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� Should all women with
PCOS receive metformin?

� Should metformin be 
continued throughout 
pregnancy?

** the perspective written by
Walter Miller, M.D., focuses on
what PCOS is (and isn’t), and
what its causes might be.

The following is a tri-point perspective from a basic 
scientist, a clinical researcher and a clinical practitioner 
on the following questions**:
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S U M M A R Y

The severe, apparently autosomal,
dominant form of PCOS character-
ized hyperandrogenemia and insulin
resistance may be caused by gain-of-
function mutations in a signal cas-
cade leading to a serine kinase.

While it is widely agreed
that the polycystic ovary
syndrome (PCOS) is the

most common endocrine disorder,
affecting up to 10 percent of
reproductive age women, there is
little agreement concerning the
underlying molecular mechanisms
of PCOS, hence precise mechanis-
tically-based therapies are not avail-
able. Most investigators, including
myself, agree that PCOS encom-
passes a group of several distinct
disorders characterized by oligo-
anovulation and hyperandrogen-
ism, generally associated with hy-
perandrogenemia, increased gon-
adotropins and ovarian cysts. In-
sulin resistance, metabolic syn-
drome X and obesity are com-
mon1. The past 20 years of clinical
investigation have produced new
insights. For many years, investiga-
tors debated whether the primary
defect was in the hypothalamic-
pituitary-gonadal (HPG) axis or in
the ovary itself. Most now agree
that hyperandrogenemia is primary
and, in most patients, is of com-
bined ovarian and adrenal origin.

Three lines of evidence support
a primary disorder of androgen
biosynthesis in PCOS. First, both
ovarian and adrenal 19-carbon

(C19) steroid precursors of andro-
gens are elevated in PCOS2.
Suppression of either the adrenal
with dexamethasone or the HPG
axis with gonadotrophin-releasing
hormone (GnRH) agonist fails to
suppress the hyperandrogenemia,
but the combination of both
agents does; also, adrenal C19
steroids are increased in the pres-
ence of normal ACTH levels, sug-
gesting a primary disorder of adre-
nal/gonadal steroidogenesis. Sec-
ond, the hyperandrogenism is
genetic. Multiple studies show
familial clustering with probable
autosomal dominant inheritance,
with a male phenotype of elevated
dehydroepiandrosterone sulfate
(DHEAS) levels3.

Furthermore, studies with cul-
tured theca cells show that the
abnormal steroidogenesis persists

with multiple cell passages, indicat-
ing a primary disorder4. Third, the
prenatal exposure of female fetuses
with congential adrenal hyperplasia
to excess androgens or the expo-
sure of fetal rhesus monkeys to
exogenous androgens recapitulates
many of the features of the disor-
dered HPG axis seen in PCOS5.

Many PCOS women also have a
heritable form of insulin resistance
and secondary hyperinsulinemia,
often associated with the metabol-
ic syndrome, but independent of
obesity. Insulin binding is normal,

but there is decreased downstream
signal transduction6. A key break-
through is the recognition that the
hyperandrogenism and insulin
resistance are early events, possibly
originating in fetal life and mani-
festing clinically before the onset of
puberty7. Thus, PCOS is a genetic
developmental disorder in both
sexes and not an acquired disease
confined to adult women. A cen-
tral challenge for scientists study-
ing PCOS is to identify pathways
that can account for both the
hyperandrogenism and the insulin
resistance through a molecular
mechanism that will yield domi-
nant inheritance. As PCOS is prob-
ably a group of disorders, no
mechanism will explain all forms,
however, the “serine phosphoryla-
tion hypothesis”8, which explains
dominant adrenal/ovarian hyper-

androgenemia and insulin resist-
ance, appears to be gaining sup-
port.

A single steroidogenic enzyme,
P450c17, catalyzes both 17α-
hydroxylation (needed for cortisol
synthesis) and 17,20 lyase activity
(needed for C19 steroid synthesis)
on its single active site, yet these
two activities are differentially reg-
ulated, with cortisol secretion
remaining fairly constant while
adrenal C19 steroids rise 100-fold
during adrenarche. Serine phos-
phorylation of P450c17 selectively
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(PCOS)—a group of hyperan-
drogenic disorders in search of
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Many PCOS women also have a heritable form of
insulin resistance and secondary hyperinsulinemia,
often associated with the metabolic syndrome, but
independent of obesity. 
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increases the 17, 20 lyase activity
without affecting the hydroylase
activity8. Studies in the 1980’s
demonstrated that serine phospho-
rylation of the β-chain of the
insulin receptor (IRβ) inhibited the
receptor’s tyrosine phosphoryla-
tion and consequent downstream
signal transduction. Zhang et al,
suggested that a gain-of-function
mutation in a single cAMP-in-

ducible serine kinase might hy-
perphosphorylate both P450c17,
causing hyperandrogenism, and
IRb, causing insulin resistance,
providing a single autosomal dom-
inant mechanism for the two cardi-
nal features of PCOS8. Dunaif et al
revealed serine phosphorylation of
IRb in multiple cell types from
PCOS patients6 and other studies
have implicated a potential cascade
of factors lending to the kinase,
several of which might also cause a
similar autosomal dominant phe-
notype9. Other mechanisms, note-
ably the allosteric action of cyto-
chrome b5, also foster the 17, 20
lyase activity of P450c17, but
appear to be unconnected with
insulin action. Thus, studies of the
biochemistry, cell biology and
genetics of androgen-producing
tissues have begun to suggest the
broad outlines of at least one
mechanism likely to account for
some, but not all forms of PCOS. 

It has been suggested that vari-
ous insulin-sensitizing drugs
specifically inhibit the 17, 20 lyase
activity of P450c17. While it is true
that such drugs lower circulating
concentrations of C19 steroids,
metformin has no action on
P450c17, and among the thiazo-

lidinedione drugs, only troglito-
zone, but not rosiglitozone or
pioglitozone inhibits P450c17 at
clinically-relevant concentrations10.
Thus the mechanism by which
metforming lowers circulating
androgens is probably by lowering
insulin; whether or not this drug is
effective in patients with IRb serine
hyperphosphorylation remains
unknown.

Although metformin’s actions
are mediated by activation of
AMP-activated protein kinase11, its
precise molecular mechanism of
action remains unclear. Therefore,
it is premature to suggest that
there is a scientific basis for clinical
decisions about who should be
treated with metformin, or
whether it should be used during
pregnancy. Metformin is a low-
potency compound used in high
doses. Data in rats show much
higher concentrations in liver than
in plasma; concentrations in the
human fetus and placenta are not
known. Metformin is listed as a
Category B drug, meaning safety
in pregnancy has not been estab-
lished, but significant teratogenici-
ty is not apparent, either. As it is
clear that infants of hyperglycemic
mothers have a higher incidence of
congenital malformations, the
desirability of glycemic control
during pregnancy is clear. Thus
conservative physicians generally
manage pregnant type 2 diabetic
patients with insulin rather than
with oral agents; the same logic
would seem to apply to pregnant
women with PCOS. EN
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Although metformin’s actions are mediated 
by activation of AMP-activated protein kinase11, 
its precise molecular mechanism of action 
remains unclear.
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The polycystic ovary syn-
drome (PCOS) affects five
to 10 percent of reproduc-

tive age women, and is the most
common cause of female infertility
due to anovulation in the United
States. Arguably, the most signifi-
cant advance in our understanding
of the syndrome during the past
decade has been the appreciation
that women with PCOS suffer
from insulin resistance that is inde-
pendent of obesity. Hence, lean
women with PCOS possess a form
of insulin resistance that is intrinsic
to the syndrome and poorly under-
stood. At the same time obese
women with PCOS are markedly
insulin resistant because they suffer
from the combination of the
insulin resistance intrinsic to PCOS
and the insulin resistance of excess
adiposity. 

Treatment of PCOS can be
divided into acute therapy to
enhance fertility, and chronic ther-
apy to address traditional therapeu-
tic targets such as signs of andro-
gen excess, oligomenorrhea and
risk for endometrial hyper-
plasia/cancer. Because women
with PCOS are at markedly in-
creased risk for developing type 2
diabetes and, although more con-
troversial, cardiovascular disease,
novel targets for chronic therapy
should likely also include preven-
tion of diabetes and cardiovascular
disease.

Space limitations and the nature
of the two questions posed dictate
that this review focus primarily on
acute therapy for fertility. How-
ever, it should be noted that a
cogent argument can be advanced
for the use of Metformin as chron-
ic therapy in most women with

PCOS. The basis for such a pro-
posal includes, but is not limited
to, the fact that 1) insulin resist-
ance is highly prevalent among
women with PCOS, 2) women
with PCOS compose one of the
groups at highest risk for the devel-
opment of type 2 diabetes, and 3)
the use of insulin sensitizing drugs
in non-diabetic women at high risk
for diabetes has been shown to
decrease conversion to type 2 dia-
betes1, 2. Insulin resistance may also
play a role in the putative increased
risk for cardiovascular disease in
PCOS3-6, and emerging evidence
suggests that insulin-sensitizing
drugs may ameliorate this risk7-9.
Insulin-sensitizing drug therapy
should be coupled with lifestyle
modification, a nonpharmacologic
intervention for improving insulin
sensitivity. The use of insulin-sensi-

tizing drugs as chronic therapy for
PCOS is a controversial and critical
issue, and the reader is referred to
an editorial that addresses the issue
in greater detail10.

Insulin resistance and its com-
pensatory hyperinsulinemia may
hinder ovulation in PCOS through
a variety of mechanisms, including
but not limited to increased intrao-
varian androgens, altered gonado-
tropin secretory dynamics, or
direct actions of insulin on the
ovary. Consonant with the adverse

effect of insulin resistance on ovu-
lation, improving insulin sensitivity
in PCOS, either through diet and
exercise or administration of an
insulin-sensitizing drug, has been
reported to increase the frequency
of ovulation, improve menstrual
cyclicity, enhance the success rate
of induction of ovulation with
clomiphene citrate, and decrease
ovarian androgen production11.
These salutary effects have been
observed in both lean and obese
women with PCOS, and suggested
guidelines for the use of Met-
formin to enhance pregnancy have
been published12.

The insulin-sensitizing drug
studied most widely in PCOS is
Metformin. The efficacy of Met-
formin in enhancing fertility in
PCOS was recently confirmed by a
meta-analysis published by the

Cochrane Library13. This critical
analysis of the world literature
assessed 13 randomized trials
involving 543 women with PCOS,
and reported that Metformin sig-
nificantly increased the frequency
of ovulation compared to placebo
(odds ratio of 3.9; CI 2.3-6.7).
When Metformin was used in con-
junction with clomiphene citrate it
was superior to clomiphene alone
in inducing an ovulation (odds
ratio of 4.4; CI 2.4-8.2) and yield-
ing a clinical pregnancy (odd ratio
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of 4.4; CI 2.0-9.9). In fact, the
number needed to treat (NNT) for
Metformin monotherapy was only
4.4, and for Metformin plus
clomiphene 3.0. In comparison to
drugs administered for the treat-
ment of hypertension, hyperlipi-

demia, or osteoporosis where the
NNT is commonly between 15-25,
the efficacy of Metformin appears
dramatic. Moreover, these studies
likely underestimated the true ben-
efit of Metformin, since most were
short-term (3-6 months), and
Metformin treatment may require
several months to achieve a full
effect. 

It is noteworthy that the major-
ity of studies of Metformin in
PCOS did not screen women for
the presence of insulin resistance or
use insulin resistance as an inclu-
sion criterion. Moreover, studies
involving lean women with PCOS
have reported equally positive find-
ings. No clear predictors of a posi-
tive response to Metformin have
been identified, and even lean
women with seemingly normal
indices of insulin action respond to
treatment with Metformin. 

Given the demonstrated efficacy
of Metformin in PCOS, the lack of
confirmed predictors of positive
response, and the limited risk of
toxicity, a strong case can be made
for an empiric trial of Metformin in
all women with PCOS pursuing
pregnancy. 

Nonetheless, several questions
remain. Is Metformin monothera-
py superior to clomiphene citrate
in the induction of ovulation?
Should Metformin be added to
clomiphene immediately, or only
after demonstrated failure of

clomiphene alone? Although
Metformin is a class B drug that
appears to be safe during pregnan-
cy, are there untoward effects of
Metformin for ovulation induction
that have not been identified? 

An National Institutes of Health

(NIH) trial, currently being con-
ducted by the Reproductive Med-
icine Network (RMN) will soon
answer many of these queries. The
goal of the trial is to determine the
optimal pharmacologic therapy for
initial induction of ovulation in
women with PCOS who are seek-
ing pregnancy. Eligible women are
randomized to one of three treat-
ment arms (Metformin alone,
clomiphene alone, or Metformin
plus clomiphene), and the primary
outcome measure is a live birth.
Approximately 450 women have
entered the trial thus far, and a
total of 678 women will be stud-
ied. More information on the trial
and participating sites can be found
at http://rmn.dcri.duke.edu

Whether women with PCOS
should remain on Metformin dur-
ing pregnancy is a more difficult
and controversial question. PCOS
is associated with a 30 to 40 per-
cent rate of early pregnancy loss
(EPL), defined as miscarriage of a
clinically recognized pregnancy
during the first trimester. In most

cases no apparent cause can be
identified but, in addition to
defects in the developing embryo,
adverse alterations in endometrial
function may play a role. 

In this regard, hyperinsulinemia
has been identified as an independ-
ent risk factor for EPL. Studies in
PCOS suggest that hyperinsuline-
mia suppresses endometrial expres-
sion of glycodelin14, a protein
whose circulating concentration
may reflect endometrial function.
Conversely, administration of
Metformin to women with PCOS
has been shown to increase circu-
lating glycodelin15. Glycodelin is
secreted by the endometrium, may
inhibit the endometrial immune
response to the embryo, and likely
plays a critical role during implan-
tation and in the maintenance of
pregnancy. Moreover, both EPL
and retarded endometrial develop-
ment are associated with decreased
secretion of glycodelin from secre-
tory endometrium. 

Two retrospective studies have
reported that continued adminis-
tration of Metformin during preg-
nancy markedly decreased EPL in
PCOS16, 17. However, neither study
identified the requisite duration of
administration of Metformin, nor
did they exclude the possibility that
simply conceiving on Metformin
might have conferred full benefit.

No randomized controlled trial has
been conducted to test the hypoth-
esis that administration of Met-
formin during pregnancy decreases
EPL in PCOS. 

With these caveats in mind, it
may be reasonable to maintain a
pregnant woman with PCOS on
Metformin through the first
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Although Metformin is a class B drug that appears to
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not been identified? 

No randomized controlled trial has been conducted 
to test the hypothesis that administration of
Metformin during pregnancy decreases EPL 
in PCOS. 
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trimester if there is a history of
prior miscarriage, and then discon-
tinuing the Metformin since the
period of greatest risk will have
passed. What should we do with a
woman with PCOS who is preg-
nant for the first time? My person-
al approach is to discuss with the
woman our understanding of the
literature to date, and to let her
wishes help guide the decision
process. 

In summary, Metformin is an
important and effective treatment
of infertility in PCOS. Since pre-
dictors of response have not been
identified, the response rate is high
(as reflected by a low NNT), and
risks are low, an empiric trial of
Metformin in all women with
PCOS seeking pregnancy seems
reasonable. Guidelines for the use
of Metformin for this purpose have
been suggested. However, many
questions regarding the treatment
of infertility with Metformin
remain outstanding, and we all
await the findings of large-scale tri-
als such as the RMN trial currently
underway. EN
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The effectiveness of the
biguanide metformin in the
treatment of the polycystic

ovary syndrome (PCOS) has been
amply confirmed. It is generally
preferred to insulin-sensitizing
agents such as the available thiozo-
ladinediones pioglitazone and
rosiglitazone which may induce
further weight gain, edema and
rare hepatic laboratory abnormali-
ties. Improved insulin resistance in
PCOS is frequently associated with
improved menstrual cyclicity and
some anti-androgenic effect such
as the reduction of hirsutism, acne
and reduction of acanthosis nigri-
cans secondary to the hyperinsulin-
ism. In association with a modified
carbohydrate diet, caloric restric-
tion and exercise, a number of
patients demonstrate weight
reduction, which is associated with
improved parameters of hyperin-
sulinism, increased sex-hormone
binding globulin (SHBG), reduc-
tion of steroidogenic dysregulation
and possible coincident decrease in
luteinizing hormone (LH) secre-
tion reducing ovarian androgen
production.1 The latter findings are
more evident in women with high-
er insulin levels, lower androgen
levels, and less severe menstrual
abnormalities.2

The question of whom to treat
with metformin is an important
consideration in women with
PCOS. Should all women with
PCOS be treated with metformin?
The fact that at least one in three
show evidence of ovulatory cycles
with the drug makes it, in my view
and those of some other clinical
researchers, the initial drug of
choice in any woman with PCOS,
particularly those desiring fertility.

In my experience with 600 PCOS
patients treated with metformin, as
the insulin level declines with or
without significant weight loss,
approximately 50 percent have
improved menstrual cyclicity, often
occurring as early as two months
after initiation of therapy, and of
these desiring fertility, nearly 30 to
40 percent become pregnant. The
response rate is often better in
nonobese patients with PCOS who
are treated with metformin.3

Parenthetically, the use of met-
formin in those with evidence of
insulin resistance (IR) and/or

impaired glucose tolerance (IGT)
is clear, but what about those with
normal glucose and insulin levels?
In view of demonstrable changes in
IR in lean and obese adolescents
with PCOS aged 12 to18 years4 as
well as older subjects5 it is reason-
able to start metformin in conjunc-
tion with caloric restriction and
exercise in obese and nonobese
patients at the time of diagnosis of
PCOS.

Recently, data has shown the
failure of the usual means of assess-
ing IR with methodologies that
only measure fasting glucose and
insulin levels including homeostasis
model assessment (HOMA) and
the quantitative insulin sensitivity
check index (QUICKI) in assessing
insulin sensitivity.6 These had not
been specifically assessed in women

with PCOS. Although, a recent
landmark study by Diamanti-
Kandarakis et al of 59 women with
PCOS of varying body weights,
demonstrated a lack of correlation
of the HOMA and QUICKI
methodologies and insulin sensitiv-
ity as determined by the eug-
lycemic-hyperinsulinemic clamp.6

This study underscores a probable
underestimation of published stud-
ies of IR in women with PCOS,
who have a unique form of IR, and
where mild IR may be present with
borderline normal fasting glucose
and insulin levels.. 

Perhaps other hormonal factors,
as well as ethnicity, may influence
the degree of IR, and yield con-
flicting reports of the incidence of
IR in women with PCOS. Thus the
use of metformin in most women
with PCOS appears to be a desir-
able treatment option. 

Contraindications to the use of
metformin include women with
impairment of renal function,
namely a serum creatinine level of
1.4 mg percent or greater, signifi-
cant hepatic dysfunction, alcohol
binge drinkers, and inability to tol-
erate some of the side effects of the
drug. Initial side effects are com-
mon including, nausea, bloating,
flatulence, occasional vomiting and
frequent bowel movements. Most
are significantly reduced after the
first four to eight weeks, but bowel
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The question of whom to treat with metformin is an
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Should all women with PCOS be treated with 
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frequency often remains an inter-
mittently annoying symptom. The
patient is advised to take the drugs
with food, and to plan a snack
between breakfast and lunch, in
the afternoon and before bedtime,
to avoid symptoms of postprandial
hypoglycemia (tiredness, lack of
concentration, possible tremulous-
ness, sleepiness, hunger and irri-
tability). The latter is unlikely to be
related to metformin and usually
due to reactive hyperinsulinism
particularly after a carbohydrate-
rich meal. It is standard practice to
stop the drug at the time of an
iodine-contrast study, intercurrent
infection, and prior to major sur-
gery. Most patients are able to tol-
erate the drug when given in slow
increments (500 mg with a meal
per 10 to14 day intervals) to a
desired level of at least 1500
mg/day in divided doses, with a
view to increasing this to 2000-
2500 mg daily as necessary. The
use of supplementing these pa-
tients with folic acid and vitamin
B12 is also recommended due to a
reduction in their intestinal absorp-
tion with metformin. 

Improvement of mental status
and energy is noted in most
patients treated with the drug. The
frequent sense of well-being and a
reduction of depression encourage
many to improve their lifestyle and
thus reduce potential cardiovascu-
lar risks inherent in PCOS.
Parenthetically, combined system-
atic weight loss and exercise may
be more effective than metformin
alone in women with PCOS and
IR. The addition of nonandrogenic
oral contraceptive formulations in
association with antiandrogens are
used in conjunction with met-
formin in those seeking relief from
common symptoms of persistent
acne, hirsutism and alopecia noted
in this syndrome.7 These drugs are
effective in buffering the effects of
some of the factors involved in the
pathophysiology of PCOS. 

Recent data confirm earlier stud-
ies suggesting the use of metformin

in PCOS women with recurrent
miscarriages.8 Jakubowicz et al con-
ducted a retrospective study of 36
pregnancies in women with PCOS
with a prior history of miscarriage
and compared the results obtained
with the use of metformin to those
in a control group of 12 pregnant
women.9 Four of the 36 PCOS
treated women miscarried (11.1
percent) as compared with seven of
12 pregnancies in the control
group (58.3 percent). The hypoth-
esis that hyperinsulinemic IR con-
tributes to the high frequency of
first-trimester pregnancy loss
appears tenable, and administration
of metformin during the first
trimester of pregnancy to these
women may be a reasonable option
The experience in my practice sup-
ports this conclusion in six women
with PCOS and a history of one or
two early miscarriages, with four
achieving full-term pregnancies
with no maternal complications or
birth defects following use of met-
formin during the entire course of
the pregnancy. In PCOS patients
with no prior history of early preg-
nancy loss, I routinely discontinue
metformin once pregnancy is estab-
lished.

In conclusion, my view as a clin-
ical practitioner, is that most
women with PCOS should be on
metformin as initial monotherapy
for infertility and if unsuccessful
have comcomitant treatment with
clomiphene citrate. Women with
symptoms related to the piloseba-
cious unit should be treated con-
jointly with antiandrogens (usually
spironolactone, and sometimes flu-
tamide) and oral contraceptives.
What I call, “triple therapy,” in
association with lifestyle modifica-
tions, is the preferred treatment for
PCOS patients with skin manifesta-
tions and/or menstrual dysfunc-
tion. Long-term use for PCOS
patients, awaits longitudinal or
cross-sectional studies demonstrat-
ing a reduced incidence of cardio-
vascular disease and diabetes melli-
tus in this heterogeneous entity. EN
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