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ABSTRACT

Emerging scientific advances in microbial
research linking estrogens and the gut-skin
microbiome in reference to dermal health are
featured in this narrative review of journal
reports and reviews from January 2018 through
February 2022. Background information on
advances in microbial research along with
defining the microbiota and microbiome is
presented in brief. The development of and
factors that influence the gut microbiome in
health and disease as well as the intrinsic and
extrinsic factors influencing the skin micro-
biome and skin aging are summarized. New
information on the development and changes
of organ microbiomes have exposed similarities
between skin and gut structure/function,
microbial components/diversity/taxonomy and
how they impact the immune response for
combating disease and enhancing wellness.
Estrogens promote health and support

homeostasis in general and directly impact
dermal health. Moreover, the gut, based upon
the level of the microbial enzyme b-glu-
curonidase, which regulates estrogen’s entero-
hepatic recirculation, constitutes a gut-skin
microbial axis. This axis revolves around the
systemically available estrogen to support
immune function, counteract inflammation
and oxidative stress, and decrease the risk of
hormone-dependent skin cancers. These data
support the direct effect of estrogens on skin
health and the interaction of diet on dermal
health via effects on the gut microflora. Finally,
the potential for bioactive botanicals contain-
ing phytoestrogens or selective estrogen recep-
tor modulators (SERMs) to evade the effects of
gut b-glucuronidase expressing flora is proposed
that may have a positive impact on skin.
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Key Summary Points

Why carry out this narrative review?

The emerging field of microbiomics has
focused on the gut. This has put into relief
the gut-skin axis, which is implicated in
dermal health and wellness. This overview
focuses on the emerging evidence of the
past 4 years and provides an update that
examines the direct actions of estrogens
on skin and the connection to estrogens
in the gut-skin microbiome axis, which
affect immune function, regulating
inflammation and oxidative stress to
augment skin health

What was learned from the review?

In addition to the direct actions of
estrogens on skin, as a substrate for
bacteria, estrogens contribute to gut
microbiome diversity. Estrogen
metabolism by gut bacteria affects not
only cutaneous health, but also hormone-
dependent disorders/cancers, especially
after menopause

Diet is paramount in maintaining the gut-
skin axis, in part through plant SERMs.
Therefore, supplementation with
bioactive botanicals (phytoestrogens,
SERMs) may be employed to boost general
health and improve dermal parameters,
especially during aging and after
menopause

INTRODUCTION

The purpose of this narrative overview is to
provide updated perspectives on the gut
microbiome with emphasis on estrogen’s
direction actions on the skin and the estrobo-
lome (gut-skin axis) in dermal health using
foundational figures and graphics that depict
recent literature results covering the last 4 years.
This overview updates the concepts and

principles of: (1) the gut microbiome in a
focused manner (along with a brief summary of
how the gut microbiome influences human
disease/wellbeing, including skin conditions),
while (2) incorporating the direct systemic
chemical messenger effects and indirect actions
of estrogens. The estrobolome (via b-glu-
curonidase) is illustrated to illuminate the
complex interactions between and among ster-
oid hormones and organ systems, (3) outlining
how the gut-skin axis enhances dermal repair by
regulating immune function and controlling
inflammation, and (4) the influence of dietary
intake, especially plant-based, SERM-containing
food sources that can alter the gut-skin axis are
briefly addressed.

Journal articles and reviews (with emphasis
over the last 4 years) from January 2018 through
February 2022 were interrogated using the key-
words: diet, estrogens, estrobolome, iso-
flavonoids, gut microbiome, gut-skin axis,
phytoestrogen, skin, and/or keyword combina-
tions. The following databases were utilized:
PubMed, Science Direct and Scopus and Google
Scholar. Background references included topics
on aging, dietary intake, estrobolome, estro-
gens, gut-skin axis, isoflavonoids, microbiome,
phytochemicals, phytoestrogens, polyphenols,
skin, and/or combinations. This article is based
on previously conducted studies and does not
contain new data/results (studies) of human
participants or animals performed by the
authors.

Advances in Microbial Research

Our understanding of the microbiome has been
facilitated by the evolution of various tech-
nologies and tools, such as DNA content
(metagenomics), RNA expression (metatran-
scriptomics), protein expression (metapro-
teomics) and small molecule metabolites
(metabolomics) over the last 2 decades, which
have revealed the influence of the microbiome
on human health and disease (Fig. 1) [1–4].

The history of microbiome research from the
1670 discovery of microorganisms by Anthony
van Leuwenhoek, the ‘‘Father of Microbiology,’’
until the present day [of the Human
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Microbiome Project (HMP) sponsored by the
National Institutes of Health (NIH), a 2007
extension of the Human Genome Project)]
highlights how a person’s microbiome is critical
for immune system development, function, and
homeostasis for health [3–5]. This is to say,
various studies have shown the human gut
microbiome to be a potential controller of
wellness and disease, including skin disorders
such as psoriasis and atopic dermatitis [5–8],
whereas dysbiosis (altered composition of
microbes has a cascading impact on the
immune system) can contribute to the suscep-
tibility to infectious disease and chronic illness
among human organ systems [4–8]. For exam-
ple, dysbiosis is associated with increased
oxidative stress, inflammation, and damage to
DNA repair mechanisms [4–8]. The results from
the Human Microbiome Project revealed that
there are approximately 2,000,000 microbial
genes, approximately 100 times the 20,000
human genes [4–8]. From another perspective,
the human body contains trillions of microor-
ganisms outnumbering human cells by ten to
one. Because of their small size, microorganisms
make up only about 1–3% of the body’s mass (in

a 200-pound adult, that is 2–6 pounds of bac-
teria) [4–7]. Among the microbes present in
humans there are*1400 known species of
human pathogens (including viruses, bacteria,
fungi, protozoa, and helminths), and although
this may seem like a large number, human
pathogens account for much less than 1% of the
total number of microbial species on the planet
[9]. Finally, it is well established that estrogens
have a direct positive impact on skin health.
However, as reported in a later section, the
influence of estrogens involved in the estro-
blome of the gut microbiome via b-glu-
curonidase action impacts the skin microbiome
[10, 11]. This estrogen metabolism in turn
benefits dermal health by enhancing immune
function and wound healing and counteracting
inflammation as well as protecting against
cancer risk [10, 11].

The Microbiota and Microbiome

The term ‘‘microbiota’’ originated from the
ancient Greek using the combination ‘‘micro’’
(small) and ‘‘biota,’’ which means the living
organisms in a particular location.

Fig. 1 Tools used in microbial research. DNA panel:
define: Who is there, and what can they do? RNA panel:
define: What is the response, and what pathways are
activated? Protein panel: define: what are the host
interactions, and what proteins are produced? Metabolites

panel: define: what are the metabolites and their function?
Adapted from [3] with permission
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‘‘Microbiome’’ is also from the ancient Greek,
combining ‘‘micro’’ (small) with the term ‘‘bios’’
(life); modifying the ending to ‘‘ome’’ classifies
species living in a specific location [3, 4, 6].

Often the labels microbiota and microbiome
are used interchangeably, but these two terms
have subtle differences (see recent review for
updated microbiome definitions) [3]. In general,
‘‘microbiota’’ refers to the microorganisms
according to different kingdoms (Prokaryotes:
Bacteria, Archaea; Eukaryotes: Protozoa, Fungi,
etc.) found within a specific environment [3–7];
see Fig. 2. For example, bacteria, archaea, viru-
ses, and fungi are found among the skin and gut
microbiota [4–8]. The skin and gut microbiome
is usually dominated by bacteria, which are 3.5
billion years old [5–8], being the first members
of the family tree of life of all living things on
Earth [12, 13]. In general, the gut microbiome is
more abundant and diverse compared to
aggregate cutaneous tissue sites [4–8]. However,
archaea (similar to bacteria, but having unique
cell membrane, flagella, and intron character-
istics) have been reported in skin. Older or pre-
pubertal individuals ([60 or\12 years of age)

displayed the highest abundance of Archaea
[14]. Viruses have a special taxonomic classifi-
cation because they are not plants, animals, or
prokaryotic bacteria. They are very diverse and
generally classified by phenotypic characteris-
tics such as morphology, nucleic acid type
(DNA or RNA), mode of replication, host
organisms, and type of disease they cause [15].

‘‘Microbiome’’ refers to the collection of
microbial genes (genomes) represented in a
specific environment [3, 4, 6]. This covers the
whole spectrum of molecules produced by the
microorganisms including ‘‘their theater of
activity’’ composed of (1) microbial structural
elements such as proteins/peptides, lipids,
polysaccharides, and nucleic acids, (2) mobile
genetic elements, and (3) microbial metabolites
(e.g., signaling molecules, toxins, organic
molecules) among the environmental condi-
tions [3]; see Fig. 2. Finally, the field of micro-
biome research started with microbial ecology,
and many investigative fields (agriculture, food
science, biotechnology, mathematics, various
areas of biology, and medicine) have utilized
different or sometimes similar terminology to

Fig. 2 The microbiota and microbiome. Diagram repre-
senting the microbiome containing both the microbiota
(community of microorganisms) and their ‘‘theater of
activity’’ (structural elements, metabolites/signal molecules,

and the surrounding environmental conditions). Biome: a
well-defined habitat with distinct bio-physio-chemical
properties. Adapted from [3] with permission
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describe novel findings, mechanisms, and con-
cepts [3–7].

Development of and Regulation of the Gut
Microbiome

Traditionally, the ‘‘microbiome’’ has been
addressed in the context of the gut flora [16].
For example, Fig. 3 displays the factors that
influence the founding gut microbiota, starting
with gestation through adulthood [14–38].
Before birth, a sterile environment exists, which
elucidates the germ-free mouse model [39]. The
mode of delivery at birth is through the vagina’s
flora or through a sterile abdominal wound that
may lead to seeding by the mother’s skin flora
[7, 17, 24, 35]. Also, other environmental
influences (at/after delivery care/physical

contact) will determine the initial gut micro-
biota (founder species). Early dietary intake
such as breast vs. bottle formula [17, 24, 39] and
other physical contact [4, 5, 33, 35, 38] builds
up the gut microbiome through 6 months of
age (Fig. 3). During infancy, new strains usually
outcompete the resident flora leading to diver-
sity of the early microbiota. Diet and xenobi-
otics such as antibiotics are primary influences.

By 3 years of age, the gut microbiome foun-
dation is recognized as having alpha (number of
types of microbes in a single sample) and beta
(how different types are distributed among
samples) diversity [4, 17, 35, 38]. For example,
under similar environments and dietary intakes,
ethnic background contributes to differences in
alpha diversity, but not beta diversity of the gut
microbiota in school children [40]. In adult-
hood, the microbial community continues to

Fig. 3 Development of and factors that influence the gut
microbiome. There are variations in the gut microbiome in
its composition and function among different aged
populations. Moreover, over the human life span, the gut
microbiome changes as influenced by multiple factors as
shown in this figure. For example, age and diet play
primary roles in the variation observed in the gut
microbiome (while water and nutrient availability drive
the site-specific community states of the skin microbiome).

Other factors such as genetics, gender, socioeconomic
status, disease state, geography, pregnancy, and environ-
mental exposures can also play a role in shaping the
composition and function of the human gut microbiome.
Adapted from National Academies of Sciences, Engineer-
ing, and Medicine (US) [18] with permission
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change because of diet, hormones, environ-
mental factors, etc.
[20–23, 25, 27–29, 31, 34, 36, 41]. However, this
occurs at a slower rate compared to childhood
[5, 17, 35], where highly distinct microbiota
differentiates (Fig. 3). With aging, especially in
the elderly, there is a substantially different gut
microbial community with lower diversity
compared to younger adults [5, 17, 35]. These
changes occur especially after menopause
[22, 28, 31] and can lead to age-related disorders
like osteoporosis and osteopenia [34].

The Gut Microbiome in Health
and Disease Interacts with Other Sites

Briefly, the gut microbiome has been implicated
in brain [4, 5, 33, 35, 42–44], cardiovascular
[33, 35, 45], respiratory [46–48], and skin health
and dermal diseases [6–8, 19, 30, 32] (Fig. 4).
Additionally, the following conditions or dis-
orders are associated with the gut microbiome:
aging [49], allergic and immune [4, 5, 17, 19],
cancer [4, 11, 22, 33, 35], diabetes and meta-
bolic syndrome [5, 17, 33, 35], gastrointestinal

disorders [5, 33, 35], infection [4, 5, 26], and
rheumatoid arthritis [33, 50] (Fig. 4).

Skin Aging and the Skin Microbiome
(Intrinsic and Extrinsic Influencing
Factors)

Skin aging, determined by intrinsic (chrono-
logical) and extrinsic (exposure to ultra-violet
light or photo-aging), along with the impor-
tance of estrogen in maintaining dermal health
has been reviewed in detail elsewhere [51–59].
Research on the skin microbiome is an emerg-
ing area of study [6–8, 19, 30], and more is
known about the microbiome of the gut than
the skin. Recent reports suggest the skin
microbiome has both intrinsic and extrinsic
factors that modulate the expression and
maintenance of the dermal microbiota [60–62].
The intrinsic parameters shaping the skin
microbiome include age, genetics, gender,
immunity, hormones, sleep, stress, and meta-
bolism [60–62]. For example, the skin site is a
major determinant of the skin microbiome in
healthy skin. Also, the skin microbiome at the
same anatomical skin site from different

Fig. 4 Relationships between the gut microbiome and other organs in health and disease Adapted from Houzz license
1723–9688
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individuals is more similar than the skin
microbiome at different skin sites of the same
individual [6, 8, 63]. Conversely, the extrinsic
factors modulating the skin microbiome
include many of the extrinsic elements of skin
aging like sun-exposure, hygiene, beauty rou-
tine (cosmetics, etc.), and availability of nutri-
ents for skin microbial organisms [60–63].

Similarities of the Skin and Gut
Microbiome (Structure/Function,
Microbial Components Including Major
Bacteria Phyla, and Immune Advantage)

The similarities between the skin and gut
include: (1) surface area (25 m2 vs 30 m2), (2)
microbial cell abundance (1012 vs 1014 micro-
bial cells), (3) tissue-cell types, (4) rapid cellular
turnover (10–14 vs 3–5 days), (5) rich vascular
and highly innervated structures for a

bidirectional link between the exogenous envi-
ronment that are involved in barrier as well as
immune and neuroendocrine functions
[7, 8, 30, 64]. In contrast to the stratified squa-
mous epithelium of the skin (which contains
keratin in the stratum corneum, which is a
formidable barrier to most microorganisms at a
pH around 4.7–5.5), the intestinal barrier is
composed of a single layer of columnar epithe-
lial cells (Fig. 5) [7, 8, 65]. However, this single
layer of intestinal epithelial cells (IECs) or
enterocytes is made of diverse cell types with
properties of absorption, secretion, and
immune function [7, 8]. For example, intestinal
goblet cells secrete mucus to form a protective
barrier between the intestinal epithelium and
luminal contents from pathogenic agents, while
also maintaining a healthy relationship
between the intestinal tissue and bacteria. This
coating is beneficial to metabolizing

Fig. 5 Similarities between the skin and gut microbiome
(structure/function, microbial components, and immune
advantage). The gut microbiome represents the colon in
this figure. T-helper (Th) cells provide helper functions to
other cells of the immune system; regulatory T (Treg) cells
(a specialized subpopulation of T cells that act to suppress
immune response); B cells (B-lymphocyte, hormonal

immunity); IgA (immunoglobulin A, first line of defense
in the resistance against infection via inhibiting bacterial
and viral adhesion) Adapted from VectorStock license 3,
264, 406
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(fermenting) certain food molecules such as
isoflavonoids and short chain fatty acids
(SCFAs) as a source of hormonal communica-
tions and energy, respectively (Fig. 5) [7, 8, 66].

In brief, the skin (1) provides a physical
barrier, preventing water loss and modulating
body temperature and sensory information via
mechanoreceptors, and it supports vitamin D
synthesis; (2) provides immune function [via
Langerhans epidermal, dermal and gut den-
dritic, T-help (Th), Treg, and B cells], and (3)
produces antimicrobial peptides/proteins and
mast cells, which form the first line of defense
against antigens, bacteria, and parasites (Fig. 5)
[7, 8, 67]. The expression profiles of the major
bacteria phyla between the skin and gut
microbiome (colon) are distinct, as shown in
Fig. 5 [35, 61]. Finally, the details of the skin
and gut microbiota have been reported else-
where [4, 7, 8, 30, 32, 35, 61] including the
presence of mites on the skin [63].

Estrogens Supporting Homeostasis
and the Beneficial Interaction of the Skin
and Gut Microbiomes

Estrogens induce and regulate many important
functions. Several functions include: metabolic
homeostasis, cell proliferation and death, liver
protein expression, lipid metabolism, energy
balance, glucose metabolism, immune and car-
diovascular regulation, gonadotropin feedback,
gametogenesis and reproduction, brain-neu-
ronal development/memory processing and
repair/neurodegeneration, and bone
growth/maintenance. This review focuses on
estrogen and the gut and skin microbiome’s
effects on dermal health [11, 51, 55, 59, 68–70].

For example, 17b-estradiol is the most potent
sex steroid hormone in controlling many
aspects of health and wellbeing
[11, 51, 55, 59, 68, 69]. In women, physiological
levels of circulating 17b-estradiol are first seen
at puberty and peak in the late 20s. Thereafter,
estrogen levels exhibit wide swings during the
decade preceding menopause and then decline
to near zero after menopause [11, 51, 71].
Thereafter, the estrogen, estrone, which is seven
times less potent than 17b-estradiol [11, 68, 69],

is produced from the post-menopausal ovary,
which secrets androstenedione. This estrone
biosynthesis from androstenedione occurs in
peripheral sites like adipose tissue [11, 51, 71].

The estrogen receptors are the primary
effectors in estrogen action in the skin via the
systemic circulation. Estrogens can bind estro-
gen receptor alpha or estrogen receptor beta to
regulate gene expression of protein [11, 51, 69].
Also, the membrane-bound estrogen receptor
known as a G protein-coupled seven trans-
membrane (GPR30) receptor is present in skin
(but not well characterized) and directly affects
intracellular signaling cascades [11, 51, 69].
Notably, among these estrogen receptors,
estrogen receptor beta is more prevalent and
predominates in skin cells in keratinocytes and
other dermal structures [51, 53, 55, 59]. Finally,
an updated perspective on the role of estrogens
in skin aging has been reviewed by Lephart and
Naftolin (in press, Clinical, Cosmetic and
Investigational Dermatology, 2022).

Since the estrogens are subject to gut flora
regulated metabolism and excretion as descri-
bed in the next section, estrogen plays an
important role in the gut, which affects all
organs in the body including the skin. The gut
microbial enzyme(s) regulates not only hor-
monal signaling involved in female health,
disorders, and cancers, but estrogens also mod-
ulate the signals of the gut-skin axis (bacterial-
host interactions) [7, 8, 10, 21, 22].

Microbiome- Gut-Skin Axis and Influence
on Skin Health (Estrogens
and the Estrobolome)

There are multiple reports and reviews on the
gut-skin axis, especially describing the skin and
gut microbiome and their roles in dermatolog-
ical conditions (also see Fig. 3) [5–8, 30, 72, 73].
For example, the dysbiosis of the skin micro-
biome may trigger the pathogenic potential of
dermal disorders and disease such as acne, ato-
pic dermatitis, and psoriasis, which have been
reported [7, 8, 35, 61]. The role of estrogens in
the initial concept called the estrobolome was
first elucidated by Adlercreutz’s laboratory in
the 1960s through the 1980s. Briefly, the gut
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microbiota regulates estrogen metabolism,
thereby contributing to the proportions of
recirculated vs excreted estrogens and estrogen
metabolites [74, 75]. As early as 2011, Plottel
and Blaser proposed the estrobolome as the
aggregate of enteric bacterial gene products that
were capable of metabolizing estrogens [76].

More recently, it was shown that estrogens
regulate the gut microbiome in a positive
manner by increasing the diversity of the gut
microbiota and augmenting the enzymes that
metabolize estrogens [10, 29, 76]. For example,
the gut microbiota contains some bacterial
species that express b-glucuronidase activity.
This enzyme is involved in estrogen metabolism
[77, 78]; see (Fig. 6).

It has been reported that fecal b-glu-
curonidase is negatively proportional to the
total estrogen levels in the circulation (Fig. 7)
[78]. Also, in experimental animal studies, 17b-
estradiol supplementation changed the gut
microbiota [79].

Thus, estrogens induce gut microbiome
diversity, thereby decreasing b-glucuronidase
availability and increasing estrogen excretion.
On the other hand, low estrogen levels decrease
gut microbiome diversity, which increases b-
glucuronidase activity and re-circulation of the
estrogens [10, 77, 78] (Fig. 6). This has powerful
implications for systemic homeostasis in organs
such as the skin. For example, estrogen main-
tains protective epidermal keratinization,
maintains hydration in the subdermal tissues,
and enhances the immune response
[51–54, 59, 79, 80]. Therefore, an estrobolome
enriched in b-glucuronidase enzymes that pro-
mote estrogen metabolism deconjugation reac-
tions may result in greater absorption of free
estrogens that may cause a greater risk of hor-
mone-dependent cancers and other diseases
(Fig. 6) [10, 22, 77, 78, 81–83]. Notably, one of
the prominent roles of the human microbiome
in the regulation of endogenous estrogens
defines the most important risk factor in breast
cancer development especially in post-
menopausal women [78]. Also, in post-
menopausal women, microbial diversity in the
distal gut was positively associated with the
ratio of hydroxylated estrogen metabolites to
parent estrogens (such as catechol estrogens). As

well, phytoestrogen consumption to modify the
gut microbiome may provide an alternative to
current estrogen-deficient conditions
[22, 28, 82, 83].

Diet, Phytoestrogens, the Gut-Skin Axis,
and Improved Dermal Health

Since the gut microbiome has an immense
impact on health and disease, the diet plays a
fundamental role in shaping microbiome com-
position and function. This suggests a food reg-
imen designed toward better feeding or
enhancing the gut microbiome [84]. A diet rich
in fat or protein has been found to be associated
with higher fecal b-glucuronidase activity,
whereas fiber consumption decreased its activity
[77, 78]. Plants are a good source of fiber. They
also contain non-steroidal compounds that
interact with the estrogen receptors and produce
estrogen-like effects (selective estrogen receptor
modulators; SERMs). Phytoestrogens or
polyphenolic compounds that are similar to
17b-estradiol also have a bidirectional interac-
tion with the gut microbiome [85, 86]. For
example, the gut microbiome can metabolize
them to more or less potent SERMs, which
enhance the diversity of the gut microbiome
[85–87]. Strategies to achieve significant bio-
logical active concentrations of phytoestrogens
in plasma include increasing plant-based dietary
intake or/and nutraceutical supplementation to
improve the gut microbiome and health [88].

The significant advancements in this
emerging field of plant substitution of hor-
monal agents suggest that plant SERMs may
enhance the gut-skin axis and enhance skin
health. Various reports suggest a variety of ways
this may be accomplished including improved
immune function by counteracting inflamma-
tion and oxidative stress as shown in Fig. 7
[7, 8, 30, 64–66, 75, 89]. This link between
nutrition and venerated skin health includes
vitamin D’s mechanism of action and its effects
on the skin [90–92].

Figure 8 suggests ways to establish and
maintain a healthy gut and skin microbiome.
Several clinical studies have shown how various
dietary, physical, and behavioral factors can
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establish and maintain a healthy gut and skin
microbiome. For example, the link between the
gut and skin microbiome in the expression of
dermal disorders and disease has been well
established [5–8, 35]. Moreover, the intakes of
different diets promoting the gut and skin
microbiomes [84, 89, 93] suggest a positive
impact on health, in general, and for certain
body organs ([33]; see Fig. 4). Finally, the vari-
ous behavioral factors such as sleep, stress, and
exercise that can influence the gut-skin axis to

enhance health benefits have also been reported
[60–63].

Moreover, several studies have provided evi-
dence for the influence of dietary intake on
health. We have long been told to eat our fruits
and vegetables, but according to a recent 2017
report from the Center for Disease Control and
Prevention (CDC), just 9% of America adults get
their daily recommended servings of vegetables,
and only 12% get the recommended amount of
fruit [94]. The goal is to keep your skin healthy
by consuming a diet to maintain a diverse gut
microbiome that can utilize estrogens (even
during menopause) and/or potentially use
botanical active ingredients to supplement and
boost dermal health [51, 70, 93–98]. This is
especially fitting for post-menopausal women
since phytoestrogens have been shown to be
safe and improve bone mineral density along
with markers of cardiovascular risk without
adverse effects on breast, endometrial, and col-
orectal cancers [99–101] and intervascular clot-
ting [51, 102].

bFig. 6 Gut microbial beta (b)-glucuronidase enzymes
metabolize and recycle estrogens. Like all steroid hor-
mones, estrogens readily diffuse across the cell membrane.
When they reach the liver, during phase II metabolism,
UDP-glucuronosyltransferase enzymes (UGTs) conjugate
the steroids, making them water-soluble compounds.
These conjugated steroids are then excreted in the bile,
entering the small intestine from which they pass into the
stool. Alternatively, the gut microbial b-glucuronidase
enzymes deconjugate steroids, which allows them to enter
the gut and be recirculated in the blood. This figure depicts
the so-called enterohepatic recirculation of 17beta (b)-
estradiol. Other estrogens such as estrone (and estriol) can
go through the same sequence. See text and Fig. 7 for
further detail. Recycling allows unbound estrogens to be
recirculated through the systemic circulation. Thus,
increased gut microbial b-glucuronidase enzymatic activity
potentially provides a protective role in preventing disease
and enhancing health. Adapted from [10] with permission
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CONCLUSIONS

This narrative review updates the role of estro-
gens in the gut-skin microbiome in reference to
dermal health and skin aging (using reports and
reviews published in the last 4 years from

January 2018 through February 2022). Adequate
estrogen is necessary for maintaining skin
health. The gut microbiome regulates the level
of circulating estrogen via enterohepatic circu-
lation. As well, estrogens regulate the gut-skin
axis by increasing gut microbiome diversity to

Fig. 8 How to establish and maintain a healthy gut and skin microbiome

Fig. 7 Estrogens influence skin health directly by the bloodstream or via the gut microbiome with interactions between the
gut-skin microbiome to then enhance functions in dermal health
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insure the uptake of bile-excreted estrogen from
the gut. Finally, the importance of dietary
intake of SERM-rich foods and plant-derived
compounds in maintaining healthy skin in
women is recommended, especially with aging
and after menopause.
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