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ABSTRACT

The main mechanism of gestational diabetes mellitus (GDM) is insulin resistance, therefore using metformin as a medicine
reducing insulin resistance appears to be promising.

Currently, the majority of medical associations do not recommend using metformin during pregnancy as the first-line of
therapy when the diet regimen is insufficient for glycaemic control. However, they do allow its administration if there is
no possibility of insulin treatment.

There is some evidence which suggests that using metformin during pregnancy is not related to an increased risk of ob-
stetric complications during delivery and that its influence on the foetus can be beneficial.

Since metformin crosses the placenta, the major argument for cautious use of this drug are the potential long-term effects
of the treatment for the child and its development in later life.

In this article, the authors attempt to discuss the use of metformin during pregnancy and the safety of the treatment in
the light of current studies and recommendations.
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INTRODUCTION

The main cause of gestational diabetes mellitus (GDM)
isincreasing insulin resistance caused by arise in the level
of gestational hormones (progesterone, leptin, placental
lactogen, cortisol) which are insulin antagonists. In some
women there is no sufficient increase in insulin secretion
(impaired first phase secretion) by the pancreas and hy-
perglycaemia may develop. The main factor determining
insulinemia and the insulin tissue sensitivity in pregnant
and non-pregnant patients is the body mass index (BMI).
The higher the body weight, the lower the insulin sensitiv-
ity index. Also, the genetic (familiar diabetes occurrence;
HLA DR 2, 3,4 mutation) and environmental factors (obe-
sity, lack of exercise, excessive food intake) appear to be
significant [1].

Metformin has been present in the treatment of dia-
betes for over sixty years but its potential application and
therapeutic effects are not yet fully known. The initial
evidence regarding the use of metformin in pregnant
women came from 1975 reports of Aberdeen Interna-
tional Colloquia on sulphonylureas, biguanides and insu-
lin in pregnancy. In developing countries, due to its low
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cost, metformin is commonly used now including during
pregnancy.

Over the last sixty years, the importance of metformin
in medicine has been evolving.

THE MECHANISM OF ACTION OF METFORMIN

The main effect of metformin therapy is a reduction of
insulin-resistance by lowering the conversion of glycogen to
glucose in the liver and enhancement of peripheral insulin
sensitivity, especially in the muscles. Metformin also restricts
intestinal absorption of glucose and regulates lipolysis and
lipogenesis processes in the fatty tissue by lowering the lev-
els of free fatty acids. Due to the suppressing mechanism of
mTOR signalization and the mechanism related to enhancing
the activity of tyrosine kinase (AMPK), metformin lowers the
levels of glucose, insulin and inflammatory proteins in the
blood, lowers the blood pressure and rate of metabolism,
as well as suppresses angiogenesis and cell multiplication.

In 2017, Romero at al. postulated a potential preventive
effect of metformin in preeclampsia. Romero’s research
suggests that the potentially by better the placental blood
flow the lower the risk of preeclampsia [2, 3].
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The main adverse effects of metformin include nau-
sea, vomiting, abdominal pain and other gastrointestinal
disorders. Metformin does not cause hypoglycaemia or
weight gain [3].

Unfortunately, metformin crosses the placenta and its
cord blood concentration is the same or even twice higher
than thatin the maternal blood.This gives rise to doubts con-
cerning its use in everyday treatment during pregnancy [4].

EFFECTIVENESS AND ACCEPTANCE OF
METFORMIN USE IN PREGNANCY

Metformin therapy seems to be attractive especially
for the patients who wish to avoid insulin injections. Oral
therapy is both simpler and more comfortable. A vast major-
ity of pregnant women (about 77%) treated with metformin
stated that they would like the same treatment during their
next pregnancy while only 28% of patients treated with
insulin prefer it to metformin [5].

It should be stressed that there is no evidence of any
spectacular medical effect during metformin therapy. In ad-
dition, in over 40% of pregnant women metformin therapy is
insufficient for appropriate everyday glycaemic control and
the inclusion of insulin is necessary, especially in patients
with a higher BMI at early stages of pregnancy (34 kg/m? vs
31kg/m?) and higher early blood glucose levels (6.1 mmol/L
vs 5.3 mmol/L) [23]. Women diagnosed with GDM earlier,
with higher BMI in early pregnancy and higher baseline
glucose levels are more likely to require insulin and may be
considered less suitable for oral medication [5].

Metformin is known for increasing the risk of lactic
acidosis. In fact, concerns regarding the effects of another
biguanide — phenformin — caused metformin to be with-
drawn from the treatment of pregnant patients in many
countries [6].

METFORMIN IN WOMEN WITH POLYCYSTIC
OVARY SYNDROME (PCOS), INSULIN
RESISTANCE AND DIABETES MELLITUS TYPE
2 DURING PREGNANCY

Nowadays, there seems to be a new epidemic not only
of overweight and obesity, but also insulin resistance which
may lead to a growing glucose intolerance and the resulting
menstrual disorders and problems with becoming pregnant.
As for the continuation of metformin therapy in women suf-
fering from PCOS, insulin resistance, glucose intolerance or
even diabetes type 2 who are at the beginning of pregnancy,
there is still a limited number of studies regarding such
patients. According to the ADA’s 2016 recommendation
metformin should be discontinued in those patients as soon
as pregnancy is confirmed [6].

It should be also noted that hyperglycemia in early
pregnancy, including women who suddenly discontinue

metformin therapy, is teratogenic. Therefore, immediate
insulin treatment should be introduced to ensure glycemia
control. Moreover, metformin does not prevent GDM in
women with PCOS [8].

Metformin therapy during pregnancy in women with
pre-gestational diabetes mellitus type 2 is not well docu-
mented. It is likely that most women with type 2 diabetes
before pregnancy will require treatment with insulin during
their gestation to maintain glycaemic control.

In a retrospective study Hellmuth et al. [9] reported the
use of metformin in 50 women, 19 of whom had type 2 dia-
betes. An increase in pre-eclampsia and perinatal mortality
was noted.

In the group of pregnant women with diabetes mellitus
type 2 or insulin-resistance present prior to pregnancy re-
quiring greater insulin doses to ensure adequate glycemia
control, the use of metformin as an insulin-saving therapy
should be considered as potentially beneficial, although the
issue warrants further research [5].

In the cohort from New Zealand, no increase in adverse
pregnancy outcomes were observed in patients with type
2 diabetes mellitus [10].

Possibly, the safety of this therapy will be further deter-
mined pending the results of an ongoing randomized trial
involving metformin treatment in diabetes type 2 during
pregnancy [11].

METFORMIN AND THE FIRST TRIMESTER
CONCERNS

There is no evidence of any potential teratogenic influ-
ence of the metformin resulting from its use during preg-
nancy [12].

The meta-analysis of studies in which 351 pregnant
women with PCOS used metformin both before and during
early pregnancy does not show an increased risk of serious
congenital foetal defects [13].

In addition, there are some studies which confirm its
higher efficacy in ovulation elicitation than clomiphene,
which may prove significant given PCOS related fertility
problems [14].

The observational study included 1250 women divided
into two groups: metformin vs placebo. In the metformin
group there were fewer lost pregnancies (8.8% vs 4.2%),
fewer miscarriages (26% vs 62%), fewer cases of GDM (4% vs
26%), lower birth weight and lower incidence of pregnancy
induced hypertension (PIH) [15].

METFORMIN AND OBSTETRIC RISK
There is some evidence that using metformin during
pregnancy is unrelated with an increased risk of obstetric
labour complications and that its influence on the foetus
can be beneficial.
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In 2008, in a randomized clinical trial entitled Metformin
in Gestational Diabetes (MiG) the authors postulated the
following conclusions: among pregnant women treated
with metformin there were fewer large for gestational age
(LGA) infants, fewer cases of severe (< 1.6 mmol/L) infant
hypoglycaemia (reduction by about 60%), the time spentin
the intensive care unit was significantly shorter. In addition,
metformin was linked to a reduction in women’s weight
gain during the whole observation period (0.4 + 2.9 kg vs
2.0 £33 kg; p <0.001). It is particularly noteworthy since
lower weight gain during pregnancy is an independent
factor reducing LGA incidence. The occurrence of preterm
deliveries in this group was greater (12.1% vs 7.6%, p = 0.04)
which was, however, not statistically significant [16].

A comparative study involving 1832 women with GDM
who used either metformin or insulin revealed a lower
weight gain in mothers and fewer LGA infants in the met-
formin group patients. At the same time, insulin was linked
to a significantly higher risk of hypoglycaemia and PIH in
mothers. There were no differences in maternal glycaemic
control or obstetric outcomes [15].

Prospective and retrospective studies on a group of
857 pregnant women, where the effects of oral anti-diabetic
agents (metformin, glibenclamide, acarbose, glyburide) and
insulin were compared, revealed a higher rate of preeclamp-
siaand perinatal infant deaths in the metformin group. In the
oral anti-diabetic agents group, lower maternal weight gain
and fewer cases of infant hypoglycaemia were observed. In
the insulin group, there were more preterm deliveries and
infants requiring observation at the intensive care unit (ICU).
There were no differences in maternal glycaemic control or
labour complications [15].

In the Farrar et al. [17] meta-analysis, two groups were
analysed: the first one included patients treated with met-
formin and insulin added when necessary, while the other
one was comprised of women treated only with insulin.
The potential risk of LGA, macrosomia, admission to ICU
and hypoglycaemia in infants as well as PIH, preeclampsia
and labour induction was lower in the metformin group.
Instrumental birth and preterm birth were more frequentin
the insulin group. Gestational age on delivery, birth weight
and Apgar results did not differ between the groups.

METFORMIN AND LONG-TERM EFFECTS ON
CHILDREN

After a 2-year observation of the infants born from
mothers who took part in the 2008 MIG study, a follow-up
project called Metformin in gestational diabetes: the off-
spring follow-up (MIGTOFU) was conducted. It showed that
in the metformin group children had more subcutaneous
fatty tissue but there was no difference in the amount of
central fatty tissue, blood pressure or any other tested

parameter in comparison to the children from the insulin
group [18, 19].

In a follow-up study on the group of 7- to 9-year-old chil-
dren of mothersinvolved in the MIG trial, the Adelaide Clinic
subgroup (average age 7) showed no difference in body
weight or structure (metformin vs insulin). By contrast, in
the Auckland subgroup comprised of children whose aver-
age age was 9, the metformin patients showed higher body
mass, waist-hip ratio (WHR), arm and hip circumference [20].

In the other study, children whose mothers had taken
metformin during pregnancy were heavier at 12 months
of age and both heavier and taller at 18 months (12.0 vs
11.3 kg). It should be underlined that only 96 children of
mothers who suffered GDM were observed (31 treated with
metformin only, 14 treated with metformin connected with
insulin and 14 treated with insulin only) [21].

A systematic review and meta-analysis of Follow- up
Studies of RCT's concerning long- term effects of oral anti-
diabetic drugs during pregnancy included 10 studies, with
amaximal follow-up duration of 9 years, comprising 778 chil-
dren of mothers with GDM or PCOS who were randomised
to either metformin or insulin/placebo during pregnancy.
Meta-analysis showed that children prenatally exposed to
metformin were heavier compared to controls (standardised
mean difference = 0.26, 95% C| 0.11-0.41), but not taller
(SMD =0.10,95% C1 0.14-0.33). Additionally, offspring body
mass index (BMI) z scores did not differ according to met-
formin exposure (mean difference =0.30,95% C10.01-0.61).
Individual small studies reported that prenatal exposure to
metformin was associated with greater mid-upper arm, head
and waist circumferences, biceps skinfolds, waist-to-height
ratio, more arm fat, higher fasting glucose, ferritin and lower
LDL cholesterol in offspring [22].

The latest 5-10 — year follow-up on children from the
PregMet study, a double-blind, randomised controlled trial
comparing metformin with placebo in PCOS pregnancies,
examines the cardiometabolic risk factors in these chil-
dren. Of the 255 invited children from the PregMet study,
141 (55%) consented to participate. Maternal baseline char-
acteristics in the first trimester were similar between the
groups. Children in the metformin group had a higher BMI
than those in the placebo group (mean difference = 0.41,
95% C10.03-0.78, p = 0.03). According to the authors an in-
creased BMI in the metformin-exposed children might in-
dicate a potential risk of inferior cardiometabolic health.
Implications for adult health cannot be excluded [23].

Contrary to these facts, Butalia et al. [24] showed lower
maternal weight gain, fewer LGA infants, fewer cases of
pregnancy induced hypertension or events of intensive care
unitinfant hospitalization in the metformin group compared
to the insulin alone group. There weres no difference in the
incidence of preterm deliveries between the two groups.The
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psychomotor development in children of mothers with
GDM at 2 years of age showed no difference compared to
the other group.

In Wouldes et al. study comparing the influence of met-
formin and insulin on child development, the neurodevel-
opmental outcomes at 2 years of age were similar between
the children born from mothers who were treated with
metformin compared to those treated with insulin for GDM.
Lower score on the standardized measures of neurode-
velopment were predominantly associated with parental
self-identified ethnicity, smoking in the household and
clinical outcomes at birth unrelated to the treatment [25].

In New Zealand, one of the latest cohort studies into
the effects of metformin vs insulin treatment of GDM which
included 211 children followed up at 2 years, 128 were from
Auckland, New Zealand (64 metformin vs 64 insulin), and
83 from Adelaide, Australia (39 metformin vs 49 insulin). No
differences in the weight, height and psychomotor develop-
ment of the children was noted [26].

THE MEDICAL ASSOCIATIONS
RECOMMENDATIONS

The American Food and Drug Administration (FDA)
places metformin in category B of safety which means that
animal reproduction studies did not demonstrate any risk to
the foetus, however there are no corresponding well-docu-
mented studies on pregnant women [5].

According to the World Health Organisation (WHO)
recommendation, metformin is acceptable but only as
a second-line pharmacotherapy choice, after insulin. WHO
currently recommends the use of metformin and glibencla-
mide in the resource limited areas where insulin administra-
tion involves logistic issues [27].

International Diabetes Federation (IDF) [2009] guidelines
recommend the use of metformin in resource limited areas
in patients who are least likely to comply with insulin. Met-
formin use is not recommended as the first-line of therapy
when the diet is not efficient for glycaemic control before
the 20 weeks of gestation and fasting glycemia exceeds
110 mg/dL or postprandial glycemia exceeds 140 mg/dL [28].

Both American College of Obstetricians and Gynecolo-
gists (ACOG) and American Diabetes Association (ADA) rec-
ommend insulin as the first-line medicine in gestational dia-
betes mellitus treatment when the diet regime is insufficient
for glycaemic control. Metformin remains the second-line
treatment [29].

Only the British National Institute for Health and Care
Excellence (NICE) recommends metformin as a first-line
therapy in women whose blood glucose levels do not sta-
bilize after 1-2 weeks of diet and exercise regime. Insulin
is recommended only in cases where metformin is con-
traindicated or unacceptable to the patient. At the same

time, these recommendations indicate that the summary
of product characteristics of metformin states that it should
not be administered during pregnancy [30]. In the cases of
prescribing metformin to treat GDM, the doctor is obliged
to inform the pregnant women that the long-term effect of
metformin on health or metabolism of the offspring during
adulthood is still not known.

Conversely, the Society for Maternal-Fetal Medicine
(SMFM) states that both insulin and metformin are safe and
acceptable as the first-line treatment in GDM [31].

However, in 2018, Barbour LA et al. [32] published a cau-
tionary response to the SMFM statement concerning phar-
macological treatment of gestational diabetes. Even though
the data on the short-term effects on mothers and foetuses
appears to be promising, the potential long-term effects of
metformin therapy — both beneficial and harmful — are
still unknown. The authors emphasize the potential intrau-
terine programming and epigenetic aspects of the therapy.
Metformin can suppress cell growth and mitochondrial
respiration because in the later stages of pregnancy, when
the number of mitochondrial transporters rises, metform-
in penetration into the mitochondria increases. In animal
model research it has been demonstrated that metformin
has negative effects on body weight and metabolism, which
was pointed out in the 2018 publication.

International Federation of Gynaecology and Obstetrics
(FIGO) recommends that insulin should be a first-line treat-
ment also in developing countries in cases where one or
more of the following occurs: diabetes mellitus is diagnosed
before 20 weeks of gestation, diet regime is insufficient for
glycaemic control during the period preceding 30 weeks of
gestation, fasting blood glucose level exceeds 110 mg/dL,
postprandial blood glucose exceeds 140 mg/dL and body
weight gain is over 12 kg [33].

Both Polish Diabetological Association and Polish Soci-
ety of Gynaecologists and Obstetricians do not recommend
any oral anti-diabetic agents (including metformin) in GDM
treatment as these substances cross the placenta and there
is no research on their long-term effects on the offspring.
In women who use metformin it is recommended to begin
insulin therapy as soon as pregnancy is confirmed [34, 35].

CONCLUSIONS

Metformin during pregnancy can be an alternative to in-
sulin only when the patient refuses the therapy with insulin
and it is obligatory to inform her about its potential negative
influence on the foetus and later on the child.

There is no evidence of an increased risk of miscarriage
or congenital foetal anomalies when using metformin.

Metformin reduces the maternal weight gain during
pregnancy and the incidence of severe hypoglycaemia in
infants.
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The major argument for cautious metformin administra-

tion are the still unknown or uncertain long-term effects of
the treatment during pregnancy.

At present, the vast majority of medical associations

does not recommend metformin during pregnancy as the
first-line of therapy when the diet regimen is insufficient for
glycaemic control and restrict its use to those cases in which
there is no possibility of insulin treatment.
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