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A Comparison of the Hormonal Profile of Early Androgenetic
Alopecia in Men With the Phenotypic Equivalent
of Polycystic Ovarian Syndrome in Women
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IMPORTANCE Early androgenetic alopecia (AGA) is patterned hair loss occurring before age
30 years. Early AGA in men is frequently reported as the phenotypic equivalent of polycystic
ovarian syndrome (PCOS) in women, which carries the risk of developing obesity, metabolic
syndrome, and cardiovascular diseases. Very few studies have been conducted to evaluate
this.

OBJECTIVE To study the hormonal profile of men with early AGA and to evaluate if early AGA
in men can be considered as the phenotypic equivalent of PCOS, the associated risks of which
are well known.

DESIGN, SETTING, AND PARTICIPANTS This case-control study was conducted from January 1,
2014, to March 31, 2015, in a tertiary care government hospital. Fifty-seven men aged 19 to 30
years presenting with patterned hair loss were recruited as study participants. Thirty-two
age-matched men with no evidence of hair loss were recruited as controls. Men who had any
established endocrine disorder, diabetes mellitus, or cardiovascular disease and those who
took any oral medication or hormonal treatment for hair loss were excluded from the study.
The serum concentrations of total testosterone, sex hormone–binding globulin (SHBG),
dehydroepiandrosterone sulfate (DHEAS), luteinizing hormone (LH), follicle-stimulating
hormone (FSH), prolactin, fasting plasma glucose, and insulin levels were measured. Insulin
resistance (IR) and free androgen index (FAI) were calculated and compared with age- and
sex-matched controls.

MAIN OUTCOMES AND MEASURES The primary outcome was to measure the
clinico-endocrinological profiles (LH, FSH, SHBG, DHEAS, and testosterone levels) of men
with early AGA and to compare it with the PCOS profile; the secondary outcome was to
establish a relationship between this endocrinological profile and IR.

RESULTS Compared with the 32 controls, the 57 participants with AGA showed significantly
increased mean (SD) levels of testosterone (24.61 [7.97] vs 20.57 [4.9] nmol/L; P = .04),
DHEAS (3.63 [2.19] vs 2.64 [1.49] μg/mL; P = .02), LH (7.78 [3.19] vs 4.56 [2.01] mIU/mL;
P < .001), and prolactin (14.14 [9.48] vs 9.97 [3.12] ng/mL; P = .01) and decreased mean levels
of FSH (4.02 [2.69] vs 5.66 [1.93] mIU/mL; P < .001) and SHBG (35.07 [11.11] vs 46.41 [14.03]
nmol/L; P < .001). The mean FAI and LH/FSH ratio were was also increased in the AGA group.
These hormonal parameters resemble the well-known profile of women with PCOS. The
mean (SD) insulin levels did not show any significant difference between the cases and
controls (6.34 [3.92] vs 5.09 [3.38] μIU/mL; P = .07). There was no statistically significant
association between hormone levels and AGA or IR grade severity.

CONCLUSIONS AND RELEVANCE Men with early AGA could be considered as male phenotypic
equivalents of women with PCOS. They can be at risk of developing the same complications
associated with PCOS, including obesity, metabolic syndrome, IR, cardiovascular diseases,
and infertility.

JAMA Dermatol. 2016;152(9):986-991. doi:10.1001/jamadermatol.2016.1776
Published online June 15, 2016.

Author Affiliations: Department of
Dermatology and Sexually
Transmitted Diseases, Lady Hardinge
Medical College and Associated
Hospitals, New Delhi, India (Sanke,
Chander, Garg, Yadav); Department
of Biochemistry, Lady Hardinge
Medical College and Associated
Hospitals, New Delhi, India (Jain).

Corresponding Author: Sarita Sanke,
MD, Department of Dermatology and
Sexually Transmitted Diseases, Lady
Hardinge Medical College and
Associated Hospitals, Shaheed
Bhagat Singh Marg, New Delhi
110001, India
(sankesarita@gmail.com).

Research

JAMA Dermatology | Original Investigation

986 (Reprinted) jamadermatology.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamadermatol.2016.1776&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2016.1776
mailto:sankesarita@gmail.com
http://www.jamadermatology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2016.1776


Copyright 2016 American Medical Association. All rights reserved.

A ndrogenetic alopecia (AGA) is one of the oldest “dis-
ease” phenomena in human history. The term andro-
genetic alopecia was coined by Orentreich in 1960.1 It

is a hereditary, androgen-dependent disorder characterized by
a gradual conversion of terminal hair into miniaturized hair2

with typical bitemporal recession and balding vertex.3

Polycystic ovarian syndrome (PCOS) is the most common
endocrinopathy in women and involves a genetic hormonal and
metabolic imbalance.4-6 It is characterized by hyperandrogen-
emia, hyperinsulinemia, central obesity, polycystic ovaries, and
anovulation.7 The hormonal profile of women with PCOS in-
cludes elevated levels of testosterone, dehydroepiandros-
terone sulfate (DHEAS), and luteinizing hormone (LH) with
altered LH/follicle-stimulating hormone (FSH) ratio, hyperin-
sulinemia due to increased insulin resistance (IR), and de-
creased sex hormone–binding globulin (SHBG).8

Abnormalities in hair in the form of increased hair or early-
onset AGA have been suggested as the symptoms of the male
phenotype of PCOS.5,6,9,10

Early AGA is a term repeatedly used in literature. There is
a constant debate regarding the age limit to be used to label a
patient as having early AGA. Some authors believe that alo-
pecia manifesting between ages 10 and 20 years is premature
alopecia or alopecia preacox.11 Some consider age 35 years as
the cutoff for labeling premature or early-onset alopecia.12-14

According to McDonough and Schwartz,15 pattern hair loss oc-
curring in boys and girls younger than 18 years is adolescent
AGA, whereas early-onset AGA refers to pattern hair loss be-
fore age 35 years.15 However, most authors have defined pre-
mature or early-onset alopecia as starting before age 30
years.12,16-20 According to most studies, patterned hair loss in
men occurring before age 30 years is considered the pheno-
typic equivalent of PCOS.5,6,9,10 Hence, the age group of 19 to
30 years was used in our study to define early AGA.

A remarkable proportion of men with early AGA show a
similar pattern of steroid hormone levels as women with
PCOS.6 Recently, the main interest in PCOS research has been
oriented toward the genetics of the syndrome.4 There is a high
frequency of occurrence in first-generation relatives of women
with PCOS.7 These findings assume an oligogenic or poly-
genic autosomal type of inheritance.5 The autosomal genetic
transfer of PCOS forms the basis for the hypothesis that there
can exist a male equivalent of PCOS.4 Hence, it follows that a
proportion of men with early AGA may represent the male
equivalent of PCOS.

Methods
This case-control hospital-based study was conducted in a der-
matology department of a tertiary care government hospital
in New Delhi, India. Prior government institutional ethics com-
mittee board approval was obtained, and all participants pro-
vided their written informed consent. Fifty-seven men aged
19 to 30 years presenting with patterned hair loss (defined as
grade 3 or higher on the alopecia classification scale of
Hamilton9 with Norwood modification10) were enrolled as
study participants. Thirty-two age-matched men with no evi-

dence of hair loss were enrolled as controls. Men who had any
established endocrine disorder, diabetes mellitus, or cardio-
vascular disease and those who took any oral medication or
hormonal treatment for hair loss were excluded from the study.

Detailed anamneses were recorded for each individual.
All participants were assessed by the same physician. Body
mass index (BMI) was calculated. Total testosterone, SHBG,
DHEAS, LH, FSH, prolactin, fasting plasma glucose, and insu-
lin levels of the patients were obtained from blood samples
drawn after an 8-hour fast in the morning from 8 AM to 9 AM

and analyzed.
DHEAS and SHBG were estimated by enzyme-linked im-

munosorbent assay; testosterone, LH, FSH, prolactin, and in-
sulin levels were assayed by electro-chemiluminescent im-
munoassay. Fasting glucose levels were analyzed by the glucose
oxidase method. IR was calculated using the formula fasting
insulin level (μIU/mL) × fasting glucose level (mmol/L)/22.5,
and a value above 2.0 was considered to indicate IR.21 Free an-
drogen index (FAI) was calculated using the formula testos-
terone (nmol/L) × 100/SHBG (nmol/L).22

Statistical Analysis
The results were analyzed using SPSS software, version 20
(IBM). Means and standard deviations were calculated for con-
tinuous parameters. Unpaired t tests and analysis of variance
were used to compare quantitative variables, and the χ2 test
was used to compare qualitative variables. P < .05 was con-
sidered to be statistically significant.

Results
Patient enrollment in the study is illustrated in Figure 1. The
baseline characteristics of participants with AGA are summa-
rized in Table 1. There was no difference in the baseline para-
meters of those in the AGA and control groups. The mean (SD)
age in the AGA group was 24.7 (2.8) years; in the control group,
it was 24.2 (2.6) years. The hormone profiles of both groups
are detailed in Table 2 and Figure 2.

The mean (SD) BMI was high in cases compared with
controls (22.9 [3.6] vs 21.1 [2.4]; P = .01). As detailed in Table 2,

Key Points
Question Does the hormonal profile of men with early
androgenetic alopecia (AGA) resemble the profile of women with
polycystic ovarian syndrome (PCOS)?

Findings In this case-control study of 57 men with early AGA and
32 men without AGA (controls), mean testosterone,
dehydroepiandrosterone sulfate, luteinizing hormone, and
prolactin levels as well as free androgen index and luteinizing
hormone/follicle-stimulating hormone ratio were found to be
increased in the study group compared with the control group.
The hormonal parameters of the men with AGA resembled the
profile of women with PCOS.

Meaning Men with early AGA could be considered the phenotypic
equivalent of women with PCOS and may be at risk of developing
obesity, metabolic syndrome, and cardiovascular diseases.
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the mean levels of total testosterone (P = .04), DHEAS (P = .02),
LH (P < .001), and prolactin (P = .01) were significantly higher
in the AGA group, while mean values of FSH (P < .001) and
SHBG (P < .001) were significantly decreased in the AGA group.
The mean LH/FSH ratio was significantly higher in those with
AGA compared with controls (P < .001). The mean FAI was sig-
nificantly higher in those with AGA than in controls (P < .001).
The mean (SD) value of insulin was higher in the AGA group
(6.34 [3.92] μIU/mL) than among controls (5.09 [3.38] μIU/
mL), but the difference was not statistically significant (P = .07).
Twelve men with AGA (21%) had IR compared with 3 men (9%)
in the control group. There was no statistically significant
association between severity of grades of AGA (grades 3-7) with
the various hormone levels or with IR. There was no signifi-
cant association between positive family history of AGA with
grades of AGA or hormone levels.

Discussion
Androgenetic alopecia involves an interplay between andro-
gens and genetics. Evaluating hormones derived from the tes-
tes as well as the adrenal and pituitary glands in these men is
essential to evaluate the etiopathogenesis of early AGA and to
manage the condition. Various studies have linked the hor-
monal profiles of these men with those of women with PCOS
and considered early AGA in men to be the phenotypic equiva-
lent of PCOS.

In the present study, the mean value of testosterone in the
AGA group was significantly higher than that in the control
group, in agreement with studies by Narad et al,16 Schmidt,23

and Yildiz et al.24 However, Dusková et al4 and Stárka et al7

found subnormal levels of testosterone among their men with
AGA. Increased levels of testosterone leads to increased dihy-
drotestosterone levels by 5α reductase and thus increased

action of these androgens on the dermal papillae cells of hair
follicles in these patients. AGA in patients with normal testos-
terone levels could be attributed to increased androgen recep-
tors or increased androgen sensitivity.

The mean DHEAS levels in the present study were signifi-
cantly increased in the AGA group, similar to the findings of
Dusková et al4 and Legro et al.25 However, Narad et al16 and
Schmidt23 found normal values of DHEAS among men with AGA
in their studies. Increased levels of DHEAS indirectly point to-
ward increased androgen levels, which result in premature bald-
ing by acting on the dermal papillae cells. Interestingly, sub-
stantially elevated levels of DHEAS were reported by Legro et al25

in their study of acne in men, supporting it as a marker of male
hyperandrogenism. Furthermore, DHEAS has special proper-
ties such as long half-life and lack of pulsatility, which make it
useful as a marker of hyperandrogenism in men.

The mean value of SHBG in the AGA group in the present
study was significantly lower than among controls. Similar find-
ings were noted by Dusková et al4 and Narad et al.16 The lower
the levels of SHBG, the higher the free testosterone levels, and
thus hyperandrogenism aggravates AGA.

In the present study, the mean FAI was significantly higher
in the AGA than in the control group. FAI is homologous to free
testosterone, which is not bound to albumin or to SHBG and
is freely available for action at the tissue level. Free testoste-
rone accelerates gradual transformation of large terminal scalp
follicles to tiny villous ones causing premature AGA in geneti-
cally predisposed persons. This finding shows that FAI is the
best marker of a person’s androgen status because it can bind
to tissue receptors.

Figure 1. Flowchart of Participant Enrollment

110 Assessed for eligibility

75 With AGA 35 Controls

18 Not meeting inclusion 
criteria
4
8
2
4

Diabetes
On treatment
Declined participation
Grade of alopecia <3

57 Cases

57 With AGA

2 Declined to participate

33 Controls

1 Sample clotted 
(not useable)

32 Controls

AGA indicates androgenetic alopecia.

Table 1. Baseline Characteristics of Participants With AGA

Characteristic Participantsa

Age at onset, mean (SD), y 22.17 (3.66)

Duration of disease, mean (SD), mo 24.75 (20.19)

Rate of progressionb

Gradual 11 (19)

Moderate 15 (26)

Rapid 31 (54)

Initial site of hair loss

Frontal 9 (16)

Temporal 40 (70)

Vertex 8 (14)

Family history of AGA 19 (33)

Grade of alopeciac

3 14 (25)

4 19 (33)

5 20 (35)

6 4 (7)

7 0

Abbreviation: AGA, early androgenetic alopecia.
a Unless otherwise indicated, data are reported as number (percentage) of

participants with AGA.
b Gradual indicates hair loss over more than 5 years; moderate, hair loss over 1 to

5 years; rapid, hair loss within 1 year.
c According to the Hamilton-Norwood9,10 classification.

Research Original Investigation Early Androgenetic Alopecia in Men and Polycystic Ovarian Syndrome

988 JAMA Dermatology September 2016 Volume 152, Number 9 (Reprinted) jamadermatology.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://www.jamadermatology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2016.1776


Copyright 2016 American Medical Association. All rights reserved.

The mean level of LH was significantly higher in men with
AGA than in controls in the present study. Cohen et al26 noted
increased levels of LH in male members of PCOS kindreds.
However, Narad et al16 did not show significant difference in
LH levels between cases and controls. Increased LH leads to
increased testosterone levels and thus contributes to in-
creased male pattern baldness. In addition, LH also stimu-
lates the adrenal gland to produce androstenedione, a weaker
androgen. Increased levels of LH thus suggest that the hy-
pophyseal-adrenal axis contributes to the pathogenesis of pre-
mature AGA.

We found that the mean level of FSH was significantly
lower in the AGA group than among controls. Significantly low
FSH levels were also demonstrated by Stárka et al7 in men
with AGA. In men, FSH stimulates the Sertoli cells in the tes-
tes to produce testosterone and inhibin. Inhibin decreases the
output of FSH by a negative feedback loop. Increased testos-
terone level also creates a negative feedback loop that de-
creases FSH.

The mean LH/FSH ratio in the present study was signifi-
cantly higher in men with AGA than among controls. This has
been supported by Narad et al16 and Dusková et al.4 Altered

LH/FSH ratio is also an important characteristic of women with
PCOS, and so this finding supports our thesis that men with
early AGA are phenotypically equivalent to women with PCOS.

We found increased levels of prolactin, which plays a role
in pathogenesis of premature balding by stimulating suprare-
nal androgen release at the central level and modulating the
activities of 5α reductase at the tissue level.

The mean insulin levels did not show any significant dif-
ference between the AGA and control groups (P = .07) in the
present study, similar to the findings of Narad et al.16 How-
ever Dusková et al4 and Stárka et al7 showed significantly raised
insulin levels in their cases. Twelve (21%) of our participants
with AGA showed IR compared with only 3 (9%) of the con-
trols. Though this difference in IR was not statistically insig-
nificant (P = .06), it is clear that a larger proportion of those
with AGA than controls showed IR. This can be attributed to
our exclusion criteria of raised blood glucose levels, which
might have eliminated a few cases of IR. Also, our partici-
pants with AGA were young (<30 years), and IR may be sub-
clinical and not become overt until older age.16

Insulin resistance is a common finding in women with
PCOS and is an important, but not essential, criterion to

Figure 2. Comparison of Hormonal Parameters in Participants With AGA and Controls
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Table 2. Hormonal Parameters in Participants With AGA and Controls

Parameter Normal Range

Measurement, Mean (SD)

P ValueAGA Controls
Testosterone, nmol/L 10-34 24.61 (7.97) 20.57 (4.93) .04

DHEAS, μg/mL 0.9-3.6 3.63 (2.19) 2.64 (1.49) .02

SHBG, nmol/L 15-100 35.07 (11.11) 46.41 (14.03) <.001

LH, mIU/mL 0.7-7.4 7.78 (3.19) 4.56 (2.01) <.001

FSH, mIU/mL 1-14 4.02 (2.69) 5.66 (1.93) <.001

Prolactin, ng/mL 1.24-8.60 14.14 (9.48) 9.97 (3.12) .01

LH/FSH ratio NA 2.34 (1.23) 0.89 (0.43) <.001

FAI NA 74.49 (38.20) 49.99 (23.17) <.001

Abbreviations: AGA, early
androgenetic alopecia;
DHEAS, dehydroepiandrosterone
sulfate; FAI, free androgen index;
FSH, follicle-stimulating hormone;
LH, luteinizing hormone; SHBG, sex
hormone–binding globulin.
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diagnose PCOS. It leads to metabolic and cardiovascular
risks in later life. In the present study, IR was found to be
associated with premature AGA in 21% of cases. Subclinical
IR might be present in other men with AGA, and it might
become clinically evident with advancing age. There was no
statistically significant association between severity of AGA
grade and IR or hormone levels, which might be owing to
small sample size. There was no significant association
between positive family history of AGA and grade of AGA or
hormone levels.

There were few shortcomings in our study, including small
sample size. In addition, the parameters of assessing alopecia
grade are subjective, and the clinical data were based on pa-
tients’ memory. The men in the AGA group in our study were
not related to women with PCOS.

We suggest that all patients with premature AGA should
be assessed for baseline risk factors such as positive family his-
tory of AGA or PCOS, obesity, and abnormal blood glucose lev-
els. Large, multicenter case-control studies should be under-
taken to study the endocrinological profile in men with early
AGA and these risk factors. We also suggest the same for cases
of adolescent alopecia (patterned hair loss occurring before age
18 years), which are increasing in number.

Sequential follow-up for these men should be under-
taken into their 40s and 50s to learn about the changes in en-

docrinological hormones with increasing age. These men
should also be followed up for development of PCOS-
associated risk factors like obesity, metabolic syndrome, IR,
cardiovascular diseases, and infertility in later life, and they
should be counseled regarding the appropriate steps to man-
age these risks, including lifestyle modification, exercise, di-
etary changes, and regular checkups. The study can also be con-
ducted in siblings of women with PCOS to establish a stronger
genetic association of early AGA in men with PCOS.

Conclusions
We found significantly increased LH, DHEAS, total testoste-
rone, and prolactin levels along with significantly decreased
FSH and SHBG levels in our AGA group. The LH/FSH ratio was
higher in men with AGA. These hormonal parameters more or
less resemble the profile of women with PCOS, and we pro-
pose that these men can be considered phenotypic equiva-
lents to women with PCOS. These men could be exposed to the
same risks as women with PCOS, including metabolic syn-
drome, IR, cardiovascular disease, and infertility, which needs
to confirmed by large, multicenter studies. Men with early AGA
may be exposed to these risks regardless of AGA grade or
severity.
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NOTABLE NOTES

Boils—A Modern Take on the Plague of Egypt
Veronica Rodriguez, BS; Eric Laurent Maranda, BS; Jacqueline Cortizo, BS; Aleksandra Augustynowicz, BS; Lauren Duffey Crow, BS;
Joaquin J. Jimenez, MD

Before modern science could explain ancient phenomena, people turned
to religion and faith for answers. The Bible has long provided guidance
for many religions, but it is often underappreciated as a historical text
with insights into medical afflictions.

The Book of Exodus documents 10 biblical plagues that passed over
Egypt as a form of punishment. The sixth plague fell upon the people as
“festering boils [which] will break out on men and animals throughout
the land.” The condition, known as Zaraath, described throughout the
Bible, is commonly referred to as “leprosy.” The Book of Leviticus in the
Hebrew Bible contains guidelines for diagnosing leprosy, such as, “when
a man shall have in the skin of his flesh a rising, a scab, or bright spot…the
priest shall look on the plague in the skin of the flesh: and when the hair
in the plague has turned white, and the plague in sight be deeper than
the skin of the flesh, it is a plague of leprosy.”1 Despite a widely ac-
cepted interpretation of this pathologic description as leprosy, much con-
troversy still surrounds the differential diagnosis of the described dis-
ease. Dermatologist E. L. McEwen claimed that the description found
in Leviticus encompassed various inflammatory skin diseases, while
scholar Julius Preuss narrowed down the differential diagnosis to syphi-
lis or leprosy.1

Mycobacterium leprae causes cutaneous pathologic abnormalities
ranging from tuberculoid to lepromatous leprosy. The former, charac-
terized by the formation of granulomas with few, scattered bacteria, pre-
sents as localized, well-demarcated, and hypopigmented lesions on the
skin. The more diffusely distributed lepromatous leprosy is linked to a
predominantly humoral response, which on pathological examination
demonstrates large numbers of bacteria in dermal macrophages and
Schwann cells. This results in neuropathy, skin lesions, plaques, and a
thickened dermis.2 Conversely, Treponema pallidum causes primary skin
lesions (chancres) that present as painless ulcers with associated infil-
tration of polymorphonuclear leukocytes and macrophages. These chan-
cres are usually localized to the external genitalia. The secondary phase
of untreated syphilis then progresses to cause a diffuse erythematous

eruption with skin lesions of various morphologic abnormalities distrib-
uted all over the body.2 Each of these infectious skin diseases reflects
various aspects of the disease Zaraath from the Hebrew Bible.

In the Book of Job, the protagonist presents with “sore boils from
the sole of his foot unto his crown,”1 which makes a diagnosis of syphilis
less likely, as that disease commonly spares the palms and soles. Today,
the common term boil is recognized by dermatologists as a type of deep
folliculitis, which presents in a follicular distribution as raised, painful, and
erythematous accumulations of pus. The lesions are most commonly
caused by Staphylococcus aureus.3 A severe infection can spread through-
out the bloodstream and cause systemic morbidities such as sepsis, in-
fective endocarditis, necrotizing fasciitis, or pneumonia. Ibler and
Kromann3 proposed S aureus as the cause of Job’s affliction.

Mentioned several times throughout the Old Testament, boils were
historically thought to be a punishment for an individual's sins. Despite
modern speculation about the various etiologies of Job’s disease or the
biblical plagues, physicians will agree that a proper diagnosis necessi-
tates a detailed history, patient examination, and, oftentimes, laboratory
confirmation. However, regardless of religious beliefs, modern medicine
can certainly appreciate the historical context and insight that the Bible
lends to the multifaceted dermatologic differential diagnosis of boils.
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