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Abstract: Recently scientific research began to shift their focus on looking at both the gut and the skin
microbiota as having a reciprocal and integral relationship with one another, rather than assessing them as
separate and unrelated fields. In the past five years, the field of microbial endocrinology emerged, which
examines how our gut microbiota influences and modulates hormones. We’ve known for decades that
hormones greatly affect the condition of the skin, and many skin conditions are often treated with oral
hormonal therapy as means to internally treat skin conditions visible on the dermis. Now, a growing body
research and discourse examining this triad of biological spheres — gut microbiota, skin microbiota, and the
endocrine system — as interconnected rather than binary and unrelated. While there is ample research
established and being conducted examining the gut-skin axis, the gut-brain axis, and the gut-hormone axis,
through this paper I will review and synthesize some of the significant advancements in this emerging and
inclusive field of science to suggest that the fields need to expand the axis and their modality for researching
these fields as a connected whole in order to better understand the role of the microbiota in disease

prevention as a whole.
Introduction

The gut microbiota may be contiguous with the microbiome of other parts of the body, and is a key part of
our innate and adaptive immune systems (Maguire and Maguire, 2017). Performing a number of other
essential functions, such as protective, structural, and metabolic functions, the gut’s microbiome is key to
our health. Indeed, without a gut microbiome, as in gnotobiotic mice, where host health no longer benefits
from the microbiota’s food processing, digestion of complex host-indigestible polysaccharides, pathogen
displacement, and synthesis of vitamins, neurotransmitters and hormones, the health of the host
deteriorates (Lu et al, 2018). In animal models a depleted gut microbiome, gnotobiotic mice for example,
can lead to many diseases including Parkinson’s Disease, and in the skin, malformed coenocytes have been
described (lizuka et al, 2009).
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In this review, I'll focus on how the gut’s microbiome produces and modulates hormones that in turn
influence the skin of the host. This is an emerging field of study, and no reviews have been published on
the topic. Although I focus on the gut influencing the skin, we must also recognize the skin itself as an
endocrine organ given that skin synthesizes vitamin D and sex steroids for example (Zouboulis, 2009), and
that the skin’s microbiome plays an important role in skin health, and may directly affect the microbiome
in other parts of the body (Maguire and Maguire, 2017). Many of the studies I review here are associative,
where proper experimental controls are not in place and therefore causative conclusions cannot be made,

but the data do provide ample evidence of an important subject that merits further experimental research.

Gut dysbiosis has been found to impact a number of different psychological and biological functions in the
host’s health, from neurotransmitter functioning to metabolism, along with being associated with a slew of
different diseases and disorders from Parkinson’s disease to leaky gut syndrome (Nash et al, 2017). Because
gut flora plays a significant role in the metabolizing of hormones and the hormones can greatly influence
the health of our skin (Langan et al, 2018), it's important for research to not only consider the gut-skin

connection, but also the triangular relationship between the gut, the endocrine system, and the skin.

Research on the microbiota of the skin has skyrocketed in recent years, prompting a wide range of skincare
companies to adopt probiotic and prebiotics as active ingredients in their topical treatments (Maguire and
Maguire, 2017). Until now, the focus has been on topical treatment of common skin problems, from acne to
fine lines and wrinkles. But as we know, the physical condition of the skin is profoundly affected by not
just what is applied topically to the skin, but also by a number of different factors including lifestyle,
hormones, nutritional health, and, as we will seek to demonstrate in this paper, the gut microbiota’s action

in producing and modulating hormones.

Hormones play a significant role in a number of different skin conditions, from acne vulgaris to melasma,
but more significantly, the hormone-skin-gut connection have a tri-directional relationship in which each

three affect and even modulates the other.

While sex hormones including estrogen, testosterone, and progesterone are most commonly linked with
skin conditions and issues, hormonal function in the gut also modulates mood and sleep disorders
including serotonin and melatonin, stress hormones including cortisol, the thyroid hormones T3 and T4,

and insulin levels that will also affect the skin.

An unhealthy gut microbiota can alter the normal functioning and balance of all of these hormones, and
such imbalances internally can present themselves externally by way of the epidermis. Patients with
undesired skin conditions often seek the advice of a dermatologist before an endocrinologist, or even a
primary care physician, and this is problematic because the field of dermatology, as well as western
medicine and diagnostic assessing as a whole, has been conceived of and maintained with a binary, one-
directional approach to both diagnostic methodology as well as treatment plans for decades. However, in
recent years the importance of studying the gut-hormone-skin relationship has come to surface not only in
scientific research, but is slowly beginning to shift the ways in which practitioners think about illness and
skin conditions (Vaughn et al, 2017).
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As a result of the growing body of research of the gut’'s many implications on overall health and wellness,
there has been a shift towards a more multidimensional approach to looking at illness and health conditions
(Bowe and Logan, 2011), with a growing focus on how gut health and functioning is inevitably a major
factor in not only hormonal functioning as a whole, but hormonal-related skin issues like acne, melasma,

rashes, and other epidermal conditions not explained by other factors (Parodi et al, 2008).
ESTROGEN

In general, acne is thought to be caused by an overgrowth of bacteria on the host’s pores, with an increased
incidence of Propionibacterium acnes biofilms (Jahns et al, 2012). But this bacterial imbalance isn’t typically
the result of poor hygiene or failure to properly cleanse the skin. In fact, the skin’s condition isn’t isolated
to what goes on the epidermal level altogether. Acne is a form of inflammation, and we know that both the
functioning of the gut microbiota as well as our hormones, have a direct relationship with inflammatory
responses both internally and externally (Kim et al, 2017). Interestingly, Sanford et al (2016) have shown
that P. acnes when trapped in sebum will ferment the sebum into inflammatory short chain fatty acids
(SCEFSs). The acne breakouts in teenagers and menstruating women may therefore be, at least partially, a
consequence of the hormonal controlled increase in sebum production (Pochi, 1990) and resulting

inflammatory SCFAs.

For instance, many dermatologists often prescribe oral contraceptives containing the hormone estrogen to
patients with cystic acne who have not responded to topical treatments such as salicylic acid, benzoyl
peroxide, and even prescription retinoids. Using estrogen-based contraceptives is often an effective
treatment for women suffering from cystic acne as estrogen is known for its oil-reducing and beneficial
properties (Thorton, 2005). However, too much estrogen can also lead to exacerbated acne as well. It is
believed that contraceptives work to treat acne by balancing out levels of progesterone and estrogen, and

thus reducing the excess production of acne-causing sebum.

However, recent studies have begun to illuminate the interplay between skin health and the endocrine
system is far more complex than simply causing elevated levels of oil. Commensal bacteria can both
modulate and secrete hormones (Neuman et. al, 2015). In one study two estrogen-derivative sex hormones,
estriol and estradiol, were found to decrease the bacterial virulence of the species Agrobacterium
tumefaciens and P. aeruginosa (Roshchina, 2010). Quorom-sensing is where bacterial populations
synthesize and exchange chemical signals that coordinate and synchronize gene expression. The host
derived hormones estriol and estradiol have been shown to inhibit quorum-sensing and thus decrease

bacterial virulence (Beury-Cirou et al, 2013).

Furthermore, estrogen has been found to regulate glucose, lipid metabolism and inflammatory responses.
Another hormone associated with acne and oil production is testosterone. Elevated levels of testosterone
are often caused by resistance to insulin, and in turn to increased oil production, which can lead to acne.
Abnormally elevated insulin can be associated with gut dysbiosis when the dysbiosis is triggered by a high
fat diet (He et al, 2018).

Melasma is another skin condition causing hyperpigmentation on the skin that’s been linked with gut

dysbiosis, and more specifically with leaky gut syndrome. Common in pregnant women and women taking
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oral contraceptives, melasma typically presents itself in the form of brown spotting or patches on the chin,
forehead, and cheeks in a symmetrical formation (Sheth and Pandya, 2011). Melasma occurs when there is
excess melanin production, and can also be triggered by of a number of different environmental and
physiological factors, from UVR exposure to hormones and inflammatory signaling. Gut microbiota
changes profoundly during pregnancy from the first to third trimester. A recent study that sampled the
fecal bacteria of a 91 pregnant mothers and their infants, found a distinct shift in overall increase in
Proteobacteria and Actinobacteria from the first to the third trimester and overall increase in inflammation
(Koren et. al, 2012). During pregnancy, both inflammatory and anti-inflammatory responses are altered to
protect against fetal rejection and inhibit the transfer of maternal antibodies to the fetus (Robinson and
Kelin, 2012). These inflammatory immune signals are modulated by the increase of estrogens and steroid
hormones throughout the pregnancy, including estradiol, estriol, progesterone, and glucocorticoids. Hence,
the change in inflammatory immune signaling by a change in female sex hormones can be connected to the

onset of melasma and hyper-pigmentation in women with increased estrogen.

Another symptom of hormonal changes in women that can occur during both pregnancy and menopause
is gastroesophageal reflux (GERD). Symptoms of GERD include heartburn and acid reflux and this
condition is often the cause of or triggered by disruptions in the production of stomach acids. While GERD
affects approximately 60% of the population at least once per year (Jacobson et. al, 2008), and can be caused
by dietary and lifestyle choices, a lack of the production of stomach acids is often the culprit whether
triggered by hormonal or dietary influences. Other symptoms of GERD are not only associated acid reflux,
bloating, and digestion issues, and redness in the skin. A study looking at the connection between
hormones and GERD in postmenopausal women found that GERD symptoms were significantly increased
when estrogen (symptoms among postmenopausal women using PMH, selective estrogen receptor
modulators, or over-the-counter hormones) dosage or duration of treatment increased (Jacobson et. al,
2008).

While the study didn’t look at the effects of the estrogen-induced GERD implications to the skin, pregnant
women often reports red, blotchy, itchy, and unusually sensitive skin. It is plausible that this same irritation
may be linked with not only a direct change in estrogen and progesterone, but could also be the result of

stomach acid dysfunction, GERD, and other gut-related issues associated endocrinal activity.
OXYTOCIN & HPA HORMONES

Oxytocin is a hormone that acts as neurotransmitter in the brain, and is associated with maternal-infant
bonding, empathy, orgasm, and feelings of kindness, leading to its nickname as the “love hormone.” While
it's often thought of as an exclusively female hormone, oxytocin actually affects testosterone production in

men.

A recent study found that probiotic-treated mice not only displayed heightened social grooming behaviors,
but also displayed “more radiant skin,” when compared to mice who were not treated with probiotics
(Erdman and Poutahidis, 2014). In the “glow of health” study, researchers found that mice who were
treated with Lactobacillus reuteri presented upregulated levels of IL-10, which is an anti-inflammatory

cytokine proposed to regulate the hypothalamic-pituitary-adrenal (HPA), axis hormones — including
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oxytocin - both indirectly and directly (Roque et al., 2009). This interfacing may affect the skin because IL-
10 reduces proinflammatory cytokines including IL-17. Reduced levels of IL-17 have been shown to
promote skin-enhancing benefits such as increased hair follicle number and dermal thickness (Erdman and
Poutahidis, 2014).

Another recent study in 2013 also found oxytocin to be an integral factor in the multi-directional gut
microbe-brain-immune axis by assessing the role of probiotic treatment and its effect on wound healing in
(Poutahidis et al., 2013). This study found that female mice who were treated with dietary Lactobacillus
reuteri (L. reuteri) displayed an increase in social grooming when compared to the control, and showed
better rates in wound healing as a result. There are several factors that impact the wound healing process,
ranging from collagen deposition to inflammation. Both of these factors are not only important for wound
healing, but they’re also associated with aging of the skin. Decreased collagen levels along with
inflammation can lead to an increase in premature signs of aging, from loss of elasticity to fine lines. The
same study looked closely at the relationship between collagen depletion and deposition and the impact
that the probiotic treatments may have had in the sample. The researchers found that wt mice that were
given the L. reuteri treatment showed an increased rate in collagen deposition in the dermis. This finding
illuminates a potential connection between using probiotics as an ingestible treatment for aging, which
may be more effective than consuming collagen supplements that are currently marketed for cosmetic

purposes.

LEAKY GUT SYNDROM, HORMONES, AND SKIN

Aside from excessive fatigue, memory loss, and gastrointestinal symptoms include constipation and
chronic diarrhea as a result of inflammation in the intestinal walls, one of the most common symptoms of
leaky gut syndrome may be skin rashes (Pietrzak et al, 2017). These rashes associated with leaky gut and
be the result of the body’s immune response in its attempt to rid the body of excessive toxin being released
from the bloodstream into the skin (Bowe and Logan, 2011). Leaky gut syndrome has also been commonly
comorbid with cystic acne and psoriasis, which have had a long term association with hormonal imbalances
(Ceovic et al, 2013), leading many dermatologists and endocrinologist to prescribe oral contraceptives to
patients not as a form of birth control, but as an acne treatment. While contraceptives have been effective
treatment for many women in combatting cystic acne for decades, recent studies assessing the role of the
gut microbiota and skin have shown that the causality of hormonal acne may be much more complex and
further, have illuminated that hormonal imbalances that adversely affect the skin, may be improved by

restoring balance to the gut through diet and probiotic supplementation (Mottin and Suyenaga, 2018).

Estrogen metabolites stay in circulation in the gut, which can cause estrogen dominance, and thereby
disrupt the normal balancing act of progesterone and estrogen. As mentioned, estrogen is perhaps the most
significant hormone when it comes to assessing skin health related to hormonal triggers. This connection
is an important consideration when looking at the relationship between sex hormones and the gut

microbiota because it brings forth the idea that healing hormonal imbalances which — among other things
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— affect the health of the skin may be an effective alternative treatment to traditional hormone replacement

and oral contraceptives therapies.

While incorporating a probiotic and/or prebiotic supplement into a one’s diet may not be sufficient enough
to improve the skin or reduce dermatologic disorders alone, changing a diet to include more probiotics,
prebiotics, and fermented foods as a way of healing the gut microbiota. In turn, restoring a functional
hormonal balance in the endocrine system may be considered a primary course of treatment for
dermatologists and primary care physicians to consider prior to resolving to prescribing prescription
medications, including oral contraceptives and the acne medication Accutane, known for causing a number

of different side effects.
ANTIBIOTICS, HORMONES, AND SKIN

While oral antibiotics are often a necessary course of treatment for a wide range of infections and infectious
diseases, the overuse of them has proven to be detrimental to the gut microbiota as a whole, and has also
proven to be a contributing factor to numerous gastrointestinal diseases, including leaky gut syndrome
and a weakened immune system. In addition to the rampant over prescribing of antibiotics to patients, we
are also increasingly ingesting more hormones and antibiotics through the food we eat more than ever
before (Jeong et. Al, 2010).

Both antibiotics and hormones are used legally (and illegally) in food production to promote faster growth
in livestock (Jeong et. Al, 2010). Some of the hormones used for these purposes include estradiol-173,
progesterone, testosterone, and synthetic hormones including ADIs and MRLs. As mentioned before, an
imbalance in such hormones can disrupt the functioning of the microbiota and can lead to gut-related
conditions due to inadvertently consuming excess hormones through the intestines. In this way, just like
taking oral contraceptives or hormonal replacement drugs, simply by consuming dairy and meat we are in

turn, consuming hormones, steroids, and antibiotics.

Researchers are beginning to examine the relationship between increased consumption of growth
hormones and antibiotics through the food we consume, and the effect of how this dietary shift influences
the endocrine system. This investigation is in part due to the fact that young females are reaching puberty
and beginning their menstrual cycles earlier than ever before in recent history. Beginning in the 1990s, the
average age of menarche saw a large spike at earlier ages in females in the United States, and today the
average age of menarche begins before the age of 12 with recent studies indicating the age is declining even
further (Forman et al, 2013). While the cause of the decline in the onset of puberty in U.S. females is
undoubtedly a multi-faceted issue with myriad of different causes, ample research has linked this trend to

---at least in part---the increase consumption of gut-altering hormones ingested via the food we eat.

While the increased ingestion of hormones can cause a disruption in the normal balance and regulation of
both female sex hormones and stress hormones, such imbalances in the endocrine system are profoundly
linked to skin condition and dermatologic issues like acne at a younger age. While this connection may
seem binary, the problem is that when women are prescribed hormonal oral contraceptive or other
hormone modulation medications from an earlier age, this artificially “balances,” the hormones in the

woman and when she has to stop taking the contraceptives due to pregnancy, age, and other reasons, the
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hormones have a difficulty re-regulating themselves without the assistance of hormonal therapy. This may
account for the recent spike in acne vulgaris in adult women (Zeichner et. Al, 2013). In a recent photo-based
study that surveyed a total of 2,895 females ranging from the age of 10 to 70, approximately 55% reported
experiencing some form of acne. While the study acknowledged that it is unclear whether or not the spike
in acne-related visits to dermatologists is due to heightened awareness of the condition or truly an increase
in those suffering from the dermatologic condition, the researchers did find that there was a higher
prevalence of hormonal issues and conditions such as PCOS in the adult women who came sought help for
acne (Zeichner et. Al, 2013).

PCOS

While these shifts in hormones and skin conditions and diseases still need more research to confirm a
bidirectional and clear relationship, it should be noted that PCOS —another hormonal disease that’s seen a
spike in numbers in the last decade — also has a connection to diet and alternations in the patient’s
microbiome. In fact, there a growing body of research that shows that PCOS (Polycystic Ovary Syndrome)
can be treated — or at least symptoms of the disease can be lessened — by making changes in the patient’s
diet.

PCOS (Polycystic Ovary Syndrome) is an endocrine disorder that affects nearly 5 million women of
childbearing age in the U.S (Ndefo et al, 2013). While the research pinpointing the exact cause of the
disorder is still murky, it is generally accepted that disorder tends to stem from an excessive amount of
androgens (male sex hormones) in females. Some of the symptoms of the disorder include infertility,
irregular or heavier menstrual cycles, mood disorders, and acne. Again, oral contraceptives containing
estradiol are often the first treatment that is prescribed to help alleviate the symptoms of the disorder with
the intention of balancing out androgens with a dose of female sex hormones, along with hormone-

regulating prescription drugs including testosterone-blockers such as DHT.

However, while research remains inconclusive, there is a growing body research indicating that altering
one’s diet may help alleviate or improve symptoms of those suffering with PCOS (Msir et al, 2016), which
may shed more light on the endocrinal-gut-skin relationship as a whole. While more research is needed on
this emerging field, anecdotal success stories touting the benefits of dietary changes and the incorporation
of probiotics and prebiotics in patients have prompted some gynecologists to suggest dietary treatment

prior to resorting to more intensive prescription drugs (Karamali et al, 2018).
HORMONES, COLLAGEN, AND THE GUT

The third major subcutaneous layer of our skin, the hypodermis is the layer beneath the skin’s surface
comprised of adipocytes that store fat. This is also the layer in which collagen and elastin attach. Collagen
is used both orally and topically as an anti-aging supplement, thought to promote firmness to the skin and
thus soften fine lines, but it’s also connected to hormonal and proper gut functioning as well. Collagen is
found in amino acids (arginine, glutamine, glycine and proline), which together, help to maintain balanced
levels of hormones in the endocrine system. Most significantly, collagen is especially prominent in
modulating the stress hormone cortisol and the sex hormone estrogen. For many menopausal and post-

menopausal women, skin conditions such as rosacea, dehydration, and loss of firmness are common due
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to the reduction of estrogen and GAGS (Rittie, et al, 2008). Estrogen has been proven to have anti-
inflammatory properties, hence resulting in decreased estrogen levels promoting inflammation, which as
a result can not only exacerbate a myriad of skin issues from acne to rosacea expediting the aging process
of the dermis, but it can also disrupt the functioning of the gut as a whole, which can further influence the

condition of the skin (Verdier-Sévrain, 2006).
CONCLUSION

While there is not only ample research established and currently being conducted on the gut-skin axis, the
gut-brain axis, and the gut-hormone axis, each sector of microbiota research seems to slant toward exclusive
and binary modalities of assessing the binary relationship between the gut and another psychological area,
rather than looking at each system of integral and reciprocal. Future studies in animal models and humans
will need to include integrative approaches that measure the results of interventional protocols in all three
of the axis. Such an approach is now feasible given metabolomics is a key discipline for measuring
endogenous synthesis or transport rates of biomolecules such as fatty acids, cholesterol, proteins and
carbohydrates and proliferation rates of cells, and that complements the other ‘omics” such as genomics,
transcriptomics, lipidomics, and proteomics. For example, “virtual biopsies” are possible using mass
spectrometer measurements of protein turnover rates following heavy water labeling (stable isotopes) in
interventional studies in humans (Hellerstein and Evans, 2017). Culture and DNA methodologies for
categorizing bacterial populations in gut and skin, and elsewhere are also now well advanced. Therefore,
combinatorial experimental methodologies combined with computational, for example network analysis
techniques as used in toxicology (Kiani et al, 2018) may illuminate the complexities underlying the

interactions of the three axis.

Now that science has established a solid understanding that the gut is closely connected to the host’s overall
health - and an ample body of research and clinical studies serving as the backbone- in a wide variety of
different psychological aspects, researchers and medical practitioners need to be encouraged to assess their
patient’s conditions with broad perspective that encompasses research in all three area. This will help not
only better diagnose and treat patients — as well as in some cases, perhaps eliminate the need to prescribe
prescription medications in lieu of dietary changes and supplementation with pre and probiotics—but also
may help physicians understand comorbid diseases of which the patient wasn’t aware. Furthermore, there
is also research indicating a possible connection between obesity and inflammatory skin conditions as a
result of estrogen imbalances in the endocrine system (Zhang and Silverberg, 2015). This area of research
could potentially serve to illuminate the relationships between body mass index, hormonal imbalances,

and skin conditions.
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