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Abstract: Background: Metformin is sometimes used as an alternative to insulin in gestational
diabetes mellitus (GDM). It is also used to achieve ovulation in polycystic ovary syndrome (PCOS).
Pre-natal exposure to metformin results from its continuation after a successful ovulation in women
with PCOS, its maintenance in women with pre-gestational diabetes or the installation of metformin
in GDM. Little is known about the potential consequences of metformin exposure on pregnancy
outcomes and offspring development. The aim of this review is to summarize the metformin effects
on pregnancy outcomes and offspring development. Gaps in the available evidence and unanswered
questions are also discussed.

Methods: A comprehensive literature search was carried out to identify eligible studies from
MEDLINE/PubMed, EMBASE and SCIELO databases through 1995 first semester.

Results: Several factors limit the effect of metformin on embryos. In contrast, placental transport of
metformin is effective allowing for a higher fetal exposure; the impact of this finding remains
unclear. It seems that the interruption of metformin after a pregnancy diagnosis in women with
PCOS is not associated with a higher miscarriage risk and it continuation does not seem to impair
the maternal metabolic prognosis or prevent emerging GDM.

Conclusions: It seems to have no sense to prolong the use of metformin after a pregnancy diagnosis
in women with PCOS. Patients with GDM may be treated with metformin under on judicious basis,
and a careful attachment to clinical guidelines and regulations is recommended. The long-term
effects of pre-natal exposure to metformin on the offspring remain uncertain
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1. INTRODUCTION

Metformin is a biguanide agent (1,1-dimethylbuguanide)
used as first line therapy for the treatment of type 2 diabetes
[1]. It has also recommended as an alternative to insulin in
the treatment of gestational diabetes mellitus (GDM) [2].
GDM is a frequent entity that may affect pregnant women. It
is usually defined as a type of diabetes that starts or is first
recognized during pregnancy. Its prevalence varies according
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to the applied diagnostic criteria, ethnicity, personal and
family antecedent and other factors. According to the United
States Centers for Disease Control and Prevention (US CDC)
data, it might affect close to 10% of all pregnancies [3];
some other Countries report up to 15% prevalence rates [4].
GDM accounts for 85-90% of all cases of diabetes in
pregnancy [4]. In addition, metformin is frequently used to
achieve ovulation in women with polycystic ovary syndrome
(PCOS). PCOS, that affects 5-10% of women at childbearing
age, is a treatable cause of infertility by affecting ovulation
in several ways. When pregnancy is achieved, women with
PCOS display a higher risk of adverse pregnancy outcomes,
pre-term birth, GDM and pregnancy associated hypertension
and pre-eclampsia [5]. Infant mortality seems to be also
elevated [5].
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In practice, pre-natal exposure to metformin may result
from (i) the continuation of the metformin treatment after a
successful ovulation in women with PCOS, (ii) the
maintenance of an oral treatment in women with pre-
gestational type 2 diabetes mellitus or (iii) the installation of
metformin as part of the treatment of GDM after diagnosis.
Metformin crosses the placental barrier and achieves fetus
concentrations close to those observed in mothers [6]. Even
when its potential effects on embryos seem to be very
limited, metformin may act on the placenta and fetuses
inducing a series of intracellular and metabolic effects. As
suggested from in vifro and animal studies, metformin may
also induce some epigenetic effects that could affect the
metabolic phenotype of the offspring [7]. Nevertheless, little
is known in this area and the relevance of these findings in
human being is still to be clarified.

Even when a significant number of studies have been
conducted on women with PCOS exposed to metformin
evaluating pregnancy outcomes and potential changes in
children phenotype, many relevant questions persist still
unanswered. Similarly, the recommendation of metformin
for GDM treatment, as well as its benefits and risks on the
mother and children, remains a matter of strong debate far
yet of being elucidated. The impact of discontinuing
metformin in women with PCOS after a diagnosis of
pregnancy (including risk of miscarriage, emerging GDM
and/or pre-eclampsia) as well as the effects of metformin
exposure throughout pregnancy on the offspring phenotype
and growing pattern in patients with PCOS or GDM are
examples of valid questions to be addressed and answered in
order to shed some more light on this challenging topic in
this area of practical endocrinology.

The aim of this review is to summarize the available
knowledge about the effects of metformin exposure on
pregnancy outcomes and offspring phenotype and growth, as
well as the potential practical derivations of these findings in
clinical endocrinology. In addition, some key gaps in the
available evidence as well as some unanswered questions in
this field will be also pointed out and discussed.

2. METFORMIN AND ITS MECHANISMS OF
ACTION

Metformin clinical effects on glucose metabolism in
patients with type 2 diabetes are well known. However, the
molecular mechanisms of action of metformin are not
entirely understood. By reducing the mitochondrial electron
transport in the liver, metformin activity is associated with
an inhibition of gluconeogenesis and lipogenesis that results
in blood glucose reduction (with a very low incidence of
hypoglycemia and no drug-induced increase in body weight)
as well as some favorable changes in the lipid profile [8].
Nevertheless, the effects of metformin are not confined to
the liver. Some anti-inflammatory effects (associated with
changes in cytokine concentrations as well as a reduction in
the differentiation of monocytes into macrophages) have
been described and some hemorheological actions (probably
linked to this anti-inflammatory profile) have been identified
[8]. Metformin-induced modification on the intestinal
microflora, with an increase in the Akkermansia population
and a reduction in Intestinibacter spp contribute at least in
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part to the systemic metabolic and anti-inflammatory effects
of the drug [8]. Direct and indirect effects of metformin
facilitating the intestinal secretion of Glucagon-Like Peptide-1
(GLP-1) are also associated with at least a part of the
metabolic and pleiotropic benefits associated with the use of
the drug.

The use of metformin in other insulin resistance states
(for instance, PCOS) proved more controversial. Insulin
sensitizers, selective estrogen receptor modulators and
aromatase inhibitors are commonly used for ovulation
induction in patients with PCOS [9]. Metformin alone
increases the ovulation rate in women with PCOS when
compared with placebo [10]. Several mechanisms have been
postulated to explain this effect on ovulation. The benefits
and risks of keeping metformin after a successful ovulation
resulting in pregnancy will merit for a deeper discussion in
the following sections.

Despite being the most widely used drug in the treatment
of type 2 diabetes mellitus, the mechanisms of action of
metformin are poorly known. Metformin inhibits the
mitochondrial complex I activity at mitochondria, reducing
the ratio of ATP to AMP concentration (Fig. 1) [11]. It has
been proposed that this effect results in an increased AMP
kinase (AMPK)-Thr172 phosphorylation. The activity of this
enzyme is enhanced and a down-regulation of key
gluconeogenic enzymes is observed. Metformin also inhibits
the activities of acetyl-CoA carboxylase 1 (ACCl) and
ACC2, modulating lipid homeostasis [11-13]. This increase
in the AMPK activity results in an inhibition of the mTOR
pathway which is associated with a decrease in protein
synthesis and cell proliferation as well as apoptosis,
autophagy and cell cycle modulation [8]. Some non-AMPK-
dependent mechanisms of metformin have also been
proposed [8]. The relevance of these mechanisms to explain
the clinical benefits of metformin is a matter of strong
debate. It has been suggested that the previously described
mechanisms cannot explain some of the key clinical effects
of the drug [14]. Many other alternative pathways have been
explored. For instance, it has been proposed that by inducing
mitochondrial dysfunction, the biguanide phenformin triggers
a loss of RagC from the cell nuclei that, in turn, results in an
inhibition of the nuclear pore complex (NPC), a critical step
in mTORCI1 activation [14]. Nuclear effects of metformin
(including some epigenetic changes) may play an important
role in the clinical response to the drug. Many of these non-
canonical mechanisms of metformin action are still under
scrutiny.

Some more complex effects are potentially associated
with a direct or indirect inhibitory action of metformin on the
mTORC pathway. As an example, it has been demonstrated
that metformin can modulate and normalize the autophagy
rate and flow in several tissues in patients with type 2
diabetes, as well as induce some noticeable changes in the
apoptosis rate (not only by down-regulating the mTORC
pathway but also by reducing the reactive oxygen species
production at several steps) (Fig. 1) [15].

Other indirect effects of metformin have also been
described. Vitamin B12 deficiency is informed in patients
receiving metformin with some frequency. Reductions in
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Fig. (1). Molecular mechanism of action of metformin.

blood red cell folate concentrations have also been informed
and serum concentrations of homocysteine have been
reported elevated [16]. Several studies reported Vitamin B12
and folate changes in pregnant women under metformin
treatment [7]. Decreased folate and Vitamin B12 levels
might potentially have some impact on the mothers and also
on the development of the offspring. Nevertheless, it seems
that these reductions in concentrations might have some
clinical relevance only in women at severe risk of deficiency
[7]. The potential relevance of these findings on pregnancy
outcomes and the offspring is not clear.

3. TRANSPLACENTAL TRANSPORT AND EFFECTS
ON EMBRYOS AND FETUSES

Metformin passes across the placental barrier [17].
Studies in pregnant women reported that umbilical cord
serum concentrations of metformin at delivery are at least
comparable to maternal concentrations of the drug [18]. Due
to its hydrophilic nature, metformin exists as a cationic
species at physiological pH with low lipid solubility. From
the pharmacokinetics standpoint, metformin has an oral
bioavailability close to 50%, with a negligible binding to
plasma proteins and a predominant urinary excretion as
unmodified drug: the renal clearance of metformin is
increased by a third in the two last trimesters of pregnancy
when compared with postpartum reflecting the changes in
glomerular filtration rate and renal blood flow registered
along these periods [7]. Concentrations in breast milk are
very low to be considered relevant in practice [7].

Metformin transmembrane passage is mostly transporter
dependent. The Organic Cation Transporter- 3 (OCT-3)
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seems to play a significant role in the transplacental transport
of metformin [18]. Human placentas mainly express
OCT3/Oct3 mRNA with minimal or null transcription of
other cation transporters OCT1/2 and MATE1/2 at the basal
membrane in the placental barrier [18]. OCT-3 expression is
directly, positively associated with gestational age.

Even when transmembrane passage of metformin is
facilitated by OCTs, experiences in mice suggest that OCT-3
and MATE 1 expression in embryos is extremely low
making the drug access to the intracellular environment very
difficult [2]. In contrast, fetuses are exposed to higher
concentrations of metformin that penetrates much easier
inside the cytoplasmic compartment [6].

Placental exposure to metformin is highly variable,
depending on several conditions including the health status
and the pregnancy stage. In addition, and even when
metformin seems not to concentrate into the placental
tissues, potential effects of the drug on the placenta have
been described and were also linked to placental functional
and structural alterations. As previously mentioned, a
significant part of the metformin effects rely on its activity in
the mitochondrial respiratory chain. Placental mitochondrial
dysfunction seems to be linked with several pregnancy-
associated disorders. For instance, preeclampsia is associated
with alterations in the placental perfusion as well as with an
increased production of reactive oxygen species [19].
Mitochondrial fission, fusion, and alterations in the
mitochondrial content have been demonstrated in placental
tissues from women with preeclampsia [19]. Mitochondrial
complexes I, III, and IV seem to be decreased in
preeclampsia [20]. Some of these changes are associated
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with epigenetic patterns [20]. Metformin modifies the
mitochondrial physiology by inhibiting the Complex I
activity at the respiratory chain; moreover, reactive oxygen
species production at this step is also reduced. The oxidative
damage is decreased and some mechanisms linked to cell
death are down-regulated [21]. Metformin might protect the
mitochondria from oxidative damage. Maternal diabetes and
maternal obesity have also been linked to mitochondrial
structural and functional alterations [19]. Metformin reduces
endothelial dysfunction, the concentration of circulating
markers of vascular dysfunction and ROS production by
mitochondria [20]. It has been hypothesized that metformin
might have some beneficial effect on placental function and
circulation in women with several metabolic alterations [19].
Nevertheless, the impact of these effects on relevant clinical
outcomes is a matter of debate [6]. In a small randomized
placebo-controlled clinical trial carried out in pregnant
women with PCOS, Doppler ultrasound examinations of the
uterine arteries suggested that metformin treatment in
pregnancy was associated with a reduction in uterine artery
impedance between 12 and 19 weeks of gestation [22]. In
another small randomized trial, a sample of pregnant women
was divided into three groups receiving metformin 2000 mg
or aspirin 80 mg daily, or no intervention until the end of
pregnancy: metformin and low dose aspirin reduced uterine
artery impedance at week 20 [23]. These results suggest that
metformin might improve the uteroplacental circulation in
pregnant women with PCOS. A more recent study failed in
demonstrating any immediate effect on the uterine artery
pulsatility index in pregnant women with PCOS other than
some reduction in blood flow after a meal [24]. Whether
these circulatory effects on the placenta may have some
impact on the pre-eclampsia rates in women with PCOS
and/or GDM remains unclear. No definitive conclusions can
be extracted from this limited number of small studies and
further research on this field is granted.

As mentioned before, the effects of metformin on
embryos are likely minor, if any. Firstly, because the
exposure of embryos tissues to metformin seems to be
minimal due to a quite limited transport through OCTs.
Secondly, because some metabolic particularities of embryos
physiology might impose some limits to the effects of
metformin. For instance, the dependency on mitochondrial
aerobic respiration increases with gestational time, reaching
their maximal intensity by the second and third trimesters of
gestation. As a critical step in metformin mechanism of
action involving a certain degree of mitochondrial
respiratory chain inhibition, a relevant part of the metformin
effects may be limited in embryos when compared with
fetuses [25]. In summary, relevant direct effects on embryos
seem unlikely; in contrast, some effects on fetuses are
biologically plausible even when their demonstration and
consequences in human beings are not conclusive.

4. METFORMIN IN WOMEN WITH PCOS: EFFECTS
ON PREGNANCY OUTCOMES AND OFFSPRING
GROWTH AND DEVELOPMENT

The PregMet study [26] was a prospective, randomized,
placebo controlled, multicenter trial in pregnant women with
PCOS aimed to determine the preventive effects of
metformin exposure from first trimester to delivery on
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pregnancy complications. The primary endpoints for this
study were prevalence of preeclampsia, preterm delivery,
emerging GDM and a composite of the diagnoses. No
significant differences between metformin and placebo were
detected in terms of pregnancy or newborn associated main
outcomes [26]. Nevertheless, head size of the metformin
treated group newborns was larger when compared with the
placebo results. In a post hoc analysis of ultrasound data on
this study population, metformin exposed offspring had
larger heads at week 32 (bi-parietal diameter 86.1mm versus
85.2 mm, p= 0.03) and at birth (head circumference 35.6 cm
vs. 35.1 cm, p < 0.01). Nevertheless, these differences were
only observed in offspring of overweight or obese mothers
[27]. A follow-up of children of mothers who participated in
“The Metformin Treatment of Pregnant Women with
Polycystic Ovary Syndrome study” or the PregMet study
found that children exposed to metformin had higher Body
Mass Index (BMI) (p <0.01), with a higher prevalence of
overweight/obesity at 4 years of age, with an Odds Ratio
(OR) of 2.17 (95% Confidence Interval: 1.04 to 4.61),
p=0.038 [28]. A limited proportion of the original population
was available for follow-up. The rate of smokers was lower
among the mothers of the followed-up children when
compared with the non-followed subset. These aspects may
impose certain limitations in the interpretation of these
results. Authors suggested that an intracellular catabolic
process may result from the inhibitory effect of metformin
on complex I of the respiratory chain and the consequent
reduction in the ATP: AMP quotient -in some way, similar
to starvation [29]. This process initiates, in turn, several
signaling cascades able to induce several epigenetic changes
finally affecting postnatal life (in the way proposed by the so
called “Barker hypothesis™) [29]. This programming effect
might explain the differences in weight. Similar explanations
have been also proposed by other authors [30]. Nevertheless,
the evidence results inconclusive. The lack of consistency
with other studies is manifest. Postnatal growth of children
exposed to metformin during pregnancy of mothers with
PCOS did not differ from reference at the age of 18 months
in a non-randomized clinical study [31]. Feng et al published
a meta-analysis aimed to evaluate the efficacy of metformin
on pregnancy-related PCOS [32]. This meta-analysis
included five studies (two randomized trials; 3 non-
randomized ones) with 502 PCOS patients exposed to
metformin throughout pregnancy and 427 controls who used
metformin just to get conception were included. The
PregMet study results were included into this systematic
review. A lower rate of emerging miscarriage as well as of
prematurity was observed in the exposed group, with a
pooled relative risk reduction of 68% for miscarriage and
60% for premature birth. No difference was detected in the
rate of emerging GDM and pre-eclampsia [32]. Nevertheless,
other meta-analyses failed in demonstrating a clear result on
miscarriage risk (as described below).

In a large monocentric prospective cohort study on the
safety of metformin treatment in the first trimester of
pregnancy (336 exposed pregnancies and 1011 matched
controls), no increase in the risk of congenital malformations
was observed [33]. The exposed cohort included pregnancies
with metformin exposure for PCO (56.8%), diabetes (25.9%)
and ‘insulin resistance’ (14.9%) [33]. The pattern of birth
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defects among the exposed cohort and those recorded
retrospectively in an adverse drug reaction database did not
differ. Neither the proportion of major birth defects (adjusted
OR 0.58, 95% CI 0.3—1.3) nor of abortions (adjusted Hazard
Ratio [HR]: 0.95, 95% CI 0.6—1.5) was increased among the
exposed pregnancies [33].

It has been suggested that metformin use in women with
PCOS could be associated with an increase in pregnancy
rates or live-birth proportion when compared with placebo.
Taking into consideration the available evidence from
randomized clinical trials and meta-analyses comparing
metformin vs placebo, there is insufficient data to suggest that
metformin may elevate live-birth rates [10]. Nevertheless, in
combination with clomiphene citrate, metformin seems to
improve ovulation and pregnancy rates without improving
live-birth when compared with clomiphene alone [10].

As mentioned before, it has also been suggested that
metformin might have a potential beneficial effect in
reducing miscarriage risks along the pregnancy. In addition,
the potential risk of stopping metformin after the diagnosis
of pregnancy may be a matter of concern. Nevertheless,
several limitations affect the quality of the evidence in this
field. Several meta-analyses found no increase in the risk of
miscarriage when metformin was stopped [10]. Stopping
metformin does not seem to be associated with an increased
risk of miscarriage in women with PCOS. Nevertheless, the
available information is limited in terms of quality and
quantity, and further research in this area is granted.

Finally, metformin does not seem to modify the future
metabolic profile in women with PCOS after 7.7 years of
follow-up [34]. Similarly, metformin does not seem to
prevent the development of GDM in women with pre-
gestational insulin resistance [35]. Statistical power and
some methodological issues may affect the validity of these
conclusions and more research is needed in both areas.

5. METFORMIN IN GDM

Metformin effects on pregnancy outcomes were also
explored in women with GDM. Several randomized clinical
trials compared the use of metformin vs. insulin in the
treatment of GDM. In the ‘Metformin in Gestational
diabetes’ (MiQ) trial, women with GDM were randomized to
receive either metformin (plus insulin if needed) or insulin
[36]. A 46.3% of the women at the metformin arm required
insulin supplementation to improve glycemic control.
Pregnancy outcomes did not differ between the groups.
Nevertheless, an increased rate of preterm birth (12.1% vs.
7.6%, p=0.04) was observed among the metformin exposed
pregnancies. To note, this difference was attributed to a
higher proportion of spontaneous, non- iatrogenic, preterm
births. The effect of chance on these results could not be
excluded. No increase into the complications rate was observed
among the preterm birth subset. On the other hand, neonates of
pregnant women exposed to metformin exhibited significantly
lower rates of severe hypoglycemia (3.3% vs. 8.1%) (severe
hypoglycemia defined as <1.6 mmol of glucose per liter
[28.8 mg per deciliter]) when compared with insulin [36].

Some offspring of women enrolled in the MiG trial were
followed up as part of the MiG TOFU study comparing body
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composition and some metabolic outcomes at 7-9 years of
age in those children exposed to metformin (plus/minus
insulin) during pregnancy with the those of mothers treated
with insulin (without metformin) [37]. Both groups had a
similar total and abdominal body fat proportion and
metabolic measures at 7-9 years. Nevertheless, metformin-
exposed children were larger at 9 years [37]. Some
weaknesses in the study design and follow-up should be
noticed. The follow-up rate was relatively low; in addition,
the population included in this follow-up study seems to
differ in many aspects from the original MiG trial one. The
open label design imposes additional limits to the validity of
the study. Pubertal status was determined through a parental
questionnaire (instead of a physician’s examination) and the
adjustment for confounding factors was limited by the power
of the sample. In consequence, even when interesting, it is
very difficult to sustain a definitive conclusion from the
results of this study [37]. In another randomized study,
metformin exposure from pregnancies with GDM resulted in
heavier children at 18 months of age. Nevertheless, it was
found that the growth of the metformin-exposed offspring
was quite proportional. Those children were taller than
controls [38]. Niromanesh ef al. also compared women with
GDM treated with metformin vs. insulin between the weeks
20 and 34 of pregnancy in a randomized clinical trial [39].
No difference in neonatal and obstetric outcomes was found,
but the proportion of neonates with a body weight above the
90™ percentile was lower in the metformin treated group
[39]. In another comparative randomized clinical trial,
Mesdaghinia et al. found no difference in birth weight,
Apgar test or neonatal hypoglycemia rates between both
arms; in contrast, the incidence of neonatal jaundice was
higher among the children of mothers in the insulin arm [40].
In another randomized study, Ainuddin et al., compared
treatment with metformin alone, metformin plus insulin and
insulin alone in women with GDM. The results found, less
maternal weight gain a lower risk of pre-eclampsia and
neonatal complications among metformin treated subjects,
with a lower weight at birth when compared with insulin
[41]. As a general finding for all the previously described
trials, the need for supplemental insulin to optimize the
glycemic control was higher in the metformin arms.

Several meta-analyses of randomized -clinical trials
comparing metformin vs insulin in patients with GDM
revealed no relevant differences in terms of maternal
outcomes, with a lower maternal weight gain in those
patients treated with metformin [7]. Su and Wang published
a meta-analysis of six randomized clinical trials including
1420 women concluding that metformin use in gestational
diabetes was not significantly associated with any major
adverse maternal or neonatal outcomes [42]. As seen in other
reports, less weight gain was observed in mothers receiving
metformin as well as a lower rate of neonatal hypoglycemia
was also demonstrated. Nevertheless, a higher rate of premature
birth was informed for the metformin exposed arms [42].

CONCLUSION

The use of metformin to treat some of the clinical
features associated with PCOS results in highly
heterogeneous responses. While a moderate benefit is
generally recognized within the area of the body composition
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and weight maintenance, no clear beneficial effects have
been described in the management of hirsutism, alopecia,
acne, menses regulation and live birth rate [43]. Benefits on
glucose intolerance are also accepted, but its long-term
implications remain uncertain. Outcomes of metformin
therapy of type 2 diabetes are well established with a large
body of clinical evidence in favor, being a first line drug for
treatment of these patients as established at several
guidelines and consensus reports [44]. In the field of GDM,
the use of metformin to control maternal glucose excursions
is considered acceptable for several regulatory bodies and
agencies across the World, always associated with appropriate
lifestyle changes [2]. Nevertheless, many medical
associations remark that insulin should be considered as the
first-line agent to consider for managing GDM [2]. Long-
term safety data are scarce and relatively week, and many
unanswered questions remain open.

Even taking into consideration the limited amount of
good quality evidence available in this field of knowledge,
some conclusions can be drafted from the information
previously discussed:

1. The impact of the potential effects of metformin on
the embryos seems to be limited by several
pharmacokinetic and pharmacodynamic factors such
as the low or null expression rate of OCT
transporters and a lower dependency of embryonal
tissues on mitochondrial respiration.

2. In contrast, placental transport of metformin is
effective, allowing for a higher fetal exposure to the
drug; nevertheless, the clinical impact of this higher
exposure rate is difficult to estimate in human
beings.

3. Effects of metformin on the placenta are plausible;
some effects on placental circulation have been
informed. Nevertheless, the potential benefits of
these placental actions on pregnancy associated
complications (such as pre-eclampsia, for instance)
are not elucidated.

4. Even when the available information in this area is
very limited, it seems that the interruption of
metformin after a pregnancy diagnosis in women
with PCOS is not associated with a higher risk of
miscarriage.

5. The use of metformin in pregnant women with
PCOS does not seem to impair their metabolic
prognosis or prevent emerging GDM.

6. Beneficial effects on pregnancy outcomes with
metformin are uncertain.

7. Taking all the previous items into consideration,
even when the probability of major effects on the
embryos is apparently very low, it seems to have no
sense to prolong the use of metformin after a
pregnancy diagnosis in women with PCOS. As
emerging GDM is more frequent in patients with
PCOS, the importance of the screening for GDM
should be emphasized in these women. Even when
the utility of persisting on metformin during the first
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trimester of pregnancy is probably low, it seems
unlikely to face major risks for the embryos within
this period.

8. The risk / benefit profile of remaining on metformin
treatment along the second and third trimesters
persists still unclear for this PCOS patients.

9. Patients with GDM may be treated with metformin
on judicious basis, and a careful attachment to
clinical guidelines and regulations is recommended.
The long-term effects of pre-natal exposure to
metformin on the offspring remain uncertain.

10. Several unanswered questions may be extracted
from the list of conclusions presented above. Much
more research is needed to clarify many relevant
topics at almost all the items listed before. The
availability of an effective oral drug to manage
GDM should be always considered as a highly
valuable resource. Nevertheless, the quality of the
available information in the field of the potential
long-term effects of metformin exposure on the
offspring growth and development imposes a call
for a careful judgment and a highly individualized
approach as well as for a more active research in
this important area of endocrinology.
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