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Introduction

The incidence of  gestational diabetes mellitus  (GDM) 
is rising, partly due to surreptitious increase in diabesity 
epidemic. Currently, 1–14% of  all pregnancies are 
complicated by GDM, depending upon the population 
studied and the diagnostic tests employed to define it.[1] 
It is increasingly clear now that GDM is associated with 
several maternal and neonatal adverse outcomes. GDM 
can cause increased preeclampsia, higher cesarean section 
rate and development of  type 2 diabetes  (T2DM) after 
pregnancy in mothers. It can cause higher neonatal death, 

stillbirth, congenital defects, macrosomia, shoulder dystocia 
and hypoglycemia in neonates as well. The Australian 
Carbohydrate Intolerance Study in Pregnant Women, 
was a randomized controlled trial  (n  =  1000), which 
convincingly suggested, that the treatment of  GDM 
can significantly reduce serious perinatal morbidity, and 
can increase quality of  life of  pregnant women.[2] This 
outcome was further supported by yet another randomized 
controlled trial (n = 958), which also suggested that treating 
even milder GDM, can improve several maternal and 
neonatal outcomes.[3]

Currently, the mainstay of  GDM management continues 
to be Maternal Nutritional Therapy and human insulin, 
a US FDA category B drug. Some of  newer insulin 
analogs, like insulin lispro, aspart and detemir also have 
been upgraded to FDA category B during last 5  years; 
however, their practical implications and real benefits, 
remains to be established. Although, insulin therapy has 
been the gold standard, and universally accepted mode 
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A B S T R A C T

Gestational diabetes mellitus (GDM) is defined as any degree of glucose intolerance occurring first time during pregnancy. Its prevalence 
is simultaneously increasing with the global rise of diabesity. GDM commonly develops, when maternal glucose metabolism is unable 
to compensate for the progressive development of insulin resistance, arising primarily from the consistently rising diabetogenic 
placental hormones. It classically develops during the second or third trimester. Theoretically, insulin sensitizers should have been 
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therefore, metformin is currently not recommended in the treatment of GDM. Nevertheless, given the emerging clinically equivalent 
safety and efficacy data of metformin compared to insulin, it appears that it may perhaps open a rather new door in managing GDM. 
The aim of this review is to critically analyze, the safety and efficacy data of metformin regarding its use in GDM and pregnant mothers 
with polycystic ovarian disease, which has emerged in past decades.
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of  treatment over several decade, its short‑term use 
during GDM, remains to be labor‑intensive, especially 
in the context to developing countries, where limited 
resources, poor logistics and poor literacy rate is still a 
hard core reality. Moreover, needle phobia, multiple daily 
injections, potential for hypoglycemia, weight gain and 
psycho‑social stigma, including gender discrimination, 
perhaps, makes injectable therapy, somehow cumbersome 
for many pregnant patients.[4]

It is worth to mention that metformin, exerts its clinical 
effect both by increasing insulin sensitivity and by reducing 
hepatic glucose production, without any purported risk of  
hypoglycemia and weight gain. It has also been associated 
with a significant cardiovascular (CV) risk reduction in obese 
T2DM, as evident from UKPDS trial. These characteristics 
taken together, have established metformin as an ideal 
first‑line treatment of  T2DM. Presumably, metformin 
would have been an attractive drug for use in GDM, had 
it not cross the placenta. However, as metformin cross 
placenta, concern of  adverse effects on both mother and 
the fetus, theoretically exists and therefore has limited its 
potential to be used in GDM.

Interestingly, with the emerging efficacy and safety data 
with metformin in a recent decade, it appears that the 
isolated domain of  insulin could perhaps be challenged. 
The relative ease of  administration, low cost, better 
acceptance among patients, better follow up, and ease 
with the treatment, can make this oral agent a preferable 
alternative both for patients and to the physicians. The 
ease with the use of  this oral drug can also be stretched to 
the remotest areas with poor literacy, and where facilities 
as well as storage of  insulin may pose hindrances in the 
treatment of  GDM. However, because of  the paucity of  
adequate data, use of  these drugs in GDM is currently 
restricted only to USA, although it is increasingly being 
used in Europe and South Africa off  late. It should also 
be noted that metformin has been historically used during 
1970s, in South Africa.[5]

This review will critically analyze, the available efficacy 
and safety data of  metformin in GDM including its 
head‑to‑head studies with insulin and glibenclamide. The 
review will also discuss its safety and efficacy in pregnant 
polycystic ovary syndrome (PCOS) mothers.

Metformin in Gestational Diabetes 
Mellitus

Metformin is currently listed as a FDA category B drug 
for use during pregnancy, thereby suggesting that animal 
studies have failed to demonstrate any risk to the fetus, 

but there are no adequate and well‑controlled studies in 
pregnant women.

Placental and breast milk transfer
Historically, Denno and Sadler, in an experimental animal 
study, suggested that phenformin were associated with 
embryo toxicity and metformin too caused decrease in yolk 
sac protein as well as delayed neural tube closure.[6] Since 
then, teratogenicity with metformin has been a subject 
of  speculation, primarily because metformin crosses 
placenta. Nevertheless, a study by Brigg in humans, found 
no teratogenicity with metformin even when the doses 
exceeded as high as 600 mg/kg.[7] Moreover, a meta‑analysis 
done by Gilbert and Koren involving 8 studies (n = 496) of  
metformin used during first trimester, found significantly 
lesser malformed babies in metformin exposed group (1.7%), 
compared to control (7.2%). This roughly corresponds to 
57% lowering of  malformed babies in metformin treated 
mothers, compared to control and could be hypothesized 
as “protective effect” of  metformin.[8,9] It is biologically 
possible that by reversing insulin resistance, metformin may 
protect against malformations. Nonetheless, this protective 
effect still remains challenging, as it is difficult to clarify 
whether it has appeared subsequent to better glycemic 
control or direct actions of  the drug itself.

However, as it crosses the placenta, its use in pregnancy 
has raised some concern. Some data suggest that the 
umbilical cord concentration of  metformin could be at 
least half  the maternal concentration and sometime it may 
exceed, nevertheless, infant exposure to metformin through 
breast milk, has been found to be pretty low. As obvious, 
pregnant state can alter the metabolism of  any drugs and 
metformin clearance also increases during pregnancy, 
owing to enhanced renal elimination. Therefore, increase 
in dose of  metformin may also be required by at least 20% 
during pregnancy, to maintain comparable therapeutic 
effect to non‑pregnant state.[10]

Clinical data comparing metformin with insulin
Historically, the earliest clinical uses of  metformin from 
South Africa, dates back to 1970s, where it had been used 
both in pre‑existing diabetes as well as GDM. Interestingly, 
while the perinatal mortality was equal to those shifted 
to insulin and significantly lower than untreated GDM 
mothers, it was still higher than that observed in the general 
obstetric population.[11,12]

Randomized controlled trials
Only two small randomized trials, using metformin during 
GDM have been reported before the MIG  (Metformin 
versus Insulin for the treatment of  Gestational Diabetes) 
trial [2008], by Rowan et al. published. Both Hague et al. 
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and Moore et al. showed favorable results of  metformin in 
GDM and finds no difference in any maternal and neonatal 
outcome compared to insulin.[13,14] Interestingly, metformin 
dose of  500 mg twice daily was found to be equivalent to 
insulin, in achieving glycemic control in 84% of  cases in 
this study by Moore et al.[14] Meanwhile, an observational 
study by Hellmuth et al., conducted in mixed population 
of  GDM and pre‑existing type 2 diabetes (PGDM), hinted 
at significantly higher pre‑eclampsia  (P  <  0.001) and 
higher perinatal mortality (P < 0.02) in metformin treated 
mothers.[15] Another, observational retrospective study 
by Ekpebegh et al., conducted in PGDM showed lesser 
perinatal mortality (P = 0.003) in insulin treated mothers 
compared to glibenclamide and metformin.[16] Both these 
observational studies created a needle of  suspicion in 
clinician minds. However, both these observational studies 
had severe limitations. There were mixed population of  
patients including PGDM and GDM, with no comparator 
control arm in the former and exclusive PGDM included 
in the latter studies.[15,16]

To date, the largest  (n = 733), prospective randomized 
trial, evaluating the use of  metformin  (maximum 
doses 2000 mg) was, Metformin versus Insulin for the 
treatment of  Gestational Diabetes  (MIG) trial. MIG 
trial was primarily conducted, to rule out 33% increase 
in composite of  perinatal complications of  infants of  
women taking metformin. The primary outcome of  
this study was neonatal outcome, and the secondary 
outcomes being maternal outcome as well as neonatal 
body composition.[17] The results clearly suggested, no 
significant increase in composite measures of  neonatal 
complications in metformin treated mother. Interestingly, 
severe hypoglycemic episodes occurred significantly 
less in infants of  mother taking metformin (P = 0.008) 
although, both arms had similar rates of  neonatal 
hypoglycemia. Moreover, study ended with a positive 
note that metformin treatment was more acceptable than 
insulin (76% vs. 27%, P < 0.001). However, the frequency 
of  pre‑term birth (before 37 gestational weeks), was higher 
in the metformin group compared to insulin (P = 0.04). It 
was observed that the increase in preterm birth was related 
to greater frequency of  spontaneous causes, rather than 
iatrogenic, and it was not associated with a higher rate of  
any neonatal complications. This might also suggest that 
preterm birth could have happened either due to chance 
or to an unrecognized effect of  metformin on labor 
process. Nonetheless, 46% of  patients on metformin 
required supplemental insulin therapy, to achieve optimal 
control. Those who required supplemental insulin had 
significantly higher body mass index, history of  GDM 
and higher fasting glucose at enrollment. Nonetheless, 
women taking metformin, who required insulin had 

lesser total insulin dose  (median dose 42 unit), and 
gained less weight, compared to those taking insulin 
alone (median dose 50 unit).[17] Taken together, it is clearly 
evident that this landmark study hinted at similar clinical 
equivalency (safety and efficacy) of  metformin compared 
to insulin.

Subsequently, several other RCTs, albeit smaller in 
number than MIG trial, were also conducted by Ijaas 
et  al., Niromanesh et  al., Hasan et  al., Tertti et  al., and 
Spaulonci et al. All of  these RCTs, suggested a comparable 
clinical equivalency of  metformin compared to insulin.[18‑22] 
Additionally, significantly lesser maternal weight gain 
were observed in the metformin group in the study by 
Niromanesh et al. and Spaulonci et al.  (P = 0.0002).[19,22] 
Macrosomia was significantly lesser in metformin treated 
mother, in the study by Hasan et al. (10.65% vs. 18.67% 
in the insulin group, P < 0.05).[20] Furthermore, neonatal 
hypoglycemia were significantly lesser in metformin 
treated group, in the study by Hasan et al. and Spaulonci 
et al. (P = 0.032) [Table 1].[20,22]

Observational studies
Similarly, several observational studies conducted in the 
past decade, also hinted at comparable equivalency with 
metformin.[23‑27] Surprisingly, an observational study by 
Balani et al., suggested significantly higher preterm birth 
in insulin treated mothers (10% vs. 0% in the metformin; 
P = 0.01).[24] Furthermore, one study by Goh et al. hinted 
at significantly lesser preterm birth in metformin treated 
mothers  (12.5% vs. 19.2% in insulin; P  =  0.005).[26] It 
should be recalled here, that preterm birth were significantly 
higher in metformin treated arm in RCT conducted by 
Rowan et  al. However, no increased risk of  preterm 
birth seen in these two observational studies appeared 
reassuring for metformin. Perhaps, this may also suggest 
that higher preterm birth in the study by Rowan et  al. 
could be a chance finding. Meanwhile, a retrospective 
observational study by Gandhi et al., comparing metformin 
plus lifestyle modification (LSM) to LSM alone, revealed 
significantly lower incidence of  macrosomia  (8.2% vs. 
14.3%; OR = 0.56; 95% CI = 0.33–0.99), and lower birth 
weight (BW) (>90th centile 14.8% vs. 23.7%; OR = 0.56; 
95% CI  =  0.37–0.85) in metformin treated mothers.[27] 
Furthermore, majority of  these observational studies, also 
hinted at less maternal weight gain and lesser neonatal 
hypoglycemia in metformin treated mothers compared 
to insulin. Intriguingly, two observational studies by Rai 
et al. and Goh et al., suggested better glucose control in the 
metformin arm compared to insulin [Table 2].[25,26]

It is worthwhile to mention that these studies are limited 
with several methodological issues, which must be taken 
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in to account while interpreting the results. Many of  these 
studies were retrospective in nature, had a small number 
of  participants, had varied definitions of  outcomes, had 
extremely variable diagnostic criteria for GDM and many 
of  them possess extreme heterogeneity.[28]

Meta‑analysis
Two recent meta‑analysis conducted by Guie et al. (involving 
five RCTs), and Su et  al.  (involving six RCTs)  [2014], 
suggested a significantly better maternal outcome  (less 
weight gain, lesser pregnancy induced hypertension and 
pre‑eclampsia) in metformin treated mothers compared 

to insulin. Neonatal outcomes  (significantly lesser 
neonatal hypoglycemia), were also better in metformin 
treated mothers compared to insulin.[29,30] However, these 
meta‑analysis hinted at significantly higher preterm birth 
in the metformin arm, compared to insulin  [Table  3]. 
Nonetheless, this only negative outcome appears to have 
driven, primarily from the inclusion of  Rowan et al. (MIG 
trial) study in both meta‑analyses.

Few meta‑analysis also exists in literature, where 
oral anti‑diabetic drugs  (OAD) together  (metformin, 
glibenclamide and acarbose), have been compared 

Table 1: RCTs comparing metformin to insulin
Author Year Region Number 

of patient
Primary outcome Results

Moore et al. 2007 US 63 Maternal and 
neonatal outcome

No difference in any outcome including glycemic control

Rowan et al. 
(MIG trial)

2008 Australia, 
NZ

733 Neonatal outcome No difference but severe hypoglycemia were less (P=0.008) and preterm 
birth were higher in the metformin treated group (12.1% vs. 7.6% in insulin, 
P=0.04)

Ijäs et al. 2011 Finland 97 LGA or macrosomia No difference in any outcome including preterm birth
Rowan et al. 
(MIG‑TOFU)

2011 Australia, 
NZ

318 Long‑term neonatal 
outcome

At 2 years, no difference between groups except metformin arm had larger 
upper arm circumference, bigger biceps and big subscapular skin folds

Niromanesh et al. 2012 Iran 160 BW and glycemic 
control

No difference except less maternal weight gain and lower anthropometric 
value in neonates in the metformin arm

Hassan et al. 2012 Pakistan 150 Macrosomia and 
neonatal outcome

Although mean BW were similar in both groups, fetal macrosomia was less 
in the metformin group (10.65% vs. 18.67% in the insulin group, P<0.05). 
Neonatal morbidity and NICU admissions were less in the metformin group

Tertti et al. 2013 Finland 217 BW No significant differences in neonatal or maternal outcome however 20.9% 
of the patients in the metformin group required supplemental insulin

Spaulonci et al. 2013 Brazil 94 Glycemic control Lower mean glucose levels in the metformin group (P=0.020) derived from 
lower postdinner glucose value (P=0.042) compared to insulin. Mother in 
the metformin group had lesser weight gain (P=0.002) and had a lower 
frequency of neonatal hypoglycemia (P=0.032). 26.08% of mother in the 
metformin group required supplemental insulin

MIG: Metformin versus Insulin for the treatment of gestational diabetes, LGA: Large for gestational age, TOFU: The offspring follow‑up, NICU: Neonatal intensive care 
unit, BW: Birth weight, RCT: Randomized controlled trial

Table 2: Observational studies (prospective and retrospective) comparing metformin to insulin
Author Year Region Number 

of patient
Primary 
outcome

Results

Hellmuth et al. 2000 Denmark 118 Maternal, 
neonatal outcome

Significantly increased in preeclampsia (32 vs. 7 vs. 10%, P<0.001) in 
mother treated with metformin compared to glibenclamide or insulin. 
Perinatal mortality also significantly increased (11.6 vs. 1.3%, P<0.02) 
in the metformin arm compared to those not treated with metformin

Ekpebegh et al. 2007 South Africa 379 Glycemic control, 
perinatal outcome

Perinatal mortality less in the insulin group (P=0.003) compared to 
oral drugs

Tertti et al. 2008 Finland 173 Maternal, 
neonatal outcome

No difference in any outcome except neonatal hypoglycemia higher in 
insulin (P=0.03)

Balani et al. 2009 UK 127 Maternal, 
neonatal outcome

Metformin group had less weight gain (P<0.001) and improved 
neonatal outcome (P<0.01) compared to insulin. Preterm birth more 
common in insulin arm (10% vs. 0%; P=0.01)

Rai et al. 2009 India 60 Glycemic control, 
perinatal outcome

Better glucose control in the metformin arm throughout pregnancy 
more so in first week (P=0.03–0.007). Significant increase in NICU 
admission and cost of therapy in insulin arm

Goh et al. 2011 US 1269 Maternal, 
neonatal outcome

Metformin group had better glycemic control, fewer preterm delivery 
(12.5% vs. 19.2%; P=0.005), and improved neonatal outcome (P=0.004)

Gandhi et al. 2012 UK 592 Maternal, 
neonatal outcome

No difference except significantly less macrosomia (8.2% vs. 14.3%; 
OR=0.56, 95% CI=0.33–0.99) and lower BW >90th centile (14.8% vs. 
23.7%; OR=0.56, 95% CI=0.37–0.85) in metformin arm

NICU: Neonatal intensive care unit, OR: Odds ratio, CI: Confidence interval, BW: Birth weight
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to  insu l in .  Nicho lson e t   a l . ,  conducted  a 
meta‑analysis  (involving 4 RCTs) and found no 
difference in maternal and neonatal outcome, although 
neonatal hypoglycemia were higher in insulin arm (8.1% 
vs. 3.3%; P  =  0.008), when compared to OAD.[31] 
Dhulkotia et al., conducted a meta‑analysis  (involving 
6 RCTs) and found no difference in any outcomes, 
except higher maternal hypoglycemia observed in 
insulin treated mothers.[32] Recently, Nicholson et  al., 
conducted another meta‑analysis  (involving 8 RCTs) 
and suggested no difference in any of  the maternal or 
neonatal outcomes [Table 4].[33]

Clinical data comparing metformin to glibenclamide in 
gestational diabetes mellitus
Only RCT conducted by Silva et al., compared glibenclamide 
to metformin  (n  =  200), and suggested no significant 
difference between two groups. However, significantly 
lesser maternal (−2.06 Kg, P = 0.04) and neonatal weight 
gain  (−194 g, P = 0.01) observed in metformin treated 
mothers, compared to glibenclamide.[34] Interestingly, 
earlier observational studies by Moore et al. and Silva et al. 
also found same results.[35,36] Nevertheless, Moore et  al. 
suggested significantly  (2.1  times) higher failure rate of  
metformin in achieving optimal glycemic control compared 
to glibenclamide (P = 0.01) [Table 5].[35]

Limitations of metformin
The biggest limitation with metformin is failure to achieve 
optimal glycemic control. As low as 10%  (Balani et al.), 
to as high as 46% (Rowan et al.) required supplementary 
insulin  [Table  6]. Moreover, the supplemental insulin 
requirement with metformin appears to be 11.5 fold 
higher  (46% in Rowan et  al. study), compared to 
glibenclamide  (4% in Langer et  al. study). Theoretically, 
this time lag until the start of  insulin may appear hazardous 
for the fetus with a period of  unintended hyperglycemia 
and, therefore, glibenclamide may be considered ahead of  
metformin. However, the supplementation of  insulin in 
the metformin group did not impact the reduction in the 
incidence of  the primary or secondary outcomes compared 
with insulin alone. Furthermore, these differences in 
supplemental insulin requirement could also be attributable 
to several factors including the differences in the ethnicity, 
BMI, and baseline blood glucose across the trials.

Follow‑up data of metformin in offspring
Long‑term effect of  metformin on future maternal and 
neonatal outcomes is currently minimal; however, the 2 year 
follow‑up study of  MIG trial in offspring (MIG: TOFU), 
suggested no difference in central fat measures, total fat 
mass or percentage body fat. This study also hinted that, 

Table 3: Meta‑analysis of RCT: Metformin versus insulin
OR/SMD 95% CI P

Gui et al., 5 RCT
Maternal outcome*

Glycemic control 
(FBS, PPBS, HbA1c)

Similar

Maternal weight 
gain

SMD‑0.47 
(favors metformin)

−0.77 to −0.16 0.003

Maternal PIH 0.52 
(favors metformin)

0.30 to 0.90 0.02

Preecclampsia No difference
Neonatal outcome*

Premature birth 1.74 
(against metformin)

1.13 to 2.68 0.01

*No difference in CS rate, LGA, SGA, BW, shoulder dystocia, birth injury, RDS, 
hypoglycemia, hyperbilirubinemia, Apgar scores, cord arterial pH, birth defects, 
NICU admissions
Su and Wang, 6 RCT

Maternal outcome*
Glycemic control Similar
Maternal weight 
gain

WMD‑1.49 kg 
(favors metformin)

−2.66 to −0.31 0.01

Neonatal outcome*
Neonatal 
hypoglycemia

0.77 
(favors metformin)

0.66 to 0.99 NR

Preterm birth 1.56 
(against metformin)

1.06 to 2.30 NR

*No difference in hypertensive disorders, caesarean rates, BW, macrosomia, LGA, 
SGA, birth defects, NICU, RDS and phototherapy
NR: Not retrievable, WMD: Weighted mean difference, BW: Body weight, LGA: Large 
for gestational age, NICU: Neonatal intensive care unit, SGA: Small of gestational 
age, RDS: Respiratory distress syndrome, RCT: Randomized controlled trial, 
FBS: Fasting blood sugar, PPBS: Postprandial blood sugar, HbA1c: Hemoglobin A1c, 
CS: Caesarean section, SMD: Standard deviation of mean, PIH: Pregnancy induced 
hypertension, RCT: Randomized controlled trial

Table 4: Meta‑analysis: OAD versus insulin
First author, year Outcome
Nicholson et al. –4 RCT (n=1229), 5 
observational studies (n=831)

1 RCT of metformin versus insulin
3 RCT of glibenclamide versus insulin
1 RCT of acarbose versus insulin

No difference in maternal and 
neonatal outcome but higher 
neonatal hypoglycemia in 
insulin arm (8.1%) compared to 
OHA (3.3%), P=0.008

5 Observational study No difference in maternal and 
neonatal outcome

Dhulkotia et al. –6 RCT (n=1388)
2 RCT of metformin versus insulin
4 RCT of glyburide versus insulin

No difference in glycemic 
control, OR of maternal 
hypoglycemia 0.34 (95% CI, 
0.02-5.82) with OHA, trends of 
higher hypertensive disorders 
in insulin arm. No differences in 
CS rate, preterm birth, neonatal 
hypoglycemia, BW, LGA, NICU 
admission, RDS, SGA and IUFD

Nicholson et al. –8 RCT
2 RCT of metformin versus insulin No difference in any outcome, 

trends of increased maternal 
hypoglycemia in insulin arm

OAD: Oral anti‑diabetic drug, RCT: Randomized controlled trial, OHA: Oral 
hypoglycemic agents, OR: Odds ratio, CI: Confidence interval, LGA: Large for 
gestational age, NICU: Neonatal intensive care unit, RDS: Respiratory distress 
syndrome, SGA: Small of gestational age, IUFD: Intrauterine fetal demise, 
BW: Birth weight, CS: Caesarean section
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metformin group had larger upper arm circumferences, 
bigger biceps and larger sub‑scapular skin folds, perhaps 
suggesting a favorable pattern of  fat distribution with less 
visceral fat when compared to insulin treated mothers.[37] 
While, the results of  the MIG‑TOFU study are both 
encouraging and reassuring, the possible benefits in children 
and adolescents with in‑utero exposure to metformin are 
intriguing.

Metformin in pregnant polycystic ovarian disease
Metformin is one of  the most commonly prescribed 
drugs in polycystic ovarian disease (PCOD) to manage 
associated metabolic syndrome. It is also well known 
to facilitate conception in women with PCOD. Yet, it 
is unclear as to how long it should be continued once a 
PCOD patient gets pregnant.

Randomized controlled trials
Vanky et al., conducted the first RCT of  metformin in 
pregnant PCOD from conception till delivery. This study 
found significantly reduced severe pregnancy‑related 
complications, compared to placebo  (0% vs. 32%; 

P  =  0.01).[38] Another RCT by Begum et  al., using 
metformin from pre‑conception till delivery, suggested 
a 9‑fold lesser risk of  developing GDM in PCOD 
mothers.[39] Subsequently, Vanky et al., conducted a large 
RCT (n = 273) applying metformin from first trimester till 
delivery, and found a significantly lesser preterm delivery 
in metformin arm  (3% vs. 11% in placebo, P < 0.01), 
compared to placebo.[40] Most recent RCT  (n  =  320) 
by Morin Papunen et  al., suggested higher live birth 
rate in metformin arm when it was continued from 
pre‑conception till first trimester (P = 0.014) [Table 7].[41]

Observational studies
Several case control studies (prospective and retrospective) 
conducted so far, have largely supported the equivalent 
outcome as observed in RCTs. Some studies clearly hinted 
at few unique benefits in metformin treated mothers. This 
benefit includes significantly lesser early pregnancy loss as 
well as a significant reduction in GDM conversion rate, with 
metformin use in PCOD mothers [Table 8].[42‑49]

Taken together, the use of  metformin during pregnancy 
in PCOS clearly appears to reduce the rates of  early 
pregnancy loss and preterm labor. It also appeared to 
prevent fetal growth restriction. Most assuring to note that 
no teratogenic effects, intrauterine deaths or developmental 
delays have been reported with metformin use during 
PCOD pregnancy, even when used during the first 
trimester.[50]

Pragmatic use of metformin in gestational diabetes 
mellitus and pregnant polycystic ovary syndrome
Until now, both glibenclamide and metformin have 
not been recommended in the treatment of  GDM, 
primarily owing to the fear of  their potential teratogenicity 
and anticipated adverse fetal outcome. Although first 
landmark MIG trial, clearly suggested clinical equivalency 
of  metformin compared to insulin, the international 

Table 5: Metformin versus glibenclamide in GDM
First author Year Region Number Primary objective Results
Randomized studies

Silva et al. 2012 Brazil 200 Neonatal outcome No difference as such except neonatal weight (−194 g, P=0.01) and ponderal 
index (−0.09, P=0.05) were lower in the metformin group. Glucose level at 
1st and 3rd h after birth were lower in glibenclamide arm (P=0.01 for both). 
Maternal weight gain were lower in the metformin group (−2.06 kg, P=0.04)

Observational studies
Moore et al. 2010 US 149 Glycemic outcome No difference in glycemic control between two groups. However, 34.7% 

in the metformin group and 16.2% in glibenclamide group required 
supplemental insulin therapy (P=0.01) suggesting 2.1 times higher rate of 
failure with metformin compared to glibenclamide

Silva et al. 2010 Brazil 72 Glycemic control, 
neonatal outcome

Treatment with metformin or glibenclamide were equivalent for both 
maternal and neonatal outcome except maternal weight gain was less in the 
metformin (10.3 kg vs. 7.6 kg; P=0.02)

GDM: Gestational diabetes mellitus

Table 6: Supplementary insulin requirement in 
metformin treated mothers
First author Year Comparators Metformin 

group required 
insulin for 
optimal 

control %
Randomized trial

Rowan et al. 2008 Metformin versus insulin 46
Niromanesh et al. 2012 Metformin versus insulin 14
Spaulonci et al. 2013 Metformin versus insulin 26

Observational 
studies

Tertti et al. 2008 Metformin versus insulin 18
Balani et al. 2009 Metformin versus insulin 10
Goh et al. 2011 Metformin versus insulin 40
Gandhi et al. 2012 Metformin versus LSM 21

LSM: Lifestyle modification
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bodies are yet to recommend its use. The primary reason 
appears to be the remaining ounce of  doubt regarding 
their safety.

World Health Organization  (WHO), National Institute 
of  Clinical Excellence UK  (NICE 63) and Australian 
Obstetrics and Gynecological Society  (ADS) currently 
recommends use of  metformin and glibenclamide in the 
resource limited area where insulin administration has 
logistic issues; however, it is still recommended as a second 
line to insulin.[51‑53] IDF[2009] guidelines recommends use 
of  metformin in resource limited area when patients are least 
likely to comply with insulin.[54] Canadian guideline [2013], 
also recommends that metformin  [level of  evidence: 
Grade B, Level 2] may be used as alternative agents for 
glycemic control for women who are non‑adherent to 
or who refuse insulin. However, use of  oral agents in 
pregnancy is off‑label and should be discussed with the 
patient [Grade D, Consensus].[55] The most recent, German 
Diabetes Association (DDG) and German Association of  
Gynecology and obstetrics  (DGGG) guidelines  [2014], 
does not recommend the use of  any oral hypoglycemic 
agents during pregnancy.[56]

Nevertheless, the evidence in support of  these 
recommendations is perhaps getting challenged. The 
evidence published thus far, supports metformin use 
in pregnancy with respect to the immediate pregnancy 
outcomes. As discussed earlier, several RCTs, meta‑analysis 
and observational studies have largely supported the 
outcome with metformin. Ease of  its use, acceptability 
by the patients, significantly less maternal weight gain and 
less maternal hypoglycemia, as evident from these studies, 
appears a lot encouraging. Moreover, two years follow up 
of  offspring in MIG‑TOFU, also reassures no anticipated 
harm and in fact suggests its beneficial effects in offspring. 
Positive outcomes in pregnant PCOD with metformin 
use even during the first trimester, almost rules out the 
remaining ounce of  potential harm in terms of  any potential 
teratogenic effect. While, no guidelines currently suggest as 
to how long should metformin be used during pregnancy 
in PCOS, the available data clearly suggests its benefit up to 
first trimester use. Nevertheless, duration of  treatment with 
metformin in PCOS should be based on clinical judgment.

There are several parts in the world including India, 
where insulin may not be easily available, apart from 

Table 7: RCTs of metformin in pregnant PCOD
First author Year Number 

of patient
Duration of metformin intake Results

Vanky et al. 2004 40 Conception to delivery Reduced severe pregnancy complications in metformin arm 
(0% vs. 32%; P=0.01)

Begum et al. 2009 59 Preconception to delivery 9 fold reduced GDM in the metformin arm (3.4% vs. 30% in control)
Vanky et al. 2010 273 First trimester to delivery Fewer preterm delivery (3% vs. 11% in placebo, P<0.01) and less 

maternal weight gain in the metformin arm
Morin‑Papunen et al. 2012 320 Preconception to the first trimester Higher live birth rates in the metformin arm (P=0.014)

PCOD: Polycystic ovarian disease, GDM: Gestational diabetes mellitus, RCT: Randomized controlled trial

Table 8: Observational studies of metformin in pregnant PCOS
First author Year Number of 

patients
Duration of metformin 
intake

Results

Jakubowicz et al. 2002 96 Conception to delivery Lesser pregnancy loss in the metformin arm (8.8%) compared to placebo (42%)
Glueck et al. 2002- 

2004
378 Preconception to delivery

Follow‑up till 18 months 
postpartum

Significant reduction in the spontaneous abortion rate in the metformin 
group (26% vs. 62% in control; P<0.0001). In women who were treated with 
metformin, GDM developed in 4% of pregnancies versus 26% of previous 
pregnancies without metformin (P=0.025). Female neonates had lesser 
BW (P=0.04) and were shorter (P=0.006) in the metformin arm

Kovo et al. 2006 99 Preconception to the first 
trimester

Mean BW lower in the metformin arm

Khattab et al. 2006 200 Preconception to delivery 
in patient underwent 
assisted reproduction

Significantly reduced rate of early pregnancy loss (P<0.0001)

Nawaz et al. 2008 137 Preconception to 
different timings of 
pregnancy

Reduced rate of miscarriage (10% till first trimester use and 0% till delivery 
in metformin group vs. 18.7% in control arm; P<0.006), significantly reduced 
rate of GDM in metformin group (2.2% vs. 19.2%; P<0.004) and fetal growth 
retardation in metformin arm

Bolton et al. 2009 132 Conception to first 
trimester

No difference except lesser neonatal hypoglycemia in metformin 
arm (18.55 vs. 24.5% in control)

De Leo et al. 2011 208 Preconception to 
37 weeks

Decrease miscarriage rate in GDM rates (P<0.005), decreased gestational 
hypertension in metformin arm

PCOS: Polycystic ovary syndrome, GDM: Gestational diabetes mellitus, BW: Birth weight
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various logistic and other psycho‑socio‑economic issues. 
These could be the situations, where metformin use can 
be desirable. At any point of  time, adverse effects of  
untreated hyperglycemia will be worse than treating with 
metformin.

Future directions
With the global increase in the diabesity among reproductive 
age women, it is anticipated that the use of  metformin will 
likely increase. As metformin reduces insulin resistance 
and has the potential to lower the risk of  ensuing GDM in 
PCOS mothers, its role appears truly encouraging.

Future studies that will foster a large number of  participants 
and adjust for all potentially confounding factors will likely 
shed some more light on these issues. Currently, some 
randomized trials are underway to examine the possible 
benefit of  metformin in obese women with or without 
diabetes. The Metformin in Obese non‑diabetic Pregnant 
women (MOP) a multicenter, randomized trial (n = 2178) in 
UK, is currently assessing the effects of  metformin on BW 
percentile as a primary outcome.[57] Metformin in Women 
with type  2 diabetes in pregnancy  (MiTY) is another 
randomized trial currently undergoing in Canada (n = 500), 
assessing the effects of  metformin or placebo in addition 
to the usual regimen of  insulin. Composite fetal outcome is 
the primary objective of  MiTY trial.[58] The MiTy Kids Trial 
is a follow‑up of  MiTy Trial, which will determine whether 
treatment with metformin in pregnant type 2 diabetes will 
lead to a reduction in adiposity and insulin resistance in 
the offspring at 2 years of  age.[59]
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