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Abstract: Acne vulgaris is a common skin condition associated with multiple factors. Although
mostly presenting alone, it can likewise present with features of hyperandrogenism and hormonal
discrepancies. Of note, hormonal therapies are indicated in severe, resistant-to-treatment cases
and in those with monthly flare-ups and when standard therapeutic options are inappropriate. This
article serves as an update to hormonal pathogenesis of acne, discusses the basics of endocrinal
evaluation for patients with suspected hormonal acne, and provides an overview of the current
hormonal treatment options in women.
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Introduction

Acne vulgaris affects ~80% of adolescents and young adults aged 11-30 years. The
majority of affected individuals remit before the third decade of age, leaving the rest
with an unpredictable course throughout their lives.' The principal hallmarks of acne
include follicular hyperproliferation and plugging, extensive formation of sebum,
activity of Propionibacterium acnes, and inflammation.? Standardization of acne
treatments is impossible with the huge amount of data and research being released
constantly.® Hormonal therapies are reserved not only for patients with biochemical
markers of hyperandrogenism but also for the severe, resistant cases as well as for
those patients who show an unpredictable course and high frequency of acne bouts
without hyperandrogenemia.* A decent comprehension of the hormonal milieu in
the human body can pinpoint toward an optimal, faster, and more appropriate treat-
ment of acne.

Acne pathogenesis

Acne is a follicular unit disease. It involves pathologically overproduction of serum,
abnormal follicular keratinization, formation of P acnes biofilms and colonies, and
finally the release of proinflammatory mediators to the skin.’

While the formation of the microcomedones is the first symptom of acne, the exact
reason for triggering such reaction remains unknown.® Acne-prone individuals have
larger sized sebaceous glands that are stimulated at the time of puberty.” Dihydrotes-
tosterone (DHT) was shown to be more selective to sebocytes of the face but not the
leg. This determines the predilection of acne lesions to certain areas on the body.®
Several pathways and hormones beside androgens regulate the activity of sebocytes,
for example, peroxisome proliferator-activated receptors, substance P receptors,
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o-melanocyte-stimulating hormone, insulin-like growth
factor, corticotropin-releasing hormone (CRH), vitamin D,
and ectopeptidases.’!!

In the meantime, while sebum generation is abundant,
failure to shed intrafollicular keratinocytes results in
obstruction of the pilosebaceous units with sebum and
keratolytic debris resulting in larger comedones. This, in
turn, leads to plugging and studding of the follicular units
with the pathogenic P acnes leading to an exaggerated
inflammatory response.'? A number of agents are secreted
by P acnes and include the enzymes lipase and protease
that manage to disrupt and degrade the follicular wall and
initiate a cascade of inflammatory events and release of
chemotactic factors.'*

An additional area of interest that has recently emerged
is the action of vitamin D in the skin. The pilosebaceous unit
is capable of metabolizing and producing provitamin D in
the skin. Vitamin D deficiency may be linked to the patho-
genesis of insulin resistance and the metabolic syndrome in
polycystic ovary syndrome (PCOS). Furthermore, vitamin D
analogs may potentially be useful in normalizing sebaceous
gland physiology in patients with acne."

Hormones implicated in acne

pathogenesis

Hormones implicated in acne pathogenesis include andro-
gens, estrogens, progesterone, insulin and insulin-like growth
factor-1, CRH, adrenocorticotropic hormone (ACTH),
melanocortins, glucocorticoids, and growth hormone (GH)."

Androgens

Androgens represent the most important of all hormones
regulating sebum production.'® As of puberty, androgens
stimulate sebum production and acne formation in both sexes.
This androgen-dependent secretion of sebum is mediated by
potent androgens such as testosterone and DHT and likewise
with weaker androgens. The adrenal glands and ovaries
represent a source for dehydroepiandrosterone (DHEA)
and androstenedione production. DHEA is predominantly
produced by the adrenal glands, while androstenedione is
produced by the ovaries and adrenal glands in equal propor-
tions. Of interest, So-reductase enzyme in the infundibular
sebocytes can convert the testosterone to the 5—10 times
more active DHT."

Progesterone
Progesterone inhibits Sa-reductase required to convert testos-
terone to the more potent DHT. Menstrual flare and sebum

exacerbations are caused by progesterone whose receptors
are expressed in basal epidermal keratinocytes only.*

Estrogen
High-dose estrogen exerts a negative feedback on the gonadal
axis. This results in the reduction of sebaceous gland size and
concomitantly reduced sebum formation. Estrogen receptor
(ER)a is localized in sebocytes only, while ERP is found to
be highly expressed in sebocytes, keratinocytes, melanocytes,
dermal fibroblasts, endothelial cells, and adipocytes.'’
Estrogen may influence sebum formation through
1) negative feedback inhibition of gonadal axis, 2) increased
production of sex hormone-binding globulin (SHBG) by the
liver, thereby decreasing free serum testosterone, 3) coun-
teracting directly the action of testosterone in the sebocytes,
and 4) influencing the genetic regulation of sebaceous gland
and sebocyte formation.'3

Insulin and insulin growth factor |

Insulin stimulates the growth and maturation of sebaceous
glands. This action is mediated through upregulation of GH
receptors on the sebocytes by insulin.!” Moreover, insulin
inhibits SHBG production from the liver and further plays
a positive feedback effect on adrenal and ovarian andro-
genesis. The controversial link between diet and acne can
be explained by the fact that highly glycemic index foods
result in insulin release and in turn excess androgen and
sebum production.?

Corticotrophin-releasing hormone

CRH secreted by the hypothalamus is converted to
proopiomelanocortin in the anterior pituitary. Proopiomela-
nocortin is converted to ACTH and melanocyte-stimulating
hormone, which upregulate the cortisol production cycle.
CRH targets the sebaceous glands and induces lipogenesis
by enhancing androgen bioavailability and by stimulating the
conversion of DHEA to testosterone.”!

Melanocortins

Melanocortin is one of the breakdown products of
proopiomelanocortin. Two different receptors MC-1R and
MC-5R are expressed by the sebocytes in the sebaceous glands
that regulate the sebocyte differentiation and lipogenesis.?

Glucocorticoids

Steroids are thought to increase acne eruptions (steroid acne)
through their increased Toll-like receptor 2 gene expressions
and further release of the proinflammatory mediators.?
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Pituitary hormones

1. ACTH: sebum production stimulator.'®

2. GH: it activates the differentiation of the sebocytes and
stimulates the conversion of testosterone to DHT by
Sa-reductase.

3. LH: androgens are secreted by the ovaries under regula-
tion of LH.!¢

4. Prolactin: prolactin receptors are well expressed in the
adrenal glands. In cases of hyperprolactinemia, adrenal
androgens are secreted in an increased manner and con-

tribute to the rapid formation of acne pimples.>*

Endocrinal evaluation in patients

with suspected hormonal acne
Hormonal evaluation is not mandatory for those who experi-
ence short bouts of onset and offset or those who respond well
to standard treatments. However, in the more resistant cases
and for those who fail to respond to conventional therapies,
endocrinal evaluation is an important tool to consider as well
as in the following cases:®

Late-onset acne (presenting in the third decade)
Therapy-resistant acne

Prepubertal acne

Stress-exacerbated acne

Premenstrual onset

Hyperandrogenism

NN AE Wb

Signs of virilization (clitiromegaly, deepened voices,
and masculine features)

PCOS

9. Signs of hyperinsulinemia (obesity in the trunks, skin

™

tags, and acanthosis)

10. Distribution of the acne lesions. It is well recognized
that hormonal acne concentrates in the lower third of
the face along the chin and jaw lines.

Hyperandrogenism in females can be caused by ovar-
ian or adrenal factors. PCOS and ovarian tumors (benign
or malignant) are among the ovarian causes while adrenal
hyperplasia (congenital or noncongenital) and adrenal tumors
(benign or malignant) account for the adrenal causes.?* Of
all causes, PCOS accounts for >90% of the overall causes
of hyperandrogenism in women and comprises an array
of endocrinal abnormalities with or without cyst forma-
tion. High levels of androgens and estrogens in laboratory
investigations with polycystic ovaries in ultrasonographic
studies along with the clinical manifestations of anovula-
tion presenting with oligo/amenorrhea are the hallmarks of

PCOS.* Hyperinsulinemia is another feature that exists as a
cofactor or an extrinsic factor in cases of PCOS. Insulin has a
direct stimulant effect on androgenesis besides inhibiting the
SHBG synthesis by the liver.?® Of interest, 50% of cases with
ovarian hyperandrogenism experience an existing functional
adrenal hyperandrogenism.?’

It is important to remember that many patients with
hormonal acne might not have a raised level of circulating
testosterone in their blood and that some women with raised
androgen levels can still have normal menstruation. This is
primary because only a small portion of the testosterone
(1%-2%) is being free and able to bind to the androgen
receptors (ARs) to induce action, so unless free testosterone
is measured separately, total testosterone level may still be
normal in spite of obvious hyperandrogenism signs.?® Signs
of hyperandrogenism despite normal levels of both total and
free testosterone can be explained by the fact that there is an
increased sensitivity of the receptors to androgen at the pilo-
sebaceous unit or an increased activity of the So-reductase
enzyme resulting in overproduction of DHT, which is five
times more potent than testosterone.?

Laboratory tests in patients with

suspected hormonal acne

For patient’s signs of hyperandrogenism, failure to respond
to conventional therapies, and with irregular menses, endo-
crinal evaluation is required at the early menstrual phase
(follicular phase). Other hormonal treatments such as oral
contraceptives should be terminated and stopped 1 month
before laboratory investigations to avoid false results.®

1. Testosterone (free and total): minimal to modest eleva-
tions of <200 ng/dL are suggestive of a benign cause of
ovarian or adrenal cause while above this level; neoplasia
of ovarian or adrenal origin should be suspected.’

2. Androstenedione: secreted equally by ovaries and adre-
nals and follows a circadian rhythm making early morning
samples, the best to analyze.’

3. DHEA: high levels of DHEA >8,000 ng/dL and dehydro-
epiandrosterone sulfate (DHEAS) should raise concern
of adrenal tumors, while levels of DHEAS (4,000—
8,000 ng/dL) indicate benign adrenal hyperplasia.

4. SHBG: decreased levels of SHBG lead to free unbound
testosterone in excess, resulting in more manifested
signs.’!

5. Prolactin: elevated prolactin could point out to hypo-
thalamic or pituitary causes for further assessment and
investigation.®
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6. 17-Hydroxy progesterone: elevated (>200 ng/dL) in
congenital adrenal hyperplasia or nonclassic congenital
adrenal hyperplasia due to deficiency or absence of
21o-hydroxylase.?

7. Luteinizing hormone (LH): follicle-stimulating hormone
(FSH) ratio: a ratio of >2 is indicative of possible PCOS.?

8. Fasting and postprandial insulin: overweight and obese
patients should be checked for insulin levels.?!

9. Serum cortisol: high levels are an indication of adrenal
neoplasia.’!

For further evaluation, ACTH stimulation or dexamethasone
suppression test should be carried out. Ovarian sources of
androgen will be reluctant to respond for both tests while adre-
nal sources would increase following the ACTH stimulation
and decrease in response to dexamethasone suppression test.®

Hormonal therapy

Acne presenting with cysts, nodules, sudden onset, and
widely dispersed lesions is often indicative of excess andro-
gens. As mentioned earlier, hormonal imbalance should
still be considered even in women with a normal menstrual
period.* Hormonal therapies are reserved not only for patients
with biochemical markers of hyperandrogenism but also for
the severe, resistant cases as well as for those patients who
show an unpredictable course and high frequency of acne
bouts without hyperandrogenemia and with resistance to
conventional therapies (Table 1).8

Similarly for those patients with contraindication to
other modes of therapy or to those women thinking of con-
traception, hormonal treatments can be of choice. However,
hormonal treatment is not indicated as monotherapy.'® In
general terms, the objectives of hormonal therapy in acne are
to 1) suppress androgen production from ovaries and adrenals
and pituitary and 2) inhibit ARs on sebaceous glands.*

The European guidelines on acne therapy recommend
hormonal treatment along with topical or systemic antibiot-
ics in severe pustular and moderate nodulocystic acne cases
as an alternative to starting therapy with isotretinoin. In the
nodular or conglobate type of acne, antibiotics along with
hormonal treatment are a recommendation of choice. In the
mildest type of acne (comedonal), it is absolutely contrain-
dicated to use hormones (Table 2).!!

Hormonal therapy is effective in acne despite elevated
androgen levels or not. It is frequently used as a combina-
tion and not a stand-alone therapy. It can be synergistically
combined with antibiotics, benzoyl peroxide, azelaic acid,

Table | Indications of hormonal treatment in acne

Severe flare-ups before menstruation

When oral contraception is desirable

Acne not responding to conventional treatment
Polycystic ovary syndrome

Late onset acne (acne tarda)

Ovarian or adrenal hyperandrogenism

Table 2 Summary of treatment recommendations from the European acne guidelines

Type of acne First-line Second-line

treatment treatment

Third-line
treatment

Hormonal alternatives
for women

Comedonal acne Topical retinoids, Benzoy! peroxide

adapalene is (BPO) or azelaic acid
preferred to
tretinoin

Mild to moderate BPO + adapalene BPO or azelaic

papulopustular acne (f.c.) or BPO +

clindamycin (f.c.)

acid or systemic

Severe papulopustular Systemic Systemic antibiotics +
acne and mild nodular isotretinoin adapalene; systemic
acne antibiotics + azelaic
acid; or systemic
antibiotics + BPO +
adapalene (f.c.)
Severe nodular Systemic Systemic antibiotics +
acne and conglobate isotretinoin azelaic acid

acne

antibiotic + adapalene

- Not recommended

Isotretinoin or tretinoin + Not recommended
topical erythromycin (f.c.);

or systemic antibiotics + BPO;
or systemic antibiotics + azelaic
acid; systemic antibiotics +
adapalene + BPO (f.c.)

Systemic antibiotics + BPO Hormonal antiandrogens +
topical treatment or
systemic antibiotics
(topical treatment is
preferred)

Systemic antibiotics + Hormonal antiandrogens +
BPO; or systemic antibiotics + systemic antibiotics
(consider as third line

treatment)

adapalene; or systemic
antibiotics + BPO +
adapalene (f.c.)

Abbreviation: f.c., fixed combination.
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and even retinoids. A course of 3 months is often necessary
before experiencing much improvement and benefit from
treatment.** Drugs used in the hormonal treatment of acne
fall into four major categories: 1) AR blockers, 2) oral con-
traceptives, suppressing androgen production by the ovaries,
3) glucocorticoids, suppressing adrenal androgen production,
and 4) enzyme inhibitors (Sa-reductase inhibitors; Table 3).°

Androgen receptor blockers

Spironolactone

It is a well-known AR blocker used for >30 years in the
treatment of acne. It combines antiandrogenic effect along
with antialdosterone effect as well as being a week progestin.
Spironolactone mediates its action through the following:3*

1. Nuclear blockage of ARs in a competitive action to tes-
tosterone and DHT preventing their binding and actions.

2. Decreasing testosterone formation by inhibiting Type 2
17B-HSD enzyme.

3. Direct inhibition of So-reductase resulting in less potent
DHT formation.

4. Increasing the level of SHBG and hence decreasing the
levels of circulating testosterone.

The usual dosage for the treatment of acne is 50200 mg
daily and usually administered after food. Despite the long

use of spironolactone in acne and due to the limited number
of literature studies, the efficacy of spironolactone remains
to be considered intermediate.?

Impotence, decreased libido, and gynecomastia are side
effects that limited male use of spironolactone; however,
it is generally safer and well accepted to use in women.*
Hyperkalemia is an electrolyte imbalance that should be
monitored and checked periodically for those on spirono-
lactone therapy.?” Potassium monitoring should be done
frequently and on regular basis while on spironolactone and
the drug should be immediately stopped in hyperkalemia of
concern. Gastrointestinal side effects are nausea, vomiting,
anorexia, and diarrhea, which are not infrequent among users.
Pregnancy is a contraindication for using spironolactone
and there is an increased risk of feminization of male fetus
as well as increased risk of hypospadias. Due to the risk of
birth defects and the reduction of side effects, spironolactone
should be used in conjunction with oral contraceptives.
Topical spironolactone 5% has been investigated for its local
antiandrogen effects but much larger controlled studies are
required to assess its efficacy and safety in the future.*

Cyproterone acetate
Cyproterone acetate (CPA) is one of the earliest and most
studied antiandrogens. CPA exhibits the two properties

Table 3 Different therapies and their mechanism of action and possible side effects

cocC

Spironolactone

Cyproterone acetate

Flutamide

Mechanism of action

Side effects

Contraindications

Decreases 50-reductase
activity

Decreases free
testosterone

Decreases sebaceous
gland size and activity
Gl disorders

Spotting

Headache
Breast tenderness

Fluid retention
Depression

Smoking in age
>35 years
CVS diseases
Hematological
disorders

BMI =35
Migraine

Risk of estrogen-dependent

malignancy

Decreases
So-reductase activity
Decreases Free
testosterone
Decreases Sebaceous
gland size and activity
Hypercalcemia
Breast tenderness

Menstrual irregularities

Hypotension

Reduced libido
Hyperkalemia

Risk of estrogen-
dependent malignancy

Blocks testosterone
receptors

Decreases secretion of
gonadotropins

Headache
Breast tenderness

Menstrual
irregularities

Fluid retention

Liver dysfunction
Blood clotting
disorders

History of meningioma

Liver disease
Hematological
disorders

Severe diabetes
Sickle cell anemia
Severe depression

Blocks nuclear

binding of
androgens

Hematological

disorders

Muscle cramps

Gynecomastia

Acute liver failure

Liver disease

Abbreviations: COC, combined oral contraceptives; Gl, gastrointestinal; CVS, cardiovascular; BMI, body mass index.
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of being an antiandrogen and a progestin. It is very effec-
tive when used as a monotherapy showing acne improve-
ment rates of 75% and up to 90% of women in doses of
50-100 mg/d from days 1 to 10 of the menstrual cycle.*
Despite its monotherapy high rates of clearance, it is usually
combined with estrogen in the oral contraceptive pill (OCP)
in doses of 2 mg with 35 pg of ethinyl estradiol. CPA inhibits
androstenedione formation from DHEA with a subsequent
decrease in sebum production. Hepatotoxicity, feminization
of male fetus, represents the most important side effect
besides breast tenderness and gastric upset manifestations
of nausea and vomiting.*!

Flutamide

Flutamide is approved for the treatment of cancer prostate and
is likewise effective to treat acne, androgenetic alopecia, and
hirsutism. It interferes with binding of DHT to its receptors
and recently was established that it can increase the break-
down of active testosterone to inactive metabolites. Doses
range from as low as 62.5-500 mg/d.** Side effects include
breast tenderness, gastrointestinal upset, and decreased
libido. Serious side effects include pseudohermaphrodite
condition and signs of feminization in the male fetus as well
as fatal hepatitis, which is dose and age related; therefore,
regular liver function tests are necessary although such side
effects limit its use in acne.*

Drugs acting on adrenal androgen

production

Oral corticosteroids if used in high doses might help patients
with inflammatory signs of acne despite any hormonal causes,
while oral low-dose steroids suppress adrenal activity in
patients with proven adrenal hyperactivity. Elevated levels
of DHEA, 17 hydroxyprogesterone, and androstenedione are
positive tests and indicative of the diagnosis.® Deficiency of
21 hydroxylase and less often eleven hydroxylase enzymes
shifts the hormonal production of the adrenals toward andro-
gens instead of steroids. In such a case, a low-dose prednisone
(2.5-5 mg) or a low-dose dexamethasone (0.25-0.75 mg)
once at bedtime is thought to counteract the unopposed ACTH
production of androgens. This nighttime dose is thought to
suppress the early morning peak of ACTH and meanwhile
inhibit androgen formation.*

Monitoring long-term side effects of steroids such as
osteoporosis and blood sugar levels is mandatory, and long-
term use of >6 months is not preferred. The risk of adrenal
suppression should be tested every 2 months using the ACTH
stimulation test.*

Ovarian androgen blockade

Combined oral contraceptives

Combinations of both estrogen and progestins exert their
action through negative feedback on the pituitary gonadal
axis inhibiting LH/FSH release and the subsequent ovulation
and LH-related androgen production. Progestins are included
basically to avoid the risk of developing endometrial cancer
imposed by the unopposed estrogen action. It is initiated
from day 1 of the menstrual cycle and for 21 days on/7 days
off fashion, for five to six cycles, after making sure that
pregnancy test is negative.*

The estrogen component in combined oral contracep-
tives (COCs) is almost always ethinyl estradiol and rarely
mestranol. The progestin components vary and include
CPA, chlormadinone, drospirenone, and derivatives of 19
nortestosterone that cross-react with testosterone receptors
as well. The latter testosterone derivative progestins have
androgen-like effects that might trigger acne, create breast
tenderness, irritability, and fatigue.*

Only progestins with low androgenetic properties
(norgestimate and desogestrel) or no androgenic properties
(CPA, chlormadinone, and drospirenone) are being used in
combination. Drospirenone is the only progestin approved
by the Food and Drug Administration (FDA), which blocks
the AR and is truly antiandrogenic, even without the addi-
tion of estrogen.®

Estrogens are sebosuppressive (decrease sebum produc-
tion) in high doses only which otherwise would increase
the risk of side effects. However, most of the COCs in the
market today contain lower doses of estrogens (20-50 png),
which are not sebosuppressive but can inhibit androgens by
several mechanisms:’

1. Suppress secretion of pituitary gonadotropins, inhibit
ovulation, and thus inhibit androgen production by the
ovaries.

2. Block the AR.

3. Increase the liver production of SHBG and reducing
circulating testosterone.

4. Progestins contained in the COCs suppress Sa-reductase
and thus inhibit the formation of potent androgens.

COCs are the first line of treatment for women present-
ing with PCOS. The choice of the combination is important
since some pills contain progestins with more androgenic
effect (levonorgestrel and norgestrel) and should be avoided
while other combinations contain third generation progestins
with less androgenic effect (norgestimate, gestodene, and
desogestrel).?
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One of the most important safety considerations while
using OCPs is vascular thromboembolism (venous and arte-
rial). The risk of thromboembolism is increased three times
in users than nonusers of the pills. These vascular events are
much less with the new formulations of OCPs containing low-
dose estrogens and in healthy nonsmokers who are 35 years of
age or younger. The frequency of venous thromboembolism
is at its highest during the first year of use.*

Based on WHO recommendations, the use of COCs is
absolutely contraindicated in pregnancy, history of throm-
boembolism, liver disease, and in smokers aged >35 years,
while relative contraindications include breastfeeding,
hypertension, migraine, and existing malignancies. More-
over, certain conditions might be worsened by contraceptives
such as insulin resistance and is contraindicated in diabetic
patients, clotting disorders, and in patients with increased
risk of breast cancer.*

Gonadotropin-releasing hormone
agonists

These are analogs of gonadotropin-releasing hormone that
inhibit the cyclic release of LH/FSH from the ovaries and result
in an induced state of anovulation, suppressing both estrogen
and androgen production.”’ They are available in the form of
nasal sprays, subcutaneous injection, intramuscular injection,
and as a subcutaneous implant. To date, no much controlled
studies are available on gonadotropin-releasing hormone due
to their high cost and partly due to their menopausal effects
(bleeding, osteoporosis, and flushes). Lactation, vaginal
bleeding, and pregnancy are contraindications for their use.*®

Insulin-sensitizing agents

Insulin resistance decreases uptake of insulin by cells and
results in increased levels of insulin. Insulin resistance plays
an important role by increasing the pool of androgens by
the ovaries and adrenals and by decreasing the synthesis
of SHBG resulting in a state of hyperandrogenemia.* Met-
formin is used for acne in association with PCOS, HAIR-
AN syndrome, obese patients, or biochemical evidence of
hyperinsulinemia, and it is important to note that metformin
does not cause hypoglycemia. Treatment is started with a
dose of 500 mg and up to 2,000 mg/d. There is no limit to
how long metformin is used, but it should be discontinued in
6 months if no improvements are seen. Most side effects are
dose dependent and include nausea and vomiting, limiting
its use to postprandial intake and starting with a low dose
of 250 mg.%

Conclusion

Hormonal therapies are reserved not only for patients with
biochemical markers of hyperandrogenism but also for the
severe, resistant cases as well as for those patients who show an
unpredictable course and high frequency of acne bouts without
hyperandrogenemia. Hormonal evaluation is mandatory and
reserved for the more resistant cases and for those who fail to
respond to conventional therapies. A decent comprehension of
the hormonal milieu in the human body can pinpoint toward
an optimal, faster, and more appropriate treatment of acne. It
is of much importance for the dermatologists to get acquainted
of available hormonal treatments, their optimal modes of use,
and their relative and absolute contraindications.
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