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As currently diagnosed, gestational 
diabetes mellitus (GDM) affects 
5–9% of all pregnancies in the 
United States and is growing in 
prevalence.1 It is defined as carbohy-
drate intolerance of variable severity 
that is first recognized during 
pregnancy. Although GDM has been 
recognized for decades, the potential 
significance of the condition, as well 
as criteria for screening and diagno-
sis, remain debatable.1 Historically, 
GDM has been treated with life-
style modifications and insulin, and 
oral antihyperglycemic agents have 
been used infrequently because of 
concerns regarding neonatal hypo-
glycemia and teratogenicity. Most 
recent studies suggest that oral 
hypoglycemic agents, specifically 
metformin, are safe to use during 
pregnancy (Table 1).2–13

Risk for developing GDM has 
been noted in women who are 
overweight before pregnancy, have 
had GDM in a previous pregnancy, 
or have a family history of diabetes. 
Poorer outcomes have been seen 
in both pregnant women and their 
developing fetuses, including induc-
tion of labor and caesarean delivery 
in women and death, shoulder dys-
tocia, bone fracture, and nerve palsy 
in fetuses.1 Moreover, recent studies 
show that diagnosis and manage-
ment of this disorder will have 
beneficial effects on both maternal 
and neonatal outcomes.14,15

According to the American 
College of Obstetrics and 
Gynecology, comprehensive 
screening techniques have been 
implemented by > 90% of prac-
tices in the United States.16 Reasons 
for the implementation of screen-
ing programs were developed 

from the evidence obtained in 
the Hyperglycemia and Adverse 
Pregnancy Outcomes study.17 This 
large, prospective, observational 
study found possible adverse effects 
associated with even mild maternal 
hyperglycemia. It included a cohort 
of women with glucose levels at the 
upper end of the normal range, as 
well as women with mild GDM. 
The investigators found a linear 
correlation between higher levels 
of maternal glucose and adverse 
outcomes, including increased 
birth weight, first-time caesarean 
delivery, fetal C-peptide levels, and 
neonatal hypoglycemia.17 Based on 
these findings, it has been suggested 
that screening for undiagnosed 
type 2 diabetes should occur at the 
first prenatal visit in women with 
risk factors for GDM.1 Women not 
previously known to have diabetes 
and who have no risk factors should 
be screened for GDM at 24–28 
weeks of gestation.1 Because of the 
increasing prevalence of obesity and 
diabetes, detection of overt diabetes 
in early pregnancy has become a 
vital aspect of care standards.

On diagnosis of GDM, treat-
ment consists of glucose monitoring, 
dietary modification, and lifestyle 
interventions.1 If necessary, phar-
macotherapy may be initiated to 
maintain euglycemia.

First-line treatment for GDM 
is medical nutritional therapy. 
Moreover, moderate exercise has 
been used in the management of 
GDM.1 Pharmacotherapy is imple-
mented when medical nutritional 
therapy and lifestyle measures fail 
to achieve adequate glucose con-
trol, and insulin is the mainstay of 
pharmacotherapy.1 Insulin regimens 
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Table 1. Studies of Metformin Use in GDM

Authors 
(Year 
Published)

Study Design Study 
Population

No. of Subjects 
Treated with
Metformin (n1 ),
Insulin (n2),
Diet Only (n3), 
or Metformin + 
Insulin (n4)

Outcomes Measured Comments

Moore et al. 
(2007)6

Prospective, 
randomized

Women with 
GDM not con-
trolled with diet 
and exercise

n1 = 32, n2 = 31 Rate of caesarean 
delivery, neonatal birth 
weight, Apgar score 
at 5 minutes, respira-
tory distress syndrome, 
hyperbilirubinemia, 
hypoglycemia, and 
NICU admission

All outcomes 
were similar 
between the 
groups

Tertti et al. 
(2008)11

Retrospective, 
case-control

Women with 
GDM

n1 = 45, n2 = 45, 
n3 = 85

Maternal total weight 
gain, hypertension, pre-
eclampsia, and neonatal 
hypoglycemia

Maternal out-
comes were 
similar in all 
groups; neonatal 
hypoglycemia 
was higher in the 
insulin-treated 
group

Rowan et al. 
(2008)2

Multicenter, 
randomized, 
open-label

Women with 
GDM

n1 = 249, n2 = 
370

Maternal glycemic 
control, maternal 
hypertensive compli-
cations, postpartum 
glucose tolerance, and 
treatment preference; 
neonatal hypoglycemia, 
respiratory distress, 
need for phototherapy, 
birth trauma, 5-minute 
Apgar score, preterm 
birth, and neonatal 
and anthropometric 
measures

Metformin group 
had less hypogly-
cemia but more 
preterm births; 
other outcomes 
were similar in 
both groups

Rai et al. 
(2009)9

Prospective, 
observational

Women with 
GDM

n1 = 30, n2 = 30 Maternal glycemic con-
trol; perinatal deaths, 
birth weight, and NICU 
admission

Metformin group 
had better mater-
nal and fetal 
outcomes

Balani et al. 
(2009)8

Prospective, 
nonrandom-
ized

Women with 
GDM not con-
trolled by diet 
for metformin 
group and retro-
spective cohort 
of women with 
GDM for insulin 
group

n1 = 100, n2 = 
100

Maternal weight gain, 
gestational hyperten-
sion, preeclampsia, 
induction of labor, 
and rate of caesar-
ean section; neonatal 
morbidity, premature 
birth, neonatal jaundice, 
NICU admission, and 
macrosomia 

Maternal 
weight gain was 
higher in the 
insulin group; 
other maternal 
outcomes and 
macrosomia 
were similar in 
both groups; 
other neonatal 
outcomes were 
improved in the 
metformin group
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Table 1. Studies of Metformin Use in GDM

Authors 
(Year 
Published)

Study Design Study 
Population

No. of Subjects 
Treated with
Metformin (n1 ),
Insulin (n2),
Diet Only (n3), 
or Metformin + 
Insulin (n4)

Outcomes Measured Comments

Ijas et al. 
(2010)10

Open-label, 
randomized, 
controlled, 
single-center

Women with 
GDM not con-
trolled with diet

n1 = 50, n2 = 50 Rate of caesarean sec-
tion; neonatal outcomes 
such as LGA status, 
birth weight, cord 
artery pH, and neonatal 
morbidity 

No difference 
between the two 
groups for neona-
tal outcomes; rate 
of caesarean sec-
tion was higher 
in the metformin 
group

Goh et al. 
(2011)4

Prospective, 
nonrandom-
ized

Obese women 
with GDM

n1 = 249, n2 = 
399, n3 = 371, 
n4 = 216

Rates of caesarean deliv-
ery, preterm birth, LGA, 
NICU admissions, and 
intravenous dextrose 
supplementation

Fewer adverse 
outcomes in met-
formin than in 
insulin groups

Rowan et al. 
(2011)5

Multicenter, 
randomized, 
open-label

Offspring of 
women with 
GDM who had 
been studied 
earlier

n1 = 154, n2 = 
164

Central fat measures, 
total fat mass, percent-
age of body fat, upper 
arm circumference, and 
biceps and subcapsular 
skinfolds

Upper arm 
outcomes were 
higher in metfor-
min group; other 
outcomes were 
similar in both 
groups 

Hyer et al. 
(2012)7

Open-label, 
prospective

Women with 
GDM

n1 = 50, n2 = 50 Maternal weight gain, 
mode of delivery, and 
other complications; 
neonatal birth weight, 
hypoglycemia, jaundice, 
and birth injuries

All outcomes 
were similar in 
both groups

Spaulonci et 
al. (2013)12

Randomized, 
controlled, 
single-blind

Women with 
GDM not con-
trolled by diet 
and exercise

n1 = 47, n2 = 47 Maternal weight gain; 
neonatal hypoglycemia

Metformin 
group had lower 
maternal weight 
gain and neonatal 
hypoglycemia

Mesdaghinia 
et al. (2013)13

Prospective, 
randomized

Women with 
GDM

n1 = 100, n2 = 
100

Maternal A1C, weight 
gain, hypertension, 
preeclampsia, and 
caesarean delivery; 
neonatal birth weight, 
dystocia, 1- and 5-min-
ute Apgar scores, 
neonatal sepsis, liver 
function tests, hypo-
glycemia, NICU 
admission, anomaly, 
and still birth 

End of pregnancy 
A1C, maternal 
weight gain, 
preterm labor, 
neonatal jaun-
dice, respiratory 
distress, and 
NICU admission 
rates were higher 
in the insulin 
group; all other 
outcomes were 
similar in both 
groups

Table 1. Studies of Metformin Use in GDM, continued from p. 290
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can include intermediate- and short-
acting insulin such as the regular 
recombinant insulin analogs aspart, 
glulisine, and lispro. Although regu-
lar insulin is the most time-tested 
form of short-acting insulin, evidence 
supports the use of rapid-acting insu-
lin analogs in GDM.18–20 Although 
not used as routinely as insulin, 
metformin has begun to have greater 
utilization in GDM. As clinicians 
increase such utilization, it is impor-
tant to understand the available data 
on metformin as a treatment for 
GDM. The remainder of this article 
will focus on recent studies with met-
formin in GDM.

Metformin Overview 
Metformin appears to be a viable 
option for use in GDM. This medica-
tion with a different mode of action 
from insulin is an antihyperglycemic 
agent that improves glucose toler-
ance in patients with type 2 diabetes. 
Its primary mechanism of action is 
in reducing hepatic glucose pro-
duction. Secondarily, it decreases 
intestinal absorption of glucose 
and improves insulin sensitivity 
by increasing peripheral glucose 
uptake and utilization. Glyburide, 
an oral antihyperglycemic agent in 
the sulfonylurea class, has also been 
studied in the treatment of GDM.21 
Unlike glyburide, metformin does 
not cause either hypoglycemia or 
hyperinsulinemia. 

Implementation of metformin 
should be in conjunction with diet 
and exercise for glycemic con-
trol.22 The U.S. Food and Drug 
Administration categorizes this 
medication as a class B drug in 
pregnancy; however, it cautions 
that metformin can cross the pla-
centa and should not be used during 
pregnancy unless clearly needed.22 
Despite these concerns, metformin 
appears to be an alternative option 
for the treatment of GDM.

Clinical Studies
Table 1 provides a summary of key 
clinical studies involving metformin 
use in GDM. 

The study by Rowan et al.,2 
a landmark randomized, open-
label trial of the use of metformin 
in GDM, suggests no increase in 
perinatal complications in women 

treated with metformin. This study 
differs from those of Moore et al.6 
and Hyer et al.7 in its robust design 
and large sample size. The primary 
outcome, a composite of neonatal 
complications, shows no difference 
between women treated with metfor-
min and those treated with insulin.2 
In the insulin group, severe neonatal 
hypoglycemia (i.e., blood glucose lev-
els < 28.8 mg/dl; P = 0.008) was seen 
more often than in those exposed 
to metformin. However, preterm 
births (P = 0.04) were different in 
the metformin group. Secondary 
neonatal outcomes did not differ 
significantly between groups in terms 
of birth weight, birth length, circum-
ference (head, abdominal, and chest), 
and skin thickness.2 Approximately 
46% of women using metformin at 
the maximum dose used in the trial 
(2,500 mg/day) required supplemen-
tal insulin. Overall, neonatal and 
maternal complications were similar 
in the two groups, indicating that 
metformin is an acceptable alterna-
tive treatment to insulin in GDM. 

The Rowan et al. study2 further 
assessed glycemic control effects on 
outcomes from data of the previous 
Metformin in Gestational Diabetes 
(MiG) trial.2,3 Lower fasting cap-
illary glucose values during the 
treatment for GDM in both treat-
ment groups was strongly associated 
with a decrease in neonatal compli-
cations (P < 0.001). Additionally, 
lower postprandial glucose values 
were associated with fewer instances 
of maternal preeclampsia (P = 0.016) 
and large-for-gestational-age (LGA) 
infants (P = 0.001). Interestingly, 
obesity (P = 0.08) did not influence 
outcomes in this group, nor were the 
outcomes related to mode of treat-
ment. The large sample size and 
robust study design of the MiG trial 
were strengths that lent validity to 
these findings. Overall, the findings 
support the importance of glycemic 
control in preventing neonatal and 
maternal complications.

The study by Goh et al.4 rein-
forces the MiG trial finding that 
metformin in GDM is associated 
with fewer adverse complications 
and better glycemic control than 
insulin. This study differs from the 
earlier studies by Rowan et al.2,3 

in its design (a prospective analysis 
from a single center) and its treat-
ment groups (diet alone, insulin, and 
metformin).4 Women treated with 
insulin had higher rates of caesarean 
delivery (45.6% with insulin, 37% 
with metformin, and 34% with 
diet, P = 0.02) and, unlike in the 
Rowan et al. study,2 more preterm 
births (19.2% with insulin, 12.5% 
with metformin, 12.1% with diet, 
P = 0.005). Rates of impaired glucose 
tolerance and diabetes were higher 
among the insulin-treated women 
(P < 0.001). Additionally, higher 
rates of preterm births (P = 0.005), 
LGA babies (P = 0.02), neonatal 
intensive care unit (NICU) admis-
sions (P = 0.04), and requirements 
for neonatal intravenous dextrose 
(P = 0.004) were found in the insu-
lin-treated group.4 Women treated 
with metformin or diet alone did not 
differ in outcomes.2,3

A follow-up study5 of the body 
composition of offspring from the 
MiG trial at 2 years of age assessed 
differences in adiposity. Baseline 
characteristics, including age, BMI 
at recruitment, ethnicity, smoking 
during pregnancy, chronic hyperten-
sion, fasting plasma glucose, 2-hour 
plasma glucose, and A1C did not 
differ between women treated with 
metformin and those treated with 
insulin. Additionally, there were 
no differences between groups in 
pregnancy outcomes, mean fasting 
capillary glucose, mean postpran-
dial capillary glucose, gestational 
hypertension, and infant feeding 
6–8 weeks postpartum. However, 
the offspring differed in upper-arm 
circumference (P = 0.002), subscapu-
lar skinfold thickness (P = 0.02), and 
biceps skinfold thickness (P = 0.04) 
consistent with increased subcutane-
ous fat. No differences were found 
in offsprings’ total or percentage of 
body fat. Unfortunately, only 50% 
of the initial MiG participants were 
part of the follow-up study, and 
a smaller proportion of those of 
Polynesian ethnicity participated. 
The overall findings suggested that 
metformin may lead to more favor-
able fat distribution, but that further 
studies are needed to confirm this. 

The preliminary study by 
Moore et al.6 assessed maternal 
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outcomes and neonatal character-
istics between patients with GDM 
randomly allocated to metformin 
or insulin. The mean fasting and 
2-hour glucose assessments while 
on treatment did not differ between 
the metformin and insulin groups. 
Also, mode of delivery, incidence of 
shoulder dystocia, and postpartum 
hemorrhage did not differ between 
groups. The neonatal outcomes 
of birth weight, NICU admission, 
hypoglycemia, respiratory distress 
syndrome, and hyperbilirubinemia 
also did not differ between groups. 
Unlike the study by Rowan et al.,2 
no supplemental insulin was required 
for the metformin group, despite the 
tighter glycemic goals in this study.6 
Additionally, the majority ethnicity 
in this study was African American, 
whereas that of the Rowan et al. 
study was European.2,6 Lack of suf-
ficient power is a major weakness 
of the Moore study, but its prospec-
tive, randomized design was robust, 
and preliminary data suggest that 
metformin is an effective alternative 
to insulin in GDM. 

The prospective, observational 
study of Hyer et al.7 assessed the 
effects of metformin in women with 
GDM who failed to gain glycemic 
control through lifestyle changes 
in a routine practice setting and 
compared them to a matched control 
group treated with insulin. The 
metformin group had less maternal 
weight gain (P = 0.04) and a reduced 
incidence of neonatal jaundice, were 
less prone to macrosomia, and had 
fewer admissions to the special-care 
baby unit and a lower incidence 
of neonatal hypoglycemia. These 
findings reinforce the findings of 
Rowan et al.2 and Moore et al.6 A 
small sample size and a less-than-
robust design were major weaknesses 
of this study.7 Overall, however, its 
findings suggest positive maternal 
and neonatal outcomes with metfor-
min use.

In a separate publication from 
the same authors, which expanded 
the original small study to a larger 
sample, Balani et al.8 supported the 
suggestion that women with GDM 
may use metformin as an adjunct or 
an alternative to insulin when the 
likely benefits from improved glyce-

mic control outweigh the potential 
for harm. Evidence from this study 
and the MiG trial suggest potential 
advantages of metformin over insulin 
in GDM in terms of less maternal 
weight gain and lower neonatal birth 
weight adjusted for gestational age. 
Both studies also reinforce that there 
are no increases in adverse perinatal 
effects for babies exposed to met-
formin. The findings in this study 
for maternal outcomes show less 
weight gain (P < 0.01), fewer preterm 
deliveries (P < 0.01), and perhaps less 
preeclampsia (P = 0.06) in patients 
taking metformin than in those tak-
ing insulin.8,9 Reassuringly, there was 
no increase in hypertensive complica-
tions in the study by Rai et al., or the 
MiG studies.2,8,9 Neonatal outcomes 
showed that birth weight (P < 0.01), 
jaundice rates (P < 0.01), and special-
care baby unit admissions (P < 0.01) 
were significantly higher in insulin 
groups. The main strength of this 
study was the larger sample size com-
pared to previous work by the same 
authors and some other published 
studies.7,8 Overall, neonatal morbid-
ity was improved in the metformin 
group, and the study supported the 
use of metformin in GDM. 

A small, randomized study by 
Ijas et al.10 showed that mean birth 
weight of newborns did not differ 
significantly between metformin 
and insulin groups. The incidence of 
neonatal hypoglycemia (P = 0.439) 
and hyperbilirubinemia (P = 0.38) 
and the need for treatment in the 
NICU (P = 0.37) showed no dif-
ference between the metformin 
and insulin groups. This study had 
limited power to detect a difference 
in variables such as brachial plexus 
injuries, perinatal mortality, or con-
genital anomalies because of its small 
study population. These researchers 
concluded that metformin might be a 
safe and effective alternative to insu-
lin in mild GDM cases, especially 
those involving lean or moderately 
overweight women in late gestation, 
whereas insulin might be required in 
cases involving obese women, high 
fasting blood glucose levels, and 
the early need for pharmacological 
treatment. Like the MiG trial, this 
study demonstrates that mean birth 
weight of the newborns did not differ 

significantly between metformin and 
insulin groups. However, the sample 
size was small in this study, and simi-
lar studies with larger sample sizes 
will strengthen the results.

The small, prospective observa-
tional study by Rai et al.9 assessed 
metformin as an alternative to 
insulin in pregnant women with 
diabetes. Unlike in the studies 
mentioned above, both women with 
GDM and those with type 2 diabetes 
were included in this study. Glycemic 
control and the number of women 
attaining glycemic goals (P = 0.024) 
were better in the metformin group, 
with results usually attained within 
1 week. Also, dose adjustments 
were required less often with met-
formin than with insulin. Maternal 
weight gain in the metformin group 
was less than in the insulin group 
(P = 0.02). There was also one 
case of gastritis in the metformin 
group that improved after reducing 
the metformin dose. Two cases of 
symptomatic hypoglycemia were 
seen in the insulin group. Neonatal 
outcomes did not differ between the 
two groups except that NICU stays 
> 24 hours were 27.1% more fre-
quent in the insulin group (P = 0.02). 
This has serious implications for 
neonates, increasing the chances of 
comorbidities and infections such as 
methicillin-resistant Staphylococcus 
aureus. These findings support 
metformin as an affordable and safe 
alternative to insulin in the treatment 
of GDM and type 2 diabetes.

A small, retrospective study of 
Tertti et al.11 comparing merformin 
to insulin in the management of 
women with GDM showed no differ-
ence in maternal outcomes between 
the two groups, although the degree 
of initial maternal hyperglycemia 
was higher in the insulin group. This 
may account for the increase in neo-
natal hypoglycemia seen in this arm 
and the associated increased need 
for admission to the NICU. Overall 
neonatal outcomes results did not 
show significant differences between 
the groups. The metformin group 
had favorable outcomes compared 
to the insulin group; thus, this study 
also supports the use of metformin 
in GDM.
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A small, randomized, controlled 
trial by Spaulonci et al.12 compar-
ing the glycemic control of women 
with GDM randomized to either 
metformin or insulin showed better 
control in the metformin group. 
Maternal and neonatal outcomes 
were also better in the metformin 
group than in the insulin group, with 
less weight gain and no differences 
in other maternal outcomes such 
as preeclampsia, prematurity, and 
caesarean section. The frequency of 
neonatal hypoglycemia was lower in 
the metformin group (P = 0.03), but 
there were no differences in neonatal 
outcomes such as gestational age at 
birth, 1-minute Apgar score, 5-min-
ute Apgar score, umbilical artery pH 
at birth, and birth weight. However, 
the sample size was small, and simi-
lar studies with larger sample sizes 
may strengthen the results.

Another randomized, controlled 
trial by Mesdaghinia et al.13 com-
paring neonatal outcomes between 
women randomized to either metfor-
min or insulin was flawed because 
of the post-randomization exclusion 
of women who failed to maintain 
glycemia with metformin. Thus, 
although no significant differences 
were observed between the metfor-
min and insulin groups related to 
birth weight, LGA status, macroso-
mia, Apgar scores, shoulder dystocia, 
neonatal hypoglycemia, or sepsis, the 
fact that neonatal respiratory distress 
(P = 0.038), neonatal jaundice, and 
hyperbilirubinemia (P = 0.02) were 
seen more commonly in the insulin 
group may reflect the poor study 
design. Similarly, a higher NICU 
admission rate in the insulin group 
(P = 0.002) may have resulted from 
the poor design. Although A1C at 
the time of delivery was lower in 
those taking metformin, this again 
may reflect a less severely affected 
group. The metformin-treated sub-
jects and their neonates did not have 
any adverse effects. Umbilical blood 
was tested for aspartate aminotrans-
ferase, alanine transaminase, and 
alkaline phosphatase levels in both 
groups for analyses of liver func-
tion, and no significant differences 
were seen. 

Summary and Conclusion
GDM is growing in prevalence and, 
if left untreated, is associated with 
poor maternal and fetal outcomes. 
For this reason, prenatal testing of 
pregnant women at high risk for 
GDM or type 2 diabetes is recom-
mended at the first prenatal visit. 
Women who are not at high risk 
should be tested for GDM at 24–48 
weeks’ gestation. In women with 
GDM, initial treatment consists 
of glucose monitoring, medical 
nutrition therapy, and lifestyle 
interventions, including moder-
ate exercise. When these treatment 
options fail, insulin therapy is the 
next step and remains the mainstay 
of pharmacotherapy.

However, the use of insulin often 
requires multiple daily injections 
and results in increased risks for 
hypoglycemia and excess weight 
gain. Although insulin remains a 
popular, reliable treatment option, 
the use of metformin as an alterna-
tive is gaining popularity. Metformin 
improves glucose tolerance and 
insulin sensitivity without risky side 
effects such as hypoglycemia and 
hyperinsulinemia. 

Several studies have documented 
similar outcomes in subjects taking 
metformin compared to those tak-
ing insulin.2,6,10,12 Those in insulin 
treatment groups have been found to 
have increases in neonatal hypogly-
cemia,2,11,13 higher NICU admissions 
rates,4,8,9,13 higher birth weights,8,9 
and more maternal weight gain.8,12,13 
In the MiG follow-up trial,11 fat dis-
tribution and additional measures of 
fat were found to be similar between 
subjects treated with insulin and 
those taking metformin. 

Although insulin remains the 
mainstay of therapy for GDM, the 
use of metformin is a safe alterna-
tive supported by clinical research 
showing no change or even improved 
outcomes with the use of metformin 
compared to insulin. Metformin 
therapy should be considered a viable 
alternative to insulin in the treatment 
of GDM. 

References
1American Diabetes Association: Standards 
of medical care in diabetes. Diabetes Care 37 
(Suppl. 1):S14–80, 2014

2Rowan J, Hague WM, Gao W, Battin 
MR, Moore MP; MiG Trial Investigators: 
Metformin versus insulin for the treat-
ment of gestational diabetes. N Engl J Med 
358:2003–2015, 2008
3Rowan J, Gao W, Hague W, McIntyre H: 
Glycemia and its relationship to outcomes in 
the Metformin in Gestational Diabetes trial. 
Diabetes Care 33:9–16, 2010
4Goh JEL, Sadler L, Rowan J: Treatment 
metformin for gestational diabetes in routine 
clinical practice. Diabet Med 28:1082–1087, 
2011
5Rowan J, Rush E, Obolonkin V, Battin M, 
Wouldes T, Hague W: Metformin in gesta-
tional diabetes: the offspring follow-up (MiG 
TOFU): body composition at 2 years of age. 
Diabetes Care 34:2279–2284, 2011
6Moore L, Briery C, Clokey D, Martin R, 
Willford N, Bofill J, Morrison J: Metformin 
and insulin in the management of gestational 
diabetes mellitus. J Reprod Med 52:1011–
1015, 2007 
7Hyer SL, Balani J, Johnson A, Shehata H: 
Metformin treatment for gestational diabetes. 
Br J Diabetes Vasc Dis 9:220–225, 2009
8Balani J, Hyer SL, Rodin DA, Shehata 
H: Pregnancy outcomes in women with 
gestational diabetes treated with metformin 
or insulin: a case-control study. Diabet Med 
26:798–802, 2009
9Rai L, Meenakshi D, Kamath A: Metformin: 
a convenient alternative to insulin for Indian 
women with diabetes in pregnancy. Indian J 
Med Sci 63:491–497, 2009
10Ijas H, Vaarasmaki M, Morin-Papunen 
L, Keravuo R, Ebeling T, Saarela T, 
Raudaskoski T: Metformin should be consid-
ered in the treatment of gestational diabetes; 
a prospective randomized study. BJOG 
118:800–885, 2011
11Tertti K, Ekblad U, Vahlberg T, Ronnemaa 
T: Comparison of metformin and insulin in 
the treatment of gestational diabetes: a retro-
spective, case-control study. Rev Diabet Stud 
5:95–101, 2008
12Spaulonci CP, Bernardes LS, Trindade TC: 
Randomized trial of metformin vs insulin in 
the management of gestational diabetes. Am J 
Obstet Gynecol 209:34.e1–34.e7, 2013
13Mesdaghinia E, Samimi M, Homaei Z, 
Saberi F, Moosavi SGA, Yaribakht M: 
Comparison of newborn outcomes in women 
with gestational diabetes mellitus treated 
with metformin or insulin: a randomised 
blinded trial. Int J Prev Med 4:327–333, 2013
14Moss JR, Crowther CA, Moss JR, Hiller 
JE, Willson KJ, Robinson JS: Australian 
carbohydrate intolerance study in pregnant 
women group: costs and consequences of 
treatment for mild gestational diabetes 
mellitus: evaluation from the ACHOIS 
randomized trial. BMC Pregnancy Childbirth 
7:27–34, 2007
15Landon MB, Spong CY, Thom E, Carpenter 
MW, Ramin SM, Casey B, Wapner RJ, 
Varner MW, Rouse DJ, Thorp JM Jr, 



295Diabetes Spectrum Volume 27, Number 4, 2014

Pharmacy and TherapeuticsPharmacy and Therapeutics

Sciscione A, Catalano P, Harper M,  
Saade G, Lain KY, Sorokin Y, Peaceman 
AM, Tolosa JE, Anderson GB: A multicenter, 
randomized trial of treatment for mild gesta-
tional diabetes. N Engl J Med 361:1339–48, 
2009
16American College of Obstetricians and 
Gynecologists Committee on Practice 
Bulletins—Obstetrics: Practice bulletin no. 
137: gestational diabetes mellitus. Obstet 
Gynecol 122:406–416, 2013
17Lowe LP, Dyer AR, Metzger BE, Lowe J, 
Hadden DR, McCance DR: Hyperglycemia 
and Adverse Pregnancy Outcomes (HAPO) 
study. Diabetes Care 35:574–580, 2012
18Jovanovic L, Howard C, Pettitt D, Zisser H, 
Ospina P: Insulin aspart vs. regular human 
insulin in basal/bolus therapy for patients 
with gestational diabetes mellitus: safety 
and efficacy [Abstract]. Diabetologia 48 
(Suppl. 1):A317–A318, 2005

19Mecacci F, Carignani L, Cioni R, Bartoli 
E, Parretti E, La Torre P, Scarselli G, Mello 
G: Maternal metabolic control and perinatal 
outcome in women with gestational diabetes 
treated with regular or lispro insulin: compar-
ison with nondiabetic pregnant women. Eur 
J Obstet Gynecol Reprod Biol 111:19–24, 
2003
20Pettitt DJ, Ospina P, Howard C, Zisser 
H, Jovanovic L: Efficacy, safety and lack of 
immunogenicity of insulin aspart compared 
with regular human insulin for women with 
gestational diabetes mellitus. Diabet Med 
24:1129–1135, 2007
21Langer O, Conway DL, Berkus MD, 
Xenakis EM, Gonzales O: Comparison 
of glyburide and insulin in women with 
gestational diabetes mellitus. N Engl J Med 
343:1134–1138, 2000
22Bristol-Myers Squibb: Glucophage package 
insert. Princeton, N.J., Bristol-Myers Squibb, 
2009

Sara Wilson Reece, PharmD, CDE, 
BC-ADM, is an assistant profes-
sor of pharmacy practice; Harish S. 
Parihar, RPh, PhD, is an assistant 
professor of pharmaceutical sci-
ences; and Christina LoBello is a 
doctor of pharmacy candidate in 
the class of 2015 at the Philadelphia 
College of Osteopathic Medicine, 
Georgia Campus, School of 
Pharmacy, in Suwanee, Ga. Dr. 
Reece also provides diabetes clinical 
services for The Longstreet Clinic in 
Gainesville, Ga.

© 2014 by the American Diabetes 
Association. Readers may use this article as 
long as the work is properly cited, the use is 
educational and not for profit, and the work 
is not altered. See http://creativecommons.
org/licenses/by-nc-nd/3.0 for details. 


