
ABSTRACT

The skin is a specialized organ whose health largely depends 
on internal factors, including the condition of the intestines. 
Thanks to its metabolic, immune, and digestive functions, this 
section of the digestive system affects the entire body.

This study aimed to present skin disorders associated 
with digestive system dysfunctions. The most common 
ones are acne vulgaris, rosacea, psoriasis, atopic dermatitis, 
keratinization disorders, and abnormal water exchange 
in the skin.

The intestines, which perform key metabolic, immune, 
and digestive functions, have a huge impact on the condition 
and appearance of the skin. The strong connection between 
the gut-skin-brain axis opens up a new perspective on the 
interdependencies between these systems.

Keywords: microbiome, microbiota, celiac disease, acne, 
probiotics, skin, intestines, digestive system

STRESZCZENIE

Skóra to wyspecjalizowany narząd, którego kondycja w dużej 
mierze zależy od czynników wewnętrznych – w tym stanu je-
lit. Ten odcinek układu pokarmowego dzięki swoim funkcjom 
metabolicznym, odpornościowym i  trawiennym oddziałuje 
na cały organizm. 

Celem pracy było przedstawienie zaburzeń widocznych na 
skórze występujących w  powiązaniu z  dysfunkcjami układu 
pokarmowego. Najczęściej są to: trądzik pospolity, różowaty, 
łuszczyca, atopowe zapalenie skóry, zaburzenie keratynizacji 
i nieprawidłowy poziom wymiany wodnej w skórze.

Jelita, pełniące kluczowe funkcje metaboliczne, odporno-
ściowe i trawienne, mają ogromny wpływ na kondycję i wy-
gląd skóry. Silne powiązanie między osią jelitowo-skórno-
-mózgową otwiera nowe spojrzenie na wzajemne zależności 
zachodzące między tymi układami.

Słowa kluczowe: mikrobiom, mikrobiota, celiakia, trądzik, 
probiotyki, skóra, jelita, układ pokarmowy
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The gut-skin axis. The impact of selected 
intestinal dysfunctions on skin condition

Oś jelito-skóra.  
Wpływ wybranych dysfunkcji jelit na stan skóry

INTRODUCTION 
Until recently, hormonal disorders were considered the 
main etiological factor in dermal skin changes. A disrupted 
circadian rhythm, a  hectic lifestyle, and stress are among 
the many factors that affect energy levels, well-being, and 
the quality of skin and hair. In addition, poor diet, frequent 
use of medication, and low awareness of prevention are 
a  combination of factors that cause intestinal dysfunction. 
This article describes the relationship between intestinal 
disorders and skin problems that are causing concern among 
specialists.

Digestion is the basic process of the digestive system, which 
involves breaking down food into simpler compounds that the 
body can more easily assimilate and absorb. The digestive 
process can take place throughout the digestive tract, but the 
main site is the duodenum in the small intestine. Digestion 
in the duodenum is facilitated by digestive enzymes secreted 
by the intestinal wall, as well as bile from the gallbladder and 
liver, and pancreatic juice from the pancreas, which is rich in 
enzymes that break down carbohydrates, proteins, and fats 
[1-3]. The absorption of nutrients takes place intercellularly 
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based on diffusion or active transport. Low-molecular-weight 
components pass through the pores by diffusion, while large 
molecules can be transported through the cell membrane by 
this route if they are soluble in the lipid layer. This is where 
amino acids and glucose are transported [1, 3].

The folding of the intestinal structure and the presence 
of intestinal villi significantly increase the absorption 
surface area. The structure of the intestines is adapted to the 
function of absorption thanks to the presence of the brush 
border, whose enzymes play an important role in the process 
of nutrient resorption. Proper intestinal motility, adequate 
secretion and activity of enzymes, proper functioning of 
the cell membrane, and efficient visceral circulation are 
important for the effective absorption of nutrients in the 
intestines [1, 3, 4].

INTESTINAL MICROBIOME
Microbiota refers to all microorganisms living in a  given 
environment. The microbiome is a complex community of 
commensal, symbiotic, and pathogenic microorganisms 
inhabiting a  specific environment of the body or other 
ecological niches. The microbiota inhabiting the human 
body is concentrated mainly in the digestive tract, but also 
in the respiratory system and skin. Bacteria present in the 
human intestine play an important role in maintaining the 
body’s homeostasis – they support metabolic and immune 
processes as well as various physiological functions. 
Microbiome interacts with the body’s immune system 
through the lymphatic tissue of the intestine. It is estimated 
that the intestines of a healthy human host over 1,000 species 
of microorganisms, whose total mass can reach up to 2 kg. 
The microbiome has a  strong impact on the structure and 
functioning of the intestinal barrier, directly and indirectly 
affecting the absorption, distribution, and metabolism of 
xenobiotics, thereby modifying their bioavailability. It also 
constitutes a  powerful enzymatic resource for the body – 
it is estimated that as much as 20-30% of the compounds 
present in the bloodstream originate from the activity of 
intestinal bacteria [5, 6]. At birth, humans are equipped 
with a specific set of microbial genes, which form the basis 
for the development of the microbiome. The amount and 
predominance of specific bacterial species change throughout 
life, but the greatest growth and diversity of bacteria is 
observed up to the age of 12. The quantity and condition of 
the microbiota in humans depend on the civilisation zone 
of settlement, stress factors, the quality and balance of food, 
the use of antibiotic therapy, and past infections. The most 
important period in the formation of the correct proportions 
of the microbiome is the first 3 years of life. The quantitative 
and qualitative composition of the microbiota during this time 
is significantly influenced by factors such as the state of the 
mother’s microbiome during pregnancy, the mode of delivery 
(natural or caesarean section), breastfeeding, and early skin 

contact [5, 6]. A decrease in the activity of the gut microbiome 
contributes to excessive antigen permeability. This causes 
several diseases affecting many systems, including celiac 
disease, obesity, diabetes, autoimmune and skin diseases. 
The discovery of gut bacteria has revolutionized the science 
and treatment of diseases previously not associated with the 
intestines [5, 6].

SKIN MICROBIOME
The skin microbiome is a  complex ecosystem of 
microorganisms: bacteria, fungi, viruses, and mites that 
colonize both the surface of the epidermis and deeper 
structures such as hair follicles and skin glands. Bacteria living 
on the skin surface, such as Proteobacteria and Staphylococcus 
spp., form communities that are deeply interconnected with 
each other and other microorganisms. Commensal fungi, such 
as Malassezia spp., grow both as branched filamentous hyphae 
and as single cells. Virus particles live both freely and within 
bacterial cells. Skin mites, such as Demodex folliculorum and 
Demodex brevis, live in or near hair follicles. Skin appendages 
include hair follicles, sebaceous glands, and sweat glands.

Humans have lived in symbiosis with microorganisms since 
the dawn of time. Approximately 99% of microorganisms 
colonizing the skin are non-pathogenic species that contribute 
to the natural protective barrier and support the microbiological 
balance of the skin. There are a  million microorganisms 
per square centimeter of skin. Research methods such as 
swabs and biopsies allow them to be classified into specific 
species. The most common bacteria found on the skin are: 
Cutibacterium sp, Corynebacterium sp., Staphylococcus sp., and 
Staphylococcus epidermidis. Bacteria on the skin participate 
in the defence against external pathogens. Some bacteria are 
closely related to immunity by secreting fatty acids that bind 
to certain receptors, e.g., T-lymphocytes. Bacteria are closely 
linked to maintaining the proper pH of the skin, which is 
slightly acidic. Pathogenic bacteria prefer an environment with 
pH values tending towards alkaline or higher (pH 6-8) [7, 8].

The acquisition of skin microbiota begins at birth. The 
first bacteria to colonize a  baby’s skin are those from the 
birth canal, followed by maternal microorganisms through 
skin-to-skin contact. The skin microbiome evolves during 
the first year, especially in the first weeks after birth, and 
this early colonization potentially influences the long-term 
stability of the microbiome and the immune function of the 
skin. Bidirectional transmission of microorganisms between 
mother and infant appears to be of primary importance in 
this process. During puberty, the skin microbiome changes 
markedly from a predominance of Firmicutes, Bacteroidetes, 
and Proteobacteria (beta-, gamma-proteobacteria) to 
more lipophilic Actinobacteria (Corynebacterium and 
Cutibacterium) [6-8].

Healthy, disease-free skin has the greatest microbial 
diversity compared to atopic or acne-prone skin. In highly 
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urbanized societies, where skin diseases and lesions are 
much more common, the skin microflora is much less 
abundant, which allows skin dysfunction to be linked to a lack 
of microbial diversity rather than to the predominance or 
absence of specific strains [9].

SKIN CHANGES
Human skin is becoming one of the fundamental monitors 
of diseases and inflammation inside the body. Pathological 
changes that are not physiological manifestations may occur 
on its surface. Skin changes, called rashes, can be classified 
according to three criteria: location, number, and type. 
Depending on the type of origin of the rashes, primary and 
secondary subtypes are distinguished (Table 1). 

The primary and secondary changes presented in Table 1 
are the basic symptoms of physiological changes in the skin. 
Skin rashes are most often the result of diseases that may 
have genetic, exogenous, or endogenous causes. Exogenous 
factors causing skin lesions include viruses, bacteria, plants, 
animals, allergenic particles, physical and chemical factors. 
These factors affect the skin as a result of direct contact with 
its surface, less often indirectly. Internal factors leading to the 
formation of skin rashes are most often the consequences of 
disorders or diseases of various body systems, such as the 
nervous, digestive, endocrine, or immune systems. Diseases 
such as renal failure, liver disease, anemia, gastritis, or 
pancreatic disorders can cause characteristic skin changes 
that sometimes indicate a specific disease entity [10].

As a  result of exposure to biological (viruses, bacteria), 
chemical (environmental pollution, drugs) or physical (UV 
radiation) factors, more or less developed skin lesions may 
develop on the skin [10].

INTESTINAL DYSFUNCTIONS AND THEIR IMPACT 
ON THE SKIN
The human intestine is an extremely complex organ 
containing approximately 100 million neurons that form an 
autonomous nervous system responsible for communication 
between nerve cells throughout the digestive system. In 
this way, the signal for food digestion in this section is not 
dependent on the brain signal, and the relay communication 
between these two systems works thanks to the vagus nerve. 
Neurotransmitters secreted in the brain, such as dopamine, 
stimulate the intestines and affect their motility, especially in 
stressful situations. The skin, as an organ, is also a recipient 
of many signals and brain transmitters. The sebaceous gland 
reacts to corticotropin metabolites, which are released in 
response to the activation of stress receptors. This leads to 
increased exfoliation within the gland and increased sebum 
production, which may contribute to the development of 
certain skin lesions [12-14].

The intestines and skin share epithelial origins and 
immune functions. The skin, which is in contact with the 
external environment, plays a defensive role when exposed 
to foreign bodies, biological, chemical, and physical factors. 
The intestines also play an immune role when in contact with 
ingested foods containing antigens. The immune system is an 
important link between the nervous and digestive systems, 
and the intestines, in addition to their digestive role, also 
perform a  nutritional function, providing metabolites and 
components necessary for all cells in the body, including skin 
cells. The gut-brain-skin axis acts as an integrated system in 
which all elements remain in constant interaction with each 
other [13-15].

Table 1 Summary of skin changes 

Types of rashes according to origin

Primary rashes Secondary rashes

Patch
flat rash with a different color than unaffected skin, the 
patch is flat and imperceptible to the touch 

Scales
result of abnormal keratinization of the epidermis or 
inflammation

Papule
a skin lesion raised above the surface of the skin, which 
may have a different color, may be smooth, exfoliating, 
oozing, or resolving without scarring

Scab
formed as a result of the drying of body fluids such as 
blood, serum, or pus

Blister 
a raised lesion on the surface of the skin; formed as a 
result of serous fluid exudation into the connective tissue

Erosion a defect in the epidermis

Nodule and 
tumor

elevated above the surface lesion usually leaving a scar Ulcer loss of dermis, leaving a scar

Blister an elevation above the surface of the skin filled with fluid Scar formed as a result of filling the defect 

Pustule
a type of blister filled with pus from the outset, most 
commonly occurring in the area of the hair follicle and 
sebaceous gland

Source: Own work based on [10]
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Intestinal wall permeability
Leaky gut syndrome causes increased permeability of the 
intestinal barrier, leading to the development of inflammation, 
digestive and absorption disorders resulting from damage 
to the intestinal mucosa. At the same time, this syndrome 
promotes an imbalance in the intestinal microflora. Various 
factors, such as food allergies, chronic stress, infections, 
pregnancy, or an unhealthy diet, can lead to damage to the 
tight junctions between epithelial cells, which are responsible 
for intestinal tightness. Tight junctions can adapt to conditions 
that deviate from physiological ones. One of the first known 
factors causing their reversible weakening is the enterotoxin 
Vibrio cholerae, which mimics the action of the endogenous 
modulator - zonulin. Increased zonulin activity has been 
observed under the influence of bacteria and gliadin. Studies 
have shown that the initial section of the intestine is devoid 
of bacteria, and the onset of colonization of this section 
increases the activity of the zonulin pathway, which causes 
intestinal leakage [16, 17].

Pathogenic bacteria, which bind to enterocytes and disrupt 
the integrity of the epithelium, also influence increased 
intestinal membrane permeability. This facilitates their 
penetration into the deeper layers of the intestine while 
weakening the defence mechanisms by capturing antigens 
directly from the intestinal lumen [18].

An important factor contributing to intestinal leakage 
is stress, during which corticotropin is released from 
the posterior lobe of the pituitary gland, increasing the 
permeability of the intestinal barrier. Stimulation of the 
adrenal cortex to secrete cortisol and release stressors 
stimulates intestinal motility by mast cells and macrophages. 
This leads to a weakening of tight junction cells and intestinal 
permeability. Stress is closely associated with a deterioration 
of the intestinal microbiota’s composition and quality, where 
pathogenic bacteria start to dominate and cause intestinal 
membrane damage [19, 20].

An inadequate diet, which includes consuming insufficient 
amounts of plant fiber from fruits and vegetables, is another 
factor contributing to intestinal permeability. Food allergies, 
especially to strong antigens such as dairy products, nuts, 
and cocoa, exacerbate the damage. In addition, it is worth 
noting that antibiotics and non-steroidal anti-inflammatory 
drugs play the biggest role in changing the composition of 
the intestines. As a result of toxins entering the body, there 
is constant stimulation of leukocytes and production of IgA 
antibodies, which leads to many autoimmune diseases and 
disorders, such as Hashimoto’s disease and rheumatoid 
arthritis. As a result of the accumulation of toxins circulating in 
the body, in addition to systemic symptoms, various changes 
may appear on the skin, ranging from pimples and papules 
to lichen and eczema. Acne and clusters of scales on the body 
are the most common skin symptoms in people with intestinal 
permeability [19, 20].

Intestinal villi atrophy 
Intestinal villi are numerous small projections made of 
epithelial tissue covering the inside of the small intestine, 
with an elongated shape tapering towards the top. Villi are 
equipped with a  lymphatic vessel along their interior. The 
entire structure measures between 0.3 mm and 1.5 mm, 
is highly innervated and supplied with blood. The most 
important role of intestinal villi is to increase the surface area 
for the absorption of nutrients into the body: amino acids, 
vitamins, minerals, and carbohydrates. Intestinal villi may 
atrophy as a result of celiac disease, which is caused by gluten. 
Gluten is the common name for a group of prolamins derived 
from cereals that harm the digestive system. Although celiac 
disease symptoms may be strongly linked to the digestive 
system, unusual symptoms that were not previously linked to 
the condition are increasingly occurring. The heterogeneous 
indicators of celiac disease make it very difficult to diagnose. 
After consuming food containing gluten, it begins to be 
broken down in the duodenum into smaller peptides with 
a high content of proline and glutamine. The peptides pass 
through tight junctions into the mucous membrane of the 
small intestine, where they are deaminated to glutamic acid. 
Glutamic acid is highly similar to antigen cells on dendritic 
cells, which leads to increased synthesis of inflammatory 
cytokines. This develops a chronic inflammatory process in 
the small intestine, manifested by intestinal crypt hyperplasia 
and simultaneous gradual shortening of the intestinal villi 
until their elimination [21-23].

When the intestinal villi are destroyed or disappear, 
digestive disorders occur in the intestine, malabsorption and 
several abnormalities resulting from nutrient deficiencies. 
Typical symptoms of celiac disease are bloating, abdominal 
pain, diarrhea, and severe abdominal pain. However, there are 
many more symptoms of food and vitamin deficiencies. The 
first ones to be noticed are apathy, headaches, anemia, weight 
loss, and decreased immunity. Other symptoms include food 
intolerances, migraines, joint pain, depression, fat-soluble 
vitamin deficiency, thyroiditis, infertility, and many others. 
Celiac disease is genetic, and due to technological advances, 
more and more patients are being diagnosed [21, 24, 25].

A common skin symptom in people with celiac disease 
is Duhring’s disease, also known as herpetiform dermatitis, 
which resembles extensive skin herpes. The skin symptoms 
are papules, blisters, and erythema, symmetrically located 
and itchy. The lesions are mainly located on the knees, elbows, 
neck, face, scalp, and buttocks. Celiac disease also causes 
damage to the hydrolipid barrier of the epidermis, which 
results in many skin problems, including dryness, rashes, 
and irritation. As a result of impaired absorption of vitamins 
and minerals, the skin of people with celiac disease is often 
pale, uneven in color, and dull. Excessive keratosis occurs on 
the skin, most often locally, which manifests itself as follicular 
keratosis [26, 27].
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Malabsorption syndrome
A group of conditions known as malabsorption syndrome 
occur when the small intestinal membrane’s ability to absorb 
one or more nutrients is disrupted. Malabsorption results 
in nutrient deficiencies. Impaired absorption may be due 
to damage to the intestinal membrane, which occurs in 
the course of celiac disease, Crohn’s disease, short bowel 
syndrome, fungal infections, and parasitic diseases. Digestive 
enzyme deficiency may be congenital, as in the case of lactase 
deficiency (alactasia) or phenylketonuria. They may also be 
caused by dysfunction of the organs that secrete enzymes: 
the liver or pancreas. Nonsteroidal and anti-inflammatory 
drugs can lead to malabsorption, the symptoms of which are 
presented in Table 2 [28].

Diagnosis of nutrient absorption disorders, based on 
observed symptoms, can be carried out using various 
diagnostic tools, such as: the Schilling test, used when vitamin 
B12 deficiency is suspected, involves assessing the amount 
of vitamin excreted in the urine after administration of 
radioisotope-labelled vitamin B12, diagnostics with biopsy, 
abdominal ultrasound, stool test, general urine test, blood 
test [29].

DISTURBANCES IN THE QUANTITY AND QUALITY 
OF THE INTESTINAL MICROBIOME
The colonization of the microbiome in the intestines is closely 
related to human health, which includes proper digestion, 
maintenance of a  proper intestinal barrier, inhibition of 
inflammatory processes, and production of IgG antibodies. 
Disorders of these functions cause food hypersensitivity, 
which induces many inflammatory processes. Therefore, 
a disturbance in the intestinal microbiota is associated not 

only with the digestive system and its diseases, but also with 
the entire body. Proper response and acquisition of tolerance 
to antigens is closely related to the composition of the 
intestinal microbiota, which produces antibodies that cross-
react with microbial antigens. The correct composition of the 
intestinal microflora does not cause allergic and inflammatory 
reactions in a healthy intestine [30].

The factors that influence changes in the composition of 
normal gut microbiota include childbirth (Caesarean section), 
insufficient breastfeeding, early introduction of solid foods, 
antibiotic therapy, insufficient fiber in the diet, high-sugar 
diet, surgery, and poor mental health. Any modifications to 
the intestinal environment can affect the composition of the 
microflora, leading, among other things, to a weakening of the 
population of beneficial bacteria of the genus Lactobacillus, 
Bifidobacterium, Bacteroides, and an increase in the number 
of Clostridium difficile bacteria, enterobacteria, and Candida 
albicans yeast. This imbalance promotes the entry and 
proliferation of Escherichia coli, Bacillus, and Clostridium into 
the intestines [30].

Based on studies conducted on various social groups, 
civilizations inhabiting different areas of the world, and 
groups of people with specific skin problems such as psoriasis, 
acne, hydrolipid coat disorder, or alopecia areata, it has been 
possible to link deficiencies in specific bacterial strains with 
exact skin symptoms [6]. 

In psoriatic diseases, stool and blood tests have revealed 
chronic secretion of pro-inf lammatory cytokines, 
increased zonulin, alpha-1-antitrypsin (an inhibitor 
strongly associated with the inflammatory process), and 
characteristic psoriatic stool core. In addition, a decrease in 
the number of bacteria in the intestinal microflora has been 

Table 2 Symptoms resulting from nutrient deficiencies

Nutrient Systemic symptoms Skin symptoms

Proteins leg swelling, swelling of other parts of the body, immune disorders, 
blood clotting disorders, decreased immunity, muscle and joint pain

hair loss, dry skin, weak nails, reduced skin density

Fats fatty diarrhea, vitamin A, D, E, and K deficiencies; heart problems, 
nervousness, dry eyes, concentration problems, hormonal 
imbalance

dry skin, disruption of the water-lipid barrier, loss of elasticity, 
marked rapid aging of the skin, hair loss

Carbohydrates diarrhea, bloating, excessive gas, headaches, weakness water-lipid barrier disorders, dry skin

B vitamins heart and nervous system failure, dry eyes, depression, dental 
diseases, anemia

dry skin, excessive exfoliation, redness, seborrheic dermatitis

Vitamin A photophobia, fertility problems excessive skin keratosis, dry skin, acne

Vitamin D weak bones and muscles, rapid fatigue, insomnia, diarrhea, 
hypertension, reduced immunity, deterioration of dental health 

skin inflammation, slow wound healing 

Vitamin K hematuria, slow blood clotting, increased susceptibility to infections bruising, broken capillaries, slow skin regeneration

Vitamin C muscle and joint pain, reduced immunity slow wound healing, perineal inflammation, gray skin

Iron anemia excessive hair loss, burning skin

Source: Own study based on [28]
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observed: Bacterioides, Bifidobacterium, Coproccocus spp, 
Rumonococcus, Pseudobutyrivibrio xylanivorans. In the case 
of atopic dermatitis and allergic diseases, a  predisposition 
to these types of conditions is inherited. Extensive studies 
in people with atopic dermatitis have shown an increase in 
intestinal permeability, an elevated level of endotoxins in the 
blood, increased eosinophil X proteins in the stool, a rise in 
D-arbinitol metabolites, a decrease in vitamin D, and reduced 
diamine oxidase. The microbiome of people with atopic 
dermatitis showed an increased amount of Bifidobacterium 
breve and a  decreased quantity of Bifidobacterium 
catenulatum. In the case of acne, therapy has long been 
limited to topical treatment and the diagnosis of pathological 
deviations from skin physiology. Studies on people with 
acne have revealed a whole range of systemic abnormalities, 
leading to the conclusion that acne is only a symptom. Patients 
with acne were found to have reduced levels of insulin-like 
growth factor-binding protein, increased leptin levels, and 
increased expression of pro-inflammatory cytokines. The 
microbiota in people with acne is clearly less diverse, which 
has a high pro-inflammatory potential. In case of this skin 
disease, there is a  decrease in microorganisms such as 
Clostridium, Clostridiales, Lachnospiraceae, Ruminococcaceae, 
and Firmicutes, with a simultaneous increase in pathogenic 
bacteria of the genus Bacteroides spp. [6].

FOOD INTOLERANCES 
Food intolerances are an inappropriate response by the body 
to foods that do not cause harmful symptoms or reactions in 
healthy people. Intolerances are divided into allergic and non-
allergic hypersensitivity to specific products. Non-allergic 
food intolerances include enzymatic hypersensitivity, which 
can be primary (congenital) or the result of a digestive system 
disease that leads to damage to the intestinal epithelium. As 
many as 26% of people with food allergies also have lactose 
intolerance. As a result of intolerance, the intestinal mucosa 
is damaged and osmotic diarrhea with watery stools occurs. 
The severity of symptoms is related to the number of products 
consumed or the individual course of the reaction. Increased 
causes of food intolerance include histamine intolerance 
contained in products or endogenous production of histamine 
in products such as veal, beef, cheese, tomatoes, strawberries, 
and chocolate. People with this kind of intolerance experience 
symptoms such as abdominal pain, migraines, dizziness, skin 
rashes, and acne. Other food intolerances may be influenced 
by food colorings, preservatives, and antioxidants [12, 27].

PROBIOTIC THERAPY AND IMPORTANT MEASURES  
AIMED AT IMPROVING THE REDUCTION  
OF DERMATOLOGICAL DISEASES
Improper absorption of vitamins and minerals can contribute 
to a  lack of micro- and macroelements necessary for the 
proper functioning of the body, including the skin and 

its appendages. Intestinal dysfunction is mainly caused 
by intestinal dysbiosis. Probiotic therapy significantly 
supports appropriate intestinal function. Probiotics are live 
microorganisms in the form of lactic acid bacteria and selected 
yeast strains that occur naturally in the human intestine and 
support the balance of microflora. They have a  beneficial 
effect on both intestinal function and processes throughout 
the body, supporting overall metabolic balance. Probiotics in 
supplements must be labelled as microbiologically pure (they 
must not contain pathogenic bacteria). They undergo freeze-
drying, which ensures their safety and viability during use. 
An insufficient number of intestinal bacteria in adults, such 
as Lactibacillus plantarum, Lactobacillus bifidus, Lactobacillus 
helveticus, Lactobaccilus bulgaris, Bifidobacterium breve, can 
lead to deterioration of skin hydration, greying, wrinkles, 
inflammation, and disorders in the process of regeneration 
and regulation of the epidermis.

Probiotics have a  positive effect on the entire body by 
regulating anti-inflammatory processes and improving the 
absorption of many vitamins, primarily vitamins B  and K, 
while counteracting the absorption of substances that are 
harmful to the body. Probiotics increase the body’s tolerance to 
lactose, activate macrophages, and increase the production of 
lymphocytes and leukocytes. The beneficial effect of probiotics 
on the intestinal microbiota, which is closely related to the skin 
microbiome, translates into the inhibition of seborrhea, the 
calming of inflammation, the reduction of new skin lesions, 
as well as improved hydration and reduced water loss through 
the epidermis. Probiotics support the body in alleviating the 
effects of stress, which helps improve the appearance of the 
skin and reduce skin conditions that arise as a result. For the 
microbiome to colonize and function properly, it is necessary 
to maintain appropriate environmental conditions, including 
reducing stress, providing the right nutrients for probiotics, 
and minimizing ingredients that cause dysbiosis. Skin 
diseases are much more common in Western countries, which 
is associated with differences in diet compared to Eastern 
countries. Reducing fats that negatively affect skin condition, 
such as those found in margarine, confectionery, and fast 
food, refined carbohydrates, chocolate, and dairy products 
that cause a  high glycemic index, is essential to lower the 
levels of hormones directly related to acne and inflammation. 
In probiotic therapy, it is important to use appropriately 
selected strains of bacteria tailored to the specific problem, 
as well as prebiotics and a high supply of dietary fiber, which 
provides a  breeding ground for probiotics and inhibits the 
growth of pathogenic bacteria. Prebiotics, such as inulin or 
resistant starch, support the action of probiotics by providing 
them with the nutrients necessary for growth and activity 
in the intestines. Modern cosmetology also uses non-living 
probiotic bacteria or their particles in skin treatments and in 
face, body, and scalp care cosmetics. External support for the 
skin microbiome helps restore bacterial balance by limiting 
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the activity of pathogenic microorganisms, reducing sebum 
secretion, and normalizing keratinization processes. The use 
of cosmetics with probiotics has also been proven to regulate 
transepidermal water loss and provide sun protection [34-36].

Vitamin D  is essential for maintaining proper calcium 
and phosphate metabolism and ensuring accurate bone 
growth and mineralization. With the right amount of vitamin 
D, calcium and other nutrients are absorbed properly. 
Vitamin D also plays an important role in apoptosis and cell 
differentiation processes, regulating the expression of over 50 
genes related to the functioning of, among others, the kidneys, 
intestines, heart, brain, and skin. Vitamin D  deficiency is 
caused by lack of sunlight, low physical activity, an unbalanced 
diet, obesity, limiting the bioavailability of vitamin D, and 
certain diseases such as hyperthyroidism or malabsorption 
syndrome. 80-90% of vitamin D synthesis takes place in the 
skin. In adults, the level of this vitamin should be maintained 
at 30-80 ng/ml. Vitamin D is mainly absorbed in the jejunum 
after consumption with food. Its bioavailability reaches about 
80% and is most effective in the presence of fats and lipids. 
Vitamin D  supplementation is recommended for people 
with skin problems related to abnormal sebaceous gland 
function, such as acne vulgaris and rosacea, as well as in 
cases of papular dermatoses (e.g., lichen planus), excessive 
keratinization, psoriasis, skin hypersensitivity, and as an 
adjunct in the treatment of skin cancer. In skin cancer, it slows 
down cell proliferation and is even able to stop it [11, 38, 39]. 

Omega-3 fatty acids belong to the group of polyunsaturated 
fatty acids, which are not synthesized by the human body 
and must be supplied exogenously. Omega-3 fatty acids 
include alpha-linolenic acid, docosahexaenoic acid, and 
eicosapentaenoic acid. Approximately 500 mg of alpha-
linolenic acid (ALA) should be supplied daily, from which 
the body can synthesize the other two omega-3 acids. These 
acids are found mainly in plants and vegetable oils, the 
richest source of which is linseed oil. Omega-3 acids have 
an anti-inflammatory effect in the body, support proper 
bowel function, and alleviate the course of inflammatory 
diseases such as rheumatoid arthritis. Omega-3 acids have 
a beneficial effect on the condition of the intestinal microflora 
and, as a result, have a high systemic benefit, including on 
the skin. In people with a regular supply of omega-3 acids, an 
increase in the number of Bifidobacterium, Lactobacillus, and 
certain Bacteroidetes bacteria has been observed. Omega-3 
supplementation also reduces intestinal permeability and 
stimulates the reconstruction of the intestinal wall barrier in 
the keratinization process, limiting skin water evaporation. 
A deficiency of these acids is noticeable in diseases such as 
psoriasis and atopic dermatitis. A lack of omega-3 acids more 
often causes acne comedonica as a result of blockage of the 
sebaceous gland outlets. The highest content of omega-3 
acids can be found in linseed oil, evening primrose oil, and 
borage oil [40-42].

Sodium butyrate, the sodium salt of butyric acid, has 
a beneficial effect on intestinal regeneration. Butyric acid is 
a short-chain fatty acid and a substance that provides energy 
to the intestinal epithelium. It is produced by microorganisms 
in the intestine, mainly by fermenting bacteria. Providing 
ingredients from which intestinal bacteria can synthesize the 
necessary compounds (e.g., milk, cottage cheese, silage, or soy) 
is often insufficient for full regeneration of the intestinal walls. 
The integrity of the intestinal membrane and its functioning 
play a key role in absorption, protection against pathogens, 
and proper intestinal motility. Butyric acid present in the 
intestinal lumen increases water flow and sodium delivery. 
A deficiency of butyric acid in the intestines leads to disorders 
of both the large and small intestines, resulting in weakened 
mucosal regeneration processes, energy deficiencies, and 
increased intestinal wall permeability, which promotes 
digestive problems, especially in cases of irritable bowel 
syndrome, ulcerative colitis, postoperative conditions, and 
severe drug-induced invasions.

SUMMARY
The skin is an organ that is intimately related to other bodily 
systems, reliant on the physiological, immunological, and 
hormonal processes occurring inside them, and susceptible 
to stress and climatic change. More and more studies 
confirm the existence of a strong relationship between the 
skin-gut-brain axis, which allows us to look at their mutual 
relationships in a  new, holistic way. The intestines, which 
perform metabolic, immune, and digestive functions in the 
body, have a  huge impact on the quality and condition of 
the skin. Particular attention should be paid to the intestinal 
microflora and its species diversity, which, under the influence 
of stress, circadian rhythm disorders, or consumption of low-
quality products, undergoes quantitative and qualitative 
changes, causing numerous disorders in the functioning of 
the body. Impaired absorption of micro- and macroelements, 
increased intestinal permeability, and insufficient elimination 
of toxins are just some of the disorders that lead to a cascade 
of problems in the body. Intestinal diseases are most often 
associated with skin conditions such as acne vulgaris and 
rosacea, psoriasis, atopic dermatitis, keratinization disorders, 
and abnormal skin water balance. 
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