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INTRODUCTION

Skin and hair are dynamic biological systems that 
respond acutely to nutritional status, hormonal 
milieu and environmental stressors. Understanding 
the interplay between diet and dermatologic physi-

ology is increasingly important in aesthetic medicine 
because optimal skin and hair quality underpins the 
success of surgical and regenerative procedures. 
The integumentary system is both a barrier and a 
sensory organ; it requires a complex supply of 
macro- and micronutrients to maintain cell turnover, 
lipid composition, barrier function and extracellular 
matrix integrity. Modern life exposes individuals to 
ultraviolet (UV) radiation, pollutants and psychologi-

cal stress that accelerate production of reactive ox-

ygen species (ROS), matrix metalloproteinases 
(MMPs) and inflammatory cytokines. Nutritional de-

ficiencies or unbalanced diets compromise the 
skin’s ability to neutralize these insults, resulting in 
increased oxidative stress, glycation of structural

proteins, impaired barrier function and telogen efflu-

vium. Consequently, nutritional assessment has 
become an integral part of preoperative planning, 
postprocedural recovery and long-term mainte-

nance of aesthetic outcomes.

This article provides a comprehensive overview 
of the evidence linking nutrients and bioactive 
compounds with skin and hair health. It reviews 
mechanistic pathways by which nutrients influ-

ence keratinocytes, fibroblasts, sebaceous 
glands, melanocytes and hair follicles. Micronu-

trients such as vitamins A, C, D, E, and the B com-

plex regulate keratinocyte differentiation, collagen 
synthesis, wound healing and immune function. 1–3 

Trace minerals like zinc and selenium act as 
essential cofactors in antioxidant enzymes and 
transcription factors. 1,4 Proteins supply amino 
acids for keratin, collagen and elastin, while fats 
provide essential fatty acids for barrier lipids 
and modulate inflammatory pathways. We also 
examine nutraceuticals, including carotenoids
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KEY POINTS

• Screen aesthetic surgery patients for nutritional deficiencies that may impair wound healing, hair

growth, and skin quality.

• Recommend a Mediterranean-style, low-glycemic diet to reduce inflammation, oxidative stress,

and glycation-related skin aging.

• Consider targeted supplementation (e.g., collagen peptides, omega-3 fatty acids, probiotics, zinc,

and vitamin D) when clinically indicated.

• Incorporate gut health, sleep quality, and circadian rhythm optimization into comprehensive skin

and hair wellness counseling.

• Nutritional interventions should complement—not replace—evidence-based medical and surgical

treatments.
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like astaxanthin and lycopene, polyphenols such 
as curcumin and cocoa flavanols, probiotics that 
modulate the gut–skin axis, glycation inhibitors 
and melatonin, and analyze their roles in photopro-

tection, antiaging and disease management. 1,5–8 

Finally, we discuss dietary patterns, supplementa-

tion strategies and future directions for clinicians 
integrating nutritional biologics into facial plastic 
surgery and regenerative practice. 9,10

MECHANISTIC PATHWAYS OF NUTRITION 
AND SKIN AGING

Skin aging results from a complex interplay of 
intrinsic and extrinsic factors. Intrinsic aging is a 
genetically programmed process characterized by 
gradual decline in fibroblast proliferation, reduced 
synthesis of collagen and hyaluronic acid, and 
increased fragmentation of elastic fibers. Extrinsic 
aging is largely driven by UV radiation, visible light, 
infrared exposure, pollution, smoking and poor 
nutrition. Exposure to UVB and UVA initiates photo-

oxidative stress by generating ROS in keratinocytes 
and fibroblasts. ROS activate transcription factors 
such as activator protein-1 and nuclear factor-

kappa B (NF-kB), leading to increased expression 
of MMPs that degrade collagen types I and III and 
elastin, while decreasing tissue inhibitors of metal-

loproteinases. Simultaneously, UV and environ-

mental pollutants induce inflammatory cytokines 
(interleukin-1beta, interleukin-6, TNF-alpha), cyclo-

oxygenase-2, and inducible nitric oxide synthase, 
promoting vasodilation, edema and erythema. 1 

These processes disrupt the epidermal barrier, 
compromise DNA repair capacity and accelerate 
wrinkle formation.

Advanced glycation end products (AGEs) 
further compromise dermal integrity. Glycation 
is a nonenzymatic reaction between reducing 
sugars and protein amino groups that forms 
Schiff bases and Amadori products; subsequent 
oxidation yields AGEs that cross link collagen 
and elastin, reduce skin elasticity and induce yel-

low discoloration. 11 AGEs interact with the recep-

tor for AGEs on keratinocytes and endothelial 
cells, triggering oxidative stress and NF-kB medi-

ated inflammation. High dietary sugar intake and 
smoking accelerate AGE formation, while caloric

restriction and certain phytochemicals exert anti-

glycation effects. 11

The gut-skin axis is another key pathway: dys-

biosis of intestinal microbiota increases intestinal 
permeability (leaky gut) allowing lipopolysaccha-

ride translocation and systemic inflammation that 
can exacerbate acne, rosacea and eczema. Probi-

otics and prebiotics modulate the gut microbiome 
to reduce systemic inflammation and improve skin 
barrier function. 12,13 Understanding these path-

ways sets the stage for targeted nutritional inter-

ventions that support collagen synthesis, reduce 
oxidative stress, modulate inflammation and main-

tain the microbiome.

VITAMINS

Vitamin a (Retinoids and Carotenoids)

Vitamin A includes retinol, retinaldehyde, retinoic 
acid and provitamin A carotenoids such as beta-

carotene and alpha-carotene. Retinoic acid binds 
nuclear receptors to regulate gene transcription 
involved in keratinocyte differentiation, sebaceous 
gland function, and hair follicle morphogenesis. 
Adequate retinoid status maintains epidermal 
turnover and prevents hyperkeratosis; deficiency 
causes follicular hyperkeratosis, xerosis, hair loss 
and impaired wound healing. 3 Excess retinoid 
intake can lead to alopecia, cheilitis and hepatic 
dysfunction; balanced intake is thus crucial. Topi-

cally applied retinoids are well-established treat-

ments for photoaging, acne and psoriasis; oral 
isotretinoin is effective for severe nodular acne 
and papulopustular rosacea. 14 Dietary sources 
include liver, fish oil, eggs and yellow-orange veg-

etables. Carotenoids such as beta-carotene and 
lycopene accumulate in the epidermis and provide 
photoprotection by quenching singlet oxygen and 
scavenging free radicals.

Vitamin C (Ascorbic Acid)

Ascorbic acid is a water-soluble antioxidant and 
an essential cofactor for hydroxylases involved 
in collagen stabilization. Normal skin contains 
high concentrations of vitamin C; it enhances 
collagen synthesis, modulates gene expression 
in fibroblasts, and protects against UV-induced 
photodamage. 2 Deficiency results in scurvy with 
manifestations such as skin fragility, perifollicular 
hemorrhage, corkscrew hairs and impaired 
wound healing. 2 Because the epidermis is avas-

cular, delivery of vitamin C occurs by diffusion 
from the dermis; adequate dietary intake is 
essential. Food sources include citrus fruits, 
berries, tomatoes, bell peppers and leafy greens. 
Oral supplementation may augment dermal 
vitamin C and has been shown to improve facial

Abbreviations

AGE advanced glycation end products 
EGCG epigallocatechin gallate

MMP matrix metalloproteinases 
NF-kB nuclear factor-kappa B
ROS reactive oxygen species 
UV Ultraviolet
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wrinkling and elasticity in combination with 
collagen peptides. 15

Vitamin D

Vitamin D3 is synthesized in the skin upon UVB 
exposure and is hydroxylated in the liver and kid-

ney to the hormonally active calcitriol. Keratino-

cytes express vitamin D receptors; vitamin D 
regulates epidermal proliferation and differentia-

tion, enhances barrier function by increasing cath-

elicidin and defensin antimicrobial peptides and 
modulates immune responses. Low vitamin D 
levels are associated with atopic dermatitis, psori-

asis and alopecia areata; supplementation may be 
beneficial in individuals with limited sun exposure 
or darker skin phototypes. 9

Vitamin E

Vitamin E is a lipid-soluble antioxidant that pro-

tects cell membranes from lipid peroxidation. 
The most abundant form in human skin is alpha-

tocopherol; it acts synergistically with vitamin C 
to regenerate oxidized tocopherols and reduces 
UV-induced erythema and edema. Oral supple-

mentation improves photoprotection but high 
doses are associated with adverse events; topical 
application with vitamin C and ferulic acid reduces 
UV-induced erythema. 1

B-Complex Vitamins

Niacinamide (vitamin B3) enhances epidermal dif-

ferentiation, increases ceramide and free fatty acid 
synthesis and reduces transepidermal water loss. 
It downregulates inflammatory cytokines and in-

hibits melanosome transfer, making it useful for 
hyperpigmentation and rosacea. Biotin (vitamin 
B7) is required for keratin production; deficiency 
leads to alopecia and dermatitis. Folic acid and 
vitamin B12 are required for DNA synthesis; their 
deficiencies can present as hyperpigmented mac-

ules, hair loss, and glossitis. Pantothenic acid sup-

ports coenzyme A production and has been used 
to treat acne. Adequate intake of B-complex vita-

mins through a balanced diet supports healthy 
skin and hair. 1

MINERALS AND TRACE ELEMENTS

Zinc

Zinc is the third most abundant trace element in 
skin and acts as a cofactor for over 300 enzymes 
and thousands of transcription factors. It plays 
critical roles in DNA repair, keratinocyte prolifera-

tion, immune function and collagen synthesis. 4 

Zinc deficiency manifests as alopecia, periorificial 
dermatitis, delayed wound healing and increased

susceptibility to infections. Oral zinc supplementa-

tion has demonstrated benefits in acne and wound 
healing; however, large doses can cause gastroin-

testinal upset and interfere with copper absorp-

tion. In rosacea, oral zinc sulfate trials show 
mixed results, while topical zinc sulfate solution 
has shown moderate responses. 14

Copper

Copper is a cofactor for lysyl oxidase, which cata-

lyzes cross linking of collagen and elastin. It partic-

ipates in melanin synthesis, contributes to wound 
healing and has antimicrobial properties. Copper 
peptides stimulate collagen synthesis, increase 
angiogenesis and act as antioxidants; topical for-

mulations improve skin firmness and reduce fine 
lines. 1

Selenium

Selenium is incorporated into selenoproteins such 
as glutathione peroxidase and thioredoxin reduc-

tase, which neutralize hydrogen peroxide and lipid 
hydroperoxides. Selenium deficiency leads to 
increased oxidative stress and slower wound heal-

ing; supplementation may improve inflammatory 
skin disorders although excessive intake is toxic. 1

Iron

Iron is essential for hemoglobin formation and ox-

ygen transport. Iron deficiency anemia can mani-

fest as pallor, glossitis, brittle nails, and hair loss. 
However, excessive iron can catalyze the Fenton 
reaction, generating hydroxyl radicals that dam-

age cellular structures. Clinicians should evaluate 
iron status and supplement judiciously. 1

Other Minerals

Magnesium contributes to DNA repair and regu-

lates NMDA receptor activity, while manganese 
acts as a cofactor for superoxide dismutase. Sili-

con stimulates collagen synthesis and may 
improve skin hydration and elasticity; trials with 
choline-stabilized orthosilicic acid have shown 
modest improvements in hair and nails. 1

MACRONUTRIENTS AND STRUCTURAL 
PROTEINS

Proteins and Amino Acids

The dermis consists primarily of collagen (types I 
and III) and elastin, while the epidermis is rich in 
keratin. Dietary proteins supply essential amino 
acids like glycine, proline, lysine and methionine 
for synthesis of these structural proteins. Collagen 
peptides derived from bovine or marine sources 
have gained popularity as nutraceuticals. The
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ELASTEN trial demonstrated that a drinkable sup-

plement containing 2.5 g collagen peptides com-

bined with vitamin C, zinc, biotin and vitamin E 
significantly improved skin hydration, elasticity, 
roughness and density compared with placebo. 16 

Another randomized study using 1g low-

molecular-weight collagen peptides over 12 weeks 
showed improvements in hydration, wrinkling and 
elasticity. 17 A more recent 16-week trial compared 
hydrolyzed collagen plus vitamin C with or without 
hyaluronic acid; both groups improved dermal 
density and texture, but hyaluronic acid conferred 
no additional benefit. 15 These findings suggest 
that adequate dietary protein and targeted 
collagen supplementation can enhance extracel-

lular matrix integrity and support postoperative 
recovery.

Fats and Essential Fatty Acids

Lipids compose about 15% of the stratum cor-

neum dry weight and include ceramides, choles-

terol and free fatty acids. Omega-6 linoleic acid is 
a precursor for ceramide biosynthesis; deficiency 
results in xerosis and increased transepidermal 
water loss. Omega-3 eicosapentaenoic acid and 
docosahexaenoic acid exert antiinflammatory ef-

fects by decreasing prostaglandin E2 production 
and inhibiting arachidonic acid metabolites. Clin-

ical studies show that omega-3 supplementation 
improves acne and atopic dermatitis and may 
reduce photoaging. However, excessive omega-6 
intake relative to omega-3 can promote inflamma-

tion. Clinicians should encourage balanced con-

sumption of fatty fish, flaxseed, chia, walnuts, 
and monounsaturated fats while limiting transfats 
and processed foods. 1

Carbohydrates and Glycemic Load

High glycemic index diets increase insulin and 
insulin-like growth factor-1, which stimulate seba-

ceous gland activity, androgen production and 
keratinocyte proliferation, aggravating acne. Hy-

perglycemia accelerates formation of AGEs, cross 
linking collagen and elastin and impairing skin 
elasticity. 11 Low-GI diets rich in whole grains, le-

gumes, fruits and vegetables improve acne 
severity and may delay skin aging. 9,11 Clinicians 
should counsel patients on reducing refined 
sugars and high-GI carbohydrates to mitigate gly-

cation and inflammatory pathways.

XANTHOPHYLLS AND OTHER CAROTENOIDS

Astaxanthin

Astaxanthin is a marine xanthophyll carotenoid 
found in algae, salmon, krill, and crustaceans. It

possesses potent antioxidant and anti-

inflammatory properties. Randomized clinical trials 
demonstrate that 4 mg/day astaxanthin for 9 weeks 
increases minimal erythema dose, reduces skin 
moisture loss after UV exposure and improves sub-

jective skin texture. 5 Other trials combining oral and 
topical astaxanthin with collagen peptides show 
reduced wrinkles, improved elasticity, decreased 
transepidermal water loss and increased procolla-

gen I while lowering matrix metalloproteinases. 6 

Astaxanthin suppresses inflammatory mediators 
and enzymes such as COX-2 and iNOS. 6 Doses of 
2 to 6 mg/day are generally well tolerated; caution 
is advised in patients with shellfish allergies.

Lycopene

Lycopene, found in tomatoes and watermelon, accu-

mulates in the epidermis and provide photoprotec-

tion by quenching singlet oxygen and neutralizing 
free radicals. 1,9 Supplementation with tomato paste 
rich in lycopene has been associated with reduced 
UV-induced erythema in clinical studies. 1,9 Dietary 
diversity ensures a balanced intake.

Lutein and Zeaxanthin

Lutein and zeaxanthin, found in leafy greens and egg 
yolks, accumulate in the macula and the skin. Sup-

plementation improves hydration, elasticity and 
brightness and may protect against blue light-

induced oxidative stress. Their photoprotective ef-

fects complement other carotenoids. 1,6

POLYPHENOLS AND PHYTOCHEMICALS

Polyphenols

Polyphenols are secondary plant metabolites with 
strong antioxidant and anti-inflammatory activ-

ities. They include flavonoids such as quercetin, 
catechins, anthocyanins and proanthocyanidins, 
and nonflavonoids such as phenolic acids, resver-

atrol and curcumin. Polyphenols scavenge ROS, 
chelate metal ions, modulate NF-kB signaling 
and inhibit matrix metalloproteinases. 1

Green Tea

Green tea contains catechins such as epigalloca-

techin gallate (EGCG) that inhibit UV-induced 
ROS and inflammatory mediators. Topical 
EGCG reduces erythema and protects against 
photoaging, while oral green tea phenols have 
been shown to modulate skin properties and 
microcirculation. 18,19 Human skin studies indi-

cate that EGCG suppresses UV-induced oxida-

tive stress. 20
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Cocoa Flavanols

Cocoa is rich in flavanols, including epicatechin 
and procyanidins. Despite theoretic benefits for 
vascular health, a systematic review found no sig-

nificant difference in skin outcomes with chocolate 
consumption, likely due to short trial duration and 
heterogeneity. 21 Dark chocolate contains sugar 
and saturated fat that may exacerbate acne; mod-

erate consumption of cocoa powder with minimal 
sugar may confer antioxidant benefits.

Curcumin

Curcumin is a polyphenolic compound from 
turmeric with potent antioxidant and anti-

inflammatory properties. It modulates NF-kB, down-

regulates COX-2, iNOS and proinflammatory 
cytokines, and exhibits antiglycation activity. A ran-

domized trial using hot water extract of Curcuma 
longa showed increased epidermal water content, 
inhibition of UVB-induced TNF-alpha and IL-1beta 
expression and improved facial skin hydration. 7 

Because curcumin has low bioavailability, formula-

tions such as nanoparticles or phospholipid com-

plexes may enhance absorption.

Resveratrol and Other Polyphenols

Resveratrol from grapes activates sirtuin-1 and 
AMP-activated protein kinase, promoting mito-

chondrial biogenesis and antioxidant defense. 
Topical resveratrol improves fine lines and elastic-

ity. Other polyphenols like quercetin, apigenin and 
rosmarinic acid inhibit tyrosinase and may reduce 
hyperpigmentation. Intake of polyphenol-rich 
foods supports skin health and complements 
topical antioxidants. 1

GUT-SKIN AXIS AND PROBIOTICS

The Gut–Skin Axis and Probiotics

A bidirectional communication exists between the 
gut microbiota and skin health. Intestinal dysbiosis 
can trigger systemic inflammation via increased in-

testinal permeability, allowing lipopolysaccharide 
translocation and activation of Toll-like receptor-4 
with increased circulating cytokines. 12 These medi-

ators exacerbate acne, rosacea, psoriasis and 
atopic dermatitis. Probiotics modulate gut micro-

biota composition, enhance tight junction integrity 
and produce metabolites that regulate immune 
function. In vitro studies show that probiotic ex-

tracts suppress cell cycle inhibitors, upregulate 
fibrillin-1 and versican and delay cellular senes-

cence. 12 Oral administration of Lactobacillus plan-

tarum and Lactobacillus acidophilus in animal 
models reduced UV-induced wrinkles, increased 
skin hydration and decreased matrix

metalloproteinases. 12 Human trials demonstrate 
that probiotics improve acne severity, reduce 
sebum production and enhance skin barrier func-

tion. Prebiotics and synbiotics further support mi-

crobial balance. Clinicians should recommend 
probiotic-rich foods such as yogurt, kefir and fer-

mented vegetables or supplements containing 
Lactobacillus and Bifidobacterium strains for in-

flammatory skin disorders.

GLYCATION AND ANTIGLYCATION 
STRATEGIES

Glycation and Antiglycation Strategies

The Maillard reaction between reducing sugars 
and proteins leads to AGE formation, which accu-

mulates in the dermis, cross linking collagen and 
elastin and reducing skin elasticity. 11 AGEs also 
activate receptor-mediated signaling, increasing 
oxidative stress and inflammation. Dietary sugars 
and thermal processing of food contribute signifi-

cantly to exogenous AGEs; high-temperature 
cooking produces more AGEs than boiling or 
steaming. To mitigate glycation, patients should 
reduce consumption of sugary beverages, pro-

cessed foods and charred meats, and increase 
intake of fruits, vegetables and herbs rich in natural 
antioxidants and anti-glycation compounds. Phy-

tochemicals such as flavonoids, phenolic acids 
and carnosine act as carbonyl scavengers or 
metal chelators, reducing AGE formation. 11 Main-

taining good glycemic control and adopting a 
low-glycemic diet are practical strategies for pre-

serving skin suppleness.

MELATONIN AND CIRCADIAN RHYTHMS

Melatonin and Circadian Rhythms

Melatonin is a hormone synthesized in the pineal 
gland and in skin cells. It regulates circadian 
rhythms and has potent antioxidant and anti-

inflammatory properties. Melatonin scavenges 
ROS and reactive nitrogen species, upregulates 
antioxidant enzymes and modulates mitochondrial 
function. In the skin, melatonin receptors are 
expressed in keratinocytes, melanocytes, fibro-

blasts and hair follicles. Recent research high-

lighted that melatonin and vitamin D may act 
synergistically in the skin, with melatonin protect-

ing against UV-induced oxidative stress while 
vitamin D regulates proliferation and differentia-

tion. 8 Melatonin has been investigated for photo-

protection; topical melatonin applied before UV 
exposure reduces erythema. 22 Oral melatonin 
also inhibits UV-induced cytokine production, re-

duces MMP-1 expression and enhances repair of 
DNA lesions. 8 Oral supplementation may improve 
sleep quality, which indirectly influences skin
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health via cortisol reduction. Clinicians should 
consider melatonin in photoprotection regimens 
and advise patients on maintaining healthy circa-

dian rhythms through consistent sleep schedules 
and limiting evening exposure to blue light.

NUTRITIONAL INTERVENTIONS FOR SKIN 
DISORDERS

Nutritional Interventions for Skin Disorders

Nutrients can be therapeutic adjuncts in managing 
inflammatory skin conditions. In rosacea, oral iso-

tretinoin is effective for papulopustular disease but 
is teratogenic and may cause mucocutaneous side 
effects. 14 Niacinamide creams and oral NADH 
have shown benefit with fewer adverse events. 14 

Oral zinc sulfate reduced inflammatory lesions in 
one clinical trial but had no effect in another; topical 
zinc sulfate solution achieved moderate to good re-

sponses. 14 Omega-3 fatty acids improved ocular ro-

sacea symptoms in clinical studies. 14 In acne 
vulgaris, zinc, probiotics and low-glycemic diets 
reduce lesion counts. 4,9,12 Atopic dermatitis may 
benefit from probiotics, vitamin D and zinc supple-

mentation. Psoriasis and vitiligo have been linked 
to low levels of vitamin D, selenium and folate; anti-

oxidant supplementation and gluten-free diets may 
offer additional benefit. 9 Androgenetic alopecia 
has been associated with deficiencies in iron, zinc, 
vitamin D, and essential amino acids; nutritional 
correction can complement pharmacologic therapy. 
Patients should be counseled that supplements are 
adjuncts rather than replacements for medical 
treatment.

Diet and Lifestyle

Diet and lifestyle

While individual nutrients play critical roles, overall 
dietary pattern and lifestyle factors exert the great-

est influence on long-term skin health. A 
Mediterranean-style diet rich in fruits, vegetables, 
whole grains, legumes, nuts, olive oil and fish pro-

vides an abundance of antioxidants, polyphenols, 
carotenoids, vitamins and essential fatty acids. 9 

Observational studies associate this diet with 
lower rates of photoaging and inflammatory der-

matoses. In contrast, Western diets high in refined 
carbohydrates, processed meats and saturated 
fats promote inflammation, oxidative stress and 
glycation. Adequate hydration improves skin 
turgor and reduces roughness. 23 Chronic sleep 
deprivation impairs barrier recovery and is associ-

ated with accelerated signs of cutaneous aging. 24 

Smoking should be discouraged due to its delete-

rious effects on collagen and microvasculature. 25 

These measures complement specific nutrient in-

terventions to optimize skin and hair outcomes.

SUMMARY

Nutritional biologics offer a powerful adjunct to 
surgical and regenerative procedures by modu-

lating fundamental pathways of skin and hair 
biology. A balanced intake of vitamins, minerals, 
proteins, essential fatty acids and phytonutrients 
supports keratinocyte differentiation, collagen 
synthesis, antioxidant defense, and immune regu-

lation. Clinical trials demonstrate that collagen 
peptides, astaxanthin, curcumin, probiotics and 
hyaluronic acid supplements can improve hydra-

tion, elasticity, wrinkle depth and barrier func-

tion. 5,7,12,15–17 Understanding the gut-skin axis, 
glycation processes and circadian rhythms ex-

pands therapeutic opportunities. In practice, clini-

cians should assess patients’ nutritional status, 
encourage a diverse, plant-rich diet and consider 
targeted supplementation when deficiencies are 
identified. Personalized nutritional interventions, 
integrated with aesthetic treatments, can enhance 
patient outcomes, minimize complications and 
contribute to overall well-being. Future research 
should focus on standardized trials, bioavailability 
of nutraceuticals and the synergistic effects of 
combined therapies.

During the preparation of this work the authors 
used Gen AI. After using this tool/service, the au-

thors reviewed and edited the content as needed 
and takes full responsibility for the content of the 
publication.
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