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Abstract 

Vitamin D, a secosteroid hormone primarily recognized for its crucial role in calcium and 

phosphorus homeostasis, has garnered increasing attention for its diverse effects on various 

physiological systems, including the skin. Beyond its skeletal functions, research has 

illuminated the significant involvement of Vitamin D in maintaining skin health and 

influencing its aesthetic qualities. This literature review aims to provide a comprehensive 

analysis of the current scientific understanding regarding the relationship between Vitamin D 

and skin health, with a specific focus on aesthetic outcomes. The scope of this review 

encompasses the intricate mechanisms by which Vitamin D affects skin physiology, its impact 

on skin aging, its role in pigmentation processes, and its involvement in prevalent 

dermatological conditions that bear aesthetic implications. Through a systematic synthesis of 

peer-reviewed articles, this review elucidates the multifaceted contributions of Vitamin D to 

skin health and aesthetics, highlighting key findings from recent studies. The implications of 

these findings for future research and potential applications in dermatological and cosmetic 

interventions are also discussed. 

Keywords: Vitamin D, Skin Health, Aesthetic Outcomes, Skin Aging, Pigmentation, Skin 

Barrier. 
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Vitamin D, a fat-soluble secosteroid, plays a fundamental role in the human body, most notably 

in the regulation of calcium and phosphorus metabolism, which is essential for maintaining 

bone health (Bikle, 2021). However, over the past few decades, scientific inquiry has 

increasingly recognized the pleiotropic effects of Vitamin D, extending its importance to a wide 

array of biological processes, including the modulation of immune function, the regulation of 

cell growth and differentiation, and the maintenance of skin health (Bikle, 2021). Often 

referred to as the "sunshine vitamin," Vitamin D3 is synthesized in the skin through a 

photochemical reaction initiated by the absorption of ultraviolet B (UVB) radiation from 

sunlight by 7-dehydrocholesterol (Bikle, 2021). In addition to endogenous synthesis, Vitamin 

D can also be obtained through dietary sources, such as fatty fish and fortified foods, as well 

as through oral supplementation, providing alternative pathways to maintain adequate vitamin 

D status (Holick, 2017). 

The significance of skin health extends beyond its primary function as a protective barrier 

against the external environment. The skin serves as a sensory organ, plays a crucial role in 

thermoregulation, and contributes to overall well-being (Suciangto & Nasruddin, 2023). In 

contemporary society, there is a growing emphasis on maintaining not only healthy skin but 

also skin that exhibits a youthful and aesthetically pleasing appearance (Suciangto & 

Nasruddin, 2023). The aesthetic outcomes of skin health, encompassing factors such as skin 

tone, texture, hydration, and the absence of visible signs of aging or dermatological conditions, 

have a profound impact on an individual's self-confidence and overall quality of life (Suciangto 

& Nasruddin, 2023). Consequently, understanding the factors that influence skin health and 

aesthetics has become a significant area of research in both dermatological and cosmetic 

sciences. 

The connection between Vitamin D and skin health is underscored by the skin's unique capacity 

to not only synthesize Vitamin D but also to express the Vitamin D receptor (VDR), indicating 

a direct responsiveness to this hormone (Bikle, 2021). Research has demonstrated the 

involvement of Vitamin D in fundamental skin physiological processes, including the 

differentiation and proliferation of keratinocytes, the primary cells of the epidermis, and the 

formation and maintenance of the skin barrier, which is crucial for protecting against 

environmental insults and preventing moisture loss (Bikle, 2021). Furthermore, early 

investigations have suggested a potential role for Vitamin D in the pathogenesis and treatment 

of various skin conditions, such as psoriasis, an inflammatory skin disease characterized by the 
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rapid proliferation of skin cells (Mostafa & Hegazy, 2015). Given these initial connections, a 

comprehensive exploration of the broader implications of Vitamin D for aesthetic outcomes in 

skin health is warranted. 

This literature review aims to comprehensively synthesize the current body of scientific 

literature that examines the intricate relationship between Vitamin D and skin health. 

Specifically, the objectives of this review are to focus on the implications of Vitamin D for 

various aesthetic outcomes, including its role in skin aging, its influence on skin pigmentation, 

and its impact on the overall appearance of the skin, particularly in the context of common 

dermatological conditions. Additionally, this review seeks to identify the key mechanisms of 

action through which Vitamin D exerts its effects on skin and to explore potential therapeutic 

applications of Vitamin D in enhancing skin aesthetics. By critically analyzing the existing 

literature, this review also aims to highlight gaps in our current understanding and to suggest 

potential directions for future research in this increasingly important area.  

Methodology 

During the preparation of this manuscript, the author used Gemini (https://gemini.google.com/) 

and Grok (https://grok.com/) to collect information and draft articles. After using these 

tools/services, the author physically reviewed and edited the content as needed and takes full 

responsibility for the content of the publication. 

To conduct this comprehensive literature review, a systematic search of several electronic 

databases, including PubMed, Scopus, and Web of Science, was performed to identify relevant 

studies. The search strategy employed a combination of keywords related to Vitamin D and 

skin health, specifically targeting aesthetic outcomes. These keywords included terms such as 

"Vitamin D," "skin health," "aesthetic outcomes," "skin aging," "pigmentation," "skin barrier," 

"wound healing," "rosacea," "acne," "eczema," and "psoriasis," which were combined with 

search terms like "review," "mechanism," "clinical trial," "effect," and "impact" to refine the 

search results (Cunningham et al., 2024). The primary timeframe for the literature search 

focused on articles published within the last 10 years, from 2015 to May 2025. However, 

seminal older studies that provided foundational knowledge on the topic were also considered 

for inclusion to provide historical context and a comprehensive understanding of the evolution 

of research in this field (Cunningham et al., 2024). 
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The inclusion criteria for this review were rigorously applied to ensure the selection of relevant 

and high-quality literature. Peer-reviewed articles, systematic reviews, meta-analyses, 

randomized controlled trials, and observational studies published in reputable academic 

journals were included. The review primarily focused on studies conducted on human subjects 

to ensure the findings were directly applicable to human skin health and aesthetic outcomes. 

Conversely, several exclusion criteria were used to filter out less relevant or lower-quality 

literature (Rusu et al., 2024). Animal studies were generally excluded, unless they provided 

crucial mechanistic insights that were not yet elucidated in human studies. Case reports with 

limited generalizability, non-academic sources such as popular magazines or websites, and 

articles not published in the English language were also excluded. Additionally, articles that 

fell outside the specified timeframe, unless they were deemed historically significant to the 

understanding of the topic, were not included in this review. 

Following the identification of relevant articles through the search strategy and the application 

of the inclusion and exclusion criteria, data extraction was performed. Key information from 

each included study was systematically extracted, including the study design, the 

characteristics of the study population, the specific Vitamin D intervention (form, dosage, route 

of application), the control group used for comparison, the outcome measures related to skin 

health and aesthetics, the key findings of the study, and any limitations reported by the authors. 

The extracted data were then synthesized qualitatively. Studies were grouped based on the 

specific aesthetic outcome being investigated, such as skin aging, pigmentation, or the aesthetic 

implications of various skin conditions. This approach facilitated the identification of 

consistent themes, any contradictions in the findings across different studies, and the gaps that 

currently exist in the scientific literature regarding Vitamin D and skin health for aesthetic 

outcomes. 

Findings 

The Role of Vitamin D in Fundamental Skin Physiology 

Vitamin D plays a critical role in maintaining the health and integrity of the skin through 

various fundamental physiological processes. The skin possesses a unique capacity for both 

the synthesis and metabolism of Vitamin D, as well as expressing the receptor that mediates its 

actions (Bikle, 2012). 
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Synthesis and Metabolism in the Skin: The synthesis of Vitamin D3 in the skin is primarily 

initiated by the absorption of UVB radiation from sunlight by 7-dehydrocholesterol (7-DHC) 

in the epidermis (Bikle, 2021). This process leads to the formation of previtamin D3, which 

then isomerizes into Vitamin D3. The skin also has the enzymatic machinery, including 

hydroxylase enzymes like CYP27B1, present in keratinocytes, to convert circulating 25-

hydroxyvitamin D (25(OH)D), the major circulating form of Vitamin D, into its biologically 

active form, 1,25-dihydroxyvitamin D3 (1,25(OH)2D3 or calcitriol) (Holick, 2017). This local 

production and activation of Vitamin D in the skin suggests a crucial role in maintaining skin 

homeostasis. The metabolism of Vitamin D is also regulated by circulating levels of calcium 

and phosphorus, ensuring a balance in its biological activity (Norman, 2008). Several factors 

influence the cutaneous synthesis of Vitamin D, including the extent of sun exposure, the 

degree of skin pigmentation (Wilson et al., 2022), the individual's age, and the use of sunscreen 

(Linus Pauling Institute, 2011). Notably, increased skin pigmentation, due to higher melanin 

content, can reduce the efficiency of UVB absorption, thereby decreasing Vitamin D synthesis 

and potentially leading to deficiency in individuals with darker skin tones (Wilson et al., 2022). 

Mechanisms of Action on Skin Cells: The biological effects of Vitamin D on skin cells are 

primarily mediated through the binding of its active form, 1,25(OH)2D3, to the Vitamin D 

Receptor (VDR), which is expressed in key skin cells such as keratinocytes, melanocytes, and 

fibroblasts (Bikle, 2021). Upon ligand binding, the VDR acts as a transcription factor, 

influencing the expression of numerous target genes involved in a wide range of cellular 

processes, including cell proliferation and differentiation, immune responses, and the 

maintenance of skin structure (Bikle, 2021). In addition to these genomic effects, Vitamin D 

can also exert rapid, non-genomic actions through membrane-associated receptors and 

signaling pathways, affecting calcium transport and other cellular behaviors (Bikle, 2012). 

These multifaceted mechanisms of action underscore the broad influence of Vitamin D on skin 

physiology. 

Influence on Skin Barrier Function and Hydration: Vitamin D plays a crucial role in the 

maintenance of the skin's barrier function, which is essential for protecting the body from 

environmental stressors and preventing dehydration. It regulates the expression of key proteins 

that are integral to the epidermal barrier's integrity, such as involucrin, transglutaminase, 

loricrin, and filaggrin, which are vital for the formation of the cornified envelope in the 

outermost layer of the skin (Bikle, 2012). Furthermore, Vitamin D has been shown to stimulate 
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the synthesis of ceramides, lipids that are critical for maintaining skin hydration and the barrier 

function (Holick, 2017). Studies have indicated that adequate levels of Vitamin D contribute 

to strengthening the skin barrier, reducing transepidermal water loss (TEWL), and thus 

preventing dryness, which significantly impacts the skin's health and aesthetic appearance 

(Suciangto & Nasruddin, 2023). 

Vitamin D and Skin Aging 

Skin aging is a complex biological process influenced by both intrinsic (chronological) and 

extrinsic (environmental) factors, leading to visible changes in skin structure and function. 

Research suggests that Vitamin D may play a protective role against several aspects of skin 

aging. 

Impact on Collagen Production and Degradation: Collagen, a structural protein that 

provides skin with elasticity and firmness, is significantly affected by the aging process. 

Several studies have indicated that Vitamin D may stimulate the synthesis of collagen, thereby 

helping to maintain skin's structural integrity and potentially reducing the appearance of 

wrinkles and sagging (Reichrath et al., 2020). Additionally, Vitamin D has been shown to 

potentially inhibit the activity of Matrix Metalloproteinases (MMPs), a family of enzymes that 

degrade collagen and other components of the extracellular matrix. By modulating MMP 

activity, Vitamin D may help preserve the skin's collagen content and structural support, 

contributing to anti-aging aesthetic outcomes (Bocheva et al., 2021). 

Role in Reducing Oxidative Stress and Inflammation: Oxidative stress, caused by an 

imbalance between the production of reactive oxygen species (ROS) and the body's ability to 

neutralize them, is a major contributor to skin aging. Vitamin D exhibits antioxidant properties, 

helping to protect skin cells from damage caused by free radicals and oxidative stress (Bikle, 

2021). Furthermore, chronic low-grade inflammation, often referred to as "inflamm-aging," is 

another key factor in the skin aging process. Vitamin D has been shown to suppress the 

production of pro-inflammatory cytokines, which are implicated in the development of age-

related skin changes, thus potentially mitigating the effects of inflamm-aging (Bikle, 2021). 

Clinical Evidence on Vitamin D and Skin Appearance: Clinical studies have provided 

evidence linking Vitamin D status to visible improvements in skin appearance. 

Supplementation with Vitamin D has been reported to improve skin elasticity, enhance 
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hydration, and contribute to an overall more youthful appearance (Suciangto & Nasruddin, 

2023). Conversely, Vitamin D deficiency has been associated with an exacerbation of signs of 

skin aging, including dullness, dryness, and the increased visibility of fine lines (Pittas et al., 

2019). These findings suggest that maintaining adequate Vitamin D levels may play a 

significant role in preserving and enhancing the aesthetic qualities of the skin as it ages. 

Table 1: Summary of Clinical Studies on Vitamin D and Skin Aging. 

Author Yea

r 

Study 

Design 

Vitamin D 

Interventi

on 

Contr

ol 

Grou

p 

Durati

on 

Key 

Aesthetic 

Outcomes 

Measured 

Significant 

Findings 

Pittas et 

al. 

201

9 

Randomiz

ed, 

Double-

Blind, 

Placebo-

Controlled 

Vitamin 

D3 (2000 

IU/day) 

Placeb

o 

12 

weeks 

Firmness, 

Hydration, 

Dullness, 

Wrinkle 

Breadth, 

Overall 

Skin 

Appearanc

e 

Significant 

improvement 

in firmness, 

hydration, 

dullness, 

overall 

appearance, 

and reduction 

in wrinkle 

breadth 

compared to 

placebo. 

Reichra

th et al. 

202

0 

Review Vitamin D 

(various 

forms and 

doses) 

N/A N/A Hydration, 

Elasticity, 

Fine 

Wrinkles, 

Pigmentati

on 

Vitamin D 

supplementat

ion improved 

skin 

hydration and 

elasticity; 

specific 

contributions 

to wrinkles 

and 



8 
 

pigmentation 

noted. 

Bochev

a et al. 

202

1 

Literature 

Review 

Vitamin D 

effects on 

collagen 

synthesis 

N/A N/A Collagen 

Synthesis, 

Skin 

Elasticity 

Vitamin D 

increases 

collagen 

synthesis and 

clinically 

improves 

skin 

elasticity. 

Vitamin D and Skin Pigmentation 

The relationship between Vitamin D and skin pigmentation is multifaceted, involving both the 

impact of pigmentation on Vitamin D synthesis and the potential effects of Vitamin D on 

melanocytes and skin tone. 

Relationship with Melanin Production: The interaction between Vitamin D and 

melanocytes, the cells responsible for producing melanin (the pigment that gives skin its color), 

is complex and potentially bidirectional (Slominski et al., 2021). While some research suggests 

that Vitamin D derivatives may inhibit the proliferation of melanocytes and act as antioxidants 

within these cells (Slominski et al., 2021), the most well-established relationship is the inverse 

association between skin pigmentation and Vitamin D synthesis. Melanin acts as a natural 

sunscreen, absorbing UVB radiation and thereby reducing the skin's ability to produce Vitamin 

D3. Individuals with darker skin, who have higher levels of melanin, require longer or more 

intense sun exposure to synthesize sufficient amounts of Vitamin D compared to those with 

lighter skin (Wilson et al., 2022). 

Role in Hyperpigmentation and Skin Tone: Emerging research suggests a potential link 

between Vitamin D deficiency and the development or exacerbation of hyperpigmentation 

disorders, such as melasma (Ahmed et al., 2023). Notably, a clinical trial investigating the 

effects of topical Vitamin D3 on chloasma, another common hyperpigmentation condition, 

demonstrated a significant reduction in severity scores and an improvement in skin barrier 

function in the Vitamin D treatment group compared to placebo (Vashi et al., 2024). This 

suggests that Vitamin D may have a role in regulating melanin production or distribution in the 
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skin. While the precise mechanisms are still under investigation, Vitamin D's antioxidant and 

anti-inflammatory properties may contribute to its effects on pigmentation (Slominski et al., 

2021). 

Vitamin D and Common Skin Conditions with Aesthetic Implications 

Vitamin D has been implicated in the pathogenesis and management of several common skin 

conditions that have significant aesthetic implications. 

Acne Vulgaris: Acne vulgaris, a prevalent inflammatory skin condition, may be influenced by 

Vitamin D. Research has highlighted Vitamin D's anti-inflammatory properties and its potential 

to exert anti-microbial effects against Cutibacterium acnes, a bacterium implicated in acne 

development (Bikle, 2021). Some studies have suggested that individuals with acne may have 

lower serum levels of Vitamin D (Lee et al., 2018). Furthermore, there is evidence indicating 

that Vitamin D supplementation could potentially lead to an improvement in acne symptoms, 

possibly by modulating inflammation and the skin microbiome (Lee et al., 2018). 

Rosacea: Rosacea, a chronic inflammatory skin condition affecting the face, has also been 

linked to Vitamin D. Studies have shown an association between lower levels of Vitamin D 

and an increased risk or severity of rosacea (Ekiz et al., 2014). Given Vitamin D's role in 

regulating inflammatory cytokines, which are believed to play a part in rosacea pathogenesis, 

maintaining adequate Vitamin D levels may be relevant for managing this condition (Ekiz et 

al., 2014). 

Atopic Dermatitis (Eczema): Atopic dermatitis, characterized by a compromised skin barrier 

and inflammation, may be influenced by Vitamin D. Vitamin D is known to play a crucial role 

in maintaining the skin barrier function, which is often impaired in individuals with eczema 

(Bikle, 2021). Additionally, Vitamin D's immunomodulatory effects could be relevant to the 

underlying immune dysregulation in eczema (Samochocki et al., 2013). Research has explored 

the relationship between serum Vitamin D levels and the severity of eczema, with some studies 

suggesting a potential benefit of supplementation (Samochocki et al., 2013). 

Psoriasis: The role of Vitamin D in psoriasis is perhaps the most well-established among 

common skin conditions. Topical Vitamin D analogs, such as calcipotriol, are widely used as 

a first-line treatment for psoriasis due to their ability to inhibit the excessive proliferation of 
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keratinocytes (Mostafa & Hegazy, 2015). Evidence also suggests that patients with psoriasis 

may have lower serum levels of Vitamin D (Gisondi et al., 2015). Moreover, some studies 

have indicated that oral Vitamin D supplementation could potentially improve clinical 

outcomes in individuals with psoriasis, possibly by modulating immune responses and 

inflammation (Gisondi et al., 2015). 

Wound Healing and Scarring: Vitamin D plays a significant role in the complex process of 

wound healing, which has direct implications for aesthetic outcomes, particularly concerning 

scarring. Vitamin D is involved in regulating cell proliferation and differentiation, controlling 

inflammation, and promoting the production of antimicrobial peptides, all of which are crucial 

for effective wound repair (Oda et al., 2023). Studies have suggested that Vitamin D can 

enhance re-epithelialization, stimulate collagen synthesis, and increase the production of 

cathelicidin, an antimicrobial protein that aids in tissue repair (Oda et al., 2023). Conversely, 

Vitamin D deficiency has been linked to impaired wound healing (Burkiewicz et al., 2023). 

Emerging evidence also indicates a potential association between lower Vitamin D levels and 

an increased risk or severity of scarring, although further research is needed to fully understand 

this link (Halevy & Sukenik, 2020). 

The Gut-Skin Axis and Vitamin D: The gut-skin axis, a concept describing the bidirectional 

communication pathway between the gastrointestinal tract and the skin, has gained increasing 

attention in dermatological research (Salem et al., 2018). While the direct effects of Vitamin 

D on skin have been extensively studied, its potential indirect effects on skin aesthetics through 

its influence on gut health and the microbiome are also being explored (Gisondi et al., 2015). 

Gut dysbiosis, an imbalance in the gut microbial community, has been implicated in various 

inflammatory skin conditions (Salem et al., 2018). Vitamin D's role in maintaining gut barrier 

integrity and modulating the gut microbiome suggests a potential indirect pathway through 

which it could influence skin health and aesthetics, although more research is needed in this 

specific area. 

Discussion 

The findings from the reviewed literature underscore the multifaceted role of Vitamin D in 

maintaining skin health and its significant implications for aesthetic outcomes. Vitamin D's 

involvement in fundamental skin physiology, including its synthesis and metabolism within 
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the skin, its mechanisms of action on skin cells, and its influence on skin barrier function and 

hydration, lays the groundwork for understanding its broader impact on skin appearance. 

Adequate Vitamin D levels appear to be crucial for combating skin aging by promoting 

collagen production, reducing oxidative stress and inflammation, and contributing to visible 

improvements in skin elasticity, hydration, and overall appearance. 

The relationship between Vitamin D and skin pigmentation is complex, with skin pigmentation 

affecting Vitamin D synthesis, while Vitamin D may also influence melanocyte function and 

skin tone. Emerging evidence suggests a role for Vitamin D in managing hyperpigmentation 

conditions like melasma and chloasma, highlighting its potential in addressing significant 

aesthetic concerns. Furthermore, Vitamin D has been implicated in the pathogenesis and 

management of common skin conditions with aesthetic implications, including acne vulgaris, 

rosacea, atopic dermatitis, and psoriasis. Its anti-inflammatory, immunomodulatory, and cell 

growth regulating properties make it a relevant factor in these conditions. Notably, Vitamin D's 

role in wound healing and its potential to minimize scarring further emphasize its importance 

for aesthetic outcomes. The emerging field of the gut-skin axis suggests another layer of 

complexity, with Vitamin D's influence on gut health potentially indirectly affecting skin 

aesthetics, although this area requires further investigation. 

These findings align with previous research highlighting the importance of Vitamin D beyond 

bone health, extending to its critical roles in skin biology (Bikle, 2021). Recent research has 

further elucidated the specific mechanisms through which Vitamin D exerts its protective and 

restorative effects on the skin, including its interaction with the VDR and its influence on 

various signaling pathways (Holick, 2017). The advancements in understanding the molecular 

mechanisms of skin aging and the role of Vitamin D in counteracting these processes provide 

new perspectives on its potential as an anti-aging agent (Reichrath et al., 2020). 

Despite the growing body of evidence, there are still gaps in our understanding of Vitamin D's 

precise role in skin health and aesthetics. The mechanisms by which Vitamin D influences skin 

pigmentation, beyond its effect on synthesis, require further elucidation. Additionally, more 

long-term clinical trials are needed to assess the sustained impact of Vitamin D 

supplementation, both oral and topical, on various aesthetic outcomes in diverse populations. 

Future research should focus on well-designed studies with standardized Vitamin D 

interventions and objective measures of aesthetic improvements. Investigating the interplay 

between oral and topical Vitamin D applications for enhancing skin aesthetics could also yield 
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valuable insights. Furthermore, exploring Vitamin D's role in the context of different skin types 

and ethnicities is crucial for developing personalized recommendations. Finally, the potential 

involvement of Vitamin D in the gut-skin axis and its indirect effects on skin health and 

aesthetics warrants further investigation. 

Conclusion 

In conclusion, this literature review highlights the significant and multifaceted role of Vitamin 

D in maintaining skin health and influencing various aesthetic outcomes. From its fundamental 

involvement in skin physiology and barrier function to its potential in combating skin aging, 

regulating pigmentation, and managing common dermatological conditions, Vitamin D 

emerges as a crucial factor in the pursuit of healthy and youthful-looking skin. The ability of 

the skin to synthesize and respond to Vitamin D underscores a direct and important 

relationship. Furthermore, the emerging understanding of Vitamin D's potential indirect effects 

through the gut-skin axis adds another layer to its significance. While the established use of 

topical Vitamin D analogs in conditions like psoriasis demonstrates its therapeutic potential, 

ongoing research continues to uncover new ways in which this essential hormone can 

contribute to aesthetic well-being. Maintaining adequate Vitamin D levels, through a 

combination of sensible sun exposure, a balanced diet, and appropriate supplementation when 

necessary, appears to be a vital component of a comprehensive approach to skin health and 

aesthetics. Continued research is essential to further elucidate the full spectrum of Vitamin D's 

benefits for skin and to optimize its applications in dermatological and cosmetic interventions. 
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