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Abstract
The bidirectional communication between the gut microbiota and the 
skin, known as the gut-skin axis, has garnered increasing attention as a 
novel paradigm in dermatology. This review provides a comprehensive 
overview of recent research elucidating the role of gut dysbiosis in the 
pathogenesis of dermatological conditions, including acne, eczema, and 
psoriasis. Current evidence suggests that alterations in gut microbial 
composition and dysregulated immune responses contribute to systemic 
inflammation and skin barrier dysfunction. Moreover, microbial 
metabolites and immune mediators produced in the gut can influence 
skin homeostasis and inflammatory processes. Future research directions 
include investigating microbial-based interventions, such as probiotics, 
prebiotics, and fecal microbiota transplantation, for modulating the 
gut microbiota and improving dermatological outcomes. Furthermore, 
integrated multi-omics approaches and advanced computational 
modeling hold promise for unraveling complex interactions within the 
gut-skin axis and identifying potential therapeutic targets for personalized 
dermatological care.
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Introduction
The gut-skin axis (GSA) represents the bidirectional relationship 
between the gastrointestinal (GI) system and the skin, 
emphasizing the complex communication pathways and how 
the health and function of one can significantly influence the 
other. In dermatology, this concept highlights the role of gut 
microbiota, intestinal permeability, and systemic inflammation 
in maintaining skin health and contributing to dermatological 
diseases. Gut microbiota refers to the diverse community of 
microorganisms residing in the gastrointestinal tract. Dysbiosis, 
an imbalance in this microbiome, has been linked to various skin 
conditions, including acne, rosacea, eczema, and psoriasis [1].

Systemic inflammation is a critical factor in this relationship, 
where increased intestinal permeability, often termed “leaky gut 
syndrome,” allows toxins, antigens, and bacteria to translocate 
into the bloodstream. This can trigger systemic inflammation 
and subsequent cutaneous manifestations. The rising interest in 

the gut-skin axis within the dermatological community reflects 
its potential to revolutionize the understanding and treatment of 
skin conditions. For instance, studies indicate that a significant 
percentage of patients with gastrointestinal disorders such as 
ulcerative colitis and Crohn’s disease exhibit skin manifestations 
[2]. Specifically, 14% of patients with ulcerative colitis and 
24% of patients with Crohn’s disease show cutaneous lesions, 
highlighting the interplay between gut and skin health.

This literature review aims to provide a comprehensive 
overview of current research discussing the role of gut dysbiosis 
in the pathogenesis of dermatological conditions. This review 
will scrutinize the mechanisms of action and adverse effects 
associated with the gut-skin axis by examining clinical 
trials, randomized controlled studies, and meta-analyses. 
Additionally, it will explore emerging trends in microbial-
based interventions, such as probiotics, prebiotics, and fecal 
microbiota transplantation, for modulating the gut microbiota 
and improving dermatological outcomes. Understanding the 
GSA is crucial for advancing dermatological research and 
treatment, offering a holistic approach that considers diet, gut 
health, and systemic inflammation as integral components of 
managing skin conditions. By synthesizing current evidence 
and identifying areas for improvement, this review aims to 
equip dermatologists with a comprehensive understanding of 
gut-skin interactions, facilitating informed decision-making 
and enhancing patient-centered care strategies. This analysis 
is a useful tool for dermatologists, empowering clinicians to 
make informed decisions and improve the quality of care and 
outcomes for patients with dermatological conditions influenced 
by the gut-skin axis.

Role of Gut Dysbiosis in Acne, Eczema, and Psoriasis
Exploration of Gut Dysbiosis in Acne
Recent research has highlighted the significant role of gut 
microbiota in the development of acne vulgaris. Patients with 
acne often exhibit distinct alterations in their gut microbial 



composition compared to healthy controls, including a 
notable decrease in beneficial bacteria such as Clostridia, 
Lachnospiraceae, and Ruminococcaceae and an increase in 
potentially harmful bacteria like Bacteroides and Proteobacteria 
[3,4].  These microbial imbalances are believed to exacerbate 
skin inflammation and contribute to the pathogenesis of acne. 
Specifically, alterations in gut microbiota composition, such 
as decreased levels of beneficial bacteria like Bifidobacterium 
and Lactobacillus and increased levels of Proteobacteria, have 
been observed in acne patients compared to healthy controls 
[5]. This imbalance can influence systemic inflammation and 
immune responses, potentially aggravating acne. Gut dysbiosis 
can disrupt the skin’s microbial balance, promoting the growth 
of Cutibacterium acnes strains that produce biofilms and lead to 
antibiotic tolerance, thereby exacerbating acne lesions.

Additional factors to consider for the implications of the GSA 
include gender-specific variations and the involvement of the 
brain. Gender-specific differences in gut microbiota have been 
observed, with male acne patients showing a lower abundance of 
beneficial microbes and disordered fatty acid metabolism, while 
female patients exhibit dysbiosis related to amino acid metabolism 
[6]. These differences suggest hormonal variations between 
genders may significantly influence gut microbiota composition 
and metabolic processes. Consequently, therapeutic approaches 
for acne management may need to be tailored to address these 
gender-specific microbiota and metabolic differences. The gut-
brain-skin axis is another critical pathway through which gut 
dysbiosis may impact acne. Stress and emotional states, such 
as anxiety and depression, can alter gut microbiota and increase 
intestinal permeability, resulting in systemic inflammation that 
manifests in the skin [7]. Furthermore, therapeutic interventions 
targeting gut microbiota, such as probiotics, have shown promise 
in modulating gut and skin microbiota, thereby reducing acne 
severity [6]. Overall, the intricate relationship between gut 
dysbiosis and acne underscores the importance of maintaining 
a balanced gut microbiota for skin health, highlighting potential 
avenues for novel acne treatments that focus on restoring 
microbial homeostasis.

Exploration of Gut Dysbiosis in Eczema
Gut dysbiosis significantly contributes to the development and 
exacerbation of eczema through various mechanisms. It disrupts 
microbial balance, reduces beneficial metabolites, and impairs 
immune regulation, highlighting the importance of maintaining 
a healthy gut microbiome for preventing and managing eczema. 
Infants with eczema exhibit less complex and stable gut microbial 
networks than healthy infants, indicating that a denser and 
more diverse gut microbiota is crucial for healthy development 
[8]. This dysbiosis is characterized by a lower abundance of 
beneficial bacteria such as Bifidobacterium and Lactobacillaceae 
and a higher presence of potentially harmful bacteria like 
Streptococcus, Bacteroidaceae, and Deinococcaceae, which 
disrupt the GSA and immune homeostasis [9,10].  The imbalance 
in gut microbiota leads to reduced production of short-chain fatty 
acids (SCFAs) like butyrate, essential for maintaining gut barrier 
integrity and modulating immune responses. This deficiency 
in SCFAs results in increased IgE levels and altered immune 
responses, further aggravating eczema symptoms.

In adults with eczema, gut dysbiosis manifests as an altered gut 
microbiome structure with a dominance of bacteria such as Blautia 
and Lachnoclostridium, associated with metabolic dysfunctions 
and immune dysregulation [9]. The gut-skin axis plays a pivotal 
role in this process, where gut microbiome alterations can lead 
to changes in the skin microbiome, promoting the colonization 
of pathogenic bacteria like Staphylococcus aureus (S. aureus), 

which is known to exacerbate eczema [11]. Additionally, the 
gut microbiome’s interaction with host immunity is crucial, as 
diminished diversity and specific bacterial deficits are linked to 
impaired immune development and increased eczema severity. 
This suggests that targeting the gut microbiome could be viable 
for managing eczema symptoms and improving overall immune 
function in affected individuals.

The association between gut dysbiosis and eczema prevalence is 
well-documented, with multiple studies highlighting the critical 
role of gut microbiota in the development and progression 
of eczema. Dysbiosis has been linked to reduced microbial 
diversity and the prevalence of specific bacterial families that 
may contribute to eczema. Studies have shown that infants with 
eczema have a less complex and stable gut microbiota network 
compared to healthy infants, indicating that a denser and more 
diverse microbial community may be protective against eczema 
[12]. Additionally, maternal factors such as high triglyceride 
levels in late pregnancy have been identified as potential risk 
factors for eczema, further emphasizing the interconnectedness 
of maternal health, gut microbiota, and infant health outcomes 
[8]. Gut dysbiosis plays a significant role in the pathogenesis of 
eczema and is closely linked to skin barrier disruption. Eczema 
is a multifactorial disease involving genetic, environmental, and 
immunological factors, with a notable defect in the epithelial 
barrier and immune dysregulation. Dysbiosis, characterized 
by reduced microbial diversity and increased colonization by 
pathogens like S. aureus, exacerbates eczema by impairing the 
skin barrier and promoting inflammation [13]. The GSA is crucial 
in this context, as gut microbiota influence systemic immune 
responses and skin health. Altered gut microbiota can modulate 
histamine-independent pruritus and disrupt the epidermal barrier 
through microbial metabolites and proinflammatory cytokines, 
contributing to central sensitization of pruritus mechanisms in 
eczema.

The interplay between gut and skin microbiota affects the 
maturation of innate and adaptive immunity, with early-life 
microbial exposure being critical for immune development [7,14]. 
Genetic factors, such as mutations in the filaggrin (FLG) gene, 
further compromise the skin barrier, making it more susceptible 
to allergen sensitization and pathogen colonization, which can 
lead to atopic march, progressing from eczema to food allergies 
and asthma [15]. The disrupted skin barrier in eczema patients 
allows for easier bacterial adhesion and reduced antimicrobial 
peptide production, which favors S. aureus colonization and 
further barrier breakdown [16]. Probiotics and prebiotics have 
shown promise in modulating the gut microbiome, enhancing 
the intestinal barrier, and potentially alleviating eczema 
symptoms by performing immunomodulatory and metabolic 
effects [17]. Understanding the gut-skin microbiome interaction 
and its impact on the immune system is essential for developing 
novel therapeutic strategies for AD [18]. Emerging research 
continues to shed light on the dynamic relationship between 
the gut and skin, emphasizing the role of microbial diversity in 
maintaining immune homeostasis. These findings suggest that 
targeted interventions to restore microbial balance may offer 
new avenues for therapeutic approaches.

Analysis of Gut Dysbiosis in Psoriasis
Gut dysbiosis has been increasingly linked to the onset and 
severity of psoriasis. Patients with psoriasis exhibit significant 
alterations in their gut microbiota composition compared 
to healthy individuals. These alterations include a higher 
abundance of Bacteroidetes and lower levels of Proteobacteria, 
with specific genera such as Lactobacillus and Dialister more 
prevalent in psoriatic patients [19]. This dysbiosis is associated 
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with increased intestinal permeability, often called “leaky gut 
syndrome,” which allows microbial translocation and systemic 
immune activation, contributing to chronic inflammation and 
the phenotypic expression of psoriasis in genetically susceptible 
individuals [20]. This chronic immune activation plays a role 
in exacerbating inflammation and triggering the phenotypic 
expression of psoriasis in genetically predisposed individuals. 
The GSA, which connects gut microbiota dysbiosis to systemic 
inflammation, further illustrates how these microbial imbalances 
influence skin conditions like psoriasis. 

The GSA involves complex interactions between the gut 
microbiome, immune system, and skin health, and it plays a 
central role in psoriasis pathogenesis. Dysbiosis in psoriasis 
patients often includes increased levels of Firmicutes and 
decreased levels of Bacteroidetes, highlighting the critical 
role of microbial changes in disrupting immune functions 
and promoting inflammatory pathways [21]. This microbial 
imbalance affects immune-mediated pathways, particularly the 
IL-17/IL-23 axis, which is crucial in psoriasis. The IL-17/IL-
23 axis is a key driver of the inflammatory response that leads 
to the proliferation and activation of keratinocytes, resulting in 
the characteristic skin lesions seen in psoriasis [22]. Modulating 
the gut microbiota to restore balance could help regulate this 
inflammatory pathway, offering therapeutic benefits for psoriasis 
management.

Microbial metabolites, including SCFAs, tryptophan metabolites, 
and amine derivatives like trimethylamine N-oxide (TMAO), 
play significant roles in modulating immune responses and 
inflammation [23]. SCFAs, produced by gut bacteria through 
the fermentation of dietary fibers, influence the differentiation 
and function of regulatory T-cells (Tregs), which are essential 
for maintaining immune homeostasis. In psoriasis, enhancing 
SCFA production could help regulate immune responses and 
reduce skin inflammation. Tryptophan metabolites, such as 
indole derivatives, also possess anti-inflammatory properties 
that may alleviate psoriasis symptoms [23]. Conversely, TMAO, 
a metabolite derived from dietary choline and produced by gut 
bacteria, has been linked to promoting inflammation, potentially 
worsening psoriatic conditions. The gut microbiota also produces 
neurotransmitters such as dopamine and serotonin, which interact 
with the immune system and affect skin inflammation through 
the gut-brain-skin axis [24]. This bidirectional communication 
between the gut and skin suggests that maintaining a healthy gut 
microbiome could positively impact mental and skin health in 
psoriasis patients. 

These findings underscore the critical connection between 
gut dysbiosis and psoriasis, suggesting that targeting the 
gut microbiome could be a promising therapeutic approach. 
Persistent gut dysbiosis, particularly the prevalence of Clostridial 
species in patients with psoriatic arthritis (PsA), correlates with 
specific immunological changes not addressed by conventional 
treatments, indicating an underlying intestinal inflammatory 
response contributing to PsA pathogenesis [25]. Additionally, 
treatments like balneotherapy, which improves both skin and 
gut microbiome composition, suggest that microbiome-targeted 
therapies can have systemic benefits [26]. Experimental models 
support these findings, where fecal microbial transplantation 
from severe psoriasis cases worsened skin inflammation in 
mild cases, demonstrating gut microbiota’s influence on disease 
severity [22,27]. Interventions such as probiotics, prebiotics, 
and fecal microbial transplantation have shown potential in 
modulating the gut microbiome, restoring microbial balance, and 
reducing inflammation, ultimately improving clinical outcomes 
for psoriasis and related conditions [26]. 

Mechanisms Underlying Gut-Skin Axis Interactions 
Impact of Gut Microbial Composition on Systemic 
Inflammation
Gut dysbiosis plays a significant role in systemic inflammation 
through various complex mechanisms. Specific microbial 
species and their metabolites are key contributors to triggering 
inflammatory responses. For instance, Streptococcus 
pneumoniae (S. pneumoniae) produces 2-pentyl furan, which 
activates microglia through odorant receptors, contributing 
to neuroinflammation and illustrating the direct connection 
between gut microbiota and the central nervous system [28]. 
This emphasizes the broader influence of the gut microbiome 
beyond the gut itself. Within the intestinal environment, In the 
gut, microbial sulfonolipids (SoLs), produced by certain bacteria, 
inhibit toll-like receptor 4 (TLR4) signaling, thereby reducing 
inflammation [29]. These microbial metabolites have been found 
to negatively correlate with inflammatory bowel disease (IBD), 
suggesting that they could act as natural anti-inflammatory 
agents and potential therapeutic targets for managing conditions 
like IBD. Furthermore, indolic acids, derived from tryptophan 
metabolism by gut bacteria, can suppress mitochondrial 
enzyme activities crucial in bacterial inflammation and sepsis, 
demonstrating their potential to mitigate systemic inflammation 
at the mitochondrial level [29]. 

Tryptophan metabolites exhibit a dual role in inflammation, as 
indoxyl sulfate promotes vascular inflammation, while indole-
3-propionic acid and indole-3-aldehyde offer protective effects 
against such inflammation. This delicate balance within the 
gut microbiome highlights the complex interplay between 
these metabolites and systemic inflammation [29]. Dysbiosis 
in gut microbiota disrupts the production of metabolites from 
tryptophan, histidine, and phenylalanine pathways, linking it to 
inflammatory conditions such as rheumatoid arthritis and colitis. 
These pathways underscore the potential of metabolic products 
as biomarkers or therapeutic targets for inflammatory diseases. 

Immune dysregulation in the gut profoundly impacts skin barrier 
integrity, creating a dynamic relationship between microbiota, 
immune responses, and barrier functions. Conditions like Omenn 
Syndrome and AD exemplify how dysregulated gut immune 
responses can extend to peripheral tissues, including the skin 
[30]. The gut microbiota is essential for maintaining intestinal 
barrier integrity by producing anti-inflammatory metabolites that 
protect against mucosal inflammation and systemic endotoxemia 
[31]. However, dysbiosis increases intestinal permeability, 
allowing bacterial translocation and endotoxins to enter the 
bloodstream. This triggers systemic inflammation, contributing 
to diseases like psoriasis and rheumatoid arthritis [32]. The 
integrity of the gut barrier is maintained by tight junctions (TJs), 
and their disruption is linked to various inflammatory diseases 
[33]. 

In dermatological conditions like AD, the disruption of 
epithelial-immune crosstalk leads to allergic inflammation, 
further illustrating the complex connection between gut and skin 
[14]. Gut immune responses can also exacerbate skin conditions, 
as in colitis models, where gut inflammation alters immune 
responses [25]. The gut microbiome’s role is further underscored 
by findings that oral therapies, such as intestinal alkaline 
phosphatase (IAP), can preserve gut barrier function and prevent 
systemic inflammation following severe injuries, indicating 
potential therapeutic avenues for dermatological conditions 
[34]. Additionally, interventions targeting the gut microbiome, 
such as probiotics and prebiotics, have shown promise in 
alleviating eczema symptoms by modulating gut microbiota 
and enhancing barrier integrity. The cross-talk between the gut 
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and skin microbiomes underscores the importance of a holistic 
approach to managing dermatological conditions, focusing on 
local and systemic factors in treatment strategies. 

Role of Microbial Metabolites and Immune Mediators in Skin 
Homeostasis and Inflammation
Microbial species and their metabolites play a pivotal role in skin 
health by modulating inflammatory pathways and maintaining 
skin homeostasis. As mentioned, S. pneumoniae produces 
2-pentylfuran, which contributes to neuroinflammation, while 
gut-derived SoLs inhibit TLR4 signaling, reducing inflammation 
associated with IBD [27,35]. Indolic acids from tryptophan 
metabolism suppress mitochondrial enzymes involved in 
inflammation, highlighting the potential of microbial metabolites 
to regulate systemic inflammatory responses [36]. SCFAs, 
particularly n-butyrate, exhibit anti-inflammatory properties by 
inhibiting inflammatory responses in intestinal macrophages 
[37]. These metabolites play a significant role in maintaining 
intestinal and skin health, influencing conditions like psoriasis 
and eczema.  

Other immune components, such as β-glucan, activate 
inflammasomes in response to microbial components, leading 
to the production of proinflammatory cytokines like interleukin 
(IL)-1β and IL-18 [38]. The role of microbial metabolites in 
chronic inflammatory pain, further highlights the connection 
between gut health and systemic inflammation, as SCFAs 
and amino acids can influence neural signaling pathways and 
inflammatory responses. In addition, molecules like 12(S)-
HETE, an arachidonic acid metabolite, attenuate TNF-α-
induced inflammation by inhibiting the ERK/NF-κB and 
C/EBPβ signaling pathways in keratinocytes, offering the 
potential for treating inflammatory skin conditions [39]. The 
aryl hydrocarbon receptor (AHR) also plays an important role 
in skin barrier function and immune regulation, with agents like 
tapinarof being explored for their potential to modulate immune 
responses and enhance skin defenses. 

Autophagy, a cellular process that maintains homeostasis, is 
impaired in chronic inflammation, particularly in keratinocytes, 
leading to disrupted epidermal health. Enhancing phospholipid 
metabolism has shown promise in restoring autophagy and 
reducing inflammation. Moreover, the gut-brain-skin axis, 
where gut bacteria produce neurotransmitters like dopamine 
and serotonin, illustrates how gut health can influence the skin’s 
immune response. The bidirectional communication between 
the gut and skin suggests that microbiome-targeted therapies 
could have far-reaching effects on managing inflammatory skin 
diseases. 

Collectins, such as mannose-binding lectin (MBL), are key in 
pathogen recognition and cytokine modulation, helping maintain 
skin immune homeostasis by facilitating pathogen clearance and 
regulating inflammatory responses [9]. Fatty acids, including 
linoleic acid and polyunsaturated fatty acids (PUFAs), are crucial 
for regulating immune responses and supporting skin barrier 
function. Linoleic acid strengthens the skin barrier, while PUFAs 
balance inflammation, vital in preventing inflammatory skin 
conditions [40]. Lipid mediators like oxidized phospholipids also 
play a dual role in inflammatory processes, either exacerbating 
or mitigating conditions like psoriasis and eczema through 
their impact on oxidative stress [41]. Chemokines, which direct 
leukocyte migration, are essential for maintaining immune 
homeostasis and responding to skin inflammation. Disruption 
in chemokine signaling can lead to chronic inflammation and 
impaired immune function, emphasizing the need for balanced 

immune responses in maintaining skin help.  Furthermore, the 
interaction between the skin microbiome and inflammatory 
gene expression through epigenetic mechanisms reveals the 
complex nature of skin inflammation, suggesting that targeting 
the microbiome may offer novel approaches for treating skin 
diseases. 

The PI3K/Akt/mTOR pathway is heavily implicated in 
inflammatory skin diseases such as psoriasis and acne. Inhibiting 
this pathway using natural or synthetic agents has shown potential 
for managing inflammation and regulating immune responses 
in the skin [42]. As research into these pathways progresses, 
a deeper understanding of their interactions will lead to more 
targeted treatments that address the underlying mechanisms of 
skin inflammation and immune dysregulation. These insights are 
crucial for developing effective therapies that improve patient 
outcomes in chronic inflammatory skin disorders.

Clinical Implications and Future Research Directions of the 
Gut-Skin Axis
Prebiotics and Probiotics as Therapeutic Agents
Probiotics and prebiotics have emerged as promising therapeutic 
options for managing various dermatological conditions 
by supporting gut microbiota and systemic health. Their 
mechanisms of action include modulation of gut microbial 
composition, enhancement of gut barrier function, and 
regulation of systemic immune responses. Probiotics introduce 
beneficial bacteria that outcompete pathogenic microbes, 
while prebiotics, which are non-digestible fibers, stimulate the 
growth and activity of these beneficial gut bacteria [27]. These 
interventions strengthen the gut barrier, preventing endotoxins 
and proinflammatory substances from entering the bloodstream. 
Additionally, they enhance Tregs and promote the production 
of anti-inflammatory cytokines. Several randomized controlled 
trials have demonstrated the beneficial effects of probiotics and 
prebiotics in conditions like acne, eczema, and psoriasis. For 
example, a 17-week study by Wastyk et al. showed reduced 
inflammatory markers and increased microbiota diversity with a 
diet rich in fermented foods [43].  However, further research is 
necessary to investigate specific strains, formulations, and these 
interventions’ long-term safety and efficacy.

Clinicians must be mindful of the current lack of quality 
control in producing probiotics, particularly those marketed as 
supplements [44]. The absence of standardized formulations 
can hinder effective treatment, making it essential for 
healthcare professionals to research and prescribe probiotics 
for specific medical conditions. Improvements in regulation 
and accountability are critical for the reliable use of prebiotics 
and probiotics. An interdisciplinary approach that involves 
gastroenterologists, microbiologists, and nutritionists is essential 
when prescribing these agents to optimize outcomes. Despite 
challenges, probiotics and prebiotics hold great potential 
for dermatological treatment, and clinicians should consider 
incorporating them cautiously into treatment plans.

The Future of Fecal Microbiota Transplantation (FMT)
Fecal microbiota transplantation (FMT) represents an alternative 
approach to introducing healthy gut bacteria by transplanting fecal 
matter from a healthy donor into the recipient’s gastrointestinal 
tract. This intervention can potentially re-establish a balanced 
microbial ecosystem, outcompete pathogenic bacteria, and 
improve gut barrier function, reducing intestinal permeability 
and systemic inflammation.28 Unlike probiotics and prebiotics, 
FMT alters the gut microbiota on a larger scale, leading to more 
sustained treatment outcomes. While FMT is primarily used for 
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severe gastrointestinal infections, preliminary studies suggest it 
may also benefit dermatological conditions. 

Polak et al. reported that a 36-year-old male with psoriasis 
experienced significant improvement in body surface area 
affected by the condition and quality of life following two 
FMT procedures.20 His IBD was also completely relieved, 
indicating the multidimensional benefits of FMT. This highlights 
FMT’s potential to address dermatological and gastrointestinal 
conditions by targeting the gut microbiome. Although these 
findings are promising, further clinical trials are necessary 
to determine the long-term efficacy and safety of FMT for 
skin diseases. Additionally, exploring topical treatments that 
modulate the skin microbiome offers a complementary approach 
to restoring skin health.

Diet and Nutrition
Integrating dietary assessment into patient care is critical for 
addressing underlying issues related to gut microbiota and its 
impact on skin health. Diets high in chocolate, cholesterol, 
fat, dairy, and foods with a high glycemic index are strongly 
associated with acne exacerbation. These dietary components 
promote inflammation, disrupt the gut microbiome, and increase 
sebum production, leading to clogged pores and worsened acne 
[45]. Conversely, diets rich in vegetables, fruits, and fatty acids 
protect against acne due to their anti-inflammatory properties 
and positive influence on gut microbiota diversity. Specifically, a 
high glycemic load can alter the mTOR pathway, a key signaling 
pathway involved in cell growth and metabolism, which can 
increase the risk of acne by promoting hyperkeratinization and 
inflammation [46]. 

Collaboration between dermatologists and dieticians is essential to 
address skin conditions through dietary interventions effectively. 
Dermatologists can diagnose and monitor skin conditions, while 
dieticians provide tailored nutritional advice that supports gut 
health. This interdisciplinary approach ensures comprehensive 
care, potentially reducing reliance on pharmaceutical treatments. 
Educating patients about the relationship between diet and skin 
health empowers them to make healthier choices that benefit 
their gut and skin. Future research should focus on identifying 
specific dietary components that most significantly affect the 
gut-skin axis and integrating these findings into dermatological 
practice to improve patient outcomes.

Exploration of Integrated Multi-Omics Approaches
The use of integrated multi-omics approaches, which combine 
genomics, transcriptomics, proteomics, metabolomics, and 
microbiomics, is gaining momentum in understanding the gut-
skin axis. These comprehensive analyses offer a holistic view 
of the biological systems involved, allowing researchers to 
uncover the complex interactions between the gut and the skin 
[47]. A recent multi-omics technique study revealed significant 
metabolite profile changes associated with city pollution 
exposure, demonstrating how external factors influence skin 
metabolism and microbiome composition [48]. By integrating 
metabolomic, microbiomic, and environmental data, researchers 
can better understand how gut microbiota impacts skin 
health, leading to novel therapeutic targets for dermatological 
conditions.
Despite the potential of multi-omics approaches, challenges such 
as data types’ heterogeneity and datasets’ high dimensionality 
must be addressed. Developing robust computational methods 
and standardizing protocols across studies will be essential for 
extracting meaningful insights from multi-omics data. Further 
research should focus on refining these analytical frameworks to 

better understand individual variations in disease pathogenesis 
and treatment responses. By leveraging integrated multi-omics 
data, researchers can advance personalized medicine approaches 
that target the specific needs of individual patients, leading to 
more effective treatments for dermatological conditions. 

Utilization of Advanced Computational Modeling
Advanced computational modeling is increasingly vital for 
predicting therapeutic responses and identifying biomarkers 
in dermatology, driven by the availability of large-scale omics 
data and advancements in computational power. For example, 
models combining microbiome profiles with clinical data have 
been developed to predict responses to probiotic treatments in 
patients with vitiligo [49]. By analyzing the unique microbial 
composition of each patient, these models identify the most 
effective probiotic strains, allowing for customized treatments 
that maximize therapeutic benefits while minimizing adverse 
effects. Recent developments in machine learning and artificial 
intelligence have enabled the creation of predictive models that 
forecast therapeutic outcomes based on patient-specific omics 
data. These models integrate various data types, including 
genomic, transcriptomic, proteomic, and microbiome profiles 
and clinical data, to provide a comprehensive picture of a 
patient’s health status. These models leverage machine learning 
techniques and sophisticated algorithms to analyze vast data, 
uncovering intricate patterns and relationships that inform 
clinical decision-making and personalized treatment strategies.

Computational models have also been influential in pinpointing 
novel biomarkers for skin diseases. These models can sift 
through genomic and proteomic data to identify specific genes or 
proteins associated with disease severity or treatment response 
[50]. These biomarkers can then be used to monitor disease 
progression and treatment efficacy or to develop diagnostic 
tests. Within the framework of the gut-skin axis, computational 
models can analyze microbiome data to classify key microbial 
markers that correlate with skin health, providing insights into the 
mechanisms underlying skin diseases and identifying prospective 
targets for therapeutic mediation. Major improvements through 
advanced computational modeling in biomarker discovery 
include enhanced diagnostic accuracy, predicting disease risk, 
and developing targeted therapies that address the root causes of 
dermatological conditions. As computational techniques continue 
to advance, their integration into dermatological research and 
clinical practice will lead to further breakthroughs. Joint efforts 
between computational biologists, dermatologists, and clinical 
researchers are essential for the progression of personalized 
therapeutic strategies. Establishing interdisciplinary teams and 
fostering communication between these fields will be crucial 
for translating computational insights into clinical practice, 
enhancing our understanding of the gut-skin axis, and unraveling 
its complexities.

Challenges to Interdisciplinary Approaches
The gut-skin axis is significant in current dermatology literature, 
with implications for conditions such as acne vulgaris, eczema, 
and psoriasis [1]. An interdisciplinary team approach is crucial 
given the prevalence of skin conditions linked to gut microbiome 
imbalances. This approach could involve genomic analysis of 
both skin and gut microbiomes, the prescription of prebiotics 
and probiotics, and dietary modifications tailored to the patient’s 
needs. However, integrating gut health into dermatological 
treatment plans presents challenges such as increased cost, time 
demands, and the need for a coordinated team of specialists. 
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Despite these challenges, the potential of addressing both 
gut and skin health as interconnected systems could lead to 
more successful treatment outcomes. Future research should 
investigate the cost-effectiveness and efficacy of incorporating 
gut microbiome analysis into dermatological workups. 
Additionally, randomized controlled trials should be conducted 
to evaluate the benefits of prebiotics and probiotics in managing 
skin conditions like eczema and psoriasis. The future of 
dermatology lies in integrating clinical practice with advanced 
research on the gut-skin axis, using personalized approaches and 
microbial-based interventions to improve patient outcomes. 

Conclusion
The gut-skin axis, representing the bidirectional communication 
between gut microbiota and the skin, is an emerging area of interest 
in dermatology with significant implications for understanding 
and treating dermatological conditions. Recent research has 
elucidated the role of gut dysbiosis in the pathogenesis of 
conditions such as acne, eczema, and psoriasis, highlighting 
how alterations in gut microbial composition and dysregulated 
immune responses can lead to systemic inflammation and 
skin barrier dysfunction. Microbial metabolites and immune 
mediators produced in the gut have been shown to influence 
skin homeostasis and inflammatory processes, underscoring the 
intricate link between gut health and skin health.

Research into the gut-skin axis reveals promising medical 
treatments, including prebiotics and probiotics, fecal microbiota 
transplantation, integrated multi-omic approaches, and 
advanced computational modeling. By exploring the gut-skin 
connection, personalized and innovative care strategies can be 
developed. Further research in this area will enable physicians 
to enhance the standard of treatment for various dermatologic 
and gastroenterologic conditions, thereby improving patient 
outcomes, adherence, and satisfaction. Future research should 
focus on microbial-based interventions to modulate the gut 
microbiota and improve dermatological outcomes. Additionally, 
integrated multi-omics approaches and advanced computational 
modeling offer promising avenues for unraveling the complex 
interactions within the gut-skin axis and identifying potential 
therapeutic targets for personalized care. As understanding 
of this axis deepens, it holds the potential to revolutionize 
dermatological treatment, paving the way for innovative, 
individualized therapies that address both gut and skin health.
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