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Abstract
Keywords This narrative review highlights recent research on the impact of dietary practices
Dermatology, nutritional on skin microbiomes and their associated dermatological effects. The skin

supplements, diet and skin health,  microbiome, composed of various bacteria, fungi, and viruses, plays a crucial role
the gutskin connection, probiotics, in immune regulation and maintaining barrier function. Dysbiosis in this

prebiotics, skin microbiome ecosystem has been linked to conditions such as psoriasis, atopic dermatitis, acne,

and premature aging. We carried out comprehensive search on Google Scholar,
Article History PubMed, and ScienceDirect for open-access review papers published between
Received on 14 April 2025 2015 and 2024. Our study centered on the relationships among probiotics,
Accepted on 14 May 2025 prebiotics, certain micronutrients and their impact on skin health. A total of ten
Published on 23 May 2025 articles that fulfilled the inclusion criteria were examined thematically. Research

indicates that the intake of probiotics and prebiotics from fibre- rich foods, as well
Copyright @Author as products like kefir, kimchi, and yogurt, can enhance skin hydration and barrier
Corresponding Author: * integrity, and reduce systemic inflammation. Essential micronutrients operate
Maria Haris through various mechanisms: zinc is involved in anti-inflammatory processes and

promotes epithelial repair, while copper and selenium support antioxidant
defences and tissue remodeling; Vitamin D plays a role in enhancing innate
immunity; vitamins C and E serve as antioxidants, promoting collagen synthesis
and decreasing UV damage; additionally, vitamin A and its derivatives control
the differentiation of keratinocytes and lessen acne lesions. Dietary approaches
like the Mediterranean diet and those based on plants, rich in polyphenols,
unsaturated fats, and fibers, are linked to improved microbial health. Diverse
diets are linked to milder skin conditions, while Western diets high in refined
sugars and fats worsen inflammation and imbalances in gut bacteria. These
findings highlight the importance of personalized dietary approaches and indicate
the need for further clinical research to clarify causation and establish dosage
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recommendations, reinforcing the role of nutrition as a non-pharmacological

method to enhance skin microbiota health.

INTRODUCTION

The skin, as the body's largest and most visible
organ, serves as a protective barrier against
infections from the environment while also offering
a diverse ecological habitat for various
microorganisms'. The biochemical conditions of
the skin are demanding, featuring elevated salinity,
acidic pH levels, dryness, and extended exposure to
environmental elements. Nonetheless, numerous
microbial species, including viruses (notably
bacteriophages), fungi, and bacteria, can
successfully inhabit the skin®. The makeup of the
human skin microbiome shaped by genetic factors,
environmental influences, and the specific
microenvironment™. Additionally, skin features
appendages such as glands and hair follicles, which
carry out several homeostatic functions, including
thermoregulation and wound healing”®’. Sweat
glands generate antimicrobial peptides (AMPs) that
assist in preventing the proliferation of harmful
microbes®, whereas sebaceous glands release non-
polar lipids to maintain hydration by minimizing
water loss. *'°. The epidermis serves as the main
protective layer that interfaces with the external
environment, while the dermis is responsible for the
structural integrity of the skin. This barrier
comprises numerous biological, structural, and
chemical components that are vital for preventing
internal infections. Nevertheless, disturbances to
the skin barrier, caused by elements such as illness,
injury, and the aging of the skin, can result in
microbial imbalance and an increased risk of
infection'"'*". From the moment of birth, the gut
microbiome has been essential in providing
protection, facilitating metabolic functions, and
aiding in the development and regulation of the
immune system'*".

Diet plays a crucial role in several biological
processes associated with skin wellness, aging, and
illnesses. Eating habits and nutritional wellness
affect the skin's ability to heal and resist harm.
Recent studies have underscored the connection
between dietary habits, nutrition, overall health,
and skin health. Clinical research has successfully
correlated nutrition with the health of tissues and

organs, emphasizing the moderate impact of
nutritional quality on aging and skin well-being.
Visible indicators of deficiencies in vitamins,
minerals, and fatty acids can emerge due to dietary
excesses, shortages, imbalances, and harmful
substances that disrupt the natural equilibrium of
the skin. Recent studies suggest that dietary changes
may play a role in treatment regimens for various
skin conditions, including vitiligo, alopecia,
psoriasis, and eczema'®. The aim of this review is to
identify dietary practices that enhance skin
outcomes and support skin microbiota.

Methodology

A narrative approach was employed in this review to
gather the latest insights regarding the relationship
between skin microbiota and nutrition. An
extensive literature search was performed to identify
relevant peer-reviewed articles published between
2015 and 2024 using databases such as Google
Scholar, PubMed, and ScienceDirect. The search
was confined to studies that explored the link
between diet, nutritional elements (including
probiotics, prebiotics, vitamins, and minerals), and
the skin microbiome, with an emphasis on
dermatological outcomes like acne and skin barrier
function. The search phrases used encompassed
skin microbiome, nutrition, dietary impacts on skin
health, gut-skin axis, probiotics and their relation to
skin, along with "dermatological outcomes, their
incorporation of nutritional approaches, and their
exploration of both direct and indirect influences of
diet on the makeup and function of the skin
microbiome." In total, ten review articles were
chosen and thematically analyzed.

A Beginner's Guide to the Skin Microbiome

The typical surface area of human skin is about 1.8
square meters. With around one million
microorganisms found in every square centimeter,
human skin, including hair follicles, sebaceous
glands, and other related structures, harbors more
than 10 billion microorganisms'™'®. Considering
the essential factors and makeup of the skin
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microbiome, human skin can becategorized into
four types of ecosystems: dry, moist, sebaceous (oily),
and foot”. The diversity and abundance of
cutaneous microbiota in healthy and pathological
conditions varied significantly®. Numerous skin
issues are recognized to be linked to dysbiosis and
an imbalance in the skin microbiome®"**%.

Certain strains and their primary metabolites can
serve as markers for skin disorders or as potential
treatment targets. Research on the interactions
between the human skin and microbiota—including
the typical skin microbiota—what disturbs the skin
microbiota, and how microorganisms aid in wound
healing is especially intriguing understanding the
basic physiology of skin and its microbial interactions
not only enhances one’s comprehension of
homeostatic processes but also illuminates the link
between diseases and disruptions in normal skin
function. Aside from being determined by the
location on the body, skin characteristics and
microbial makeup can be affected by various internal
factors (such as genetics, age, and gender) as well as
external factors (including lifestyle, climate, air
pollution, and use of cosmetics)****°. Because of its
natural complexity and variety, it is challenging to
define the role of the skin microbiome in particular
physiological ~ processes’’.  However, numerous
relevant studies have illuminated how an individual's
skin microbiota changes over time’*** and how

shifts in microbial composition relate to aging and
skin disorders’”*?,

The Gut-Skin Axis

Disruption in microbial populations and a
compromise of gut integrity can greatly influence the
overall state of the skin®*. This intricate relationship
between the gut and the skin is known as the "gut-skin
axis"”. Essentially, the gut microbiota collaborates
with the skin to regulate both local and systemic
inflammation by interacting with the immune
system’®’’. The microbial communities mainly
preserve the gut barrier's integrity by transforming
indigestible complex polysaccharides into short-chain

fatty acids (particularly butyrate and propionate) and
producing vitamins (especially K and B12)%*-

For example, butyrate decreases the intestinal
barrier's permeability and strengthens the epithelial
barrier®. The primary barrier that prevents
microbes from spreading to other host tissues is the
mucus layer in the gut**. The innate immune cells
in GALT assist in protecting the gut mucosa. They
enhance both the innate and adaptive immune
responses and identify general illnesses by
presenting particular antigenst*.  Eliminating
harmful bacteria, AMPs, macrophages, and
CD103+ CD11b+ dendritic cells primarily prevent
their spread¥*. Defensins fight against bacteria by
making holes in their membranes. Cell death results
from crossing the appropriate thresholds.
Cathelicidins (LL-37) help in preserve the epithelial
barrier's integrity. They possess immunomodulatory
properties alongside their primary function, which
involves disrupting bacterial membranes. The
primary mechanisms that maintain the integrity of
the gut epithelial barrier include enhanced synthesis
of tight junction proteins and post- translational
events such as the repositioning of tight junctions.
Consequently, cathelicidins are primarily employed
when there is a compromise in the epithelial
barrier'’. Tregs, IgA- producing B cells, and Th17
cells that are exclusive to gut commensal bacteria
differentiate in response to commensal antigens
presented by DCs* DCs control CD4+ Th17 cells'
selectivity for commensal microorganisms by
presenting the Major Histocompatibility Complex 11
(MHCII) antigen.

Host AMP release is stimulated by the cytokine
Interleukin 22 (IL-22), which is generated by CD4+
Th17 cells* . The integrity of the intestinal barrier,
mucus, immune cells, IgA, and antimicrobial
peptides (AMPs) produced by epithelial cells all
contribute to the maintenance of skin homeostasis
by preventing gut bacteria from entering the
bloodstream’"
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Figure 1. Flowchart depicting the mechanism of the gut-skin axis.

This illustration demonstrates how our dietary
choices impact the makeup of the gut microbiome,
which subsequently influences the integrity of the
intestinal ~ barrier and immune responses
throughout the body. These shifts internally can
disrupt the skin’s microbial balance and barrier
function, potentially resulting in skin issues such as
acne, eczema, and psoriasis. Diets rich in nutrients,
particularly those abundant in fiber, omega-3 fatty
acids, and antioxidants, may enhance both gut and
skin health by lessening inflammation and fostering
microbial diversity. This figure serves as a
conceptual overview based on various review
sources.

Prebiotics, fermented foods, and probiotics

Prebiotics, which include specific fermented foods or
dietary supplements that aren't digested, enhance gut
health by fostering the growth of beneficial bacteria®®.
In contrast, probiotics are live microorganisms,
typically bacteria or yeast, that offer health advantages
to the host when administered in sufficient
amounts ", First-generation  probiotics are
commonly available products used to address
microecological imbalances. The development of
"metabiotics”" marks the next evolutionary step,
consisting of small compounds or chemicals derived
from probiotic microorganisms. These metabiotics
can be created or partially created using the bioactive
components produced by symbiotic bacteria (a
combination of probiotics and prebiotics) from

naturally occurring probiotic strains or natural
sources. They are known as "pharmacobiotics,"
"metabolic probiotics," "postbiotics," or "biological
drugs." These compounds may influence human

non

metabolic processes, signaling pathways, host-related
physiological functions, and the microbiome.
Additionally,  specific  elements related to
immunology, neurohormone biology, and metabolic
and behavioral responses have been identified as
chemical structures in postbiotics that may improve
the composition and function of the host's native
microbiota®. For instance, butyrate, a postbiotic
produced by various beneficial bacteria, serves as a
crucial energy source for the colon and is essential for
intestinal growth, differentiation, and the regulation
of inflammation’®*’. Additionally, when bacteria lyse,
they produce or release postbiotics, which are effector
substances derived from probiotics. They have the
same ability to exert qualities as the original
probiotics®®”. They try to achieve the advantages of
probiotics without the risk of giving live bacteria.
Despite being commonly associated with dietary
supplements that target the gut microbiota, these
probiotics, prebiotics, and postbiotics are used for
purposes other than the digestive system, such as the
skin and other parts of the body®®. As researchers
explore their possibilities in topical formulations and
cosmetics goods, these concepts are pertinent to
dermatology, particularly for treating skin problems.
The gut-skin axis theory states that there is a strong
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correlation between gut health and skin conditions

like AD®".

Role of Specific Nutrients

Vitamin A can prevent microbial infections and skin
disease, and deficits are associated with an increase in
the former®?. All-trans-retinoic acid has been shown to
be beneficial when applied topically for mild acne,
atopic dermatitis is associated with impaired retinoid
signalling and decreased vitamin A status, and
deficiency has been connected to delayed wound
healing®. It has also been shown that retinoid can
reduce the appearance of skin discolouration and
ageing®. The plant-derived carotenoid B-carotene has
been demonstrated to alleviate UV-induced skin
redness ®. The skin contains B-carotene and other
plant-based carotenoids that change with the seasons,
including lutein, zeaxanthin, and lycopene.

Vitamin C is crucial for the health of skin since it
prevents the development of melanin and
encourages the synthesis of collagen and elastin.
Vitamin C also shields against UV-A and UV-B
radiation by  inhibiting  apoptosis  and
proinflammatory cytokineslt might offer defense
against various skin conditions, including atopic
dermatitis, herpes, and malignant melanoma,
although the exact way it works as a treatment
remains unclear®. The systemic route is more
effective even if vitamin C is found in skin care
products because oxidised vitamin C rapidly loses its
reducing action, which is what gives it its function®’.
Vitamin C also increases the moisture levels in the
epidermis®.

7-dehydrocholesterol is converted into vitamin D
within the epidermis. Vitamin D has demonstrated
effectiveness in managing psoriasis due to its ability
to modulate cAMP, decrease inflaimmation, and
promote wound healing, although it might worsen
atopic dermatitis”. In the fight against infections
and UV-induced cell damage, vitamin D is essential.
However, the body's ability to generate vitamin D
from sunshine decreases with age, raising the risk of
UV  damage and infections”.  Pretreated
keratinocytes appear to be protected against UV-B
DNA damage in vitro by active vitamin D™
However, both active vitamin D and its synthesis,
which absorbs UV, may be responsible for the UV

protection effects’".

Supplementing with vitamin E (a-tocopherol) may
help people with psoriasis and atopic dermatitis
because it protects lipids from oxidative stress’.
Vitamin E protects the skin against the breakdown
of collagen and reduces inflaimmation; however, a
lack of it has been associated with abnormal
collagen arrangement and the formation of skin
ulcers”. With a lengthy history in dermatology, this
vitamin has been shown to be effective in treating
hyperpigmentation, delaying the development of
skin cancer, and preserving the integrity of the
dermal and epidermal structures to delay the ageing
process of the skin.

Zinc is a mineral that serves as a cofactor for
numerous metalloenzymes. The effects of zinc on
skin health have been evaluated” ™", A lack of zinc
can result in skin issues such as dermatitis, as zinc is
crucial for preserving skin balance®. Zinc, which has
anti-inflammatory and apoptosis-regulating
qualities, is mostly found in the epidermis®. Zinc's
antibacterial and wound-healing properties
have led to its topical application™.
Zinc oxide, the main ingredient in mineral
sunscreens, prevents UV rays from entering the
skin. In addition, it aids in protecting against
infections by working in conjunction with several
other micronutrients®’.

Zinc has demonstrated positive effects not just in
sun protection, but also in addressing inflammatory
skin conditions, pigmentation issues, wound
recovery, and conditions like alopecia areata and
actinic keratoses®™.

Copper is one micronutrient that can protect the
skin from UV radiation. Copper aids in the
development of collagen and helps in the
production of melanin. Copper has antimicrobial
properties, and copper peptides, including glycyl-
histidyl-lysine (GHK) or y-glutamyl-cysteinyl- glycine
(GSH), have been shown to reduce oxidative skin
damage and heal skin tissue®. It promotes the
production and binding of hypoxia-inducible factor
l-alpha (HIF-1a) for angiogenesis and vascular
endothelial growth factor (VEGF) for the
regeneration of new skin during wound healing®.
These properties render it a vital part of wound
dressings. Furthermore, a reduced Zn-Cu ratio and
reliant antioxidant enzymes in male patients with
acne vulgaris might suggest that copper
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supplementation  could  have  therapeutic
advantages®™. Selenium safeguards against damage
from UV radiation and are crucial for the activity of
various antioxidant enzymes. Research has indicated
that selenium supplementation can benefit
individuals with psoriasis; however, a lack of
selenium has been associated with skin cancer
development and  epidermolysis  bullosa®*.
However, its presence may be linked to a decreased
risk of skin cancer, particularly basal cell carcinoma
(BCC) and squamous cell carcinoma (SCC)”. By
encouraging collagen and fibroblasts, a food-
derived, selenium-rich extract has been shown to
successfully prevent wrinkles and ageing”'.

Trends in eating habits

The effects of a plant-based diet on atopic dermatitis
are significant. Due to their high antioxidant,
vitamin, and mineral content, these foods can help
combat the oxidative stress and inflaimmation
associated with AD. Produce like fruits and
vegetables, along with nuts, seeds, and whole grains,
are packed with nutrients that support the skin's
barrier function, enhance hydration, and reduce
inflammation. Moreover, diets centered around
plant-based foods generally limit the intake of
processed products and unhealthy fats, which might
exacerbate the symptoms of Alzheimer's disease.
Prioritizing a plantbased diet improves overall
health and wellbeing in addition to reducing the
severity of AD *%.

Fatty acids, particularly omega-3 and omega-6
polyunsaturated fatty acids (PUFAs), are vital for
good skin. Omega-3 fatty acids, present in walnuts,
flaxseeds, and fish, possess anti- inflammatory
qualities that could aid in alleviating the
inflammation linked to AD. Additionally, they
contribute to maintaining the skin's barrier
function. Omega-6 fatty acids, often found in
processed foods and vegetable oils, may exacerbate
inflammation when ingested in large amounts. It is
essential to balance the intake of these fatty acids to
effectively manage AD.

Additionally, as we've already covered, vitamins
serve several purposes in preserving the health of
your skin. For instance, vitamin D has the ability to
modulate the immune system and can affect the
intensity of atopic dermatitis (AD). Low vitamin D

levels have been shown to exacerbate AD symptoms.
Vitamin E, known for its antioxidant properties,
aids in diminishing oxidative stress within the skin,
a factor that can worsen atopic dermatitis (AD).
Because it maintains the operation of the skin
barrier and immune system, vitamin A is crucial for
skin maintenance and healing. Vitamin C is
necessary to produce collagen, supports skin
structure, and has antioxidant properties. Vitamin
B Complex, especially B6, is essential for healthy
skin and a strong immune system.

Essential nutrients such as zinc and selenium
influence skin health as well. Zinc aids in the healing
of damaged skin and possesses anti-inflammatory
qualities. Selenium, an antioxidant, helps protect
the skin from oxidative damage™.

Nutritional Elements Influencing Skin Wellness in
Typical Dermatological Issues

Between two and three percent of adults are affected
by psoriasis, a long-lasting inflammatory disorder
influenced by genetic predispositions as well as
environmental elements. The pathogenesis of
psoriasis depends on the gut-skin axis, which links
skin inflimmation to an imbalance in the gut
microbiota. The fact that stomach dysbiosis can
trigger immunological responses, leading to systemic
inflammation and exacerbating psoriatic symptoms,
underscores the connection between gut health and
skin conditions such as psoriasis”. A Mediterranean
diet and a gluten-free diet (GFD) could also offer
advantages’.

The Mediterranean diet places a strong emphasis on
plant-based foods such fruits, vegetables, whole
grains, nuts, and legumes. Alcohol, red meat, and
sugars all cause inflammatory pathways that worsen
psoriasis, whereas n-3 polyunsaturated fatty acids,
vitamins D and B12, and other nutrients lessen
inflammation. Although this link has not been
shown, some people think that psoriasis may be
related to deficiencies in vitamin D and selenium **.
Alopecia areata, a prevalent autoimmune-driven hair
loss disorder that affects about 2% of adults, can
result in anything from localized patches to total body
hair loss”. Vitamin D is essential for the growth of
keratinocytes, and a lack of vitamin D has been linked
to autoimmune diseases'®. Topical calcipotriol, which
is a vitamin D derivative, has been demonstrated to be
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effective in treating alopecia areata (AA) only when
used as a supplementary therapy. Research is
currently exploring the possibility that anti-
inflammatory  diets—particularly those rich in
antioxidants and free of gluten—might help alleviate
the inflammation linked to AA''%%,

Pemphigus is a blistering disorder resulting from
autoantibodies that target desmoglein cadherins.
Pemphigus vulgaris (PV), pemphigus foliaceus (PF),
and severe paraneoplastic pemphigus (PNP), which
is associated with hematologic neoplasms, are
among the disease's variations'®. Traditional
corticosteroid therapy is helpful, but it has a
significant risk of death because of possible
congenital abnormalities, aseptic joint necrosis,
osteoporosis, adrenal insufficiency, hyperlipidemia,
growth suppression, and negative effects on the
gastrointestinal tract, liver, and eyes. Nutritional
issues during treatment involve hydro electrolytic
imbalances, increased catabolism due to skin
peeling, and difficulties with feeding'™. In severe
cases, a diet high in protein is recommended as part
of intensive nutritional therapy, and in specific
circumstances, the use of a nasogastric feeding tube
is suggested'”. Vitamin D3 supplementation may be
part of the pharmaceutical treatment for
pemphigus. Pemphigus may be triggered by a wide
variety of foods and drinks, and dietary factors, such
as compounds like tannins and phenols, are
implicated in its development'®. This emphasizes
how crucial individualized nutritional care is for
people with pemphigus. Nonetheless, pemphigus is
often, though not universally, linked to dietary
factors. Dermatologists once denied that food and
acne were related, but current research indicates

of sebum and testosterone. Randomized controlled
trials support this, demonstrating that a 10-week
low-glycemic load diet combined with probiotics
reduces acne by increasing insulin sensitivity and
reducing androgen-related factors'®. Moreover,
polycystic ovarian syndrome (PCOS) exacerbates
acne because too much insulin increases androgen
levels'”. Reducing sugar and carbohydrates can help
PCOS sufferers' hormones return to normal, which
will lessen their oil production and acne.

Conclusion

The information acquired for this review suggests
that certain dietary strategies can change skin
microbiomes to have beneficial dermatological
consequences. Eating foods rich in nutrients,
probiotics, and prebiotics enhances the skin barrier,
promotes microbial diversity, and reduces the
inflammation associated with common skin issues.
On the other hand, diets that contain high levels of
processed sugars and unhealthy fats disrupt
microbial balance and worsen skin problems.
Personalised nutrition plans, which are based on the
individual ~microbiota profile and clinical
presentation of each patient, offer a possible
substitute for conventional therapies. Future studies
should concentrate on largescale, randomized
controlled trials to identify the optimal

nutrient combinations, intake levels, and
intervention periods. As we gain deeper insights
into the gutskin connection, comprehensive
nutritional approaches may revolutionize both
preventative ~and  treatment  strategies  in
dermatology.
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