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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.

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, MATE1 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/m2, 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/
m2) 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/m2 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/m2, 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% CI 0.61–1.19; 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/m2 at 10–20 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/m2, 
compared to 38 kg/m2 in EMPOWaR and 38.6 kg/m2 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 
treated with metformin during 
pregnancy

GWG, Gestational weight gain; GDM, Gestational diabetes

Overweight women Obese women

Total GWG No significant difference Reduced
GDM rate No significant difference No significant difference
Gestational hypertension/Preeclampsia 

rate
No sufficient data Reduced

Caesarian section Reduced No significant difference
Preterm delivery (< 37 weeks) No sufficient data No significant difference
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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  cm2 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

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

Overweight women Obese women

Newborns
Birth weight No significant difference No significant difference
LGA/Macrosomia No significant difference No significant difference
SGA No significant difference No significant difference
Hypoglycemia No significant difference No significant difference
Intensive care unit admission No significant difference Reduced
Infants
BMI Higher No significant difference
Total body fat No significant difference No significant difference
Systolic blood pressure No significant difference Reduced

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

No apparent effect in mid-term

Overweight Lower average weekly gestational weight gain 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
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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 − 1.7to 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 

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 PregMet2 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/m2) 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 



1427Acta Diabetologica (2023) 60:1421–1437 

1 3

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 

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 

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

GWG, Gestational weight gain; GDM, Gestational diabetes

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
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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 

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% CI 0.03, 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 5  Neonatal and infant outcomes in PCOS women treated with 
metformin during pregnancy

BMI, body mass index

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

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% CI 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/m2. 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 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

Lower rate of ovarian hyperstimulation syndrome (OHSS) in 
women with PCOS

No available data

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

GWG, Gestational weight gain

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
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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, I2 = 83%; p = 0.005) and 
lower ponderal indices (mean difference − 0.13 kg/m3, 95% 
CI 0.26–0.00, I2 = 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 

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

LGA, Large for gestational age; SGA, Small for gestational age; BMI, 
Body mass index

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
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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 (HbA1c 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% CI 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 

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
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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 

(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 

Table 11  Maternal outcomes 
in T2DM women treated with 
metformin during pregnancy

GWG, gestational weight gain

T2DM women

Glycemic control Comparable or slightly improved as 
compared to insulin alone

Hypoglycemia Lower rate as compared to insulin alone
Total insulin dose Reduced
Total GWG Reduced
Gestational hypertension/reeclampsia rate No significant difference
Cesarian section Decreased
Preterm delivery (< 37 weeks) No significant difference
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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 

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/m2) 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 12  Neonatal and infant outcomes in T2DM women treated 
with metformin during pregnancy

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

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

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
Better metabolic control during the later stages of pregnancy

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

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).

Table 14  Metformin effects on maternal/fetal outcomes and offspring metabolic profile

GWG, Gestational weight gain. NA, Not applicable. Cells with “/“ indicate inconsistent data
Cells with “ = ” indicate similar results to comparator

Maternal outcomes Fetal outcomes Offspring

Condition Fertility GWG GDM rate Insulin need Preterm deliv-
ery

Miscarriage Birth weight Metabolic 
Profile

Overweight No available 
data

 =  = NA / /  =  = 

Obesity No available 
data

Reduced  = NA / Reduced  =  = 

PCOS Improved Reduced  = / Reduced  =  = Impaired
ART (in PCOS 

women)
Improved No available 

data
No available 

data
NA No available 

data
/ / No available 

data
GDM No available 

data
Reduced NA Reduced  =  = Lower Impaired

T2DM No available 
data

Reduced NA Reduced  =  = Lower  = 

Box 1  Authors indications for metformin use in pregnancy

Condition Indications

Pregnancy complicated by obesity Metformin could be considered in very obese women (BMI > 35 kg/m2) 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/
m2 and in women who undergo ART 

Pregnancy obtained by assisted 
reproduction technology

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 
infertility factors effective

Pregnancy complicated by GDM 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 Metformin could be considered in obese women to reduce insulin dose and GWG or in women unable to 
manage insulin therapy

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.

Author contributions All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were 
performed by all authors. The first draft of the manuscript was written 
by CB, SB, GF, VR, LS, MAS, and all authors commented on previ-
ous versions of the manuscript. All authors read and approved the final 
manuscript.

Funding Open access funding provided by Università degli Studi di 
Catania within the CRUI-CARE Agreement. This study received no 
external funding.

Declarations 

Conflict of interest The authors declare that they have no conflict of 
interest.

Ethical approval and Informed consent Not applicable.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Feig DS, Donovan LE, Zinman B, Sanchez JJ, Asztalos E, Ryan 
EA et al (2020) Metformin in women with type 2 diabetes in preg-
nancy (MiTy): a multicentre, international, randomised, placebo-
controlled trial. Lancet Diabetes Endocrinol 8:834–844. https:// 
doi. org/ 10. 1016/ S2213- 8587(20) 30310-7

 2. Rowan JA, Rush EC, Plank LD, Lu J, Obolonkin V, Coat S et al 
(2018) Metformin in gestational diabetes: the offspring follow-up 
(MiG TOFU): body composition and metabolic outcomes at 7–9 
years of age. BMJ Open Diabetes Res Care 6:e000456. https:// doi. 
org/ 10. 1136/ bmjdrc- 2017- 000456

 3. AIFA (n.d.) https:// www. gazze ttauffi cia le. it/ eli/ gu/ 2022/ 12/ 14/ 
291/ sg/ pdf 

 4. AIFA-Agenzia Italiana del Farmaco (2022) Modifica 
dell’autorizzazione all’immissione in commercio del medicinale 
per uso umano, a base di metformina cloridrato, «Glucophage». 
https:// www. gazze ttauffi cia le. it/ eli/ gu/ 2022/ 10/ 18/ 244/ sg/ pdf

 5. Brand KMG, Saarelainen L, Sonajalg J, Boutmy E, Foch C, 
Vääräsmäki M et al (2022) Metformin in pregnancy and risk of 
adverse long-term outcomes: a register-based cohort study. BMJ 
Open Diabetes Res Care 10:e002363. https:// doi. org/ 10. 1136/ 
bmjdrc- 2021- 002363

 6. Draznin B, Aroda VR, Bakris G, Benson G, Brown FM, Freeman 
R, et al. (2022) 15. Management of diabetes in pregnancy: stand-
ards of medical care in diabetes—2022. Diabetes Care 45:S232–
S243. https:// doi. org/ 10. 2337/ dc22- S015

 7. Buse JB, Wexler DJ, Tsapas A, Rossing P, Mingrone G, Mathieu 
C et al (2019) Update to: management of hyperglycemia in type 
2 diabetes, 2018. A consensus report by the American diabetes 
association (ADA) and the European association for the study of 
diabetes (EASD). Diabetes Care 2020(43):487–493. https:// doi. 
org/ 10. 2337/ dci19- 0066

 8. Foretz M, Guigas B, Bertrand L, Pollak M, Viollet B (2014) 
Metformin: from mechanisms of action to therapies. Cell Metab 
20:953–966. https:// doi. org/ 10. 1016/j. cmet. 2014. 09. 018

 9. LaMoia TE, Shulman GI (2021) Cellular and molecular mecha-
nisms of metformin action. Endocr Rev 42:77–96. https:// doi. org/ 
10. 1210/ endrev/ bnaa0 23

 10. Pollak M (2017) The effects of metformin on gut microbiota and 
the immune system as research frontiers. Diabetologia 60:1662–
1667. https:// doi. org/ 10. 1007/ s00125- 017- 4352-x

 11. Charles B, Norris R, Xiao X, Hague W (2006) Population phar-
macokinetics of metformin in late pregnancy. Ther Drug Monit 
28:67–72. https:// doi. org/ 10. 1097/ 01. ftd. 00001 84161. 52573. 0e

 12. Eyal S, Easterling TR, Carr D, Umans JG, Miodovnik M, Hankins 
GDV et al (2010) Pharmacokinetics of metformin during preg-
nancy. Drug Metab Dispos 38:833–840. https:// doi. org/ 10. 1124/ 
dmd. 109. 031245

 13. Lee H, Wei D, Loeken MR (2014) Lack of metformin effect 
on mouse embryo AMPK activity: implications for metformin 
treatment during pregnancy. Diabetes Metab Res Rev 30:23–30. 
https:// doi. org/ 10. 1002/ dmrr. 2451

 14. Owen MD, Baker BC, Scott EM, Forbes K (2021) Interaction 
between metformin, folate and vitamin B12 and the potential 
impact on fetal growth and long-term metabolic health in diabetic 
pregnancies. Int J Mol Sci 22:5759. https:// doi. org/ 10. 3390/ ijms2 
21157 59

 15. Ahmadimoghaddam D, Zemankova L, Nachtigal P, Dolezelova E, 
Neumanova Z, Cerveny L et al (2013) Organic cation transporter 3 
(OCT3/SLC22A3) and multidrug and toxin extrusion 1 (MATE1/
SLC47A1) transporter in the placenta and fetal tissues: expression 
profile and fetus protective role at different stages of gestation1. 
Biol Reprod 88:55–61. https:// doi. org/ 10. 1095/ biolr eprod. 112. 
105064

 16. Lindsay RS, Loeken MR (2017) Metformin use in pregnancy: 
promises and uncertainties. Diabetologia 60:1612–1619. https:// 
doi. org/ 10. 1007/ s00125- 017- 4351-y

 17. Given JE, Loane M, Garne E, Addor M-C, Bakker M, Bertaut-
Nativel B, et al. (2018) Metformin exposure in first trimester of 
pregnancy and risk of all or specific congenital anomalies: explor-
atory case-control study. BMJ k2477. https:// doi. org/ 10. 1136/ bmj. 
k2477

 18. Poston L, Harthoorn LF, van der Beek EM (2011) Obesity in 
pregnancy: implications for the mother and lifelong health of the 
child. Consens Statement Pediatr Res 69:175–180. https:// doi. org/ 
10. 1203/ PDR. 0b013 e3182 055ede

 19. Creanga AA, Catalano PM, Bateman BT (2022) Obesity in 
pregnancy. N Engl J Med 387:248–259. https:// doi. org/ 10. 1056/ 
NEJMr a1801 040

 20. Chiswick C, Reynolds RM, Denison F, Drake AJ, Forbes S, 
Newby DE et al (2015) Effect of metformin on maternal and 
fetal outcomes in obese pregnant women (EMPOWaR): a ran-
domised, double-blind, placebo-controlled trial. Lancet Diabetes 
Endocrinol 3:778–786. https:// doi. org/ 10. 1016/ S2213- 8587(15) 
00219-3

 21. To Reexamine IOMPWGI of M (2009) Weight gain during preg-
nancy weight gain during pregnancy: reexamining the guidelines. 
National Academies Press. https:// doi. org/ 10. 17226/ 12584

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S2213-8587(20)30310-7
https://doi.org/10.1016/S2213-8587(20)30310-7
https://doi.org/10.1136/bmjdrc-2017-000456
https://doi.org/10.1136/bmjdrc-2017-000456
https://www.gazzettaufficiale.it/eli/gu/2022/12/14/291/sg/pdf
https://www.gazzettaufficiale.it/eli/gu/2022/12/14/291/sg/pdf
https://www.gazzettaufficiale.it/eli/gu/2022/10/18/244/sg/pdf
https://doi.org/10.1136/bmjdrc-2021-002363
https://doi.org/10.1136/bmjdrc-2021-002363
https://doi.org/10.2337/dc22-S015
https://doi.org/10.2337/dci19-0066
https://doi.org/10.2337/dci19-0066
https://doi.org/10.1016/j.cmet.2014.09.018
https://doi.org/10.1210/endrev/bnaa023
https://doi.org/10.1210/endrev/bnaa023
https://doi.org/10.1007/s00125-017-4352-x
https://doi.org/10.1097/01.ftd.0000184161.52573.0e
https://doi.org/10.1124/dmd.109.031245
https://doi.org/10.1124/dmd.109.031245
https://doi.org/10.1002/dmrr.2451
https://doi.org/10.3390/ijms22115759
https://doi.org/10.3390/ijms22115759
https://doi.org/10.1095/biolreprod.112.105064
https://doi.org/10.1095/biolreprod.112.105064
https://doi.org/10.1007/s00125-017-4351-y
https://doi.org/10.1007/s00125-017-4351-y
https://doi.org/10.1136/bmj.k2477
https://doi.org/10.1136/bmj.k2477
https://doi.org/10.1203/PDR.0b013e3182055ede
https://doi.org/10.1203/PDR.0b013e3182055ede
https://doi.org/10.1056/NEJMra1801040
https://doi.org/10.1056/NEJMra1801040
https://doi.org/10.1016/S2213-8587(15)00219-3
https://doi.org/10.1016/S2213-8587(15)00219-3
https://doi.org/10.17226/12584


1436 Acta Diabetologica (2023) 60:1421–1437

1 3

 22. Fattah E (2016) Can metformin limit weight gain in the obese with 
pregnancy? Int J Reprod Contracept Obstet Gynecol 5:818–825. 
https:// doi. org/ 10. 18203/ 2320- 1770. ijrco g2016 0591

 23. Syngelaki A, Nicolaides KH, Balani J, Hyer S, Akolekar R, Kote-
cha R et al (2016) Metformin versus placebo in obese pregnant 
women without diabetes mellitus. N Engl J Med 374:434–443. 
https:// doi. org/ 10. 1056/ NEJMo a1509 819

 24. Dodd JM, Grivell RM, Deussen AR, Hague WM (2018) Met-
formin for women who are overweight or obese during pregnancy 
for improving maternal and infant outcomes. Cochrane Database 
Syst Rev. https:// doi. org/ 10. 1002/ 14651 858. CD010 564. pub2

 25. Dodd JM, Louise J, Deussen AR, Grivell RM, Dekker G, McPhee 
AJ et al (2019) Effect of metformin in addition to dietary and life-
style advice for pregnant women who are overweight or obese: the 
GRoW randomised, double-blind, placebo-controlled trial. Lan-
cet Diabetes Endocrinol 7:15–24. https:// doi. org/ 10. 1016/ S2213- 
8587(18) 30310-3

 26. Newman C, Dunne FP (2022) Metformin for pregnancy and 
beyond: the pros and cons. Diabetic Med 39:e14700. https:// doi. 
org/ 10. 1111/ dme. 14700

 27. Yang L, Lacey L, Whyte S, Quenby S, Denison FC, Dhaun N 
et al (2022) Metformin in obese pregnancy has no adverse effects 
on cardiovascular risk in early childhood. J Dev Orig Health Dis 
13:390–394. https:// doi. org/ 10. 1017/ S2040 17442 10003 01

 28. Panagiotopoulou O, Syngelaki A, Georgiopoulos G, Simpson J, 
Akolekar R, Shehata H et al (2019) Cardiometabolic follow up of 
the offspring from the metformin in obese non-diabetic pregnant 
(MOP) women trial. SSRN Electron J. https:// doi. org/ 10. 2139/ 
ssrn. 33875 25

 29. Deussen AR, Louise J, Dodd JM (2023) Childhood follow-up of 
the GRoW randomized trial: metformin in addition to dietary and 
lifestyle advice for pregnant women with overweight or obesity. 
Pediatr Obes 18:e12974. https:// doi. org/ 10. 1111/ ijpo. 12974

 30. Boomsma CM, Eijkemans MJC, Hughes EG, Visser GHA, Fauser 
BCJM, Macklon NS (2006) A meta-analysis of pregnancy out-
comes in women with polycystic ovary syndrome. Hum Reprod 
Update 12:673–683. https:// doi. org/ 10. 1093/ humupd/ dml036

 31. Roos N, Kieler H, Sahlin L, Ekman-Ordeberg G, Falconer H, 
Stephansson O (2011) Risk of adverse pregnancy outcomes in 
women with polycystic ovary syndrome: population based cohort 
study. BMJ 343:d6309–d6309. https:// doi. org/ 10. 1136/ bmj. d6309

 32. Adak T, Samadi A, Ünal AZ, Sabuncuoğlu S (2018) A reappraisal 
on metformin. Regul Toxicol Pharmacol 92:324–332. https:// doi. 
org/ 10. 1016/j. yrtph. 2017. 12. 023

 33. Cameron AR, Morrison VL, Levin D, Mohan M, Forteath C, Beall 
C et al (2016) Anti-inflammatory effects of metformin irrespective 
of diabetes status. Circ Res 119:652–665. https:// doi. org/ 10. 1161/ 
CIRCR ESAHA. 116. 308445

 34. da Trindade MT, Kogawa AC, Salgado HRN (2018) Metformin: 
a review of characteristics, properties, analytical methods and 
impact in the green chemistry. Crit Rev Anal Chem 48:66–72. 
https:// doi. org/ 10. 1080/ 10408 347. 2017. 13741 65

 35. Viollet B, Guigas B, Garcia NS, Leclerc J, Foretz M, Andreelli 
F (2012) Cellular and molecular mechanisms of metformin: an 
overview. Clin Sci 122:253–270. https:// doi. org/ 10. 1042/ CS201 
10386

 36. Wang J, Zhu L, Hu K, Tang Y, Zeng X, Liu J et al (2017) Effects 
of metformin treatment on serum levels of C-reactive protein and 
interleukin-6 in women with polycystic ovary syndrome. Medicine 
96:e8183. https:// doi. org/ 10. 1097/ MD. 00000 00000 008183

 37. Vanky E (2004) Metformin reduces pregnancy complications 
without affecting androgen levels in pregnant polycystic ovary 
syndrome women: results of a randomized study. Hum Reprod 
19:1734–1740. https:// doi. org/ 10. 1093/ humrep/ deh347

 38. Vanky E, Stridsklev S, Heimstad R, Romundstad P, Skogøy K, 
Kleggetveit O et al (2010) Metformin versus placebo from first 

trimester to delivery in polycystic ovary syndrome: a randomized, 
controlled multicenter study. J Clin Endocrinol Metab 95:E448–
E455. https:// doi. org/ 10. 1210/ jc. 2010- 0853

 39. Løvvik TS, Carlsen SM, Salvesen Ø, Steffensen B, Bixo M, 
Gómez-Real F et al (2019) Use of metformin to treat pregnant 
women with polycystic ovary syndrome (PregMet2): a ran-
domised, double-blind, placebo-controlled trial. Lancet Diabetes 
Endocrinol 7:256–266. https:// doi. org/ 10. 1016/ S2213- 8587(19) 
30002-6

 40. Hanem LGE, Stridsklev S, Júlíusson PB, Salvesen Ø, Roelants 
M, Carlsen SM et al (2018) Metformin use in PCOS pregnancies 
increases the risk of offspring overweight at 4 years of age: follow-
up of two RCTs. J Clin Endocrinol Metab 103:1612–1621. https:// 
doi. org/ 10. 1210/ jc. 2017- 02419

 41. Cao Q, Hu Y, Fu J, Huang X, Wu L, Zhang J et al (2021) Gesta-
tional metformin administration in women with polycystic ovary 
syndrome: a systematic review and meta-analysis of randomized 
control studies. J Obstet Gynaecol Res 47:4148–4157. https:// doi. 
org/ 10. 1111/ jog. 15044

 42. Fornes R, Simin J, Nguyen MH, Cruz G, Crisosto N, van der 
Schaaf M et al (2022) Pregnancy, perinatal and childhood out-
comes in women with and without polycystic ovary syndrome 
and metformin during pregnancy: a nationwide population-based 
study. Reprod Biol Endocrinol 20:30. https:// doi. org/ 10. 1186/ 
s12958- 022- 00905-6

 43. Khomami MB, Teede HJ, Joham AE, Moran LJ, Piltonen TT, 
Boyle JA (2022) Clinical management of pregnancy in women 
with polycystic ovary syndrome: an expert opinion. Clin Endo-
crinol (Oxf) 97:227–236. https:// doi. org/ 10. 1111/ cen. 14723

 44. Mills G, Badeghiesh A, Suarthana E, Baghlaf H, Dahan MH 
(2020) Associations between polycystic ovary syndrome and 
adverse obstetric and neonatal outcomes: a population study of 
9.1 million births. Hum Reprod 35:1914–1921. https:// doi. org/ 10. 
1093/ humrep/ deaa1 44

 45. Hanem LGE, Salvesen Ø, Juliusson PB, Carlsen SM, Nossum 
MCF, Vaage MØ et al (2019) Intrauterine metformin exposure 
and offspring cardiometabolic risk factors (PedMet study): a 5–10 
year follow-up of the PregMet randomised controlled trial. Lancet 
Child Adolesc Health 3:166–174. https:// doi. org/ 10. 1016/ S2352- 
4642(18) 30385-7

 46. Xu Q, Xie Q (2019) Long-term effects of prenatal exposure to 
metformin on the health of children based on follow-up studies 
of randomized controlled trials: a systematic review and meta-
analysis. Arch Gynecol Obstet 299:1295–1303. https:// doi. org/ 
10. 1007/ s00404- 019- 05124-w

 47. Thessaloniki ESHRE/ASRM-Sponsored PCOS Consensus Work-
shop Group (2008) Consensus on infertility treatment related to 
polycystic ovary syndrome. Fertil Steril 89:505–522. https:// doi. 
org/ 10. 1016/j. fertn stert. 2007. 09. 041

 48. Palomba S, Falbo A, Carrillo L, Villani MT, Orio F, Russo T 
et al (2011) Metformin reduces risk of ovarian hyperstimulation 
syndrome in patients with polycystic ovary syndrome during gon-
adotropin-stimulated in vitro fertilization cycles: a randomized, 
controlled trial. Fertil Steril 96:1384-1390.e4. https:// doi. org/ 10. 
1016/j. fertn stert. 2011. 09. 020

 49. Tang T, Glanville J, Orsi N, Barth JH, Balen AH (2006) The use of 
metformin for women with PCOS undergoing IVF treatment. Hum 
Reprod 21:1416–1425. https:// doi. org/ 10. 1093/ humrep/ del025

 50. Balen AH, Morley LC, Misso M, Franks S, Legro RS, Wijeyaratne 
CN et al (2016) The management of anovulatory infertility in 
women with polycystic ovary syndrome: an analysis of the evi-
dence to support the development of global WHO guidance. Hum 
Reprod Update 22:687–708. https:// doi. org/ 10. 1093/ humupd/ 
dmw025

 51. Moll E, Bossuyt PMM, Korevaar JC, Lambalk CB, van der Veen 
F (2006) Effect of clomifene citrate plus metformin and clomifene 

https://doi.org/10.18203/2320-1770.ijrcog20160591
https://doi.org/10.1056/NEJMoa1509819
https://doi.org/10.1002/14651858.CD010564.pub2
https://doi.org/10.1016/S2213-8587(18)30310-3
https://doi.org/10.1016/S2213-8587(18)30310-3
https://doi.org/10.1111/dme.14700
https://doi.org/10.1111/dme.14700
https://doi.org/10.1017/S2040174421000301
https://doi.org/10.2139/ssrn.3387525
https://doi.org/10.2139/ssrn.3387525
https://doi.org/10.1111/ijpo.12974
https://doi.org/10.1093/humupd/dml036
https://doi.org/10.1136/bmj.d6309
https://doi.org/10.1016/j.yrtph.2017.12.023
https://doi.org/10.1016/j.yrtph.2017.12.023
https://doi.org/10.1161/CIRCRESAHA.116.308445
https://doi.org/10.1161/CIRCRESAHA.116.308445
https://doi.org/10.1080/10408347.2017.1374165
https://doi.org/10.1042/CS20110386
https://doi.org/10.1042/CS20110386
https://doi.org/10.1097/MD.0000000000008183
https://doi.org/10.1093/humrep/deh347
https://doi.org/10.1210/jc.2010-0853
https://doi.org/10.1016/S2213-8587(19)30002-6
https://doi.org/10.1016/S2213-8587(19)30002-6
https://doi.org/10.1210/jc.2017-02419
https://doi.org/10.1210/jc.2017-02419
https://doi.org/10.1111/jog.15044
https://doi.org/10.1111/jog.15044
https://doi.org/10.1186/s12958-022-00905-6
https://doi.org/10.1186/s12958-022-00905-6
https://doi.org/10.1111/cen.14723
https://doi.org/10.1093/humrep/deaa144
https://doi.org/10.1093/humrep/deaa144
https://doi.org/10.1016/S2352-4642(18)30385-7
https://doi.org/10.1016/S2352-4642(18)30385-7
https://doi.org/10.1007/s00404-019-05124-w
https://doi.org/10.1007/s00404-019-05124-w
https://doi.org/10.1016/j.fertnstert.2007.09.041
https://doi.org/10.1016/j.fertnstert.2007.09.041
https://doi.org/10.1016/j.fertnstert.2011.09.020
https://doi.org/10.1016/j.fertnstert.2011.09.020
https://doi.org/10.1093/humrep/del025
https://doi.org/10.1093/humupd/dmw025
https://doi.org/10.1093/humupd/dmw025


1437Acta Diabetologica (2023) 60:1421–1437 

1 3

citrate plus placebo on induction of ovulation in women with 
newly diagnosed polycystic ovary syndrome: randomised double 
blind clinical trial. BMJ 332:1485. https:// doi. org/ 10. 1136/ bmj. 
38867. 631551. 55

 52. Legro RS, Barnhart HX, Schlaff WD, Carr BR, Diamond MP, 
Carson SA et al (2007) Clomiphene, metformin, or both for infer-
tility in the polycystic ovary syndrome. N Engl J Med 356:551–
566. https:// doi. org/ 10. 1056/ NEJMo a0639 71

 53. Tso LO, Costello MF, Albuquerque LET, Andriolo RB, Macedo 
CR (2020) Metformin treatment before and during IVF or ICSI in 
women with polycystic ovary syndrome. Cochrane Database Syst 
Rev. https:// doi. org/ 10. 1002/ 14651 858. CD006 105. pub4

 54. Unanyan A, Pivazyan L, Krylova E, Eskin A, Zakaryan A, Sark-
isova A et al (2022) Effectiveness of inositol, metformin and their 
combination in women with PCOS undergoing assisted reproduc-
tion: systematic review and meta-analysis. Gynecol Endocrinol. 
https:// doi. org/ 10. 1080/ 09513 590. 2022. 21361 60

 55. Rowan JA, Hague WM, Gao W, Battin MR, Moore MP (2008) 
Metformin versus insulin for the treatment of gestational diabetes. 
N Engl J Med 358:2003–2015. https:// doi. org/ 10. 1056/ NEJMo 
a0707 193

 56. Tarry-Adkins JL, Aiken CE, Ozanne SE (2019) Neonatal, infant, 
and childhood growth following metformin versus insulin treat-
ment for gestational diabetes: a systematic review and meta-anal-
ysis. PLoS Med 16:e1002848. https:// doi. org/ 10. 1371/ journ al. 
pmed. 10028 48

 57. Rowan JA, Rush EC, Obolonkin V, Battin M, Wouldes T, Hague 
WM (2011) Metformin in gestational diabetes: the offspring fol-
low-up (MiG TOFU). Diabetes Care 34:2279–2284. https:// doi. 
org/ 10. 2337/ dc11- 0660

 58. Salomäki-Myftari H, Vähätalo LH, Ailanen L, Pietilä S, Laiho 
A, Hänninen A et  al (2016) Neuropeptide Y overexpressing 
female and male mice show divergent metabolic but not gut 
microbial responses to prenatal metformin exposure. PLoS ONE 
11:e0163805. https:// doi. org/ 10. 1371/ journ al. pone. 01638 05

 59. Landi SN, Radke S, Engel SM, Boggess K, Stürmer T, Howe AS 
et al (2019) Association of long-term child growth and devel-
opmental outcomes with metformin versus insulin treatment for 
gestational diabetes. JAMA Pediatr 173:160. https:// doi. org/ 10. 
1001/ jamap ediat rics. 2018. 4214

 60. Feig DS, Palda VA (2002) Type 2 diabetes in pregnancy: a grow-
ing concern. The Lancet 359:1690–1692. https:// doi. org/ 10. 1016/ 
S0140- 6736(02) 08599-9

 61. Waheed S, Malik FP, Mazhar SB (2013) Efficacy of metformin 
versus insulin in the management of pregnancy with diabetes. J 
Coll Physicians Surg Pak 23:866–869

 62. Hickman M, McBride R, Boggess K, Strauss R (2012) Metformin 
compared with insulin in the treatment of pregnant women with 
overt diabetes: a randomized controlled trial. Am J Perinatol 
30:483–490. https:// doi. org/ 10. 1055/s- 0032- 13269 94

 63. Refuerzo J, Gowen R, Pedroza C, Hutchinson M, Blackwell S, 
Ramin S (2014) A pilot randomized, controlled trial of metformin 

versus insulin in women with type 2 diabetes mellitus during 
pregnancy. Am J Perinatol 30:163–170. https:// doi. org/ 10. 1055/s- 
0034- 13781 44

 64. Beyuo T, Obed SA, Adjepong-Yamoah KK, Bugyei KA, Oppong 
SA, Marfoh K (2015) Metformin versus insulin in the manage-
ment of pre-gestational diabetes mellitus in pregnancy and ges-
tational diabetes mellitus at the korle bu teaching hospital: a ran-
domized clinical trial. PLoS ONE 10:e0125712. https:// doi. org/ 
10. 1371/ journ al. pone. 01257 12

 65. Ainuddin JA, Karim N, Zaheer S, Ali SS, Hasan AA (2015) Met-
formin treatment in type 2 diabetes in pregnancy: an active con-
trolled, parallel-group, randomized, open label study in patients 
with type 2 diabetes in pregnancy. J Diabetes Res 2015:1–11. 
https:// doi. org/ 10. 1155/ 2015/ 325851

 66. Butalia S, Gutierrez L, Lodha A, Aitken E, Zakariasen A, Dono-
van L (2017) Short- and long-term outcomes of metformin com-
pared with insulin alone in pregnancy: a systematic review and 
meta-analysis. Diabet Med 34:27–36. https:// doi. org/ 10. 1111/ 
dme. 13150

 67. NICE (2020) Diabetes in pregnancy: management from precon-
ception to the postnatal period. https:// www. nice. org. uk/ guida nce/ 
ng3

 68. Kovo M, Haroutiunian S, Feldman N, Hoffman A, Glezerman M 
(2008) Determination of metformin transfer across the human pla-
centa using a dually perfused ex vivo placental cotyledon model. 
Eur J Obstet Gynecol Reprod Biol 136:29–33. https:// doi. org/ 10. 
1016/j. ejogrb. 2007. 01. 013

 69. Feig DS, Zinman B, Asztalos E, Donovan LE, Shah PS, Sanchez 
JJ et al (2022) Determinants of small for gestational age in women 
with type 2 diabetes in pregnancy: Who should receive met-
formin? Diabetes Care 45:1532–1539. https:// doi. org/ 10. 2337/ 
dc22- 0013

 70. Feig DS, Sanchez JJ, Murphy KE, Asztalos E, Zinman B, Sim-
mons D et al (2023) Outcomes in children of women with type 2 
diabetes exposed to metformin versus placebo during pregnancy 
(MiTy Kids): a 24-month follow-up of the MiTy randomised con-
trolled trial. Lancet Diabetes Endocrinol 11:191–202. https:// doi. 
org/ 10. 1016/ S2213- 8587(23) 00004-9

 71. Briggs GG, Ambrose PJ, Nageotte MP, Padilla G, Wan S (2005) 
Excretion of metformin into breast milk and the effect on nursing 
infants. Obstet Gynecol 105:1437–1441. https:// doi. org/ 10. 1097/ 
01. AOG. 00001 63249. 65810. 5b

 72. Gardiner S (2003) Transfer of metformin into human milk. Clin 
Pharmacol Ther 73:71–77. https:// doi. org/ 10. 1067/ mcp. 2003.9

 73. Hale TW, Kristensen JH, Hackett LP, Kohan R, Ilett R (2002) 
Transfer of metformin into human milk. Diabetologia 45:1509–
1514. https:// doi. org/ 10. 1007/ s00125- 002- 0939-x

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1136/bmj.38867.631551.55
https://doi.org/10.1136/bmj.38867.631551.55
https://doi.org/10.1056/NEJMoa063971
https://doi.org/10.1002/14651858.CD006105.pub4
https://doi.org/10.1080/09513590.2022.2136160
https://doi.org/10.1056/NEJMoa0707193
https://doi.org/10.1056/NEJMoa0707193
https://doi.org/10.1371/journal.pmed.1002848
https://doi.org/10.1371/journal.pmed.1002848
https://doi.org/10.2337/dc11-0660
https://doi.org/10.2337/dc11-0660
https://doi.org/10.1371/journal.pone.0163805
https://doi.org/10.1001/jamapediatrics.2018.4214
https://doi.org/10.1001/jamapediatrics.2018.4214
https://doi.org/10.1016/S0140-6736(02)08599-9
https://doi.org/10.1016/S0140-6736(02)08599-9
https://doi.org/10.1055/s-0032-1326994
https://doi.org/10.1055/s-0034-1378144
https://doi.org/10.1055/s-0034-1378144
https://doi.org/10.1371/journal.pone.0125712
https://doi.org/10.1371/journal.pone.0125712
https://doi.org/10.1155/2015/325851
https://doi.org/10.1111/dme.13150
https://doi.org/10.1111/dme.13150
https://www.nice.org.uk/guidance/ng3
https://www.nice.org.uk/guidance/ng3
https://doi.org/10.1016/j.ejogrb.2007.01.013
https://doi.org/10.1016/j.ejogrb.2007.01.013
https://doi.org/10.2337/dc22-0013
https://doi.org/10.2337/dc22-0013
https://doi.org/10.1016/S2213-8587(23)00004-9
https://doi.org/10.1016/S2213-8587(23)00004-9
https://doi.org/10.1097/01.AOG.0000163249.65810.5b
https://doi.org/10.1097/01.AOG.0000163249.65810.5b
https://doi.org/10.1067/mcp.2003.9
https://doi.org/10.1007/s00125-002-0939-x

	Position paper of the Italian Association of Medical Diabetologists (AMD), Italian Society of Diabetology (SID), and the Italian Study Group of Diabetes in pregnancy: Metformin use in pregnancy
	Abstract
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Mechanism of action of metformin
	Transport of metformin across the human placenta
	Metformin in pregnancy complicated by obesity and overweight: maternal outcomes
	Metformin in pregnancy complicated by obesity: fetal and long-term offspring outcomes
	Short-term neonatal outcomes
	Long-term infant outcomes

	Metformin in PCOS women: maternal outcomes
	Metformin in PCOS women: fetal and long-term offspring outcomes
	Short-term neonatal outcomes
	Long-term infant outcomes

	Metformin in pregnancy obtained by assisted reproduction technology
	Metformin in pregnancy complicated by GDM: maternal outcomes
	Metformin in pregnancy complicated by GDM: fetal and long-term offspring outcomes
	Short-term neonatal outcomes
	Long-term infant outcomes

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

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

	Metformin and breastfeeding
	Recommendations for the use of metformin during pregnancy
	Conclusion
	References




