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Abstract

Objective This document purpose is to create an evidence-based position statement on the role of metformin therapy in
pregnancy complicated by obesity, gestational diabetes (GDM), type 2 diabetes mellitus (T2DM), polycystic ovary syndrome
(PCOS) and in women undergoing assisted reproductive technology (ART).

Methods A comprehensive review of international diabetes guidelines and a search of medical literature was performed to
identify studies presenting data on the use of metformin in pregnancy. The document was approved by the councils of the
two scientific societies.

Results In condition affecting the fertility, as PCOS, metformin use in pre-conception or early in pregnancy may be beneficial
for clinical pregnancy, even in ART treatment, and in obese-PCOS women may reduce preterm delivery. In obese women,
even in the presence of GDM or T2DM, metformin use in pregnancy is associated with a lower gestational weight gain.
In pregnancy complicated by diabetes (GDM or T2DM), metformin improves maternal glycemic control and may reduce
insulin dose. Neonatal and infant outcomes related to metformin exposure in utero are lacking. Metformin use in women
with GDM or T2DM is associated with lower birth weight. However, an increased tendency to overweight—obesity has been
observed in children, later in life.

Conclusions Metformin may represent a therapeutic option in selected women with obesity, PCOS, GDM, T2DM, and in
women undergoing ART. However, more research is required specifically on the long-term effects of in utero exposition to
metformin.
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Introduction

Treatment of hyperglycemia in pregnancy is mandatory to
reduce the risk of adverse maternal and fetal/neonatal out-
comes. Metformin use in pregnancy is still a controversial
topic. It is well known that metformin improves maternal gly-
cemic control, and it is associated with reduced gestational
weight gain in women with T2DM [1]. However, there are
relatively a few data about the long-term effects of metformin
on offspring of mother with hyperglycemia in pregnancy. It
has been reported that neonates born to metformin-treated
mothers had lower weight compared to those whose mothers
were treated with insulin during pregnancy; however, child-
hood body mass index (BMI) was significantly higher in the
metformin-exposed group [2].

Recently, the Italian Medicines Agency (AIFA) has modi-
fied the therapeutic indication (summary of product charac-
teristics [SmPC]) for metformin hydrochloride tablets both
immediated release and extended release relatively the use in
pregnancy and in the periconceptional period. The SmPC indi-
cates that "if clinically appropriate, the use of metformin may
be considered during pregnancy and in the periconceptional
period in addition or as an alternative to insulin therapy"[3—6].
The purpose of this document is to review the evidence-based
literature regarding the use and the short- and long-term effects
of metformin in pregnancies complicated by obesity, GDM,
T2DM, PCOS and in women undergoing ART to create an
evidence-based position statement on the role of metformin
therapy in pregnancy. In particular, the impact of the use of
metformin during pregnancy on maternal, fetal, and neonatal
outcomes as well as the long-term effects on offspring was
evaluated.

An Italian Editorial Board composed of experts involved
in the clinical management of hyperglycemia in pregnancy
was enlisted to review the published data, draw up supporting
assertions and conclusions, and make clinical recommenda-
tions on the use of metformin in pregnancy.

For this position statement, a comprehensive review of
international consensus was conducted, and a search of the
medical literature was performed to identify studies presenting
data on the use of metformin in pregnancy. Priority was given
to randomized controlled trials (RCTs) as well as to system-
atic reviews and meta-analyses of such trials and Cochrane
reviews. The references list provided is not exhaustive as a
systematic literature review; the position statement provides
pertinent publications relevant to the topic. Further updates
will be considered periodically according to the developments
in evidence-based literature.

@ Springer

Mechanism of action of metformin

Metformin is a synthetic analogue of guanidine belong-
ing to the biguanide family. It is the most prescribed oral
hypoglycemic agent for type 2 diabetes worldwide, due
its efficacy on glycemic control alone or in combination
with many other antidiabetic drugs [7]. Metformin belongs
to the class of insulin sensitizers and exerts its glucose-
lowering effect primarily by decreasing hepatic glucose
production through suppression of gluconeogenesis, and
a modest effect to increase insulin-stimulated peripheral
glucose uptake in the other target tissues of insulin action
[8, 9]. The hepatic effect of metformin causes a decrease
in hepatic glucose production which results in a reduction
of blood glucose levels, in particular the fasting plasma
glucose (FPG), associated with a marked decline of hyper-
insulinemia. Furthermore, metformin increases intestinal
glucose uptake and stimulates the secretion of glucagon-
like peptide-1 (GLP-1) [8, 9]. The increase in GLP-1 in
turn may increase the secretion of insulin and decrease
the glucagon one and could also contribute to weight loss.
Finally, metformin induces changes in the gut microbi-
ome, which could influence glucose metabolism [8, 10].
Although the exact mechanism of action of metformin is
incompletely understood, it exerts its effect primarily on
the mitochondria to reduce hepatic gluconeogenesis and
glucagon-mediated function. These effects are obtained
by the reduction of mitochondrial ATP production, the
consequent increase of hepatic levels of AMP, and the
activation of AMP-activated protein kinase (AMPK), an
important sensor of nutrient availability, which stimulates
the catabolic pathways (greater oxidation of fatty acids)
and inhibits the anabolic pathways (gluconeogenesis, pro-
tein synthesis, fatty acid synthesis). Metformin enters in
the mitochondrion through the organic cation transporter
1 (OCT1) channel expressed on the hepatocyte membrane

[9].

Transport of metformin across the human
placenta

Metformin, unlike insulin, can cross the human placenta.
In metformin-exposed pregnancies, by serum samples
from umbilical cord, placental, and fetal tissues, they
have demonstrated that metformin has similar concen-
trations in the maternal and fetal circulation, suggesting
active transport of metformin from the maternal circula-
tion across the placenta and into fetal tissues [11, 12].
One of the mechanisms involved in mother-fetal placental
passage appears via the organic cation transporters (OCT)
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[13, 14]. Human placentas express several OCT isoforms
(OCT1, OCT2, OCT3, MATE! and MATE2) [15]. Sev-
eral studies have reported the expression on the maternal
interface of the placenta at the syncytiotrophoblast apical
membrane of norepinephrine transporter (NET), serotonin
transporter (SERT), and organic cation transporter novel
type 2 (OCTN2). OCT3, localized on the fetal interface of
the placenta at the syncytiotrophoblast basal membrane,
has been demonstrated to be the key transporter for fetal
metformin [14]. Placental OCT3 expression increases with
gestational age. Thus, it is hypothesized that high concen-
trations of metformin can reach fetal tissues only in the
late gestation [14]. Moreover, whether fetal tissues express
OCTs have not been carefully studied, data on the imme-
diate effects of metformin on placental function and fetus
development are scarce. Concerns regard the increased
embryonic AMPK activity that may play roles in diabetic
embryopathy. Stimulation of AMPK inhibits expression
of Pax3, a gene that is essential for neural tube closure,
and this may induce neural tube defects (NTD). However,
animal studies do not suggest an increase in embryopathy
with early metformin exposure in vivo, although the same
authors concluded that further studies are necessary to
determine the effects on overall embryo development [15].
Compared to the embryo, both fetal and placental cells are
more dependent on oxidative metabolism and mitochon-
drial activity. Metformin increases the AMP:ATP ratio
that stimulates AMPK activity. AMPK regulates several
processes including gene expression, protein synthesis and
cell growth. The most thoroughly described mechanism by
which AMPK regulates cell growth is via suppression of
the mammalian target of rapamycin complex 1 (mTORC1)
pathway. Metformin may affect fetal development for the
inhibition of mTOR pathway, cell proliferation and mito-
chondrial function [16]. However, the exposure to met-
formin during the first trimester of pregnancy, evaluated
in a case—control study, does not seem to increase the risk
of all non-genetic congenital anomalies [17]. Metformin is
associated with maternal vitamin B12 deficiency and anti-
folate like activity. Folate: vitamin B12 imbalance induced
by metformin may lead to genomic instability and aber-
rant gene expression, which could potentially influence
fetal programming [14]. Women treated with metformin
in pregnancy routine screening for vitamin B12 deficiency
may therefore need to be considered, and in long-term
metformin users as in T2DM, or in all conditions of defi-
ciency, a supplementation with a multivitamin supplement
may be indicated for a protective effect for the fetus. Vita-
min B12 and folic acid supplementation may be an effec-
tive prophylactic approach to reduce the adverse effects
of metformin on offspring. Although further studies are
needed to elucidate the appropriated dosage.

Metformin in pregnancy complicated
by obesity and overweight: maternal
outcomes

The prevalence of obesity, defined as a body mass index
(BMI) > 30 kg/m?, has increased significantly in recent
decades, becoming more common during pregnancy as
known women with obesity are more likely than women
of normal weight to experience complications like gesta-
tional diabetes and/or high blood pressure during preg-
nancy. They are also at increased risk of a cesarean section
or maternal complications [18, 19].

Improving diet and increasing exercise have had a
very small effect on complications related to pregnancy.
Metformin has been evaluated in a number of trials of
obese pregnant women to assess the pregnancy outcome.
In the first randomized, double-blind, placebo-controlled
trial, the EMPOWaR, 449 women were randomized strati-
fied by study site and BMI quartiles (30-39 vs. > 40 kg/
m?) to either placebo or metformin (500 mg increasing
to a maximum of 2500 mg) daily from between 12 and
16 weeks of gestation until delivery of the baby [20]. The
average gestational weight gain (GWG) in women treated
with metformin was 6.7 kg which is within the Institute of
Medicine (IOM) recommendations of 5-9.1 kg for women
with BMI > 30 kg/m? and was not statistically different to
the GWG seen in women receiving placebo [21]. About
maternal outcome, 18% of women treated with metformin
developed GDM compared to 24% in the placebo group
(non-significant) and no reduction in preeclampsia rate.
The authors’ conclusion was a negative indication for the
use of metformin in obese women without diabetes to
improve the pregnancy outcome. In the study of El Fattah,
a prospective study with two hundred participants with a
BMI of > 35 kg/m?, pregnant women in the early second
trimester were randomized to metformin 500 mg twice a
day and placebo [22]. There was a significant reduction in
the GWG in the metformin group compared to the other
group where the mean was 6.5 kg for the metformin group
and 11.6 kg for the placebo one. There was not a signifi-
cant difference in the occurrence of pregnancy complica-
tions as gestational diabetes and hypertension. A recent
double-blind, placebo-controlled trial (the Metformin ver-
sus Placebo in Obese Pregnant Women without Diabetes
Mellitus, MOP study) included pregnant women with a
BMI of more than 35 kg/m2 to receive metformin, at a
dose of 3.0 g per day, or placebo (n =225 women in each
group) from 12 to 18 weeks of gestation until delivery
[23]. The metformin use was associated with a reduction
in GWG (4.3 kg compared to 6.1 kg in the placebo group;
p <0.001) as was the incidence of preeclampsia (3.0% vs.
11.3%; odds ratio 0.24; 95% confidence interval 0.10 to
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0.61; p=0.001). However, by the authors’ own admission,
the study was underpowered to evaluate the last outcome.
A 2018 Cochrane review included these three studies
and the outcomes were available for 1034 participants:
Women who received metformin may have a slightly lower
gestational weight gain (GWG) [mean difference (MD)
—2.60 kg, 95% CI —5.29 to 0.10; n=899 women] and
probably makes little or no difference in the risk of women
developing gestational diabetes as reported [Risk Ratio
(RR) 0.85,95% CI10.61-1.19; 3 studies, 892 women] [24].
Metformin may have little difference in the risk of women
developing gestational hypertension (average RR 1.02,
95% CI 0.54-1.94; 3 studies, 1040 women) or preeclamp-
sia (RR 0.74, 95% CI 0.09-6.28; 2 studies, 840 women)
[24]. The more recent GRoW randomized, doubled-blind
study examined the use of metformin (to a maximum dose
of 2000 mg/day) compared to placebo in 500 women with a
BMI of >25 kg/m? at 1020 weeks gestation [25]. Women
receiving metformin had lower average weekly gestational
weight gain (adjusted mean difference —0.08 kg, 95% CI
0.14-0.02; p=0.007) and were more likely to have GWG
below recommendations [adjusted risk ratio (aRR) 1.46,
95% CI 1.10-1.94; p=0.008), but total GWG did not dif-
fer significantly between groups. The rates of GDM were
unchanged between the two groups. The author’s inter-
pretation was that metformin does not improve mater-
nal outcomes. Adverse effects included abdominal pain,
diarrhea, or headache were reported in women receiv-
ing metformin compared with women receiving placebo
cumulatively (RR 1.63, 95% CI 1.27-2.08; 1 study, 400
women) [24]. In a recent review by Dunne about the met-
formin in pregnancy, all the different results in mater-
nal outcomes observed in these RCTs were attributable
to patient characteristics: all Caucasian women in the
EMPOWaR study whereas the MOP trial had more ethnic
diversity; in the GRoW study the BMI was 32.5 kg/m?,
compared to 38 kg/m? in EMPOWaR and 38.6 kg/m? in
MOP and in the medication dosage (the maximum dose of
metformin was 2500 mg in the EMPOWaR, in the MOP
trial 3000 mg, and in the GRoW study 2000 mg) [26]. We
did not identify studies of metformin in combination with
another treatment in obese women in pregnancy. Women

with obesity in pregnancy may represent a heterogeneous
group and at now the evidence to suggest that metformin
improves maternal outcomes in obesity without diabetes,
as the rates of GDM and preeclampsia, are too small. Very
obese women treated with metformin in pregnancy may
have a slightly lower GWG.

In Table 1 are summarized the effects on maternal out-
comes of metformin compared to control group in over-
weight or obese women.

Metformin in pregnancy complicated
by obesity: fetal and long-term offspring
outcomes

The infants of obese women are more likely to experience
requiring admission to the neonatal unit or intensive care, or
distress respiratory syndrome immediately after birth [18].
Unfortunately, there is a paucity of long-term follow-up data
on the infants of obese women exposed to metformin.

Short-term neonatal outcomes

In the EMPOWaR study, the mean birth weight at delivery
was 3463 g (+660) in the placebo group and 3462 g (+548)
in the metformin group (the proportion of liveborn babies
weighing more than the 90th percentile was 38 [17%] of 220
and 31 [14%] of 214 babies, respectively) with no statistical
difference [20]. In the MOP study, the primary outcome of
the study was the reduction in neonatal birth weight but there
was no significant between-group difference in the median
neonatal birth weight z score (0.05 in the metformin group
and 0.17 in the placebo group; p=0.66) [23]. In the GRoW
study, there was no significant difference in the proportion
of infants with birth weight greater than 4000 g (40 [16%]
with metformin vs. 37 [14%] with placebo); (aRR 0.97, 95%
CI 0.65-1.47; p=0.899) or born Large for gestational age
(LGA) or small for gestational age (SGA) [25].

Table 1 Maternal outcomes in
overweight or obese women

Overweight women Obese women

treated with metformin during
pregnancy

Total GWG
GDM rate

Gestational hypertension/Preeclampsia

rate
Caesarian section

Preterm delivery (<37 weeks)

No significant difference Reduced
No significant difference No significant difference
No sufficient data Reduced

Reduced
No sufficient data

No significant difference

No significant difference

GWG, Gestational weight gain; GDM, Gestational diabetes
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Long-term infant outcomes

The EMPOWaR follow-up has been reported infant out-
comes in body composition, peripheral blood pressure,
arterial pulse wave velocity and central hemodynamics in
infants at a mean age of 5 years old, and no differences
were found in any parameters in the children born to moth-
ers exposed to metformin (n=19) versus placebo (n=21)
in pregnancy [27]. The MOP trial followed up 151 children
(77 exposed to metformin prenatally) at 3.9 + 1.0 years, and
there was no significant difference in metabolic profile and
body composition. Compared to the placebo group, infants
exposed to metformin had significantly lower central hemo-
dynamic function (mean adjusted decrease, —0.707 mmHg
for aortic systolic blood pressure, — 1.65 mmHg for aortic
pulse pressure and —2.68% for augmentation index) and
lower left ventricular diastolic function (adjusted differ-
ence in left atrial area, — 0.525 cm? in isovolumic relaxation
time, —0.324 ms and in pulmonary venous systolic wave,
2.97 cm/s). Children of obese mothers who were prenatally
exposed to metformin have improved central hemodynamic
and cardiac diastolic indices [28]. The follow-up of chil-
dren born to women who participated in the GRoW trial
at six months, 18 months, and three to five years of age
was recently published. Child BMI z-score > 85th centile
was similar for children born to women who received met-
formin compared with women who received placebo at all
of the time points measured, and the effect of treatment
did not differ over time. In both groups, the proportion

of children with BMI z-score > 85th centile increased over
time from approximately one-third of infants at six months
of age, to at least half of children at 18 months, and three to
five years of age. Despite the lack of differences observed
between treatment groups, this cohort of children remains
at high risk of overweight and obesity, with approximately
half of children assessed having BMI above the 85th centile
for age and sex, a figure almost double that observed in
the general Australian childhood population [29]. Women
who received metformin or placebo had a similar risk of
their baby being LGA cumulatively (RR 0.95, 95% CI
0.70-1.30; 2 studies, 831 infants; high-quality evidence),
and there were no other important differences identified for
other infant outcomes: stillbirth and neonatal death; hypo-
glycemia; hyperbilirubinemia or shoulder dystocia [24].
We do not know whether preconception use of metformin
at different dosage would have been effective in some
neonatal outcomes in obese women. Women who receive
metformin due to obesity or overweight do not seem to
demonstrate any change in infant outcomes. Initial mid-
term follow-up data on metformin-exposed children seem
comforting but long-term follow-up studies are needed to
evaluate any benefit or unrecognized impact of intrauterine
metformin exposure.

In Table 2 are summarized the effects on neonatal and
infant outcomes of metformin compared to control group
of overweight or obese women. Table 3 shows main mater-
nal and infant outcomes in overweight or obese women
treated with metformin during pregnancy.

Table 2 Neonatal and infant

outcomes in overweight or
obese women treated with
metformin during pregnancy

Overweight women

Obese women

Newborns

Birth weight
LGA/Macrosomia
SGA
Hypoglycemia

Intensive care unit admission

Infants

BMI

Total body fat

Systolic blood pressure

No significant difference
No significant difference
No significant difference
No significant difference
No significant difference

Higher
No significant difference
No significant difference

No significant difference
No significant difference
No significant difference
No significant difference
Reduced

No significant difference
No significant difference
Reduced

LGA, large for gestational age; SGA, small for gestational age; BMI, body mass index

Table 3 Main maternal and infant outcomes in overweight/obese women treated with metformin during pregnancy

Maternal outcomes

Infant outcomes

Obesity Slightly lower gestational weight gain (GWG) in
very obese women

Overweight Lower average weekly gestational weight gain

No apparent effect in mid-term

No evidence of any beneficial effects of in-utero exposure to metformin
among infants and children born to women with overweight in mid-
term follow-up

@ Springer
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Metformin in PCOS women: maternal
outcomes

Polycystic ovary syndrome is the most common hormonal
disorder in women and accounts for about 80% of women
with anovulatory infertility. Pregnancy in women with
PCOS is associated with a higher incidence of GDM (40%
to 50%) and related fetal macrosomia, gestational hyper-
tensive disorders (such as preeclampsia and pregnancy-
induced hypertension) (5%), as well as induction of labor,
cesarean section, preterm birth [30, 31]. The association
of PCOS with pregnancy and birth complications varies
by PCOS phenotype, ethnicity, history of metabolic dis-
orders and women's lifestyle. New evidence provided in
the last 10 years suggests potential benefit of metformin
treatment in pregnancies of women affected by this syn-
drome. These benefits could be mediated by the positive
metabolic, endocrine, vascular and anti-inflammatory
properties which modulate the main factors involved in
first trimester abortion in these patients [8, 32-36].

A small prospective, randomized, double-blind, pla-
cebo-controlled pilot study was published in 2004 by
Venky & coll. Forty pregnant Norwegians women with
PCOS were randomized to either metformin 850 mg
twice daily or placebo. Primary outcome was the change
in serum androgens levels while secondary outcome
measures were pregnancy complications and outcomes.
Metformin treatment did not reduce maternal androgen
levels. However, in the metformin group no severe preg-
nancy complication occurred, while 22% of pregnant in
the placebo group (p =0.01) experienced severe adverse
outcomes (pre-term delivery and 1 case of pelvic deep vein
thrombosis and massive lung embolism) [37]. Based on
these observations, the same authors conducted the first
RCT in women with PCOS published in 2010. Metformin
2000 mg was started during the first trimester of pregnancy
in 247 Caucasian women diagnosed with PCOS using the
Rotterdam criteria; about 30% of women received met-
formin before the enrollment in the trial. Primary end-
points were the prevalence of preeclampsia, preterm deliv-
ery, GDM, and a composite of these three diagnoses. Any
difference in the prevalence of preterm delivery (3.7%
metformin group versus 8.2% placebo; —4.4%; 95% CI
—10.1 to 1.2; p=0.12), preeclampsia (7.4% metformin
vs. 3.7% placebo; 3.7%; 95% CI — 1.7t0 9.2; p=0.18) or
GDM (17.6% metformin vs. 16.9% placebo; 0.8%; 95%
CI — 8.6 to 10.2; p=0.87) was observed between treat-
ment groups. The composite primary endpoint prevalence
was 25.9% and 24.4%, respectively (1.5%; 95% CI — 8.9
to 11.3, p=0.78) [38]. It must be noted that metformin
treatment was associated with a lower GWG (—2.2 kg).
Moreover, a per-protocol analysis revealed a reduction in
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preterm delivery in metformin treated women (from 10
to 2.8%; 95% CI, 0.9-13.9; p <0.05). The study did not
assess pregnancy loss and it lacked the statistical power to
detect changes in the occurrence of GDM [38].

The PregMet2 was a randomized, placebo-controlled,
double-blind, multicenter trial conducted in Norway, Swe-
den, and Iceland including 487 (244 in the metformin and
243 in the placebo group) singleton pregnant women with
PCOS [39]. Women received metformin 2000 mg/day
from the late first trimester until delivery and the primary
outcome was the composite incidence of late miscarriage
(between week 13 and week 22 and 6 days) and preterm
birth (between week 23 and week 36 and 6 days). Second-
ary endpoints included the incidence of gestational diabetes,
preeclampsia, pregnancy-induced hypertension, and admis-
sion of the neonate to the neonatal intensive care unit. In
the intention-to-treat analysis, the composite primary out-
come of late miscarriage and preterm birth occurred in 12
(5%) of 238 women in the metformin group and 23 (10%)
of 240 women in the placebo group [odds ratio (OR) 0.50,
95% CI 0.22-1.08; p=0.08]. No significant differences
for our secondary endpoints, including incidence of gesta-
tional diabetes [60 (25%) of 238 women in the metformin
group vs. 57 (24%) of 240 women in the placebo group;
OR 1.09, 95% CI 0.69-1.66; p=0.75], were found. In order
to increase the study power, the authors performed a post
hoc individual participant data analysis of pregnancy out-
comes, merging data from the PregMet?2 trial with the two
previous randomized control trials published by Venky in
2004 and 2010. The analysis included data from nearly 800
women and showed a significant improvement in the pri-
mary outcome which was the composite incidence of late
miscarriage and preterm birth (OR 0.43, 95% CI 0.23-0.79;
p=0.004) [37, 40]. The improvement was more evident in
obese women (BMI > 30 kg/m?) and in those who under-
went assisted reproduction technology (ART). It must be
considered that the main driver of these positive results was
the reduction in preterm delivery (from 8 to 4%; p <0.05)
[25]. Importantly, these observations were homogeneous in
term of phenotype, severity, and mode of conception in the
participants presenting a broad spectrum of PCOS. However,
metformin had no effect on the incidence of GDM (OR 1.06,
95% CI 0.68-1.64; p=0.83) or on the need for insulin treat-
ment (1.00, 0.35-2.93; p=1.00) [39].

In 2021 a meta-analysis including six randomized control
trial studies involving 1229 participants assessing metform-
in's effects on pregnancy outcomes in women with polycys-
tic ovary was published.

Metformin administration in PCOS pregnancies was asso-
ciated with reduced preterm delivery risk (RR 0.45; 95%
CI 0.25-0.80; p=0.007) and with larger neonatal head cir-
cumference (MD 0.47; 95% CI 0.20-0.74; p=0.0006) but
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had no effect on the incidence of GDM, miscarriage and
preeclampsia [41].

A recent published nationwide population-based cohort
study in Swedish population including 1,016,805 singleton
births from 686,847 women support the possible benefit of
metformin revealing that women with PCOS not using met-
formin during pregnancy presented higher risks of preec-
lampsia (OR 1.09, 1.02-1.17), gestational diabetes (OR
1.71, 1.53-1.91), cesarean section (OR 1.08, 1.04-1.12) and
preterm birth (OR 1.30, 1.23-1.38) [42].

Based on the available studies, a recent published expert
opinion on the clinical management of pregnancy in women
with polycystic ovary syndrome suggested to consider met-
formin only as a pre-pregnancy treatment for cardiometa-
bolic risk factors and weight management [43]. Neverthe-
less, from the trials so far discussed emerged a possible
benefit of the early treatment with metformin started from
the first trimester and continued throughout the pregnancy.
No safety concerns in metformin treated patients arise, with
no evidence of teratogenicity.

In Table 4 are summarized the effects on maternal out-
comes of metformin compared to control group in PCOS
women.

Metformin in PCOS women: fetal
and long-term offspring outcomes

While common features of PCOS (overweight or obesity)
are recognized as risk factors for fetal and birth complica-
tions, PCOS per se is not consistently perceived as a risk
factor for fetal/neonatal health in pregnant women with this
syndrome [43]. Possible adverse outcomes to be monitored
in PCOS mothers could be low or high birth weight, low
Apgar scores and higher rate admission to Neonatal Inten-
sive Care Unit (NICU) [43, 44].

Short-term neonatal outcomes

Exploring available data regarding possible complications in
fetus exposed to metformin during pregnancy the important

Table 4 Maternal outcomes in PCOS women treated with metformin
during pregnancy

PCOS Women
Fertility Increased
Total GWG Reduced
GDM rate No significant difference

Gestational hypertension/Preeclampsia rate No significant difference
Caesarian section No significant difference

Miscarriage/Preterm delivery (<37 weeks) Reduced

GWG, Gestational weight gain; GDM, Gestational diabetes

information derives from the trial discussed above, from
which result that metformin treatment in PCOS pregnant
seems not to affect the incidence in birth weight, birth
length, ponderal index, APGAR score, umbilical artery pH,
placenta weight, intrauterine/neonatal death, and intensive
care unit admission [37-39]. The only differences emerged
in term of head circumference which was significantly larger
in the metformin group than in the placebo group (35.6 cm
in metformin vs. 35.2 cm in placebo group—mean difference
0.4, 0.2 to 0.6; p=0.0004). However, this effect could be
modified by maternal pre-pregnancy BMI as evidenced by
a sub-study of the PregMet trial [37-39]. A meta-analysis
by Cao & coll. based on six randomized control trial stud-
ies involving 1229 participants confirmed that metformin
administration in PCOS pregnancies was associated with
larger neonatal head circumference (MD 0.47; 95% CI
0.20-0.74; p=0.0006) without significant effect of met-
formin on the incidence of neonatal length and birth weight
[41]. The benefit of metformin treatment is shown by a
large nationwide population-based cohort study conducted
in Swedish which underlines how babies of women with
PCOS untreated with metformin during pregnancy presented
low birth weight (OR 1.29, 1.20-1.38), low Apgar scores
(OR 1.17, 1.05-1.31) and were LGA (OR 1.11, 1.03-1.20)
as compared to babies from metformin treated mothers [42].

Long-term infant outcomes

Data regarding the offspring of women enrolled in the
pilot study by Venky & coll. as well as in the PregMet trial
were collected and analyzed by the same authors. At age of
4 years, there were more overweight/obese children in the
metformin group [26 (32%) than in the placebo group 14
(18%); OR 2.17, 1.04 to 4.61; p=0.038] [40]. This obser-
vation was confirmed by the follow-up of children from the
PregMet study at the age of 10 years. Offspring of women
from the metformin group had a higher BMI Z score than
those of placebo group (difference in means=0.41, 95%
CI 0.03-0.78; p=0.03) [45]. However, it must be pointed
out that the risk of obesity in the offspring correlated with
maternal pre-pregnancy BMI. Moreover, no increase in car-
diometabolic risk factors (such as C-peptide and cholesterol)
was observed. A recent meta-analysis supports the fact that
children born from women with GDM or PCOS using met-
formin during pregnancy presented higher long-term weight
[46].

The effect of metformin use in PCOS women during preg-
nancy on childhood obesity requires further exploration,
also considering data from the recent Swedish nationwide
cohort study. From the analysis emerged a positive associa-
tion between PCOS and childhood obesity (HR 1.61, 95%
CI 1.44-1.81). On the other hands no association resulted
between maternal metformin consumption and obesity in the
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offspring of PCOS women while the conjunction emerged
in non-PCOS metformin treated mothers (HR 1.67, 95% CI
1.05-2.65) [42].

The described evidence depones for a possible benefit of
metformin on fetal and neonatal complications. However,
infants of women treated with metformin during pregnancy
could be heavier and more likely to be overweight or obese
which indicate a potential risk of unfavorable cardiometa-
bolic, therefore this issue needs further analysis.

In Table 5 are summarized the effects of metformin on neo-
natal and infant outcomes compared to control group of PCOS
women. Table 6 shows main maternal and infant outcomes
in PCOS women treated with metformin during pregnancy.

Metformin in pregnancy obtained
by assisted reproduction technology

Assisted reproduction could be an active treatment option for
infertility in women with PCOS who do not respond to ovu-
lation induction treatments. After half a century, metformin
has established itself as a first defense against insulin-depend-
ent morbidities and undoubtedly has become a useful drug
for improving fertility outcomes in both male and female
patients. The ASRM/ESHERE consensus recommended
restricting the use of metformin to women with glucose
intolerance [47]. However, it is recorded that metformin has
commonly been administered as a co-treatment with con-
trolled ovarian stimulation (COH) in women with PCOS who

Table 5 Neonatal and infant outcomes in PCOS women treated with
metformin during pregnancy

PCOS women
Newborns
Birth weight No significant difference
Macrosomia No significant difference
Hypoglycemia No significant difference
Neonatal intensive care unit admission No significant difference
Infants
BMI Higher
Total body fat No significant difference

Systolic blood pressure No significant difference

BMI, body mass index

undergo in vitro fertilization (IVF) [48]. In 2006 Tang and
coll. explored the effect of metformin in women with PCOS
undergoing IVF by a large randomized, placebo-controlled,
double-blind trial. The primary outcome was an improvement
in the overall fertilization rate [49]. A short course of 28 days
of metformin during the IVF cycle had not any effects on
the total dose of rFSH required per cycle, on the median
number of oocytes retrieved per cycle (metformin=17.2,
placebo=16.2; p=0.459) and either on the overall fertiliza-
tion rates (metformin =52.9%, placebo=54.9%; p=0.641).
However, both the clinical pregnancy rates beyond 12 gesta-
tion weeks per cycle (metformin=38.5%, placebo=16.3%;
p=0.023) and per embryo transfer (metformin =44.4%,
placebo=19.1%; p=0.022) were significantly improved in
women treated with metformin with a significant decrease in
the incidence of severe ovarian hyperstimulation syndrome
(OHSS) (metformin=3.8%, placebo=20.4%; p=0.023),
which was still significant after adjustment for BMI, total
rFSH dose and age (OR =0.15; 95% CI10.03, 0.76; p=0.022)
[49]. Metformin has also been evaluated in combination with
clomiphene citrate (CC). In a large Dutch multicenter trial,
228 women with PCOS were randomly allocated to receive
either CC plus metformin or CC plus placebo [50, 51]. There
was no difference in the ovulation rate in the metformin
group compared with placebo (64% vs. 72%), neither in the
rates of ongoing pregnancy (40% vs. 46%) nor miscarriage
(12% vs. 11%) [51]. Similar results were reached by Legro
and coll. in 2007 [52].

A recent Cochrane review included 13 randomized con-
trolled trials involving a total of 1132 women assigned to
receive either metformin (n=570) or placebo/no treatment
(n=563) aimed to explore the effect of metformin treatment
before and during IVF or Intracytoplasmic Sperm Injection
(ICSI) in women with PCOS. In most of the studies met-
formin was used before and during ovarian stimulation for
IVF or ICSI treatment at the dosage of 1000 mg/day. The
analysis evidenced that as compared to placebo/no treatment,
metformin seemed to have no clear benefit in term of live
birth rates (RR 1.30, 95% CI 0.94-1.79; p=0.12). However,
it may increase clinical pregnancy rates in association to
long protocol GnRH agonist (RR 0.48, 95% CI 0.29-0.79;
p=0.004) and may reduce the incidence of OHSS (RR 0.40,
95% CI 0.26-0.60; p <0.0001). The results on miscarriage
rate are uncertain [53]. Promising results come from a recent
systematic review and meta-analysis of Unanyana and coll.

Table 6 Main maternal and infant outcomes in metformin treated women with PCOS

Maternal outcomes

Infant outcomes

Polycystic ovary syn-
drome

Reduction in preterm delivery
No significant effect on rates of GDM

Overweight or obesity (at age 4 to 10 years) are more common in infant of
women with a history of PCOS treated with Metformin during pregnancy

No apparent increased cardiovascular risk
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comparing metformin, inositol or metformin plus inositol
treatment with placebo or no treatment in women with PCOS
who underwent assisted reproductive technologies (ovula-
tion induction/IVF/ICSI/IUI). Primary outcomes were clini-
cal pregnancy rate (CPR), and the incidence of OHSS; the
secondary outcomes was live birth rate (LBR). A total of 35
reports were included. According to the results obtained CPR
were significantly higher in the metformin group as compared
to placebo (RR 1.30, 95% CI 1.12-1.50; p=0.0004) while the
OHSS occurred more frequently in the controls as compared
to metformin treated patients (RR 0.34, 95% CI 0.17-0.69;
p=0.003); no statistically significant difference was found
regarding LBR (RR 1.12,95% CI1 0.93-1.36; p=0.24) [54].

Metformin could be considered a therapeutic option to
improve fertility and to reduce OHSS incidence in women
with PCOS undergoing ART (Table 7).

Metformin in pregnancy complicated
by GDM: maternal outcomes

GDM is defined as diabetes diagnosed in the second or third
trimester of pregnancy that was not clearly overt diabetes
prior to gestation. If it is not properly diagnosed and treated,
GDM causes short- and long-term cardiometabolic compli-
cations both for mother and child.

Insulin is the preferred medication for GDM treatment
when diet and physical activity are not sufficient to obtain a
good metabolic control. However, international guidelines
defined metformin as a valid option, but its use remains area
of controversy and doubt in the treatment of GDM, espe-
cially regarding the long-term effect in the childhood. In
this contest, the metformin in gestational diabetes (MiG)
trial prospectively compared pregnancy outcomes in more
than 700 women with GDM randomized to either metformin
(n=363) or insulin treatment (n=370) [55]. Mean BMI at
enrollment was 35 kg/m*. Metformin was started at a dose
of 500 mg once or twice daily and increased to meet glyce-
mic targets up to a maximum daily dose of 2500 mg. If the
targets were not achieved with metformin alone, insulin was
added. The primary outcome was a composite of neonatal
outcomes. Secondary outcomes included neonatal anthropo-
metric measurements, maternal glycemic control, maternal
hypertensive complications, postpartum glucose tolerance,
and acceptability of treatment.

The overall mean maternal 2-h postprandial glucose lev-
els were slightly lower in the metformin group, with not
differences in the 2 weeks before delivery. In the metformin-
treated obese women, there was a significant reduction in
GWG. It is noteworthy that 46% of women treated with met-
formin also required insulin to achieve a good metabolic
control even if their insulin requirements were significantly
lower than those treated with insulin alone. In addition,
women in the metformin group had less weight gain between
the time of enrollment and 36 weeks of gestation than did
women in the insulin group. Maternal hypertensive com-
plications and postpartum glucose tolerance did not differ
between the two groups [55].

Taking in consideration all this data on maternal out-
comes, we can consider that patients obese and very obese
with GDM could benefit from metformin treatment in order
to reduce the gestational weight gain. In particularly, severe
obese GDM women insulin treated, metformin use may
reduce the insulin dose.

In Table 8 are summarized the effects on maternal out-
comes of metformin compared to control group in GDM
women.

Metformin in pregnancy complicated
by GDM: fetal and long-term offspring
outcomes

Short-term neonatal outcomes

In the MiG trial, the primary composite outcome evaluated a
combination of neonatal hypoglycemia, neonatal respiratory

Table 8 Maternal outcomes in GDM women treated with metformin
during pregnancy

GDM women

Glycemic control Comparable to insulin

Total insulin dose Reduced as compared to

insulin alone
Total GWG Reduced
Gestational hypertension/Preeclampsia rate  No significant difference
Caesarian section No significant difference

Preterm delivery (<37 weeks) No significant difference

GWG, Gestational weight gain

Table 7 Main maternal and infant outcomes in women with PCOS treated with metformin during assisted reproduction technology procedure

Maternal outcomes

Infant outcomes

Pregnancy obtained by assisted reproduction technology Fertility improvement in women with PCOS resistant to clomi-
phene citrate

No available data

Lower rate of ovarian hyperstimulation syndrome (OHSS) in
women with PCOS
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distress, need for phototherapy, birth trauma, Apgar score
at 5 min and birth before 37 gestational weeks. The results
of the study showed no difference in the composite end-
point, but there was a significant reduction in severe neo-
natal hypoglycemia in the metformin group. No significant
differences were found between the two groups in terms of
neonatal anthropometric measures [55]. After the MiG trial,
other trial evaluated the impact of treatment with metformin
in pregnancy specially on infant birth weight and rates of
SGA and LGA. A meta-analysis of 19 RCTs (3723 neonates)
in 2019 found out that neonates born to metformin-treated
mothers had significant lower birth weights (mean differ-
ence—107.7 g,95% CI 182.3-32.7, 12=83%; p=0.005) and
lower ponderal indices (mean difference —0.13 kg/m?, 95%
CI 0.26-0.00, 12 =0%; p=0.04) than neonates of insulin-
treated mothers [56]. On the other side, the risk of mac-
rosomia (OR 0.59, 95% CI 0.46-0.77; p<0.001) and LGA
neonates (OR 0.78, 95% CI 0.62-0.99; p =0.04) were lower
following maternal treatment with metformin compared to
insulin.

Recently Brand and coll. evaluated if maternal pregnancy
exposure to metformin is associated with increased risk of
short-term adverse outcomes in the child. They found that
exposure to metformin was associated with significantly
lower mean birth weight, compared with insulin, in line
with a significantly increased risk of SGA [5]. The increased
risk of SGA associated with metformin versus insulin sug-
gests caution in pregnancies with at-risk fetal undernutrition
because one potential pathway through which metformin
may influence risk of SGA is a reduced maternal food intake.

According to the available literature data, maternal expo-
sure to metformin in women with GDM was associated to
lower neonate birth weights and this could be interpreted as
a positive effect related to improved glycemic control but
even as a negative effect of growth restriction. In fact, the
major concern about the use of metformin in the treatment
of GDM is related to long-term cardio-metabolic effect in
the offspring.

Long-term infant outcomes

A follow-up study of women with GDM of the MiG study
found that in the metformin group, compared with the
insulin group, children at 2 years of age had larger mid-
upper arm circumferences and subscapular and biceps
skinfolds even if total fat mass and percentage body fat
assessed by bioimpedance and DEXA were not different.
So, metformin may alter fat distribution in the children
exposed to metformin in utero at 2 years of age [57]. Then,
in 2018, the results of 7-9 years of follow-up study of MiG
offspring was published (MiG TOFU) [2]. Children were
divided into 2 subgroups: the Adelaide subgroup evaluated
at 7 years of age and the Auckland subgroup evaluated at
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9 years of age. All the children were assessed by anthro-
pometry, bioimpedance analysis, dual-energy X-ray
absorptiometry, magnetic resonance imaging and fasting
bloods. In the Adelaide subgroup, mothers were similar
at enrollment as for metabolic and clinical characteristics.
Women treated with metformin had higher glycemia dur-
ing treatment than women randomized to insulin and neo-
nates exposed to metformin were larger at birth respect to
neonates exposed to insulin. In their offspring, at 7 years,
there were no differences in all measures evaluated. In
Auckland subgroup, at enrollment, women randomized
to metformin had a higher BMI but gained less weight
during treatment respect to women randomized to insu-
lin. In their offspring, at 9 years, metformin group were
larger by measures of weight, arm and waist circumfer-
ences, waist:height; BMI, triceps skinfold; DXA fat mass
and lean mass; MRI abdominal fat volume. The potential
explanation for these long-term effects of metformin expo-
sure is provided by animal data [58]. These data show that
maternal weight gain during pregnancy, maternal caloric
intake during pregnancy and the gender of the infant are
the main mediators of these effects. In particular, higher
BMI and higher fat mass are seen in the offspring if there
were caloric restriction and low maternal weight gain dur-
ing pregnancy, especially in female offspring. In addition,
the possible cognitive effects of metformin exposure on
the offspring have been evaluated. In particular, Landi and
coll. conducted a retrospective cohort study in a New Zea-
land population of treated women (metformin vs. insulin)
linked with their child’s developmental data at age 4 years
[59]. They found similar behavioral and emotional devel-
opment between treatment groups. However, these data
have to be confirmed by large RCT.

In Table 9 are summarized the effects of metformin
compared to control group in offspring of GDM women.
Table 10 shows main maternal and infant outcomes in
GDM women treated with metformin.

Table 9 Neonatal and infant outcomes in GDM women treated with
metformin during pregnancy

GDM women
Newborns
Birth weight Lower
LGA/Macrosomia Decreased
SGA No significant difference
Hypoglycemia Decreased
Neonatal intensive care unit admission No significant difference
Infants
BMI Increased

Waist circumference Increased

LGA, Large for gestational age; SGA, Small for gestational age; BMI,
Body mass index
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Table 10 Main maternal and infant outcomes in metformin treated women with GDM

Maternal outcomes

Infant outcomes

Gestational Diabetes

Lower gestational weight gain (GWG) in obese women
Reduction in insulin dose in severe obese women

Lower neonates birth weights

7-9 years old infant are heavier and with higher waist
circumferences, higher waist:height ratio, higher BMI
and higher fat mass volume

Metformin in pregnancy complicated
by type 2 diabetes mellitus: maternal
outcomes

The increasing prevalence of T2DM in women of child-
bearing age continue to focus attention on the management
of hyperglycemia in pregnancy [60]. Since glucose is a
teratogen, optimal control of hyperglycemia is imperative
from pre-conception to throughout the whole pregnancy.
Currently, there is significant controversy over the best
drug intervention strategy in pregnant women with dia-
betes, and in particular over the use of metformin. This
debate is even more heated considering the need to limit
gestational weight gain in women with T2DM who are
often overweight or obese. Although the preferred glu-
cose-lowering medication in pregnancy is insulin, the most
common initial glucose-lowering drug for type 2 diabetes
is metformin, and many women experience unplanned
pregnancy while on metformin therapy. Metformin alone
is typically not capable of overcoming the insulin resist-
ance of pregnancy in T2DM and women often require high
insulin doses, which are uncomfortable, costly, and associ-
ated with increased gestational weight gain.

A few studies have explored the efficacy and safety of
metformin in pregnancy complicated by T2DM as alter-
native or adjunct therapy to insulin. Most of these studies
were open-label, conducted in countries with inadequately
equipped health care and were not designed to investigate
differences in adverse effects between treatments.

Early small studies have documented equal glycemic con-
trol in women taking metformin compared to those taking
insulin during pregnancy [61-63].

A study of 104 pregnant Ghanaian women randomized
those with T2DM or GDM to either metformin or insulin
between 20- and 30-weeks’ gestation [64]. The proportions
of women with T2DM in each ckmangroup were 25.6% and
42.5%, respectively. Two-hour postprandial blood glucose
was the primary outcome. This was significantly lower in
the metformin group and only 2/52 (4%) required supple-
mentary insulin.

A larger study, completed in Pakistan, involved 206
women with untreated T2DM randomized to receive either
metformin with insulin (as necessary), or insulin alone [65].
In this study, 85% of women in the metformin group required

add-on insulin, but this group experienced less maternal
weight gain and less pregnancy-induced hypertension.

A meta-analysis of 16 randomized control trials com-
paring metformin with insulin in pregnancy in women
with GDM or T2DM, concluded that metformin lowered
the risk of pregnancy-induced hypertension (RR 0.56; 95%
CI 0.37-0.85) and total maternal pregnancy weight gain
(mean difference —2.07; 95% CI —2.88 to — 1.27), while
not increased the risk of cesarean section (RR 0.97 95% CI
0.80-1.19) [66].

Randomized controlled trial

The Metformin in Women with Type 2 Diabetes in Preg-
nancy (MiTy) trial examined the effects of metformin on
maternal and neonatal outcomes in a randomized, double-
masked, placebo-controlled study in T2DM and GDM
involving 502 pregnant women from 29 centers in Canada
and Australia [1]. Women with T2DM before pregnancy or
with GDM diagnosed by 20-weeks’ gestation were treated
with insulin and randomly assigned to add-on metformin
(1000 mg twice daily) or placebo. Treatment was started
between 6 and 22 weeks and continued to term. Compared
with women in the placebo group, metformin-treated women
achieved better glycemic control (HbAlc at 34 weeks' ges-
tation 5.9% vs. 6.1%; p=0.015), required less insulin (1.1
units/kg/day vs. 1.5 units/kg/day; p <0.0001), gained less
weight (7.2 kg vs. 9.0 kg; p <0.0001) and less frequently had
excessive GWG according to the IOM guidelines. Moreover,
metformin treated women had fewer cesarean births (125
[53%] of 234 in the metformin group vs. 148 [63%] of 236 in
the placebo group; p=0.031; RR 0.85; 95% CI1 0.73-0.99),
without difference in hypertensive disorders (23% vs. 23%;
p=0.93; RR 0.99; 95% CI 0.72—-1.35), diabetes complica-
tions, or maternal length of hospital stay.

Altogether, these data suggest that pregnant women with
T2DM on metformin and insulin require less insulin than
women treated with insulin alone. This translates into less
maternal weight gain and decreased risk of maternal hypo-
glycemia. However, not all professional organizations agree
on the use of metformin during pregnancy. For instance, the
National Institute for Health and Care Excellence (NICE)
declares that women with diabetes may be advised to use
metformin as an adjunct or alternative to insulin in the pre-
conception period and during pregnancy, when the likely

@ Springer



1432

Acta Diabetologica (2023) 60:1421-1437

Table 11 Maternal outcomes
in T2DM women treated with

T2DM women

metformin during pregnancy Glycemic control
Hypoglycemia
Total insulin dose
Total GWG

Gestational hypertension/reeclampsia rate

Cesarian section

Preterm delivery (<37 weeks)

Comparable or slightly improved as
compared to insulin alone

Lower rate as compared to insulin alone
Reduced

Reduced

No significant difference

Decreased

No significant difference

GWG, gestational weight gain

benefits from improved blood glucose control outweigh the
potential for harm [67]. On the contrary, in the American
Diabetes Association (ADA) guidelines, insulin is the pre-
ferred agent for the management of glycemic control during
pregnancy [6].

In Table 11 are summarized the effects on maternal out-
comes of metformin compared to control group in T2DM
women.

Metformin in pregnancy complicated
by type 2 diabetes mellitus: fetal
and long-term offspring outcomes

The first trimester is the most sensitive time in pregnancy
for drug exposure because organogenesis is taking place;
therefore, ideally all drugs should be avoided. However, the
risks to the fetus of untreated disease are often greater than
the risks of drug treatment. This is true for T2DM, in which
uncontrolled hyperglycemia in utero increases the rates of
miscarriage, birth defects and the complications of macroso-
mia [60].

Metformin crosses the placenta and might also lower
glucose and insulin resistance in the fetus [68]. However,
because fetal metformin concentrations are similar than
those in the mother, potential safety concerns exist. Limited
data are available on the outcomes of neonates by mother
with T2DM treated with metformin during pregnancy.

Short-term neonatal outcomes

In the study by Ainuddin JA and coll., the infants by mothers
treated with metformin during pregnancy had less hypogly-
cemia and less NICU admissions > 24 h, but an increased
rate of SGA [65]. The meta-analysis by Butalia, including
RCT in women with T2DM or GDM treated with metformin
during pregnancy, showed that metformin, compared to
insulin, lowered the risk of neonatal hypoglycemia (RR
0.63; 95% CI 0.45-0.87) and LGA babies (RR 0.80; 95% CI
0.64-0.99), while not increased the risk of preterm delivery
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(RR 1.18;95% CI 0.67-2.07), SGA babies (RR 1.20; 95% CI
0.67-2.14), perinatal mortality (RR 0.82; 95% CI 0.17-3.92)
in a short-term follow-up period [66].

In the MiTy study, the primary composite outcome of
neonatal mortality and morbidity (comprising pregnancy
loss, preterm birth, birth injury, respiratory distress, neonatal
hypoglycemia, and admission to intensive care for > 1 day)
was similar with or without metformin added to the insulin
[1]. There were no differences in gestational age at birth,
shoulder dystocia, or hyperbilirubinemia and also neona-
tal length of hospital stay was similar between the groups.
However, infants exposed to metformin were often smaller
and thinner for gestational age, compared with those who
were not exposed to metformin: 30 (13%) infants in the
metformin group and 15 (7%) in the placebo group were
SGA (RR 1.96; 95% CI 1.10-3.64; p=0.026); mean birth
weight 3156 +742 g versus 3375+742 g; p=0.002). In a
recent subsequent analysis of MiTy study, the presence of a
comorbidity (chronic hypertension and/or nephropathy) (OR
3.05;95% CI 1.58-5.81) and metformin use (OR 2.26; 95%
CI 1.19-4.74) have been identified as independent predictors
of SGA [69].

Moreover, a much higher absolute risk of SGA was
observed in women receiving metformin with comorbid-
ity compared with women receiving metformin without
comorbidity (25.0% vs. 9.8%). Based on this observation
the authors conclude that, with the aim of reducing SGA,
it is reasonable to be cautious in the use of metformin in
women with T2DM and chronic hypertension or nephropa-
thy in pregnancy.

Long-term infant outcomes

Recently, the MiTy Kids study evaluated children up to
2 years of age of mothers with type 2 diabetes who par-
ticipated in the MiTy trial. The primary outcome was the
measure of adiposity by the mean BMI Z score and the mean
sum of skinfolds thickness (triceps, subscapular, suprailiac)
[70]. There was no difference in BMI Z score in the met-
formin-exposed infants versus the placebo at 24 months of
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age (0.84 vs. 0.91, mean difference 95% CI 0.07 [—0.31 to
0.45]; p=0.72), or for skinfolds thickness (23.0 vs. 23.8,
mean difference 95% CI 0.8 [- 0.7 to 2.3]; p=0.31). When
the BMI trajectories were analyzed, males of metformin
group reached a significantly (p =0.048) higher peak than
the placebo group at 6 months that continued to be higher
at 12 and 18 months, while at 24 months the trajectory was
similar. In a small subgroup of children at 24 months the
fasting glucose was significantly higher in the metformin
group than the placebo group (4.8 mmol/L vs. 4.1 mmol/L;
p=0.0090), whereas the other metabolic parameters were
similar [70].

In Table 12 are summarized the effects on neonatal and
infant outcomes of metformin compared to control group of
T2DM women. Table 13 shows main maternal and infant
outcomes in T2DM women treated with metformin during
pregnancy.

Metformin and breastfeeding

Breastfeeding should be encouraged for all women, and
it may be even more important for women with GDM or
T2DM given the evidence that breastfeeding may be ben-
eficial in reducing the risk of childhood obesity and insu-
lin resistance. There has been reluctance to use metformin

Table 12 Neonatal and infant outcomes in T2DM women treated
with metformin during pregnancy

T2DM women
Newborns
Birth weight Lower
LGA/Macrosomia Decreased
SGA Increased
Hypoglycemia Decreased
Neonatal intensive care unit admission No significant difference
Infants
BMI No significant difference

Fasting glycemia Increased

LGA, large for gestational age; SGA, small for gestational age; BMI,
body mass index

during the breastfeeding period due to some reports of pres-
ence of metformin in the breast milk and lack of safety data
[71-73]. In three studies of small sample size, metformin
was detected in breast milk with a milk-to-plasma ratio of
0.35-0.71. Infant exposure was calculated at approximately
0.28-0.65% of the maternal dose, with very low or undetect-
able serum levels in the infant. Thus, the amount of met-
formin in breast milk is likely clinically insignificant, but
an open discussion of the uncertainties with the woman is
necessary before prescribing it to the lactating patient.

Recommendations for the use of metformin
during pregnancy

Metformin could be considered in very obese women
(BMI > 35 kg/m?) to reduce gestational weight gain. There
is insufficient evidence to support the use of metformin for
women in pregnancy with obesity for improving mater-
nal and infant outcomes. Future large RCTs are needed to
increase the quality of evidence, to include women catego-
rized as 'overweight' and to look at metformin in combina-
tion with other treatment. Moreover, future studies should
consider the pre-conception use of metformin and evaluate
the optimal dosage in the obese population. In particular,
long-term follow-up of the offspring are necessary. Its pre-
scription should be cautious and personalized. Metformin
could be considered particularly in obese-PCOS women to
reduce the risk of preterm delivery. Metformin could be use
in women undergoing ART treatment in combination with
clomiphene citrate in women with PCOS who are clomi-
phene citrate resistant, anovulatory and infertile, not pre-
senting other infertility factors effective to improve fertil-
ity outcomes. Metformin use could be a valid therapeutic
option in GDM women with obesity. In severe obese women,
metformin may reduce the insulin dose and the gestational
weight gain. In case of severe obesity, the risk of caloric
restriction for the fetus is low and so the risk for long-term
metabolic effect could be low in the offspring. Metformin
could better assist metabolic control during the later stages
of pregnancy in women with T2DM, countering the clini-
cal effects of escalating insulin resistance, without weight
gain or hypoglycemia, and may have potential benefits in the

Table 13 Main maternal and infant outcomes in metformin treated women with T2DM

Maternal outcomes

Infant outcomes

Type 2 diabetes Reduced maternal weight gain
Decreased risk of maternal hypoglycemia

Decreased risk of neonatal hypoglycemia
Decreased LGA and reduced body fat of neonates

Better metabolic control during the later stages of pregnancy Increased risk for SGA in women with comorbidities as chronic

hypertension or nephropathy in pregnancy
2 years old children have similar BMI Z score and skinfolds
thickness
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Table 14 Metformin effects on maternal/fetal outcomes and offspring metabolic profile

Maternal outcomes Fetal outcomes Offspring
Condition Fertility GWG GDM rate Insulin need Preterm deliv- Miscarriage Birth weight Metabolic
ery Profile
Overweight No available = = NA / / = =
data
Obesity No available Reduced = NA / Reduced = =
data
PCOS Improved Reduced = / Reduced = = Impaired
ART (in PCOS Improved No available No available NA No available / / No available
women) data data data data
GDM No available Reduced NA Reduced = = Lower Impaired
data
T2DM No available Reduced NA Reduced = = Lower =

data

GWG, Gestational weight gain. NA, Not applicable. Cells with “/* indicate inconsistent data

Cells with “=" indicate similar results to comparator

neonatal period, except for tendency for lower birth weights
and reduced body fat of neonates. Although there are some
data reassuring in children up to 2 years old, long-term fol-
low-up studies of offspring exposed to metformin in utero
in women with T2DM are still recommended before routine
use. Moreover, particular caution should be exercised in the
use of metformin in women with type 2 diabetes and chronic
hypertension or nephropathy in pregnancy.

Conclusion

This updated position statement has been designed to pro-
vide a consensus approach and practical advice to healthcare
professionals for the use of metformin in pregnancy and in
the periconceptional period for different health conditions.

Box 1 Authors indications for metformin use in pregnancy

In condition affecting the fertility, as PCOS, metformin
use in pre-conception or early in pregnancy may reduce pre-
term delivery. In case of ART, metformin is useful to improve
fertility and reduce OHSS risk. In obese women metformin
use in pregnancy is associated with a lower GWG, this does
not occurred in the overweight ones. In pregnancy compli-
cated by diabetes (GDM or T2DM), metformin improves
maternal glycemic control and may reduce insulin dose.

Neonatal and infant outcomes related to metformin expo-
sure in utero are lacking. While metformin does not appear to
affect neonatal outcomes in children born to obese or PCOS
women or in women undergoing ART, its use in women with
GDM or T2DM is associated with lower birth weight. How-
ever, an increased tendency towards overweight-obesity has
been observed in children born to women with GDM treated
with metformin during pregnancy, later in life (Table 14).

Condition Indications

Pregnancy complicated by obesity Metformin could be considered in very obese women (BMI > 35 kg/m?) to reduce weight gain. Its prescrip-
tion should be cautious and personalized

Pregnancy in PCOS women

Metformin could be considered to reduce preterm delivery particularly in obese women with BMI> 30 kg/

m? and in women who undergo ART

Pregnancy obtained by assisted
reproduction technology
infertility factors effective

Pregnancy complicated by GDM

Metformin could be considered in combination with clomiphene citrate to improve fertility outcomes in
women with PCOS who are clomiphene citrate resistant, anovulatory and infertile, not presenting other

Metformin use could be a valid therapeutic option in obese GDM women to reduce GWG. In women with

severe obesity metformin may reduce the insulin dose and the GWG

Pregnancy complicated by T2DM
manage insulin therapy

Metformin could be considered in obese women to reduce insulin dose and GWG or in women unable to

In case of metformin therapy before the conception, suspend and switch to insulin therapy, unless in case of
concomitant PCOS (discuss and evaluate individual cases with gynecologist and patient)

Stop Metformin in any evidence of SGA, above all in women with comorbidities as chronic hypertension or

nephropathy in pregnancy
Breastfeeding

Evaluate pros and cons with the patient, informing her of the insufficient amount of data in this regard
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Despite specific indications are suggested for women with
obesity, PCOS, ART, GDM and T2DM based on the exten-
sive specialist-generated literature (Box 1), more research
is required specifically on the long-term effects of in utero
exposition to metformin.
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