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Introduction
Androgenetic alopecia (AGA), called pattern alopecia, is 
the most common disorder in both sexes. Alopecias can 
be broadly divided into scarring (cicatricial) and non-
scarring (non-cicatricial). An estimation suggests that at 
least eighty percent of males and fifty percent of females 
by age 70 years, would develop this problem.[1] In Indians, a 
prevalence of 58% in males aged (30–50 years) was found. 
Females have a higher propensity of developing FPHL after 
menopause because of compensatory adrenal overdrive.[2]  
The incidence of the disease increases with age mostly 
being seen in Caucasians, Asians, Native Americans, 
African Americans, and Eskimos.[1]

Patterned hair loss (hair thinning) PHL is a colloquial 
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Alopecia means loss of hair. Androgenetic alopecia (AGA), now called patterned hair loss (male pattern 
hair loss; MPHL, female pattern hair loss; FPHL), is caused by androgens in a predisposed individual. 
Factors like age, sex, genes, smoking, and alcohol modulate it. If untreated, this leads to psychological 
problems like stress, anxiety, depression and decrease self-confidence, which affect quality of life. A 
thorough clinical examination and a certain hormonal estimation could reveal levels of androgens, 
hyperandrogenism, adrenal hyperplasia polycystic ovarian syndrome (PCOS), and ovarian/adrenal 
tumors. A simple trichoscopy could show the typical picture of hair miniaturization commonly seen in 
this condition. Finally, a biopsy of the scalp could help in clinching conclusive diagnosis. Out of the many 
treatments at our disposal, non-pharmacologic methods like temporary camouflage techniques, synthetic 
hair wigs, hair-thickening fibers, hair weaving, pigmented powders are useful. Semi-permanent options 
like scalp micro-pigmentation (thorough tattooing) are useful to enhance appearances. The United 
States Food and Drug Administration (USFDA) approves pharmacologic treatments such as minoxidil 
and finasteride. The non-USFDA approved methods of treatments like various surgical procedures {[hair 
transplantation]: follicular unit transplantation (FUT), follicular unit extraction (FUE), microneedling, light 
therapy, indigenous medicines, platelet-rich plasma (PRP)}, and various loco-regional hair care practices 
are in vogue. The outcome of this review is to offer the latest update and insights into the newer novel 
therapies in patterned hair loss. Also, the patients could enhance their knowledge about the condition, 
the benefits and prognosis of each treatment.
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A B S T R A C TA R T I C L E  I N F O

meaning of the terminology used because the hair is 
not lost but has thinned out under the shenanigans of 
androgens in a genetically predisposed individual. 
In males, it presents as a predictable pattern hair loss that 
commonly affect the temples, vertex and midfrontal scalp.[3]

The main target areas in women typically affect the crown 
and temporal areas. However, the frontal hairline is usually 
spared.[4] AGA has intense psychological impact on the 
patient regardless of their age and their stages of baldness. 
It has been recorded that early onset of PHL is a strong 
predictor of premature initiation of several diseases related 
to metabolic syndrome and heart (coronary heart disease).
During the time of Shakespeare, the cause of PHL was not 
clearly understood, hence the only option for those with 
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alopecia was to live with it or use artificial hair like wigs, or 
extensions for cosmetic purposes. Now, we have a deeper 
and broad understanding of the pathophysiology, genetics 
and molecular basis of PHL, which has enabled an effective 
treatment modality. The significance of comprehending 
and addressing PHL is growing due to the emphasis on 
appearance and the desire to maintain a pleasing aesthetic.

Etiology
The male hormone- testosterone undergoes conversion 
to 5-dihydrotestosterone (DHT) primarily by 5-alpha-
reductase enzyme after binding to respective residing 
androgen receptors.[5] This 5-DHT is the culprit behind 
causing PHL. This DHT miniaturizes the hair follicles 
when the thick long coarse terminal hair becomes short 
soft, thin vellus hair which is perceived as “hair loss” 
rather than hair thinning. This in turn shortens anagen 
hair growth cycle. There are two main isoforms of 
the 5-alpha-reductase enzyme: Type I and II.[6] Type I 
5-alpha-reductase enzymes are predominately found on 
sebaceous glands, keratinocytes, and sweat glands.[7] 
Type II 5-alpha-reductase enzymes are predominately 
located within the hair follicles’ outer root sheath and 
papilla.[6] PHL is greatly influenced by type II 5-alpha-
reductase enzyme. The prevailing theory suggests 
that PHL occurs due to an unusual responsiveness of 
hair follicles on the scalp to circulating androgens, 
possibly stemming from an elevation in the abundance 
of androgen receptors (AR). Androgens, especially 
5-dihydrotestosterone (DHT) are pivotal in both the onset 
and advancement of PHL. The increased androgen receptor 
activation leads to a notable decrease in the duration of 
the anagen (growth phase), causing a gradual shrinking of 
hair follicles. The concentration total androgen receptors 
(AR) in the frontal hair follicles of females are 40% lesser 
when compared to those in males. The excessive reaction 
to androgens is known to be influenced by a variety of 
factors such as genetic predisposition, hormonal changes, 
environmental elements, and age. Genetic factors are key 
in determining the individual’s susceptibility to PHL, a 
specific gene variation can affect the sensitivity of the hair 
follicles to androgens. Hormonal changes like those who 
experienced during puberty, pregnancy, and menopause, 
can exacerbate the effect of androgens on the hair follicles, 
leading to increased hair shedding. Environmental factors 
like stress, and dietary habits can interreact with genetic 
and hormonal factors. 

Pathophysiology
The growth cycle of hair can be categorized into 4 phases 
viz (growth) anagen phase, (involution) catagen phase, 
(resting) telogen phase, and (shedding) exogen phase.
[8] At any given time, approximately (80–90%) of hair 
follicles are in the active anagen growth phase, while about 
5–10% are in the telogen resting phase. About 1% each 
are in catagen involuting and exogen-shedding phases. It 

is during this anagen growth phase that large, long, thick, 
terminal coarse hair fibers are formed. Therefore, the 
extended span of the proliferative active phase dictates 
the length of the hair.[9]

In PHL, the growth-anagen phase shortens with each 
successive cycle, whereas the telogen phase prolongs 
relatively. The elongation of the telogen phase is especially 
noticeable during the later part of telogen, coinciding with 
the shedding of hair (exogen shedding phase). This creates 
a reduced anagen: telogen ratio (1:1) normal ratio being 
1:(4-7).[10] This corresponds to the period of increased 
hair fall chiefly observed while washing or combing the 
hair. Balding results from this relatively prolonged latent 
telogen phase because of the rise in the vacant hair follicles. 
With each and every successive cycle of growth in hair, the 
length of the shaft of each hair strand decreases, resulting 
in a progressively shorter hair length. 
The follicular pore seems empty as the anagen duration has 
briefly shortened, whereas the growing hair has not been 
able to achieve ample hair length to emerge on the skin’s 
surface.[10] DHT causes this phenomenon of transforming 
terminal hair into vellus hair, resulting in gradual hair 
thinning.[11]

The role of genetics 
The proneness to PHL is mainly determined by gene 
factors, which contribute to approximately 80% of the 
tendency for hair loss. PHL is governed by a polygenic 
model, where there are different levels of gene expression, 
explaining the wide spectrum of clinical phenotype and 
initial differences affected by this condition.
In males, the genome-wide analyses have revealed 
significant strong signals with the AR gene, ectodysplasin 
A2 receptor (EDA2R) gene on Xq12 chromosome in 
PHL and in females, the identified genes are AR genes, 
estrogen receptor gene (ESR2), and the aromatase genes 
(CYP19). Other genes involved are SRD5A1 and SRD5A2 
coded for 5-alpha-reductase enzymes, the aromatase 
gene, the insulin gene, and the nonrecombinant area of Y 
chromosome.[7]

Steroid 5-alpha-reductase enzymes 
Separated genes encode the 5-alpha-reductase enzyme. 
The SRD5A enzyme which is called steroid 5-alpha-
reductase enzyme is a membrane-embedded protein 
with five members: SRD5A type one to three, (GSPN2) 
glycoprotein synaptic, and GSPN2-like. The SRD5A1 gene 
located on chromosome 5 encodes for type I 5-alpha-
reductase, while the SRD5A2 gene which is situated on 
chromosome 2 encodes for type II 5-alpha-reductase.[12] 
SRD5A1 transforms testosterone to its more potent form, 
DHT leading to BPH and SRD5A2 plays a role in PHL.[13]

Insulin 
The insulin gene is considered in PHL due to the potential 
association between PHL and polycystic ovary syndrome 
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(PCOS). Insulin plays a critical role in regulating the timing 
of the growth phases within the anagen and telogen cycles. 
A mutation occurring in the control region of the insulin 
gene that modifies the amount of insulin expression could 
potentially impact on the balance of anagen and telogen 
phases of hair growth.[12]

Aromatase 
The enzyme aromatase converts the CYP19 androgens, like 
testosterone can be transformed into estrogens. Mutation 
of this gene is rare, teenage girls experiencing puberty 
may develop virilization and hirsutism because of excess 
androgen levels.[14] This implies that the aromatase gene 
is unlikely to be involved in predisposing individuals to 
PHL.[12]

Estrogen receptor 
Differences in the genes that encode the two types of 
estrogen receptors are ER-alpha, and ER-beta could 
contribute to the occurrence of PHL phenotype.[12] ESR2, 
also known as estrogen receptor beta, is the primary 
receptor found within the hair follicles and it is believed 
to be among the main mediators of estrogen’s corollary 
on hair follicles. 
Studies on the estrogen receptor β gene indicate that hair 
follicles may become more receptive to estrogen rather 
than less so.
The increased responsiveness of hair follicles to estrogen 
contributes to hair thinning in women with this specific 
gene variant.[7]

Diagnosis

Clinical features
Patient’s history diagnoses PHL along with elucidation of 
clinical signs and symptoms. MPHL is diagnosed by using 

the Hamilton–Norwood scale (Fig. 1) whereas FPHL is 
diagnosed by following the Ludwig scale (Fig. 2).[15]

Patients could need investigations if they are suffering 
from severe acne, menstrual irregularities, menarche, 
menopause, infertility, signs of virilization.[10]

Investigations 
Blood and hormonal investigation includes:
• Dehydroepiandrosterone (DHEA)-sulphate and 

testosterone analysis: needed in women if virilization 
is evident. 

• Total capacit y of iron binding and transferrin 
saturation test to diagnose iron deficiency; to rule out 
chronic telogen effluvium. 

• Thyrotropin (T3, T4) and thyrotropin stimulating 
hormone (TSH) levels, if thyroid disorder are 
suspected.[16]

Laboratory investigations could be divided into invasive 
and non-invasive.
• Non-invasive methods are trichoscopy, hair pull test, 

tug test, card test, phototrichograms, and scalp digital 
photography.

• Invasive method is scalp biopsy.[17]

Tug test
This test is performed to check hair fragility and hair shaft 
abnormalities. A tuft of hair is held between the fingers at 

Fig. 1: Hamilton–Norwood scale of pattern hair loss in male

Fig. 2: Ludwing scale of pattern hair loss in female

Fig. 3: Tug test 
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the middle of the shaft of hair of one hand and with the other 
hand, forcefully pull the ends of the shaft of hair. A positive 
test implies breaks in the shaft of the hair[18] (Fig. 3).

Hair pull test 
This is an easy bedside technique to check the severity of 
hair shedding. A tuft of hair strands, around 40 to 60 are 
gripped using the index, thumb, and middle fingers which 
are pulled with a gentle yet firm touch. A positive test 
yields six and more hair, indicating underlying pathology 
of hair loss condition. Less than five or fewer hair indicate 
normal shedding. The test would be better conducted if 
patients are instructed to abstain from shampooing their 
hair for at least twenty-four hours[8] (Fig. 4).

Scalp digital photography
It functions as a method of instrument-aided inspection 
that serves as a standardized measure to check diagnostic 
and prognostic features of certain alopecia. Scalp 
photography has been proven to decrease anxiety-related 
alopecia and enhance alignment between the clinical 
evaluation and patients’ self-perception.[19,20]

Trichoscopy 
This aids in determining the hair loss of a specific type, 
especially in the initial stages for the early identification 
of a disease.[11] Findings in trichoscopy are perifollicular 
erythema, mild scaling, and varied thickness of hair 
density. The advent of trichoscopy has negated the need 
to perform biopsy[21] (Fig. 5).

Scalp biopsy
This could aid diagnosis when there is an uncertainty in the 
clinical picture or we suspect a coexisting scalp condition. 
A 2 mm punch biopsy is preferred to minimize scarring. 
The most common histopathologic findings in PHL are:
• Miniaturization of terminal hair (hair shaft diameter 

is ≤ 0.03 micrometer).
• Approximately 20% of telogen terminal hair is reduced 

to vellus hair in males expressed in a ratio of 1.9:1 and 
for females 1.5:1. 

• Decreased overall density of hair per unit area.[17]

Differential diagnosis 
The differentials are telogen effluvium, postpartum loss 
of hair, diffuse cicatricial alopecia, and diffuse alopecia 
areata. 

Management

Conservative management 
Adjustments to a hectic lifestyle, practicing regular/
destressing mechanisms like yoga, meditation, exercise, 
and following loco-regional customs per haircare practices 
like applying and massaging hair oil go a long way in 
reducing and modulating hair elements and treatments.[13]

Treatment 
USFDA-approved treatments are oral minoxidil and 
finastride. Other treatments like PRP, hair transplantation, 
light therapy, and ketoconazole are undergoing clinical 
trials for validation. 

Minoxidil 
The USFDA approved doses are two percent and five 
percent of Minoxidil. In males, 5% formulation is more 
effective 2% whereas in females both percentages are 
useful4.[11] The foam formulation provides promising 
results than the other formulation, such as shampoo, spray, 
and solutions, according to the recent studies.[13],[22] Off late 
1-mg minoxidil tablet have gained entry into the market 
as studies have proven low dose systemic therapy.[23]  
The sublingual minoxidil dose 0.45 mg daily was shown 
a promising result and had and acceptable safety profile 
in treating PHL.[24]

Finasteride
It is a 5-alpha-reductase enzyme type II inhibitor. The USFDA 
has approved this medication to treat PHL and BPH.[25]  
Later, sometime topical finasteride therapy evolved to 
circumvent the side effect profile of its systemic therapy. 
This went into disrepute as it was not as effective as 
systemic therapy. The drawback of finasteride are, it must 
be taken on a long term basis all while bearing its side 
effect profile the most concerning being adverse effects on 
females of reproductive age group.[26] The efficacy of the 
therapy is seen after a lag period of one year and further 
improvement being observed up to ten years.[1],[27]Fig. 4: Hair pull test

Fig. 5: Trichoscopy
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Dutasteride
Dutasteride is a newer congener of finasteride and an 
inhibitor of both types I and II isozymes of 5-alpha-
reductase. It has shown better results in MPHL than 
finasteride.[28] Compared with finasteride, it has a hundred 
times greater potency in inhibiting 5-alpha-reductase type 
I and is three times more effective at inhibiting its type II 
isozyme.[1],[29] Dutasteride appears to show better efficacy 
than finasteride for treating PHL.[30]

Ketoconazole
The broadly used antifungal medication ketoconazole has 
both anti-androgenic and anti-inflammatory properties. In 
PHL, the ketoconazole shampoo has proven its effectiveness 
when particularly administered in conjunction with other 
treatments.[25],[31]

Spironolactone
This is an off-label drug and more efficient anti-androgen 
treatment for FPHL.[17] It remarkably works by inhibiting 
the androgen receptor and reducing ovarian production 
of androgens. The treatment needs to be continued for 
(6-9) months to evaluate its effectiveness. The side effect 
profile of headache, decreased libido, breast tenderness, 
and hyperkalaemia[25] set a drawback for males with 
pattern hair loss.  

Cyproterone acetate 
Cyproterone acetate (CPA) is an anti-androgen drug that 
blocks androgen receptors (AR) and it lowers testosterone 
levels by inhibiting the release of luteinizing hormone (LH) 
and follicle-stimulating hormone release (FSH).[25] Along 
with topical minoxidil, it has been helpful to treat females 
with PHL and additional signs of hyperandrogenism.[11]

Clascoterone 
A topical novel anti-androgen receptor inhibitor has 
revealed better results in recent trials.[32] Experiments 
conducted in-vitro have illustrated that clascosterone is 
just as effective as finasteride. A preliminary industrial 
study demonstrates hair growth stimulation comparison 
with that of minoxidil.[33]

Platelet-rich plasma (PRP) 
Platelet-rich plasma with their growth factors, chemokines, 
and cytokines administered to the affected areas[25] along 
with some boosters like calcium, collagen, and thrombin 
have been useful in cases of PHL.[1] Hair transplantation 
procedures combined with PRP have shown mixed results, 
with some cases demonstrating considerable improvement 
in the density and revitalization of transplanted hair 
follicles.[17,34]

Stem cell therapy 
The stem cells hair follicle are mostly present in the hair 
bulge. The Wnt signaling pathway stimulation controls 
hair follicle development and differentiation.[35] This is a 

novel therapy where the trails have not been completed 
yet though there are no toxicity or adverse effects it is 
expensive and an invasive procedure.[4]

Microneedling
Dermal roller is the instrument used for this minor 
procedure, which works by inciting the process of wound 
healing boosting hair follicle growth by enhancing collagen 
and elastin production. This procedure also helps as a 
conduit for transdermal administration of medications 
such as minoxidil PRP. This procedure is well tolerated 
with minimal undesirable effects.[25],[36]

Hair transplantation
This procedure is minimally invasive where hair from 
donor site is grafted onto the bald area (recipient site). 
The concept is that the donor hair is resistant to androgen 
hormone effects.[13] Hence post-operatively treatment with 
minoxidil and anti-androgens are needed. Though this is 
not USFDA approved, expensive patients have accepted 
this procedure worldwide.[25,37] It has also exhibited 
promising results in many studies. The newer procedures 
like FUT and FUE have revolutionized hair transplantation 
down the years. Robot-assisted FUE has emerged, offering 
better benefits such as improved accuracy, efficiency 
in graft harvesting, reduced size of FUT, and enhanced 
precision in implantation at the recipient site.[38,39]

Camouflage techniques
The temporary techniques are synthetic hair wigs, hair-
thickening fibers, hair weaving techniques, and pigmented 
powders. Scalp-micro pigmentation, a semi-permanent 
technique which involves tat tooing to create the 
impression of closely cropped hair follicles, can enhance 
one’s visual appeal.[3],[13]

Nutraceuticals and indigenous supplements 

Plant-based oils
Rosemary oil extracted from (Rosmarinus officinalis) 
a medicinal plant enhances microcapillary perfusion, 
improves PGE2 production and helps in hair growth. 
Pumpkin seeds via 5-AR antagonism, increase the hair 
growth.[40]

Hinok i gold oil (essent ial oi l) is ex tracted from 
Chamaecyparis obtuse (hinoki cypress) and promotes hair 
growth through the increase in enzymes, cytokines, and 
growth factors and also increases the blood circulation 
supply nutrients to the hair follicles.[41] Many more 
essential oils help in the hair development stimulation 
provided by enhancing micro-circulation within the 
follicles, decreasing scalp inflammation, or stimulating 
the secretion of growth factors.[42]

Caffeine
Caffeine is a promising novel drug that increases cyclic 
adenosine monophosphate levels (cAMP) and cell 
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metabolism as they mimic phosphodiesterase inhibitors, 
helping reverse hair follicle miniaturization. Caffeine-
based shampoo formulations showed similar efficacy.[43] 
The impact of caffeine on follicles and shafts of the hair 
elongation studies performed in vitro have shown to differ 
based on dosage and gender. Studies by researchers have 
shown that in vivo penetration confirmed a promising 
result by reducing hair loss by utilizing caffeine-based 
topical formulation.[44,45]

Ayurvedic supplements 
Saw-palmetto extract derived from the American dwarf 
palm tree’s berries which is a natural inhibitor of 5-alpha-
reductase isozymes.[1,46] Studies have shown that when it 
was administrated to males, it increased hair growth.[47] 
It is manufactured for external (topical) application and 
formulated into soft gels for oral intake.[48]

Conclusion 
Androgenetic alopecia (AGA) is among the most prevalent 
dermatological concerns for which the patient seeks 
treatment. Patterned hair loss has been attributed to the 
effects of androgens. Although limited treatments are 
currently available, ongoing research and understanding 
of its mechanisms and potential interventions offer hope 
for patients affected by this condition. However, the use 
of trichoscopy has helped in the early diagnosis of PHL.
The USFDA-approved treatment minoxidil and finasteride 
have proved their ef f icacy. Novel treatments like 
microneedling, PRP, hair transplantation are being widely 
performed with patients accepting the promising results 
even though they are expensive and yet to get approval 
by the USFDA. 
More double-blinded placebo-controlled randomized 
clinical trials are needed for these novel procedures to 
comment on their efficacy so that they could be widely 
utilized in patients suffering PHL.
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