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The Metformin in Gestational Diabe-
tes (MiG) trial is a prospective ran-
domized multicenter trial in women

with gestational diabetes mellitus (GDM)
that is testing the hypothesis that met-
formin treatment, compared with insulin,
is associated with similar perinatal out-
comes, improved markers of insulin sen-
sitivity in the mother and baby, and
improved treatment acceptability.
Women with GDM who are at 20–33
weeks’ gestation in a singleton pregnancy
and meet entry criteria are randomized to
insulin or metformin treatment. The pri-
mary outcome is a composite of neonatal
morbidity, with 750 recruits required.

The trial finished recruiting in Octo-
ber 2006. Interim data on 200 women
(and subsequently 550 women) have
been reviewed by the data safety monitor-
ing committee, which has reported that
the trial should answer the hypotheses
and no protocol changes are required.
Data from 457 women show recruits are a
mean age of 33.3 � 5.3 years; BMI of
32.1 � 7.8 kg/m2; and ethnicity 47.2%
European/Caucasian, 25.7% Polynesian,
and 24.3% Indian/Asian. The mean fast-
ing glucose at recruitment is 5.3 � 1.1
mmol/l and A1C is 5.7 � 0.8%. Long-
term follow-up of children started at age 2
years, with assessments of body composi-
tion, neurodevelopment, diet, and activ-
ity levels. The MiG trial will address the
efficacy and detailed safety of metformin
compared with insulin in women with
GDM. Long-term follow-up of offspring
will examine whether treatment influ-

ences later health (Australasian Clinical
Trials Registry number 12605000311651).

BACKGROUND — GDM is diag-
nosed in over 4% of pregnant women
(1,2). The prevalence is increasing as the
pregnancy population becomes older and
fatter. Women with GDM have increased
rates of pregnancy complications and
risks of later type 2 diabetes (1,2). The
offspring of women with GDM also have
increased risks of perinatal complications
and long-term risks of obesity and type 2
diabetes (1–7). There has been debate
about the value of treating women with
GDM, but prospective randomized data
have recently demonstrated that treating
women with GDM reduces adverse peri-
natal outcomes (8). Additional support
for treatment comes from a large retro-
spective study comparing women with
treated GDM to women who were diag-
nosed late in pregnancy and were there-
fore “untreated GDMs.” Outcomes were
significantly better in the treated group
than the untreated group (9). There are
no data showing how treatment affects
later risks of type 2 diabetes in the mother
and offspring.

The main aims of treatment are to
prevent fetal hyperinsulinemia and im-
prove maternal endothelial function by
reducing elevated maternal glucose levels
(3). This is achieved by giving advice
about diet and exercise initially, but
women often require additional treat-
ment, which has conventionally been in-
sulin (1). The disadvantages of insulin for

the mother include the need to give injec-
tions, risks of hypoglycemia, and increase
in appetite and weight (10). Women may
be anxious about being on insulin, and
treatment compliance is an issue. It would
be useful if there were alternative treat-
ment options to insulin, preferably oral
agents. Glyburide has been shown to be as
effective as insulin in achieving maternal
glycemic control in an open prospective
randomized trial of 400 women with
GDM (11). However, glyburide works by
stimulating insulin secretion and is also
associated with risks of maternal hypogly-
cemia and weight gain. Metformin, an
oral biguanide, may be a more logical al-
ternative to insulin for women with GDM
who are unable to cope with the increas-
ing insulin resistance of pregnancy. Met-
formin works primarily by decreasing
hepatic glucose output, improving pe-
ripheral glucose uptake, and decreasing
free fatty acid levels, thus reducing insulin
resistance (12,13). Outside pregnancy,
metformin is as efficacious as insulin or a
sulfonylurea in achieving glycemic con-
trol in people with newly diagnosed type
2 diabetes and it is not associated with
weight gain (10). Metformin crosses the
placenta (14–16); however, there is no
evidence of adverse fetal effect, and it is a
class B drug in pregnancy (17).

There are data from over 20 years ago
reporting use of metformin in women
with GDM or type 2 diabetes in preg-
nancy in South Africa. Published cohort
studies showed similar perinatal mortal-
ity and morbidity for women treated with
metformin compared with insulin (18–
20). A total of 30% of metformin-treated
women with GDM and 50% of women
with type 2 diabetes required insulin for
adequate glucose control. More recently
in Australia, 30 women with GDM were
randomized to metformin or insulin treat-
ment, and offspring cord C-peptide levels
were similar in both groups (21). At a sin-
gle center in New Zealand, 214 pregnan-
cies between 1998 and 2003 in women
with type 2 diabetes were reviewed.
Those who had taken metformin (93
pregnancies) had more risk factors for ad-
verse perinatal outcomes, but outcomes
were no different from those of women

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

From National Women’s Health, Auckland, New Zealand.
Address correspondence and reprint requests to Janet A. Rowan, National Women’s Health, Level 9

Support Building, Auckland City Hospital, Park Rd., Grafton, Auckland, New Zealand. E-mail:
jrowan@internet.co.nz.

Received for publication 29 March 2006 and accepted in revised form 13 April 2006.
*See the APPENDIX for MiG researchers.
This article is based on a presentation at a symposium. The symposium and the publication of this article

were made possible by an unrestricted educational grant from LifeScan, Inc., a Johnson & Johnson company.
Abbreviations: GDM, gestational diabetes mellitus; MiG, Metformin in Gestational Diabetes.
A table elsewhere in this issue shows conventional and Système International (SI) units and conversion

factors for many substances.
DOI: 10.2337/dc07-s219
© 2007 by the American Diabetes Association.

O R I G I N A L A R T I C L E

S214 DIABETES CARE, VOLUME 30, SUPPLEMENT 2, JULY 2007

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/30/Supplem
ent_2/S214/467522/zdc1070700s214.pdf by guest on 09 April 2024



who did not take metformin (22). There is
one retrospective study from Denmark
that reported increased rates of pre-
eclampsia and perinatal loss in a cohort of
women with GDM or type 2 diabetes
treated with metformin between 1966
and 1991 (n � 50), compared with a ref-
erence group treated with insulin (23).
The metformin group was obese, and out-
comes could not be attributed to treat-
ment. Additional data regarding use of
metformin in pregnancy comes from
studies of women with polycystic ovarian
syndrome, also associated with insulin re-
sistance. Metformin has been shown to
increase ovulation rates and fertility (24–
26), and continuing it through pregnancy
may reduce risks of miscarriage (27,28)
and GDM (27). Rates of preeclampsia and
perinatal loss were not increased in
women taking metformin compared with

the community delivery population (29).
Larger prospective studies are underway
reporting outcomes in women who con-
tinue metformin through pregnancy and
following the offspring’s growth and de-
velopment (27,30).

The lack of prospective randomized
data, however, creates uncertainty about
the use of metformin in women with dia-
betes in pregnancy. In Australasia, we are
running a prospective randomized multi-
center open-label trial comparing met-
formin with insulin treatment in women
with GDM (the MiG trial). The aim of the
trial is to test the hypothesis that in
women with GDM, metformin treatment,
compared with insulin, will result in sim-
ilar perinatal outcomes, improve markers
of insulin sensitivity in the mother and
baby, and be associated with improved
treatment acceptability.

MiG STUDY DESIGN AND
METHODS — The MiG study has had
ethics committee approval at all partici-
pating sites and informed written consent
was obtained from all recruits.

The study design is summarized in
Fig. 1. Women 18 – 45 years old with
GDM who are at 20 –33 weeks’ gestation
in a singleton pregnancy are eligible for
study entry if home blood glucose mon-
itoring includes a fasting glucose �5.4
mmol/l or 2-h postprandial glucose
�6.7 mmol/l after diet and exercise ad-
vice has been given. More specific crite-
ria are avoided, as clinicians base their
decision about treatment on additional
factors, such as gestation and fetal size.
Women who have glucose elevations
consistent with undiagnosed diabetes
are eligible. Exclusion criteria include
women who have a contraindication to
taking metformin, a prepregnancy diag-
nosis of diabetes, a recognized fetal
anomaly, or, at the time of study entry,
ruptured membranes, gestational hy-
pertension, preeclampsia, or fetal ab-
d o m i n a l c i r c u m f e r e n c e � 1 0 t h
percentile. Women who consent are
randomized to metformin or insulin
treatment with stratification by site (as
it is recognized there are variations in
thresholds for treatment and glycemic
aims between centers) and gestation
(20 –27 and 28 –33 weeks). Treatment
is initiated the following day, after
checking results of a fasting blood sam-
ple that includes measurement of renal
and liver function to ensure unexpected
contraindications to metformin treat-
ment are not missed. Metformin is
started at a dose of 500 mg daily and
increased up to 2,500 mg daily as toler-
ated and depending on maternal glu-
cose levels. All sites have agreed to aim
for fasting capillary glucose levels �5.5
mmol/l and 2-h postprandial levels
�7.0 mmol/l, although a number of
sites aim for lower levels. If inadequate
diabetes control is achieved with met-
formin, insulin is started, but met-
formin is continued. Metformin is
stopped if significant maternal condi-
tions arise, such as severe preeclampsia,
sepsis, or pregnancy cholestasis and
also if fetal growth restriction develops.
Insulin is prescribed as usual clinic
practice, typically a short-acting insulin
analog before meals and intermediate
insulin once or twice daily.

At study entry, background maternal
demographic data, medical history, fam-
ily history, obstetric history, medication

Figure 1—Diagram of study design. BP, blood pressure; GTT, glucose tolerance test.
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intake through pregnancy, early preg-
nancy data, and any pregnancy complica-
tions are recorded. Paternal demographic
data and height and weight are also re-
corded. Fetal ultrasound growth within 2
weeks before or 1 week after study entry is
documented. During the study, women
are asked to continue measuring capillary
glucose levels fasting and 2 h after the
start of each meal. These are performed
on a Precision (now Optium) Medisense
meter, which is downloaded each clinic
visit and relevant readings are recorded in
the database. At 36/37 weeks’ gestation,
fasting maternal blood samples are taken
for repeat measurement of A1C, glucose,
and lipids; a urine albumin-to-creatinine
ratio is measured, and a fetal growth scan
is repeated. At delivery, pregnancy com-
plications, indication for induction (if
performed), mode of delivery, and com-
plications are recorded from the hospital
notes. Detailed neonatal morbidity is also
recorded. Trained personnel perform an-
thropometric and blood pressure mea-
surements on the baby within 48 h of
birth. If consented, cord blood is stored
for assessment of insulin and other mark-
ers of the adipoinsular axis.

At 6 – 8 weeks’ postpartum, women
and their infants are seen again. The
woman’s medications, weight, blood
pressure, fasting triglyceride levels, and
oral glucose tolerance test results are re-
corded. Details of the infant’s feeding
and health are documented and anthro-
pometric measurements are repeated.
Contact details are confirmed for
women who consent to the follow-up of
their offspring.

The primary outcome is a composite
of neonatal morbidity, including hypo-
glycemia (14% expected to have two re-
sults �2.6 mmol/l, 7% requiring
intravenous dextrose), respiratory dis-
tress (estimate 5%), phototherapy (5%),
birth trauma (1.5%), low 5-min Apgar
(�7, �1%), and prematurity (15%).
The protocol for monitoring for hypo-
glycemia is based on the Auckland
Newborn Services Guidelines (31).
Neonatal hypoglycemia is defined as a
capillary glucose level �2.6 mmol/l. In
addition, recurrent glucose levels �2.6
mmol/l and any levels �1.6 mmol/l are
recorded. Treatment of hypoglycemia
and duration of treatment is detailed.
Respiratory distress is recorded if an in-
fant requires �4 h of respiratory sup-
port in the first 24 h after delivery.
Again, duration of support and diagno-
sis are recorded. Birth trauma is classi-

fied as minor, moderate, or severe
according to subsequent recovery, with
detailed definitions in the study man-
ual. In brief, it is mild if resolved by 6
weeks postpartum, moderate if ex-
pected to recover within 3 months, and
severe if long-term impact on function
is anticipated. Admission to level 2 or 3
neonatal nursery and duration of stay is
recorded as another way of capturing
neonatal morbidity.

Secondary outcome measures include
the following: maternal glycemia control,
neonatal body composition and other
markers of neonatal insulin sensitivity in-
cluding cord blood assays, maternal hy-
pertensive complications as defined by
the Australasian Society for Study of Hy-
pertension in Pregnancy (32), maternal
postpartum glucose tolerance, and ac-
ceptability of treatments by question-
naire. With respect to maternal glycemia,
there are data entry points for every fast-
ing and 2-h postprandial glucose level so
that details of control and testing compli-
ance can be assessed. Neonatal body com-
position is assessed from anthropometric
measurements, which include crown heel
and crown rump lengths using a Harp-
enden neonatometer. Circumference
measurements of head, mid–upper arm,
chest, and waist are performed to the
nearest 0.1 cm according to guidelines
outlined in the study manual. Subscapu-
lar and triceps skinfold thickness is mea-
sured to the nearest 0.2 mm using a
Holtain or Harpenden caliper. Study per-
sonnel are trained and have regular re-
view of technique at each site. Cord blood
samples are collected in a 30-ml syringe
after clamping of the cord and are placed
into EDTA and plain tubes. Samples are
sent directly to the laboratory for process-
ing within 10 min of collection or stored
on ice to be processed within 90 min.
Samples are centrifuged and plasma and
serum aliquots are stored in 1-mm nunc
tubes in a �80° freezer for later use.

Acceptability of treatments is assessed
by a short questionnaire that is adminis-
tered to the woman after her baby has
been measured and within a week of de-
livery. There are five questions that ask
about which medication she had, how of-
ten she forgot medication, medication
preferences in a subsequent pregnancy,
and how adherence to medication com-
pared with adherence to diet and glucose
monitoring.

Adverse events are reported routinely
through the study datasheets or immedi-
ately if they are severe. A data safety mon-

itoring committee reviews all serious
adverse events at the time they are re-
ported and provides recommendations to
the principal investigators. The data
safety monitoring committee has re-
viewed an interim analysis of 200 women
and will be reviewing an analysis of �500
women by the end of 2005.

The Green Lane Coordinating Centre,
Auckland, is involved with several aspects
of the study, including data management,
site monitoring, and statistical support.
Randomization is performed and data are
entered on an Oracle version 8.0.1 web-
based database, which uses Secured Socket
Layer 128 bit for data transmission security.
Monitors initially check 25% of data entries
at each site and subsequently 10% if data
entries are accurate and the site satisfies
good clinical practice guidelines.

Statistical procedures
It was decided that an increase in neonatal
morbidity from 30% (based on annual
Auckland clinic data) to 40% would be
required to reject the hypothesis that
women treated with metformin will have
similar neonatal morbidity to women
treated with insulin. Using two-tailed cal-
culations with a power of 80% and signif-
icance at �0.05, the study requires 375
women in each arm. The trial is also pow-
ered to address individual components of
morbidity (e.g., neonatal hypoglycemia).
Women will be analyzed on an intention-
to-treat basis. Between-group comparison
will be done using a t test or ANOVA
where appropriate, or Mann-Whitney U
test or Kruskal-Wallis where the data are
not normally distributed. For categorical
data, �2 test (with Yates’ correction or
Fisher’s exact test where appropriate) will
be used. The continuous results will be
expressed as means and SDs or medians
and interquartile ranges according to the
data distribution, and categorical data will
be presented as proportions with 95%
CIs. Generalized linear models will be
used to perform multivariate analysis to
allow the comparison of groups while
controlling for possible confounding vari-
ables. A logistic regression model for di-
chotomous outcomes will be used. As
there are multiple associated outcomes,
care will be exercised in the interpretation
of the results. For the analyses reported,
SAS 9.1 (SAS Institute, Cary, NC) has
been used.

RESULTS — Recruitment commenced
in October 2002 in Auckland, the largest
site, and eight further sites have been
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added over the past 2 1/2 years. There are
512 women recruited (October 2005),
and recruiting was completed in October
2006.

A detailed interim analysis of 200 re-
cruits was reviewed by the data safety
monitoring committee. They reported
that the trial would address the hypothe-
ses. There were no safety concerns or rec-
ommendations for protocol changes.

An analysis of just over 450 recruits
has been reported to the data safety mon-
itoring committee, and the background
characteristics of these women are shown
in Table 1. There have been four study
withdrawals before delivery and one
woman who declined postpartum follow-
up. None of the serious adverse events
reported have been related to study med-
ication or the protocol. No other data
have been or will be released to the inves-
tigators until the study is completed.

DISCUSSION — Metformin is being
used increasingly in pregnancy and it is
timely for the MiG trial to be undertaken
so that benefits and risks of treatment are
more clearly understood. The MiG trial is
taking place in the clinic setting, so that
outcomes will be relevant for clinicians
caring for women with GDM. The back-
ground characteristics of women re-
cruited so far reflect women that would
meet criteria for additional treatment in
many centers.

One difficulty with studies in women
with GDM is that there is no single clinical
outcome that reflects treatment effect.
Birth weight or cesarean section rates, as
markers of macrosomia, have often been

used, but are fraught with problems. Birth
weight does not accurately measure the
type of fetal overgrowth associated with
maternal diabetes (33,34). This is com-
pounded by ethnic differences in body
composition and birth weight (35–37)
that are seen at birth, as illustrated in a
study comparing the adiposity of Indian
and European neonates (38). The Indian
neonates were 800 g lighter than Euro-
pean neonates, but had similar adiposity.
Cesarean section rate may also be a poor
measure of fetal macrosomia, since it may
be influenced by an obstetricians’ re-
sponse to a maternal diagnosis of GDM
(39).

Maternal glucose control was the pri-
mary outcome in Langer’s randomized
study comparing glyburide (gliben-
clamide) and insulin in women with
GDM (11). However, Langer reported
that glyburide does not cross the placenta
in significant amounts, so a direct influ-
ence of glyburide on the fetus was not felt
to be a concern. The study was not pow-
ered to address neonatal morbidity and it
is unclear whether the 4% placental pas-
sage of glyburide could have any adverse
effects on the fetal pancreas, leading to
increased rates of neonatal hypoglycemia
or increased rates of future diabetes. Ma-
ternal glucose control is a secondary out-
come in MiG, with the aim of achieving
the same glucose levels in each arm. It is
likely, based on Coetzee’s data and be-
cause we have a GDM population with
high rates of undiagnosed type 2 diabetes,
that supplemental insulin will be required
in �30% of women in the metformin
group. However, as metformin is contin-

ued, its effects can still be examined in
these pregnancies. It will be interesting to
compare outcomes between the groups at
the different levels of glucose control
achieved, to see if metformin modulates
any adverse effects of maternal hypergly-
cemia on the fetus. As the study protocol
excludes growth-restricted fetuses at the
time of study entry and metformin is
stopped if significant preeclampsia or
growth restriction develops, we may not be
able to see if metformin is problematic if
continued in situations of decreased nutri-
ent transfer, when the fetus may adapt by
altering insulin action in different tissues to
maintain brain growth and survival.

The primary outcome of neonatal
morbidity was chosen for the MiG trial,
since prevention of fetal hyperinsulin-
emia and its consequences is an important
aim of treating women with GDM, and
neonatal morbidity is equally important
when assessing potential direct effects of
metformin in the fetus. Hypoglycemia
and respiratory distress in term neonates
are both markers of fetal hyperinsulin-
emia. Birth trauma is a potentially serious
consequence of macrosomia. Hyperbil-
irubinemia requiring phototherapy, if in-
creased, could be a marker of hypoxia and
secondary polycythemia in utero or be a
consequence of birth trauma. A low Apgar
may reflect birth difficulties or another
problem with fetal well-being, which is of
interest particularly in the metformin
group. Prematurity was included, as it is
more prevalent in states of hyperglycemia
(40,41) and is intimately tied up with
management of diabetes if superimposed
preeclampsia arises or there are antenatal
concerns about fetal well-being. Addi-
tionally, premature infants are more likely
to have other neonatal morbidity and pos-
sibly increased long-term risks of obesity
and type 2 diabetes (42).

The secondary outcomes in the baby
were chosen to give a detailed picture of
whether metformin had any influence on
the fetus with respect to body composi-
tion and the adipoinsular axis. It is impor-
tant to compare anthropometric and cord
blood measurements at birth and follow
up on the offspring to examine how ma-
ternal glucose levels and treatment with
insulin or metformin relates to later
health. There are increased risks of obe-
sity and type 2 diabetes in offspring of
women with diabetes in pregnancy that
relates to intrauterine programming (4–
7), and treatment has the potential to in-
fluence this. In Auckland, the offspring
follow-up (MiG TOFU) at 2 years of age

Table 1—Maternal characteristics at recruitment

Treatment
groups

n*
Age (years) 33.3 � 5.3
BMI (kg/m²) 32.1 � 7.8
Gestation (weeks) 30.2 � 3.4
Ethnicity
Caucasian/European 212 (47.2)
Polynesian (Pacific Islander, Maori) 115 (25.7)
Indian 57 (12.7)
Chinese/other Southeast Asian 52 (11.8)
Chronic hypertension 32 (7.1)
Smoking in pregnancy 72 (16.1)
Nulliparity 99 (22.5)
Fasting glucose at recruitment (mmol/l) 5.3 � 1.1
A1C at recruitment (%) 5.7 � 0.8

Data are means � SD or n (%). *n varies from 415 to 457, since all data are not completed on recruits.
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has begun with assessments of body com-
position, neurodevelopment, diet, and
activity levels. We plan to reassess at 5
years and through to adult life, if possible.

The secondary outcomes in the mother
relate to potential effects of metformin on
rates of preeclampsia and postpartum glu-
cose tolerance. Metformin may reduce en-
dothelial activation and alter the excess
maternal inflammatory response that is as-
sociated with preeclampsia and thus reduce
the risk of it developing, though the timing
of intervention may be too late in the MiG
trial. Postpartum glucose tolerance may be
influenced if women in the metformin arm
put on less weight than insulin-treated
women.

In summary, MiG is a key trial in as-
sessing the potential role of metformin
treatment during pregnancy. Outcomes
will give us detailed information about ef-
fects of treatment on the fetus and the
mother. Long-term follow-up will exam-
ine whether metformin has independent
effects on later health of the offspring.
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