear to be
inherited in simple Mendelian mode, thus suggesting that other contributing factors such
as environment, toxin exposure, and diet/lifestyle are associated with endometriosis
familial clustering.

Many studies have proposed and demonstrated that first degree relatives of
individuals with endometriosis are 5 to 7 times more likely to have the disease confirmed,
suggesting a familial-risk component (Simpson et al. 1980; Kennedy et al. 1997; Ranney
B. 1971). Also, some findings have discovered that endometriosis in families tends to be
more severe compared to sporadic cases and can also present earlier in life with onset of
symptoms at a younger age (Hansen and Eyster 2010). To further study heredity of
endometriosis, some twin studies have been conducted which demonstrated higher
prevalence of endometriosis in monozygotic twins vs dizygotic twins, which suggests a
heritable component (Treloar, S. et al, 1999).

Because of the inconsistency in results and the lack of a definite gene linked with
endometriosis, despite familial disease clusters, a Mendelian genetic component is not
proven. Other risk factors such as environment, toxin exposure, and diet/lifestyle can

have strong association with the development of endometriosis. Environmental exposure
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to endocrine disrupting chemicals may be etiologically involved in the onset of
endometriosis as well as the severity of the disease (Dutta et al. 2023). Some of the most
common endocrine disrupting toxicants we are frequently exposed to in our environment
include dioxins, bisphenol A (BPA), phthalates, and dichlorodiphenyltrichloroethane
(DDT) (Interdonato et al. 2023). The endocrine system and its regulation have an
important relationship to the female reproductive system because the collection of glands
that make up the endocrine system produce hormones and release them into the blood.
Endometriosis as well as other female reproductive disorders are hormonally driven,
primarily by estrogens, and so endocrine disrupting chemicals can interfere with the
hormonal homeostasis and can have potential to drive progression of disease (Dutta et al.
2023). Some of the common examples of endocrine disrupting chemicals that we are
frequently exposed to are industrial chemical byproducts from plastic manufacturing like
bisphenol A and phthalates, as well as dioxins which are byproducts of herbicide
manufacturing and use. These chemicals can contaminate soil, water, and crops (Warner
et al. 2018). The compound of greatest concern is the dioxin TCDD (2, 3, 7, 8-
tetrachlorodibenzo-p-dioxin) because of its capacity to be fat soluble, allowing it to be
stored within lipid rich foods as well as within our bodies themselves (Gao et al. 2023).
Early life exposure to TCDD can simulate a condition that results in chronic
inflammation, increasing risk for onset of endometriosis in females (Tanha et al. 2022).
TCDD as well as BPAs, phthalates, and other toxicants are all examples of endocrine
disrupting chemicals that have been correlated with reproductive disorders including
endometriosis (Stephens et al. 2022). In a study conducted in 1993, endometriosis was

found to be directly linked to dioxin exposure in monkeys, and the severity of the
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condition was determined by the dose given (Rier, et al. 1993). This correlation was
likely a result of the dioxin’s capability to alter estrogen production in the body.

One of the primary targets of endocrine disrupting chemicals is the endometrium
because it responds directly to hormonal fluctuations in a cyclical pattern. Estrogens can
help proliferate lesions in the endometrium and excess estrogen is characteristic of
endometriosis. Many endocrine disrupting chemicals in the environment affect estradiol
production, including BPA which was the first identified toxicant to cause estrogen
receptor modification effects (Interdonato et al. 2023). The general public is regularly
exposed to BPA because it is a common industrial chemical used to make plastics that
can contaminate food, water, air, soil, and has hormone-like properties allowing it to
agonize a myriad of estrogen receptors in the body. Endometriosis is directly linked to
high levels of BPA and other similar toxicants in the body (Dutta et al. 2023; Interdonato
et al. 2023).

Along with the general correlation between endocrine disrupting chemicals and
endometriosis development, studies have examined the relationship between endocrine
disrupting chemicals and alterations in the gut microbiome, suggesting an additional
indirect relationship between environmental toxins and endometriosis. The hormonal
alterations that result from endocrine-disrupting chemical exposure can modify the gut
microbiota and cause dysbiosis; toxicant-induced gut dysbiosis sensitizes the intestinal
barrier and depletes healthy microorganisms that maintain the gut integrity,
dispositioning the gut to inflammation that can be correlated with endometrial lesion
progression (Fabozzi et al. 2022). For example, BPA exposure has been reported to

change the microbial population in the colon and chronic exposure of women to BPA was
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found to produce pro-inflammatory gut microbiota with reductions in stress regulating
species (Lopex-Moreno et al. 2021). Particular microorganisms in the gut function to
reduce oxidative stress and limit absorption and effect of toxins, and so maintaining a
healthy diet to promote a healthy gut microbiome can prevent endocrine disrupting
chemical induced endometriosis (Kunst et al. 2023).

A variety of exposure pathways that may elevate or lower estrogen levels should be
considered to explain familial clustering of endometriosis. The majority of endocrine
disrupting chemical exposure occurs via diet, and so maintaining a healthy diet rich in
organic foods while avoiding processed foods can help minimize exposure, considering
that organic farming systems avoid the use of fertilizers produced from industrial waste,
thus avoiding excess toxicant contamination (Peivasteh-Roudsari et al. 2023; Rahman et
al. 2024). Evidence supports the benefits of consuming fresh foods, avoiding food in
plastic packaging, and avoiding canned food and beverages to reduce dietary exposure to
endocrine disruptors that have potential to cause estrogen receptor modification effects
(Corbett et al. 2022).

Evaluating the relationships between the environment and family clustering of
endometriosis while noting that endometriosis is not directly inherited in a Mendelian
manner prompted the question of whether endometriosis correlated with gut microbiome
dysbiosis can be passed from mother to child. No evidence for this specific inquiry could
be found nor ongoing studies of a heritable relationship between gut microbiome
dysbiosis and endometriosis, though this may be an important research question to

address as it could potentially affect the recommended diet proposed during pregnancy.
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D. What is metabolomics and how does it apply to the gut microbiome?

Metabolomics is a rising branch in the sciences and medicine that involves the study
of metabolites in the body. Metabolites are molecules that exist within cells, tissues, and
biological fluid and are a product of cellular processes. Metabolite levels and certain
metabolite prevalence can provide real-time insight into how the body is functioning
physiologically as well as the biochemical balance of the body. Certain metabolites could
be biomarkers or indicators of certain metabolic processes or medical conditions;
therefore, identifying and quantifying important metabolites can offer a snapshot of the
biochemical reactions and metabolic pathways within an organism (Khoo and Al-Rubeai,
2007). Along with a deep understanding of basic cellular function, we can use this tool to
diagnose conditions such as endometriosis as well as evaluate how disposition and
external factors affect homeostasis within the body. Metabolomics is the next step toward
personalized medicine and non-invasive diagnostics and will play an important role in the
medical field as technology advances.

Metabolomics can play a significant role in gut microbiome research of metabolites
produced by the microorganisms that make up the gut microbiome. In recent years and
for many years to come, the gut microbiome has been a topic of interest because of its
correlations to myriad systems of the body. Numerous studies have been conducted on
the gut-brain association and new correlations of interest are beginning to emerge.
Metabolomics can help researchers identify and quantify metabolites produced by gut
bacteria, understand how these metabolites are impacted by the host’s diet, characterize
metabolites by distinguishing bioactive compounds, identify specific biomarkers for

dysbiosis of microbial activity, provide insight into the correlations between metabolism
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and the gut microbiome, and contribute to our understanding of how someone’s unique
microbial community impacts their health and predisposition to conditions such as
endometriosis (Bauermeister et al. 2021). Overall, characterizing and analyzing the gut
microbiome will be crucial to understanding human disease on a new level.

Through recent research, metabolomics has shown to be a useful tool in identifying
biomarkers and significant metabolites associated with endometriosis. Using
metabolomics to identify biomarkers for endometriosis could involve sampling biofluids
such as blood, saliva, urine, or feces. Delay in diagnosis and misdiagnosis is one of the
biggest challenges in endometriosis treatment because without efficient diagnostic
techniques, endometriosis is often confirmed after the condition has already progressed,
increasing the risk of infertility. In patients with inconsistent or atypical symptoms,
diagnosis could be delayed for as long as 10 years (Hadfield, et al. 1996). Development
of more efficient diagnostic measures could be groundbreaking in achieving early
diagnosis and treatment for the brutal disease as well as to prevent infertility. Diagnosis
using metabolomics is safe and non-invasive and considering that presentation of
endometriosis often varies from patient to patient, metabolomics can help ensure early
diagnosis more consistently.

Metabolomics begins using technology such as NMR and mass spectrometry to
create a metabolic profile from a biological sample, and even though both techniques
have disadvantages that could compromise the accuracy of results, using both NMR and
mass spectrometry together can provide a complete picture of the metabolome (Ortiz, et
al. 2021). The process of generating a metabolomic profile involves first collecting

samples, preparing them for extraction, employing analysis techniques such as NMR and
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mass spectrometry, and then statistically analyzing the presence and quantity of
metabolites through methods such as principal component analysis (PCA) to assess
metabolome distinctions between experimental and control groups (Wishart, et al. 2018;
Ortiz, et al. 2021; Yang, et al. 2019). Once metabolomic profiles are generated and
disease biomarkers are identified, metabolomics can identify disease biomarkers and can
possibly be used to monitor disease progression as well, as demonstrated by a preliminary
metabolomic study on endometrial cancer (Troisi et al. 2022). Metabolomic studies of
endometriosis have been conducted to analyze endometrial tissue serum, follicular fluid,
urine, and endometrial fluid (Ortiz et al. 2021); however, few metabolomic studies of
endometriosis have been conducted to analyze fecal samples to identify biomarkers
within the gut microbiome, which could be significant considering rising knowledge of

the associations between the gut microbiome and the female reproductive tract.

Overview of the Gut Microbiome and Intestinal Dysfunction

Gut microbiome composition varies from person to person, and a healthy balance of
microorganisms for one individual may differ entirely from that of a different individual.
A stable and healthy microbiome depends on lifestyle, exercise frequency, and dietary
habits (Rinninella et al. 2019). So, there can be no indication for a specific, optimal gut
microbiome composition. Typically, the millions of microorganisms in our gut make up
about six different phyla including Firmicutes, Bacteroidetes, Actinobacteria,
Proteobacteria, Fusonacteria, and Verrucomicrobia, as represented in figure 1, with the
two phyla Firmicutes and Bacteroidetes representing 90% of gut microbiota (Rinninella

et al. 2019). The Firmicutes are largely represented by genera including Clostridium,
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Lactobacillus, Bacillus, Enterococcus, and Ruminococcus. Bacteroidetes are largely

represented by Bacteroides and Prevotella (Arumugam, et al., 2014).

Figure 1:

Verrucomicrobia Actinobacteria

Proteobacteria Others
657

Bacteroidetes

12203
Firmicutes

26066

Figure 1 depicts relative abundance ratios of the six major phyla that make up the gut

microbiome, as described by Yang et al. 2009.

Considering that certain bacteria in the gut have specific roles in regulating the
immune system and the inflammatory response, overrepresentation or under-

representation of certain bacterial species can influence the production of inflammatory
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molecules. For instance, a healthy gut typically has high representation of Firmicutes and
Bacteroidetes which are phyla that induce regulatory T cells that modulate Th17 cells and
cytokine production, which are responsible for intestinal inflammation (Kosiewicz et al.
2011).

The bacteria in our gut play important roles in metabolism and basic physiological
processes because of the catalytic pathways performed by the microbes (Rowland et al.
2018). These microbes aid in regulating host metabolism, hormones, inflammatory
responses, insulin sensitivity, glucose tolerance, fat storage, appetite, and maintaining
intestinal epithelium integrity (Talwar et al. 2022; Camillerie et al. 2019). Some of the
most important metabolic products of the gut microbiome include anti-inflammatory
macromolecules and short chain fatty acids (SCFASs) which are both associated with the
gut-reproductive tract axis through regulating intestinal integrity, immunity, and hormone

production (Ashwitha et al. 2024).

How is gut microbiome dysbiosis associated with disease outside the gastrointestinal
tract?

Dysbiosis of the gut microbiome refers to an imbalance of the composition of the
microbial community that lives within the gut, and often leads to functional issues and
can promote disease states (Messer and Change, 2018). The functional issues that result
from gut microbiome dysbiosis don’t just affect our digestion but can also affect
homeostasis throughout the body. Dysbiosis results from a shift in the relative abundance
or diversity of microorganisms in the gut and is most influenced by genetics, diet, age,

antibiotics, infection, stress, or inflammatory conditions such as irritable bowel syndrome
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(Shaikh et al. 2023). When the microbiome is imbalanced, the way we absorb nutrients,
digest food, protect ourselves from pathogens, and regulate our immune system can
become disrupted, and so chronic gut microbiome dysbiosis can influence a variety of
health conditions, even endometriosis (Hrncir et al. 2022). Once knowledge of the
essential gut bacteria and how they can become imbalanced is gained, an understanding
of how the gut microbiome is linked to the rest of the body and how dysbiosis of our gut
can influence inflammatory conditions like endometriosis can follow.

The gut microbiome can be directly linked to inflammation because the balance of
bacteria in our gut influences our body’s defense system including immunity and
regulation of oxidative stress (Yoo et al. 2020). Additionally, the gut bacteria play
important roles in maintaining intestinal integrity through protection of the epithelial
layer. A dysbiotic microbiota can compromise the intestinal barrier, which can lead to
exposure of molecules from the diet and microbiome to surrounding tissues and organs
and can further impact the host immune system and metabolism (Hrncir et al. 2022),
while a healthy gut microbiome can maintain the intestinal barrier by supplying energy
for the intestinal epithelial lining and helping to regulate the tight junctions between
epithelial cells to prevent leakage (Paradis et al. 2021). A compromised barrier could
result in what’s known as leaky gut syndrome. Leaky gut is a syndrome where the
intestinal integrity is compromised and increased permeability can occur. The layer of
epithelial cells protecting the intestinal wall plays an important role in the immune
system and metabolic function because this barrier maintains necessary nutrients for
digestion as well as bacteria in the confined space (Camillerie et al. 2019). When harmful

substances that are normally contained within the gut escape into the bloodstream and the
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body recognizes the bacteria and waste as foreign, an immune response can trigger
(Hrncir et al. 2022). Without intervention, leaky gut syndrome can cause chronic
inflammation and dysregulation of the immune system, which can contribute to a variety
of health conditions, including endometriosis (Talwar et al. 2022).

Along with leaky gut, there may be a correlation between endometriosis and
inflammatory bowel disease (IBD). Inflammatory bowel disease is a chronic
inflammatory condition characterized by inflammation along the digestive tract. The two
primary conditions that make up inflammatory bowel disease include Crohn’s disease
and ulcerative colitis, both of which involve some degree of inflammation along the
digestive tract, most centralized to the gut. Studies have shown that some endometriotic
women co-develop inflammatory auto-immune disorders such as IBD because both
endometriosis and IBD are influenced by gut microbiome dysbiosis with a loss of
bacterial diversity and an imbalanced ratio of Firmicutes/Bacteroidetes (Elinav et al.
2011). According to a meta-analysis conducted in 2022, women with endometriosis are
three times more likely to have some form of irritable bowel syndrome compared to
women without endometriosis (Nabi et al. 2022). While IBD can often co-develop with
endometriosis, a leaky gut on the other hand is more likely to contribute to endometriosis

disease progression.

How is dysbiosis of the gut associated with endometriosis specifically?
Research is emerging regarding the connections between endometriosis and
dysbiosis of the gut microbiome for several reasons: dysbiosis may contribute to the

inflammation response associated with endometriosis, dysbiosis of the gut may
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negatively affect the immune system through altered production of short-chain fatty
acids, dysbiosis may cause an increase in intestinal permeability leading to displaced
bacteria and greater inflammation, and dysbiosis has the potential to alter estrogen
metabolism and an imbalance in estrogen levels can affect endometriosis progression (Qi
et al. 2021; Xholli et al. 2023) . The two main drivers of endometriosis progression are
immune and hormonal dysregulation, both of which are profoundly governed by the
microbial members of the gut (Talwar et al. 2022). Because, however, there are several
correlations between gut microbiome dysbiosis and endometriosis with little evidence to
establish causal relationships, and because it is unclear whether altered gut microbiota
profiles are a result of endometriosis or a contributing cause, further research is
necessary.

Some early research on the correlations between endometriosis and gut microbiota
studied how induction of endometriosis in mice altered the gut microbial flora profile,
and after 21 days and 42 days of endometriosis progression, a general decrease in
microbial diversity was observed (Ni, et al, 2020). That project sequenced the
microbiome of mice induced with endometriosis to evaluate gut microbiota alterations.
Researchers describe a metabolome of 156 metabolites and describe a general decrease in
microbial diversity and abundance. More specifically, the researchers recognized an
elevated ratio of Firmicutes/Bacteroidetes as well as increased abundance of
Acidobacteria, Actinobacteria, Cyanobacteria, Fusobacteria, Patescibacteria,
Proteobacteria, and Saccharbacteria in the mice.

A study conducted in 2019 compared gut microbiota composition between women

with stage 3/4 endometriosis and healthy controls, which revealed significant differences
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in genera and species abundance (Ata et al. 2019). An elevated ratio of
Firmicutes/Bacteroidetes is exemplified in Figure 1, where the species Bacteroides,
Prevotella, and Parabacteroides belonging to phylum Bacteroidetes were less abundant
in gut microbiomes of endometriosis patients, and the species Faecalibacterium,
Roseburia, Blautia, and Coprococcus belonging to the phylum Firmicutes were more
abundant. Figure 2 shows a significantly different abundance of Barnesiella bacteria,
which belong to the phylum Bacteroidetes, between stage 3-4 endometriosis and healthy

controls.

Figure 2:
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Figure 2 depicts results from a study conducted by Ata et al. in 2019 comparing gut
microbiota abundance in fecal samples between endometriosis patients and healthy

controls.
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Figure 3 depicts differences in abundance of Barnesiella species, belonging to the
phylum Bacteroidetes, in fecal samples of endometriosis patients (right) and healthy

controls (left).

Elevated ratios and abundance of certain bacteria including Acidobacteria,
Actinobacteria, Cyanobacteria, Fusobacteria, Patescibacteria, Proteobacteria, and
Saccharbacteria observed in mice, can contribute to endometriosis progression because of
their proinflammatory potential. High presence of these species of bacteria was found to
be correlated with high numbers of macrophages in mice (Chadchan et al. 2021).
Furthermore, gut microbial imbalances can alter metabolite production, specifically
production of short chain fatty acids. Short chain fatty acids are produced in the gut as a

result of fermenting dietary fiber and have significant influence on the integrity of the gut
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and on regulation of immune responses (Xiong et al. 2022). The same study that
evaluated macrophage presence in mice evaluated concentrations of short chain fatty
acids and found that concentration was reduced in endometriosis-induced mice
(Chadchan et al. 2021). Following this discovery, the researchers supplemented some
endometriosis induced mice with dietary short chain fatty acids and observed some
reduction in endometriotic lesions. Short chain fatty acids demonstrate protective action
against inflammation and auto-immune responses through inhibiting histone deacetylases
which contribute to inflammation via the activation of monocytes and macrophages
(Zhao et al. 2019). The two primary mechanisms through which short chain fatty acids
such as n-butyrate impact the gut are activation of G-protein-coupled receptors, which are
known to downregulate inflammation (Bhatt et al. 2018), and inhibition of histone
deacetylases. Researchers have tested the effects of n-butyrate-mediated inhibition on
histone deacetylase activity and observed suppressed growth of endometrial lesions,
implying that microbial imbalance in which short chain fatty acid production is reduced
can reduce protective measures against lesion growth. N-butyrate was shown to inhibit
growth of human endometriotic cells both in vitro and in vivo in a preclinical mouse
model (Chadchan et al. 2021). Further research is necessary; however, these studies
provide supporting data for potential causality between gut microbiome dysbiosis and
endometriosis progression in that some bacteria in the gut can promote endometriosis
through macrophage-mediated inflammation while others protect against endometriosis
by fermenting fiber to produce short chain fatty acids.

An additional study conducted by Sangappa Chadchan, two years after the initial

discovery of the relationship between microbial abundance, short chain fatty acid
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production, and endometriosis lesions, compared more specific metabolites in fecal
samples between endometriosis induced mice and control mice (Chadchan, 2023). The
results of this study revealed several signature metabolites, the most significantly distinct
metabolites including Quinic acid, Cytosine, 1-Methyl-Histidine, Ng, NG-Dimethyl L-
Arginine, 2-Aminoheptanoic acid, and N-Acetyl Aspartic Acid, as represented in figure
4. The effects of these metabolites on endometriotic lesion growth were tested in vitro on
cells derived from human endometriosis lesions which revealed that Quinic acid had the
most significant effect on lesion proliferation of endometrial epithelial cells, while the
other metabolites only moderately affected proliferation. A further study was then
conducted on Quinic acid (QA) by orally gavaging endometriosis induced mice with QA
every 24 hours for 2 weeks, which revealed that mice who were administered the QA
developed significantly larger lesions than the control group of endometriosis induced

mice.
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Figure 4 demonstrates the results of an experiment conducted by Chadchan et al. 2023
depicting signature gut microbiota metabolic products compared between endometriosis
induced mice and control mice. Each row in the heat map is a metabolite while each
column is a sample collected from an individual mouse (A). Some metabolites including
Quinic acid, Cytosine, 1-Methyl-Histidine, Ng, NG-Dimethyl L-Arginine, 2-
Aminoheptanoic acid, and N-Acetyl Aspartic Acid were significantly more abundant in
endometriosis feces which could be indicative of particular microbiome-derived
metabolites associated with endometriosis progression. Quinic acid was significantly
present at higher levels in feces of mice with endometriosis and so further assays were
conducted on this metabolite (B, C). Investigators further studied Quinic acid’s effects on

number of lesions, lesion volume, and lesion mass (D, E, F, G).

Considering that endometriosis is an estrogen-driven disease and upregulated
estrogen levels can contribute to lesion growth, it is important to evaluate where estrogen
is produced and regulated in the body. Besides the endometrium, the gut microbiome is
one of the principal regulators of estrogen levels in the body, as the microbiota is
involved in the regulation of estrogen cycling (Qi et al. 2021). The gut microbiota
regulates estrogen through secretion of beta-glucuronidase which is an enzyme that
metabolizes estrogens from their conjugate forms to their deconjugated forms, enabling
estrogens to bind to receptors (Baker et al. 2017; Qi et al. 2021). Gut microbiome
dysbiosis resulting in increased abundance of beta-glucuronidase-producing bacteria can
elevate levels of circulating estrogens and drive endometriosis progression. The gut

microbiome in patients with endometriosis may have an increased number of beta-
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glucuronidase producing bacteria contributing to disease progression, and so mediating
balance of the gut microbiota will promote hormonal regulation and homeostasis (Arnone
et al. 2023). According to a study in Poland, higher levels of beta-glucuronidase have
been associated with higher circulating estrogens and lower fecal excretion of estrogens
in premenopausal women (Mroczynska and Libudzisz, 2010). Beta-glucuronidase
enzymes are responsible for regulating estrogen cycling, and if levels of these enzymes
are too high, estrogens can be reabsorbed rather than eliminated, leading to increased
levels of estrogens in the body (Qi et al. 2021). Beta-glucuronidase is produced by the
intestinal epithelium and by certain intestinal bacteria including Escherichia coli,
Bacteroides species, and Clostridium perfringens (Skar et al. 1988). Factors that can
increase beta-glucuronidase levels include antibiotics, dietary red meat, processed foods,
sugar, and alcohol (Walaszek, 1990). Establishing a healthy gut microbiome and eating
foods high in glucuronic acid including apples, Brussel sprouts, broccoli, cabbage, and
oranges can potentially help modulate levels of beta-glucuronidase in the intestines,
considering that the liver is working well to perform phase 2 detoxification (Walaszek
1990). Beta glucuronidase inhibitors could quantitatively affect hormone disposition but
results of a study on these inhibitors did not show that they significantly reduce risk in
breast cancer, which is another estrogen driven disease (Gao et al. 2022; Heerdt et al.
1995). This suggests that estrobolome disposition is a multidimensional process and other
factors could contribute.

Considering the possible relationships between endometriosis and gut microbiome
dysbiosis including altered bacterial ratios, decreased microbial diversity, decreased

production of protective metabolites like short chain fatty acids, and an upregulated
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production of estrogen which can drive the disease, further research is necessary to
establish causal relationships so that availability of non-invasive treatment options
expands. There is no doubt, however, that there are correlations between the gut
microbiome and the female reproductive tract, and their relationship should be considered

in treatment for endometriosis.

How can we use gut microbiota profiling to diagnose endometriosis in a non-invasive
manner?

Through metabolomic techniques, we can characterize and analyze the composition
of the gut microbiome to identify dysbiosis patterns, identify specific bacteria that may
indicate presence of a condition, and identify metabolic products that have association
with a condition. Dysbiosis patterns can be analyzed through sequencing metabolite
profiles to identify biomarkers and microbial signatures. If researchers can identify a
specific pattern of biomarkers indicating a microbial composition persistent amongst
patients with endometriosis, we can use these sequencing methods to noninvasively
diagnose endometriosis.

Fecal metabolomics and stool screening tests have been commonly used for decades
to diagnose and monitor inflammatory bowel syndrome, to screen for colon cancer using
DNA stool screening, and to assess fatty acid content and liver function (Karu et al.
2018). Sequencing techniques can be used to identify specific bacteria and metabolites in
the gut that are especially abundant in females with endometriosis as compared to healthy
females. For example, altered levels of Proteobacteria, Firmicutes, and Bacteroidetes

have been found in endometriosis patients (Ni, et al, 2020). Considering the recent
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discoveries of the relationships between the gut microbiome and reproductive diseases
such as endometriosis, it can be hypothesized that fecal metabolomics can be used to
indirectly diagnose endometriosis as a noninvasive alternative to surgical diagnosis.

A study on fecal metabolomics in 2018 proposes several recommendations for fecal
metabolomic testing including standardization of collection and sample storage (Karu et
al. 2018). These researchers also recommend using more than one type of instrumental
analysis technique, such as using NMR along with different forms of mass spectrometry,
to gain coverage of the whole metabolome. Using fecal metabolomics will be
advantageous to the future of diagnostic medicine because of its non-invasive sampling
nature, broad metabolic coverage reflecting many different biological processes, and the
characterization of the gut microbiome and how its activity relates to other physiological
processes in the body (Karu et al. 2018). A study conducted in 2020 specifically
investigated characteristics of fecal metabolomics associated with endometriosis using
endometriosis-induced mice. Through screening over 100 different metabolites in
endometriosis-induced mice and a control group, the researchers identified decreased
abundance in several metabolites within the experimental group and abnormalities
suggesting dysbiosis of gut bacteria, thus suggesting that fecal metabolomics could be a
tool to analyze and potentially diagnose the disease in the future (Ni et al. 2020).

Although, because fecal metabolomic testing may be prone to variation, more
susceptible to cohort effects, and interindividual variability depending on diet, bowel
activity, etc., this method may not reveal a clear metabolic trend or be reliable to identify
biomarkers consistently. Even so, conducting stool screenings for individuals with

reproductive conditions such as endometriosis could prove advantageous in detecting gut
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microbiome imbalances (such as altered levels of n-butyrate and beta-glucuronidase)
linked to the condition. Subsequently modifying dietary habits or incorporating
supplements based on these findings may aid in symptom relief and decelerating lesion
progression. Fecal metabolomic studies have been able to show alterations in fecal amino
acids, monosaccharides, and short chain fatty acids (Karu et al. 2018), and imbalances in
these metabolites can be linked with altered gut bacteria activity and resulting
inflammation. Further research and technological developments in the realm of fecal
metabolomics will lead to establishment of a new, non-invasive approach to analyzing
diseases and how the gut microbiome is associated with disease inside and outside the

gastrointestinal tract.

How can a direct microbiome-based treatment for endometriosis be effective?

Fecal microbiota transplantation may be an effective treatment for endometriosis
patients who have a severely dysregulated microbiome, considering that gut bacteria play
a major role in endometriosis progression and lesion formation. During this procedure,
feces from a healthy subject, preferably from a person who shares a similar diet and
everyday lifestyle, are collected from the donor, and introduced in the patient’s digestive
tract. Before transplantation, a donor sample is carefully screened for pathogens and
bacterial balance. In the 2021 study conducted by Chadcan et al., the researchers
transplanted feces from healthy mice into mice with induced endometriosis, and results
showed reduced lesion growth when compared to endometriotic mice transplanted with

feces from other endometriotic mice. However, because endometriosis is also influenced
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by other factors, a fecal transplant would likely not be a cure, rather than an effort to

reduce inflammation and protect the intestinal epithelium from further damage.

How does diet and nutrition affect endometriosis risk, progression, and pain
management?

A change in diet can be an effective and sustainable action to control symptoms of
endometriosis and prevent progression of endometriotic lesions. Currently, many medical
professionals recommend hormonal therapies and/or surgery as a first line of treatment,
which are invasive options, and likely an unfortunate byproduct of the current lack of
diagnostic techniques to catch endometriosis early. For individuals with severe
symptoms, surgery can provide some temporary relief, however symptoms recur in up to
75% of patients within two years (Chantalat et al. 2020). If new non-invasive diagnostic
techniques allow endometriosis to be caught in its early stages, a nutrition-based
treatment approach can improve the state of the gut microbiome which can help to
decrease endometriosis related inflammation and prevent disease progression. Some
examples of dietary components that can positively impact endometriosis include fiber
intake to promote short chain fatty acid production, foods containing phytoestrogens,
polyunsaturated fatty acids including omega-3 compounds, foods rich in antioxidants,
and probiotic supplements.

Studies have shown that certain dietary components can directly affect hormone
production and regulation. For example, dietary phytoestrogens are bioactive compounds
found in legumes and soy that have estrogenic activity and may help regulate estrogen

levels through competing with estrogen for binding sites (Lopez et al. 2020; Xu et al.
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1998). Phytoestrogens display estrogenic activity through their structural similarity to
estrogens and may help to modulate the endocrine system through competing with
estrogens for binding sites, but due to a variety of factors such as exposure, ethnicity, and
current hormonal status, effects of dietary phytoestrogens may vary and should not be
relied solely for hormonal treatment. Even so, efforts through increasing consumption of
phytoestrogen rich foods including soy, fruits, and vegetables could have positive results.
Some studies have observed significant decrease in estrogen levels in premenopausal
women after the consumption of soy products. A randomized controlled cross-over trial
involving 12 premenopausal women resulted in lower urinary concentrations of total
estrogens and other inflammatory metabolites for women who consumed a high-soy diet
for three menstrual cycles compared to individuals on a low-soy diet (Xu et al. 1998). In
Addition to soy, the antioxidant resveratrol can also have anti-proliferative effects against
endometriosis. Resveratrol is a compound commonly found in grapes and red wine and
functions as a phytoestrogen, similar to soy, and so this compound can help regulate
estrogen levels in the body which can control endometriosis progression (Sinha et al.
2017). A study conducted on mice showed that high levels of supplemented resveratrol
reduced proliferation of grafts of human endometrium in mice (Amaya et al. 2015).
These studies provide evidence that consuming phytoestrogens can aid in decreasing
estrogen levels in the body and in turn have a protective role against reproductive
diseases like endometriosis, however a causal relationship cannot be determined because
physiology and homeostasis vary across individuals.

Studies have also shown that a high intake of polyunsaturated fatty acids, specifically

omega-3 fatty acids, can help reduce inflammation in the body because they are anti-
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inflammatory mediators (Barnard, et al. 2023). Reducing inflammation in the body could
potentially help alleviate symptoms of endometriosis, since the condition is driven by
inflammation, and may potentially improve fertility outcomes. In a study conducted in
2013, investigators hypothesized that omega-3 polyunsaturated fatty acids exhibit a
protective action against inflammation for endometriosis patients, and through using two
groups of endometriosis-induced mice, they determined using lipidomic analysis that
omega-3s are a key metabolite in inflammation suppression (Tomio et al. 2013). Both
groups of endometriosis-induced mice were given supplements of omega-6 fatty acids
while one group was able to convert omega-6 to omega-3 more effectively than the other
group, allowing the investigators to evaluate the effect of omega-3 fatty acids on
endometriosis lesion growth. Results of the experiment showed that in mice with
increased omega-3 levels, lesion development was reduced to fewer than half that of
wildtype mice, suggesting that increased omega-3 polyunsaturated fatty acids are
associated with the suppression of endometriosis (Tomio et al. 2013; Covens, et al.
1988). The ability of omega-3 fatty acids to suppress inflammation and lesion growth in
endometriosis patients could be due to their effect on the gut microbiome. Omega-3s
affect the gut microbiome through modulating the type and abundance of gut microbes
and through regulating levels of short chain fatty acids which have shown to modulate
inflammation and promote intestinal integrity (Fu et al. 2021). Considering the
importance of gut microbiome diversity, production of short chain fatty acids by
microbes, and overall intestinal integrity, while considering that omega-3 polyunsaturated
fatty acids play an important role in regulating these factors,

consumption/supplementation of omega-3 fatty acids in endometriosis patients could be
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beneficial in limiting disease progression. Some common foods that are rich in omega-3
fatty acids include fish (especially cold-water fatty fish like salmon, tuna, and herring),
nuts and seeds such as flaxseed, chia seeds, and walnuts, and plant oils such as flaxseed
oil and soybean oil (NIH office of dietary supplements, 2022). A diet rich in omega-3
fatty acids and fiber could help alleviate inflammation and protect a patient from lesion
development and growth.

Furthermore, a diet rich in antioxidants, often found in fruits and vegetables, can help
combat oxidative stress in the body. Oxidative stress, characterized by an imbalance
between the production of reactive oxygen species and the body’s ability to neutralize
them, has been linked to the development and progression of endometriosis (Scutiero et
al. 2017). Because of the correlations between reactive oxygen species and factors that
drive endometriosis progression, peritoneal production of reactive oxygen species may be
involved in endometriosis. Evidence has shown that oxidative stress activity and reactive
oxygen species levels are high in endometriosis, and their effects translate into tissue
damage, disease progression, and possible infertility (Scutiero et al. 2017; Tosti et al.
2015). Oxidative stress can be combated with antioxidant supplementation, either through
foods consumed in diet or a medicinal antioxidant supplement. Studies have shown that
antioxidant use can improve patient outcomes in endometriosis. For example, evidence
has shown that vitamin E, vitamin C, and vitamin D can reduce endometriotic lesion
growth (Sinha et al. 2017). Researchers investigated the roles of vitamins E and C in
endometriosis progression through giving a vitamin E and C supplement to 46 women for
two months, which resulted in 43% of the patients reporting a reduction in chronic pelvic

pain and no change in the control group, as well as a reduced lesion size in the
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experimental group. Vitamin D is another compound with antioxidant and anti-
inflammatory properties, like vitamins E and C, and low vitamin D levels have shown to
be associated with increased risk of endometriosis and increased severity of symptoms. A
study has reported reduced pelvic pain after supplementation with vitamin D (Qui et al.
2020). Vitamins E, C, and D can be given as an oral supplement, or patients can get
enough of this available vitamin through nutrition. Vitamin E is especially concentrated
in plant-based oils, nuts, seeds, fruits, and vegetables such as almonds, spinach, pumpkin,
red bell pepper, asparagus, mangoes, and avocados, while high concentrations of vitamin
C are found in citrus fruits such as oranges as well as cruciferous vegetables. Unlike
vitamins E and C, vitamin D is not commonly found in many natural foods. Our bodies
convert the precursor, 7-dehydrocholesterol, to vitamin D when the skin absorbs UV-B
radiation, though some foods including fish and some dairy products are fortified with
vitamin D. More research needs to be conducted regarding the correlation between
antioxidants and endometrial lesion reduction; however, results are promising, and more
emphasis should be placed on the importance of dietary antioxidant consumption for
endometriosis due to its positive effect.

Considering the correlations between the gut microbiome and endometriosis and how
supplementation of antioxidants, anti-inflammatory compounds, and dietary fiber to
promote short chain fatty acid production can inhibit endometriosis progression, and how
dysbiosis of the gut microbiome can promote progression, it is important to take actions
to stimulate a healthy intestinal environment. Supplementation with probiotics could be
beneficial for endometriosis patients because probiotics help restore the composition of

the gut microbiome and introduce beneficial functions to gut microbial communities to
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prevent inflammation (Hemarajata and Versalovic, 2012). Probiotics can help stimulate a
healthy environment but can also modulate patterns of gene expression to prevent
inflammation in the future, according to a cohort study on humans (Van Baarlen et al.
2011). The typical Western diet consists of high levels of unhealthy fats and sugars,
which has a direct effect on the gut microbiome in that this diet has been shown to cause
disrupted ratio of Firmicutes/Bacteroidetes and dysbiosis in the diversity of the gut
microbiome, which have shown to cause inflammation (Hemarajata and Versalovic,
2012). In general, a typical Western diet consisting of high saturated and trans fats, added
sugars, red meats, and processed foods negatively alters gut microbiota. Production of
biologically active metabolites such as short chain fatty acids rely on a healthy and
diverse microbiome, and in turn, production of these important compounds may induce
changes in microbial composition to help promote a healthy gut. In order to ‘fix’ the gut
microbiome, probiotics should be added into the diet. Probiotics are defined as living
microorganisms, which when administered in adequate amounts confer health benefits on
the host (Food and Agriculture Organization of the United Nations, 2006). Probiotics
help promote a healthy gut through manipulation of intestinal microbial communities,
suppression of pathogens, immunomodulation, stimulation of epithelial cell proliferation,
and fortification of the intestinal barrier (Hemarajata and Versalovic, 2012). Because of
their beneficial mechanisms, probiotics have been proposed as a therapeutic approach to
treat and prevent gynecological diseases like endometriosis. Multiple studies have
demonstrated positive effects of probiotics on pain levels in endometriosis patients. A
clinical trial involving 47 patients with stage 3 and 4 endometriosis compared the effects

of supplementing with different Lactobacillus species against a control group who was
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given placebo, resulting in significant pain improvement for the patients who received the
probiotics (Khodaverdi et al. 2019). Similarly, another study involving 62 patients
demonstrated similar outcomes in pain intensity (Khodaverdi et al. 2019). These studies
support the hypothesis that probiotics reduce painful inflammation as well as modify the
production of neurotransmitters implicated in pain perception (Norfuad et al. 2023).
Other studies reveal that probiotics can even promote healing of existing endometriosis,
as shown in an experiment with several rat models in which two rats were completely
healed after supplementation while the rest improved greatly, suggesting that probiotics
can enhance the healing of endometriosis lesions (Uchida and Kobayashi, 2013). Further
research is necessary to establish a definite direct relationship between probiotic
supplementation and endometriosis progression; however, results are promising.
Endometriosis patients should consider eating foods rich in probiotics including yogurt,
tempeh, kimchi, kombucha, and vinegars to build a healthy microbial community.

As discussed, there are several nutritional supplements that can help alleviate
endometriosis symptoms and protect against progression, but there are also several foods
and nutritional components to avoid including foods high in saturated and trans-fat,
processed food, excess added sugars, and red meat, which are all examples of pro-
inflammatory foods. Because the typical Western diet is high in all these components,
endometriosis patients should be especially mindful of what they eat and should consider
alternative, primarily plant-based diets. A study conducted in 2010 found that regular
intake of palmitic acid, which is a saturated fatty acid derived from meat and dairy
products, and trans-fat was associated with increased risk of endometriosis, while

comparatively total fat consumption did not confer the same risk (Missmer et al. 2010).
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Additionally, because endometriosis is an estrogen dependent disorder, it is important to
consider dietary factors that modulate estrogen levels. For example, studies have shown
that reducing dietary fat, reducing meat consumption, and increasing dietary fiber results
in reduced circulating estrogen levels and maintenance of hormonal balance (Barnard et
al. 2023).

Due to the unhealthy fat content, makeup of pro-inflammatory components, and
processed nature of meat, specifically red meat, a plant-based diet may be beneficial for
endometriosis patients. Several studies have suggested that red meat consumption
increases the risk of developing endometriosis due to its association with inflammation,
gut microbiome dysbiosis, and higher levels of estradiol (Barnard et al. 2023). For
example, a study tested the hypothesis that red meat consumption influences
endometriosis risk and found that women consuming more than two servings of red meat
per day had a 56% greater risk of endometriosis compared with those consuming less
than one serving of red meat per week (Yamamoto et al. 2018). This study evaluated the
results of red meat consumption alongside consumption of poultry and fish, though risk
of poultry consumption was not nearly as significant compared to red meat and
consumption of fish showed minimal risk. To promote a healthy microbial environment
in the gut to reduce risk for and further progression of endometriosis, diet should be rich
in whole foods and anti-inflammatory components. When considering a diet that reduces
dietary fat consumption while increasing dietary fiber to regulate short chain fatty acid
production and estrogen levels, a plant-based diet is likely the best choice. A study was
conducted comparing a plant-based diet to an omnivorous diet and results showed that

individuals on a plant-based diet had more anti-inflammatory compounds in the gut
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microbiome than the latter (Craig et al. 2021). A similar study conducted a cross-over
trial between a low-fat vegan diet and a placebo for endometriosis patients, resulting in
lower pain levels for the individuals on the plant-based diet as well as reduced estrogen
activity, providing evidence that a plant-based diet could be used as treatment for
endometriosis (Barnard, 2000). The benefits of a plant-based diet for endometriosis can
be understood through the anti-inflammatory properties and modulation of hormonal
balance, but also through the promotion of a healthy gut microbiome which as discussed
throughout this review is extremely beneficial. A plant based diet rich in fruits,
vegetables, and soy and low in saturated/trans-fat is beneficial to the gut microbiome
through promotion of a more diverse microbial system, regulated distribution of species
including a healthy Firmicutes/ Bacteroidetes ratio, increased nutrient bioavailability to
the lower gastrointestinal tract promoting a more healthy microbiome, high intake of
fiber which promotes short chain fatty acid production, increased intake of
phytoestrogens through soy which regulate circulating estrogen levels, and high intake of
essential vitamins with anti-inflammatory properties (Tomova et al. 2019). Overall, there
are numerous reasons why a woman should adopt a plant-based diet or incorporate more
plants and less meat to reduce the risk of endometriosis, to treat symptoms of
endometriosis, and to minimize or even reverse lesion growth.

Because many nutritional factors have the potential to impact progression of
endometriosis, it is important for endometriosis patients to be mindful of what their diets
consist of. Consuming foods high in fiber to promote short chain fatty acid production,

foods rich in omega-3 fatty acids such as fish and walnuts, as well as consuming foods
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rich in antioxidants including diverse fruits and vegetables is a feasible, personalized

approach to manage pain and to protect against disease progression.

Conclusion

Endometriosis is a common gynecological condition driven by estrogen and inflammation
and may cluster in families due to polygenic inheritance. Dysbiosis of the gut has shown to be
associated with endometriosis considering the microbiome’s influence on inflammatory
response, immune response, and estrogen cycling, along with associations between short chain
fatty acid production, intestinal permeability, and endometriosis risk. Fecal metabolomic studies
to characterize the gut microbiome and identify patterns of microbes associated with
endometriosis may be an effective and non-invasive avenue to diagnose endometriosis.
Considering the relationship between endometriosis and the gut microbiome, a nutrition-based
treatment approach including lots of fiber to promote short chain fatty acid production, foods
containing phytoestrogens, polyunsaturated fatty acids, antioxidants, and probiotic supplements
may be effective.

Further research in women’s medicine and exploring the connections between the gut
microbiome and health conditions such as endometriosis is vital for advancing our knowledge of
women’s health and improving diagnostic, preventative, and treatment approaches. Such
research can lead to innovative therapeutic strategies, a better understanding of gender-specific

health concerns, and personalized interventions to enhance women's overall well-being.
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