OBG

| BY ROBERT L. BARBIERI,
EDITOR-IN-CHIEF

M D

Metformin for PCOS symptoms:
5 challenging cases

This inexpensive and versatile drug broadens the choices for treating polycystic ovary

syndrome. An expert describes its efficacy for common manifestations of PCOS.

nducing ovulation. Decreasing insulin
resistance. Facilitating weight loss. These
are a few of the benefits metformin offers
women with polycystic ovary syndrome
(PCOS). This article’s 5 case histories illustrate
a range of major complaints and secondary fac-
tors to consider in making prescribing decisions.
The decision to use metformin depends on
the patient’s major PCOS-related complaint
(TABLE 1), as well as other considerations. In
some cases, metformin may not be appropriate
at all.
(For dosing and common side effects,
see “Metformin: The prescribing basics,
page 37.")

Metformin, which is an oral biguanide

»

unrelated to the sulfonylureas, has the poten-
tial to correct:
« Anovulatory infertility. Used alone,

L) KEY POINTS|

= Metformin’s role in treatment of PCOS varies with
the patient’s chief complaint, clinical characteristics,
and lifestyle.

= The primary uses of metformin in treating PCOS
are to induce ovulation in women resistant to
clomiphene alone and to treat oligomenorrhea in
women who can't or won't use oral contraceptives.

= To be a candidate for metformin treatment, a
patient must have a serum creatinine lower than 1.4
mg/dL to avoid the risk of developing lactic acidosis.

metformin induces ovulatory cycles in many
cases. In patients with clomiphene-resist-
ance, it can be added to the regimen to
enhance ovulation rates.
+ Oligomenorrhea. Although oral contra-
ceptives remain the first-line agent, metformin
is a second-line agent that restores normal
menstruation in about 50% of treated women.
+ Obesity. Clinical trials indicate that met-
formin may add helpful pharmacologic sup-
port to a diet and exercise program.
+ Gestational diabetes. Early evidence
suggests that use of metformin in pregnancy
may reduce the incidence of gestational dia-
betes and spontanecous abortion, although
more study is needed.

More study also will be necessary to
understand the role of metformin in the treat-
ment of hirsutism.

Characteristics of PCOS
ccording to a group of experts working
with the National Institutes of Health
(NIH), polycystic ovary syndrome is the pres-
ence of oligomenorrhea or amenorrhea with
clinical or laboratory evidence of hyperandro-
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genism (hirsutism, ele- TABLE 1
vated free testosterone)
in the absence of other

causes such as a testos-

. COMPLAINT
terone-producing
ovarian tumor or non- Oligomenorrhea

classical adrenal hyper- Hirsutism
plasia (21-hydroxylase
deficiency). Using the
NIH definition, a
diagnosis of PCOS is

not

Obesity
for

appropriate
women with regular
ovulatory menses.
Many authorities believe the combination of
regular ovulatory menses and hirsutism
should be diagnosed as idiopathic hirsutism.

The prevalence of PCOS in women of
reproductive age is 4.7% in the southeastern
United States; prevalence is similar in several
other parts of the world where it has been
measured.”

Three key endocrine abnormalities char-
acterize PCOS:
* Elevated luteinizing hormone (LH) secre-
tion—seen in almost all women with PCOS.””
* Increased circulating insulin caused by
insulin resistance, found in many women
with PCOS."""
¢ Elevated ovarian androgen production—
present in virtually all women with PCOS.
Increased androgen production causes hir-
sutism and, in some women, acne.

These abnormalities prevent growth of a
dominant follicle (FIGURE 1), leading to
anovulation and oligomenorrhea.

CASE1
Combating PCOS-related
oligomenorrhea

The primary care doctor of a 25-year-old student has
established a PCOS diagnosis based on the patient’s
report of 2 menstrual periods per year and an elevat-
ed serum free-testosterone measurement. Her body
mass index (BMI) is 24.5, and her main problems are

Anovulatory infertility

First- and second-line therapy
for the chief complaints of PCOS

FIRST-LINE THERAPY SECOND-LINE

THERAPY

Oral contraceptive Metformin

Oral contraceptive plus an
anti-androgen
(eg, spironolactone 100mg)

Metformin plus an
anti-androgen

Clomiphene or metformin
alone

Clomiphene plus
metformin

Lifestyle changes:
Increased exercise
Decreased calorie intake

Metformin plus
lifestyle changes

hirsutism, oligomenorrhea, and a propensity for gain-
ing weight. She took the birth control pill and believes
it was responsible for a 25-Ib weight gain. When the
patient discontinued the pill, she lost 20 Ib, and she is
adamantly opposed to taking it again. The patient's
pelvic examination is normal, with no evidence of viril-
ization. She read about metformin on the Internet and
asks if you will prescribe it for her oligomenorrhea.

Oral contraceptives
remain first-line treatment

etformin may be effective in some

women for the treatment of oligomen-
orrhea. However, as mentioned earlier, more
study is needed into its effects on hirsutism.
Oligomenorrhea. No large-scale clinical
trial evaluating the efficacy of metformin for
oligomenorrhea in women with PCOS has
been reported. However, a number of small-
scale clinical trials and case series suggest that
metformin restores normal ovulatory menses
in some women. For women with PCOS
treated with metformin alone, about 25%

12 404

begin regular menses within 3 months,
about 50%" to 95%"'"° begin regular menses
within 6 months. In my practice, about 50% of
women begin having regular ovulatory menses
after 6 months of treatment.

Patient characteristics that predict suc-
cessful induction of regular ovulatory menses
are not fully delineated. It appears, however,

that women with elevated serum testosterone
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Characteristics of polycystic ovary syndrome (PCOS)

Cascade of events
leading to anovulatory infertility

Follicular milieu is disrupted by
elevated luteinizing hormone (LH),
androgens, and insulin

v

Arrested follicular growth
(maximum 4 mm to 8 mm)
No follicle is dominant

v

Anovulation

v

Oligomenorrhea

v

Anovulatory infertility

3 key endocrine abnormalities

ABNORMALITY
Elevated LH secretion
with PCOS

Elevated circulating insulin
caused by insulin resistance

Many women
with PCOS

Elevated ovarian

androgen production with PCOS

have a greater response to metformin."”

Many months of treatment may be
required to reestablish regular menses when
metformin is used as a second-line agent in
this context. Some women initially may have
increased estrogen production (paralleled by
an increase in cervical mucus secretion) with-
out ovulation. Treatment with a progestin to
prevent endometrial hyperplasia may be neces-
sary during the initial months of therapy.
Hirsutism. In | small-scale clinical trial that
directly compared the efficacy of oral contra-
ceptives and metformin, 17 women with
PCOS were randomized to receive met-
formin (500 mg twice daily for 3 months, fol-
lowed by 1,000 mg twice daily for 3 months)
or an oral contraceptive (ethinyl estradiol 35
g and cyproterone acetate 2 mg daily)."” Both

WHO IS AFFECTED
Almost all women

Virtually all women

EFFECTS

Increased ovarian androgen secretion
Disruption of normal follicular growth

Low hepatic production of SHBG
Increased ovarian androgen secretion

Hirsutism
Adiposity
Acne, in some women

regimens produced an approximate 30%
decrease in serum testosterone. The OC also
decreased the hirsutism score and ovarian
volume, as determined by sonography.
Metformin did not decrease hirsutism or
ovarian volume. Half the women in the met-
formin group had restoration of menses, and
100% of the women in the OC group had reg-
ular withdrawal bleeding.

Clinical course

Trial of metformin, switch

to spironolactone, cyclic progestins
ecause this patient believes OCs caused
her to gain weight, the recommended

first-line treatment for oligomenorrhea is not

an option. She is started on metformin at a

dose of 500 mg 3 times daily. After 4 months
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of therapy, she still does not have regular ovu-
latory menstrual cycles, and cyclic progestins
are instituted to reduce the risk of endometri-
al hyperplasia and induce withdrawal bleeding.

After 6 months of treatment, the patient
reports little reduction in her hirsutism. She
discontinues metformin and starts spironolac-
tone (an anti-androgen), taking 100 mg daily
and using a barrier contraceptive to prevent
pregnancy. The combination of spironolactone
and cyclic progestin withdrawal results in sat-
isfactory symptom control.

When renal insufficiency
accompanies oligomenorrhea

A 40-year-old woman with PCOS and eczema pres-
ents for treatment of oligomenorrhea. She cannot take
OCs because she once experienced deep vein throm-
bosis while using them. Her eczema is being treated
with cyclosporine. Her serum creatinine measurement
is high—1.8 mg/dL—and her internist believes the
cyclosporine caused this renal dysfunction. She asks if
she can take metformin for her oligomenorrhea.

Watch for lactic acidosis risks

serum creatinine of less than 1.4 mg/dL

must be demonstrated in all patients before
metformin treatment is initiated. In rare
instances, metformin causes lactic acidosis,
which is fatal in as many as half of patients who
develop it.” Because the kidney excretes met-
formin, patients with renal insufficiency (crea-
tinine higher than 1.4 mg/dL) are at increased
risk of metformin-induced lactic acidosis.
Other conditions that contraindicate met-
formin because of increased risk of lactic acido-
sis include congestive heart failure, sepsis, con-
current liver disease, and a previous history of
lactic acidosis.””* The risk of lactic acidosis with
metformin treatment is very low when clini-
cians follow these prescribing guidelines.”
Unfortunately, physicians often prescribe met-
formin for patients with contraindications.”
Surgery. Lactic acidosis also poses a threat at
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the time of surgery.”* Therefore, metformin
therapy should be suspended temporarily for
all major surgical procedures where fluid
intake is restricted. Metformin can be reinsti-
tuted once the patient’s fluid intake and renal
function are normal.

Clinical course
Cylcosporine reduced,
cyclic progestins offered
his patient’s elevated creatinine level puts
her at increased risk of metformin-
induced lactic acidosis. For this reason, met-
formin 1s not prescribed at the time of the
evaluation, and the cyclosporine dose is
reduced in an effort to reduce her creatinine
level. She is offered treatment with cyclic
progestins for her oligomenorrhea.

A tool for ovulation induction

A 30-year-old woman with PCOS and primary infertili-
ty requests a consultation after failing to ovulate with
clomiphene. She has a long history of oligomenorrhea,
hirsutism, elevated serum free testosterone, and a
serum dehydroepiandrosterone (DHEAS) of 2.3 ug/mL
(normal range: 0.7 to 3.4 ug/mL). Her BMl is 27.8. The
patient’s hysterosalpingogram is normal, as is her part-
ner's semen analysis. Her physician prescribed
clomiphene 50 mg daily for cycle days 5 to 9, but the
patient did not ovulate. She then was given
clomiphene 100 mg daily for cycle days 5 to 9, but still
did not ovulate. She asks if the next step should be in
vitro fertilization (IVF).

Low-cost, low-risk options
include metformin

he initial treatment of ovulatory infertility
Tcaused by PCOS should focus on inter-
ventions that are inexpensive and associated
with a low risk of multiple gestation. These
include weight loss, clomiphene or met-
formin monotherapy, and combination treat-
ment such as clomiphene plus metformin or
clomiphene plus a glucocorticoid. If these



interventions are ineffective, then treatments
such as follicle-stimulating hormone (FSH)
injections, ovarian surgery, or IVF may be
warranted (TABLE 2).”

The combination of clomiphene and
metformin was superior to clomiphene
alone in inducing ovulation in women with
PCOS, in 3 randomized clinical trials.** In
1 trial, 56 infertile women with PCOS, oligo-
ovulation, and resistance to clomiphene
monotherapy received either metformin 850
mg twice daily or placebo for 1 month.” The
average BMI of the subjects was about 31.
Metformin treatment was associated with a
significant decrease in serum LH and testos-
terone concentration.

In the first month of the trial, 1 woman

in the metformin group became pregnant.
After the initial month, clomiphene citrate
100 mg daily for cycle days 4 to 7 was admin-
istered to both groups. In the metformin plus
clomiphene group, 21 women (78%) ovulat-
ed, compared with 4 women (14%) in the
placebo plus clomiphene group.
Early evidence suggests higher preg-
nancy rates. Data about the impact of met-
formin plus clomiphene on pregnancy and
delivery rates in women with PCOS are limited.
In I study, investigators reported that the preg-
nancy rate was 55% in women treated with
metformin plus clomiphene compared with 7%
in women treated with placebo plus
clomiphene.” In this study, women with PCOS
who did not ovulate when treated with
clomiphene (150 mg daily for 5 days) received
either metformin (1,500 mg daily) or placebo
for 7 weeks. During the initial 7-week treat-
ment period, 1 of the 12 women in the met-
formin group and none of the 15 women in the
placebo group ovulated.

After this initial treatment period, all
women received clomiphene citrate, beginning
at a dose of 50 mg daily for 5 days, with dosage
escalation in the absence of ovulation. Nine of
the 12 women in the metformin plus
clomiphene group ovulated, compared with 4
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of the 15 women in the placebo plus
clomiphene group. Of the women who com-
pleted the clinical trial, 6 of 11 in the metformin
plus clomiphene group became pregnant, com-
pared with 1 of 14 in the placebo plus
clomiphene group.

Another clinical trial demonstrated the
merit of a trial of clomiphene plus metformin
when ovulation does not occur with
clomiphene alone, before advancing to a
resource-intensive  regimen  such  as
gonadotropin therapy. Women were given
either clomiphene plus metformin or
gonadotropin injections.” Pregnancy rates
after both treatments were similar. However,
the cost of treatment for the clomiphene plus
metformin therapy was 25% that of
gonadotropin therapy.

Clinical course
Recommend alternatives
to in vitro fertilization

t this point in her care, this patient
Ashould not be offered IVF treatment.
IVF is a resource-intensive treatment that is
associated with a high rate of multiple gesta-
tion. This patient could instead be directed to
any of the low-resource options that she has
not yet tried: weight loss, metformin mono-
therapy, or clomiphene plus a glucocorticoid

0

or clomiphene plus metformin.’ Even

though this patient is only slightly over-
weight (her BMI of 27.8 is near normal), los-
ing weight sometimes restores ovulatory
menses in women with PCOS.'

Several clinical trials have reported that,
in women with PCOS with a serum DHEAS
higher than 2 ug/mL, clomiphene plus a glu-
cocorticoid is more effective than clomi-
phene alone for inducing ovulation.*
Metformin plus clomiphene. In this case,
you decide it would be helpful to give the
patient metformin. The drug is initiated at a
dose of 500 mg daily, to be taken with dinner.
The metformin dose is increased over a peri-

od of weeks to a target dose of 500 mg 3 times
CONTINUED
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daily (850 mg twice
daily is another op-
tion). After 2 months of
metformin therapy, you
prescribe clomiphene
100 mg daily (50 mg

daily is sometimes pre-

STEP

scribed) for cycle days 5 is elevated)
to 9. The patient ovu- 2 Clomiphene
lates and becomes

pregnant.

Clomiphene plus

metformin
CHYE
Treating PCOS 6
during pregnancy
A 3b-year-old woman with
PCOS began taking met-
formin 500 mg 3 times a
day for amenorrhea and
infertility. She also started a
diet and exercise plan, los-
ing 45 Ib during the first 6

INTERVENTION

1 Weight loss (if
baseline weight

Metformin alone

Clomiphene plus
glucocorticoid

FSH injections

Ovarian surgery

8 In vitro fertilization

Treatment of anovulatory infertility associated
with PCOS: A stepwise approach

RISK OF MULTIPLE

COST GESTATION

Low cost Not increased

Low cost Modest increase
(7% risk of twins,
0.5% risk of triplets)

Low cost Not increased

Low cost Modest increase

Low cost Modest increase

Resource-intensive Significantly
increased (20% risk
of twins, 5% risk

of triplets)

Resource-intensive Not increased

Resource-intensive Markedly increased
(30% risk of twins,
4% risk of triplets;
risk dependent on
number of embryos

transferred)

FSH = follicle-stimulating hormone

months. She began to men-

struate monthly and
became pregnant. She asks if she should continue

metformin during pregnancy.

Weigh risk versus benefit

etformin is a category B drug and is not
IVIapproved by the US Food and Drug
Administration for use in pregnancy. Some
clinicians who use metformin to treat dia-
betes continue the agent during pregnancy.”
However, many authorities recommend
insulin as first-line therapy when medication
is necessary during pregnancy, while others
recommend using an agent that does not
cross the placenta, such as glyburide.”

No randomized, prospective clinical trials
have been performed to address metformin use
in pregnancy in women with PCOS. In 1
cohort study, it was associated with an increased
risk of preeclampsia and an increased rate of
adverse perinatal outcomes.” While prelimi-
nary reports from case series suggest that met-

formin treatment in pregnancy may reduce the
risk of spontaneous abortion and decrease the
risk of gestational diabetes, no randomized,
prospective trials have established these effects.
The studies that have been performed in these
areas are provocative, however.

In I study of the effects of metformin on
early pregnancy loss in women with PCOS; the
spontaneous abortion rate was 9% among
women receiving metformin (6 of 68 pregnan-
cies) and 42% in women who did not receive
metformin (13 of 31 pregnancies).” Although a
similar result was reported by another group,”
it is not clear if the metformin and control
groups were well matched on important clini-
cal variables.

It is highly likely that metformin is effective
in reducing elevated blood sugar in pregnant
women with gestational diabetes. In a study of
pregnancy outcome in 33 nondiabetic women

with PCOS taking metformin 2,550 mg daily,
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compared with a control group of 39 nondia-
betic women with PCOS who were not taking
metformin, gestational diabetes was diagnosed
in 3% of the women taking metformin and in
23% of the women not taking metformin.*

A clinical trial is needed to confirm these
preliminary findings and better characterize
the effects of metformin on the fetus. Based
on currently available information, 100 preg-
nant women with PCOS would need to be
treated with metformin to prevent gestational
diabetes in 20.

More information also is needed about the
characteristics of gravidas most likely to benefit
from metformin, as well as the effects of met-
formin on maternal outcomes. Until high-
quality trials supply this data, clinicians and
patients need to weigh the known relative risks
and benefits of metformin in early pregnancy.

Clinical course
Metformin discontinued

fter a thorough discussion of the possible
Arisks and benefits of metformin, the
patient discontinues her metformin treat-
ment. She has an uneventful pregnancy, does
not develop gestational diabetes, and has a
vaginal delivery at term.

Her pre-pregnancy weight loss likely
helped to normalize her central metabolism
and decrease her risk of developing gestation-
al diabetes. Pre-pregnancy exercise and diet
are probably the most effective method for

reducing the risk of gestational diabetes in
women with PCOS.

Facilitating weight loss

A 40-year-old woman with PCOS and a body mass
index of 35 (height 5" 6", weight 216 Ib) wants to
lose weight. The patient has a strong family history
of diabetes. In addition, her fasting blood sugar level
is 108 mg/dL. She asks if metformin might help her to
lose weight.
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Metformin is more effective
with diet, exercise

Ithough it is not approved as a weight-

loss medication, a number of trials report
that metformin plus a low-calorie diet is
superior to a low-calorie diet alone in foster-
ing weight loss.! Metformin (850 mg twice
daily) plus a low-calorie diet (1,200 to 1,400
keal daily) was superior to a low-calorie diet
alone in facilitating weight loss both in
women with PCOS and obese women who
did not have hirsutism and irregular
menses.” In this study, the pretreatment
mean weight was 103 kg in the women tak-
ing metformin and following a low-calorie diet,
and it was 102 kg in the placebo-low-calorie-
diet group. After 7 months of treatment, the
mean weight was 94 kg and 97 kg, respectively.

Note, however, that metformin treatment
without a low-calorie diet or increased exer-
cise is not likely to be associated with signifi-

cant weight loss,"

although it may decrease
hunger and food cravings of patients, espe-
cially at daily doses above 1,700 mg.”

Obese adolescents may benefit from met-
formin. In a clinical trial of 24 hyperinsuline-
mic, nondiabetic obese adolescents who fol-
lowed a regimen of metformin (850 mg twice
daily) plus a low-calorie diet (1,500 kcal daily
for females) or a low-calorie diet alone, the
group treated with both interventions lost
more weight and body fat than the group
treated with a low-calorie diet alone.” Other
investigators have reported similar results.”
The importance of lifestyle interventions in
preventing diabetes in high-risk popula-
tions—which includes obese women with
PCOS—was demonstrated in a large clini-
cal trial.* Nondiabetic men and women (n
= 3,234) with impaired fasting glucose
(fasting glucose between 110 and 126
mg/dL) received placebo, metformin (850
mg twice daily), or a lifestyle-modification
program with a goal of 7% weight loss and

150 minutes of physical activity per week.
CONTINUED
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Metformin: The prescribing basics

eneric metformin is available as 500-, 850-,
G and 1,000-mg tablets. The target dose is in
the range of 1,500 mg to 2,550 mg, which can be
achieved by doses of 500 mg 3 times daily, 850 mg
2 or 3 times daily, or 1,000 mg 2 times daily. The
maximum dose of metformin is 850 mg 3 times
daily (2,550 mg daily). Significant responses to met-
formin are not regularly observed at total doses
lower than 1,000 mg daily. The cost of 1,500 mg of
generic metformin is about $1.75.

Metformin is taken with meals to reduce gas-
trointestinal side effects and is usually initiated at a
dose of 500 mg, administered at the largest meal. If
the patient tolerates this initial dose, metformin can
then be increased to 500 mg at the 2 largest meals
and then to 500 mg at breakfast, lunch, and dinner.
It may take the patient 1 to 2 weeks to adapt to the
gastrointestinal effects of an increase in dose.

Extended-release metformin is available as
500- and 750-mg tablets (Glucophage XR). The

The mean age of the cohort was 51 years,
and the mean BMI was 34. The average fol-
low-up was 2.8 years.

The incidence of newly diagnosed diabetes
was 11, 7.8, and 4.8 cases per 100 person-years
in the placebo, metformin, and lifestyle groups,
respectively. Compared with placebo, lifestyle
changes reduced the risk of developing diabetes
by 58%, while metformin reduced it by 31%.

Obese women with PCOS may want to
try to achieve the goals established in this
study: weight loss of 7% of body weight and
at least 150 minutes of exercise weekly. If
lifestyle change alone is not effective for
achieving a desired target weight, then met-
formin 500 mg 3 times daily or 850 mg twice
daily could be prescribed.

Metformin for hyperglycemia, type 2
diabetes. Mectformin also may be helpful in
patients with type 2 diabetes; it is approved as

entire daily dose is taken at dinner. The initial dose
is 500 mg or 750 mg daily, with escalation to a max-
imum of approximately 2,250 mg. Many authorities
believe that extended-release metformin is associ-
ated with fewer gastrointestinal side effects than
generic metformin.
Side effects. The most common side effects are
diarrhea (10% to 53% of patients), nausea or vom-
iting (6% to 26%), flatulence (12%), indigestion,
and abdominal discomfort. Weakness has been
reported in 9% of patients. In 1 clinical trial at a dose
of 2,650 mg daily, treatment was associated with
diarrhea in 53% of the patients, compared with
12% of patients taking placebo.” In the same study,
nausea or vomiting was reported in 26% of those
taking metformin and 8% of those taking placebo.
A small percentage of women discontinue the
medication because of side effects.*** Occasionally,
the onset of side effects begins well after the patient

has begun taking the medication.®'

monotherapy for hyperglycemia in patients
in whom disease has not been controlled
with diet and exercise alone.

Unlike sulfonylureas, metformin does
not cause the body to make more insulin and
hence does not produce hypoglycemia in nor-
mal subjects or patients with type 2 diabetes.

Clinical course
Key element: Lifestyle changes

he patient decides to use metformin plus

lifestyle changes in her weight-loss plan,
even though you recommend first trying
lifestyle changes alone.

Over 6 months she loses 35 1b and reports
being satisfied with her treatment. She believes
that metformin was largely responsible for her
weight loss. However, it is likely that her com-
mitment to diet and exercise were the key to
her success. =
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