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The endocrinology of baldness

Male pattern baldness, scientifically known as 
androgenetic alopecia (AGA), is a very common 
condition, universally prevalent, which progresses 
with aging. The loss of scalp hair of any degree both 
in men and women is a cause of considerable psycho-
logical distress associated with a loss of self-esteem 
and feelings of diminished self-image, resulting in 
introversion and depression. Particularly among men, 
the very manifest obviousness of baldness is often a 
source of major psychological anguish.

Two clinical features of male baldness have been 
recognized: a predisposition to scalp hair loss inher-
ited from the father or grandfather(s) and a negative 
connection of scalp hair loss with the testes. Eunuchs 
and pre-pubertally castrated men who fail to develop 
body hair have normal scalp hair which shows no sign 
of loss with age. However, castrates receiving lifelong 
replacement therapy with testosterone show scalp hair 
loss and various degrees of baldness. The complete 
restoration of body hair in eunuchs and castrates 
by the administration of testosterone established 
the notion that androgens are responsible for hair 
growth, but at the same time it revealed the hair loss 

effect of testosterone on scalp hair.1 The paradox 
of a diametrically different action of a hormone on 
its receptors aroused much interest and initiated 
research into the dual effect of testosterone and into 
the investigation of this biological aberrance that has 
created an unwanted phenotypic manifestation which, 
because of its great prevalence, the psychological 
impact and the difficulties and cost of treatment, is 
an important medicosocial problem.

This review is a discussion on the endocrine con-
nections at the hormonal, molecular and genetic 
levels with male and female scalp hair loss and on 
the psychological effects. Also discussed is the theory 
that baldness may be an early prognostic marker of 
prostate cancer and cardiovascular disease.

The psychological effects of baldness

Head hair is an essential complimentary feature 
to the face in the composition of an individual’s 
physiognomy and, by virtue of its natural qualities 
and its capacity to be modeled artistically, contributes 
significantly to an individual’s self-perceived image 
as well as to the response of others. It is therefore 
only natural that hair loss to any degree will have 
a negative psychological impact on the quality of a 
person’s life. Several studies have documented the 
psychological distress caused by baldness and inves-
tigated its parameters.

With regard to males, the psychological impact that 
balding men attribute to hair loss was investigated 
in 63 men with modest balding, 40 men with more 
extensive balding and 42 non-balding controls.2 Effects 
of balding reflected considerable anxiety, moderate 
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stress or distress and compensatory efforts that were 
especially common among younger men. Compared 
to controls, balding men had less body-image satis-
faction. Similar psychological effects were observed 
in 182 men with a wide range of ages and hair loss 
varying from none to severe.3 An increasing degree 
of hair loss was associated with loss of self-esteem, 
depression, introversion, neuroticism and the feeling 
of being unattractive. Loss of self-esteem, introver-
sion and feeling unattractive particularly affected 
young men. The perception of men with baldness by 
women and non-balding men was studied in Korea via 
a questionnaire carried out among 130 women 15-58 
years old, 90 non-balding men 18-72 years old and 
30 balding men 20-63 years old.4 Balding men were 
perceived as being older and less attractive by over 
90% of responders. Less than half of the responders 
perceived balding men as less confident, duller or less 
potent. Significantly more women than non-balding 
men perceived balding men as less attractive.

Via randomly selected samples of 1,717 men 18 
to 40 years of age and a questionnaire comprised of 
78 questions specific to hair loss, a survey was con-
ducted in four European countries, France (n=502), 
Germany (n=508), Italy (n=383) and the United 
Kingdom (n=324), with such meticulousness that 
the questionnaire which was originally developed in 
the States was translated into British-English to avoid 
misunderstandings.5 Men were categorized into one 
of four groups based on their self-reported degree of 
hair loss as “a full head of hair”, “a little hair loss”, 
“some hair loss” or “moderate hair loss” and “con-
siderable hair loss”, “a lot of hair loss” or “bald”. Of 
men under 20 years of age, 81.3% reported that they 
had “a full head of hair”, whereas only 35.2% of men 
35 years and older reported “a full head of hair”, with 
about 30% reporting at least “moderate hair loss”. 
Hair loss distress increased with increasing hair loss 
in all four countries. For Germany the distress scores 
were greater in young men. Hair loss distress in all 
countries concerned mainly the worry inflicted by hair 
loss itself rather than looking older. Overall, 98% of 
men with a “full head of hair” reported that hair loss 
was not at all merely slightly noticeable, whereas 75% 
of men reporting “I am bald” stated their perception 
that their hair loss was very or extremely noticeable 
by others.

The incidence of baldness

The very widespread incidence of baldness either 
as thinning of hair or denudation areas on the scalp 
in aging men is obvious. Ethnic differences in the 
appearance of baldness have also been traditionally 
recognized. However, large-scale population studies 
of the characteristics and racial differences in this 
interesting and very common human phenotypic 
trait are limited. Hamilton in 1951, summarizing his 
pioneering clinical studies in baldness, established 
eight types of scalp hairiness that could be used as 
standards for the classification and the grading of the 
extent of baldness and categorized 312 Caucasian 
males, 214 Caucasian females and 77 Chinese males 
aged 20-89 years according to his classification.6 He 
noticed a progressive increase of male baldness with 
age, reaching a peak of 85% incidence in their 7th 
decade in 32 males, whereas in females the highest 
incidence was 30%. The 77 Chinese also had a lower 
incidence but with a similar increase with advancing 
age (data from Figure 5). The author also sought 
to investigate the endocrine profile of the men with 
baldness employing the now outdated methods of the 
time. He reported that the androgen metabolites in 
urinary 17-ketosteroids were similar in men regard-
less of whether or not they were bald.

Based on the examination of a large cohort of 1,000 
men, Norwood in 1975 slightly modified Hamilton’s 
classification of AGA pattern types establishing 
seven types of balding that have ever since served as 
a reference source in dermatological practice and 
investigation.7 Type I is a scalp with no or minimal 
recession of the frontopariental hair line. Type II is 
a scalp with frontoparietal recession. Type III are 
scalps with deep frontoparietal recession and types 
IV to VII are scalps with severe frontoparietal reces-
sion and various degrees of absence of hair on the 
vertex, this latter type being the most severe degree of 
frontoparietal recession in which all that remains is a 
narrow band of hair beginning laterally just anterior 
to the ears and extending posteriorly on the sides 
and quite low on the occipital area (Figure 1). The 
incidence of this last type was 4-5% in 321 men aged 
40-59 years, 10-11% in 242 men aged 60-79 years and 
17% in 77 men 80 years old and over.

Direct observations of AGA were made in a 
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population-based study of prostate cancer in 1,390 
men aged 40-69 years in Australia who were grouped 
into four categories: a) no AGA, b) frontal AGA, c) 
vertex AGA and d) full AGA.8 Applying this simpler 
classification, it was found that the prevalence of 
vertex AGA and full AGA increased with age from 
31% in the age group 40-55 years to 53% in the age 
group 65-69 years. Only the frontal type was similar 
in both age groups 31-32%. No association between 
AGA and smoking or benign prostatic hypertrophy 
was identified.

A high frequency of AGA in men less than 50 years 
old was observed in a study of self-reported degree of 
hair loss rated by a trained reporter in a community-
based sample of healthy men aged 18-49 years.9 The 
proportion of men with moderate to extreme hair 
loss (Type III or greater) was 42%, increasing with 
age from 16% for men 18-29 years old to 53% of men 
40-49 years old. A high incidence and severity of AGA 
was also self-reported by 4,101 men of a Norwegian 
community.10 One in five (19.5%) of men aged less 
than 50 years reported baldness of Type V or more 
of the Hamilton Norwood classification (for Types 
V-VII, see Figure 1).

A high incidence of balding in men was also re-
ported in Sheffield, Britain, by Birch and Messenger 
in 572 men of ages distributed evenly between 16 
and 91 years.11 It was determined that, by 70 years of 

age, 80% of men had balding and half of them had 
severe balding (grades VI and VII on the Hamilton/
Norwood scale). According to the authors, all these 
men will eventually go bald, given that the frequency 
rate of balding was increasing. Almost all men who 
developed balding before the age of 30 years had a 
balding father, indicating a strong genetic associa-
tion, making bald men of this age group appropriate 
candidates for genetic analysis.

The prevalence of male and female pattern hair loss 
was studied in 1,450 men and women who responded 
to a postal survey of 5,000 men and women living in 
Maryborough, a small town of 8,000 people in the 
state of Victoria, Australia.12 Ninety-eight percent of 
men aged 80 years and over had bitemporal recession 
of hair and 73.5% mid-frontal hair loss. The corre-
sponding prevalence in women was 64.4% and 57%.

The difference in prevalence of AGA in Asiatic 
populations observed by Hamilton has been confirmed 
by studies in populations in Singapore, Thailand, Ko-
rea and China. A questionnaire-based survey in the 
district of Bishan, Singapore, showed an incidence of 
63% of AGA in 254 men according to the Norwood 
criteria.13 The prevalence increased from 32% among 
adults aged 17-26 years to 100% among those in 
their 80s. Proportionately more Indians (87%) were 
affected compared to Chinese (61%). The authors 
made the interesting observation that 81% of men 
with AGA did not seek help as they did not view their 
condition as a problem.

The prevalence of baldness in the population of 
Korea was found to be significantly low as compared 
to Caucasians.14 In a study of 5,531 men and 4,601 
women in Seoul, the prevalence of Type III or above 
AGA in men was 14.1% at all ages and increased 
steadily with advancing age, being lower than that 
of Caucasians of all age groups: 2.3% in the 3rd dec-
ade, 4% in the 4th, 10.8% in the 5th, 24.5% in the 6th, 
34.3% in the 7th decade and 49.9% in men over 70 
years old. A family history of baldness was present 
in 48.8% of men.

Two fairly recent (2009 and 2010) Chinese large 
population-based studies have documented the lower 
incidence of baldness in Chinese, which is similar to 
that of the Koreans. In a population-based study of 
3,519 men in a community in Shanghai, the overall 

Figure 1. The Hamilton-Norwood classification of male pattern 
of baldness types. Type I scalp with no or minimal recession of 
frontoparietal hair line, Type II and III scalps with moderate 
and deep recession, Types IV to VII scalps with severe reces-
sion and various degrees of absence of hair on the vertex, Type 
VII being the most severe recession in which all that remains 
is a narrow band of hair beginning laterally anterior to the ears 
and extending posteriously low on the occiput.
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prevalence of AGA was 19.9% advancing with age.15 
Very low incidence was noted in men less than 50 years 
old. In the 1st to the 3rd decade, the prevalence was 0.3-
0.4%, in the 4th decade 2.7%, in the 5th decade 10.1%, 
followed by 20% in the 6th, 43.5% in the 7th decade 
and 60% in men over 70 years old. A positive family 
history of AGA existed in 55.8% of the men. Similar 
results were obtained in a community-based study of 
6,811 men in six Chinese cities.16 The prevalence of 
AGA was 21.3%, increasing with age. In men 18-29 
years old the prevalence was 2.8% in the 4th decade, 
13.3%, 21.4% in the 5th, 31.9% in the 6th, 36.2% in 
the 7th decade and 41.4% in those aged 70 years and 
over (Figure 2). Earlier, in 2002, Pathomvanich et 
al based on their own investigations questioned the 
common belief that Asians had a lower incidence of 
baldness than Caucasians.17 In a total of 1,124 Thai 
and Chinese men residents in Bangkok Thailand, 
the prevalence of AGA and the increase with age 
approached that of Caucasians. The authors suggest 
that the socioeconomic environment and the western-
ized diet may be contributing to this high prevalence. 
The characteristics, the population differences, the 
prevalence and the types of AGA in Asiatic men and 
women are discussed in a review by Lee and Lee.18

The hair in androgenetic alopecia

The hair is the part of the organism possessing 
the most vigorous metabolic and proliferative ac-
tivity stimulated by the androgens. No other organ 
in males, with the exception of spermatogenesis, 
shows such continuous and cyclic development and 
regeneration. The normal growth cycle of hair pro-
ceeds in three phases. First, there is a long period 
of development which in the scalp may last for two 
years or more: this is the anagen phase during which 
hair growth begins by epithelial cell division of an 
enlargement as its base, the bulb. The hair bulb sur-
rounds an extension of the epidermis, the dermal 
papilla, which is a true laboratory rich in androgen 
receptors and receptor transcriptional coregulators, 
active in androgen synthesis and metabolism as well 
as growth factors and cytokine production that induce 
the hair bulb activity. The termination of the anagen 
phase is produced by cessation of cell division that is 
followed by a phase of regression, the catagen. The 
length of the hair shortens by regression of its lower 
part and the hair becomes thinner and miniaturized. 
The dermal patella also regresses showing reduction 
and inactivation of its cells. The last phase of the hair 
growth cycle, the telogen, is a short period of variable 
time ranging from 1 to 3 months. At the end of telo-
gen the dermal patella is reactivated, cellar division 
commences and a long new phase of anagen begins 
forming a new hair.19-21

In androgenetic alopecia, there is a dramatic 
shortening of the hair cycle at the expense of the 
anagen phase. The duration of this period of hair 
development, which varies in the different parts of 
the body and in the scalp lasts for many months, is 
reduced to a few weeks or months in the areas of 
baldness. The telogen phase remains the same or is 
moderately lengthened, resulting in an accumulation 
of miniaturized anagen hair at this phase in the scalp 
that is easily shed through combing and washing 
(Figure 3).

Both the normal and pathological hair cycles are 
subject to multiple environmental factors that have 
a bearing on their course and homeostasis. In ad-
dition to the androgens, the main inducers of hair 
growth and development and of hair loss in the scalp, 
hormones, cytokines of the immune system, growth 

Figure 2. Incidence of baldness in males at various decades in 
Caucasian (solid line) and Asiatic (broken line) large popula-
tion series (1. Hamilton,6 2. Norwood,7 3. Severi,8 4. Gan,12 5. 
Birch,11 6. Paik,14 7. Wang,16 8. Xu15).
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factors, neural activity, nutrition, seasonal changes 
and aging modulate the action of the androgens and 
influence the life of the hair.22,23 Certain studies have 
demonstrated that transforming growth factor type 
two (TGF-b2,) produced in the dermal papilla by 
androgenic stimulation, might be one of the factors 
involved in AGA that mediate the androgenic effect 
on scalp hair loss via its inhibiting capacity. Insulin-
like growth factor 1 (IGF-1) is also expressed in the 
dermal papilla stimulating hair growth.

Circulating androgens in men

Testosterone is the most potent androgen in man 
and its main source of production are the testes. The 
testes secrete 95% of the 4-9.5 mg of testosterone 

produced daily, the remaining 5% deriving from the 
peripheral transformation of the adrenal androgens 
to testosterone. The testes also secrete approximately 
1mg of Δ4-androstendione (Δ4Α) and small quanti-
ties of DHEA. The adrenal secretion of androgens 
consists in the secretion of 10-20mg of dehydro-epi-
androsterone (DHEA) and its sulphate DHEA-S, 
2-4mg of Δ4-androstendione and minimal amounts 
of testosterone.

In the blood, normal values of testosterone concen-
tration present a broad range of 3-10 ng/ml, indicating 
a great inter-individual variation of its production. 
Testosterone circulates bound to the sex hormone 
binding globulin (SHBG) and to a lesser degree to 
albumin and only 1-2% remains free and capable 
of entering the cells to exert its androgenic action 
through its transformation into dihydrotestosterone 
(DHT). Free testosterone (FT) blood concentrations, 
being influenced by the levels of SHBG, also present 
a broad range of values. DHEA-S levels in blood 
are extremely high, 1,000-4,000ng/ml, compared 
to the other androgenic steroids, because of a slow 
clearance. DHEA and Δ4A levels are 1,000 times 
smaller 2.5-7ng/mL and 2-4mg/mL, respectively (Table 
1).26-28 The androgenic action of adrenal androgens, 
which also circulate in both bound and free form, is 
mediated through successive transformations into 
the active dihydrotestosterone. DHEA is reversibly 
transformed into DHEA, 5-7% of which are irrevers-
ibly converted to Δ4-androstendione: a percentage 
of 13-15% of Δ4Α gives rise to testosterone, which 
is irreversibly transformed mainly intracellularly to 
dihydrotestosterone at a proportion of 5%.

The skin possesses the enzymatic armament to 
perform the above transformations of the andro-
genic steroids that arrive with the circulation as well 
as those that are synthesized by its own cells. More 
specifically, dermal papilla cells, a projection of the 
epidermis into the base of the hair in close connec-
tion with the bulb, and the bulb itself express all the 
above steroids (Figure 4). The necessary enzymes 
for the expression of the androgenic receptors, the 
essential factor for conveyance of the androgenic 
action to the DNA, are also expressed in the dermal 
papilla and the hair bulb.

Figure 3. Schematic representation of scalp hair cycle. Nor-
mally, the development period, the anagen phase (1-5), lasts 
for many months followed by a phase of regression, the catagen 
(5-8), during which the hair becomes shorter, thinner and min-
iaturized. The last phase, the telogen, is a short period of 1 to 
3 months of rest followed by the regeneration of hair and the 
beginning of a new cycle of development. In baldness, the hair 
cycle in the scalp is reduced to a few weeks or months (inner 
cycle) at the expense of the anagen phase, resulting in an abun-
dance of miniaturized hair.
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The effect of androgens on the hair 
follicle

The evaluation of an androgenic effect on a sensi-
tive tissue requires the comprehensive consideration 
of all the parameters that are involved in this process, 
their complex qualitative and quantitative inter-
relationships and the degree of their participation 
and contribution to the final effect. This constitutes 
a difficult task, further confounded by the present 
scarcity of knowledge and many conflicting results; 
it is however rewarding because of the amount of 
vigorous research into the subject.29,30

The chain of events leading to androgenic action 
are comprised of: the production of testosterone by 
its principal source, the testes, the peripheral produc-
tion of testosterone by its precursors, Δ4A, DHEA 
and DHEA-S, the unknown significance of paracrine 
and endocrine action of locally produced testosterone 

by the dermal papilla and the hair bulb, which may 
be important, the intervention of transcriptional 
factors, growth factors and cytokines and, finally, a) 
the local conversion of testosterone to active DHT, 
b) the normality, functionality and activity of the 
androgen receptor and c) the modulating action of 
the coregulators, the three last steps being the most 
important and studied. Of the former steps, the pro-
duction of testosterone can be easily measured by its 
concentration in the blood, whereas their biological 
activity remains difficult to assess. The transcriptional 
importance of growth and other factors is discussed 
in the section on the coregulators.

The 5a-reductase

The important role of 5a-reductase in the action 
of the androgens is demonstrated by the fivefold 
increase of testosterone androgenic potency through 
its transformation into dihydrotestosterone and is 
clinically obvious in subjects with syndromes of 5a-
reductase deficiencies who fail to develop hair in a 
very sensitive target tissue of the androgens, the skin.

5a-reductase reduces the unsaturated bond in the 
4-5 position of testosterone’s molecule to form dihy-
drotestosterone. It can also convert Δ4-androstendione 
and progesterone to their respective reduced forms. 
5a-reductase is expressed in two molecular forms 
each encoded by a separate gene. The distribution of 
types 1 and 2 5a-reductase, their ratio and the inten-
sity of their expression varies in the different areas 

Table 1. Daily production rate and circulating levels of androgens and sex hormone binding globuilin in men (compound data from Nafziger, 
Kaufman Vermeulen, Harman28)

Androgens
Daily production

rate mg/mL

Blood levels ng/mL
Age

20-40 55-64 65-80

Testosterone 4.5-8 3-10 5.5-4 4-2.5

Free Testosterone 0.05-0.220 0.050-0.070 0.055-0.050 0.050-0.037

Dihydrotestosterone (DHT) 0.55-0.90 0.3-0.85

Δ-Androstendione (Δ4-Α) 1.5-2.5 0.8-2.3 1.50 0.85

Dehydroepiandrosterone (DHEA) 6-8 1.6-8 0.7-1.00 0.70-0.020

Dehydroepiandrosterone sulfate (DHEA-S) 8-16 1100-6000 1580-1150 1150-570

3a-androstandiol glucuronate Glucuronate (3a-diol Gl) 0.6-8.1

Sex Hormone Binding Globulin (SHBG) 9.5-10.9 10.9-12.3 14.05-18.7

Figure 4. The catalyzing enzymes and the proportion of andro-
gen transformations (ST SULF: Steroid Sulfatase, 3β-HSD: 
3β-hydroxysteroid dehydrogenase, Δ5-ISO: Δ5-isomerase, 
11β-HSD: 11β-hydroxysteroid dehydrogenase, 5a-Red: 5a-re-
ductase, 3a-HSDR: 3a-hydroxysteroid oxide reductase, 3a-diol: 
3a-androstane 17β diol).
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influencing the androgenic effect analogically. Type 
II 5a-reductase expression is higher in the dermal 
papilla of scalp hair enhancing the harmful effect of 
the androgens. Its important role in AGA is demon-
strated by the efficacy of finasteride, an inhibitor of 
type II 5a-reductase, in the treatment of androgenetic 
alopecia. Also, the few cases of the rare syndrome of 
5a-reductase insufficiency that have been reported 
did not have scalp hair loss.

Biopsies from frontal and occipital sites in 12 men 
and 12 women with early onset baldness (aged 18-33 
years) revealed that both men and women have higher 
levels of type 1 and 2 5a-reductase in the frontal 
follicles than in occipital follicles. Women had 3-3.5 
times less 5a-reductase in the frontal sites than men.31

The androgen receptor

The androgen receptor (AR) plays a key role in 
enhancing androgenic activity. The normal expression, 
structure, function, sensitivity, number and activity of 
the androgen receptors are essential for the expression 
and impact of an androgenic effect and any defect 
in these qualities of the androgen receptor may have 
significant phenotypic and biological implications, 
ranging from a simple under- or over-androgenization 
to complete absence of androgenic action, as is the 
case in androgen insensitivity syndrome.32

The expression of the androgen receptor is encoded 
by a gene located in the long arms of chromosome X, 
at X q11-q12. The AR gene contains 8 coding exons. 
In the large exon 1, towards the 5΄ end, there is a 
CAG triplet repeat region that is highly polymorphic 
and by its extension and variations serves as a poly-
morphic genetic marker for inheritance patterns of 
X-chromosome AR defects. The association of the 
androgen receptor gene with androgen insensitivity 
and baldness is demonstrated in the case of Ken-
nedy’s disease, which is a neurodegenerative disease 
provoking spinal bulbar muscular atrophy, testicular 
atrophy and decreased virilization.33 Kennedy’s disease 
is caused by an extension of the CAG triplets to 40-
70 in number in the gene of the androgen receptor 
instead of the normal number of 12-35. Australian 
researchers found that the baldness score was highly 
significantly smaller in 115 members of the Kennedy’s 

Diseases Association compared with the score of 
controls from the Maryborough study.

The androgen receptor is a protein of q10-q19 
amino acids belonging to a large family of tran-
scriptional factors that includes the estrogens, the 
thyroid hormones, glucocorticoid, mineralocorticoid, 
progesterone receptors and others. The AR protein 
is comprised of four relatively discrete functional 
domains, a large amino-terminal domain contain-
ing regions involved in transcriptional regulation, a 
DNA-binding domain in the center of the AR with 
the characteristic loops of cysteines bound by zinc 
ions, the zinc fingers, that recognize the binding 
sequence of DNA and stabilize the DNA-receptor 
complex, the hinge domain that is assumed to facili-
tate conformational changes induced by the binding 
with the androgens and the ligand-binding domain 
which forms a sort of cavity in which it interacts with 
the androgen molecule.

The transcriptional action of the androgen receptor 
involves a complex coordination of molecular inter-
actions. The AR is located in the cellular cytoplasm 
bound to the heat shock proteins (HSP) which give 
the AR molecule stability and an optimal conforma-
tion for binding to the androgen ligand. The free 
androgens arriving through the circulation and those 
produced in situ bind to the binding domain of AR, 
activating the stabilizing HSPs and the acquirement 
of a molecular structure that enables the androgen-
receptor complex to dimerize and translocate to the 
nucleus to bind to the hormone response element 
of DNA. The stimulatory action of the androgen-
receptor complex to DNA is modulated by a variety 
of coregulators that may activate the transcriptional 
process, the coactivators, or inhibit the corepressors. 
Several coregulators have been demonstrated in the 
dermal papilla where they are assumed to play a role 
in androgenetic alopecia. The affinity of AR is higher 
for DHT, 5-6 times greater than for testosterone and 
low for the adrenal androgens DHEA and DEA. The 
androgen receptor is widely distributed in all skin 
compartments with varying expression and density in 
the different anatomic sites. Higher levels of androgen 
receptors were demonstrated in dermal papilla cells 
from balding follicles compared with non-balding 
follicles (p<0.01).34
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The androgen receptor coregulators

The last step of androgenic action, the interaction 
of the androgen-receptor complex with the androgen 
responsive area of DNA for the realization of its 
transcriptional activity, is modulated by a variety of 
proteins that are called coregulators. The coregula-
tors, which are classified as coactivators when they 
enhance the transcriptional process and corepressors 
when they inhibit the expression of genes, add another 
significant factor to the complexity of androgenic ac-
tion on hair and its paradoxical effect on scalp hair. 
Moreover, the perplexity increases by the fact that 
coregulators interact among themselves, enhancing or 
reducing their potency (see reviews in references35-37).

Coregulators influence the normal transcriptional 
activity of all the steroid hormone receptors and 
their mutations or differences of potency may have 
important implications leading to the development 
of diseases. Androgen insensitivity syndrome is an 
example of coregulator contribution to the manifes-
tation of a pathological condition. The mutation in 
the DNA-binding domain of the androgen receptor 
prevents an interaction with the coregulators which is 
essential for the expression of the transcriptional action.

The number of identified coregulators is increasing 
in animal experiments that are carried out parallel to 
the vigorous research into their significance in human 
physiology and the relationship of steroid hormones 
with cancer. Development of therapeutic strategies 
targeting the action of coregulators might have an 
application in scalp hair loss.

Genetic associations of baldness

Genetic involvement in the pathogenesis of male 
androgenic alopecia, anticipated because of its well 
known familial incidence, is indisputable although 
not to date clearly understood. The high incidence of 
AGA long pointed to a polygenic mode of inheritance, 
and this has now been fully established. Research 
was first aimed at investigation of a potential AGA 
genetic association with the androgen receptor, as 
gene mutations of the AR had been described in 
various diseases, including androgen insensitivity 
syndrome and prostate cancer. The first demonstra-
tion of the link of androgen receptor with AGA was 

the identification of a single nucleotide polymorphism 
(SNP) in exon 1 of the AR which is found in almost 
100% of men with AGA. However, this SNP is pre-
sent in a considerable number of non-bald men and, 
moreover, it is not a coding SNP. In a recent (2011) 
comprehensive meta-analysis of the association of 
androgen receptor gene polymorphisms with AGA, 
Zhuo et al38 evaluated 65 potentially relevant stud-
ies and selected 8 that fitted the inclusion criteria, 
the study comprising 2,074 subjects with AGA and 
1,115 controls. The conclusion of this meta-analysis 
was that the G allele of the AR Stul polymorphism 
might be a potential risk factor for AGA, though no 
obvious association was observed between CAG and 
GGC triplet repeat polymorphisms of the AR gene 
and the risk for AGA.

Genetic tests for the prediction of baldness have 
been developed and commercialized based mainly on 
the genotyping of the androgen receptor variants and, 
more specifically, on the SNP in exon 1 of the AR, 
in spite of the lack of specificity of these parameters. 
In recent years, the pursuit of candidate genes has 
been continuous both in the X chromosome area and 
in autosomal chromosomes and in genes expressing 
DHT, 5a-reductase or other involved enzymes and 
factors revealing polygenic AGA inheritance. From 
an epidemiological survey of 9,000 men in a secluded 
area in Sardinia, a cohort of 200 men was selected 
with severe AGA of at least Type IV and with onset 
before the age of 30.39 Case-control association analysis 
on the X chromosome with the use of the 500K chip 
array identified a strong association of Xq11-q12 and 
EDA2R area genes with androgenetic alopecia. A 
genome-wide study was conducted in 391 individuals 
of 95 German families with the purpose of identifying 
new susceptibility genes in AGA.40 The focus with 
the strongest evidence of linkage was mapped to 
chromosome 3q26. A larger genome-wide study in 
1,125 men from four distinct European populations 
(Switzerland, United Kingdom, Netherlands, Iceland) 
demonstrated a newly associated locus at chromosome 
20p11.22.41 One man in seven who harbored risk al-
leles at both 20 p11.22 and the androgen receptor had 
sevenfold increased odds of androgenetic alopecia. 
The association of chromosome 20 locus with baldness 
was replicated in a study of 1,195 men and evidence 
was found of the association of baldness with two 
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independent loci upstream and downstream of the 
androgen receptor.42

Androgenetic alopecia comorbidities

Organs and tissues that are androgen-dependent, 
like the prostate, the cardiovascular system and oth-
ers, share common responsive elements in their genes 
strongly influenced by androgens. The prostate more 
particularly is in many pathophysiological aspects as-
sociated with hair, the common denominator being 
the androgens. Clinically, prostatic development in 
embryonic life and at puberty is stimulated by the 
androgens, while in eunuchs the prostate remains 
underdeveloped. Similarly, body hair growth at puberty 
in both sexes is dependent on the action of androgens 
and, in the case of androgen deficiency, the body is 
hairless. Scalp hair is not androgen-dependent for its 
development; however, after puberty its cycle of re-
generation is influenced by the androgens. Moreover, 
at molecular level androgenic action, both in scalp 
hair and the prostate, is quantitatively more intense 
through the greater expression of 5a-reductase and of 
the androgen receptors. Therapeutic trials in AGA, 
benign prostate hyperplasia and prostate cancer have 
a common target, minimization of the androgenic ef-
fect, and are carried out via the same pharmaceutical 
agent, finasteride.

The many observed clinical and biological simi-
larities stimulated investigation into the genetic con-
nections between pathological conditions involving 
scalp hair and the prostate. Identification of a strong 
association via observation of baldness decades be-
fore the clinical expression of prostate cancer was 
hypothesized to potentially serve as a predictor of 
its occurrence.

The association between baldness and clinical 
prostate cancer was studied prospectively in a cohort 
of 4,421 United States men 25-75 years old who were 
followed over 17-21 years.43 Incidence of prostate 
cancer was greater among men with baldness (17.5 
versus 12.5 per 10,000 person-years, relative risk 
1.50 (1.12-2.00). The risk was independent of race 
and age. The authors of this paper criticized the five 
prior studies that had not identified a significant as-
sociation between AGA and prostate cancer on ac-
count of their small sample size and methodological 

limitations. A population-based case-control study 
of 1,446 cases of prostate cancer and 1,390 controls 
in Australia showed no association of frontal bald-
ness with prostatic cancer.44 However, there was a 
positive association between prostate cancer and 
vertex baldness.

The association of prostate cancer risk with 5a-
reductase type 2 polymorphisms, serum androgens, 
testosterone, DHT, 3a-androstane-diol glucoronide 
(3a-diol Gl), DHEA-S, Δ4Α, estradiol, SHBG and 
androgenetic alopecia was studied in 827 cases of 
prostate cancer and 736 controls.45 It was observed that 
carriers of the A49T polymorphism of 5a-reductase 
present opposite risks for prostate cancer and AGA, 
the prostate risk being 60% higher and the AGA risk 
50% lower. 3a-diol Gl, the main metabolite of DHT 
considered to be an index of its production, exhibited 
35% lower circulating levels. The authors tentatively 
suggested that if 3a-diol Gl is indeed a marker of 
DHT production, its low concentration lends weight 
to the historically less accepted “androgen decline 
hypothesis” of prostate cancer risk.

A Greek case-control study of the risk factors for 
prostate cancer in 320 patients with prostate cancer 
showed no evidence for a positive association between 
vertex baldness and prostate cancer.46 Evaluating 
the differences of baldness prevalence, total and 
free testosterone, FSH, LH, estradiol, prolactin and 
SHBG in 44 patients with prostate cancer and 108 
patients with benign prostate hyperplasia, Feydaci et 
al found no difference in these parameters between 
the two patient groups.47

Equally crucial as the potential link between pros-
tate cancer and AGA is the possibility that AGA may 
be associated with cardiovascular diseases (CVD): 
such an implication, however, would be one of far 
greater scope and complexity. The link between AGA 
and prostate is a case of two parameters, whereas one 
between AGA and CVD would involve not only myo-
cardial infarction (MI) and death from heart disease 
but also a wide spectrum of other risk factors includ-
ing hypertension, hyperinsulinemia, lipid disorders 
and the Metabolic Syndrome. A strong association 
of AGA with one of the main risk factors for CVD 
could well define AGA as a significant prognostic 
marker of the abovementioned consequences.

Two studies in the 90’s with positive results sup-
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ported the notion of AGA’s relation to heart disease. 
The extent and progression of baldness was assessed 
twice in 2,013 men from Framington, Massachu-
setts, USA, with a time interval of six years, and 
the cohort was followed for 30 years for CVD and 
deaths.48 The extent of baldness was not associated 
with heart disease; however, the rate of progression 
(mild, moderate, rapid) was associated with heart 
disease and mortality. The authors concluded that 
rapid hair loss might be a marker for coronary heart 
disease. Lasko et al49 in 1993 published the results 
of a large case-control study in a sample of 772 men 
with a first non-fatal myocardial infarction. Vertex 
baldness (RR 1.4) and severe vertex baldness (RR 
3.4) but not frontal baldness alone were associated 
with myocardial infarction. Ford et al,50 recruit-
ing 2,019 men aged less than 55 years from the 1st 
National Health and Nutrition Examination study, 
found that severe baldness was positively associated 
with ischemic heart disease mortality (RR: 2.51) and 
somewhat less with ischemic heart disease incidence 
(RR: 1.72). A retrospective cohort of 22,071 male 
physicians were asked which of the scale sketches of 
baldness best approximated their status at 45 years 
of age. Compared with controls, those with frontal 
baldness had a relative risk of 1.09, while those with 
mild, moderate and severe baldness had an RR of 
1.23, 1.32 and 1.35, respectively.51

A comprehensive review in 2001 by Rebora52 of 
the previous literature identified 15 articles dealing 
with coronary artery disease and baldness: of these, 
9 had concluded that there is a relationship between 
the two conditions, especially in younger subjects 
with severe early-onset androgenetic alopecia. The 
controversies among these studies were discussed in 
another review in 2005 bearing the eloquent title: Is 
baldness bad for the heart?53

In a more recent (2008) large case-control cross-
sectional study, Shahar et al,54 motivated by Lesko’s 
findings, examined 5,056 men for pattern and degree 
of baldness and a potential association with prevalence 
of MI. The estimated odds ratio for MI was 1.28 for 
frontal baldness, 1.02 for mild vertex baldness, 1.40 
for moderate baldness and 1.18 for severe vertex 
baldness. In addition, the mean differences of carotid 
internal-medial thickness between men with AGA 
and controls were close to zero. The authors suggest 

that male pattern baldness is not a surrogate measure 
of an important risk factor for myocardial infarction 
or asymptomatic atherosclerosis. In 2010, a strong 
relation between cardiovascular risk factors and early 
onset (<35 years) baldness was identified in 40 men 
36-55 years old and 40 controls.55 Metabolic syndrome 
was diagnosed in 60% of the men with baldness versus 
12.5% in controls (OR 10.5), atheromatous plaques 
were observed in 32% versus 7.5% (OR 5.93) and 
significantly higher levels of aldosterone and insulin 
were also found. This publication included 37 women 
with baldness and 37 controls in whom baldness was 
strongly associated with metabolic syndrome (48.6% 
versus 8.1%, OR 10.7) and with carotid atheromatosis 
(27% versus 8.1%, OR 4.19). Aldosterone, insulin, 
fibrogen and C-Reactive Protein (CRP) were also 
significantly higher in women with baldness.

The inconsistent and controversial findings re-
sult from the difficulty in assessing and comparing 
multifactorial relationships between a series of heart 
risk factors and the types, degree and age of onset of 
AGA in men and women.

Female baldness, female androgenetic 
alopecia and female pattern hair loss

In the early studies of baldness when scalp hair loss 
was associated with androgenic action it was assumed 
that this condition etiologically was the same in both 
sexes and the term androgenetic alopecia was used to 
characterize female baldness in equivalence to that of 
men.6 After this title had held sway for many years, 
it was however realized that female scalp hair loss 
clinically, etiologically and genetically was in many 
aspects different from the corresponding features 
in men, this establishing that baldness in women is 
a separate entity.56,57 It was thus designated Female 
Pattern Hair Loss (FPHL), a term that has since been 
adopted in scientific terminology. Studies on female 
baldness have been limited in view of the fact that 
most authors and co-authors of relevant publica-
tions have long been women. The fact that female 
baldness is much less widespread and evident may 
be another cause of this omission, which has happily 
been amended over the last few years.

The first significant difference between baldness 
in women and men is the appearance of head hair in 



The endocrinology of baldness	 207

the two sexes. The female pattern of hair loss on the 
scalp is quite different from that of men. Completely 
hairless areas on the scalp, which are the hallmark 
of male baldness, one that is very noticeable and a 
frequent cause of suffering, are extremely rare in 
women. In women there is a rarefication and thinning 
of the hair on the vertex of the scalp, accentuated in 
the frontal part, and in severe cases bitemporal re-
gression of the frontal line of hair which, if extensive, 
should arouse suspicion of an androgen-producing 
tumor. Moreover, estrogens are more involved in the 
baldness of women, while genetic associations of scalp 
hair loss are also different in the two sexes. However, 
the greatest difference between the two sexes is the 
endocrine milieu, which in woman is characterized by 
low androgenic v. high estrogenic action, the which 
latter is abruptly diminished in menopause.

The incidence of baldness in women

Limited data exist on the prevalence and types 
of baldness in Caucasian female populations. In 
his detailed description and categorization of male 
baldness, Hamilton had included 214 women.6 The 
prevalence of Type IV to VIII baldness in these 
women reached a peak of 20-30% in the 5th decade 
and did not increase thereafter (data from Figure 
2). Norwood,58 whose classification of baldness types 
is used as a standard, examined 1,006 women and 
found that the incidence of baldness in women aged 
20-29 years was 3%, in those aged 30-49 year it was 
16-17%, in the ages 50-69 it was 23-25% and in the 
ages 70-80 and over 28-32%. The author points out 
that none of the women had any evidence of excess 
testosterone. It is presumed that this observation is 
based on clinical examination. In 327 women aged 
18-99 years examined by Birch et al,59 the prevalence 
of female pattern hair loss was 8% in women aged 
under 50 years increasing to 38% in subjects 70 years 
and over. A high incidence of women with FPHL 
was observed in Maryborough, Australia.12 Sixty-
four percent of women aged 80 years and over had 
bitemporal hair loss and 57% mid-frontal loss.

In contrast, the prevalence and characteristics of 
baldness in Asiatic women is well documented (Figure 
5). In a study of 4,601 Korean women, the prevalence 
of baldness was low, increasing with age from 0.2 to 

3.8% until the 5th decade, to 7.4% in the 6th, 11.7% 
in the 7th and 24.7% over 70 years of age.12 Ludvig 
grade I was most common up to the 6th decade and 
grades I and III over 60 years. Total baldness was not 
observed. A population-based study of 3,537 Chinese 
women showed that the prevalence of baldness was 
even lower than that of Korean women.15 Up to the 
7th decade, the prevalence was 0.3 to 3.3%, and 15.4% 
over 70 years. Similar results were reported in another 
large study of 8,446 women in 6 Chinese cities.16 The 
prevalence of baldness was 2.3 to 7.5% until the age of 
59 years. 10.3% in women 60-64 years old and 11.8% 
in those aged 70 years and over. Very low incidence of 
baldness was also found in 26,226 Taiwanese women 
aged more than 30 years.60 In women 36-49 years old, 
the prevalence was 6.3 to 9.9%, in women 50 to 64 
years old 11.7% and in those aged 65 to 80 years and 
over 12.6 to 14.6%.

Genetic association of female baldness

Fewer genetic association studies on female bald-
ness have been performed compared with those on 
male baldness, leaving the problem of baldness inherit-
ance in women virtually unexplored.61 No association 

Figure 5. Incidence of Female Pattern Hair Loss in women at 
various decades in Caucasian (solid line) and Asiatic (broken 
line) large population series (1. Hamilton6, 2. Norwood56, 3. 
Birch57, 4. Gan12, 5. Paik14, 6. Xu15, 7. Wang16, 8. Su60).
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between the androgen receptor polymorphisms and 
Type II pattern of FPHL was determined in scalp biop-
sies performed in 30 premenopausal Egyptian women 
aged 39±7 years and in 11 age-matched controls.62 A 
mild association between the new susceptibility locus 
at chromosome 20p11 reported by Richards et al41 
was found in 397 women from Iceland with undefined 
types of baldness (OR 1.29, 1.05-1.57) and in 85 Brit-
ish women (OR 1.13, 0,82-1.56). A study of 21 types 1 
and 2 of 5a-aromatase isoforms variants, the estrogen 
receptors 1 and 2 and progesterone receptor was 
performed in 145 UK and 53 German women with 
FPHL, without any of these parameters showing a 
significant association with baldness.63 Investigation 
of SNPs in and around the CYP19A1 gene encoding 
5a-aromatase in 484 Caucasian women with FPHL 
and 471 controls produced evidence suggesting that 
the common allele of this gene, which has been associ-
ated with higher estrogen levels, might be associated 
with a predisposition to FPHL.64

The endocrine profile of sex hormones 
in women

The endocrine system in women produces the 
same steroid hormones as in men, but quantitatively 
in very different proportions and with very different 
actions. The mature female organism, while poor in 

androgenic activity, is flooded by successive waves of 
estrogens and progesterone during the reproductive 
years. Estradiol is the dominant estrogen in women 
that creates the female phenotype at puberty and 
is essential in the process of ovulation. At around 
the 51st year of age it vanishes, depriving the female 
organism of its multiple physiological actions for the 
rest, that is for 1/3, of the woman’s lifetime.

The secretion of estradiol (E2) during the men-
strual cycle is reflected in the measurable levels of 
E2 in the blood, which are low in the first days of the 
cycle ranging from 40 to 60 pg/ml and reach a peak 
of 350-450 pg at the middle of the cycle. The ovary 
also secrets estrone (E1), a weak estrogen that has 
a similar secretory pattern to that of E2 but at lower 
concentrations of 30-200 pg/ml. The cessation of the 
reproductive and endocrine function of the ovaries 
at menopause results in a dramatic diminution of 
estradiol secretion, its serum levels dropping to less 
than 20pg. Estrone deriving from Δ4Α continues to 
have measurable blood levels of 30-70 pg/mL after 
the menopause, but its greatly diminished estrogenic 
action is demonstrated by the inability of its produc-
tion to prevent atrophy of the vaginal epithelium, 
which is a very sensitive tissue requiring minimal 
estrogenic action. When therefore we speak of es-
trogens in women, we mean the action of estradiol 
(Table 2).26,65,66

Table 2. Daily production rate and circulating levels of steroid hormones and sex hormone binding globulin in the reproductive and post-
menopausal periods in women (compound data from Longope65, Burger66, Nafziger26)

Steroid Hormones

Reproductive period

Postmenopausal period

Blood levels
Years 

Production  
rate mg/day Blood levels 54-64 65-74 75-80

Testosterone 0.250-0.300 0.3-0.7ng/mL 0.150-0.250ng/mL

Free testosterone 3-6 pg/ml

Dihydrotestosterone (DHT) 0.040-0.220ng/ml

Δ-Androstendione (Δ4-Α) 2-3 0.50-2.5ng/ml 1ng/mL 0.70ng/ml 0.31 ng/mL

Dehydroepiandrosterone (DHEA) 6-8 1-4.5ng/mL

Dehydroepiandrosterone sulfate (DHEA-S) 7-4 1000-4000ng/mL 1580ng/mL 1150ng/ml 570 mg/nl

3a-androstane-diol glucoronide (3a-diol Gl) 2.6-16 ng

Estradiol (E2) 40-400 pg/mL <20pg/mL

Estrone (E1) 30-200 pg/mL 30-60pg/mL

Sex hormone binding globulin (SHBG) 0.58-3.5 μg/dL
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Two intracellular receptors of estrogens encoded 
by different genes have been identified, estrogen 
receptor α(ERα) and β(ERβ), that bind estradiol for 
triggering of estrogenic action at the nucleus. ERα 
and ERβ are widely distributed but are differentially 
expressed in the various tissues. Non-genomic action 
of the estrogen through membrane receptors is also 
very probable. Through the abundance of estrogen 
receptors, estradiol exerts favorable effects on the 
thickness, collagen content, hydration, elasticity and 
aging manifestations of the skin.67

Estrogen receptors are expressed in the derma 
papilla, the hair and the root sheaths of hair. How-
ever, it has not as yet been determined whether the 
action of estrogens on scalp hair is stimulatory or 
inhibitory. Clinical and experimental observations 
have provided evidence of both actions.

Progesterone (PG) secretion in the follicular 
phase of the cycle and in anovulatory cycles is small, 
the blood levels ranging from 0.5 to 1.5 ng/L. After 
ovulation, a surge of progesterone occurs during the 
luteal phase producing levels of 12-15 ng/ml of PG. 
The impact on the skin and the hair of the 300-350 
progesterone secretory waves occurring during the 
reproductive life of a woman is not known.

Androgenic activity in women derives mainly from 
Δ-androstendione (Δ4Α) through its transformation 
into the potent testosterone. The daily production 
of 2-3mg of Δ4A originates in equal parts from the 
ovaries and the adrenals, and a smaller proportion 
from the peripheral transformation of DHEA to 
Δ4Α. Half of dehydroepiandrosterone is secreted by 
the adrenals, 25% by the ovaries and the remaining 
25%, from peripheral transformation of DHEA-S, 
is produced exclusively by the adrenals.

Testosterone production is 0.300mg daily, that is 
20 times smaller than that of men, and its androgenic 
activity is further diminished by the fact that the ac-
tive free testosterone is comparatively low in women 
because of the increased levels of SHBG that keep 
bound a great proportion of total testosterone.

This is the androgen profile in women during 
reproductive life, from puberty until, on average, 
the 51st year of their life when a dramatic change in 
estrogenic activity occurs overturning the estrogen/

androgen ratio. The distribution in women of an-
drogen receptors, 5a-reductase and 5a-aromatase 
in the pilosebacious unit and the other androgen-
dependent organs is normal and ready to express 
androgenic activity if it is stimulated by an increase 
of the endogenous or exogenous androgens. Slight 
endogenous hyperandrogenemia provokes develop-
ment of hirsutism and the other skin consequences, 
while androgen-producing tumors induce male degree 
mascularization and scalp hair loss much more quickly 
than naturally occurring baldness in women. These 
examples of nature are the answer to the query: Are 
androgens necessary for diffuse hair loss?68

Sex hormone binding globulin (SHBG) is a gly-
coprotein produced by the liver stimulated by the 
estrogens. SHBG is a homodimer but contains a sin-
gle binding site for estrogens and androgens. SHBG 
production, influenced by the function of the liver, 
is strongly stimulated by estrogens and inhibited by 
androgens and insulin. Insulin resistance and obesity 
are inversely associated with SHBG. Variations of 
SHBG concentration in the blood are accompanied 
by inverse changes of the levels of active free estradiol 
and testosterone.

Women spend the period after the menopause, 
which may be 1/3 of their lifetime, in a state of mul-
tiple endocrine insufficiency. Estrogenic activity 
that had favorably influenced many functions of the 
female organism, including the brain, have vanished, 
adrenal androgens DHEA and DHEA-S are reduced 
by 50-70%, testosterone is also diminished and the 
secretion of growth hormone, which in women is the 
strongest metabolic hormone, is reduced by 50% at 
50 years and onward.69 Although it is reasonable to 
believe that this alteration of the endocrine environ-
ment will have an impact on scalp hair, concurrently 
occurring age-related changes of hair density and 
other hair features constitute a confounding factor 
and an obstacle to the correct evaluation of baldness 
in postmenopausal women.70

Treatment of baldness

While complete restoration of baldness cannot 
be achieved, a considerable degree of prevention 
and improvement can be brought about via medical 
and surgical treatments. Finasterid and minoxidil are 
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today the two available medical treatment options, 
while hair transplantation is a procedure that yields 
more permanent and esthetic results.71-73

Finasteride is a selective 5a-reductase isoenzyme 
2 inhibitor. It inhibits the conversion of testosterone 
to dihydrotestosterone, reducing androgenic activity 
in all androgen-dependent tissues. It has been used 
in the treatment of benign prostate hypertrophy and 
prostate cancer. Finasteride, at a dose of 1 mg daily, 
reduces serum DHT by 60%, reflecting a decrease 
of androgenic activity in scalp hair. Long-term fin-
asteride treatment can stabilize vertex and frontal 
hair loss and, to a lesser degree, can stimulate mild 
to moderate regrowth of scalp hair. Side-effects are 
rare (0.7 to 1.8%) and include decreased libido, 
erectile dysfunction and decreased ejaculate volume. 
Finasteride can decrease PSA in older men.74

Datasteride, an inhibitor of both types of 5a-
reductase, is believed to be more efficient than fi-
nasteride and certain studies have shown better 
results. However, it is too early to evaluate correctly 
the beneficial effects and side-effects of this drug.

Minoxidil was originally used as an oral antihy-
pertensive drug which provoked hypertrichosis as 
a side-effect. It is used in 2-5% solutions as a local 
preparation applied to the skull. The efficacy of mi-
noxidil has been demonstrated in 30-35% of men who 
showed hair growth and moderately increased hair 
density. After discontinuation of treatment, the hair 
returns to the basal condition. Side-effects of minoxi-
dil include contact dermatitis (6.5%) and, in women, 
facial hirsutism (3-5%). Although minimal amounts 
of minoxidil are absorbed, patients with hypotension 
or tachycardia should consult the cardiologist before 
using the drug. Certain patients prefer combined 
therapy with both finasteride and minoxidil.

Surgical hair restoration techniques have made 
considerable advances. Hair follicles from the scalp 
occipital area that are relatively androgen-resistant 
are transplanted to balding areas providing natural 
and permanent hair. Transplantation is an invasive 
and costly procedure but very effective in the hands 
of a dexterous and expert operator.75

Laser or light preventive and therapeutic treat-
ments for baldness have become very popular in 

recent years, with several laser machines and light 
sources being available for use in clinics or at home.76 
However, while there is much interest in this kind of 
treatment, specification of the impact of wavelengths 
and other details have not yet been defined by large-
scale investigations.
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