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Premature Graying of Hair: Updates and Review
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Abstract

Background: Premature graying of hair (PGH), or premature canities, is a common condition
characterized by the early loss of hair pigmentation. Despite being harmless, it frequently raises
serious psychological and cosmetic issues, especially in young individuals.

Objective: This narrative review aims to provide a comprehensive overview of the current
understanding of the etiology, pathogenesis, clinical associations, and management strategies of
PGH.

Methods: A literature search was conducted to synthesize findings from clinical studies, review
articles, and basic science research related to PGH, with emphasis on recent advances and
emerging therapies.

Results: PGH is a multifactorial process which involves genetic predisposition, nutritional
deficiencies, oxidative stress, autoimmune disorders, and lifestyle factors such as smoking and
psychological stress. The primary mechanism involves the reduction or malfunction of melano-
cyte stem cells and follicular melanocytes. Despite the lack of a proven treatment, management
strategies include lifestyle changes, cosmetic procedures, nutritional supplements, and experi-
mental treatments including minoxidil, pseudocatalase, and melanocyte-stimulating drugs.

Advances in molecular biology and stem cell research may lead to targeted therapies in the
future.

Conclusion: A complex interaction between biological and environmental factors is shown in
premature graying of the hair. A deeper comprehension of melanocyte biology and oxidative
stress creates new opportunities for possible therapies, even though the majority of current
treatment is supportive. Further research is necessary to develop evidence-based, successful
treatments.
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Introduction

The commencement of hair depigmentation before the
ages of 20 for Caucasians, 25 for Asians, and 30 for
Africans is referred to as premature graying of hair, or
early canities'. Premature graying is often regarded as a
harmless cosmetic problem, yet it can have significant
psychosocial repercussions, especially in younger people
who may suffer from anxiety or social disengagement, or

low self-esteem?

. The condition reflects a complex
interplay of genetic, environmental, nutritional, and

oxidative factors, and may occasionally serve as an
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indicator of underlying systemic or autoimmune disease’*.

Growing aesthetic concerns and the need for efficient
preventive or therapeutic measures have fueled interest in
learning more about the pathophysiology of premature
graying in recent years. Standardized management
guidelines are missing, and the condition is still poorly
understood despite its high frequency3. The purpose of this
study is to review what is currently known about the causes,
pathophysiology, related disorders, and existing therapies for
premature graying of the hair.
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This review aims to explore the current knowledge regarding
the etiology, pathophysiology, associated conditions, and
available treatment approaches for premature graying of
hair. Additionally, recent advances in molecular research and

potential future directions will be discussed.

Definition and Epidemiology-

Premature hair graying or premature canities is a
depigmentation phenomenon of hair before 20 years in
Caucasians, before 25 years in Asians, and before 30 years in
Africans®. This definition is based on ethnic and racial
differences in melanin biology and hair pigmentation
patterns. The condition is usually idiopathic, but on
occasion, it could be a presentation of underlying systemic or

nutritional deficiencies, more so in young individuals.

The prevalence of premature graying varies geographically
and racially. One study of 15-25-year-old Indian students
reported an incidence of around 25%7, but a second study in
Korean adolescents provided a lower figure, with the
potential for environmental and genetic factors affecting

susceptibilitys. Males may be potentially more affected than

females, although evidence has been inconsistent in studies’ .

Premature graying commonly begins in the frontal scalp and
temples before progressing to the vertex and occipital scalp.
Onset is either gradual or abrupt and initially tends to
manifest in the scalp hair, but also other hairs of the body
(beard, eyebrows, chest) can be involved'?. While the
condition itself is normally not dangerous, early onset has a
profound influence on individuals' self-esteem, resulting in
cosmetic discontent and psychological morbidity in patients

who are affected!!.

Pathophysiology of Hair Pigmentation-

The hair pigmentation is determined by the presence,
amount, and structure of melanin synthesized by the
melanocytes in the hair follicle bulb. The melanocytes are of
neural crest origin and migrate to the hair follicle during
embryogenesis. Melanocytes play a role in melanin deposi-
tion on to keratinocytes of the hair shaft during anagen

(growth) phase of the hair cyclelz’w.
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The two primary types of melanin are eumelanin
(brown-black pigment) and pheomelanin (yellow-red
pigment). The relative proportion determines the vast variety

of hair color in humans'#13.

Pigmentation of the hair is
tightly regulated by several signaling pathways, such as stem
(SCF)/c-Kit,  microphthalmia-associated

transcription factor (MITF), and endothelin-3'9.

cell  factor

Hair graying, or canities, is caused by a progressive and
cumulative reduction in pigment-forming melanocytes in the
hair bulb. Oxidative stress, an imbalance between ROS and
antioxidant defense systems, is one such underlying cause.
Hydrogen peroxide (H,O,), a ROS that accumulates in
senescent hair follicles, has been shown to inactivate the key
melanogenic enzyme tyrosinase, thereby impairing melanin

formation!”.

Also, with progressive aging and oxidative damage, there is
loss of melanocyte stem cells that are found in the bulge
region of the hair follicle. Inability to regenerate differentiat-
ed melanocytes in the hair bulb results in irreversibility of
depigmentationls. Reduced activity of antioxidant enzymes
such as catalase and glutathione peroxidase also perpetuates
ROS in the follicular environment'” .

Mitochondrial dysfunction, DNA damage, and faulty repair
mechanisms have also been attributed to melanocyte
senescence and apoptosis. These cellular aging mechanisms
combined with the silencing of melanin production and the

formation of gray or white hair?.

Etiological Factors of Premature Graying
Premature graying is a multifactorial condition. A range of
genetic, nutritional, environmental, and systemic factors

have been implicated in its pathogenesis.

a. Genetic Predisposition

Genetics is one of the most well-established contributors to
premature graying. An associated family history can be
found in a majority of cases, suggesting strong genetic
influences. Twin studies have supported the role of inherited

factors in hair pigmentation and graying patternsﬂ.
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Genetic loci such as IRF4, which regulates tyrosinase gene
expression, and BCL2, which regulates survival of the
melanocytes, have been linked to the timing of graying22’23.
Polymorphisms in MCIR and TYR genes also modulate

melanin production and pigmentation pathways.

b. Nutritional Deficiencies
Several micronutrient deficiencies have been associated with
premature graying. These include:

e Vitamin B12: Essential for the production of red
blood cells and DNA. Premature graying is
significantly linked to its lack?*.

e Iron: Important for the activity of tyrosinase, an
enzyme in melanin synthesis%25 .

* Copper: Required as a cofactor for tyrosinase. Low
levels impair melanin formation?>.

e Zinc and Calcium: Essential for hair follicle health

and pigmentation regulation26.

Studies in young adults have consistently shown that low
serum levels of these elements are more frequent in individu-
als with premature graying.

c. Oxidative Stress

Oxidative stress is a central mechanism in the pathogenesis
of premature graying. Reactive oxygen species (ROS), such
as hydrogen peroxide, accumulate in hair follicles and
damage melanocytes26. ROS are typically neutralized by
antioxidant enzymes such as glutathione peroxidase and
catalase. In individuals with premature graying, these
enzymes are often found to be reduced?’.

The oxidative theory is further supported by the observation
that melanocyte stem cell depletion and apoptosis occur in
response to oxidative DNA damagezg.

d. Psychological and Physical Stress

The link between psychological stress and premature graying
is becoming more widely recognized. Elevated levels of
cortisol and other stress hormones may disrupt melanocyte

homeostasis and lead to early apoptosiszg.

A landmark study demonstrated that sympathetic nervous
system activation under stress depletes melanocyte stem
cells in mice, providing experimental evidence for this mech-

anism>0,

Vol-01, Issue-02, Jul 2025

e. Autoimmune and Endocrine Disorders
Localized or diffuse depigmentation can be caused by the
loss or malfunction of melanocytes in autoimmune illnesses

such vitiligo, alopecia areata, and pernicious anemia’!.

Premature graying is also frequently linked to thyroid condi-
tions, particularly hypothyroidism. Although the precise
process is unclear, it might have to do with altered stem cell

activity or melanin synthesis“.

f. Lifestyle and Environmental Factors
Several environmental and lifestyle elements have been
implicated:

* Smoking: Significantly associated with early
graying. Smokers have a 2.5 times greater risk
than non-smokers>~.

e Pollution and UV radiation: May induce oxidative
stress in hair follicles.

e Sedentary lifestyle and irregular diet: May contrib-
ute indirectly via nutrient deficiencies and meta-

bolic stress>-.

Associated Conditions

despite the fact that it can occasionally be linked to inherited
or systemic disorders, premature graying of the hair can also
be a standalone cosmetic concern. To rule out underlying
illnesses and comprehend the wider ramifications of early
canities, it is critical to identify these relationships.

1. Genetic Syndromes Associated with Premature
Graying

Certain premature aging disorders and syndromes feature
graying of hair as one of their early signs. These include:

e Werner Syndrome: Often referred to as adult
progeria, this autosomal recessive condition is
typified by early graying, skin atrophy, cataracts,
and premature aging34.

(Hutchinson-Gilford Syndrome): A

uncommon genetic disorder that causes children to

e Progeria

age quickly, frequently accompanied by graying
and hair loss> .

e Rothmund-Thomson Syndrome: Involves skin
atrophy, photosensitivity, short stature, and early
hair graying36.
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2. Autoimmune Disorders
Several autoimmune diseases affect melanocytes or
interfere with hair follicle functioning:

e Vitiligo: Characterized by loss of melanocytes,
which can also affect hair follicles leading to
depigmented hair®’.

e Alopecia Areata: Sometimes associated with
regrowth of depigmented (white) hairs after hair
loss, suggesting melanocyte targeting38.

e Autoimmune thyroid disorders (particularly hypo-
thyroidism) are frequently associated with early
hair graying. The hypothyroid state may impact
melanin production and melanocyte stem cell

maintenance>’.

3. Other Systemic Associations

e Pernicious Anemia: a disorder brought on by a
lack of vitamin B12 as a result of autoimmune
intrinsic factor degradation. Premature canities
and anemia may result from this*.

* Atopic Diathesis: Atopic people, particularly those
with atopic dermatitis, have been observed in
certain studies to exhibit early graying, which may
be related to immunologic pathways or oxidative

stress39.

4. Dermatologic Associations
e Tuberous Sclerosis Complex (TSC): May feature
areas of white or gray hair in patches as part of its

2. Recommended Baseline Investigations
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cutaneous manifestations*!.

e Neurofibromatosis: ~ Café-au-lait  spots  and
localized hair graying over neurofibromas may be

noted*?.

Investigations

A common benign and idiopathic condition is premature
graying of the hair (PGH), especially in those with a strong
family history. Investigations, however, can be necessary
in some clinical situations, particularly when systemic
symptoms are present if the patient is young or has no
family history. Eliminating underlying dietary, endocrine,

autoimmune, or hereditary factors is the aim 3942

1. When to Investigate

It is not usually required to undergo routine laboratory
tests, especially if PGH manifests alone without systemic
symptoms. Investigations are recommended, nevertheless,

when:

e Onset is before age 20 without a family history43

e Accompanied by signs of nutritional deficiencies
(e.g., fatigue, pallor)

e Associated with autoimmune symptoms (e.g.,
vitiligo, alopecia areata)

* Signs suggestive of thyroid dysfunction

e Suspicion of genetic syndromes (e.g., short
stature, cataracts, skin atrophy)

Test Purpose

Indications

Complete Blood Count (CBC)
Serum Vitamin B12

Serum Ferritin and Iron Studies Evaluate iron status
Serum Copper and Zinc

Thyroid Function Tests (TSH, FT4) Detect thyroid disorders
ANA (Antinuclear Antibody)

Lipid Profile and Fasting Glucose ~ Optional

Detect anemia, especially megaloblastic

Check for B12 deficiency

Check trace element status

Screen for autoimmune diseases

Fatigue, pallor, poor diet

Common in PGH, especially vegetarian524

Important for melanin synthesis44
Linked to tyrosinase activity45
Hypothyroidism is a known PGH cause™®
If other signs of autoimmunity present

If metabolic syndrome suspected in young patients
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3. Special Tests (If Clinically Indicated)

e Skin biopsy: Rarely needed; considered only if
diagnostic uncertainty or suspicion of another
hair/scalp disorder.

e Genetic testing: Only in suspected progeroid
syndromes or other inherited disorders.

e Serum homocysteine & methylmalonic acid: For
borderline B12 deficiency confirmation.

4. Imaging and Hormonal Tests

Usually not necessary until systemic symptoms are in
question. However, patients exhibiting symptoms of
pituitary or adrenal dysfunction may be evaluated for
hormonal assays (e.g., serum cortisol, testosterone,
DHEAS).

Management Approaches

There isn't yet a treatment for premature graying of hair
(PGH) that works for everyone. The management is
primarily supportive, concentrating on providing lifestyle
and cosmetic remedies as well as addressing underlying
problems where found. Future treatment approaches may
be provided by ongoing studies into the biology of hair
pigmentation.

1. Nutritional Supplementation

Correction of micronutrient deficiencies can be helpful in
selected patients, especially when lab investigations reveal
low levels.

e Vitamin B12: Supplementation may reverse graying
in some cases related to deficiency47.

e Iron, Copper, Zinc, Calcium: These are essential
cofactors for melanin synthesis; supplements may
slow or reverse PGH in deficient individuals®.

¢ Biotin, Folic Acid, and Vitamin D: Often included in
over-the-counter hair supplements, though evidence
is limited>*.

Note: Unless there is a compelling clinical suspicion,
supplements should be targeted and evidence-based rather
than empirical.

2. Topical and Systemic Agents
A. Cosmetic Options
e Hair Dyes: The most commonly used approach.
e Permanent dyes: Offer long-lasting results but may
contain harsh chemicals (e.g., ammonia, PPD).
e Natural dyes: Henna, indigo — safer but may not
offer uniform coverage.
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B. Investigational Treatments
Several experimental therapies have shown promise in
slowing or reversing graying, although most are not yet

standard of care:

* Topical Melitane™ (a biomimetic peptide): Acts as
an o-MSH agonist to stimulate melanogenesis48.

e Pseudocatalase with calcium and UVB: Proposed
for repigmentation in vitiligo and PGH, although
data is limited*.

e Topical minoxidil: May indirectly promote melano-
cyte function, but not consistently effective in PGH 0,

* Melatonin or topical melatonin analogs: Antioxidant

effects are being explored in studies.

These treatments are not FDA-approved for PGH and

should be considered experimental.

3. Lifestyle Modifications
Changes in lifestyle may help slow the progression of
PGH:

* Smoking cessation: Strongly recommended as
smoking is a well-established risk factor>!,

e Stress management: Yoga, mindfulness, and cogni-
tive behavioral therapy may help reduce oxidative
stress pathways52.

e Balanced, antioxidant-rich diet: Includes fruits,
vegetables, nuts, seeds, and lean protein sources.

e Adequate sleep and hydration: Crucial for maintain-
ing hormonal balance and oxidative control.

4. Psychological Support
e For many individuals, PGH causes psychosocial
distress. Counseling may be helpful for self-image
issues, especially in adolescents or young adults.
* Support groups or online communities may also be
beneficial.

5. Emerging and Future Therapies
e Stem cell therapy: Research on melanocyte stem
cell transplantation is ongoing.
* Gene editing (CRISPR): Might target genes like
IRF4 or Bcl2, implicated in hair pigmentation.
* Antioxidant therapies: New delivery systems (e.g.,
liposomes, nanocarriers) are being tested.
These remain in the experimental or early research phase,

but show promise for future treatment modalities.
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Recent Advances and Future Perspectives

Premature graying of hair (PGH) pathophysiology has
become better understood thanks to recent developments in
molecular biology, genetics, and stem cell research. In the
near future, these findings could lead to new diagnostic

instruments and focused treatment choices.

1. Melanocyte Stem Cell Research

Hair pigmentation depends on the renewal and migration
of melanocyte stem cells (McSCs) located in the bulge
region of the hair follicle. Loss, exhaustion, or incorrect
migration of these stem cells is believed to be a primary
cause of irreversible graying53 .

* Animal studies (e.g., in mice) have shown that
oxidative stress and aging cause melanocyte stem
cells to differentiate prematurely, depleting the stem
cell reservoir>?,

e Therapeutic targeting of stem cell niches may offer
potential for reversing or delaying graying in the
future.

2. Genetic Discoveries

Advancements in genome-wide association studies
(GWAS) have identified key genes involved in hair
pigmentation:

e IRF4: Associated with regulation of melanin
production and linked with premature graying in
European populations5 .

e BCL2 and MITF: Involved in melanocyte survival
and melanogenesis.

e TYR and TYRPI: Enzymes directly related to

melanin synthesis.

These findings may pave the way for gene-targeted thera-
pies or predictive genetic testing in high-risk individuals.

3. Oxidative Stress Pathway Targeting
Research is focusing on mitigating oxidative damage in the
hair follicle environment:
* Antioxidant-based topicals (e.g., catalase mimet-
ics, melatonin analogs) are under investigation.
e Use of nanotechnology and targeted delivery
systems to transport antioxidants directly to hair

follicles is a promising area’’ .
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4. Role of Microbiome and Epigenetics

According to this research, the start of PGH may be
influenced by the scalp microbiota and epigenetic changes
(such as variations in DNA methylation). Though mostly
untapped, these sectors have the potential for innovative
treatments >

5. Artificial Pigmentation & Cosmetic Biotechnology
e Advances in safe, long-lasting hair dyes using
plant-based or enzymatic colorants.
e Biotech companies are exploring bio-identical

melanins for cosmetic repigmentation.

6. Ongoing Clinical Trials
Although there aren't any FDA-approved medications to
reverse PGH at the moment, ongoing study is looking at
substances that might prevent graying, such as:

e Topical melanin-stimulating peptides

e Stem cell-activating lotions

e Oral nutraceuticals with antioxidant and trace

element combinations

The future of PGH management is likely to involve multi-
modal approaches—combining genetics, nutrition, topical

therapy, and stem cell biology.

Conclusion

Premature graying of hair (PGH) is a multifactorial condi-
tion influenced by genetic, nutritional, environmental, and
systemic factors.. Despite being mostly a cosmetic issue, in
some individuals it could be an indication of underlying

systemic disorders or nutritional deficiencies.

With a focus on oxidative stress, melanocyte stem cell
depletion, and genetic regulation of melanin formation, our
understanding of the pathophysiology has undergone
tremendous change. Even though the majority of present
management techniques are supportive or cosmetic, there
is optimism for future therapeutic interventions due to

ongoing research.

Current clinical practice continues to be based on timely
diagnosis of reversible causes, individualized management
approaches, and patient counseling. Effective preventive or
restorative treatments may eventually result from ongoing

research into melanocyte biology and molecular processes.
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