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m ABSTRACT

Although polycystic ovary syndrome (PCOS) is associated
with hyperandrogenism and infertility early in life, it is a

harbinger of a lifelong condition that can lead to serious
sequelae such as endometrial or ovarian cancer, diabetes
mellitus, and coronary artery disease. We review the

pathophysiology, diagnosis, and treatment of this condition.

m KEY POINTS

PCOS, characterized by amenorrhea, hirsutism, and
infertility, is caused by a complex interaction of

abnormalities in gonadotropins, androgens, and estrogens.

Insulin resistance and hyperinsulinemia contribute
significantly to its underlying pathophysiology.

Nonpharmacologic measures are universally recommended;

these include diet, exercise, and weight reduction if the
patient is obese or insulin-resistant.

Pharmacologic treatments include oral contraceptives,

antiandrogen drugs (usually spironolactone), gonadotropin-

releasing hormone agonists, glucocorticoids, and insulin
sensitizers.

Lifelong monitoring for cancer, diabetes, and coronary
artery disease is crucial.

*The author has indicated that he is on the speaker's bureaus of the Bristol-Myers,
GlaxoSmithKline, Knoll, Eli Lilly, Pfizer, and Takeda corportions.

This paper discusses therapies that are experimental or are not approved by the US Food and Drug

Administration for the use under discussion.
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OLYCYSTIC OVARY SYNDROME (PCOS) is

not merely a reproductive disorder.
Although the hyperandrogenism and infertili-
ty that PCOS causes are distressing to young
women, its metabolic consequences eventually
plague them the most in terms of morbidity
and mortality.

Thus, it is crucial to diagnose PCOS early
in its course not only to recognize but also to
delay or arrest its metabolic sequelae. In addi-
tion, screening for the expected complications
may allow for proper and timely management
of these conditions.

= PCOS IS COMMON

PCOS affects 5% to 10% of women of repro-
ductive age,! making it the most common
endocrine disorder of women in this age group.
It is often seen in general internal medicine
practice.

m PRESENTATION

Characterized by oligomenorrhea, amenor-
rhea, infertility, and hirsutism occasionally but
not invariably in association with enlarged
cystic ovaries, PCOS was first described in
1935 by Stein and Leventhal.2

Amenorrhea. Up to 10% of patients pre-
senting with primary amenorrhea and 75% of
those with secondary amenorrhea fulfill the
criteria for PCOS (1aBLe 1). (Primary amenor-
rhea means never having had menses; sec-
ondary amenorrhea means absence of menses
for more than 3 months after having had
menses. )
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Criteria for diagnosis of polycystic

ovary syn
Major criteria

drome (PCOS)

Chronic anovulation
Clinical signs of androgen excess

Hirsutism
Acnhe
Alopecia

Menstrual disturbance

Infertility
Virilization

Exclusion of alternative causes of androgen excess

Minor criteria

Insulin resistance

Onset at puberty

Elevated LH:FSH ratio (> 2.5-3)
Ultrasonographic evidence of polycystic ovaries

Rapid, severe
virilization
suggests a
tumor
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Menstrual irregularities are common in
PCOS, but women with PCOS may have
intermittently regular and fertile cycles in
spite of elevated androgen levels.

Signs of androgen excess. Hyperandro-
genism typically causes hirsutism, acne, and
male pattern balding.

Hirsutism is the excessive growth of ter-
minal, medullated, and pigmented hair on
androgen-sensitive areas of skin such as the
chin, upper lip, sideburns, and the sternal,
periareolar, umbilical, and sacral areas, with
accentuated involvement in the pubic region
and upper thighs (male escutcheon). Alopecia
is a much rarer manifestation of PCOS.

Acne can be seen in one of two to three
normal women perimenstrually, but severe
cystic and persistent acne is usually androgen-
dependent.

Virilization is usually mild. More severe
signs such as clitoromegaly, deepening of the
voice, and increased muscle mass are rare; if
they are present, underlying diseases of the
adrenal and pituitary glands, including con-
genital adrenal hyperplasia, hyperprolactine-
mia, or androgen-secreting tumors, need to be
excluded as causes. Rapid, severe virilization
with clitoromegaly and muscle changes sug-
gestive of a male habitus usually indicate a vir-
ilizing tumor.

Onset is usually at puberty, and the
hyperandrogenic effects usually progress slow-
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ly over time. Patients with PCOS typically
present to their primary care physicians with
initial complaints of hirsutism, acne, irregular
menses, and perhaps infertility. If pregnancy
does occur, there is an increased risk of gesta-
tional diabetes and pregnancy-induced hyper-
tension.3

Obesity, especially central visceral obesi-
ty, is present in 35% to 80% of patients with
PCOS, reflecting that most, but not all,
patients with PCOS are insulin-resistant.4
The insulin resistance and hyperinsulinemia
can also be clinically manifest as varying
degrees of hyperpigmentation in skin fold
creases or as frank acanthosis nigricans.

Metabolic problems usually develop with
age. Specifically, PCOS predisposes women to
a higher risk of developing the metabolic syn-
drome, consisting of type 2 diabetes mellitus,
dyslipidemia, hypertension, and cardiovascu-
lar disease, and a higher risk of endometrial
and ovarian cancer.3

m PATHOPHYSIOLOGY

The exact pathophysiology of PCOS and its
initiating event have yet to be elucidated.
However, various biochemical abnormalities
have been described, and associations and
linkages of one to another have been estab-
lished. Many of these abnormalities reinforce
each other in vicious circles (FIGURE 1).

Hypothalamic-pituitary abnormalities

Elevated LH, low-normal FSH. In
PCOS, the normal pulsatile secretion of
luteinizing hormone (LH) is increased by an
increased frequency and amplitude of pulses,
while that of follicle-stimulating hormone
(FSH) is unchanged or muted. Thus, LH val-
ues may be elevated, and the LH:FSH ratio
can be increased to more than 2.5, even in
ovulatory cycles. On the other hand, these
values may be normal in as many as 10% to
20% of women with PCOS.5

Elevated GnRH. The inappropriate
secretion of gonadotropins is thought to be
due to an abnormality of the gonadotropin-
releasing hormone (GnRH) pulse generator in
the hypothalamus. It remains unclear whether
this is a primary abnormality or a secondary
one.
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m What causes polycystic ovary syndrome?

Although the inciting event is not known,
polycystic ovary syndrome (PCOS) involves

interactions of hormonal abnormalities, some
of which are self-perpetuating. The result:
hyperandrogenism, anovulation, infertility.

Gonadotropin-releasing hormone (GnRH)
stimulates release of luteinizing hormone (LH)
and follicle-stimulating hormone (FSH)

LH is increased, stimulating androgen
production

Estrone controls LH release

Insulin promotes
hyperandrogenism
(and perhaps vice versa)

Follicle-stimulating hormone
(FSH) may be low, inhibiting
production of estradiol in favor
of testosterone and estrone

Dehydroepiandrosterone sulfate (DHEA-S)
Androstenedione —>Testosterone

Estrone

CCF
©2003

FIGURE 1
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In PCOS, LH may
be high, FSH
low to normal
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Evidence that it is a primary defect comes
from studies in young girls with a family history
of PCOS who were entering puberty.6:7 Instead
of the typical LH pulsatility at night seen in
early puberty, LH pulses in these young girls
started in the late afternoon. This indicates
that the GnRH pulse generator is disrupted
very early in reproductive life.

Evidence that the abnormality in the
GnRH pulse generator is secondary: women
develop a PCOS-like condition if they have
Cushing syndrome, are exposed to anabolic
steroids, or have androgen-producing tumors.
Correcting the primary abnormalities usually
reverses the condition. However, there is no
evidence linking hyperinsulinemia or insulin
resistance to the development of a GnRH
pulse generator abnormality.

Elevated prolactin. Prolactin levels are
elevated in about 25% of patients with PCOS.
Extreme elevations of prolactin may stimulate
adrenal production of dehydroepiandros-
terone sulfate (DHEA-S).

Hyperandrogenism
All patients with PCOS have an increased
sensitivity to androgens; up to 70% have ele-
vated androgen levels, and the other 30% are
in the high-normal range.
There are three major circulating andro-
gens:
e Androstenedione (of which >90% is pro-
duced in the ovaries)
e DHEA-S (mainly produced in the adren-
al glands)
e Testosterone (produced from the ovaries
and adrenal glands in equal amounts).

Ovarian abnormalities

Androstenedione is produced by the ovar-
ian stromal and thecal cells in response to LH.
It is normally converted to estradiol by an
FSH-dependent aromatase. Excess androstene-
dione in the circulation is converted to
estrone, which exerts a tonic effect on LH pro-
duction while contributing to a relative sup-
pression of FSH production.

In the face of a high LH:FSH ratio, as in
PCOS, more androstenedione is synthesized
but is not aromatized, thus perpetuating a
vicious cycle driving LH production and some
prolactin production.
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Testosterone. The ovary converts some
androstenedione to testosterone, and in
PCOS this is amplified. Circulating testos-
terone comes from the ovaries and from
peripheral conversion.

Abnormalities of estrogen
Estrogen secretion is usually abnormal in
PCOS.

Estradiol levels may be low to normal,
and in the anovulatory cycle there is tonic
production without the increase before ovula-
tion or in the midluteal phase as in normal
women.$9

Estrone levels increase due to extraglan-
dular conversion of androstenedione in adi-
pose tissue, which further stimulates LH and
inhibits FSH secretion, causing stimulation
and hyperplasia of the ovarian stroma and
theca cells, leading to increased androgens.
This provides more substrate for extraglandu-
lar aromatization of androgens to estrogens
and perpetuates the cycle.

Adrenal abnormalities

Excess adrenal androgen generated during
stress or adolescence or due to congenital
adrenal hyperplasia because of enzyme defects
might initiate the cycle of abnormal LH/FSH
stimulation and lead to PCOS.

DHEA-S. Pituitary gonadotropin does
not directly stimulate adrenal androgens, but
prolactin can stimulate DHEA-S. In the
adrenal glands, DHEA-S is co-secreted with
cortisol. Thus, most excess cortisol secretion,
as in stress or in adolescence, is accompanied
by an elevation of DHEA-S secretion, even in
the face of normal corticotropin secretion. At
the same time, elevated levels of prolactin,
seen in as many as 25% of patients with
PCOS, also enhance DHEA-S secretion.
While DHEA-S has little androgenic activity,
small amounts can be converted to
androstenedione and subsequently to testos-
terone.

Peripheral abnormalities

Decreased SHBG. Elevated levels of
androgens in the circulation, especially testos-
terone, inhibit production of hepatic sex hor-
mone-binding globulin (SHBG). With less
SHBG in circulation, more androgens are left
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free or unbound and therefore produce a
greater clinical response in terms of hirsutism,
acne, and other manifestations of androgen
excess. Thus, hyperandrogenism begets more
hyperandrogenism and amplifies the action.

Insulin resistance and hyperinsulinemia
Insulin resistance is present in a large percent-
age of women with PCOS, especially if obese,
irrespective of ethnicity.

Because hyperandrogenism and hyperin-
sulinemia coexist in PCOS, the important
question is whether one causes the other.
There is no question that exogenous or tumor-
ous hyperandrogenism can result in glucose
intolerance and elevated insulin levels.10.11
Lowering such hyperandrogenism improves
insulin resistance and acanthosis. Numerous
mechanisms might explain such a link.12-14

However, the data for hyperandrogenism
causing hyperinsulinemia are not conclusive.
Numerous reports show that lowering andro-
gen levels!> or attenuating their effects!¢ does
not reduce hyperinsulinemia in women with
PCOS. Conversely, induced hyperandro-
genism in women without PCOS!7 or in ani-
mal models!8 does not alter insulin sensitivity.
Furthermore, the insulin resistance does not
seem to be due to the hyperandrogenism,
since it persists after oophorectomy!? or after
ovarian androgen synthesis is suppressed by
GnRH agonists.16

Abundant evidence indicates that hyper-
insulinemia begets hyperandrogenism.17.20.21
Giving insulin to women with PCOS increas-
es their circulating androgen levels,!7 and low-
ering insulin by administration of diazoxide
lowers their androgen levels.16,19 Furthermore,
insulin sensitizers such as metformin22 and thi-
azolidinediones?3 have been shown to reduce
androgen levels and facilitate follicular matu-
ration, normal menses, and pregnancy.

In vitro, insulin has been shown to stimu-
late androgen production in the thecal cells of
women with PCOS,24 but not in normal
women. Furthermore, insulin amplifies the
LH response of granulosa cells, thereby caus-
ing an abnormal differentiation of these cells,
premature arrest of follicular growth, and, so,
anovulation.

While PCOS is associated with insulin
resistance and hyperinsulinemia, the ovary
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itself is not insulin-resistant and, in fact, pos-
sibly responds excessively to the hyperinsu-
linemia. Cell surface insulin receptors are at
normal levels, but there is a postreceptor
defect in signal transduction, causing a
decrease in glucose transport.

Recently it has been suggested that the
postreceptor binding defect is an increase in
insulin receptor-mediated serine phosphoryla-
tion with a concomitant decrease in protein
kinase activity and necessary tyrosine kinase
activity, thereby interfering with transduction
of the insulin signal and causing it to be defec-
tive.l This abnormality persists in cells cul-
tured from PCOS ovaries and is not seen in
cell cultures from normal ovaries, suggesting a
genetic basis for their abnormality.

Although PCOS can be familial, genetic
studies have failed to reveal any specific gene
markers or chromosomal abnormalities associ-
ated with the disorder.

Insulin may increase androgen synthesis
by various mechanisms. It may directly
increase ovarian androgen synthesis by inter-
acting with its own receptor or with the recep-
tor for insulin-like growth factor-1, thereby
increasing P450c17-alpha enzyme activity. It
may not only cause or worsen the altered LH
secretion seen in PCOS, but may change the
ovarian response to LH, as described above. It
also suppresses hepatic production of SHBG,
which increases free testosterone levels. Thus,
insulin alters normal folliculogenesis by
increasing intraovarian androgens, by altering
gonadotropin release, or by direct effects on
the ovary.

® LONG-TERM CONSEQUENCES

Endometrial and ovarian cancer

In PCOS, estrogen’s effect on the endometri-
um is unopposed due to lack of cyclical prog-
esterone, thus predisposing to endometrial
cancer.

In the ovary, the inability to produce
estradiol because of the decreased activity of
FSH-related aromatase attenuates the devel-
opment of ovulatory follicles, thereby causing
the development of a large number of follicles
in various stages of arrested maturation and
accelerated senescence, giving rise to the typ-
ical picture of polycystic ovaries, while also
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Ovaries need

not be

polycystic for a

diagnosis of
PCOS
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Oral
contraceptives
are of
particular
bhenefit in PCOS
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producing higher levels of inhibin, accentuat-
ing the FSH suppression.

Furthermore, the lack of follicular matura-
tion causes anovulation, while the low or nor-
mal estradiol levels together with the elevated
estrone predispose to the unopposed growth of
the endometrium. The lack of cyclical proges-
terone because of anovulation allows for
unopposed endometrial growth, which is only
partially shed during episodes of dysfunctional
uterine bleeding, predisposing to the later
development of endometrial cancer.

At the same time, the tonic and abnormal
stimulation of the ovary is thought to be relat-
ed to a higher incidence of ovarian cancer in
later years in these patients.

Diabetes

The association between hyperinsulinemia
and hyperandrogenism was first described in
1980 by Burghen et al25 and led to the realiza-
tion that in addition to hirsutism and infertil-
ity, PCOS has associated metabolic risks.
From 20% to 40% of obese women have
impaired glucose tolerance or type 2 diabetes
mellitus, usually developing by the third to
fourth decade of life. This association is seen
in different ethnic groups, in both obese and
lean women with PCOS, and to a greater
degree than in age-matched and weight-
matched normal women.

Coronary artery disease

Insulin resistance is the etiopathologic cause
of the newly described metabolic syndrome,
characterized by increased waist circumfer-
ence (> 35 inches in women), low high-densi-
ty lipoprotein cholesterol (HDL), high triglyc-
erides, high blood pressure (> 130/80 mm Hg),
and increased fasting glucose (> 100 mg/dL).
It is beyond the scope of this article to eluci-
date the exact way insulin resistance causes all
of the other factors, but it is crucial to point
out that the incidence of coronary artery dis-
ease is twofold to fivefold higher in individu-
als with the syndrome, which is very common
in the later years of most patients with PCOS.

= DIAGNOSIS

The diagnosis of PCOS is primarily clinical. A
consensus conference convened by the
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National Institutes of Health (NIH) in 1990
proposed that the criteria for diagnosis should
be features of hyperandrogenism with chronic
anovulation after identifiable causes are
excluded (taBLe 1). Menarche may be normal
or delayed, and either amenorrhea, oligomen-
orrhea, or dysfunctional uterine bleeding may
occur.26 Not all the criteria need to be present
for the diagnosis, however.

Polycystic ovaries are not a requirement
for diagnosis, nor are they sufficient for diag-
nosis, since they may occur in up to 20% of
normal women, as well as in women with
isolated oligomenorrhea or hyperandro-
genism.3,27

Laboratory evaluation

If the NIH clinical criteria are present, the

patient should undergo laboratory evaluation

to exclude hyperprolactinemia, late-onset

congenital adrenal hyperplasia, and androgen-

secreting tumors of the ovary or adrenal gland.

Normal serum levels of the following hor-

mones can exclude these disorders:

e Prolactin

o Testosterone

e DHEA-S

e Corticotropin-stimulated 17-alpha-hydroxy-
progesterone.

Although not essential to the diagnosis,
insulin resistance is common and may affect
treatment decisions. Therefore, fasting blood
glucose and insulin levels can be measured to
evaluate for hyperinsulinemia.

m TREATMENT

In the 1930s, Stein and Cohen?8 incidentally
found that ovarian wedge resection led to
resumption of normal menses and occasional-
ly conception. Unfortunately, the syndrome
reappeared in most patients.

The traditional treatment of PCOS is
aimed at the clinical features and depends
on the manifestations that are most bother-
some to the patient. Response to therapy is
slow, with biochemical reversal preceding
clinical change by as much as 6 to 9
months. Treatment of acne, hirsutism, and
menstrual irregularities when fertility is not
an issue requires a concerted effort on many
fronts.

JANUARY 2003

Downloaded from www.ccjm.org on July 18, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

Nonpharmacologic measures
Nonpharmacologic measures are universally
recommended; these include diet, exercise,
and weight reduction if obese or to reestablish
some degree of insulin sensitivity.

Although long-term success may be vari-
able and adherence can be a challenge, stud-
ies have shown a significant reduction in
androgens and reestablishment of ovulatory
cycles with a loss of as little as 10 to 15 pounds
over 6 months.29 Hirsutism can improve in
the first 6 to 9 months, concomitant with
weight loss, and regular menstrual cycles can
occur at the same time as lowering of andro-
gen levels.

The metabolic consequences of PCOS
also improve with nonpharmacologic mea-
sures, with reductions in hyperinsulinemia,
P450c17 activity in the ovary, plasminogen
activator inhibitor-1 activity, and triglyc-
erides, and a concomitant increase in HDL
cholesterol.

Oral contraceptives

Oral contraceptives are useful in patients with
PCOS who do not desire pregnancy. Besides
establishing regular menstrual cycles, they
reduce gonadotropin stimulation of the ovary
and thereby reduce androgen production.30
They also cause an increase in SHBG while
inhibiting 5-alpha reductase and androgen-
receptor binding. Hirsutism and acne respond
well to oral contraceptive use.

[t is important to choose the appropriate
oral contraceptive. Newer progestins such as
desogestrel, as well as norgestimate and ethyn-
odiol diacetate, have minimal androgenic
potential and are considered to be superior to
preparations containing norgestrel or norethin-
drone, which have more androgenic properties.

Antiandrogens
Many patients show a further benefit from the
addition of an antiandrogen to an oral contra-
ceptive.
Spironolactone is the antiandrogen most
often used in the United States.
Spironolactone acts mainly by blocking
the androgen receptor from “seeing” dihy-
drotestosterone. It may also suppress 17-
hydroxylase and 17,20-lyase activity, thereby
blocking androgen biosynthesis. However,
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because it has a minimal antigonadotropic
effect, it has a minimal effect on free testos-
terone and androstenedione when used with-
out a concomitant oral contraceptive.

A 40% to 80% reduction in sexual hair
growth can be seen with spironolactone.3!
When used for alopecia, it reduces hair loss
but has a minimal effect on hair regrowth.
Spironolactone requires 8 to 14 months
before its clinical effects can be seen.

We strongly recommend that spironolac-
tone be used with adequate contraception to
offset the theoretical risk of teratogenicity to
the male fetus and to minimize its effect on
the endometrium; when used alone, it can
cause polymenorrhea.

Other side effects of spironolactone
include headache, mood swings, fatigue,
reduced libido, mastodynia, hyperkalemia,
gastrointestinal discomfort, and irregular
menstrual bleeding.

The dosage is 50 to 100 mg per day in
divided doses, though up to 200 mg can be
used.

Other antiandrogens not available in the
United States (cyproterone) or not approved
by the US Food and Drug Administration for
uses related to PCOS (flutamide) seem to
have clinical effects very similar to those of
spironolactone.32

Cimetidine and ketoconazole have a very
limited role to play in the treatment of PCOS,
mainly because their side effects far outweigh
their clinical benefits.

Finasteride, a 5-alpha reductase inhibitor,
has been used because it blocks the conver-
sion of testosterone to dihydrotestosterone
and decreases androgen-receptor binding.33 It
is as effective as spironolactone. Adequate
contraception is essential because of risk to
the male fetus.34

Gonadotropin-releasing hormone agonists
Gonadotropin-releasing hormone agonists
have been used, especially in severe ovarian
hyperandrogenism.35 Depot preparations,
given monthly, result in a medical menopause
that is reversible. Oral contraceptives are
required to overcome menopausal symptoms
and to prevent premature bone loss—4% to
8% after 6 months of therapy without con-
comitant oral contraceptives.
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If hyperprolactinemia is present, bromo-
criptine may help to establish cyclicity and
ovulation in some women with PCOS.36

When fertility is desired

When fertility is desired, oral contraceptives
and antiandrogens cannot be used.
Sometimes, weight loss causes menses to
become regular, although ovulation does not
always occur. Patients may require fertility
drugs such as clomiphene citrate or exogenous
gonadotropins. Nowadays, insulin sensitizers,
especially metformin, are playing an increas-
ing role in establishing fertility.

Steroids

Glucocorticoids have long been known to be
helpful if oral contraceptives and spironolac-
tone do not suppress DHEA-S or testosterone
adequately. Dexamethasone 0.125 to 0.25 mg
or prednisone 2.5 to 5.0 mg can be used; the
dose should be given in the evening to blunt
corticotropin stimulation of the adrenal
glands the following morning.37 Ovulatory
cycles can be established, but the response of
hirsutism is variable and limited.

Higher doses may be associated with
adrenal suppression and the development of
cushingoid features in some patients; there-
fore, clinical monitoring is crucial.

Once pregnancy is established, it is a con-
servative recommendation to continue low-
dose steroids through the first trimester to off-
set the luteotropic effect of androgens and pre-
vent early miscarriage.

Insulin sensitizers

Given the strong association and possible
pathophysiologic relationship between insulin
resistance and PCOS, insulin sensitizers have
begun to play a more significant role in its
treatment.

Metformin, a biguanide, inhibits hepatic
glucose output and, to a lesser extent,
enhances muscle glucose uptake, lowering
insulin levels.

Metformin has been extensively studied.
In some clinical studies, metformin therapy
was associated with a decrease in hyperinsu-
linemia and a consequent improvement in
reproductive efficiency. Treated patients
either ovulated spontaneously or showed an
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ovulatory response to clomiphene while on
metformin, which was not seen when
clomiphene was given alone in the same
patients.38

The effect of metformin seems not to be
mediated by the drug’s effect on weight loss,
since even patients who did not lose weight
while on metformin still showed an ameliora-
tion of the PCOS.

The improvement in ovulatory efficiency
is associated with a change in testosterone lev-
els and an increase in SHBG.

Side effects include gastrointestinal dis-
tress and variable, usually transient, flatu-
lence and diarrhea. Metformin cannot be
used in patients with renal impairment
(serum creatinine level > 1.4 mg/dL), con-
gestive heart failure, or liver dysfunction or
for the 48 hours surrounding radiographic
dye studies.

The doses of metformin most often used
are between 1,500 and 2,000 mg per day.

Troglitazone, a thiazolidinedione, was
used to treat PCOS before it was removed
from the market. The thiazolidinediones
improve peripheral glucose uptake in muscles
and adipose tissue and also inhibit hepatic
glucose output, thereby decreasing circulating
insulin levels. They usually cause weight gain,
underscoring that insulin sensitivity and low-
ering of insulin levels is the reason for
improvement in ovulatory function.

While troglitazone was shown to decrease
ovarian androgen production and improve
ovulatory cycling and hirsutism, neither of the
currently available thiazolidinediones (piogli-
tazone and rosiglitazone) has been studied in
this regard.

The theoretical risk of hepatotoxicity and,
more importantly, teratogenic risk make this
class of drugs less likely to be used in the near
future.

Nonsystemic hair removal

Hirsutism may be managed by mechanical
means such as bleaching, plucking, waxing,
shaving, depilatory creams, electrolysis, and
laser therapy. The latter two options are more
expensive. Electrolysis generally requires long-
term treatments. Laser therapy has been
reported to be most successful in women with

light skin and dark hair.
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Eflornithine (Vaniga), a new topical
agent for reducing hirsutism, interferes
with an enzyme in the hair follicle and
slows hair growth. Mechanical hair
removal is still required, and improvement
is gradual over 6 to 8 weeks. It is applied to
areas of facial hair twice a day. Temporary
redness, stinging, burning, tingling, rash, or
folliculitis may occur. By 8 weeks after stop-
ping treatment, the hair will reappear to
the same extent as before starting eflor-
nithine.

Monitoring for and preventing

the consequences of PCOS

[t is crucial to remember that the metabolic
consequences of PCOS far outlast the child-
bearing years. The incidence of the later
development of hypertension, dyslipidemia,
diabetes, and coronary artery disease is signif-

icantly higher with PCOS.

m REFERENCES

1. Dunaif A. Hyperandrogenic anovulation (PCOS): a unique
disorder of insulin action associated with an increased risk
of non-insulin-dependent diabetes mellitus. Am J Med
1995; 98(suppl 1A):335-39S.

2. Stein IF, Leventhal ML. Amenorrhea associated with bilat-
eral polycystic ovaries. Am J Obstet Gynecol 1935; 29:181.

3. Solomon CG. The epidemiology of polycystic ovary syn-
drome. Prevalence and associated disease risks.
Endocrinol Metab Clin North Am 1999; 28(2):247-263.

4. Dale PO, Tanbo T, Vaaler S, Avyholm T. Body weight,
hyperinsulinemia, and gonadotropin levels in the polycys-
tic ovarian syndrome: evidence of two distinct popula-
tions. Fertil Steril 1992; 58:487-491.

5. Taylor AE, McCourt B, Martin KA, et al. Determinants of
abnormal gonadotropin secretion in clinically defined
women with polycystic ovary syndrome. J Clin Endocrinol
Metab 1997; 82:2248-2256.

6. Venturoli S, Porcu E, Fabri R, et al. Longitudinal evalua-
tions of different gonadotropin pulsatile patterns in
anovulatory cycles of young girls. J Clin Endocrinol Metab
1992; 74:836-841.

7. Zumoff B, Freeman R, Coupey S, Saenger P, Markowitz M,
Kream J. A chronobiologic abnormality in luteinizing hor-
mone secretion in teenage girls with the polycystic ovary
syndrome. N Engl J Med 1983; 309:1206-1209.

8. Franks S. Polycystic ovary syndrome. N Engl J Med 1995;
333:853-861.

9. Chang RJ, Katz SE. Diagnosis of polycystic ovary syn-
drome. Endocrinol Metab Clin North Am 1999;
28(2):397-408.

10. Woodard TS, Burghen GZ, Kitabehi AE, Wilimas JA.
Glucose intolerance and insulin resistance in aplastic ane-
mia treated with oxymethalone. J Clin Endocrinol Metab
1981; 53:905-908.

11. Givens JR, Kerber lJ, Wiser WL, Andersen RN, Coleman
SA, Fish SA. Remission of acanthosis nigricans associated
with polycystic ovarian disease and a stromal luteoma. J
Clin Endocrinol Metab 1974; 38:347-355.

CLEVELAND CLINIC JOURNAL OF MEDICINE
Downloaded from www.ccjm.org on July 18, 2025. For personal use only. All other uses require permission.

Thus, to prevent long-term morbidity and
mortality, it is mandatory to give appropriate
and intensive counseling about preventive
measures such as diet and weight loss and to
treat risk factors aggressively. In the same
vein, surveillance monitoring for ovarian and
especially endometrial malignancies is crucial.

® WHO SHOULD MANAGE PCOS?

PCOS has evolved out of the purview of the
reproductive endocrinologist. The syndrome
truly involves a number of subspecialists,
including dermatologists, endocrinologists,
gynecologists, and, in the long run, cardiolo-
gists, nephrologists, and oncologists.

The team is probably best quarterbacked
by an internist or endocrinologist, and a clear
understanding of the pathophysiology of
PCOS is crucial for its treatment through the
different phases of a woman’s life. =

12. Ciaraldi TP, el-Roeiy A, Madar Z, Reichart D, Olefsky JM,
Yen SS. Cellular mechanisms of insulin resistance in poly-
cystic ovarian syndrome. J Clin Endocrinol Metab 1992;
75:577-583.

13. Peiris AN, Mueller RA, Struve MF, Smith GA, Kissebah AH.
Relationship of androgenic activity to splanchnic insulin
metabolism and peripheral glucose utilization in pre-
menopausal women. J Clin Endocrinol Metab 1987;
64:162-169.

14. Moghetti P, Tossi F, Castello R, et al. The insulin resistance
in women with hyperandrogenism is partially reversed by
antiandrogen treatment: evidence that androgens impair
insulin action in women. J Clin Endocrinol Metab 1996;
81:952-960.

15. Nagamani M, Van Dinh T, Kelver ME. Hyperinsulinemia in
hyperthecosis of the ovaries. Am J Obstet Gynecol 1986;
154:384-389.

16. Geffner ME, Kaplan SA, Bersch N, Golde DW, Landaw EM,
Chang RJ. Persistence of insulin resistance in polycystic
ovarian disease after inhibition of ovarian steroid secre-
tion. Fertil Steril 1986; 45:327-333.

17. Elkind-Hirsch KE, Valdis CT, McConnel TG, Malinak LR.
Androgen responses to acutely increased endogenous
insulin levels in hyperandrogenic and normally cycling
women. Fertil Steril 1991; 55:486-491.

18. Billiar RB, Richardson D, Schwartz R, Posner B, Little B.
Effect of chronically elevated androgen or estrogen on
the glucose tolerance test and insulin response in female
rhesus monkeys. Am J Obstet Gynecol 1987;
157:1297-1302.

19. Nagamani M, Van Dinh T, Kelver ME. Hyperinsulinemia in
hyperthecosis of the ovaries. Am J Obstet Gynecol 1986;
154:384-389.

20. Nestler JE, Barlascini CO, Matt DW, et al. Suppression of
serum insulin by diazoxide reduces serum testosterone
levels in obese women with polycystic ovary syndrome. J
Clin Endocrinol Metab 1989; 68:1027-1032.

21. Pasquali R, Attenucci D, Casimirri F, et al. Clinical and hor-

VOLUME 70 « NUMBER 1

Insulin

sensitizers are

playing a

bigger role in

PCOS treatment

JANUARY 2003

41


http://www.ccjm.org/

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

MARX AND MEHTA :

monal characteristics of obese and amenorrheic hyperan-
drogenic women before and after weight loss. J Clin
Endocrinol Metab 1989; 68:173-179.

Velazquez EM, Mendoza S, Hamer T, Sosa F, Glueck CJ.
Metformin therapy in polycystic ovary syndrome reduces
hyperinsulinemia, insulin resistance, hyperandrogenemia,
and systolic blood pressure while facilitating normal
menses and pregnancy. Metabolism 1994; 43:647-654.
Dunaif A, Scott D, Finegood D, Quintana B, Whitcomb R.
The insulin sensitizing agent, troglitazone improves
metabolic and reproductive abnormalities in the polycys-
tic ovary syndrome. J Clin Endocrinol Metab 1996;
81:3299-3306.

Barbieri RL, Makris A, Randall RW, Daniels G, Kistner RW,
Ryan KJ. Insulin stimulates androgen accumulation in
incubations of ovarian stroma obtained from women
with hyperandrogenism. J Clin Endocrinol Metab 1986;
62:904-910.

Burghen CA, Givens JR, Kitabchi AE. Correlation of hyper-
androgenism with hyperinsulinemia in polycystic ovarian
disease. J Clin Endocrinol Metab 1980; 50:113-116.
Zawadsky JK, Dunaif A. Polycystic ovary syndrome. In:
Dunaif A, Givens JR, Haseltine FP, Merriam GR, editors.
Polycystic Ovary Syndrome. Cambridge, MA: Blackwell
Scientific, 1992:377.

Polson DW, Adams J, Wadsworth J, Franks S. Polycystic
ovaries—a common finding in normal women. Lancet
1988; 1:870-872.

Stein IF, Cohen MR. Surgical treatment of bilateral poly-
cystic ovaries. Am J Obstet Gynecol 1939; 38:465.

Kiddy DS, Hamilton-Fairley D, Bush A, et al. Improvement
in endocrine and ovarian function during dietary treat-
ment of obese women with polycystic ovary syndrome.
Clin Endocrinol (Oxf) 1992; 36:105-111.

Burkman RT Jr. The role of oral contraceptives in the
treatment of hyperandrogenic disorders. Am J Med 1995;
98(suppl 1A):1305-136S.

Barth JH, Cherry CA, Wojnarowska F, Dawber RP.
Spironolactone is an effective and well tolerated systemic
antiandrogen therapy for hirsute women. J Clin
Endocrinol Metab 1989; 68:966-970.

Gokman O, Senoz S, Gulekli B, Isik AZ. Comparison of
four different regimens in hirsutism related to polycystic
ovary syndrome. Gynecol Endocrinol 1996; 10:249-255.
Rittmaster RS. 5-alpha reductase inhibitors. J Androl
1997; 18:582-587.

Wong IL, Morris RS, Chang L, Spahn MA, Stranczyk FZ,
Lobo RA. A prospective randomized trial comparing
finasteride to spironolactone in the treatment of hirsute
women. J Clin Endocrinol Metab 1995; 80:233-238.
Rittmaster RS. Gonadotropin-releasing hormone (GnRH)
agonists and estrogen/progestin replacement for the
treatment of hirsutism: evaluating the results. J Clin
Endocrinol Metab 1995; 80:3403-3405.

Polson DW, Mason HD, Franks S. Bromocriptine treat-
ment of women with clomiphene-resistant polycystic
ovary syndrome. Clin Endocrinol (Oxf) 1987; 26:197-203.
Steinberger E, Rodriguez-Rigau LJ, Petak SM Weidman
ER, Smith KD, Ayala C. Glucocorticoid therapy in hyper-
androgenism. Baillieres Clin Obstet Gynaecol 1990;
4:457-471.

Nestler JE, Jakubowicz DJ, Evans WS, Pasquali R. Effects
of metformin on spontaneous and clomiphene-induced
ovulation in the polycystic ovary syndrome. N Engl J Med
1998; 338:1876-1880.

ADDRESS: Adi E. Mehta, MD, Department of Endocrinology,
A53, The Cleveland Clinic Foundation, 9500 Euclid Avenue,
Cleveland, OH 44195.

CLEVELAND CLINIC JOURNAL OF MEDICINE ~ VOLUME 70 » NUMBER 1 JANUARY 2003
Downloaded from www.ccjm.org on July 18, 2025. For personal use only. All other uses require permission.

45


http://www.ccjm.org/

