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Introduction
Metformin is one of the most used antidiabetic drugs, 

with extensive experience, multiple benefits and low 
costs. Both pre-existing diabetes and gestational dia-
betes are on the rise. Although initially metformin was 
not used in pregnancy due to the lack of studies, issues 
related to safety and the degree of passage of the pla-
centa, the actual perspective is different.

Hyperglycemia, even mild, during pregnancy is 
associated with an increase in maternal, fetal and 
neonatal adverse effects, with a change in lifestyle, 
self-monitoring of blood glucose and pharmacological 
intervention for glycemic control(1,2). Usually, insulin 
is the therapeutic option in gestational diabetes, being 
safe for the mother and the fetus. However, metformin 
is an effective, easier to administer and less expensive 
option, which is increasingly used by clinicians for ges-
tational diabetes. 

One of the first mentions related to the administra-
tion of metformin in gestational diabetes was in 1975 
at the Aberdeen International Symposium on Carbohy-
drate Metabolism in Pregnancy and Newborn(3). In 1980, 
Coetzee et al. conducted observational studies regarding 
the safety and efficacy of metformin administration in 
pre-existing diabetes and gestational diabetes in women 
from South Africa(4,5).

Subsequently, several studies have shown the efficacy 
and lack of side effects when administering metformin 
during pregnancy. These studies have shown that the 
use of metformin does not increase the risk of miscar-
riage; metformin crosses the placenta, which can expose 
the fetus. The long-term effects on fetal programming 
and the offsprings of children exposed to intrauterine 
metformin are not completely elucidated(6,7).

The action of metformin in the context  
of pregnancy

Metformin improves insulin sensitivity, reduces he-
patic gluconeogenesis and increases peripheral glucose 
uptake, with a minimal risk of hypoglycemia, and can 
reduce the body weight by an average of 5.8%(8). In the 
context of pregnancy, it is important to note that the 
placenta expresses many isoforms of organic cationic 
transporters (OTC) and therefore metformin readily 
crosses the placenta(9). Fetal metformin concentrations 
can reach at least 50% of the maternal concentration(10).

Placental transport to the developing fetus raises the 
question of potential adverse effects on fetal develop-
ment. At present, it is not known whether the human 
embryo expresses OTC; pre-implanted human embryos 
have a low mitochondrial content and may therefore be 
unresponsive to metformin(11). Metformin stimulates 
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the 5’-adenosine monophosphate-activated protein ki-
nase (AMPK) activity in embryonic stem cell cultures 
in mice in vitro, but the significance of this finding is 
unclear, given the lack of effect on mouse embryos in 
vivo(12,13).

The renal clearance of metformin is significantly in-
creased in the second half of pregnancy, consistent with 
increased renal plasma flow and glomerular filtration 
during pregnancy(14). For a proper glycemic control, pa-
tients with gestational diabetes may require high doses 
of metformin (500-2500 mg/day). At doses above 2500 
mg/day, maternal, fetal or newborn safety is unknown.

Type 2 diabetes pre-existing pregnancy  
and metformin

The prevalence of type 2 diabetes is increasing, the 
age of onset of type 2 diabetes is decreasing, and the age 
of pregnant women is increasing, all of which lead to 
an increasing prevalence of pregnant women with type 
2 diabetes(15). These women have an increased risk of 
obesity, pregnancy-induced hypertension, preeclampsia 
and caesarean section(16).

Because metformin is a first-line therapy for type 2 
diabetes, many future pregnant women with pre-exist-
ing diabetes are on metformin treatment, raising the 
issue of metformin administration during pregnancy. 
On the other hand, given the insulin resistance of preg-
nancy, it is likely that most women with type 2 diabe-
tes prior to pregnancy require insulin treatment during 
pregnancy, to maintain glycemic control. 

Even though insulin is needed, metformin may con-
tribute to improved maternal glycemic control, better 
maternal weight control, and reduced insulin dose. In 
women receiving metformin prior to pregnancy, the 
discontinuation of it may lead to glycemic fluctuations 
and increased insulin dose, especially in the second half 
of pregnancy, when an additional physiological decrease 
in insulin sensitivity occurs. 

Hellmuth et al. conducted a retrospective study be-
tween 1966 and 1984, including 50 women (19 with 
pre-existing type 2 diabetes), and have noted an increase 
in preeclampsia and perinatal mortality with metformin 
compared to sulphonylurea or insulin treatment(17).

Levitt et al. followed women with pre-existing type 
2 diabetes under treatment with insulin or oral antidia-
betic agents before and during pregnancy. There was a 
very high rate of perinatal mortality (125 to 1000 births) 
in the group treated predominantly with metformin and 
glibenclamide; women who switched to insulin from oral 
medication had a perinatal mortality rate of 28 to 1000 
births and in women who switched from diet to insulin 
the rate was 33 to 1000 births(18).

Hughes and Rowan were unable to demonstrate any 
difference in maternal and fetal adverse outcomes in 
women taking metformin compared to those taking 
insulin(19).

The National Institute for Health and Care Excel-
lence (NICE) recommends that women with pre-existing 
type 2 diabetes receive metformin as an adjuvant or 

alternative to insulin during the preconception and dur-
ing pregnancy, when the likely benefits of improved glu-
cose control outweigh the potential for adverse effects(20).

Gestational diabetes and metformin
Gestational diabetes represents the diabetes that 

occurs during pregnancy, its severity differing from 
person to person. The prevalence of gestational diabe-
tes is increasing worldwide, as the age at which women 
become pregnant increases and the prevalence of obesity 
increases(21).

Rowan et al. managed to change the perspective on the 
use of metformin in pregnant women; they studied 751 
women with gestational diabetes, who were randomized 
to either metformin or insulin. Most women with met-
formin required supplemental insulin (46%), but at con-
siderably lower doses than women receiving insulin alone. 
Gastrointestinal adverse reactions resulted in the discon-
tinuation of metformin in 1.9% of women and in dose 
reduction by 8.8%. Negative outcomes were recorded in 
32% of the participants (regardless of whether metformin 
or insulin was administered), being highlighted: neonatal 
hypoglycemia (<2.6 mmol/L), respiratory distress, need 
for phototherapy, Apgar score at 5 minutes <7 or preterm 
birth. Severe hypoglycemia rates (<1.6 mmol/L) were re-
duced in the metformin group compared to the insulin 
group. Maternal weight gain to term was significantly 
lower in women taking metformin than in insulin-treated 
group (0.4±2.9 kg in the metformin group and 2±3.3 kg 
in the insulin group; p<0.001)(22).

Balani et al. compared 100 women with gestation-
al diabetes treated with metformin and 100 treated 
with insulin. The incidence of gestational hyperten-
sion, preeclampsia and caesarean section was similar, 
but the mean increase in maternal weight at term was 
significantly lower in the metformin group. Pregnant 
women on metformin treatment had a lower incidence 
of prematurity, neonatal jaundice, with an overall im-
provement in neonatal morbidity compared to pregnant 
women treated with insulin, but no differences in fetal 
macrosomia were noted(23).

In another study, Balani et al. looked at women with 
gestational diabetes and metformin treatment compared 
to women with gestational diabetes who were on diet 
alone. In the metformin-treated group, there was a ten-
dency to decrease fetal macrosomia and decrease the 
gestational age, compared to the group that followed 
only diet(24).

The National Institute for Health and Care Excellence 
also recommends metformin for women with gestational 
diabetes if blood glucose targets were not met through 
changes in diet and exercise for 1-2 weeks, and also rec-
ommends insulin instead of metformin for women with 
gestational diabetes, if metformin is contraindicated or 
unacceptable(20). 

When addressing the response to metformin treat-
ment, several factors that may predict a poor response to 
metformin (Figure 1) should be considered, which may 
result in combination insulin therapy(25,26).
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Other aspects
Women with polycystic ovarian syndrome may have 

insulin resistance, and in combination with obesity, the 
chances of conception and response to fertility treat-
ment decrease and the risk of miscarriage and gesta-
tional diabetes increases(28-30). Metformin is used in 
polycystic ovarian syndrome to induce ovulation, re-
duce spontaneous abortion rates, prevent fetal growth 
restrictions, and improve metabolic associations, such 
as glucose intolerance(31,32).

Metformin is also considered an adjuvant therapy in 
cancer treatment. The patients with type 2 diabetes on 
metformin treatment have a lower risk of developing 
cancer(33,34). However, due to inhibitions caused by met-
formin, the excessive use in mothers during pregnancy 
may lead to an increased risk of their children developing 
metabolic diseases later in life.

Following the risk of malformations in the embryo, 
metformin administered in doses that stimulated the 
AMPK activity in the maternal liver did not stimulate 
the AMPK activity in the embryo, nor did it increase 
congenital abnormalities. However, metformin stimu-
lated AMPK activity and inhibited the expression of 
a gene associated with congenital malformations in 
mouse embryonic stem cells that have been used as an 
in vitro model to study diabetic embryopathy(12). Pre-
implanted human embryos are low in mitochondria and 
are dependent on anaerobic metabolism, suggesting 

that early human embryos may be unresponsive to 
metformin(11).

In order for metformin to affect fetal or placental 
physiology and development, the cells in these tissues 
must be able to take over metformin. Because metfor-
min is positively charged at neutral pH, there must be 
a strong potential of the mitochondrial membrane for 
it to enter the mitochondrial matrix(35,36). Human pla-
centas express several OCT isoforms, and metformin 
may indirectly affect the development of the fetus, for 
example, by modified nutrient administration or pla-
cental growth. However, this requires further investiga-
tions(9,37). Eyal et al. estimated that the daily intake of 
metformin transferred through breast milk to infants 
was 0.13-1.28 mg(14). Metformin reaches into breast milk 
in a clinically insignificant amount(38).

Conclusions
More and more practitioners consider metformin 

therapy a good option during pregnancy, because it is 
generally an effective and well-tolerated agent, with a 
well-defined mechanism of action. However, there is a 
need for more detailed studies to determine the degree 
of fetal exposure and long-term safety following fetal 
exposure.   n
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Figure 1. Factors that can predict a poor response to metformin(27)
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