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ABSTRACT  

Background: Premature hair graying (PHG) is considered a distinct clinical entity, in which the presence of grey 

hairs on the scalp appears at a young age, generally before 20 years of age in individuals of European descent or 

slightly later, before 30 years of age in individuals of African ancestry. The etiology of premature hair graying 

remains multifactorial. 

Aim of the study: The objective of this narrative review was to summarize the potential contributors, which may 

play a role in graying of the hair at the young age.   

Material and methods: This comprehensive narrative literature review was conducted based on the scientific 

literature retrieved from the PubMed database. The analysis included original studies and case reports, which had 

been concentrated on the occurrence of PHG. 

Results: The available literature suggests correlations between premature canities and nutrient deficiencies in 

cobalamin, copper, folic acid, biotin, iron, calcium, zinc, cholecalciferol. The positive association with PHG 

indicate also high level of oxidative stress, long-term emotional stress, tobacco smoking, genetic disorders, 

autoimmune diseases or just be a side effect of some medications. 

Conclusions: 

The etiology of PHG is multifactorial. To date no effective therapeutic method capable of reversing premature hair 

graying has been established, highlighting the need for further research. 

Keywords: premature hair graying, oxidative stress, emotional stress, nutrient deficiency, autoimmune disorders 

 

 

 

 

 

Introduction  

 

Hair is a crucial feature of our external appearance and, when in good condition can improve self-

confidence. The process of hair graying might be overwhelming and distressing at the same time. 

Melanocytes are the cells located in the hair follicles, which produce melanin, the pigment responsible 

for the individual shade of hair. When these cells are destroyed in follicles or just lose their function, 

melanin production is impaired, which contributes to grow out of new hair without pigmentation.  
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Generally, hair graying is individually conditioned and may begin at different ages however, in the 

European population mostly starts in the age range of 30-35 years (1). 

Premature hair greying is a process whose onset if defined at different age, depending on the ethnicity. 

PHG is diagnosed before the age of 20 in individuals of Europe descent, before 25 in individuals of 

Asian descent, and before 30 in individuals of African. (2)  

Furthermore, the etiology of PHG is multifactorial and remains poorly understood, and requires constant 

thorough research. To date, contributors such as: genetic predisposition, high level of oxidative stress, 

nutrients and vitamins deficiencies, smoking, ultraviolet radiation, emotional stress and systemic disease 

have been considered.  

 

The effective management of PHG concerns conditions, which are linked to nutritional deficiencies, 

appropriate treating underlying disease such as hypothyroidism, vitiligo, anemia and the implementing 

various techniques, which lead to reduce stress level. In the literature have been reported potential 

therapeutic strategies for the management of scalp graying process, including supplementation with 

calcium pantothenate or para- aminobenzoic acid, the use of psoralen based photochemotherapy 

(PUVA) or other therapeutic interventions, however the effects of pigment restoration had been transient 

(3). The increasing attention has recently focused on potential therapeutic strategies involving mTORC1 

inhibitors and McSCs.  

 

 

 

Discussion of potential factors involved in the development of PHG: 

 

1. Nutrient deficiency  

Nutrition determines the baseline condition and pigmentation of healthy hair. Melanogenesis in the hair 

follicles, which is an essential biochemical process for the synthesis of eumelanin and pheomelanin, 

depends on the proper supply of several crucial vitamins and micronutrients. Cobalamin as a cofactor 

takes part in the synthesis of methionine, determines proper methylation and in the next stage production 

of S-adenosylmethionine (SAM), which enables the regulation of tyrosinase enzyme genes expression. 

Tyrosinase activity initiates the process of eumelanin and pheomelanin formation, which consequently 

determines the shade of hair. Yadav D.et al in the case control study observed that reduced level of B12 

vitamin had been occurred in group of patients with PHG compared to controls. (4) Similar significant 

findings have been appeared in other study. (5) Sonthalia et al. also demonstrated a correlation between 

low B12 serum level and existence of PHG among study group of Indian population (6). Features such 

as folic acid, biotin was also investigated in Daulatabad D. et al research and reviled lower values in the 

study group compared to controls once. (5) Another essential factors which are in charge of the proper 

melanogenesis constitute serum iron and serum ferritin level. Iron is a crucial feature to proper functional 

of catalase enzyme, which reduces the accumulation of reactive oxygen species (ROS). Few studies had 

demonstrated significant association between lower iron serum level and PHG (5,9). Additionally in 

literature had been described a case report study, which presents the correlation between PHG in young 
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patient and iron deficiency anemia. Furthermore, in this case treatment with ferrous sulfate 

supplementation caused repigmentation of natural shade of hairs (6). The decreased level of calcium 

may cause PHG, which was reported by El-Sheikh et al. (8) The positive correlation of PHG and lower 

serum level of zinc was also find in some studies (10). The role of copper in melanogenesis seems to be 

clear as the cofactor of tyrosinase enzyme enables enzyme activation and as a result of melanin 

production in hair units so decreased level of copper means reduced efficiency of the melanogenesis 

process. (10).  

In literature the lower serum vitamin D3 levels have also been reported in patients with PHG in some 

studies. (11,12) 

 

2. Oxidative stress  

Besides genetic factors, a major component promoting the PHG process is oxidative stress, which 

enhances the production of reactive oxygen species (ROS). The dominant chemical compound among 

ROS is hydrogen peroxide (H2O2). The accumulation of H2O2 in follicular units leads to inhibition of 

tyrosine and catalase enzymes activity, which impairs the melanin production. Furthermore, ROS 

damage melanocyte stem cells (McSCs), which maintains melanocytes differentiation and regeneration. 

In the condition of McSCs depletion, melanogenesis becomes impaired and contributes to grey hair 

development (7,13,14,15). 

 

Solar ultraviolet (UV) radiation has also been linked to elevated level of oxidative stress and 

contemporaneously causes DNA damage in human body. After UV radiation exposure, the appearance 

of fur graying in mice was observed (16). This study highlighted also the antioxidant role of NRF2 

protein. Mice with decreased NRF2 activity exhibited higher levels of oxidative stress markers, resulting 

in elevation of ROS and implication of graying process (16). 

 

Another contributing factor is tobacco smoke, which incorporates substances that may accumulate in 

the hair units and consequently lead to increased levels of reactive oxygen species in hair follicles, 

therefore resulting in melanocytes damage and limit possibilities to melanin production. An additional 

negative effect of smoking is the reduced supply of oxygen and nutrients, because of compromised 

microcirculation in the scalp. The positive correlation between PHG and smoking was observed in a 

systemic review conducted by Babadjouni et al. (17). In another study, the authors also had reported a 

higher frequency of premature canities in a group of smokers compared to control group (18,19). 

 

The emotional stress seems also to be the predisposing factor for PHG (20). Chronic stress contributes 

to persistent activation of the sympathetic nervous system, which results in elevated serum level of 

catecholamines. Hair follicles are particularly sensitive to increased levels of noradrenaline, a hormone 

that may disturb hair growth cycle and has an impact on hair pigmentation. Furthermore, the crucial 

function for appropriate hair pigmentation constitutes melanocyte stem cells (McSCs), which undergo 

depletion due to high level of serum norepinephrine. Elevated level of glucocorticoids also impacts on 

hair follicular cells by decreasing metabolic activity of melanocytes and increasing their susceptibility 

to oxidative stress (21,22). 
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3. Systemic autoimmune diseases: 

a) Vitiligo  

Vitiligo is an autoimmune disease in which melanocytes are destroyed by cytotoxic lymphocytes T CD8 

+, whose activity increases in response to elevated level of inflammatory cytokines.  Ramachandran 

V. et al. presented a case in of nonsegmental vitiligo in which both halo nevi and premature canities 

were detected concomitantly (23). Based on this case, the immunological component in pathophysiology 

of PHG should also be reflected.  

 

b) Alopecia areata  

In literature is described a case report presentation of adolescent patient, who had been diagnosed with 

alopecia areata. Following treatment, the regrowth of hair in the area that had been previously lost was 

depigmented. Furthermore, the absence of repigmentation was persistent (24). 

 

c)Thyroid dysfunction  

Thyroid hormones play a key role in maintaining homeostasis and overall well- being in the human 

body. Metabolic processes are regulated and largely dependent mainly on the serum level of 

triiodothyronine (T3), the concentration of which is controlled by thyroid-stimulating hormone (TSH). 

Serum TSH levels above the normal range are generally indicative of hypothyroidism, which is 

characterized by low T3 levels in blood and decreased activity of tyrosine enzyme. As the result, melanin 

production within hair follicles becomes less effective.  

Sonthalia et al. had analyzed cases of patients with premature canities and reported a statistically 

significant difference in serum TSH levels. Higher TSH levels were established among people with 

PHG (25).  

 

d)Pernicious anemia  

This autoimmune disease is characterized by the presence of autoantibodies against intrinsic factor, 

which plays a primary role in the absorption of cobalamin (vitamin B12). The major function of vitamin 

B12 in melanogenesis was described earlier in the current article. Cases of transient PHG associated 

with vitamin B12 deficiency had been reported in the literature and the condition was responsive to 

parenteral treatment (26). 

 

e) Hodgkin lymphoma 

In literature premature canities was also described among patients with Hodgkin lymphoma and 

individuals infected with human immunodeficiency virus (27,28). 
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4. Drugs  

Certain medications could also have influence on appearance of greying process.  

The potential role of some drugs in induction premature canities seems to be rare, but has been 

established in several studies. The first group of medical substances constitute drugs used in cancer 

treatment such as cisplatin, anthracycline, paclitaxel, docetaxel, which by their cytotoxic effect damage 

melanocytes placed in the hair follicle (29). The manifestation of hair depigmentation was also observed 

during systemic therapy with inhibitors of programmed cell death protein 1 (PD-1) such as nivolumab, 

pembrolizumab, spartalizumab, ipilimumab (30,31,32). Admittedly, cases which had been found in 

literature not pertained to patients under the age of 30, but immunotherapy seems to be increasingly 

administrated, so hair hypopigmentation as an adverse effect of checkpoint inhibitors is so probable. 

Besides anti-PD-1 monoclonal antibodies implementation also have the potential to reverse the process 

of hair graying and restore their initial pigmentation through their dual immunomodulatory effects on 

melanocytes within scalp hair follicles (32). Similar disparity in hair pigmentation has been declared 

during treatment with tyrosine kinase inhibitors (TKIs). These molecularly targeted agents, acting as c-

Kit antagonists, block the signaling pathway regulated by c-Kit, resulting in decrease activity of 

microphtalmia- associated transcription factor (MITF), which leads to downregulations of tyrosinase 

genes expression and impaired melanin synthesis (33,34). 

Several studies revealed the occurrence of hair depigmentation in the course of imatinib, and dasatinib 

therapy. (35,36,37,38). The onset of depigmented hair was also reported during treatment with 

pazopanib. Notably, the graying process had been occurred at a relatively young age (39,40).  

The association between hair depigmentation and antiepileptic drugs such as valproate, phenobarbital, 

phenytoin had also been reported (41,42). Additionally, several studies had suggested that antimalarial 

therapy based on chloroquine or hydroxychloroquine may be indicative for hair pigment disturbances 

(43,44).  

 

5. Genetic conditions 

Genetic disorders may also play a key role in some cases of premature canities. The first of this is Werner 

syndrome, which follows an autosomal recessive pattern of inheritance, and is caused by mutations in 

the WRN gene, responsible for genomic integrity. This genetic condition is manifests with systemic 

symptoms like cardiovascular disturbances, diabetes mellitus type 2, development of malignancies and 

primarily the occurrence of premature aging features, including PHG (45,46). Based on literature case 

reports, premature canities was occurred in patients in their early twenties (47,48).   

Another genetic condition, which also can exert in grey hair at young age is dyskeratosis congenita. This 

disease entity demonstrates three patterns of inheritance: autosomal dominant, autosomal recessive and 

X-linked. Mutations in various genes had been identified, resulting in accelerated telomers attrition and 

decreed activity of telomerase enzyme. Furthermore, all these disturbances lead to sustained cells death 

and defects in presence of premature aging manifestation. It is associated with a triad of symptoms, 

which consists of nail dystrophy, oral leukoplakia and reticular skin pigmentation (49,50). Ratnasamy 

et al. had described a case report in which a patient with dyskeratosis congenita presented with PHG 

(51). 
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Management  

The basis of PHG treatment constitutes an undergoing initial laboratory investigation, which may help 

identify nutritional deficiencies or hormonal disorders. In cases of vitamins and macro or microelements 

deficiency, appropriate supplementation should be provided. In the condition of hormonal levels 

irregularity or systemic autoimmune disease diagnosed, proper treatment should be initiated. 

Furthermore, stress may be one of the contributing factors to PHG, so reducing stress level through 

various relaxation techniques and regular physical activity may help to reduce the severity of premature 

canities. It is also advisable to limit the consumption of substances such as alcohol and tobacco. 

Currently, there is any approved treatment, which would be targeted for PHG.  

Currently, the most effective method for dealing with gray hair remains the covering them by using 

semipermanent or permanent hair dyes. Unfortunately, the result is temporary and requires consistent 

reapplication. Frequent hair dyeing causes hair damages, dryness and requiring proper haircare and may 

also involves substantial costs. 

 

Early findings in the literature suggested a potential effect on repigmentation of grey hair during 

supplementation of calcium pantothenate or potassium para-aminobenzoic acid (PABA). A study 

performed by Pasricha reviled repigmentation in some cases during treatment with 200 mg of calcium 

pantothenate daily (52). Hair darkening was also observed during treatment with high dose of PABA 

(53). In the majority, the positive effect of supplementation was temporary and the hair regrew grey 

after supplementation discontinuation. The downside of those studies is the fact that most of them are 

limited to small sample of study group. In literature it had also been reported that restoration of pigment 

in scalp hair occurred in some patients with PHG, who had been treated with psoralen 

photochemotherapy (PUVA) over a 13-month period (54).  

 

Other potential treatment option seems to be the topical using of biomimetic peptide referred to 

palmitoyl tetrapeptide- 20 (PTP20), which functions as an alfa-melanin- stimulating hormone (MSH) 

agonist. It has been reported that PTP20 may regulate the activity of genes, involved in melanogenesis. 

Furthermore, it can promote the catalase activity, thereby reducing the concentration of H2O2 (55,56).  

The available literature identifies also the topical using of a biomimetic peptide (5 % melitane), which 

may activate melanocortin 1 receptors (MC1R) and restore proper melanin synthesis. It has been 

reported a case report of 14-year-old girl, who was treated with melitane for a period of 24 months and 

after that a significant repigmentation of hair was reported (57). Another agent, which shown potential 

in reversing hair graying during long- term administration is a prostaglandin analogue- latanoprost, 

which has the potential to activation of melanogenesis pathway (58,59).  

 

Based on the previous studies, anti- inflammatory drugs such as: prednisone, interferon-alfa, 

adalimumab, cyclosporine, acitretin, thalidomide may in some cases restore natural hair pigmentation. 

Moreover, imatinib, tamoxifen and dopaminergic agents have also been reported to increase melanin 

synthesis (42, 60). 
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Future promising directions seems to be therapies that will be aimed at restoration of proper 

physiological function of melanocyte stem-cells by enhancing their capacity for dedifferentiation and 

promoting cellular plasticity (61). Another interesting study conducted by Suzuki et al. presented that 

increased mTORC1activity contributes to decreased melanin production and impaired hair growth, 

therefore mTORC1 inhibitors may also become effective therapeutic approach for premature canities. 

(62). 

 

Conclusions: 

Hair graying is an age-related physiological process, whereas premature canities occurs before the 

expected age and may result from various metabolic disorders, which lead to impaired melanogenesis 

and an earlier onset of grey hair. The etiology of PHG is multifactorial and still requires comprehensive 

investigations to support the development of targeted therapies. Current limitations of the available 

studies and case reports include small sample size. At present, effective therapeutic approached remain 

limited to supplementation of iron, vitamin B12, copper in cases of deficiency, as well as restoration of 

a euthyroid status. Future therapeutic directions involving melanocyte stem cells or modulation of 

mTORC1 activity seem to be promising, however further research and clinical interventions are needed 

to evaluate their efficacy in hair repigmentation.  
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