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ABSTRACT

Androgenetic alopecia (AGA) is one of the commonest reasons for dermatological consultation.
Over the last few years our understanding of the pathophysiology of AGA has improved and
this has paved way for better diagnostic and therapeutic options. Recent research has dwelled
on the role of stem cells in the pathophysiology of AGA and has also identified newer genetic
basis for the condition. Dermoscopy/trichoscopy has emerged as a useful diagnostic tool for
AGA. While the major treatment options continue to be topical minoxidil, systemic Finasteride
and hair transplantations, newer modalities are under investigation. Specific diagnostic and
treatment recommendations have also been developed on evidence based principles. This
article reviews the recent concepts in relation to AGA. With regards to the pathophysiology

we have tried to stress on recent knowledge of the molecular and genetic basis of AGA. We
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INTRODUCTION

“What (Time) hath scanted men in hair he hath given
them in wit” - Shakespeare (from “The comedy of
errors”)

During the times of Shakespeare, when the
pathogenesis of androgenetic alopecia (AGA) was
not clearly understood, the only option for those
affected was to live with it, other than using wigs
for cosmetic purposes. Now, we have a deeper
understanding of the genetics, molecular basis and
pathophysiology of AGA, which has paved the way
for effective treatment modalities. Alopecia induced
by androgens in genetically predisposed individuals
is termed androgenetic alopecia.l'! The importance of
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have emphasized on an evidence based approach for treatment and diagnosis.
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understanding and treating this condition is growing
because of the emphasis that modern society lays
on ‘looking good’. This article attempts to review
the topic of AGA with emphasis on recent advances,
especially with regard to genetics, pathophysiology
and treatment.

PSYCHOLOGICAL EFFECTS OF AGA

Androgenetic alopecia (AGA) has always been
recognized as having significant psychological effects on
affected patients. Vincent van Gogh’s famous painting
‘On the threshold of eternity’ is thought to depict deep
depression, partly attributed to a balding scalp.” One of
the most important psychological aspects related to AGA
is related to the true or imagined perceptions of others."!
Various studies have demonstrated that AGA can have
a significant negative impact on the quality of life of the
affected persons.! A study by Kranz*! of 160 university
students with AGA revealed that the psychological
distress due to AGA was not dependent on the age of
the patient or stage of baldness. For women affected
with AGA the main factors contributing to psychological
distress were — inability to style their hair, dissatisfaction
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with their appearance, concern about the continuing hair
loss and concern about others noticing their hair loss.!

EPIDEMIOLOGY

Men

Androgenetic alopecia (AGA) is considered to be the most
common type of baldness characterized by progressive
hair loss.! AGA can affect all races, but the prevalence
rates vary. Prevalence is considered to be highest in
Caucasians. It is estimated that prevalence rates in
Caucasian populations is around 30% for men in their
30s, 40% for men in their 40s and 50% for men in their
50s.1" In the Indian context, a population based study of
1005 subjects showed a 58% prevalence of AGA in males
aged 30-50 years.” In oriental races, a lower prevalence
has been shown. In a Chinese study by Wang et al.,’®
the overall prevalence was 21.3%, while in a Korean
study, the overall prevalence was 14.1%.!% All studies
demonstrate a gradual increase in incidence with age.

Regarding the commonest type/grade of
presentation (according to the Norwood classification),
studies have shown differing results. A large study in
the Indian population had type II as the commonest
presentation of AGA.”! Another study in an Indian
population had type II and III as the commonest
presentation.!"! The Chinese study by Wang et al.,’ had
type IV as the commonest type, while the Korean study
by Paik ef al., had type III as the commonest type.®

Women

Epidemiological studies of AGA in women are fewer
in number. A study by Norwood,™” showed a total
prevalence of around 19% in a population of 1006
Caucasian patients. In a Chinese population study, the
prevalence was only 6.0% and a Korean study had a
relatively similar lower prevalence of 5.6%, suggesting
that like in men, the prevalence is considered to be
lower in oriental races compared to Caucasians./®®
The incidence of AGA in women also tends to increase
with age.['®1 Tt should be noted that experts have
suggested that female androgenetic alopecia is not
exactly the female counterpart of male AGA. A better
term for female AGA would be ‘female pattern alopecia’
or ‘female pattern hair loss’. The clear difference in the
clinical pattern of male and female pattern hair loss
suggest that these are two separate entities. This is also
based on studies which have shown no clear relation
between excess testosterone levels and female pattern
hair loss.%

Androgenetic alopecia
PATHOGENESIS

What is AGA all about?

Androgenetic alopecia (AGA) is characterized by
stepwise miniaturization of the hair follicle, resulting
from alteration in the hair cycle dynamics, leading
to vellus transformation of terminal hair follicle. The
normal hair cycle has an active growth phase (anagen)
which can last from two years to six to seven years.
This is followed by a brief stage of regression (catagen)
which lasts one to two weeks and then a resting
phase (telogen) lasting from five to six weeks to about
100 days. The catagen phase is a process of involution,
where a burst of apoptosis occurs in a majority of
follicular keratinocytes along with termination of
pigment production and condensation of dermal
papillae. The result is an upward movement of dermal
papillae. In the telogen phase the hair shaft matures
into a club (vellus) hair. The hair is eventually shed as
aresult of combing and washing and the anagen phase
begins again.

In AGA, the duration of anagen phase gradually
decreases and that of telogen phase increases. As
the duration of anagen phase determines the hair
length, the maximum length of the new anagen
hair becomes shorter than that of its predecessor,
leading to miniaturization and eventually a bald
appearance./219

How did this concept evolve?

The understanding of the hair follicle biology over
the last 20 years established the fundamental role
of the mesenchyme derived dermal papillae in the
maintenance of the hair growth, with the multipotent
epithelial stem cells at the bulge giving rise to
proliferation and differentiation.*'”! Other autocrine,
paracrine factors and signaling pathways are also
involved in this cross-talk between the dermal papillae
and the hair follicle stem cells.[¢:18:19

Testosterone and other weaker androgens such as
dehydroepiandrosterone and androstenedione are
metabolized in many skin tissues. Testosterone can
freely penetrate the cell membrane and is converted
in the cytoplasm to dihydrotestosterone (DHT) by
5 o reductase (mainly Type II). The DHT strongly
binds to androgen receptor (AR) and this complex
is translocated to the nucleus, helped by the AR co
activators. This results in target gene transcription and
finally translation into genes which exert biological
activity.120-22
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The cross-talk between the dermal papillae and the
hair follicle cells which unfolds under the influence
of androgens result from the secretion of many factors
from the dermal papillae. These have autocrine
effect on the dermal papillae itself and paracrine
effect on the hair follicle epithelial cells.*®! These
factors include growth factors like Insulin like growth
factor (IGF-1), basic fibroblast factor (bFGF), vascular
endothelial growth factor (VEGF); and cytokines
like transforming growth factor beta 1 (TGFB 1),
interleukin 1 alpha (IL -10) and tumor necrosis factor
alpha (TNF o).[242!

Why do people go bald in AGA?

Many of the studies have accepted the role of androgens
and the interplay between the dermal papillae and
hair follicle as the critical processes involved in
miniaturization of hair follicles.

The concentration of DHT along with 5 o reductase
and androgen receptors are increased in the balding
scalp.”281 The other enzymes involved in conversion
of weak androgens to potent androgens are 3 f3
hydroxysteroid dehydrogenase (3 § HSD) and 17
hydroxysteroid dehydrogenase (17 B HSD) also
show increased activity in AGA.? The higher the
concentration of androgen and androgen receptor,
more the effect on expression of genes which control
follicular cycling.

The signaling which follows at the dermal papillae
and hair follicle interface in balding person results
in premature termination of anagen associated with
premature entry into catagen. Catagen occurs as
a consequence of decreased expression of anagen
maintaining factors, such as the growth factors- IGF-1,
bFGF and VEGE Also, an increased expression of
cytokines (TGFP 1, IL -1o and TNF o) promotes
apoptosis. Recently, DKK-1 is found to be up
regulated gene by DHT, resulting in inhibition of outer
root sheath cells and triggering apoptosis.!

Another recent advance is identification of the
critical role of Wnt/p catenin signaling pathway in the
maintenance of the DPC inductive properties required
for hair follicle regeneration and growth of the hair
shaft.’” The androgens and ligand activated AR can
negatively influence the Wnt/f catenin signaling
pathway.® The androgens hamper the pathway by
increasing the glycogen synthase kinase (GSK 3f)
expression.**

Androgenetic alopecia

The exact roles and processes related to hair follicle
stems cells in AGA are not clear. It is considered that
while KRT15(hi) stem cells are maintained in bald
scalp, there is a defect in conversion of hair follicle
stem cells to CD200-rich and CD34-positive progenitor
cells, both of which are needed to maintain proper
follicular activity.!*®

When do people go bald?

Androgenetic alopecia (AGA) is a multifactorial
disorder caused by interactions between several genes
and environmental factors.

Genes involved in AGA: A polygenic mode of
inheritance is established due to the high prevalence
and the wide range of expressed phenotypes in AGA.
The genes influence predisposition through DNA
sequence variations- single nucleotide polymorphisms,
microsatellite repeats, insertion mutations, deletion
mutations and copy number variations; or epigenetic
modifications such as X chromosome inactivation,
hypermethylation (switch off gene expression) or
hypomethylation (switch on gene expression) of DNA
in gene promoter regions.*6-7)

The two major genetic risk loci are the X chromosome
AR/EDA2R locus and the PAX1/FOX A2 locus on
chromosome 20. Recent studies indicate HAD C9 locus
on chromosome 7 as a new susceptibility locus.[*41

The androgen receptor gene: The androgen receptor
determines the sensitivity of cells to androgen. The
AR gene regulates the potency of androgen available to
the hair follicle. Of the many AR gene polymorphisms
known, the Stu 1 polymorphism has the most significant
association with AGA.#?

Several other genes where associations could not
be proved conclusively include 50 reductase,
aromatase, estrogen receptor o and IGF-2 genes. The
role of Y chromosome needs further comprehensive
examination of the genome.!

Hair follicle inflammation and environmental factors:
The implication of follicular inflammation has been
brought out by several studies. The process is slow,
subtle and indolent unlike the inflammatory and
destructive process in the classical scarring alopecia.
Microbial toxins related to Propionibacterium sp.,
Staphylococcus sp., Malassezia sp., or Demodex could
be involved in generation of inflammatory response.**
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Alternatively, keratinocytes may respond to chemical
stress from irritants in cosmetics and grooming agents,
pollutants and actinic damage as in UV irradiation by
producing radical oxygen species and nitric oxide.!*”

CLINICAL FEATURES AND GRADING

While there are different grading systems available
for AGA, the most accepted is the modified
Norwood-Hamilton classification [Table 1], modified
from the earlier Hamilton classification, consisting
of seven broad groups and four specific variant

Androgenetic alopecia

Ludwig scale® and the Sinclair

scale [Tables 2 and 3].

five-point

A newer, systematic and universal classification has
been suggested by Lee, et al., known as the basic and
specific classification (BASP). The basic (BA) types
represent the shape of the anterior hairline, and the
specific types (SP) represent the density of hair on
distinct areas (frontal and vertex). There are four basic
types (L, M, C, and U) and two specific types (F and V).
The final type is decided by the combination of the
assigned basic and specific types. The basic types are

types.“"‘ﬁ’”]

In women,
described:!*?

- Diffuse thinning of the crown area with

classified by the English alphabetical letter shape of the
anterior hairline, except L type, which means linear.

typically three patterns have been

Type L — No recession is observed along the anterior
border in the frontotemporal region. It appears a linear.

preservation of the frontal hair line

«  Thinning and widening of the central part of
the scalp with breach of the frontal hair line
«  Thinning associated with bi-temporal recession.

The commonest grading scales used for female

Type M — Recession in the frontotemporal hairline is
more prominent than the mid-anterior hairline. The
hairline resembles the letter M.

Type C - Recession in the mid-anterior hairline is more

androgenetic  alopecia are  the three-point  prominent than the frontotemporal hairline.
Table 1: Modified Norwood-Hamilton classification

Type Clinical definition

| Minimal recession of the hairline along the anterior border in the frontotemporal (FT) region!4647

Il The anterior border of the hair in the FT region has triangular areas of recession that tend to be symmetrical.
These areas extend no further posterior than approximately 2 cm anterior to a line drawn in a coronal plane
between the external auditory meatus on both sides. Hair is either lost or sparse along the mid-frontal border of the
scalp

i Characterized by deep FT hair recession, usually symmetrical and either bald or sparsely covered with hair. These
areas of hair recession extend further posterior than a point that lies approximately 2 cm anterior to a line drawn in
a coronal plane between the external auditory meatus on either side

Illv (vertex) Hair is mainly lost in the vertex. There may be some frontal recession but it does not exceed than that seen
in type Il

\Y) The frontal and FT recession is more severe than type lll. There is also sparseness or absence of hair in the vertex
area. These bald areas are extensive, but separated from each other by a band of moderately dense hair that joins
the fully haired fringe on each side of the head.

V The hair loss over the vertex and FT areas is larger than in type IV and the band of hair between them is narrower
and sparser

VI The hair loss over the FT and vertex regions is confluent and the bridge of hair that crosses the crown is absent

Wi There is only a narrow horseshoe-shaped band of hair that begins laterally just anterior to the ear and extends
posteriorly on the sides and fairly low on the occipital area

Variants Constitutes 3% of all cases of AGA: (i) the entire anterior border of the hairline progresses posteriorly without the

(Type variants-‘a’)

normal island of hair in the mid-frontal region and (ii) there is no simultaneous development of a bald area on the
vertex. Instead, the anterior recession just advances posterior to the vertex

The entire anterior border of the hairline lies high on the forehead. The usual mid-frontal island of hair is
represented by only a few sparse hairs. The area of denudation extends no farther than 2 cm from the frontal line

The area of denudation extends beyond the mid-coronal line and there may be considerable thinning of hair

lla
Illa The area of denudation reaches the mid-coronal line
IVa
posterior to the actual hair line
Va

Most advanced degree of alopecia; however, the bald area does not reach the vertex

AGA: Androgenetic alopecia, FT: Frontotemporal

616
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The entire anterior hairline regresses posteriorly in the
shape of half-circle, resembling the letter C.

Type U — The anterior hairline recedes posteriorly
beyond the vertex forming a horseshoe shape,
resembling the letter U.

Type F — This represents a general decrease in the
density of hair over the entire scalp, regardless of the
anterior hairline. It is usually more marked over the
frontal area of the scalp

Type V — Hair loss is seen more distinctly in the vertex
than in the frontal area.k!

DIAGNOSIS

History

A proper history often helps to rule out other causes
of the hair loss like telogen effluvium. The typical
history is of chronic hair loss with thinning mainly
over the frontal, parietal or vertex areas. The patient
might also complain of itching and trichodynia.
History of systemic diseases, new medications
especially within the previous year should be
taken. Family history is usually positive for AGA.
Diet is another important aspect of history, to rule
out nutrition related effluvium.*® Lifestyle related
enquiries should cover effect of traction, smoking
and ultraviolet exposure on AGA, all of which have
been implicated as aggravating factors.2%% In female
patients, careful attention must be given to assess any
associated hormonal dysfunction.®

Table 2: Ludwig’s scale for female AGA

Stage 1 Thinning of hair is seen mainly over the anterior part of

the crown with minimal widening of the parting width“%

Stage 2 Thinning of the crown becomes more evident because of
an increase in the number of thin and short hairs

Stage 3 The crown becomes almost total bald. There is
significant widening of the parting width, but the frontal
hairline is still maintained

AGA: Androgenetic alopecia

Table 3: Sinclair scale for female pattern AGA

Grade 1 Is normal. This pattern is found in all girls prior to puberty!%
but in only forty-five percent of women aged eighty or over

Grade 2 Shows a widening of the central part

Grade 3 Shows a widening of the central part and thinning of the
hair on either side of the central part

Grade 4 Reveals the emergence of a diffuse hair loss over the top
of the scalp

Grade 5 Indicates advanced hair loss
AGA: Androgenetic alopecia

Androgenetic alopecia

General scalp and hair examination

The scalp is usually normal in AGA, but look for
factors which can aggravate AGA like seborrheic
dermatitis®® and photo-damage.®® The main aim of
clinical examination is to identify whether or not the
hair loss is patterned.

Pull test

The “pull test” is a simple method to assess the severity
of hair loss.[##%5:56] About 60 hairs are grasped between
the thumb and the index and middle fingers. The hairs
are then gently but firmly pulled. A negative test (six
or less hairs/less than 10% obtained) indicates normal
shedding, whereas a positive test (more than six hairs
or 10% obtained) indicates definite active shedding of
hair. Shampooing should be withheld for 24 hrs prior
to a pull test. In patients with AGA the test is usually
negative except in the active phase and that too only
in the affected sites like the frontal area. A diffusely
positive pull test suggests the possibility of other
diagnosis like telogen effluvium.

Trichoscopy

Trichoscopy has emerged as an useful tool in the
diagnosis of androgenetic alopecia. Important features
of AGA on trichoscopy are hair diameter diversity
(HDD) greater than 20% (which corresponds to vellus
transformation), perifollicular pigmentation/peripilar
sign (the commonest change seen in Asians) and
yellow dot®” [Figure 1]. The term ‘anisotrichosis’ has
been proposed to describe the HDD seen in AGA.P®
Rakowska et al., have suggested some criteria which
help to differentiate telogen effluvium from AGA in
females. Major criteria are ratio of (1) more than four

Figure 1: Trichoscopy x10 showing increase HDD, with prominent
vellus transformation, perifollicular pigmentation and yellow
spots in AGA
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yellow dots in four images (70-fold magnification)
in the frontal area in female AGA compare to
telogen effluvium (2) lower average hair thickness
in the frontal area compared to the occipital area in
female AGA (3) more than 10% of thin hairs (below
0.03 mm) in the frontal area in female AGA. Minor
criteria include- increased frontal to occipital ratio in
AGA of (1) single-hair pilosebaceous units, (2) vellus
hairs and (3) perifollicular discoloration. Fulfillment
of two major criteria or one major and two minor
criteria allows diagnosing AGA in females based on
trichoscopy with 98% specificity.!®”

Trichogram and Photo-trichogram

Trichograms can be used to differentiate between
different types of hair loss, but as such have limited
application in AGA. The procedure however requires
good technical expertise and experience for valid
and reliable results. The patient is asked to abstain
from washing the hair for five days, following which
60-80 hairs are plucked using a rubber tipped forceps.
The hair roots are examined immediately.

Unit — area trichogram - hair follicle density,
proportion of anagen fibers, and hair shaft diameter
are estimated after plucking hairs in a defined
area- usually about 30 mm?.

Phototrichogram (PTG)-PTG is a non-invasive method
involving production of serial, close-up photographs of
specific defined areas to assess hair growth rate, hair
follicle density and hair shaft thickness. Variants of
this technique include the contrast enhanced PTG and
the automated PTG (Trichoscan). One of the essential
components of this procedure is to trim the hairs over
the selected.!*¢!

Hair wash test

Rebora et al.,, have devised a test known as the
AGA/TE wash test to distinguish between AGA and
TE based on the count of vellus and terminal telogen
hairs that are rinsed out on washing the scalp after
a five day abstinence from washing and shampooing.
The results are given in terms of total telogen hairs
and the percentage of telogen vellus hairs. However,
this method has definite disadvantages; hair
breakage can occur leading to double counting, it
is not useful in patients with curly hair and is very
time-consuming.°6-6%

LABORATORY INVESTIGATIONS

The general consensus is that extensive laboratory

Androgenetic alopecia

investigations are not required for AGA, especially in
males. Some authors recommend testing for Prostate
Specific Antigen prior to starting finasteride in men
above the age of 45. The main aim of laboratory
investigations in women is to rule out any underlying
hormonal dysfunction especially polycystic ovarian
disease. The tests recommended are — free androgen
index test, Dehydroepiandrosterone (DHEAS) and
prolactin. Further tests may be considered if necessary
to rule out rarer conditions like congenital adrenal
hyperplasia. The significance of measuring serum
levels of ferritin in AGA is not clear as different studies
have produced conflicting results.[#¢61-64

SCALP BIOPSY

Scalp biopsy is not routinely recommended in AGA
because it is an invasive technique. The biopsy is taken
from the center of the most affected areas. Biopsies
from the bitemporal area are to be avoided as this area
tends to have miniaturized hairs even in the absence
of AGA.1*8561 Using a 4 mm punch, two biopsies should
be taken ideally — one for transverse sectioning and the
other for horizontal sectioning. The horizontal section
helps to get an overview of the number, density and
morphology of the follicles. The ration of terminal to
vellus hairs is normally greater than 7:1, while in AGA
it is usually less than 3:1.1% Other important findings
which might be seen in AGA include increased
follicular steleae, increased telogen to anagen ratio and
a minimal perifollicular lymphohistiocytic infiltrate

with or without mild fibrosis around the upper part of
the follicle.!*®

GLOBAL PHOTOGRAPHY

A global photograph of a patient with hair loss is a useful
tool for follow-up and assessment of treatment response.
This requires among other things, a cooperative patient
with clean, dry hair and ideally a technician who is able
to take the time to comb and prepare the hair precisely
the same way at each office visit. The patient should be
advised to maintain the same hair style and color. Multiple
images should be shot covering all areas of the scalp.
The four specific views recommended are the vertex,
mid-pattern, frontal, and temporal views. [Figure 2]
The key to good global photography is standardization
of image with respect to magnification, position and
lighting. Standardization can be best achieved by using a
stereotactic imaging apparatus.*®¢76% Global photography
is considered to be the most effective method in hair
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