
IntroductionGestational diabetes mellitus (GDM) is defined asany degree of carbohydrate intolerance occurring orrecognized for the first time during pregnancy re-sulting in hyperglycemia of variable severity. Thisdefinition includes cases of pre-existing type 2 dia-betes mellitus (T2DM) that have been diagnosed forthe first time early in pregnancy and true gestationaldiabetes mellitus (GDM) with onset later in preg-

nancy that may persist after labor.1Nowadays, the incidence of GDM is estimated at7-8% of all pregnancies, affecting approximately200.000 deliveries in the United States each year.2This condition is associated with both maternal andneonatal adverse outcomes. Maternal implicationsinclude preeclampsia, higher caesarean section rateand development of type 2 diabetes mellitus after

HJOG An Obstetrics and Gynecology
International Journal

VOLUME 18 ISSUE 1, JANUARY-MARCH 2019

1

HJOG 2019, 18 (1), 1-9 

Review

Metformin in the treatment of gestational diabetes
mellitus: is it safe and efficient?

Argirios Rountis, Kalliopi Pappa

1st Department of Obstetrics and Gynecology, “Alexandra” Maternity Hospital, National and Kapodistrian
University of Athens, Athens, Greece.

AbstractGestational diabetes mellitus (GDM) typically occurs when maternal glucose metabolism fails to com-pensate for the gradually increasing insulin resistance which mainly derives from the indigenous produc-tion of diabetogenic placental hormones during pregnancy. With its rising prevalence nowadays, GDMconstitutes one of the most serious health problems in pregnant women that may result in both maternaland neonatal adverse outcomes if not treated properly. Although most women succeed in controlling theirblood glucose levels with diet alone, some require pharmacological treatment in order to achieve adequateglycemic control. For these women, insulin is considered to be the best pharmacological choice for theirtreatment. However, a growing number of recent studies suggest oral antidiabetic agents to be equivalentif not superior to insulin in terms of safety and efficacy for the treatment of GDM. The objective of this re-view is to evaluate efficacy and safety of metformin in the treatment of GDM based on the most recentdata of the literature. 
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pregnancy. In neonates, GDM may lead to macroso-mia, shoulder dystocia, neonatal hypoglycemia,hypocalcemia, hyperbilirubinemia and plethora. Fi-nally, the infants of gestational diabetic mothers havean increased risk of developing both obesity and di-abetes later in life.3The management of GDM involves lifestyle modi-fications such as medical nutrition therapy, exercise,weight management and self-monitoring of maternalblood glucose. If the aforementioned measures donot achieve to control the maternal blood sugar lev-els, then pharmacological treatment is required.4The gold standard for the pharmacological treat-ment of GDM is subcutaneous insulin, a US FDA cat-egory B drug. However, the insulin therapy has itsdrawbacks; the unfavorable route of administrationin combination with the complicated dosing sched-ule reduces patient compliance with the treatment.5During the last decade, a growing number of studiessuggest oral antidiabetic agents including metforminand glyburide, as a safe and efficient alternative toinsulin in the treatment of GDM.6, 9-18, 24, 25The aim of this review is to evaluate the efficacyand safety of metformin in the treatment of GDMbased on the most recent data of the literature.
The role of metformin in gestational 
diabetes mellitus Metformin is the most commonly used oral hypo-glycemic drug in the treatment of non-insulin de-pendent diabetes mellitus. Being a part of biguanides,it exerts its hypoglycemic effect by suppressing he-patic gluconeogenesis and reducing glucose absorp-tion from the gastrointestinal tract. Moreover, it hasan insulin-sensitizing effect on multiple tissues re-sulting in a gradual increase in the peripheral uptakeand utilization of glucose.6Like insulin, metformin is listed as an US FDA cat-egory B drug for use during pregnancy, thereby in-dicating that animal reproduction studies have

failed to demonstrate a risk to the fetus, but thereare no adequate and well-controlled studies in preg-nant women. However, most physicians avoid to usemetformin in the treatment of GDM due to the factthat it passes through the placenta and may causepotential toxic effects to the fetus. Currently, thereare no guidelines regarding the use of metforminduring pregnancy. Thus, the dosage of the drug andthe duration of the treatment is totally determinedby clinicians based on their personal experience andjudgement.7As far as breastfeeding is concerned, data seemto conclude that metformin is safe for the neonatesof breastfeeding mothers. The concentrations of thedrug in the breast milk are generally low to unde-tectable, whilst the mean infant exposure to the drugis below the 10% level concerning breastfeeding.Nevertheless, every mother should previously takeinto consideration the risk/benefit ratio for her andher infant before proceeding to breastfeeding.8
Data comparing metformin to insulin 
for the treatment of GDM During the last decade, the use of metformin as analternative option for the treatment of gestational di-abetes mellitus is gradually gaining popularity amongthe medical scientific society. An increasing numberof studies conducted from both gynecologists and en-docrinologists have shown that metformin is supe-rior to insulin in the treatment of GDM resulting inbetter maternal and neonatal outcomes. However, be-cause of the lack of adequate data, the use of met-formin in GDM is currently restricted only to USA,although lately it is increasingly used in Europe andSouth Africa. The data from the literature seem tosupport those who suggest the use of this drug for theglycemic control of pregnant women.9-18The concept of metformin use in pregnancystarted with Rowan et al in 2008 with MIG (Met-formin vs Insulin for the treatment of Gestational di-
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abetes) trial where they reported that the neonateswhose mother treated with metformin for GDM suf-fered less commonly from severe hypoglycemia (glu-cose level <1.6 mmol per liter) than those whosemother’s GDM was treated with insulin. (P= 0.008).However, in this study, preterm birth (labor beforethe 37th gestational week) was more common in themetformin group (P=0.04) still without being associ-ated with a higher rate of neonatal complications.9Later, in 2009, Rai et al published a prospective ob-servational study in which 60 diabetic pregnantwomen divided in two  groups, one treated with met-formin whilst the other treated with insulin. The re-sults of this study reported a better glycemic controlin the metformin group the first week of the treat-ment and throughout gestation. (P=0.03-0.007). Ad-ditionally, the same study showed a significantincrease in neonatal intensive care unit admissionand higher cost of therapy in the insulin group.10 Asfar as birth weight and neonatal morbidity is con-cerned, Ijäs et al. randomized controlled study in2010 showed no statistically significant difference be-tween the two groups in any outcome.11In 2011, Rowan et al. (MIG-TOFU) reviewed thosewomen who had participated in the MIG trial whentheir children were 2 years old. In an attempt to in-vestigate the long term neonatal outcomes of thetreatment, they discovered that the children whosemother belong to the metformin group had largermid-upper arm circumferences (P =0.002), subscapu-lar (P =0.02) and biceps skinfolds (P =0.04), but over-all body fat was the same as in children whosemothers were treated with insulin alone. This impliesthat exposure to metformin in utero led to further fatstorage in subcutaneous tissue rather than in ectopicor visceral sites in these children. Those findings cre-ate queries whether the use of metformin in GDM canlead to a more insulin sensitive pattern of growth inthe offspring of diabetic mothers or not.12 At the sametime, Goh et al conducted a prospective study in New

Zealand which suggested that the treatment of GDMwith metformin offered diabetic mothers betterglycemic control, improved neonatal outcomes(P=0.004) and resulted in fewer preterm deliveries.( P=0.005).13 These findings are in line with Rai’s etal findings10 but do not agree with Rowan’s et al find-ings (MIG 2008)9 that suggested a higher rate ofpreterm birth in the metformin treated group.One year later, in 2012, Gandhi’s et al randomizedcontrolled study hinted that the incidence of macro-somia (birth weight >4 kg) was significantly lower inthe neonates of diabetic mothers treated with met-formin14, whilst Tertti’s et al study in 2013 implied nosignificant differences in birth weight between theneonates of the insulin and metformin group15. Mean-while, Spaulonci’s et al in their study reported that di-abetic pregnant women who treated with metforminpresented less weight gain (P=0.002) and their in-fants had a lower frequency of neonatal hypoglycemia(P=0.032)16, exactly as the neonates of the metformingroup in MIG trial.9 However, 26.08% of the patientsin the metformin group required additional insulinso as to preserve their glycemic control.More recently, a randomized controlled study con-ducted in 2015 in Pakistan by Ainuddin et al sug-gested that the use of metformin for the treatment ofGDM results in less maternal weight gain (P<0.000)and reduces the incidence of maternal preeclampsiaand neonatal macrosomia (P<0.01).17 In this study,the percentage of patients in the metformin groupneeded supplemental insulin for glycemic controlwas 42.7%, significantly higher than those in Tertti’set al15 and Spaulonci’s et al16 studies (20.9% and26.08% respectively). Patients who required supple-mental insulin were more obese with BMI > 30, hadhigher blood sugar levels on the OGTT and neededpharmacological treatment for GDM at an earlier ges-tational age compared to women who maintained eu-glycemia with metformin alone, implying that obesityand high blood sugar levels constitute predictive fac-
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Table 1. Studies comparing metformin to insulin for the treatment of GDM
Author                             Year         Study                          Region                   Number          Main                              Results
                                                             characteristics                                         of patients     outcomeRowan et al. (MIG)9      2008        RCT                              Australia/              733                    Neonatal outcome     Severe hypoglycemia was                                                                                                  New Zealand                                                                            less common in the metformin                                                                                                                                                                                                              group (P = 0.008); preterm                                                                                                                                                                                                               birth (< 37 gesttional week)                                                                                                                                                                                                               was more common in the                                                                                                                                                                                                               metformin group (P = 0.04);                                                                                                                                                                                                               no significant differences                                                                                                                                                                                                               between the groups in the                                                                                                                                                                                                               neonatal anthropometric                                                                                                                                                                                                               measures or umbilical cord/                                                                                                                                                                                                              serum insulin concentrationsRai et al.10                        2009        PS                                 India                        60                      Glycemic control,       Glycemic control was better in                                                                                                                                                                      maternal                      he metformin group after 1                                                                                                                                                                       complications,            week of therapy and also                                                                                                                                                                       perinatal outcomet    throughout gestation                                                                                                                                                                                                               (P = 0.03-0.007).                                                                                                                                                                                                         Significant increase in NICU                                                                                                                                                                                                               admission and higher cost of                                                                                                                                                                                                               therapy in the insulin group.Ijäs et al.11                       2010        RCT                              Finland                   97                      LGA, neonatal             No significant differences                                                                                                                                                                       morbidity                     between the two groups in                                                                                                                                                                                                               any outcomeRowan et al.                    2011        RCT                              Australia/              318                    Long-term                    At the age of 2, children whose (MIG-TOFU)12                                                                         New Zealand                                    neonatal outcome      mother were treated with                                                                                                                                                                                                               metformin had larger                                                                                                                                                                                                              mid-upper arm circumferences                                                                                                                                                                                                              (P = 0.002), subscapular                                                                                                                                                                                                        (P = 0.02) and biceps                                                                                                                                                                                                               skinfolds (P =0.04).Goh et al.13                       2011        PS                                 New Zealand        1235                 Maternal,                      Metformin group had better                                                                                                                                                                       neonatal outcome      glycemic control, fewer                                                                                                                                                                                                               preterm deliveries (P=0.005),                                                                                                                                                                                                              and improved neonatal                                                                                                                                                                                                               outcomes (P=0.004)Gandhi et al.14                2012        RS                                 UK                            592                    Maternal,                      Women in the metformin                                                                                                                                                                       neonatal outcome      group had a significantly                                                                                                                                                                                                               lower incidence of macrosomia                                                                                                                                                                                                              (birth weight > 4 kg) (8.2% vs.                                                                                                                                                                                                              14.3% (OR 0.56; 95% CI 0.33–                                                                                                                                                                                                              0.99)), as well as birth weight                                                                                                                                                                                                              >90th centile (14.8% vs.                                                                                                                                                                                                               23.7% (OR 0.56; 95% CI 0.37–                                                                                                                                                                                                              0.85)). There were no signifi-                                                                                                                                                                                                              cant differences in maternal                                                                                                                                                                                                               outcome measures between                                                                                                                                                                                                               the groups.

*Continued



tors for the failure of the treatment. Finally, Ghomianet al in their study conducted in Iran in 2018 showedthat there are no significant differences in glycemiccontrol or neonatal outcomes between diabetic preg-nant women treated with metformin and thosetreated with subcutaneous insulin.18 In table 1 you
can see a summary of studies comparing metforminto insulin for GDM management. 

Data comparing metformin to glyburide 
for the treatment of GDMAnother oral antidiabetic agent that has recently
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Tertti et al.15                   2013        RCT                              Finland                   217                    Birth weight                No significant differences in                                                                                                                                                                                                               mean birth weight between                                                                                                                                                                                                               the metformin and insulin                                                                                                                                                                                                               group. 20.9% of the patients                                                                                                                                                                                                               in the metformin group                                                                                                                                                                                                               needed additional insulin.Spaulonci et al.16           2013        RCT                              Brazil                      92                      Glycemic control        Lower mean glucose levels                                                                                                                                                                                                               were observed in the                                                                                                                                                                                                               metformin group (P = 0.020),                                                                                                                                                                                                              owing to lower levels after                                                                                                                                                                                                               dinner (P=0 .042). Mothers in                                                                                                                                                                                                              the metformin group                                                                                                                                                                                                               presented  less weight gain                                                                                                                                                                                                               (P=0.002) and a lower                                                                                                                                                                                                               frequency of neonatal                                                                                                                                                                                                               hypoglycemia (P=0.032). 26.08%                                                                                                                                                                                                              of the women in the met-                                                                                                                                                                                                              formin group required                                                                                                                                                                                                               supplemental insulin for                                                                                                                                                                                                               glycemic control.Ainuddin et al.17            2015        RCT                              Pakistan                 150                    Maternal,                      Less maternal weight gain                                                                                                                                                                       neonatal outcome      was found in the metformin                                                                                                                                                                                                               treated groups (P < 0.000)                                                                                                                                                                                                               and the incidence of                                                                                                                                                                                                               preeclampsia in these groups                                                                                                                                                                                                              was significantly lesser in                                                                                                                                                                                                               comparison with the insulin                                                                                                                                                                                                               treated group.  Mean birth                                                                                                                                                                                                               weight was significantly less                                                                                                                                                                                                               in metformin treated groups                                                                                                                                                                                                               ( P < 0.01) so as it was neonatal                                                                                                                                                                                                              morbidity. 42.7% of patients                                                                                                                                                                                                               required supplemental insulin                                                                                                                                                                                                              in the metformin group. Ghomian et al.18             2018        RCT                              Iran                          286                    Glycemic control,       No significant differences in                                                                                                                                                                       neonatal outcome     glycemic control or neonatal                                                                                                                                                                                                               outcomes between the two                                                                                                                                                                                                               groups.GDM: Gestational diabetes mellitus, MIG: Metformin versus Insulin for the treatment of gestational diabetes, LGA: Large for gestationalage, TOFU: The offspring follow-up, NICU: Neonatal intensive care unit, RCT: Randomized controlled trial, PS: Prospective study, RS:Retrospective study.



been studied for the treatment of GDM with good re-sults is glyburide. Glyburide, also known as Gliben-clamide, is a sulfonylurea that reduces blood glucoselevels by binding to pancreatic β-receptors in orderto increase insulin secretion in blood. Moreover, it
prevents hyperglycemia by enhancing sensitivity ofperipheral tissues to insulin.19In the last few years, a small number of studies at-tempted to compare the efficacy of metformin withglyburide for the treatment of GDM.20-23 In 2010, Silva
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Table 2. Studies comparing metformin to glyburide for the treatment of GDM.
Author                             Year         Study                          Region                   Number          Main                              Results
                                                             characteristics                                         of patients     outcomeSilva et al.20                     2010        RCT                              Brazil                      72                      Glycemic control,       No significant differences in                                                                                                                                                                       neonatal outcome      any outcome except maternal                                                                                                                                                                                                              weight gain during pregnancy                                                                                                                                                                                                              was less in the metformin                                                                                                                                                                                                               group (P=0.02).Moore et al.21                  2010        RCT                              US                            149                    Glycemic control        No significant differences in                                                                                                                                                                                                               glycemic control between the                                                                                                                                                                                                              two groups. However, the                                                                                                                                                                                                               percentage of women                                                                                                                                                                                                               required supplemental insulin                                                                                                                                                                                                              was 2.1 times higher in the                                                                                                                                                                                                               metformin group than in the                                                                                                                                                                                                               glyburide  group, suggesting a                                                                                                                                                                                                              higher rate of failure with                                                                                                                                                                                                               metformin compared to                                                                                                                                                                                                               glyburide (P=0.01). Silva et al.22                     2012        RCT                              Brazil                      198                    Neonatal outcome     No significant differences                                                                                                                                                                                                               between the two groups                                                                                                                                                                                                               except neonatal weight (P=0.01)                                                                                                                                                                                                              and ponderal index (P=0.05)                                                                                                                                                                                                               were lower in the metformin                                                                                                                                                                                                               group. Glucose levels at 1st                                                                                                                                                                                                               and 3rd hour after birth were                                                                                                                                                                                                              lower in glyburide group                                                                                                                                                                                                               (P=0.01 for both). Maternal                                                                                                                                                                                                               weight gain was lower in the                                                                                                                                                                                                               metformin group (P=0.04)George et al.23                 2015        RCT                              India                        159                    Maternal,                      Women in the metformin                                                                                                                                                                                                               group had significantly                                                                                                                                                                                                        higher fasting triglyceride                                                                                                                                                                                                               levels than those in the                                                                                                                                                                                                               glyburide group (P =0.05).                                                                                                                                                                                                               The incidence of neonatal                                                                                                                                                                                                               hypoglycemia was higher in                                                                                                                                                                                                               the glyburide group (P=0.001)                                                                                                                                                                                                        Secondary outcomes in both                                                                                                                                                                                                               groups were similar.GDM: Gestational diabetes mellitus, RCT: Randomized controlled trial



et al in Brazil published a randomized controlled trialof 72 patients in order to evaluate glycemic controland neonatal outcomes in the treatment of GDM withmetformin or glyburide. The study showed that therewere no significant differences in any outcome but formaternal weight gain, which was less in the metformintreated group (7.6 kg vs 10.3kg, P=0.02).20 At the sametime, Moore et al in United States reported in theirstudy that the percentage of women with GDM thatwere treated with oral antidiabetic agents and re-quired supplemental insulin for adequate glycemiccontrol was 2.1 times higher in the metformin group(34.7% vs 16.2%), indicating a higher rate of successwith glyburide in comparison with metformin as faras glycemic control is concerned (P= 0.01).21Two years later, Silva et al, in their randomizedcontrolled trial conducted in Brazil tried to evaluatethe perinatal impact of metformin and glyburide inthe treatment of GDM. The results of the trial hintedthat metformin was associated with lower maternalweight gain (P = 0.04) and lower neonatal weight(P=0.01) and ponderal index (P=0.05), whilst gly-buride resulted in lower glucose levels at 1st and 3rdhour after birth (P=0.01 for both).22 The aforemen-tioned result seems to be in line with George’s et alrandomized control trial (India, 2015), that showeda higher incidence of neonatal hypoglycemia in theglyburide group.23 In table 2 we summarize the stud-ies comparing metformin to glyburide.
ConclusionThe studies of the literature seem to advocate theuse of metformin in diabetic pregnant women indi-cating that metformin is a safe and efficient alterna-tive to insulin for the treatment of GDM.9-18It is listed as an US FDA category B drug for useduring pregnancy and is considered to be safe forbreastfeeding mothers and their neonates.7, 8Currently there are no guidelines regarding theuse of metformin during pregnancy. Most studies

suggest an initial dose of 500mg once or twice a daywith food 9,14,15,17,18,20,22,23 and a gradual increase of thedosage every week until adequate glycemic controlis achieved or a maximum dose of 2000-2550mg/day divided in two or three doses is reached.9,10,14-17,20-23 If metformin alone do not achieve to meet glycemictargets then supplemental insulin should beadded.9,11,14-17 Moreover, metformin should bestopped and replaced by insulin treatment if mater-nal contraindications (such as renal or liver impair-ment) develop.9,11,14,15Except for metformin, glyburide, a sulfonylureawith hypoglycemic effect can also be used as an oralanti-diabetic agent in the treatment of GDM.6,20-25However, metformin seems to be a more efficientdrug associated with less maternal weight gain anda lower incidence of neonatal hypoglycemia com-pared to glyburide.20,22,23As far as the treatment of GDM is concerned, met-formin compared to insulin, is associated with lessmaternal weight gain16,17, lower incidence ofpreeclampsia17, better maternal glycemic control10,13,lower frequency of neonatal hypoglycemia9,16 andmacrosomia14,17. The incidence of preterm birth inthe metformin group compared to the insulin groupseems to be higher in one study9 and lower in an-other13. Those results seem to be attributed to differ-ences regarding the indication for preterm birth(iatrogenic or spontaneous labor, preterm rapturemembranes) in each study. One study showed thatinsulin therapy is more expensive and associatedwith a significant increase in neonatal intensive careunit admission.10The MIG-TOFU trial showed that children exposedto metformin had larger measures of subcutaneousfat, but overall body fat was the same as in childrenwhose mothers were treated with insulin alone. Thissuggest that in-utero exposure to metformin maylead to a more insulin sensitive pattern of growth inthe offspring of diabetic mothers. However, these
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findings require further examination and clinical re-search in order to prove their value.12
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