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Abstract
The skin functions as a dynamic organ that integrates biological, microbial, environmental, and 
neural inputs to maintain resilience. Traditional dermatology has often prioritised treatment 
of symptoms rather than fostering the underlying mechanisms of cutaneous health. This 
review introduces the paradigm of ‘educating the skin,’ a proactive approach that emphasises 
prevention, adaptability, and long-term health through an integrative model. Key elements 
include barrier function, immune modulation, neural dynamics, microbial symbiosis, and 
environmental adaptation. Evidence demonstrates the importance of lipid replenishment, 
circadian regulation, microbiome-targeted therapies, and neuroimmune pathways in 
enhancing skin integrity and mitigating inflammatory disorders. Environmental challenges 
such as ultraviolet radiation, pollution, and psychological stress further underscore the need 
for pre-emptive and barrier-focused strategies. Advances in AI and biotechnology provide 
opportunities for precision diagnostics, personalised care, and patient empowerment, shifting 
dermatology towards preventive rather than reactive practice. By integrating biological 
insights, microbial ecology, neuroendocrine regulation, and environmental adaptation, this 
framework supports resilient, adaptable skin health. Educating patients about skin biology and 
daily practices reinforces long-term outcomes. Looking forward, interdisciplinary research and 
AI-driven tools will refine personalised interventions, paving the way for proactive, sustainable 
strategies in dermatology. Through this lens, the skin is not merely treated but empowered to 
thrive in harmony with its environment.
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INTRODUCTION

The skin, as the body’s largest organ, serves 
as a dynamic interface between internal 
systems and environmental influences. 
Beyond its role as a protective barrier, 
it interacts with microbial ecosystems, 
immune pathways, and neural networks, 
while responding to external challenges 
such as UV radiation and pollution.1 Despite 
its complexity, dermatology has traditionally 
emphasised the treatment of visible 
symptoms rather than fully addressing the 
underlying mechanisms that sustain skin 
health and adaptability. While the biological 
processes governing skin resilience are 
still being unravelled, emerging evidence 
provides actionable insights into strategies 
that strengthen the skin’s capacity to 
adapt and thrive.2 Recent advancements 
in skin biology research, microbiome 
research, environmental science, and 
neurodermatological studies have laid the 
foundation for a new framework called 
‘educating the skin’. 

This paradigm emphasises enhancing the 
skin’s ability to adapt, repair, and thrive 
by addressing its biological, microbial, 
environmental, and neural interactions.3,4 
It proposes a shift from reactive to 
proactive treatments, leading the way 
to comprehensive strategies that foster 
resilience and long-term health.5 The 
objective of this review is to synthesise 
current evidence supporting the approach 
of educating the skin, focusing on key 
components such as the epidermal 
barrier, microbial balance, environmental 

adaptation, and neural regulation.6 By 
adopting an integrative model, this 
review combines molecular and clinical 
insights to provide actionable strategies 
for implementing this framework. To 
educate the skin with the aim of preventing 
conditions and reducing the need for 
treatment, it is essential to highlight the 
critical factors that contribute to maintaining 
healthy skin. This review explores the 
interconnected roles of skin biology, the 
microbiome, and environmental stressors, 
shedding light on their impact on skin 
resilience. By redefining dermatological care 
to emphasise prevention and adaptability, 
educating the skin offers a transformative, 
holistic approach to advancing the field and 
improving long-term skin health. While our 
understanding of the underlying biological 
mechanisms continues to evolve, this 
review emphasises the evidence-backed 
strategies currently available, paving 
the way for innovative and personalised 
interventions in dermatology.

SKIN BIOLOGY: BARRIER 
FUNCTION, IMMUNE MODULATION, 
AND NEURAL DYNAMICS

The skin’s biological integrity is 
fundamentally rooted in its barrier function, 
immune system, neural networks, and 
circadian rhythms, which work in harmony 
to maintain homeostasis and protect 
against external and internal challenges. 
Circadian rhythms regulate key processes, 
such as barrier repair, immune cell activity, 
and hydration, thereby adapting the skin 

Key Points

1. Chronic skin diseases are influenced by barrier dysfunction, microbiome imbalance, and environmental stressors. 
Clinicians must understand resilience mechanisms to move beyond symptom-based treatment and promote long-
term cutaneous health.

2. This narrative review synthesises evidence on ‘educating the skin’, integrating barrier science, microbial symbiosis, 
environmental adaptation, and neurocutaneous pathways to provide clinicians with a proactive, preventive 
framework for dermatological care.

3. Clinicians should adopt proactive strategies, barrier reinforcement, microbiome modulation, stress management, 
and AI-personalised approaches to strengthen resilience, prevent chronic conditions, and improve patient outcomes 
in daily dermatological practice.
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to daily environmental changes. The skin 
also produces and metabolises melatonin. 
This hormone is made by keratinocytes, 
melanocytes, and fibroblasts. It protects 
the skin from UV damage, oxidative 
stress, and inflammation. A recent review 
confirmed its importance for skin health.7 
Earlier studies showed that serotonin 
and N-acetylserotonin are also present 
in the skin.8 Together, they form a local 
serotonergic–melatoninergic system that 
supports circadian regulation, repair, and 
immune balance. Notably, serotonin is also 
synthesised by simple microorganisms, 
including many skin-resident species. 
This further supports the idea that the 
skin microbiome contributes not only to 
immune and barrier functions, but also to 
local neuroendocrine signalling.9 In addition, 
melanocytes also function as sensory and 
regulatory units within the epidermis. This 
concept was first proposed in 1993 and has 
since been supported by in-depth reviews 
of the pigmentary system’s physiological 
and immunoregulatory functions.10,11 
Disruptions in these rhythms, caused 
by ageing or environmental stress, can 
compromise skin integrity and exacerbate 
conditions such as dermatitis or psoriasis, 
highlighting their crucial role in skin health.6 

The epidermal barrier, composed primarily 
of lipids such as ceramides, cholesterol, and 
fatty acids, plays a vital role in preventing 
transepidermal water loss (TEWL) and 
protecting against microbial invasion.12 
Research by Elias et al.13 has shown that 
ceramide depletion compromises barrier 
function, leading to conditions such as 
atopic dermatitis (AD). In their study of 
patients with paediatric AD, ceramide-
based moisturisers were found to reduce 
TEWL by 50% within 8 weeks, significantly 
alleviating inflammation and pruritus. 
These findings underscore the critical 
importance of lipid replenishment in 
maintaining optimal skin barrier function 
on a daily basis.13 These findings were 
confirmed by Chamlin et al.14 and Luger 
et al.,15 who demonstrated that ceramide-
containing formulations not only improve 
barrier function but also reduce the clinical 
severity of AD. Their study highlighted the 
ability of ceramides to enhance stratum 
corneum integrity, restoring hydration and 

reducing inflammatory markers. The long-
term benefits of constant ceramide-based 
interventions were evident in sustained 
symptom relief and a significant decrease in 
the need for topical corticosteroids.

Another study emphasised the importance 
of consistently applying emollients to 
achieve optimal results, regardless of the 
formulation used. Regular use of emollients 
strengthens the skin barrier, reduces 
TEWL, and minimises flare-ups, reinforcing 
their critical role in long-term eczema 
management.16 Along with these findings, 
the study by Lefèvre-Utile et al.17 explores 
the multifaceted roles of the epidermis in 
maintaining skin health and integrity. The 
skin’s protective and functional roles are 
supported by six interconnected barriers. 
The physical barrier defends against 
environmental insults, like pathogens 
and UV radiation, through the structure 
of the stratum corneum. In contrast, the 
chemical barrier, maintained by the skin’s 
acidic pH, regulates enzymatic activities 
and microbiome balance. The microbial 
barrier supports a protective and diverse 
microbiota, playing a crucial role in immune 
modulation and pathogen competition. 
The immunological barrier, involving 
Langerhans cells and other immune 
mediators (innate immunity in the epidermis 
and the dermis), prevents infections and 
controls inflammation. The sensory barrier 
detects mechanical, thermal, and chemical 
stimuli contributing to homeostasis. In 
addition to its physical, chemical, and 
immunological functions, the skin also acts 
as a neuroendocrine and stress organ. 

This concept, first introduced over 
two decades ago, revolutionised our 
understanding of the skin’s integrative 
role in homeostasis and adaptation to 
environmental stressors.18 Subsequent 
reviews have further elaborated on how 
the skin possesses a functional equivalent 
of the hypothalamic–pituitary–adrenal 
axis, capable of producing neuropeptides, 
neurotransmitters, and hormones that 
influence both local and systemic 
physiology.19 This perspective highlights 
the skin’s capacity to respond to stress via 
neuroendocrine signalling pathways that 
affect immune modulation, inflammation, 

Article

https://www.emjreviews.com/
https://www.emjreviews.com/therapeutic-area/dermatology/
https://creativecommons.org/


CC BY-NC 4.0 Licence  ●  Copyright © 2025 EMJ   ●   October 2025  ●  Dermatology ●

and even pigmentation. Moreover, this 
neuroendocrine identity positions the 
skin as both a sensor and effector 
organ, capable of computing complex 
environmental inputs to maintain  
internal equilibrium.20 

The sixth component, the endocrine 
and neuroendocrine barrier, synthesises 
hormones and neuropeptides that regulate 
immune responses, repair mechanisms, 
and stress adaptation. Disruptions in any 
of these barriers, whether caused by 
genetic factors, environmental stressors, or 
disease, can result in various dermatological 
conditions. These insights underscore 
the importance of therapeutic strategies 
aimed at restoring skin barrier functions 
to improve overall skin health. In addition 
to these barrier systems, the immune 
system plays a critical role in maintaining 
cutaneous homeostasis. Keratinocytes, 
Langerhans cells, and T cells regulate 
immune responses by balancing defence 
mechanisms with tolerance to  
benign stimuli. 

By targeting these immune pathways, 
DNA repair enzymes have shown promise 
in reversing damage and restoring skin 
resilience. Peripheral nerves also contribute 
to the skin’s sensory and regulatory 
functions, influencing both immunity and 
barrier dynamics.21,22 Takahashi et al.23 
explored how mechanical stress and 
oxidative damage disrupt nerve signalling, 
leading to sensory abnormalities and 
inflammatory skin conditions. Their study 
demonstrates how disrupted epidermal 
nerve pruning and prolonged calcium 
ion signalling contribute to sensory 
abnormalities, such as chronic itch, in 
conditions like AD. By identifying aberrant 
transient receptor potential ankyrin 1 
(TRPA1) activity as a key driver of these 
issues, the research underscores the 
therapeutic potential of restoring neural 
pathways to manage sensory dysfunction 
and improve patient outcomes.23 Nguyen 
et al.24 performed a single-nucleus 
transcriptomic analysis of human dorsal 
root ganglion neurons, revealing how 
neural circuits contribute to the sensory 
and inflammatory pathways involved in 
skin conditions.24 This research provides 

a deeper understanding of how neural 
mechanisms, such as pain perception and 
itch, are intricately linked to inflammatory 
processes. These findings suggest potential 
therapeutic interventions, including 
neuromodulating agents that target 
specific pathways to reduce chronic itch 
and pain, or the use of neuroprotective 
peptides to support nerve health and 
mitigate inflammation. Such approaches 
could be transformative for conditions like 
eczema, psoriasis, and chronic pruritus, 
where neural contributions to symptom 
persistence are significant. This highlights 
the interconnectedness of neural health and 
skin outcomes, suggesting that therapies 
targeting nerve pathways can provide 
holistic benefits in conditions involving 
sensory impairment or chronic itch.

These findings underscore the complex 
interplay between skin integrity, immune 
function, and neural health, emphasising 
that therapies addressing these 
interconnected systems can provide 
holistic benefits in preventing inflammatory 
conditions, sensory disturbances, and 
maintaining overall skin resilience.

MICROBIOME SYMBIOSIS: A 
KEYSTONE OF SKIN HEALTH

The skin microbiome is an essential 
component of its defence system, 
supporting barrier function, modulating 
immunity, and preventing pathogen 
overgrowth.25 Dysbiosis, an imbalance in 
microbial populations, has been implicated 
in inflammatory skin conditions such as 
acne, rosacea, and AD.26 Conversely, a 
balanced skin microbiome plays a significant 
role in educating the skin to maintain its 
natural balance and resilience. Research 
by Dréno27 demonstrated the efficacy of 
microbiome-targeted therapies in restoring 
microbial equilibrium and alleviating 
symptoms. Recent research highlights 
the skin microbiome’s pivotal role in 
maintaining cutaneous health by regulating 
inflammatory processes and microbial 
stasis.27 Studies on inflammatory acne have 
revealed that shifts in Cutibacterium acnes 
phylotypes, particularly an overabundance 
of virulent strains like IA1, contribute to 
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inflammation and immune activation. 
The dynamic interplay between C. acnes 
and commensal organisms, such as 
Staphylococcus epidermidis, underscores 
the importance of microbial diversity in 
preventing dysbiosis-related conditions. 
Innovative therapies focusing on restoring 
microbial equilibrium, including probiotics, 
postbiotics, and bacteriophage applications, 
show promise in reducing inflammation 
and addressing underlying microbial 
imbalances.28,29 Another study by Bae et al.30 
highlighted the need for tailored treatments 
that address microbiome imbalances, 
which are often linked to acne severity.30 
Therapeutic interventions in this context 
could focus on strategies that enhance 
the functionality and diversity of the 
skin’s commensal microbiome. Postbiotic 
creams can support the existing microbial 
ecosystem, while bacteriophage therapies 
offer a targeted approach to reducing 
pathogenic strains, such as C. acnes. These 
interventions aim to restore the balance of 
microbial phylotypes rather than introducing 
non-native bacteria, aligning with the skin’s 
natural ecological preferences and its 
capacity to maintain homeostasis.

These interventions align with a precision-
medicine approach, ensuring that 
treatments are both personalised and 
effective in restoring the skin’s natural 
microbial balance. These approaches 
emphasise maintaining the skin’s natural 
microbial ecosystem rather than eradicating 
bacteria, paving the way for personalised 
and sustainable microbiome-targeted 
preventive procedures.30 Similarly, other 
findings suggest that maintaining a 
balanced population of Staphylococcus 
epidermidis and C. acnes on the skin is 
crucial for reducing erythema and managing 
inflammatory skin conditions, highlighting 
the therapeutic potential of targeting 
specific bacterial strains.31,32 Furthermore, 
emerging research highlights the role 
of microbiome modulation in managing 
rosacea, with treatments targeting bacterial 
balance showing promise in reducing 
inflammation and redness. Although 
evidence is still emerging, some studies 
suggest that topical applications of 
probiotics and postbiotics may help support 
a healthy skin microbiome. While these 

approaches show promise as potential non-
invasive alternatives to traditional therapies, 
further research is needed to establish their 
efficacy and long-term benefits.33 Recent 
studies highlight the potential of topical 
probiotics in managing AD. For instance, 
Frankel et al.34 conducted a systematic 
review that evaluated 12 studies and four 
clinical trials, demonstrating that topical 
probiotics improved skin barrier function 
and symptom severity in patients with AD.34 
Similarly, Flint et al.35 reported significant 
reductions in AD severity, as measured by 
the Severity Scoring of Atopic Dermatitis 
(SCORAD) index, in RCTs using topical 
probiotic formulations. These findings 
underscore the therapeutic potential 
of microbiome-targeted strategies in 
dermatology, particularly in addressing 
inflammatory skin conditions.35 Moreover, 
research by Liu et al.36 on microbial 
metabolites such as short-chain fatty acids 
sheds light on how these by-products 
influence neural pathways regulating itch 
and pain.36

By addressing both microbial imbalances 
and neural dysfunction, dermatologists can 
offer comprehensive management strategies 
for conditions like chronic pruritus.

ENVIRONMENTAL  
INTERACTIONS: MITIGATING 
EXTERNAL STRESSORS

Environmental stressors, including UV 
radiation, pollution, stress, and climate 
variability, significantly influence skin health 
and resilience. Chronic exposure to these 
factors disrupts cellular homeostasis, 
accelerates oxidative damage, and 
weakens the skin’s barrier.37 Another study 
highlighted the detrimental effects of urban 
pollution, showing that it increases oxidative 
stress markers and compromises barrier 
function.38 Choi and Kang39 demonstrated 
that skin barrier function is influenced by 
both intrinsic factors (such as genetics, 
age, and hydration levels) and extrinsic 
factors (such as climate, skincare products, 
and irritants). Their research emphasises 
the importance of maintaining the acidic 
pH of AD and senile xerosis. Their findings 
underline how disruptions in stratum 
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corneum acidity caused by environmental 
or biological factors can lead to skin barrier 
dysfunction and increased susceptibility to 
infections and inflammatory conditions.39 
Similarly, another study conducted by 
Soares et al.40 explores the bilateral 
relationship between psychological stress 
and inflammatory skin diseases such as 
psoriasis, AD, and acne. It highlights how 
stress exacerbates skin inflammation 
through neuroimmune pathways, while 
chronic skin conditions can, in turn, 
increase psychological distress, creating 
a cycle that impacts overall health and 
quality of life.40 They highlight that stress 
triggers a cascade of neuroimmunological 
responses, such as the activation of 
the hypothalamic–pituitary–adrenal axis 
and the release of pro-inflammatory 
cytokines, which can impair the skin barrier, 
worsen inflammation, and delay healing 
processes. Furthermore, they discuss the 
bilateral nature of this relationship, where 
inflammatory skin diseases can themselves 
lead to increased psychological stress, 
creating a vicious cycle. Their review also 
underscores the importance of integrative 
approaches that combine dermatological 
and psychological therapies, including 
mindfulness, cognitive behavioural therapy, 
and stress management techniques, to 
effectively manage these conditions.40 By 
examining these ways, Lefèvre-Utile et 
al.17 highlight how external factors such 
as UV radiation, pollution, temperature 
changes, and pathogens can compromise 
the physical integrity of the barrier, disrupt 
its chemical pH balance, and alter the skin’s 
microbiota, leading to dysbiosis. These 
stressors also impact the immunological 
barrier by triggering inflammatory 
responses and impairing the skin’s sensory 
function, which can exacerbate conditions 
like eczema, psoriasis, and premature 
ageing. By understanding the mechanisms 
through which environmental stressors 
affect these five functional aspects, the 
review underscores the need for barrier-
targeted therapies and preventative 
strategies to mitigate their impact and 
maintain skin health.16 Similarly, the work 
by Nomura41 on the cellular effects of 
UV exposure revealed its role in inducing 
inflammation and barrier degradation. 
Photoprotective strategies, including broad-

spectrum sunscreens and antioxidant 
serums, are essential for mitigating these 
impacts.41 Environmental stressors affect 
not only cellular homeostasis but also the 
neurodermatological mechanisms that 
respond to environmental challenges.

UV radiation, particularly UVB, plays a 
dual role in skin physiology, acting both 
as a stressor and as a modulator of 
local and systemic homeostasis. While 
excessive exposure can lead to DNA 
damage, inflammation, and carcinogenesis, 
controlled UV exposure activates 
essential phototransduction pathways 
that regulate immune, endocrine, and 
neural responses. Notably, UVB stimulates 
cutaneous production of vitamin D3 
and its metabolites, including lumisterol 
and tachysterol, which contribute to 
immune regulation and systemic calcium 
homeostasis. Recent research highlights a 
broader framework termed photo-neuro-
immuno-endocrinology, which describes 
how UV radiation influences not only the 
skin but also neuroendocrine pathways 
affecting the brain and immune system.42 
In addition, UVB exposure induces the 
production of secosteroids such as vitamin 
D, lumisterol, and tachysterol. These 
molecules, particularly via cytochrome 
P450 (CYP)11A1-derived metabolic 
pathways, contribute not only to local 
skin homeostasis but may also have 
systemic regulatory effects.43 Research by 
Takahashi23 showed that oxidative stress, 
as a part of environmental stressors, alters 
nerve conduction, leading to sensory 
dysfunction. In the same way, this finding 
suggests that inhibiting TRPA1 activity 
could serve as a therapeutic strategy 
for managing chronic itch and sensory 
dysfunction associated with conditions like 
AD, thus broadening the insight in terms of 
preventive measures.23

EDUCATING THE SKIN: A HOLISTIC 
AND PERSONALISED FRAMEWORK

Educating the skin involves a holistic 
approach that addresses its biological and 
environmental components, fostering long-
term skin health and resilience. Advances 
in diagnostic technologies, such as AI-
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driven analyses, enable the identification 
of unique patient needs, allowing for more 
personalised and effective care.44 AI tools 
are increasingly used in both clinical and 
consumer skincare. For example, deep 
learning algorithms can analyse high-
resolution skin images to detect early signs 
of ageing, pigmentation, or inflammation. 
Computer vision and convolutional 
neural networks are applied to evaluate 
texture, tone, and pore structure in real 
time. Mobile-based AI applications, such 
as SkinVision® (SkinVision, Amsterdam, 
the Netherlands), or DermAITM (Proscia, 
Philadelphia, Pennsylvania, USA), help 
track skin changes and suggest product 
routines. In dermatology clinics, AI-
driven platforms integrate skin imaging, 
microbiome profiling, and patient-reported 
outcomes to generate tailored treatment 
plans. These technologies support more 
precise, proactive, and data-informed skin 
management strategies.45 

Nicolau and Kendall demonstrated the utility 
of combining skin condition assessments 
with microbiome profiles and neural 
sensitivities to tailor treatment strategies, 
showing how these insights can guide 
precise, individualised interventions.46 
These studies illustrate the transformative 
potential of personalised interventions. 
Biotechnology further supports this 
framework by developing innovative tools 
for skin health. The study by Usui et al.47 
investigates the role of transient receptor 
potential vanilloid 1 (TRPV1)-positive 
sensory nerves and neuropeptides in the 
epidermal barrier. Their findings suggest 
that activation of these sensory nerves 
and the release of neuropeptides are 
crucial for promoting skin barrier recovery 
and reducing inflammation after barrier 
disruption.47 Combining these neural 
therapies with microbiome-focused 
treatments provides a comprehensive 
approach for complex dermatological 
conditions. This integrated framework 
emphasises prevention over reactive 
treatments, empowering dermatologists  
and patients to focus on maintaining skin 
health and addressing issues before  
they become chronic.

PRE-EMPTIVE MEASURES  
ACROSS DERMATOLOGY

With advancements in dermatological 
science and personalised medicine, it 
is now possible to delve deeper into a 
patient’s skin biology, analysing individual 
gene expression profiles and identifying 
vulnerabilities influenced by genetic 
predisposition. These insights, coupled 
with a detailed understanding of potential 
environmental stressors such as UV 
radiation, pollution, or lifestyle-related 
oxidative damage, allow dermatologists 
to predict the skin’s susceptibility to 
various conditions, including inflammatory 
disorders, neuropathic pain, and premature 
ageing. By incorporating this knowledge 
into care strategies, dermatology can 
transition from a reactive to a proactive 
discipline. The concept of ‘educating the 
skin’ as a preventive measure is built on 
this foundation. By focusing on early risk 
assessment and targeted interventions, we 
can take initial steps toward bolstering the 
skin’s resilience and potentially delaying the 
onset of chronic or multifactorial conditions. 
While the ability to fully predict and pre-
empt such issues remains a future goal, 
emerging research on genetic markers and 
skin profiling shows promise. For instance, 
understanding tendencies towards impaired 
barrier function or heightened inflammation 
could, in the future, guide the introduction 
of ceramide-enriched therapies and 
immune-modulating treatments tailored 
to individual needs. Similarly, by analysing 
DNA markers linked to microbial imbalances 
or heightened sensory nerve responses, 
clinicians can tailor microbiome-supportive 
and neuroprotective interventions, 
reducing the risk of conditions such as 
rosacea or chronic pruritus. This predictive 
approach not only safeguards against the 
development of debilitating skin conditions 
but also enhances overall skin health 
and quality of life. By integrating data on 
skin biology, environmental exposures, 
and patient-specific vulnerabilities, 
dermatologists can design personalised 
regimens that reinforce the skin’s natural 
defences. This comprehensive strategy 
supports the idea that educating the skin 
is not only a therapeutic tool but also a 
cornerstone of preventive  
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dermatological care, ensuring long-term 
adaptation and functionality in a  
rapidly changing environment.

PATIENT EMPOWERMENT  
AND EDUCATION

Patient empowerment and education 
play a crucial role in the success of the 
‘educating the skin’ approach, particularly 
as it shifts dermatology from a reactive, 
treatment-focused discipline to one that 
emphasises prevention and long-term skin 
health.48-50 By educating patients about 
the underlying mechanisms that contribute 
to their skin conditions, including the 
importance of maintaining a healthy skin 
barrier, managing the skin microbiome, and 
adapting to environmental factors, patients 
can become more active participants in 
their care.51 A key component of patient 
empowerment is providing individuals with 
the tools and knowledge they need to make 
informed decisions about their skincare 
routines.52 This could involve educating 
patients on how to select the appropriate 
skincare products, such as emollients, 
moisturisers, and sunscreens that support 
their skin’s natural barrier function. It also 
involves teaching patients how to recognise 
early signs of skin imbalance or irritation, 
enabling them to take proactive measures 
before symptoms escalate into more 
serious conditions.53 Moreover, patient 
education about lifestyle factors such as 
diet, stress management, and sleep hygiene 
can enhance the skin’s ability to adapt 
and repair itself.54 For example, patients 
could be educated about the benefits of 
anti-inflammatory diets or mindfulness 
practices to reduce the impact of stress 
on their skin.55 Additionally, understanding 
the influence of environmental factors, 
such as pollution and UV radiation, could 
help patients make informed choices about 
how to protect their skin on a daily basis. 
Empowering patients also involves ensuring 
that they understand the importance of 
consistent skincare practices. Educating 
patients about the significance of daily 
routines and how they directly contribute 
to skin health can encourage adherence 
to long-term preventive measures.56 As 
patients gain more knowledge, they may 

feel more confident in managing their 
skin conditions, reducing their reliance 
on medications and invasive treatments. 
Overall, patient empowerment and 
education are fundamental to successfully 
implementing the ‘educating the skin’ 
framework. When patients understand 
the science behind their skin’s health, 
they are more likely to take ownership 
of their well-being, ultimately leading to 
improved outcomes and quality of life. 
Through continued education and support, 
dermatologists can foster a partnership 
with patients that promotes self-care, 
prevention, and long-term resilience.57

CHALLENGES AND  
FUTURE DIRECTIONS

The concept of educating the skin would 
necessitate further research to validate 
its long-term efficacy and refine its 
implementation.58 Longitudinal studies are 
crucial for exploring the complex interactions 
between microbiome metabolites, neural 
pathways, and environmental stressors, 
which will uncover new preventive targets 
for skin health.58 These studies should 
focus on the dynamic relationship between 
these factors and their collective impact 
on the skin’s resilience and immune 
response. Interdisciplinary collaborations 
between dermatologists, neurologists, 
microbiologists, and environmental 
scientists will be essential for advancing 
this integrated framework. By combining 
expertise from these fields, more effective 
strategies can be developed to address the 
root causes of skin conditions, rather than 
merely treating symptoms. Additionally, 
partnerships with biotechnology companies 
will be instrumental in accelerating the 
development of innovative products that 
harness these diverse insights. With the 
increasing use of AI and deep learning, the 
potential for personalised skincare solutions 
will be significantly enhanced. AI-driven 
tools, such as biosensors that monitor 
real-time changes in skin conditions, can 
provide valuable data that inform more 
precise and targeted treatments. These 
technologies could allow for adaptive, on-
demand therapies that respond to the skin’s 
immediate needs, improving both short-term 
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