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Abstract

Women with Poly Cystic Ovarian Syndrome (PCOS) who become pregnant 
have a high risk of metabolic and endocrine disorders that predispose them 
to complications such as gestational diabetes, miscarriage, small for 
gestational age infants, and neonates with an increased risk of admission to 
a neonatal intensive care unit, among others. Metformin, the first line 
treatment for type 2 diabetes, provides an attractive therapeutic option for 
managing such patients due to its benefits on various metabolic aspects. 
Using metformin to treat women with PCOS during pregnancy has yielded 
favorable pregnancy outcomes. However, some recent reports associate 
prenatal exposure to metformin with obesity in children. Additionally, 
several animals’ studies associate metformin use in pregnancy to sexual and 
fertility problems in the offspring, which highlights the need to conduct 
clinical studies specially designed to assess these types of undesirable 
outcomes in humans. In conclusion, there is a need to weigh the risks against 
the benefits of prescribing metformin for different patient groups. Moreover, 
it should be recommended to give parent counseling regarding the potential 
development of overweight in their children.
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Introduction
Poly Cystic Ovarian Syndrome (PCOS) is the most common
endocrine disorder affecting women which is complicated
with infertility, hyperandrogenism, insulin resistance,
impaired glucose tolerance, type 2 diabetes mellitus, and
adverse cardiovascular effect [1,2]. According to the 2003
Rotterdam ESHRE/ASRM consensus, PCOS diagnostic
criteria should be based on the presence of at least two out of
the three following findings:

• Identification of polycystic ovaries on ultrasound.
• Clinical or biochemical hyperandrogenism.
• Oligo/anovulation.

The global prevalence of PCOS is unknown due to limited
data from several geographical regions but is estimated to
range from 6% to 26% among women of reproductive age [3].
PCOS is a leading cause of an ovulatory infertility, accounting
for more than 90% of an ovulatory women seeking treatment

for infertility [4,5]. Therefore, women with PCOS have
difficulty getting pregnant without medical intervention. On
the other hand, the prevalence of insulin resistance among
patients with PCOS is between 34.78% and 64% [6,7]. Insulin
resistance is a typical characteristic of normal pregnancy due
to several hormonal changes, such as elevations in human
placental lactone, progesterone, and cortisol levels. However,
a combination of PCOS and physiological hyperinsulinemia in
pregnancy places patients at a higher risk of complications,
such as an increased risk of gestational diabetes, Early
Pregnancy Loss (EPL), preterm delivery, preeclampsia, and
cesarean section. Moreover, their underlying medical
condition predisposes them to a higher risk of fetuses and
neonatal complications; small for gestational age infants, fetal
intrauterine growth restriction, fetal microsomal, and neonates
with an increased risk of admission to a Neonatal Intensive
Care Unit (NICU) [8-11]. Metformin, an insulin sensitizer
used for treating type 2 diabetes, significantly reduces the rate
of miscarriage, gestational diabetes requiring insulin
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treatment, and fetal growth restriction when administered
during pregnancy to women with PCOS [12-16]. However,
since some studies have found a correlation between prenatal
exposure to metformin, and reproductive and metabolic
impairment in the offspring of treated mothers, there is much
concern about the metformin treatment during pregnancy. In
this review, we discuss the clinical and experimental
evidence showing a possible negative impact of metformin
on the offspring's metabolism and fertility.

Literature Review

Metformin

Metformin (1,1-dimethylbiguanide hydrochloride) is the first
line treatment for type 2 diabetes because of its benefits in
glycemic profile and the reduction in cardiovascular
mortality [17]. After oral administration, metformin arrives
in the liver where it decreases glucose production and
opposes glucagon mediated signaling, resulting in glucose
lowering, improved glucose tolerance, and enhanced insulin
sensitivity [18-20]. Metformin also enters the cells through
organic cation transporters and exerts its actions, primarily, in
the mitochondrion. It inhibits complex I, decreasing the
efficiency of the electron transport chain that decreases ATP
generation and the activation of AMP Activated Protein
Kinase (AMPK). AMPK regulates lipogenesis,
gluconeogenesis, mechanistic target of kanamycin (mTOR),
and NF kappa B signaling, among others. The inhibition of
mitochondrial complex I also impair the response to
glucagon. In women with PCOS, metformin administration
can decrease insulin resistance, promote weight loss, restore
regular ovulatory cycles, decrease androgen levels, limit the
likelihood of early pregnancy loss, and lower the risk of
gestational diabetes These benefits are carried out through its
action on several tissues, such as the liver, adipose tissue,
skeletal muscle, and ovary. Regarding exertion, metformin is
mainly excreted from the body through kidneys without
previous metabolization by the liver. Thus, metformin is
contraindicated in patients with abnormal renal function
because of the risk of developing lactic acidosis, one of its
most side effects. Considering side effects, metformin
commonly causes gastrointestinal symptoms, such as nausea,
constipation, diarrhea, abdominal pain, distended abdomen,
and heartburn. These symptoms range from mild to severe
but resolve spontaneously in most cases. Rarely, one-third of
patients develop vitamin B12 deficiency following chronic
metformin use and they need to receive vitamin B12
supplementation.

Metformin use in pregnant women with the
polycystic ovarian syndrome

Obstetricians find it challenging to manage pregnant women
with PCOS due to their complications and risk factors 6,8,11.
However, several traits implicated in early pregnancy have
demonstrated that metformin improves weight loss and
insulin resistance in addition to decreasing
hyperandrogenism. Based on several Randomized Control

Trials (RCT), metformin is associated with a reduction of
spontaneous abortions and the risk of gestational diabetes
mellitus. Therefore, the use of metformin in the management
of PCOS in pregnancy is increasing.

Benefits in glucose homeostasis

Compared with healthy women, patients with PCOS are
more prone to have abnormal glucose intolerance during
pregnancy. Since metformin’s benefit to risk ratio exceeds
that of other insulin sensitizers, its administration in
pregnancy is the preferred treatment to control their blood
glucose level a meta-analysis carried out. Reports that in five
out of seven studies analyzed, metformin reduces the
development of gestational diabetes mellitus in pregnant
women with PCOS. Furthermore, Chrysostom et al.
compared the effects of metformin treatment in a historic
PCOS group with untreated patients in a small cohort study
and found that the prevalence of gestational diabetes mellitus
drops from 36% to 14%. On the other hand, few studies
refute claims of metformin lowering the risk of gestational
diabetes development. For example, during 2019, an RCT
evaluated metformin use for managing PCOS in pregnant
women from 3 different countries showed that metformin did
not prevent gestational diabetes. Additionally, in the same
study, they found that metformin may lower the risk of
preterm birth and miscarriage.

Improvements in androgen levels

Androgen excess is associated with ovarian dysfunction and
infertility in non-pregnant women with PCOS. In pregnancy,
androgen excess is linked to low birth weight and EPL 10.
Decreasing testosterone levels, therefore, will improve
pregnancy outcomes. Metformin is postulated to inhibit
androgen production. Various clinical studies have
demonstrated that metformin limits the elevation in androgen
concentration by working on the adrenal gland and the ovary.
Regarding the involved mechanism, it has been suggested
that metformin reduces pituitary luteinizing hormone
secretion and increases the production of sex hormone
binding globulin by the liver. A study examining the
mechanism by which metformin reduces androgen
production showed that metformin treatment decreases the
androgen production in the human adrenal cortex derived cell
line NCI-H295R by inhibiting the activity of microsomal
enzyme catalyst, which is essential for the biosynthesis of
glucocorticoid, sex steroid precursors (CYP17-lyase), and
protein-coding gene, hydroxy-delta-5-steroid dehydrogenase,
3 beta and steroid delta-isomerase 2 (HSD3B2).

Improvements in gestational hypertension

Metformin decreases the risk of gestational hypertension and
preeclampsia possibly through improving endothelial
function and lowering the production of antigenic factors. A
meta-analysis of RCTs confirmed that metformin use reduces
the incidence of hypertensive disorders in pregnancy leading
to a decrease in the frequency of first trimester pregnancy
loss.
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Teratogenicity studies of metformin treatment

Metformin is an FDA category B drug: Metformin crosses
the placenta with a 36.3% placental partition coefficient and
has a cord plasma concentration of 0.1-2.9 mg/L during
labor. However, animal studies have shown that the
administration of high doses of metformin to pregnant
females does not result in carcinogenic or teratogenicity
effects in their fetuses. There is limited evidence regarding
metformin’s safety and efficacy from research studies
conducted on human beings. A previous observational 3
years cohort study investigated the occurrence of fetal
abnormalities following intrauterine exposure to metformin.
It showed that exposure to metformin during the first
trimester is not associated with an increase in the incidence
of congenital anomalies. Moreover, a systematic review and
meta-analysis of first-trimester exposure to metformin and
the occurrence of congenital birth defects among offspring of
pregnant women with PCOS demonstrated unaltered rates of
congenital defects in the metformin exposed group compared
with the metformin unexposed group.

Long-term effect of prenatal exposure to metformin

Despite the clinical evidence of the benefits of metformin
treatment in PCOS pregnant women and the absence of
teratogenicity effects, there is still some concern about the
possibility of long-term adverse consequences of this
medication on infants subjected to prenatal exposure, due to
some studies reporting metabolic and reproductive
abnormalities.

Evidence in animals

Recent animal studies have focused on the long-term
metabolic effects of prenatal exposure to metformin in the
offspring. Among the positive findings, metformin was found
to improve glucose tolerance and insulin secretion in male
offspring, as well as glucose tolerance in old female mice.
Moreover, metformin exposure in pregnancy does not lead to
cardiovascular and metabolic impairment in rat offspring. On
the contrary, some disadvantages of using metformin have
been described in the offspring of pregnant rodents. One
study found that adult mice that had experienced prenatal
exposure to metformin showed significantly increased body
weight in adulthood. Moreover, other studies demonstrated
that metformin exposure during pregnancy is associated with
the reprogramming of theca and granuloma cells in rats, due
to elevated plasma estradiol levels during the estrus stage.
Recently, an evaluation of the intrauterine effect of
metformin on the ovaries and uteri of rat offspring illustrated
that maternal exposure to metformin during pregnancy can
decrease the endometrial thickness and estradiol production
of their offspring. Finally, Álvarez et al. demonstrated that
metformin administration in rats could limit the elevation in
estradiol levels and reduce the number of antral follicles,
follicular cysts, and multiple oocyte follicles in fetal ovaries,
thereby preventing ovarian abnormality during adulthood. In
addition, metformin is postulated to cause sexual dysfunction
in rats. A study that evaluated the relationship between

maternal use of metformin in pregnancy and reproductive
parameters in their male offspring showed that these male
offspring had sexual impairment (decreased sperm count),
compared with their unexposed counterparts. More evidence
was added by a similar research study showing that the in
vivo administration of metformin to pregnant rats reduced
fetal and neonatal testicular sizes of their offspring.

Evidence in humans

There are a limited number of studies on the long-term effect
of intrauterine exposure to metformin and they show
conflicting results regarding offspring’s body weight. Besides
showing that metformin is not teratogenicity found that it did
not have any effect on the offspring’s weight or growth in
their first 18 months of extra uterine life. Similarly, another
study shows that metformin exposure during fetal life did not
affect children body composition and growth at 8 years of
age. In contrast, a recent meta-analysis investigating the
long-term effect of intrauterine exposure to metformin that
followed-up children with prenatal exposure to metformin up
to the age of 13 years and compared them to children without
metformin exposure, documented heavier weights in children
exposed to metformin. Nonetheless, that study showed that
body composition, metabolic parameters, and
neurophysiological development did not differ between
groups. Similar results were observed in a meta-analysis
conducted in which the offspring of women with PCOS or
gestational diabetes mellitus followed up for 9 years showed
that children exposed in utero to metformin are heavier than
controls. Moreover, an RCT reported that children with
prenatal exposure to metformin weighed more than their
unexposed counterparts in their first year of age. Finally, an
RCT that followed-up offspring to the age of 4 years
documented a higher body mass index and incidence of
overweight and obesity among children prenatally exposed to
metformin. Regarding potential sexual and fertility problems,
prepuberal testicular size in male offspring with prenatal
exposure to metformin has been shown to be unaltered.

Discussion
Metformin is an oral antidiuretic drug used in the
management of type 2 diabetes and has recently been
adopted to treat pregnant women with PCOS because of its
favorable pregnancy outcomes. Although metformin crosses
the placental barrier, most reports do not suggest any
significant adverse effect or teratogenicity. However, its use
in pregnancy remains a controversial issue because some
recent reports associate the use of this medication as a risk
factor for obesity in children who were exposed to the
medication during intrauterine life. In addition, several
animal studies associate metformin use in pregnancy to
decreased sperm count and reduced testicular size in male
offspring, and reprogramming of theca and granulose cells
during fetal development in females. Hence, further studies
in humans regarding fertility and sexual problems in the
offspring of pregnant women with PCOS treated with
metformin are needed.
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Conclusion
In conclusion, based on the available evidence we suggest
being cautious. Healthcare providers and patients should be
informed about the need to follow-up the offspring of all
women with PCOS that were prenatally exposed to
metformin since the long-term clinical implications of
childhood overweight in those patients is still unclear.
Finally, long-term clinical follow-up studies should be
conducted to determine if the sexual and fertility
complications found in rodents are also replicated in humans.
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