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a b s t r a c t
Graying is a natural process, characterized by the loss of pigment in the hair, and is considered a sign of aging 
in society; its onset and progression is closely correlated with age and occurs to varying degrees in all individ­
uals, regardless of gender or race. However, premature graying has a psychological and social impact, affecting 
patients’ self-esteem. The exact etiopathogenesis is still unknown, and it has been associated with multiple factors 
such as: oxidative stress, ultraviolet radiation, genetic factors, and lifestyle factors such as smoking, nutritional 
and emotional factors. All of this causes a decrease in the production of melanin by the melanocytes of the hair 
bulb. Despite the extensive molecular research being carried out to understand the pathogenesis of graying, there 
is a shortage of effective, evidence-based treatment options. Today, graying has become a cultural phenomenon, 
where many people opt for cosmetic treatments to cover gray hair.

Introduction

Hair graying—also known as gray hair, white hair, or 
achromotrichia—is considered one of the earliest normal signs of 
aging. It usually appears around 34 years of age in Caucasians and 
43 years in individuals of African descent.1 However, it is defined as 
premature graying (PG) when at least 5 gray hairs appear before the 
age of 20 years in Europeans, 25 gray hairs in Asians, and before 30 
years of age in Africans.2

Hair symbolizes well-being and health and plays an important role 
in social communication, self-perception, self-esteem, and body Image.3 
Recently, the treatment of premature graying has been increasingly 
studied due to its psychological consequences and its possible associ­
ation with metabolic diseases.4,5

Hair follicle melanogenesis

Hair follicle melanocytes are categorized into subpopulations 
according to their function, degree of differentiation, and location.
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The first location is in the hair bulb during the anagen phase, in 
the upper region of the dermal papilla. Bulbar melanocytes are the only 
cells that contribute to hair pigmentation. They express active tyrosinase 
and dihydroxyphenylalanine (DOPA) and are considered part of the hair 
follicle pigmentary unit, along with keratinocytes.6

Melanogenesis occurs within specialized lysosomes called 
melanosomes, which are transferred to keratinocytes via dendrites 
and filopodia. This process occurs exclusively during the anagen 
phase, ceases during catagen, and remains inactive during telogen. 
Melanosomes transfer melanin primarily to the hair cortex, to a lesser 
extent to the medulla, and only occasionally to the cuticle.7

Unlike epidermal melanocytes, the hair bulb contains approximately 
1 melanocyte for every 5 keratinocytes, and hair follicle melanocytes 
have longer and more numerous dendrites.8

The second melanocyte location within the hair follicle is the bulge 
area. These melanocytes are immature and inactive, do not express 
melanogenic enzymes such as tyrosinase or tyrosinase-related protein 
1 (TRP-1), and serve as precursor cells. They proliferate, mature, and 
migrate to the bulb during anagen.9

Melanocytes have also been identified in the infundibulum, similar 
to epidermal melanocytes, and in sebaceous glands6 (Table 1 ).
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Table 1
Key signaling pathways involved in melanogenesis.

Signaling pathway
Wnt/β-catenin 
pathway

Increases transcription of the melanocyte-inducing 
transcription factor in melanocyte stem cells.• Increases endothelin receptor type B signaling• Promotes migration, proliferation, differentiation, 
and melanogenesis

MC1R • Melanogenesis and melanosome transfer• Repair of UV radiation–induced DNA damage
KIT/SCF Regulation of melanin production
EDN/EDNRB Melanocyte proliferation and melanogenesis
PI3K/AKT • Extracellular release of melanin; prevention of 

oxidative stress, DNA damage, and reduced cell 
survival

TGF-β Main regulator of melanocyte stem cells, causing 
cell cycle arrest and downregulation of MITF

MITF Differentiation of melanocyte stem cells.• Positive regulation of pigmentation• Positive regulation of melanosomes• Facilitates melanocyte proliferation• Antiapoptotic• Mitigates DNA damage

The graying process

The hair follicle pigmentary unit reaches its maximum melanin pro­
duction during adolescence, followed by a gradual decline over the 
years.

Repigmentation and reconstruction of the pigmentary unit are lost 
with each hair cycle and can only be achieved for 7 to 15 cycles, cor­
responding to approximately 40–45 years of age, resulting in reduced 
pigment production. Another contributing factor is the prolongation of 
the telogen phase that occurs with aging10 (Fig. 1).

Pigment loss in the hair shaft is associated with reduced melanin 
content and a decrease in bulbar melanocytes. When hair becomes gray, 
few melanocytes remain, but they still express tyrosinase and conti­
nue melanin transfer to keratinocytes. In contrast, white hair lacks 
melanocytes in the bulb altogether.1

Etiopathogenesis

The exact etiopathogenesis of premature graying has not yet been 
fully elucidated. It may be associated with autosomal genetic disorders, 
premature aging syndromes such as progeria and pangeria, oxidative 
stress resulting from ultraviolet radiation, pollution, and emotional

Anagen phase              Catagen phase                Telogen phase                    Early anagen

Fig. 1. Etiopathogenic process of hair graying across phases.

factors, as well as inflammatory causes. Several studies have also 
reported associations with deficiencies of vitamin B12, vitamin D, iron, 
calcium, ferritin, copper, and zinc, as well as with thyroid hormone 
deficiency and drugs that reduce melanogenesis.2

Oxidative stress

Oxidative stress plays a significant role in melanogenesis. Melanin 
synthesis generates hydrogen peroxide (H2O2), superoxide (O2−), and 
hydroxyl free radicals. Compared with keratinocytes, melanocytes are 
more vulnerable to oxidative stress.11

Defense mechanisms against oxidative stress include antioxidants 
such as superoxide dismutase (SOD), catalase (CAT), and glutathione 
peroxidase (GPx). However, their activity decreases with aging, creating 
an imbalance between oxidative damage and repair mechanisms.12

Excessive accumulation of reactive oxygen species (ROS) within hair 
follicle melanocytes leads to cellular damage through lipid peroxidation, 
DNA strand breaks, mutations, and protein and enzyme denaturation. 
Damage to the cell membrane generates arachidonic acid, followed by 
the formation of aldehydes such as malondialdehyde (MDA) and 4-
hydroxynonenal. MDA crosses the cell membrane into the extracellular 
compartment; therefore, its serum concentration represents a sensitive 
marker of oxidative stress. Collectively, this damage results in decreased 
melanocyte pigment-forming capacity and may even induce apoptosis 
through activation of inflammatory pathways such as the MAPK and 
p53 pathways.13

Saxena et al. evaluated serum levels of MDA, reduced glutathione, 
and SOD in patients with premature graying and found significantly 
higher MDA levels vs controls. SOD levels were also lower in premature 
graying cases, reinforcing the role of oxidative stress in PG.14

Genetic factors

Numerous genes and signaling pathways involved in premature gray­
ing have been identified. Bian et al. reported reduced expression of 
genes responsible for melanin synthesis in the hair follicle—such as TYR, 
melan-A (MLANA), premelanosome protein (PMEL), TYRP1, SLC45A2, 
KIT, G protein–coupled receptor 143 (GPR143), and OCA2—in patients 
with premature graying.15

UV radiation

UV radiation plays an important role in hair graying by stimulat­
ing the production of free radicals. UVA radiation can cause hair color 
changes by penetrating deeply into the cortex and inducing biochemical 
damage, whereas UVB radiation leads to protein depletion and struc­
tural damage to the cuticle.16,17
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Fig. 2. Etiopathogenic mechanism of stress-induced hair graying.

Tobacco use

Smoking is associated with hair graying through increased free rad­
ical production. Shin et al. found a statistically significant association 
between smoking and premature graying, consistent with former stud­
ies.18,19
Stress

The mechanism linking graying and stress is not yet fully understood.
Animal studies suggest that stress can accelerate hair graying. 

Sharma et al. evaluated stress levels in patients with PG using the Per­
ceived Stress Scale (PSS) and found significantly higher stress scores in 
patients with PG vs controls.20

Zhang et al. demonstrated that acute stress can cause irreversible 
depletion of somatic stem cells via activation of the sympathetic nervous 
system, resulting in permanent tissue damage and hair graying.21

Hair follicles are innervated by sympathetic nerves; under stress 
conditions, they release norepinephrine, inducing proliferation of 
melanocyte stem cells that differentiate and migrate out of the bulge.10 
This leads to depletion of melanocyte stem cells without replacement. 
Without melanocytic cells to provide pigment during the next anagen 
phase, hair appears white10,22 (Fig. 2).

Various stressors—including nociception-induced stress, chronic 
stress, and restraint stress—have been shown to cause melanocyte stem 
cell loss and hair graying through immunological mechanisms, corticos­
terone, and norepinephrine.22,23

Melanocyte stem cells express β2-adrenergic receptors, which 
respond to norepinephrine. Loss of this receptor completely blocks 
stress-induced hair graying.23 Other stress-related mediators include cal­
citonin gene-related peptide, which maintains immune privilege and 
induces catagen while promoting melanogenesis; substance P, which 
downregulates growth, induces apoptosis, and increases free radical 

production; and vasoactive intestinal peptide, which prevents follicular 
collapse.24,25

Adipose tissue surrounding hair follicles is rich in growth factors that 
regulate stem cell activation and regeneration and repress Wnt signal­
ing.22,24
Nutritional factors

Hair may exhibit reversible hypopigmentation due to nutritional 
deficiencies. Daulatabad et al. found lower vitamin B12 levels in patients 
with PG vs controls, with greater deficiency associated with increased 
severity. They also found lower folic acid levels but no differences in 
biotin levels.26

Sharma et al. reported lower serum calcium and ferritin, lower HDL 
cholesterol, and higher LDL cholesterol levels in patients with PG vs 
controls.20 Premature graying has been linked to early cardiovascular 
disease, and dyslipidemia may serve as a connecting factor.5

Furthermore, lower vitamin D levels have been reported in patients 
with PG, although without statistically significant associations.20,27 
Regarding copper, lower levels have been observed in PG patients vs 
controls, but without statistical significance.28,29
Comorbidities

Several studies have reported a higher prevalence of atopic diathesis 
in patients with PG.20,26,30 Das et al. conducted a study in patients with 
PG and found higher levels of blood pressure, glucose, insulin, C-reactive 
protein, and HOMA index, as well as elevated IL-6 levels, compared 
with controls. These findings suggest an increased cardiovascular risk, 
leading the authors to propose screening for cardiovascular risk factors 
in patients with PG.5

Chandran et al. measured thyroid hormone levels in patients with 
PG and found higher anti-thyroid peroxidase (TPO) antibody levels vs 
controls; however, no differences were observed in T3, T4, or TSH lev­
els.31

An increased risk of osteopenia—up to fourfold higher—has been 
reported in patients with PG vs individuals without gray hair.32 Never­
theless, more recent studies failed to confirm this association.33

In cases of PG, a laboratory work-up may be necessary, including iron 
studies, vitamin B12, folic acid, 25-hydroxyvitamin D, thyroid profile, 
and antithyroid antibodies.31−33
Clinical features

Gray hair primarily results from an optical phenomenon. The pale 
yellow keratin of non-pigmented hair appears white due to light refrac­
tion or reflection.34 Compared with pigmented hair, gray hair is thicker, 
stiffer, and more difficult to manage, grows faster, and is more suscepti­
ble to UV radiation damage, requiring greater protection.35 Alterations 
in hair fiber make it more difficult to maintain artificial color, leading 
many individuals to undergo repeated dyeing procedures, which may 
result in toxicity from artificial hair dyes.36

There are no sex-related differences in the prevalence of premature 
graying.37

In women, gray hair usually begins along the hairline, whereas in 
men it typically starts in the temporal region and sideburns. Graying 
first affects the scalp, followed by the facial area, and finally body hair.

Classification

There is no standardized scale for classifying graying. Several have 
been proposed; one of the most widely used is the Hair Whitening Score 
(HWS), which is based on the percentage of affected hair38:

• Trace: <25%
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Table 2
Differential diagnosis of premature graying.

 Disease Characteristics

 Localized causes of gray/white hair
 Vitiligo Achromic patches that may be accompanied by poliosis
 Piebaldism Congenital pigmentary disorder characterized by areas of leukoderma and poliosis, secondary to KIT 

gene mutation
 Waardenburg syndrome Autosomal dominant disorder characterized by sensorineural deafness, pigmentary abnormalities, 

and iris heterochromia

 Diffuse gray/white hair causes
 Oculocutaneous albinism Group of autosomal recessive disorders characterized by inability of melanocytes to produce pigment 

in skin, hair, and eyes
 Chediak–Higashi syndrome Partial oculocutaneous albinism, immunodeficiency, and recurrent bacterial infections
 Hermansky–Pudlak syndrome Oculocutaneous albinism, platelet dysfunction, and lysosomal storage defects
 Griscelli syndrome Partial albinism, photosensitivity, silvery-gray hair, and neurological disorders
 Menkes syndrome Copper metabolism disorder, hypopigmented, sparse, brittle hair with steel-wool appearance, 

associated with hair shaft abnormalities
 Elejalde syndrome Silvery hair, central nervous system dysfunction including seizures, hypotonia, and intellectual 

disability
 Sudden graying Alopecia areata, telogen effluvium, and vitiligo

Source: Adapted from Premature graying of hair: a comprehensive review and recent insights. Poonia K, Bhalla M. Indian Dermatol Online J. 2024;15:721–31.

Table 3
Level of evidence for treatments of graying.

 Treatment Grade of 
recommendation

Quality of 
evidence

 Studies

 Calcium pantothenate  2A  B  41, 42, 43
 PABA + calcium pantothenate  2A  B  43
 Palmitoyl tetrapeptide-20  2B  C  44
 Melitane 5%  2B  C  45

• Mild: 25–50%• Moderate: 50–75%• Marked: 75–100%• Complete: 100%

Differential diagnosis

It is necessary to distinguish graying from other conditions that cause 
localized or diffuse hair hypopigmentation (Table 2).

There are reports of abrupt overnight graying, known as sudden can­
ities or Marie Antoinette syndrome, which is related to diffuse alopecia 
areata. In this condition, pigmented hair is preferentially shed, leaving 
only hypopigmented hair.39,40
Treatment

Despite extensive research into the pathophysiology of graying, no 
satisfactory treatments currently exist (Table 3). Due to high patient 
demand, vitamin supplements, antioxidants, and minerals such as 
biotin, zinc, copper, selenium, and calcium pantothenate are frequently 
used, although their efficacy has not been demonstrated. If deficiencies 
of vitamin B12, folic acid, vitamin D, or thyroid hormone abnormalities 
are detected, specific treatment is recommended.

Oral treatment

Calcium pantothenate and para-aminobenzoic acid (PABA) have 
been used, showing temporary hair repigmentation. Pasricha et al. 
reported hair repigmentation in 2 patients with PG on 200 mg of cal­
cium pantothenate daily.41 In a subsequent study using the same dose 

combined with plucking of gray hair, a reduction in the number of gray 
hairs was observed at a 3-year follow-up.42

Conversely, a prospective study evaluating 100 mg of calcium pan­
tothenate + 200 mg of PABA daily in 27 individuals with age-related 
graying and 6 with PG found that 6% (all with age-related graying) 
showed marked repigmentation and 21% showed slight improvement 
after 8 months. However, hair returned to gray after discontinuation of 
supplementation.43 No recent studies support the use of calcium pan­
tothenate or PABA.

Topical treatment

Palmitoyl tetrapeptide-20 and melitane are biomimetic peptides that 
act as agonists of α-melanocyte-stimulating hormone (α-MSH) and, 
together with its melanocortin-1 receptor (MC1R), regulate pigment 
production in hair. Palmitoyl tetrapeptide-20 has been studied in vitro 
and in 15 men with premature graying, inducing hair pigmentation 
after 3 months.44 The use of melitane plus oral supplements has been 
reported in a 14-year-old woman, with favorable results observed after 
6 months.45

Latanoprost has been studied in animal models, demonstrating 
increased follicular melanogenesis and hair growth.46

Dyes and colorants

Most patients resort to natural or artificial dyes. Natural dyes contain 
ingredients such as henna (Lawsonia alba), Indian gooseberry (Emblica 
officinalis), and false daisy (Eclipta alba), and are generally less irritating 
and allergenic.47

Hair dyes are categorized as permanent, semi-permanent, and tem­
porary (Table 4 ). Permanent dyes are the most widely used due to their 
durability and wide color range; however, some components have been 
associated with allergic reactions, toxicity, carcinogenesis, and hair fiber 
damage. Temporary dyes do not penetrate the cuticle and are removed 
with washing.48,49
Emerging therapies

RT1640 is a compound consisting of cyclosporine A, minoxidil, 
and RT175, a non-immunosuppressive tacrolimus ligand with regener­
ative capacity. Cyclosporine A is a calcineurin inhibitor that modulates 
hair growth by prolonging the anagen phase, activating inactive 

4



K.M. Ramirez-Gomez, A. Imbernon-Moya, M.F. Villegas-Calzada et al. Actas Dermo-Sifiliográficas 117 (2026) 104564

Table 4
Characteristics of hair dyes.

Type of dye Characteristics Duration
Temporary a. High-molecular-weight molecules that remain on the cuticle Removed after the first washes
Semi-permanent a. Small molecules that diffuse into the cortex without binding 

stably to proteins
b. No ammonia or hydrogen peroxide
c. Gray hair coverage < 30%

6–12 washes

Demi-permanent a. Contains 3 agents: developer, coupler, and oxidant; contains 
ethanolamine or sodium carbonate instead of ammonia
b. Hydrogen peroxide 2%
c. Gray hair coverage up to 50%

20–25 washes

Permanent a. Contains 3 agents: developer, coupler, and oxidant
b. Penetrate deeply into the cortex, changing hair structure
c. Use ammonia and hydrogen peroxide up to 6%
d. 100% gray hair coverage

Color fades with washing; requires 
retouching of new hair growth

Table 5
Drugs causing hair hyper- or hypopigmentation.

 Depigmentation Hyperpigmentation/gray 
hair pigmentation or 
depigmentation

 Hyperpigmentation

 Chloroquine  Imatinib  Cyclosporine
 Interferon  Valproate  Indinavir
 Tamoxifen  Cisplatin  Zidovudine
 Hydroxychloroquine  Etretinate  Verapamil
 Sunitinib  Acitretin  Para-aminobenzoic acid
 Pazopanib
 Phenobarbital
 Phenytoin
 Dasatinib

melanocytes, and blocking catagen. Minoxidil promotes the transition 
from telogen to anagen, increasing the duration of anagen. Anderson 
et al. tested this compound in mice and found an 80% increase in 
melanocyte progenitor cells in the hair bulb, resulting in hair pigmen­
tation even after shaving.50

Saha et al. described the use of a placental extract rich in C18:0 sph­
ingolipids, which activates the microphthalmia-associated transcription 
factor (MITF) to stimulate quiescent melanocyte stem cells in gray-
haired mice, resulting in hair pigmentation and suggesting reactivation 
of melanocyte stem cells.51

Other drugs

Numerous drugs used for other conditions have been identified as 
causing hair repigmentation. However, not all patients exposed to these 
drugs develop pigmentation, and hair color usually returns to baseline 
after drug discontinuation (Table 5 ).52

Quality of life

Hair disorders have a significant impact on quality of life, and PG 
is no exception. Daulatabad et al. assessed quality of life using the Der­
matology Life Quality Index (DLQI) in 57 patients with PG, finding that 
65.4% had a significant impact and 19.23% had an extremely signif­
icant impact, with high levels of guilt and mood changes.53 Mathias 
et al. reported that among 100 patients with PG, 49% had a significant 
impact and 22% an extremely significant impact on quality of life.54 
Parihar et al. assessed body image in 295 patients with PG and found 
poor body image in 54%.55

Conflict of interest

The authors declare that they have no conflict of interest.

References
1. Tobin DJ, Paus R. Graying: gerontobiology of the hair follicle pigmentary unit. Exp 

Gerontol. 2001;36:29–54.
2. Daulatabad D, Singal A, Grover C, Chhillar N. Profile of Indian patients with prema­

ture canities. Indian J Dermatol Venereol Leprol. 2016;82:169.
3. Thompson KG, Marchitto MC, Ly BC, Chien AL. Evaluation of physiological, psycho­

logical, and lifestyle factors associated with premature hair graying. Int J Trichol. 
2019;11:153–158.

4. ElFaramawy AA, Hanna IS, Darweesh RM, Ismail AS, Kandil HI. The degree of hair 
graying as an independent risk marker for coronary artery disease, a CT coronary 
angiography study. Egypt Heart J. 2018;70:15–19.

5. Das S, Chander R, Garg T, Mendiratta V, Singh R, Sanke S. Cardiovascular risk 
markers in premature canities. Indian J Dermatol Venereol Leprol. 2023;89:221–225.

6. Slominski A, Wortsman J, Plonka PM, Schallreuter KU, Paus R, Tobin DJ. Hair follicle 
pigmentation. J Invest Dermatol. 2005;124:13–21.

7. Slominski A, Paus R. Melanogenesis is coupled to murine anagen: toward new 
concepts for the role of melanocytes and the regulation of melanogenesis in hair 
growth. J Invest Dermatol. 1993;101:90S–97S.

8. Stenn KS, Paus R. Controls of hair follicle cycling. Physiol Rev. 2001;81:449–494.
9. Nishimura EK. Melanocyte stem cells: a melanocyte reservoir in hair follicles for hair 

and skin pigmentation. Pigment Cell Melanoma Res. 2011;24:401–410.
10. Van Neste D, Tobin DJ. Hair cycle and hair pigmentation: dynamic interactions and 

changes associated with aging. Micron. 2004;35:193–200.
11. Daulatabad D, Singal A, Grover C, Sharma SB, Chhillar N. Assessment of oxidative 

stress in patients with premature canities. Int J Trichol. 2015;7:91–94.
12. Emerit I, Filipe P, Freitas J, Vassy J. Protective effect of superoxide dismutase against 

hair graying in a mouse model. Photochem Photobiol. 2004;80:579–582.
13. Ayala A, Muñoz MF, Argüelles S. Lipid peroxidation: production, metabolism and 

signaling mechanisms of malondialdehyde and 4-hydroxy-2-nonenal. Oxid Med Cell 
Longev. 2014;2014:360–438.

14. Saxena S, Gautam RK, Gupta A, Chitkara A. Evaluation of systemic oxidative stress 
in patients with premature canities and correlation of severity of hair graying with 
the degree of redox imbalance. Int J Trichol. 2020;12:16–23.

15. Bian Y, Wei G, Song X, et al. Global downregulation of pigmentation-associated genes 
in human premature hair graying. Exp Ther Med. 2019;18:1155–1163.

16. Seiberg M. Age-induced hair greying – the multiple effects of oxidative stress. Int J 
Cosmet Sci. 2013;35:532–538.

17. Dario MF, Baby AR, Velasco MVR. Effects of solar radiation on hair and photopro­
tection. J Photochem Photobiol B. 2015;153:240–246.

18. Shin H, Ryu HH, Yoon J, et al. Association of premature hair graying with fam­
ily history,smoking, and obesity: a cross-sectional study. J Am Acad Dermatol. 
2015;72:321–327.

19. Zayed AA, Shahait AD, Ayoub MN, Yousef AM. Smokers’ hair: does smoking cause 
premature hair graying? Indian Dermatol Online J. 2013;4:90–92.

20. Sharma N, Dogra D. Association of epidemiological and biochemical factors with 
premature graying of hair: a case–control study. Int J Trichol. 2018;10:211–217.

21. Zhang B, Ma S, Rachman I, et al. Hyperactivation of sympathetic nerves drives 
melanocyte stem cell depletion. J Invest Dermatol. 2020;577:676–681.

22. Rosenberg AM, Rausser S, Ren J, et al. Quantitative mapping of human hair greying 
and reversal in relation to life stress. Elife. 2021;10.

23. Clark SA, Deppmann CD. How the stress of fight or flight turns hair white. Nature. 
2020;577:623–624.

24. Feng Z, Qin Y, Jiang G. Reversing gray hair: inspiring the development of new ther­
apies through research on hair pigmentation and repigmentation progress. Int J Biol 
Sci. 2023;19:4588–4607.

5

http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0280
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0280
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0285
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0285
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0290
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0290
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0290
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0295
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0295
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0295
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0300
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0300
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0305
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0305
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0310
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0310
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0310
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0315
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0320
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0320
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0325
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0325
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0330
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0330
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0335
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0335
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0340
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0340
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0340
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0345
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0345
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0345
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0350
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0350
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0355
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0355
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0360
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0360
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0365
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0365
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0365
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0370
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0370
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0375
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0375
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0380
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0380
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0385
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0385
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0390
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0390
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0395
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0395
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0395


K.M. Ramirez-Gomez, A. Imbernon-Moya, M.F. Villegas-Calzada et al. Actas Dermo-Sifiliográficas 117 (2026) 104564

25. Philpott MP. Watching hair turn grey. Elife. 2021;10:e70584.
26. Daulatabad D, Singal A, Grover C, Chhillar N. Prospective analytical controlled study 

evaluating serum biotin, vitamin B12, and folic acid in patients with premature 
canities. Int J Trichol. 2017;9:19–24.

27. Chakrabarty S, Krishnappa PG, Gowda DG, Hiremath J. Factors associated with pre­
mature hair graying in a young Indian population. Int J Trichol. 2016;8:11–14.

28. El-Sheikh AM, Elfar NN, Mourad HA, Hewedy ESS. Relationship between trace ele­
ments and premature hair graying. Int J Trichol. 2018;10.

29. Fatemi Naieni F, Ebrahimi B, Vakilian HR, Shahmoradi Z. Serum iron, zinc, and cop­
per concentration in premature graying of hair. Biol Trace Elem Res. 2012;146:30–34.

30. Daulatabad D, Singal A, Grover C, Chhillar N. Profile of Indian patients with prema­
ture canities. Indian J Dermatol Venereol Leprol. 2016;82:169–172.

31. Chandran S, Simon SA, George AE. A clinical study of premature canities and 
its association with hemoglobin, ferritin and calcium levels. Indian J Dermatol. 
2022;67:216–221.

32. Rosen CJ, Holick MF, Millard PS. Premature graying of hair is a risk marker for 
osteopenia. J Clin Endocrinol Metab. 1994;79:854–857.

33. Agarwal S, Choudhary A, Kumar A, Zaidi A, Mohanty S, Yadav S. A study of associ­
ation of premature graying of hair and osteopenia in North Indian population. Int J 
Trichol. 2020;12:75–78.

34. Daly S, Bianchini R, Polefka T, Jumbelic L, Jachowicz J. Fluorescence and coloration 
of grey hair. Int J Cosmet Sci. 2009;31:347–359.

35. Dario MF, Baby AR, Velasco MV. Effects of solar radiation on hair and photoprotec­
tion. J Photochem Photobiol B. 2015;153:240–246.

36. He L, Michailidou F, Gahlon HL, Zeng W. Hair dye ingredients and potential health 
risks from exposure to hair dyeing. Chem Res Toxicol. 2022;35:901–915.

37. Mediratta V, Rana S, Rao A, Chander R. An observational, epidemiological study 
on pattern of clinical presentation and associated laboratory findings in patients of 
premature hair graying. Int J Trichol. 2018;10:93–95.

38. Erdoğan T, Kocaman SA, Çetin M, et al. Premature hair whitening is an independent 
predictor of carotid intima-media thickness in young and middle-aged men. Intern 
Med. 2013;52:29–36.

39. Asz-Sigall D, Ortega-Springall MF, Smith-Pliego M, et al. White hair in alopecia 
areata: clinical forms and proposed physiopathological mechanisms. J Am Acad Der­
matol. 2023;89:758–763.

40. Serrano Ortega S. Canities subita: two cases described in general and natural 
history of the indies by Fernández de Oviedo (1478–1557). Actas Dermosifiliogr. 
2023;114:889–891.

41. Pasricha J. Successful treatment of gray hairs with high dose calcium pantothenate. 
Indian J Dermatol Venereol Leprol. 1981;47:311–313.

42. Pasricha JS. Effect of grey hair evulsion on the response to calcium pantothenate in 
premature grey hairs. Indian J Dermatol Venereol Leprol. 1986;52:77–80.

43. Brandaleone H, Main E, Steele J. The effect of calcium pantothenate and para-
aminobenzoic acid on gray hair. Exp Biol Med. 1943;53:47–49.

44. Almeida Scalvino S, Chapelle A, Hajem N, et al. Efficacy of an agonist of α-MSH, the 
palmitoyl tetrapeptide-20, in hair pigmentation. Int J Cosmet Sci. 2018;40:516–524.

45. Sakhiya J, Sakhiya D, Patel M, Daruwala F. Case report on premature hair gray­
ing treated with Melitane 5% and oral hair supplements. Indian J Pharmacol. 
2019;51:346–349.

46. Sasaki S, Hozumi Y, Kondo S. Influence of prostaglandin F2alpha and its analogues 
on hair regrowth and follicular melanogenesis in a murine model. Exp Dermatol. 
2005;14:323–328.

47. Cui H, Xie W, Hua Z, et al. Recent advancements in natural plant colorants used for 
hair dye applications: a review. Molecules. 2022;27:8062.

48. Hamann D, Yazar K, Hamann CR, Thyssen JP, Lidén C. p-Phenylenediamine and 
other allergens in hair dye products in the United States: a consumer exposure study. 
Contact Dermat. 2014;70:213–218.

49. Chong HP, Reena K, Ng KY, Koh RY, Ng CH, Chye SM. Para-phenylenediamine con­
taining hair dye: an overview of mutagenicity carcinogenicity and toxicity. J Environ 
Anal Toxicol. 2016;6:5.

50. Anderson ZT, Palmer JW, Idris MI, et al. Topical RT1640 treatment effectively 
reverses gray hair and stem cell loss in a mouse model of radiation-induced canities. 
Pigment Cell Melanoma Res. 2021;34:89–100.

51. Saha B, Singh SK, Mallick S, et al. Sphingolipid-mediated restoration of Mitf expres­
sion and repigmentation in vivo in a mouse model of hair graying. Pigment Cell 
Melanoma Res. 2009;22:205–218.

52. Yale K, Juhasz M, Atanaskova Mesinkovska N. Medication-induced repigmentation 
of gray hair: a systematic review. Skin Appendage Disord. 2020;6:1–10.

53. Daulatabad D, Grover C, Singal A. Quality of life and psychological impact of pre­
mature canities: a study from North India. Pigment Int. 2016:24–28.

54. Mathias D, Patvekar MA, Deora MS, Dalave KT, Raheja A. Study of quality of life 
in patients with premature graying of hair in Western Indian population. Int J Res 
Dermatol. 2021;7:218–222.

55. Parihar S, Verma M, Sharma S, Meena R. Prevalence of premature hair greying, its 
associated factors and impact on quality of life in medical students from Rajasthan, 
India. J Med Evid. 2023;4:213–219.

6

http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0400
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0405
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0405
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0405
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0410
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0410
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0415
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0415
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0420
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0420
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0425
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0425
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0430
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0430
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0430
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0435
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0435
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0440
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0440
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0440
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0445
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0445
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0450
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0450
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0455
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0455
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0460
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0460
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0460
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0465
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0465
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0465
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0470
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0470
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0470
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0475
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0475
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0475
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0480
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0480
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0485
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0485
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0490
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0490
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0495
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0495
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0500
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0500
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0500
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0505
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0505
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0505
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0510
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0510
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0515
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0515
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0515
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0520
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0520
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0520
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0525
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0525
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0525
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0530
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0530
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0530
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0535
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0535
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0540
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0540
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0545
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0545
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0545
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0550
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0550
http://refhub.elsevier.com/S0001-7310(25)00840-3/sbref0550

	Hair Graying Update and Review
	Introduction
	Hair follicle melanogenesis
	The graying process
	Etiopathogenesis
	Oxidative stress
	Genetic factors
	UV radiation
	Tobacco use
	Stress
	Nutritional factors
	Comorbidities
	Clinical features
	Classification
	Differential diagnosis
	Treatment
	Oral treatment

	Topical treatment
	Dyes and colorants
	Emerging therapies
	Other drugs

	Quality of life
	Conflict of interest


