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Introduction

The word androgen is derived from the Greek words andros and genao, which translate to 

“a man” and “produce or create” respectively. Hyperandrogenism is therefore any state with 

an excess production of “male” hormones, although these hormones are normally found 

in women at lower levels. The most clinically relevant hormone in hyperandrogenism is 

testosterone, which is converted peripherally to dihydrotestosterone (DHT), its biologically 

active form. The most common symptom of hyperandrogenism in women is hirsutism, 

and the most prevalent cause is polycystic ovarian syndrome (PCOS).1 The approach to 

hyperandrogenism in women differs depending on the stage of the woman’s life. This article 

will serve as a concise review of hyperandrogenism in women at various stages of adult life.

Physiology of Androgens in Women

In women during the reproductive years, the two sources of androgens are the adrenal glands 

and ovaries (Figure 1). It is estimated that 33% of circulating testosterone is produced by the 

theca cells of the ovaries.2 The remaining testosterone is derived from androstenedione (A4), 

which is produced by both the ovaries and adrenal glands, and converted to testosterone in 

peripheral tissues. Testosterone is then converted by 5-α reductase to dihydrotestosterone 

(DHT) both in the granulosa cell of the ovary and in peripheral tissues such as the skin.

A4 and dehydroepiandrosterone (DHEA) are secreted by the ovaries and the adrenal glands. 

Dehydroepiandrosterone sulfate (DHEA-S) is only produced in the zona reticularis of the 

adrenal gland.3 DHEA is converted to A4. Adrenal androgen production is under ACTH 

(adrenocorticotrophic hormone) control whereas ovarian androgen production is under 
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control of luteinizing hormone (LH). The circulating concentration of all androgens, except 

DHEA-S, is therefore influenced by the phase of the menstrual cycle. Of note, androgens 

have a circadian rhythm, albeit mild, in women.4

DHEA, DHEA-S and A4 are considered pre-androgens as their action at the androgen 

receptor is far less potent than testosterone. In women they can play a role in 

hyperandrogenic symptoms and signs because overall testosterone levels are relatively low.5 

The DHEA-S concentration in a female increases from the age of 7-8 years (adrenarche), 

peaks in her 20’s, and then decreases and plateaus in her 50-60’s. While the control of 

DHEA-S production is mainly by ACTH, it has a long half-life and is the best biomarker for 

adrenal hyperandrogenism in most situations. DHEA-S levels are increased by prolactin and 

insulin-like growth factor 1, which may explain the hyperandrogenism associated with other 

disorders.5 Interestingly, circulating DHEA-S can be used as a precursor by ovarian follicles 

to produce DHEA, testosterone and DHT.6

Androgens have direct effects on reproduction via the androgen receptor and indirect effects 

through conversion to estrogen. The androgen receptor is present on cells throughout 

the hypothalamic-pituitary-ovarian axis.2 Therefore, high androgen levels can suppress 

hypothalamic and pituitary secretion of GnRH, LH and FSH directly and via aromatization 

to estradiol. Androgens also play a role in ovarian function, directly. Androgen receptor 

knockout mouse populations (complete,7, 8 granulosa cell specific9 and gonadotroph 

specific10) show decreased fertility, change in cycle length, poor follicle health, and 

decreased ovulation. Clinically and experimentally, excess androgens either from an 

endogenous11 or exogenous source12 result in increased follicle recruitment but then arrested 

follicle development. Androgen pretreatment during in vitro fertilization has resulted in 

improved ovarian response leading to increased pregnancy and live birth rates in some 

studies.13, 14 Optimal androgen concentrations are therefore required for ovarian follicle 

initiation, follicle growth, ovulation and oocyte maturation.

Genetics

PCOS is by far the most common cause of hyperandrogenism in women, thus most 

of the genetic data on hyperandrogenism in women stem from PCOS studies. Genome­

wide association studies of testosterone levels in women provide additional insight into 

testosterone production.15 PCOS is a heritable, polygenic disorder with multiple risk loci 

contributing to disease.16 The International PCOS Consortium performed a meta-analysis 

of more than 10,000 PCOS cases, with a control to case ratio of approximately 10:1, 

resulting in the identification of 19 loci that confer risk for PCOS in Han Chinese and 

European women.17 Of those identified, 8 were associated with increased testosterone 

and/or hyperandrogenism phenotypes. Both THADA and FSHβ loci are associated with 

testosterone levels or regulation.18, 19 DENND1A is associated with hyperandrogenism 

(biochemical and clinical). However, the exact underlying mechanism by which it influences 

androgen concentrations and actions is unclear.15 The IRF1/RAD50 locus is associated with 

testosterone levels in the European genome-wide association studies (GWAS),17 however its 

effect is likely indirect due to the lack of association in the GWAS of testosterone levels.18 
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The other loci associated with hyperandrogenism are SOD2, ERBB3/RAB5, TOX3 and 

C9orf3.17

History/Physical

The three most important aspects when taking a history in the woman with 

hyperandrogenism are age, ethnicity and duration of symptoms. The top differential 

diagnoses change depending on these features.

Age

Premenopausal women are more likely to have PCOS or non-classic congenital adrenal 

hyperplasia (NCCAH). The top diagnoses would shift to ovarian hyperthecosis and 

androgen producing tumors in post-menopausal women. If the woman is pregnant, 

gestational hyperandrogenism would be the likely culprit.

Ethnicity

Ethnicity influences the color, normal distribution and quantity of body hair. Women of 

Mediterranean, Middle Eastern, South Asian and Hispanic ethnicities have higher cut offs 

for the modified Ferriman-Gallwey Score (mFG) (Figure 2) compared to East Asians and 

Caucasians of Northern European ancestry.20 Further, self-perceived hirsutism scores are 

higher than clinician perceived scores.21 This should not negate the symptom of hirsutism, 

especially if it is of concern to the woman.1

Duration of symptoms

Rapid onset (over months) of increased hair growth is concerning for an androgen producing 

tumor compared with PCOS (12 months vs 42 months in one study).22

The most common symptoms of hyperandrogenism in women are:

Hirsutism

Hirsutism is defined as male pattern terminal hair growth in a woman.23 Both the location of 

hair growth that is bothersome to the woman and the type of hair growth influence treatment 

plan. Distribution of terminal hair growth should be clearly documented. The modified 

Ferriman Gallwey score (mFG) grades nine androgen sensitive areas on the quantity of 

hair growth and is useful for documentation (Figure 2). Scores range from 0 (absence of 

terminal hair) to 4 (fully covered). Abnormal total scores are as follows: ≥9 in Middle 

Eastern, Mediterranean, South Asian and Hispanic women; ≥8 in Blacks and European 

Caucasians; ≥7 in Southern Chinese women; ≥6 in South American women; and ≥2 in Han 

Chinese women.20, 24 The mFG has significant inter-user variability and is subjective to the 

scorer.25, 26 As noted earlier, self-reported scores are often higher than clinician scores and 

are limited by a patient’s previous attempts at hair removal. In addition, the score limits the 

importance of local areas. For example, a woman with new onset increased terminal hair 

growth on her face due to an androgen producing tumor will receive a score of only 4.27 It 

also fails to include the side burns and lower buttocks.1 Nevertheless, it remains the most 

common metric to score hirsutism.
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Alopecia

The typical pattern of hair loss in women with hyperandrogenism follows a male pattern 

with vertex thinning/balding (male pattern hair loss or MPHL). MPHL or androgenic 

alopecia is commonly associated with elevated levels of circulating androgens. Female 

pattern hair loss (FPHL) usually occurs in the central scalp with preservation of the frontal 

hairline.28 Elevated circulating androgens may or may not be associated, although the level 

of 5α reductase activity at the hair follicle cannot be easily assessed and may play a role in 

FPHL.29, 30 Interestingly, biochemical hyperandrogenism was found in 26-84% of women 

presenting with FPHL.31-33

Acne

Sebaceous glands are able to convert testosterone to DHT as they exhibit 5α reductase 

activity.34 In addition, they express 3β-hydroxysteroid dehydrogenase, 17β hydroxysteroid 

dehydrogenase and P450 side chain cleavage activity,35 all contributing to an increased 

androgenic environment which promotes sebum formation in the presence of a pro­

androgenic environment.36

Oligomenorrhea/Amenorrhea

Documentation of age at menarche, menstrual cycle history and use of any hormonal 

contraception are important aspects in further elucidating an underlying etiology for 

hyperandrogenism. In the postmenopausal woman, hyperandrogenism can often lead to 

postmenopausal bleeding due to the increased conversion of testosterone to estrogen.

Of note, a thorough drug history should be performed to ensure there was no exposure to 

oral minoxidil, danazol, antiepileptics, anabolic steroids, and exogenous androgens. These 

exogenous androgens can include transfer from a family member’s prescription,37 DHEA 

supplements, bioidentical hormone creams/pills/pellets, hormone boosters or anti-aging 

cocktails supplied by wellness/anti-aging clinics.38

Symptoms and signs of virilization are more likely to indicate an ovarian or adrenal tumor. 

These signs include deepening of the voice, clitoromegaly and increased muscle mass. 

Clitoromegaly is defined as a clitoris length >10mm or a clitoral index (length x width) >35 

mm2.39

Important clues to other underlying endocrine disorders include signs of Cushing syndrome 

(purple striae, supraclavicular fullness, facial plethora, easy bruising) and acromegaly 

(enlarged jaw, macroglossia, and swollen hands/feet with an increase in shoe/ring size).

Diagnostic Evaluation (Figure 3)

Laboratory Investigation

The most useful laboratory test is a total testosterone concentration. The method of 

assay, however, influences the accuracy of this measurement. Liquid chromatography/mass 

spectrometry (LC-MS/MS) is the most reliable method in quantifying androgen excess in 

women.40 Measurement of total testosterone by direct radio-immunoassay (RIA) is the most 
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widely available method. RIA was designed to measure total testosterone concentrations in 

men. The interassay variation at low testosterone levels is high.41 Therefore, while RIAs and 

other immunoassays are sufficient to identify moderate to severe androgen excess (as is seen 

in tumors), it often fails to detect mild elevations in PCOS.41, 42 Free testosterone correlates 

strongly with hyperandrogenism. However, its measurement is fraught with inaccuracies.1 

Free testosterone is most accurately measured by equilibrium dialysis, which is not readily 

available in most clinical laboratories.41 Low levels of sex hormone binding globulin 

(SHBG) can be used as an indirect marker of higher free testosterone levels.43 The clinician 

should bear in mind that obesity, hypothyroidism, inflammation, SHBG polymorphisms and 

mutations can all cause low levels of SHBG and influence free testosterone.44-47 Of note, 

laboratory testing should not be performed until at least 3 months after stopping hormonal 

contraception of any type and in the absence of progestin coated IUDs. Hormones will 

suppress endogenous androgens and make measurements inaccurate for clinical diagnostic 

purposes.

In a premenopausal woman, a pregnancy test should be performed. If negative, measurement 

of prolactin, follicle stimulating hormone (FSH), thyroid stimulating hormone (TSH) and an 

early morning 17-hydroxyprogesterone (7-9 AM) should be evaluated. Cushing’s syndrome 

and acromegaly should be ruled out based on the presenting clinical symptoms and signs.

Measuring DHEA-S can be helpful to assess adrenal hyperandrogenism. DHEA-S can be 

elevated in both PCOS and adrenal tumors.48 If the DHEA-S is >700 μg/dL, an adrenal 

tumor should be ruled out.1 Concentrations of A4 and DHEA are not part of the routine 

evaluation for hyperandrogenism. The biochemical pattern of A4, DHEA and DHT are 

variable and measurements add little value except in specific clinical cases.49-51

Imaging

If the physical examination reveals virilization or the laboratory measurements show severe 

biochemical androgen excess (total testosterone by LC/MS ≥150 ng/dL in premenopausal 

woman or ≥ 64 ng/dL in a postmenopausal woman),22 pelvic imaging should be the next 

step in evaluation. An ovarian source is the etiology in approximately 80% of cases.22, 52 

Unless there is concern for an ovarian tumor, imaging should also be delayed until at least 

3 months after stopping hormonal contraception of any type and in the absence of progestin 

coated IUDs. Hormones will cause the ovarian volume to decrease and make measurements 

inaccurate for PCOS clinical diagnostic purposes.

Due to lower cost, transvaginal ultrasonography with color Doppler should be the first 

line of imaging.53 However, ovarian tumors are generally small in size (Leydig cell 

tumors <3cm) and isoechoic. They are easily missed by transabdominal ultrasonography. 

Magnetic resonance imaging (MRI) would be the next best step if pelvic ultrasonography 

is negative. 18 fluorodeoxyglucose-positron emission tomography (18FDG-PET) imaging is 

usually reserved for select cases.54, 55 Of note, ovarian hyperthecosis can be described on 

ultrasonography as bilateral increase in ovarian size, a single ovarian nodule, or it can also 

appear normal.56 The data comparing the differing imaging techniques in the evaluation of 

severe hyperandrogenism are scant.53, 57 The absence of an ovarian tumor on imaging does 

not rule out the presence of an ovarian androgen producing tumor. The presence of 12 or 
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more antral follicles and/or ovarian volume >10 cm3 would meet the Rotterdam criteria for 

PCOS.58

When pelvic imaging is negative or if androgen levels suggest an adrenal etiology (DHEA-S 

>700 μg/dL), adrenal computed tomography (CT) would be the next step. Adrenal CT 

should be performed with and without contrast so that the Hounsfield units, absolute and 

relative wash out can be calculated. If CT is contraindicated, MRI with the measurement of 

chemical shift can be performed.59 18FDG-PET/CT can also be considered second line in 

select cases.60 Adrenal incidentalomas are common, especially in the postmenopausal age 

group.61 Adrenal imaging should therefore only be pursued if clinically indicated. Adrenal 

imaging may reveal a solitary benign nodule, adrenal carcinoma or bilateral hyperplasia. In 

the presence of an adrenal tumor, the woman should also be assessed for excess endogenous 

cortisol secretion. If cortisol excess is present, surgery for Cushing syndrome will decrease 

morbidity and mortality.62 Bear in mind that the excess adrenocorticotrophic hormone 

(ACTH) production in NCCAH would lead to bilateral adrenal cortical hyperplasia but there 

would not be excess cortisol present. 63

Lastly, in the setting of severe hyperandrogenism, ovarian and adrenal vein sampling can 

be used when both pelvic and adrenal imaging are negative.52 Right and left ovarian 

and adrenal veins are accessed and testosterone is measured to determine a left to right 

difference. This requires the skillset of a highly experienced interventional radiologist. 

Ovarian and adrenal vein sampling is useful in two scenarios: (1) in the premenopausal 

woman where preservation of fertility is desired and localization of one ovary for resection 

is required, and (2) in the postmenopausal woman with a small adrenal nodule but a 

suspected ovarian source.

Differential Diagnoses (Table 1)

The top differential diagnoses differ based on the stage of the woman’s life. We discuss 

the 3 most common diagnoses in premenopausal and postmenopausal women. In addition, 

gestational hyperandrogenism is briefly explored.

Premenopausal Hyperandrogenism

PCOS—PCOS is the most common endocrine disorder in reproductive age women, 

affecting approximately 10% of the population.64 Two out of 3 Rotterdam criteria are 

required in order to achieve the diagnosis: 1) oligomenorrhea/amenorrhea, 2) clinical 

or biochemical hyperandrogenism and/or 3) polycystic ovaries on ultrasound, which is 

defined as 20 or more antral follicles and/or ovarian volume >10 cm3. 58 In women 

with hyperandrogenism, 57-82% meet the criteria for PCOS.65, 66 In women with PCOS, 

65-75% have hyperandrogenism, with hirsutism being the most common symptom.67 In 

one prospective study, only 2.3% of women with PCOS had another identifiable endocrine 

disorder to explain symptoms.68

Idiopathic Hirsutism—When there are no abnormalities found on investigation, i.e. 

elevated testosterone or DHEA-S and normal ovaries on ultrasound in a woman under 

the age of 40 years and not on hormonal contraception, and there are no menstrual 
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abnormalities, the diagnosis of idiopathic hirsutism is made.69 Treatment is directed toward 

controlling hirsutism with shared decision making to ensure the woman’s perceived areas of 

concern are adequately addressed.

NCCAH—Women with NCCAH present with menstrual irregularities and 

hyperandrogenism, often leading to a misdiagnosis of PCOS. NCCAH is due to 21­

hydroxyase deficiency (P450c21) leading to increased 17-hydroxyprogesterone precursor 

available for the androgen pathway with increased production of androstenedione and 

testosterone.70 The diagnosis can be made if the 7-9 am 17-hydroxyprogesterone is > 500 

ng/dL. If the am level is between 200-500 ng/dL, a stimulated 17-hydroxyprogesterone 

level 60 min after a 250 mcg injection of cosyntropin is needed, with a diagnostic 17­

hydroxyprogesterone level ≥1500 ng/mL. Unlike the classic form, NCCAH rarely manifests 

with cortisol deficiency and thus glucocorticoid replacement and ACTH suppression is not 

needed unless fertility is desired. General hyperandrogenism treatments can be used (see 

section on Treatment: Glucocorticoids below).

Postmenopausal Hyperandrogenism

Ovarian Hyperthecosis—Ovarian hyperthecosis is a histologic diagnosis noted 

when there is the presence of nests of luteinized theca cells throughout the ovarian 

stroma. Postmenopausal women present with slow onset and progressive symptoms of 

hyperandrogenism. In severe cases, virilization can occur. Typical signs of insulin resistance 

are often present (acanthosis nigricans, skin tags, central obesity). The abundance of 

luteinized cells is thought to be due to increased gonadotrophin levels which result in 

increased androgen production.71 Postmenopausal bleeding, due to endometrial hyperplasia 

from testosterone aromatization to estrogen can also be a presenting symptom. Women 

often have elevated testosterone and estradiol concentrations with inappropriately low LH 

and FSH for a menopausal woman.72 Ultrasonography often reveals bilaterally enlarged, 

solid ovaries for the woman’s stated age.73 Therefore, it is important to evaluate ovarian 

size compared to age-based references as ovaries that are normal in size compared to a 

reproductive aged woman are likely enlarged compared to normative data in postmenopausal 

women. In premenopausal women with hyperthecosis, ovaries may demonstrate an absence 

of small follicles on ultrasound in addition to enlarged ovaries.

Ovarian and Adrenal Neoplasms—Androgen producing tumors are more common 

in postmenopausal women. Most ovarian sources are benign whereas adrenal tumors 

can be either benign or malignant. Adrenocortical carcinoma often co-secretes other 

hormones (cortisol, aldosterone) in addition to excess androgens thereby warranting further 

assessment. Women present with rapidly, progressive symptoms of hyperandrogenism, often 

with virilization.56, 74 Surgical resection results in rapid resolution of symptoms.

Iatrogenic Hyperandrogenism—Androgens, including DHEA, are often prescribed to 

treat postmenopausal symptoms.75 The currently available testosterone replacements were 

developed for male hypogonadism, but can be a cause of hyperandrogenism in women 

exposed to a partner’s topical testosterone. If these products are used in women, they can 
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lead to frank hyperandrogenism.72 Antiepileptics (valproic acid and oxcarbazepine) have 

been associated with biochemical hyperandrogenism.76, 77

Gestational Hyperandrogenism

Hyperandrogenism in pregnancy is extremely rare.78 During normal pregnancy, testosterone 

and A4 concentrations rise progressively in each trimester, returning to baseline 

concentrations postpartum.79, 80 The increase in androgens promotes cervical ripening81 

and contributes to the relaxation of the myometrium during pregnancy.82 The increase in 

androgen concentrations is offset by an increase in SHBG, thereby limiting the biologically 

active fraction.83 Rarely a pregnancy luteoma, the physiologic remnant of the corpus luteum 

from the menstrual cycle of conception, produces testosterone at high levels and results in 

hyperandrogenism. Placental aromatase cytochrome P450 converts androgens to estradiol 

which is then metabolized to estriol by the fetal liver, protecting the fetus from maternal 

hyperandrogenism.83 In rare cases of recessive placental aromatase deficiency, the placenta 

is unable to aromatize androgens and both the mother and fetus experience virilization.

In general, only hyperandrogenism internal to the fetus or placental aromatase deficiency 

cause fetal virilization.84 Female fetal exposure to excess androgens between the 7th 

and 12th weeks of gestation can result in labial fusion and clitoromegaly. The hormonal 

milieu may also play a role in long term fetal development with potential influence 

on fetal growth85, metabolism86, cardiovascular function87, reproductive function88 and 

behavior.78, 89 The most common fetal cause is fetal 21-hydroxylase CAH.90 Treatment 

options are limited and dependent upon fetal sex and fetal virilization risk.83, 91

Treatment

The goals of management are two fold: (1) Identify and surgically treat severe virilization 

and (2) decrease any perceived symptoms/signs of hyperandrogenism.1

Ovarian and adrenal tumors should undergo complete surgical resection if possible. Bilateral 

oophorectomy is the treatment of choice for ovarian hyperthecosis. If no tumor is identified 

in the postmenopausal woman, bilateral oophorectomy should be performed given the 

high likelihood of an ovarian source.22, 56 In the premenopausal woman, fertility sparing 

cytoreductive surgery should be considered. 92 For adrenal tumors, non-surgical techniques 

can be employed if surgery is contraindicated or not desired. Radiofrequency ablation and 

CT-guided cyroablation have been utilized in functional adrenal adenomas with similar 

outcomes compared to surgical resection.93, 94

Medical Management

Lifestyle—In obese women with PCOS, weight loss results in a small decrease in 

testosterone as measured by the free androgen index (mean difference −1.11, 95% 

confidence interval (CI) −1.96 to −0.26) and a concomitant mild improvement in 

hirsutism (Mean difference −1.12 [95% confidence interval (CI) (−2.16 to −0.08)].95 While 

lifestyle intervention is necessary for overall health, it has a limited impact in improving 

hyperandrogenism. It should not be the sole management strategy.96
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Oral Contraceptives—Oral contraceptives containing ethinyl estradiol (EE) suppress LH 

production and increase SHBG concentrations resulting in decreased ovarian androgen 

production and decreased free testosterone concentrations, respectively.97 The dose of 

ethinyl estradiol, whether low dose (20 mcg) or average dose (30-35 mcg), both work 

to suppress androgens and all progestins seem to work equally well regardless of the 

underlying androgenicity.1 Hormonal contraception can also cause a small reduction in 

adrenal androgen secretion, inhibition of androgen binding to its receptor and inhibition 

of 5α-reductase.1 There is an increased risk of venous thromboembolism with oral 

contraceptives, with greater risk in obese women over the age of 39 years who smoke.98 

Obesity itself is not a contraindication to using oral contraceptives.99 In women with 

hirsutism or androgenic acne, oral contraceptives should be first line medical management 

if fertility is not desired.1, 96 The effect on hyperandrogenic symptoms/signs should be 

reassessed in six months.1

Antiandrogens—After 6 months of oral contraceptive use, an antiandrogen can be added 

to improve symptoms of hyperandrogenism. The vailable anti-androgens in the United 

States are spironolactone (100-200 mg/day) and finasteride (2.5-5mg/day). Use of any 

anti-androgen in women is considered off-label use.

Spironolactone—Spironolactone is an aldosterone receptor antagonist with a dose­

dependent competitive inhibition of the androgen receptor. It is effective in reducing 

hirsutism scores.100 It is contraindicated in pregnancy owing to blockade of androgen action 

critical for formation of the external male genitalia. Therefore, it should be used with a 

reliable contraceptive method unless the woman is abstinent. It is a potassium sparing 

diuretic and therefore can cause hypotension, dizziness and hyperkalemia. Potassium levels 

should be monitored and caution should be taken in the setting of renal impairment.

Finasteride—Finasteride is a 5α reductase inhibitor, with specific activity against type 2 

5α reductase. It decreases local DHT levels in hair follicles with comparable effects to other 

antiandrogens. The effect of finasteride is dose dependent, with 2.5 mg and 5 mg having 

a similar reduction in hirsutism scores and 7.5 mg slightly more effective.101 The most 

common side effects are low libido, depression/asthenia and orthostatic hypotension.102 

Dutasteride is a 5α reductase inhibitor with activity against both type 1 and 2 5α reductase 

enzymes. There is limited data on the use of dutasteride in women.103 While there is no 

direct comparison of spironolactone to finasteride, pooled data suggest spironolactone to be 

more effective, although finasteride data are limited.100

Cyproterone Acetate—Cyproterone acetate is a competitive inhibitor at the androgen 

receptor and commonly used outside of the United States.69 It is available in combination 

with ethinyl estradiol in the form of combined oral contraceptive pills. At a dose of 2 

mg, its effect is equivalent to 50 mg of spironolactone.104 However, the risk of venous 

thromboembolism is 50-100% higher than for oral contraceptives with levonorgestrel.105 

The use of an oral contraceptive containing cyproterone acetate results in a mildly better 

mFG on follow up compared to the use of other oral contraceptives.106 The Endocrine 

Sharma and Welt Page 9

Med Clin North Am. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Society notes its effect on hirsutism is not clinically significant. Cyproterone acetate 

containing hormonal contraceptives are not recommended over other oral contraceptives.1

Local/Topical Treatment—If medical management is contraindicated or symptoms are 

not worrisome enough to the woman to warrant systemic therapy, local treatment options 

should be discussed. In addition, local treatment is an important adjunct to hormonal 

treatment as the improvement in hirsutism with hormonal treatment takes over 6 months, 

reflecting the cycle of the hair follicle. Direct hair removal via shaving, waxing, bleaching, 

chemical creams, photoepilation or electrolysis can be utilized.1 Topical antiandrogens have 

limited efficacy in hirsutism. Acne should be treated by a dermatologist. First line therapy 

for alopecia is topical minoxidil, noting a synergistic effect when combined with systemic 

antiandrogens.28 Other treatment options for alopecia are low level laser light therapy,107 

hair transplantation108 and platelet rich plasma.109

Glucocorticoids—In classic 21-hydroxylase congenital adrenal hyperplasia, 

glucocorticoids are effective in suppressing ACTH stimulated adrenal androgen 

production.70 In NCCAH, glucocorticoids should not be the first line therapy to treat 

symptoms/signs of hyperandrogenism other than for ovulation induction. In fact, oral 

contraceptives are more effective in improving hirsutism compared to dexamethasone.110

GnRH Agonists—GnRH agonists are equally effective as oral contraceptives in 

decreasing hirsutism.111 These long-acting, modified GnRH peptides initially stimulate, but 

then suppress LH and FSH after approximately 1 week owing to desensitization. GnRH 

agonists therefore induce hypoestrogenism, resulting in bone loss and hot flashes.112 Its use 

should be reserved for the rare cases of virilization that are not amenable to other therapies.

Medications that Reduce Insulin Levels or Improve Insulin Action—In 

multiple meta-analyses, medications that reduce insulin levels or improve insulin action 

(metformin, troglitazone and rosiglitazone) were no more effective than placebo in treating 

hyperandrogenism in PCOS.1, 96, 100, 113 Therefore, metformin should be reserved for the 

treatment of prediabetes or type 2 diabetes in women with PCOS, as it is not as effective 

as other medications for cosmetic concerns or for uterine protection in the case of irregular 

menses.

Conclusion

The approach to hyperandrogenism in women varies depending on the woman’s age and 

severity of symptoms. Once tumorous hyperandrogenism is excluded, the most common 

cause is PCOS. Hirsutism is the most common presenting symptom. The woman’s 

concern about her symptoms plays an important role in the management of disease. While 

measurement of testosterone is useful in identifying an underlying cause, care must be 

taken when interpreting the less accurate assays that are available commercially. Surgical 

resection is curative in tumorous etiologies while medical management is the mainstay for 

non-tumorous causes.
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Figure 1. 
Androgen synthesis in ovaries and adrenal glands. LH – luteinizing hormone; FSH 

– follicle stimulating hormone; CYP11A1 - cytochrome P450 cholesterol side-chain 

cleavage; CYP17A1 - cytochrome P450 17α-hydroxylase/17,20-lyase; 3βHSD - 3β­

hydroxysteroid dehydrogenase; CYP19A1 - cytochrome P450 aromatase demethylation/A­

ring aromatization; SULT2A1 – sulfotransferase 2A1; CYP11B1 - cytochrome P450 11β­

hydroxylase; HSD11B2 - 11β-hydroxysteroid dehydrogenase type 2
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Figure 2. 
Modified Ferriman Gallwey Score.
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Figure 3. 
Diagnostic approach to Hyperandrogenism in Women

US – ultrasound; MRI – magnetic resonance imaging; CT – computed tomography; PCOS – 

polycystic ovarian syndrome; NCCAH – non-classic congenital adrenal hyperplasia

*CT contraindicated in pregnancy
$See text for details #Measured by LC-MS/MS
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Table 1.

Differential Diagnoses of Hyperandrogenism

Stage of Life Adrenal Ovarian Other

Premenopausal Congenital Adrenal
Hyperplasia (classic and non-classic)
Glucocorticoid
Resistance
Cortisone
Reductase deficiency
Adrenal Adenoma
Adrenal Carcinoma
Bilateral
Macronodular
Adrenal
Hyperplasia

PCOS
Ovarian tumors:
Sertoli-Leydig cell tumors
Granulosa-theca cell tumors
Hilus cell tumors

Idiopathic Hirsutism
Exogenous exposure
Hyperprolactinemia
Cushing’s disease
Acromegaly
Insulin resistance syndromes
Medications (danazol, valproic acid, 
oxcarbazepine)

Gestational Adrenal Adenoma
Adrenal carcinoma

Luteoma
Theca lutein cysts
Sertoli-Leydig cell tumors

Exogenous exposure
Placental aromatase deficiency

Postmenopausal Adrenal Adenoma
Adrenal carcinoma
Bilateral
Macronodular
Adrenal
Hyperplasia

Ovarian
Hyperthecosis
Ovarian tumors:
Sertoli-Leydig cell tumors
Granulosa-theca cell tumors
Teratomas
Krukenberg tumors

Exogenous exposure
Hyperprolactinemia
Cushing’s disease
Acromegaly
Medications (danazol, valproic acid, 
oxcarbazepine)

Med Clin North Am. Author manuscript; available in PMC 2022 November 01.


	Introduction
	Physiology of Androgens in Women
	Genetics
	History/Physical
	Age
	Ethnicity
	Duration of symptoms
	Hirsutism
	Alopecia
	Acne
	Oligomenorrhea/Amenorrhea

	Diagnostic Evaluation (Figure 3)
	Laboratory Investigation
	Imaging

	Differential Diagnoses (Table 1)
	Premenopausal Hyperandrogenism
	PCOS
	Idiopathic Hirsutism
	NCCAH

	Postmenopausal Hyperandrogenism
	Ovarian Hyperthecosis
	Ovarian and Adrenal Neoplasms
	Iatrogenic Hyperandrogenism

	Gestational Hyperandrogenism

	Treatment
	Medical Management
	Lifestyle
	Oral Contraceptives
	Antiandrogens
	Spironolactone
	Finasteride
	Cyproterone Acetate
	Local/Topical Treatment
	Glucocorticoids
	GnRH Agonists
	Medications that Reduce Insulin Levels or Improve Insulin Action


	Conclusion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.

