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Abstract: Gestational diabetes mellitus (GDM) refers to abnormal glucose metabolism that occurs
during pregnancy, where blood glucose does not reach the level of overt diabetes during pregnancy. Poor
blood glucose control in GDM patients can pose a serious threat to pregnant women and their fetuses by
giving rise to adverse pregnancy outcomes for mothers and infants. In 2015, the International Federation
of Gynecology and Obstetrics (FIGO) recommended that insulin and metformin be used as the first-line
medications for patients with GDM who did not reach the ideal blood glucose level following lifestyle
interventions. Recent research has also highlighted the clinical value of metformin with its application for
polycystic ovary syndrome (PCOS) treatment, reducing GDM and gestational hypertension syndrome risk
along with miscarriage rate in early pregnancy; however, there is no clear consensus regarding the efficacy of
metformin treatment in pregnant women with GDM pertaining to its effects on fetal malformation, long-
term growth and development of offspring, blood glucose in pregnant women, and maternal and infant
outcomes. Therefore, to further understand the safety and efficacy of metformin in the treatment of GDM
will provide theoretical basis for the choice of reasonable drugs and the observation the disease trends and
outcomes. This review summarizes the most recent literature on safety and efficacy of metformin treatment
in GDM. Meanwhile, the effect of metformin on the incidence of GDM in pregnant women with PCOS is

also discussed.
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Introduction Compared with healthy pregnant women, pregnant
women with GDM are more likely to have maternal and
infant complications, and tend to have type 2 diabetes (3),
cardiovascular diseases, dyslipidemia and metabolic disorders

after delivery (4-6). Therefore, active treatment significantly

Gestational diabetes mellitus (GDM) refers to different
degrees of abnormal glucose metabolism during pregnancy,
where blood glucose levels do not reach the level of

overt diabetes, accounting for 80-90% of pregnancy
with hyperglycemia (1). With lifestyle changes, increased
pregnancy age, and increased body mass index (BMI) in
recent years, GDM incidence has increased to approximately
15-20% (2).
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impacts maternal and infant prognosis. Blood glucose
control during pregnancy depends mostly on a combination
of health interventions, medications and blood glucose self-
monitoring (7). At present, some institutions suggest blood
glucose management through dietary therapy (8-12) and that
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insulin or oral hypoglycemic drugs should be used in patients
who are unable to control blood glucose effectively through
diet and exercise alone. Insulin has always been the preferred
hypoglycemic drug for women with GDM who cannot
control their blood sugar through lifestyle interventions;
however, insulin treatment has some drawbacks, including
multiple daily injections, the possibility of hypoglycemia,
increased appetite and weight gain (13).

Metformin is a drug that plays a role in inhibiting
liver gluconeogenesis and increasing peripheral insulin
sensitivity. A large randomized controlled trial (RCT)
published in 2008 showed that metformin alone or insulin
used in combination with metformin are safe and effective
treatment options for women with GDM (14). Currently,
the largest and longest clinical trial of metformin in diabetes
prevention is the Diabetes Prevention Plan/Diabetes
Prevention Plan Outcome Study (DPP/DPPOS) (15). This
RCT—Dbased on data from 3,234 adults—also showed that
metformin might help prevent diabetes at long-term follow-
up; however, the use of metformin is still controversial.
Some studies support the use of metformin for glycemic
control in pregnant women (13,16), while others show an
increased risk of adverse events (17).

The presence of polycystic ovary syndrome (PCOS)—
one of the most common endocrine diseases related to
hyperinsulinemia and insulin resistance in women of
childbearing age—increases the risk of developing GDM (18).
One study found that adherence to metformin in patients
with PCOS reduced the risk of GDM and gestational
hypertension syndrome (19) as well as the rate of
miscarriage in early pregnancy (20); however, according to
the 2020 American Diabetes Association (ADA) guidelines,
metformin should only be used in the first trimester of
pregnancy to treat PCOS and to induce ovulation. At
present, GDM has not been included as an indication for
metformin use in China. Therefore, to further understand
the safety and efficacy of metformin in the treatment of
GDM, we conducted an up-to-date literature review of
studies investigating the use of metformin in the treatment
of GDM.

We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/apm-21-192).

Safety of metformin for offspring in pregnant

women with GDM

Concerns around the safety of metformin during pregnancy
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has partly pertained to potential drug movement across
the placental barrier. Eyal ez a/. (21). found that metformin
concentration in fetal cord blood could reach levels as high
as the maternal level. The safety of metformin for offspring
of pregnant women with GDM is discussed.

Effects of prenatal exposure to metformin on the long-term
growth and development of offspring

One study (the MIG experiment: the Metformin in
Gestational Diabetes RCT) found that at 2 years of age, the
offspring of mothers who took metformin during pregnancy
had a higher subcutaneous fat content than those of mothers
who took insulin, but had similar overall fat content (22).
The study suggests that exposure to metformin in utero
may affect the fat deposition patterns of offspring leading
to a healthier growth pattern, with more subcutaneous fat
reserves and less ectopic or visceral fat. But the study also
concluded that follow-up at a later stage is important, and
that postpartum effects on growth may outweigh the effects
of late trimester exposure to metformin (22). At 9 years of
age, it was found that the children exposed to metformin
were larger in weight, arm, waist circumference, waist-
height ratio, BMI and abdominal fat mass (23). Further
analyzing the causes, the study suggests that in addition to
the role of metformin, fetal nutritional supply, gender, and
the post-birth environment may be important additional
factors to consider. There are important interactions
between these factors and metformin, which may affect
pregnancy and long-term prognosis (23). Carlsen et al.
found that children (regardless of the gender) born to
mothers who received metformin treatment during
pregnancy were heavier at 1 year of age (24). This weight
difference persisted after adjusting for factors affecting
weight development such as gestational age, birth
weight, maternal BMI, maternal height, and duration of
breastfeeding, and could not be attributed to the “big-mom-
big-baby” phenomenon. Similarly, Ijis ez /. found that
children exposed to metformin were heavier at 12 months,
and taller and heavier at 18 months (25). To further
understand the long-term effects of prenatal metformin
exposure on the offspring health, a systematic review and
meta-analysis were performed using published RCTs (26).
The review included 11 RCTs—with a total of 823 GDM
or PCOS mothers—and showed that prenatal exposure to
metformin was associated with greater offspring weight
gain, while parameters of body composition, metabolism
and neurophysiological development were similar between
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the metformin and insulin groups. Therefore, according
to the current study, it has been found that the offspring of
GDM pregnant women treated with metformin are more
likely to experience weight gain. However, the importance
of environmental factors in offspring growth and
metabolism should not be overlooked. Therefore, further
studies are needed to investigate the effects of fetal exposure
to metformin on the body composition of the offspring.

Effects of prenatal exposure to metformin on offspring
abnormalities

Research progress in animal experiments

The relationship between prenatal metformin exposure
and incidence of offspring abnormalities remains equivocal
in animal studies. The main mechanism of action of
metformin is by increasing the activation of AMP-
activated protein kinase (AMPK) (27). AMPK activation
may interfere with the expression of embryonic genes,
in particular inhibiting the expression of PAX3—a gene
associated with neural tube closure—which consequently
increases risk of neural tube defects (28). Denno and
Sadler have demonstrated that metformin can lead to
decreased protein in the yolk sac and delayed closure of
the neural tube in animals (29). Meanwhile, metformin has
been shown to have anti-folic acid effects similar to some
chemotherapy drugs (28), suggesting that metformin has
some teratogenic effects; however, Lee et /. found that
although metformin increased AMPK and inhibited PAX3
expression in mouse embryonic stem cells in vitro, no
negative outcome was observed, indicating that metformin
does not cause deformity in mice (30).

Research progress in clinical application

Clinical studies suggest that metformin has little effect on
embryos (31). Metformin has very limited transport via the
organic cationic transporter (OCT), so the possibility of
exposing embryonic tissue to metformin is extremely low.
Conversely, certain physiological and metabolic characteristics
of embryos may limit the teratogenic effect of metformin.
At present, metformin has shown no significant effect in
clinical practice on the occurrence of offspring abnormalities
in pregnant women with GDM. A meta-analysis conducted
by Gilbert and Koren involving eight metformin studies
found that exposure to metformin in the first trimester did
not increase the risk of fetal malformation (32). The study
found that the mean malformation rate in the untreated group
was approximately 7.2%, the rate found in the metformin
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group was 1.7%. After adjustment for publication bias,
metformin treatment in the first trimester was associated
with a statistically significant 57% protective effect (32).
Bolton et al. conducted a RCT in which 66 women with
PCOS in the experimental group received metformin in the
first trimester of pregnancy, while 66 women in the control
group underwent metformin withdrawal in the first trimester
of pregnancy (all women were previously on metformin for
their PCOS prior to pregnancy); no significant differences
in congenital malformations were found in the metformin
group compared to the control group (33). In 2019, Bao ez al.
conducted a meta-analysis, which also found that maternal use
of metformin during the first trimester of pregnancy did not
increase the risk of congenital malformations in offspring (34).
From the present study, we found that maternal metformin
treatment did not increase the incidence of fetal deformities.
However, whether metformin plays a potential role in the
prevention and treatment of fetal malformations has not yet
been concluded, and more samples are needed for further
study.

Efficacy evaluation of metformin in the
treatment of GDM

At present, there is a lack of consensus on the efficacy of
metformin in the treatment of GDM. Some studies believe
that blood glucose levels in women with GDM can be
effectively managed with metformin without the occurrence
of adverse maternal and infant outcomes. On the contrary,
other studies believe that metformin did not have a clear
effect on blood glucose control and reduction of adverse
maternal and infant outcomes, but instead increased some
of the adverse reactions. In the past decade, a number of
retrospective and prospective randomized studies, along
with related meta-analyses, have been published to compare
prenatal blood glucose levels and maternal outcomes in
women with GDM managed with different treatments.
Therefore, to further understand the therapeutic effect of
metformin on GDM, we summarized some studies on the
control of blood glucose by metformin in pregnant women
with GDM to further explore the effect of metformin on
blood glucose in GDM in Table 1 (35-51). At the same time,
we also summarized the randomized controlled trials (36-37,
39-41,52-57), observational studies (43,58-63) and meta-
analyses (34,44-51,64-69) of the effects of metformin on
maternal and infant outcomes of pregnant women with
GDM, and discussed the effects of metformin on maternal
and infant outcomes in GDM in Tible 2.
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Tablel Studies on the glycemic control of pregnant women with GDM by metformin.

. Number of Glycemic The indicators (fasting blood
. Research Experimental group/ experimental/ )
Author/year/region tvpe Control arou control arou control glucose; postprandial blood
P group 9oUP - \etformin) glucose; HbA1C)
(GDM)
Ashoush, 2016, Egypt (35) RCT Metformin/insulin 47/48 Better Fasting blood glucose
Arshad, 2017, Pakistan (36) RCT Metformin/insulin 32/39 Better HbA1C
Mesdaghinia, 2013, Iran (37) RCT Metformin/insulin 100/100 No difference HbA1C at the beginning of
pregnancy
Spaulonci, 2013, Brazil (38) RCT Metformin/insulin 47/47 Better Not to mention
Ruholamin, 2014, Iran (39) RCT Metformin/insulin 50/50 No difference Fasting blood glucose;
postprandial blood glucose
Nachum, 2017, Israel (40) RCT Metformin/glyburide 51/53 No difference Not to mention
Silva, 2010, Brazil (41) RCT Metformin/glyburide 40/32 No difference  Fasting blood glucose; HbA1C;
postprandial blood glucose
Moore, 2010, American (42) RCT Metformin/glyburide 75/74 No difference Fasting blood glucose;
postprandial blood glucose
Rai, 2009, India (43) Observational Metformin/insulin 30/30 Better Not to mention
study
Kitwitee, 2015, Thailand (44) Meta Metformin/insulin 8 RCTs No difference Fasting blood glucose; HbA1C;
postprandial blood glucose
Li, 2014, China (45) Meta Metformin/insulin 11 RCTs No difference Fasting blood glucose; HbA1C
Amin, 2015, Thailand (46) Meta Metformin/glyburide 3 studies Worse Fasting blood glucose
Singh, 2015, Australia (47) Meta Metformin/insulin 7 RCTs No difference Not to mention
Poolsup, 2014, Thailand (48) Meta Metformin/insulin/ 13studies Better Postprandial blood glucose
glyburide
Feng, 2017, China (49) Meta Metformin/insulin/ 17 studies Better HbA1C
Jiang, 2015, China (50) Meta Metformin/insulin/ 18 RCTs No difference Fasting blood glucose; HbA1C
glyburide
Gui, 2013, China (51) Meta Metformin/insulin 5 RCTs Better Fasting blood glucose

Influence on blood glucose of pregnant women

According to Table 1, there are still some differences in
the efficacy of metformin in blood glucose control in
women with GDM. An RCT by Silva et 4. compared the
glycemic control of metformin and glyburide in pregnant
women with GDM, and found no significant difference in
glycemic control (41,42). Ruholamin er 4/. also found that
metformin showed no difference in blood glucose control
in pregnant women with GDM compared to insulin in
RCTs (39); however, one study found that metformin was
more effective than insulin in reducing fasting glucose
and glycosylated hemoglobin (70). In view of the existing

© Annals of Palliative Medicine. All rights reserved.

differences, many researchers have carried out meta-
analyses to further explore the effect of metformin on blood
glucose in pregnant women. Jiang ez 4/. (50) systematically
evaluated the therapeutic effects of metformin, insulin
and glyburide in pregnant women with GDM using data
from 18 RCTs, and found that there were no differences
in the effects of the three drugs on fasting blood glucose
and glycated hemoglobin levels; however, a meta-analysis
involving 12 RCTs and 5 observational or retrospective
case-control studies found that pregnant women in treated
with metformin had more stable glycated hemoglobin
levels compared with those treated with insulin (49). A
meta-analysis by Gui ez 4/. found that the postprandial
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Table 2 Randomized controlled trial, observational studies and meta-analysis of the effects of metformin on maternal and infant outcomes in

pregnant women with GDM

Number of Adverse mother
Experimental group/  experimental/  outcome (metformin) Adverse fetal outcome
Author/year/region Research type P group P ) (metformin) (decrease/
Control group control group  (decrease/increase/no increase/no difference)
(GDM) difference)
Bao, 2019, China (34) Meta Metformin/insulin 17 CTs O/-/@0B3)® O@@E)/-/-
Arshad, 2017, Pakistan (36) RCT Metformin/insulin 32/39 ®/-/- @®)/-/-
Mesdaghinia, 2012, Iran (37) RCT Metformin/insulin 100/100 @G-/ 0@ ®/-/OB
Ruholamin, 2014, Iran (39) RCT Metformin/insulin 50/50 -/-1® -/-/OB)
Nachum, 2017, Israel (40) RCT Metformin/glyburide 51/53 -/-/- -/-/-
Silva, 2010, Brazil (41) RCT Metformin/glyburide 40/32 ®/-/- -/-/-
Rai, 2009, India (43) Observational ~ Metformin/insulin 30/30 -/-/- @/-/-
study
Kitwitee, 2015, Thailand (44) Meta Metformin/insulin 8 RCTs -/-/- O@)/-/-
Li, 2015, China (45) Meta Metformin/insulin 11 RCTs O@/-/@ OB)/-/-
Amin, 2015, Thailand (46) Meta Metformin/glyburide 3 studies -/-/®® -/-/OB
Singh, 2015, Australia (47) Meta Metformin/insulin 7 RCTs ®/®/- ®/-/-
Poolsup, 2014, Thailand (48) Meta Metformin/insulin/ 13 studies ®/®/- -/-/-
glyburide
Feng, 2017, China (49) Meta Metformin/insulin 17 studies @@/—/@@ @/—/—
Jiang, 2015, China (50) Meta Metformin/insulin/ 18 RCTs ®/®/- -/-/-
glyburide
Gui, 2013, China (51) Meta Metformin/insulin 5RCTs O®/®)/- -/-/-
ljas, 2011, Finland (52) RCT Metformin/insulin 50/50 -/®/- -/-/®®)
Niromanesh, 2012, Iran (53) RCT Metformin/insulin 80/80 ®/-/- @/-/-
Tertti, 2013, Finland (54) RCT Metformin/insulin 110/107 -/-/@® -/-/®
Ainuddin, 2015, Pakistan (55) RCT Metformin/insulin 75/75 ®/-/® ®/-/-
Silva, 2012, Brazil (56) RCT Metformin/glyburide 104/96 -/-/® ®/-/ 006G
George, 2015, India (57) RCT Metformin/glyburide 79/80 -/-/- @/-/-
Balani, 2012, UK (58) Observational ~ Metformin/Dietary 324/175 -/-/- @®®/-/-
study measures alone
Balani, 2009, UK (59) Observational ~ Metformin/insulin 100/100 @®6)/-/ OB @/-/®
study
Goh, 2011, New Zealand (60)  Observational Diet/metformin/ 371/465/399 ®G)/-/- ®®)/-/-
study insulin
Gandhi, 2012, UK (61) Observational ~ Metformin/Dietary 293/299 -/-/- ®®)/-/-
study and lifestyle
Tertti, 2008, Finland (62) Observational Diet/metformin/ 83/45/45 -/-/- @O/-/10®G)
study insulin
Landi, 2019, New Zealand (63) Observational  Metformin/insulin 3,818/3,450 -/-/- OE/-/®
study

Table 2 (continued)
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Table 2 (continued)

Number of Adverse mother
) . ) Adverse fetal outcome
. Experimental group/  experimental/  outcome (metformin) .
Author/year/region Research type ) (metformin) (decrease/
Control group control group  (decrease/increase/no increase/no difference)
(GDM) difference)
Zhu, 2016, China (64) Meta Metformin/insulin 8 RCTs @®/-/0B30® O@/-/@®B
Liang, 2017, China (65) Meta Metformin/insulin/ 32 RCTs -/-/- @®/-/-
glyburide
Su, 2014, China (66) Meta Metformin/insulin/ 6 RCTs @®/06)/- OB/-/-
Guo, 2019, China (67) Meta Metformin/insulin/ 41 studies O@@®@/-/- O@QB®@)/-/-
glyburide
Butalia, 2017, Canada (68) Meta Metformin/insulin 16 studies ®/-/B3G) 0E/-/-
Tarry-Adkins, 2019, China (69) Meta Metformin/insulin 28 studies -/-/- ®/@/-

Adverse outcomes for mothers: (1) gestational hypertension; (2) preeclampsia; (3) cesarean delivery; () pregnant women gain weight;
() preterm birth. Adverse fetal outcome: (1) neonatal hypoglycemia; (2) neonatal intensive care unit occupancy rate (NICU); (3) newborns
gain birth weight; (4) macrosomia; (5) older than gestational age (LGA).

blood glucose levels in women with metformin-treated
GDM were lower than that of those treated with insulin
during the first week after treatment (51). Due to different
observational indicators adopted by different studies,
different time to evaluate blood glucose in pregnant women,
and the fact that some GDM patients taking metformin
require additional insulin to control blood glucose, which
makes it impossible to determine whether metformin has
an independent glycemic control effect in all patients. More
studies are needed to further evaluate the glycemic control
of metformin in pregnant women with GDM.

Influence on maternal outcome

Hypertensive disorders during pregnancy

Table 2 shows that almost all meta-analyses suggested that
metformin could reduce the risk of hypertension during
pregnancy, despite differing opinions on its effect on
development of preeclampsia. One meta-analysis of 11
RCTs—including 2,712 pregnant women with GDM—
compared the efficacy of metformin and insulin, and found
that metformin was associated with a lower incidence of
gestational hypertension, but no significant difference in the
incidence of preeclampsia (45). Tertti ez /. (54) also showed
that there was no statistically significant difference in the
incidence of preeclampsia between metformin and insulin
groups, although suggested that an increased sample size
might have produced significant differences. Guo et al. (67).
found that metformin reduced the incidence of preeclampsia
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compared with insulin on meta-analysis. This is inconsistent
with the results of some previous meta-analyses (34,64).
Analysis of the cause of the results, found that the sample
size in this study conducted by Guo ez 4/. is very rich. Among
the 41 studies, a total of 14 studies involving 3402 patients
with GDM took preeclampsia as the result of metformin
and insulin. The sample size of the studies was significantly
larger than that of other meta-analyses, which may be one of
the reasons for the statistical difference between metformin
and insulin in the incidence of preeclampsia.

Cesarean delivery

Table 2 shows that metformin did not increase the incidence
of cesarean section in pregnant women with GDM in most
studies. By comparing the metformin group and the insulin
group with the diet group, Silva et /. (71). found that the
mode of delivery was not significantly different, suggesting
that treatment regimen did not affect the mode of delivery.
A prospective study comparing women with GDM
managed with metformin and insulin with women managed
with dietary interventions found that women managed with
insulin had a higher rate of cesarean section than women
managed with metformin or with dietary interventions (60);
however, Ijis et al. suggested that GDM patients treated
with metformin had a higher rate of cesarean section (52).

Pregnant women gain weight
Zhang et al. (72). found that women with GDM treated
with metformin had significantly lower BMI, body mass
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during pregnancy, and overall quality of delivery compared
to those treated with insulin.

In a RCT comparing the efficacy of metformin-alone,
metformin-combined-with-insulin and insulin-alone groups
of women with GDM, Ainuddin et 4/. found that the insulin-
alone group had significantly higher pregnancy weight than
those in the metformin-combined-with-insulin group (55).
Another meta-analysis showed that pregnant women treated
with metformin had less weight gain from registration to
36-37 weeks gestation than those in the insulin group,
suggesting metformin to be beneficial in preventing weigh
gain, even where metformin was insufficient and required
insulin supplementation (49). However, other studies have
shown that no statistically significant difference in weight
gain between metformin and insulin groups (54).

Preterm birth

Table 2 shows that the relationship between metformin
management of GDM and increased risk of premature
delivery is inconclusive and controversial. Ainuddin ez a/. (55)
compared metformin-alone, metformin-combined-with-
insulin and insulin-alone groups of women with GDM
and showed no significant differences between groups
for preterm birth rates. Bao er /. (34) also showed that
metformin and insulin use in GDM had no significant
difference in preterm birth rates. These findings were
in contrast to Mesdaghinia et #/. whose RCT found that
metformin was associated with a lower risk of preterm birth
in pregnant women compared to insulin (37); observational
studies also support this conclusion (60). Conversely, one
meta-analysis suggested that metformin may increase the
incidence of premature delivery in pregnant women to
some degree (47).

Serum levels of cystatin C (CysC) and homocysteine
(Hcy) in pregnant women

Studies have shown that increased Hcy level can reduce
insulin sensitivity and increase blood glucose level, which
are directly related to the development of disease and
maternal and infant complications; however, excessive
urination caused by hyperglycemia in GDM patients will
lead to excessive loss of water-soluble B vitamins and folic
acid and an increase in Hey serum levels. In GDM, serum
CysC can promote the inflammatory response, damage
blood vessels, and inhibit the activity of Hey decomposition
enzyme, leading to a vicious cycle of elevated blood glucose.
It is therefore often used as a prognostic indicator for GDM
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and maternal and infant outcomes. One study found that
serum CysC and Hcy levels in pregnant women treated
with metformin were significantly lower than those treated
with insulin (73). Wu et 4/. also found that metformin
combined with insulin is more likely to reduce serum CysC
and Hey concentrations than insulin alone in the treatment
of GDM (74-76). To some extent, CysC and Hcy can reflect
renal function damage and vascular intima; however, due to
the lack of relevant data, further studies are needed to show
whether metformin can effectively reduce renal and vascular
intima damage in pregnant women with GDM.

Effects on neonatal outcomes

Neonatal hypoglycemia

A recent retrospective cohort study (63) found that
metformin significantly reduced the incidence of neonatal
hypoglycemia in pregnant women with GDM compared
with insulin treatment. One RCT found that neonatal
hypoglycemia was higher in the insulin group than in the
metformin group (38), while recent meta-analysis suggested
that the risk of neonatal hypoglycemia in the metformin
group was lower than in the insulin group (34,69).
Conversely, another RCT comparing neonatal outcomes in
women with GDM treated with metformin versus insulin
found no significant differences in the incidence of neonatal
hypoglycemia (39). Although there is some disagreement
on metformin’s ability to reduce the incidence of neonatal
hypoglycemia, we found no reports that suggested
metformin increased neonatal hypoglycemia (1uble 2).

Neonatal intensive care unit (NICU) occupancy rate

A case-control study compared the pregnancy outcomes
of 100 women with GDM taking metformin with those of
100 women with GDM taking insulin and found that the
incidence of NICU occupancy was significantly higher in
the insulin group (19%) compared with the metformin
group (6%) (59). Table 2 shows that multiple meta-analyses
have shown that metformin can reduce the rate of neonatal
NICU occupancy compared with insulin (34,44-45,67).
Additionally, Ainuddin ez 4/. found that the NICU
occupancy rate in insulin therapy alone was significantly
higher compared with metformin-with-insulin therapy
and metformin therapy alone (55); however, other studies
have shown no statistically significant difference in NICU
occupancy rate and occupancy time between metformin and
the insulin management (54).
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Birth weight of newborn

Ainuddin ez a/. (55). compared the neonatal birth weights
of insulin therapy, metformin therapy, and metformin-
with-insulin therapy groups, and found that birth weights
in the insulin therapy group were relatively large, while
the differences between the metformin therapy group and
the metformin-with-insulin groups were not statistically
significant, suggesting that metformin may improve the
birth weight. One RCT found that newborn birth weight
of the metformin group was lower compared to the insulin
group, indicating that metformin could reduce the newborn
birth weight to some degree (77). In addition, we found
that several meta-analyses showed that metformin reduced
birth weights of newborns compared with insulin (45,66,67);
however, a recent retrospective cohort study showed no
clinically significant difference in neonatal mean birth
weight between pregnant women treated with metformin
and insulin (63). Another RCT showed no statistically
significant difference in the average birth weight between
metformin and insulin treatment groups (54).

Macrosomia and large gestational age (LGA)

Macrosomia is one of the most common neonatal
complications of GDM. One study suggested that strict
control and close monitoring of blood glucose in GDM
patients at 32 to 37 weeks of gestation is necessary to reduce
the incidence of macrosomia (78). Studies have found that
the incidence of macrosomia in metformin-treated women
with GDM was significantly lower than that in the insulin-
treated group (61). A retrospective cohort study found that
metformin-treated women with GDM had significantly
lower incidence of macrosomia compared with those
treated by diet alone (59). Multiple meta-analyses have
also shown that metformin could reduce the incidence of
macrosomia and LGA compared with insulin treatment of
GDM (44,50,64,65); however, other studies have suggested
that metformin use did not significantly reduce incidence
of macrosomia and LGA (52,59,62). Ainuddin et 4/. found
that there was no statistically significant difference in the
incidence of LGA and macrosomia between metformin
therapy, insulin therapy and metformin-with-insulin
therapy groups (55). In addition, studies have found that
pregnant women treated with metformin have a higher
frequency of vitamin B12 deficiency (28). Several studies
reported changes in vitamin B12 and folic acid in pregnant
women with GDM treated with metformin (70). Reduced
levels of folic acid and vitamin B12 may have some effect on
the development of mothers and their offspring; however,

© Annals of Palliative Medicine. All rights reserved.

Ouyang et al. Metformin in GDM

it appears that these reductions in concentrations may
have clinical significance only in women with severe risk
deficiency (70).

In addition to the effects of metformin on blood glucose
and maternal outcomes in pregnant women with GDM,
other adverse reactions may also occur during the course
of taking the drug. Gastrointestinal issues—such as nausea,
vomiting and diarrhea—are the most common adverse
reactions. Such adverse effects decrease over time and may
be mitigated by reducing the dose and taking metformin with
food (79-80). Recently, it has been reported that a probiotic
can improve metformin gastrointestinal tolerance (81).
Metformin-associated lactic acidosis (MALA) is the most
serious adverse reaction of the medication, but is rare in
patients with normal liver and kidney function, with only
3 cases per 100,000 (82). A systematic review showed
no difference in the incidence of lactic acidosis between
metformin and other oral hypoglycemic agents (83).
The presence of lactic acidosis in patients treated with
metformin does not mean that it is caused by metformin but
may also be due to the presence of other risk factors, such
as heart disease, renal insufficiency, chronic lung disease,
chronic liver disease, age, and acute gastrointestinal disease.
Misbin et al. (84) reported on 66 cases of MALA diagnosis
and found that only 47 of them were related to the use of
metformin, and of those 47 cases, 43 had other risk factors
include heart disease, renal insufficiency, chronic lung
disease with hypoxia, and over age 80, with only four of the
original cases being truly related to metformin. Others also
suggested that the occurrence of MALA was not necessarily
caused by the administration of metformin (85-86). The
patient’s associated complications may have a negative
impact on metformin use, especially in chronic kidney
disease, which may affect drug excretion. In congestive
heart failure and chronic liver disease, this may affect lactic
acid clearance and promote lactic acid accumulation. In a
retrospective analysis of 559 confirmed cases of metformin
associated lactic acidosis (87), Isabelle et 4/. found that
almost all of the reviewed cases (97%) had independent
risk factors for lactic acidosis, including: kidney damage,
shock, liver damage, dehydration, heart failure, and
acute gastrointestinal disease. The study suggested that
metformin, when used at therapeutic doses, may not play a
role in the development of lactic acidosis or may only play
a promoting role, rather than a major role. An increased
risk of lactic acidosis related to metformin use is therefore
questionable (88). Other less common side effects include
altered taste, elevated liver enzymes, and skin erythema or
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urticaria (82).

Effect of metformin on the incidence of GDM in
pregnant women with PCOS

PCOS is the most common endocrine anovulatory infertility
disease in women of childbearing age, with a prevalence
of around 7-15% (89). Studies have found that PCOS is
associated with hyperinsulinemia and insulin resistance
which may be further aggravated during pregnancy,
making those with this condition prone to GDM (18). A
large Swedish cohort-study found that presence of PCOS
doubled the risk of developing GDM during pregnancy (90).
Begum ez al. conducted a RCT with pregnant women with
PCOS, where fifty-nine non-diabetic PCOS patients who
conceived while taking metformin and different ovulation-
inducing agents comprised the sample group. Twenty-nine
of them continued metformin throughout pregnancy and
30 did not; in this study, women with PCOS were found to
have a nine-fold reduction in GDM risk with metformin
treatment (91). Meta-analysis has shown that metformin
treatment during pregnancy could reduce the incidence
of GDM in pregnant women with PCOS (92); however,
another meta-analysis including 11 studies showed that
metformin treatment in pregnant women with PCOS had
no effect on the incidence of GDM in this population (93).
In addition, while meta-analyses have shown that the use
of metformin in PCOS could significantly reduce the
incidence of abortion and preterm birth, no significant
differences were reported for the incidence of GDM,
gestational hypertension and preeclampsia with or without
metformin treatment (94,95). According to the ADA
2020 guidelines, metformin should be used in the first
trimester of pregnancy for the treatment of PCOS and
ovulation induction, but that continued use of metformin
after the first trimester may increase the risk of adverse
pregnancy outcomes in women with PCOS. A prospective,
randomized, multicenter trial in pregnant women with
PCOS aimed to determine the preventive effects of
metformin exposure from first trimester to delivery on
pregnancy complications found no significant differences
between metformin and placebo in major outcomes related
to pregnancy or neonates (96). Tan et a/l. (94). believed
that insulin resistance (IR) and hyperinsulinemia may lead
to the tendency of adverse events in women with PCOS.
Considering the effect of IR on the physiology of pregnancy,
it is suggested that continued treatment with metformin
may be beneficial for women with PCOS. However,
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Gonzalez et 4l. found that discontinuing metformin after
pregnancy diagnosis in PCOS women did not appear to be
associated with a higher risk of miscarriage (31). For women
with PCOS, prolonged use of metformin after pregnancy
diagnosis does not seem to make sense. Currently, studies of
the continuation of metformin therapy in the first trimester
of pregnancy in PCOS pregnant women have shown that
no adverse outcomes appear to occur with continued use of
metformin in the first trimester of pregnancy. However, due
to limited data, the risks/benefits of continuing metformin
therapy in the second and third trimesters of pregnancy for
patients with PCOS remain unclear. It is recommended that
patients with PCOS should be treated with metformin on a
judicious basis, and that clinical guidelines and regulations
be carefully followed.

Guidelines and recommendations of metformin
for the treatment of GDM and drug regimen

Metformin has not been approved by the Food and Drug
Administration (FDA) for the management of GDM and
is listed as a Class B drug (70). We found that there is
no clear consensus regarding the efficacy of metformin
treatment in pregnant women with GDM pertaining to
its effects on fetal malformation, long-term growth and
development of offspring, blood glucose in pregnant
women, and maternal and infant outcomes. We also found
that there are significant differences in guidelines regarding
metformin treatment for GDM in different countries
(Table 3), with some guidelines reporting metformin as a
first-line treatment for GDM (9,97) and other guidelines
suggesting that there is insufficient evidence for metformin
to replace insulin treatment in GDM (98). The use of
antidiabetic drugs for blood glucose management during
pregnancy is also not recommended in recent Indian
guidelines (99), while the latest Australasian Diabetes in
Pregnancy Society (ADIPS) (100) and Australian Electronic
Treatment Guidelines (eTG) (100) also recommend
switching treatment to insulin and using metformin only in
patients opposed to insulin injections; this guideline may be
related to the lack of long-term safety data for metformin in
neonates and fetuses.

Regarding the dosage of metformin in GDM
management, studies have found that, compared with
postpartum, the renal clearance rate of metformin in the
second and third trimesters was significantly increased (by
29%), in alignment with an increased renal plasma flow
and glomerular filtration rate during pregnancy (21,101).
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Table 3 Metformin use requirements in different guidelines

Ouyang et al. Metformin in GDM

Guide Country Year Requirements

The American Diabetes American 2020 Insulin is the first line of treatment for GDM in the United States. Although

Association (ADA) several randomized controlled trials have supported the limited efficacy of
metformin and glyburide in reducing glucose levels in the treatment of GDM,
these drugs are not recommended as first-line agents for GDM because they
are known to cross the placenta and lack data to demonstrate offspring safety;
Metformin, when used to treat polycystic ovary syndrome and induce ovulation,
should be discontinued by the end of the first trimester

American Congress American 2018 For women refused to use insulin, or obstetrician or obstetric nurses think

of Obstetricians and women cannot safely use insulin, patient with metformin is a reasonable

Gynecologists (ACOG) second-line choice, but it is necessary to inform patients the risk of adverse
events, such as increasing prematurity, drugs through the placenta, and lack of
long-term data on drug exposure assessment of the risks of late fetal growth

International Federation of - 2015 Insulin, glyburide and metformin are safe and effective treatment options during

Gynecology and Obstetrics the second and second trimester of pregnancy if blood glucose cannot be

(FIGO) controlled by lifestyle changes alone

The National Institutes of UK 2015 Metformin is used if the blood sugar target is not achieved through lifestyle

Health Care Excellence (NICE) changes within 1-2 weeks. If the patient is intolerant or cannot accept
metformin, insulin is used

International Diabetes - 2009 If blood sugar targets are not met within 1-2 weeks of lifestyle changes, blood

Federation (IDF) sugar levels should be lowered. Insulin is a treatment of choice, but there is
now sufficient evidence to consider metformin and glyburide in women who are
known to be at risk. Combination therapy has not been studied specifically

The Australasian Diabetes in Australian 2005 It is recommended to change treatment to insulin and to use metformin only in

Pregnancy Society (ADIPS)
and the Australian Electronic
Treatment Guidelines (eTG)

the following cases: patients are opposed to injections

Patients may therefore need a higher dose of metformin to
achieve a sufficient hypoglycemic effect. The current dose
of metformin used to treat women with GDM is 500 to
2,500 mg/day, and the impact of doses over 2,500 mg/day
on maternal, fetal, and neonatal safety has not been
determined.

Conclusions

Our study found that the offspring of pregnant women
with GDM exposed to metformin before birth were more
likely to develop a fat metabolism disorder and gain weight
during later growth and development. Most studies suggest
that metformin will not increase the incidence of offspring
malformation in animal experiments or in clinical studies
regarding the effect of metformin on offspring deformity
incidence.

Although the effect of metformin treatment on various
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maternal outcomes (gestational hypertension, preeclampsia,
cesarean section, weight gain, premature delivery) and
fetal outcomes (neonatal hypoglycemia, NICU occupancy,
neonatal birth weight gain, macrosomia and LGA) are
still divergent, most studies have shown that metformin
does not increase the incidence of these adverse outcomes.
Therefore, metformin appears to be an effective and safe
oral drug to replace insulin in the treatment of GDM.
However, due to some study limitations, larger sample
sizes are needed to assess the maternal and neonatal
complications in GDM treated with metformin and to
evaluate long-term follow-up data for children born to
women with GDM treated with metformin, to determine
the safety of this drug in GDM treatment. In the future, the
focus should be on the long-term effects of metformin use
during pregnancy on children and their future offspring,
which will provide more robust evidence regarding the
safety and efficacy of this treatment.
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