The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Metformin versus Insulin for the Treatment
of Gestational Diabetes

Janet A. Rowan, M.B., Ch.B., William M. Hague, M.D., Wanzhen Gao, Ph.D.,
Malcolm R. Battin, M.B., Ch.B., and M. Peter Moore, M.B., Ch.B.,
for the MiG Trial Investigators*

ABSTRACT

BACKGROUND
Metformin is a logical treatment for women with gestational diabetes mellitus, but
randomized trials to assess the efficacy and safety of its use for this condition are
lacking.

METHODS
We randomly assigned 751 women with gestational diabetes mellitus at 20 to 33 weeks
of gestation to open treatment with metformin (with supplemental insulin if re-
quired) or insulin. The primary outcome was a composite of neonatal hypoglycemia,
respiratory distress, need for phototherapy, birth trauma, 5-minute Apgar score less
than 7, or prematurity. The trial was designed to rule out a 33% increase (from 30%
to 40%) in this composite outcome in infants of women treated with metformin as
compared with those treated with insulin. Secondary outcomes included neonatal
anthropometric measurements, maternal glycemic control, maternal hypertensive
complications, postpartum glucose tolerance, and acceptability of treatment.

RESULTS
Of the 363 women assigned to metformin, 92.6% continued to receive metformin
until delivery and 46.3% received supplemental insulin. The rate of the primary com-
posite outcome was 32.0% in the group assigned to metformin and 32.2% in the
insulin group (relative risk, 0.99; 95% confidence interval, 0.80 to 1.23). More women
in the metformin group than in the insulin group stated that they would choose to
receive their assigned treatment again (76.6% vs. 27.2%, P<0.001). The rates of other
secondary outcomes did not differ significantly between the groups. There were no
serious adverse events associated with the use of metformin.

CONCLUSIONS
In women with gestational diabetes mellitus, metformin (alone or with supplemental
insulin) is not associated with increased perinatal complications as compared with
insulin. The women preferred metformin to insulin treatment. (Australian New
Zealand Clinical Trials Registry number, 12605000311651.)
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ESTATIONAL DIABETES IS A COMPLICA-

tion in about 5% of pregnancies, is in-

creasing in prevalence, and is associated
with complications to the pregnancy and a long-
term risk of diabetes in both mother and oft-
spring.> Intervention to change lifestyle and, if
maternal hyperglycemia persists, treatment with
additional insulin have been shown to improve
perinatal outcomes.®” Women who begin insulin
therapy require education to ensure the safe ad-
ministration of insulin. Use of insulin is also as-
sociated with hypoglycemia and weight gain. The
use of safe and effective oral agents may offer ad-
vantages over insulin.

Oral metformin is a logical option for women
with gestational diabetes mellitus. It improves in-
sulin sensitivity, probably by activating AMP ki-
nase, and is not associated with weight gain or
hypoglycemia.®® Reported outcomes of its use dur-
ing pregnancy have been favorable'° except for
one small, retrospective cohort study?° that showed
increased rates of perinatal loss and preeclampsia
as compared with insulin treatment. Metformin
crosses the placenta and could affect fetal phys-
iology directly.?! Its use in pregnancy remains
controversial; to our knowledge, only two small,
randomized trials addressing this question have
been reported to date.??23

We designed the Metformin in Gestational Dia-
betes Trial to rule out a 33% increase in a compos-
ite of perinatal complications in infants of women
treated with metformin as compared with insulin.
Our hypotheses were that perinatal outcomes
would be similar for both treatments, that wom-
en would consider metformin a more acceptable
treatment than insulin, and that metformin would
improve markers of insulin sensitivity in the
mother and baby.

METHODS

STUDY DESIGN

We conducted this randomized, open-label trial
comparing metformin with insulin treatment in
10 New Zealand and Australian urban obstetrical
hospitals. The ethics review boards at all sites ap-
proved the study, and the participants gave writ-
ten informed consent. Details of the study design
have been published elsewhere.?* Dr. Rowan vouch-
es for the integrity and completeness of the data.

STUDY SUBJECTS

Women were eligible for inclusion if they were be-
tween 18 and 45 years of age, had received a diag-
nosis of gestational diabetes mellitus according to
the criteria of the Australasian Diabetes in Preg-
nancy Society (ADIPS),?> were pregnant with a sin-
gle fetus between 20 and 33 weeks of gestation,
met the hospital’s usual criteria for starting insulin
treatment, and, after lifestyle intervention consist-
ing of advice about diet and exercise, had more than
one capillary blood glucose measurement above
5.4 mmol per liter (97.2 mg per deciliter) after an
overnight fast or more than one 2-hour postpran-
dial blood glucose measurement above 6.7 mmol
per liter (120.6 mg per deciliter). The exclusion
criteria were a prepregnancy diagnosis of diabe-
tes, a contraindication to metformin, a fetal anom-
aly, gestational hypertension, preeclampsia, fetal
growth restriction, and ruptured membranes.

Randomization was performed with a block
size of four and was stratified according to site
and gestational age (from 20 weeks to 27 weeks
6 days, or from 28 weeks to 33 weeks 6 days). All
sites agreed to aim for the capillary glucose levels
recommended by the ADIPS?> (level after an over-
night fast, <5.5 mmol per liter [99 mg per deci-
liter]; 2-hour postprandial level, <7.0 mmol per liter
[126 mg per deciliter]), although several sites
aimed for lower levels.

The women obtained the prescribed medica-
tions from their local pharmacies. Metformin
(Metomin in New Zealand [Pacific Pharmaceuti-
cals] and Diaformin in Australia [Alphapharm and
other nonspecified manufacturers]) was started
at a dose of 500 mg once or twice daily with
food and increased, typically over a period of 1 to
2 weeks, to meet glycemic targets up to a maxi-
mum daily dose of 2500 mg. If the targets were
not achieved with metformin alone, insulin was
added. Metformin was stopped if maternal con-
traindications (such as liver or renal impairment or
sepsis) or fetal growth restriction developed. In-
sulin was prescribed according to usual practice.

DATA COLLECTION
Demographic and clinical data were recorded at
enrollment. Blood samples were obtained after an
overnight fast to assess baseline glycemia and to
ensure that the results of renal- and liver-function
tests did not preclude the use of metformin. Glu-
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751 Women with gestational diabetes mellitus who were
pregnant with a single fetus at 20-33 wk of gestation
and required medication underwent randomization

side effects
3 Withdrew consent
2 Had other reasons
3 Stopped insulin before
delivery
2 Withdrew consent
1 Had other reason

373 Were assigned to receive 378 Were assigned to receive
metformin insulin
10 Were excluded 8 Were excluded
5 Withdrew consent 2 Withdrew consent
1 Moved away B S— 2 Moved away
4 Had a protocol 4 Had a protocol
violation violation
363 Completed the study 370 Completed the study
66 Were at 20-27 wk of gestation 67 Were at 20-27 wk of gestation
297 Were at 28-33 wk of gestation 303 Were at 28-33 wk of gestation
195 Received metformin alone 168 Received metformin plus 4 Stopped insulin before delivery
9 Stopped metformin before insulin 3 Withdrew consent
delivery 18 Stopped metformin before 1 Had other reason
5 Had a protocol violation delivery
2 Withdrew consent 6 Had a protocol violation
2 Had other reasons 7 Had gastrointestinal

Figure 1. Enrollment of Subjects.

cose, glycated hemoglobin, and triglycerides were
measured in local laboratories; glucose was mea-
sured in venous plasma by a hexokinase method,
and glycated hemoglobin was measured by meth-
ods yielding results that were consistent with
those of the Diabetes Control and Complications
Trial. The women performed blood glucose mea-
surements at home with the use of a MediSense
meter; the results after an overnight fast and the
2-hour postprandial results were downloaded and
transcribed into the database. At 36 to 37 weeks
of gestation, venous plasma glucose was again
measured after an overnight fast. At delivery, com-
plications of pregnancy, the indication for deliv-
ery, the mode of delivery, and neonatal complica-
tions were recorded.

After the umbilical cord had been clamped,
cord blood was collected in tubes containing EDTA
and in plain tubes and sent for processing within

10 minutes after collection or stored on ice for
processing within 90 minutes. After centrifuga-
tion, 1-ml aliquots were stored in a freezer at
—80°C. Serum insulin concentration was measured
in a single laboratory with the use of a Roche Di-
agnostics Elecsys 2010 automated analyzer and an
Elecsys 1010/2010 insulin kit (no. 2017547). An
equal volume of 25% polyethylene glycol-6000 was
added to each sample to precipitate the antibodies
before analysis. The coefficients of variation of
insulin concentration were 1.8% at 1050 pmol per
liter (175 mU per liter), 2.0% at 330 pmol per liter
(55 mU per liter), and 4.8% at 38 pmol per liter
(6 mU per liter).

STUDY OUTCOMES
The primary outcome was a composite of neona-
tal complications, with components chosen to re-
flect important adverse effects of fetal exposure to
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maternal hyperglycemia that might be modified
by treatment and directly influenced by the pas-
sage of metformin across the placenta.* The com-
ponents of the composite outcome were neonatal
hypoglycemia (two or more neonatal glucose val-
ues <2.6 mmol per liter [46.8 mg per deciliter]),
respiratory distress (need for at least 4 hours of re-
spiratory support with supplemental oxygen, con-
tinuous positive airway pressure, or intermittent
positive-pressure ventilation during the first 24
hours after delivery), need for phototherapy, birth
trauma (injury to the baby at delivery, documented
as mild if bruises or abrasions were present at birth
but resolved before 6 weeks post partum; more se-
rious injuries were also recorded), 5-minute Apgar
score below 7, or premature birth (<37 weeks of
gestation). The neonates were monitored for hy-
poglycemia by measuring blood glucose levels
within 2 hours after birth and before each feed-

ing until consecutive glucose values of 2.6 mmol
per liter (46.8 mg per deciliter) or greater were
achieved. Readings below 2.6 mmol per liter and
below 1.6 mmol per liter (28.8 mg per deciliter)
were documented, as was treatment for hypogly-
cemia.

Maternal hypertensive complications were di-
agnosed according to Australasian guidelines.2°
Birth-weight percentiles were calculated with the
use of a customized calculator?” that adjusts for
sex and gestational age of the infant, as well as
maternal height, weight in early pregnancy, ethnic
group, and parity. Neonatal anthropometric mea-
surements, including crown-heel length, crown-
rump length, head circumference, chest circum-
ference, abdominal circumference, mid-upper-arm
circumference, triceps skin-fold thickness, and
subscapular skin-fold thickness, were obtained
within 48 hours after birth by trained personnel.*

Table 1. Maternal Characteristics at Baseline.*
Metformin Group Insulin Group
Characteristic (N=363) (N=370)
Age —yr 33.5+£5.4 33.0+5.1
Body-mass indext
In early pregnancyi 32.2+8.2 31.9+7.6
At enrollment 35.1+8.3 34.6+7.2
Length of gestation at enrollment — wk 30.2+3.3 30.1+3.2
Race or ethnic group — no. (%)§
European or white 175 (48.2) 168 (45.4)
Polynesian9 73 (20.1) 83 (22.4)
Indian 38 (10.5) 55 (14.9)
Chinese or Southeast Asian 49 (13.5) 7 (10.0)
Other or mixed 28 (7.7) 27 (7.3)
Tertiary education — no. (%) 161 (44.4) 162 (4 8)
Smoking during pregnancy — no. (%) 63 (17.4) 8 (15.7)
Chronic hypertension — no. (%) 31 (8.5) 27 (7.3)
Nulliparous — no. (%) || 115 (31.7) 118 (31.9)
Obstetrical history — no. (%)
=3 Pregnancy terminations or miscarriages 84 (23.1) 62 (16.8)**
Gestational diabetes mellitus 94 (25.9) 81 (21.9)
Preeclampsia 30 (8.3) 25 (6.8)
Gestational hypertension 28 (7.7) 2 (8.6)
Infant with birth weight >4000 g 83 (22.9) 79 (21.4)
Cesarean delivery 83 (22.9) 86 (23.2)
Delivery at <37 wk (1 4) (12 2)
Infant with congenital anomaly 5 (4.1) 2(3.2)
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Table 1. (Continued.)
Metformin Group Insulin Group

Characteristic (N=363) (N=370)
Family history — no. (%)t

Diabetes 162 (44.6) 181 (48.9)

Hypertension 144 (39.7) 142 (38.4)

Preeclampsia 33 (9.1) 35 (9.5)
Blood pressure at enrollment — mm Hg

Systolic 113.1+13.1 113.4£12.7

Diastolic 68.8+9.3 68.1+9.1
Results of preintervention 75-g oral glucose-tolerance

test — mg/dlii:

Plasma glucose level after an overnight fast 102.6+21.6 102.6+19.8

2-Hr postprandial plasma glucose level 174.6+37.8 169.2+37.8

Plasma glucose level at enrollment after an overnight fast 93.6+18.0 95.4+19.8
Glycated hemoglobin — % 5.7+0.6 5.8+0.7

Plus—minus values are means +SD.

Body-mass index is the weight in kilograms divided by the square of the height in meters.

The body-mass index values in early pregnancy (i.e., before 20 weeks of gestation) are based on 281 women in the
metformin group and 304 in the insulin group.

Race and ethnic group were self-reported.

The Polynesian subjects included 137 Pacific Islanders and 19 Maori.

Nulliparous women had had no previous pregnancy beyond 20 weeks.

* P=0.03; all other differences were not significant (P=0.05).
" A family history was recorded if the condition was present in a first-degree or second-degree relative.
I In women who did not have a 75-g oral glucose-tolerance test, the investigator verified the presence of gestational di-

abetes mellitus by the presence of a high glucose level in a random sample or a sample taken 1 hour after a 50-g glu-
cose load, and lifestyle intervention and capillary glucose monitoring were initiated before the women were consid-
ered for enrollment in the trial. The values for fasting plasma glucose are based on 321 women in the metformin
group and 330 in the insulin group, the values for 2-hour postprandial plasma glucose are based on 320 women in
the metformin group and 319 in the insulin group, and the values for fasting plasma glucose at enrollment are based
on 324 women in the metformin group and 294 in the insulin group. To convert values for glucose to millimoles per

liter, divide by 18.

§§ The values are based on 345 women in the metformin group and 319 in the insulin group.

A questionnaire was administered to the mothers
in the first postpartum week to assess acceptabil-
ity of the treatment.

Adverse events were reported to the data and
safety monitoring committee. Side effects of med-
ication and complications of pregnancy were docu-
mented at clinic visits, and the investigators were
informed of hospitalizations. Congenital anom-
alies and events that were fatal, life-threatening,
associated with serious disability or incapacity, re-
quired prolonged hospitalization (apart from hos-
pitalization related to expected pregnancy events),
or required a major intervention to prevent an-
other serious outcome were classified as serious
adverse events. Other measures of neonatal com-
plications were admission to a level 2 or level 3
neonatal intensive care unit, duration of stay in
the neonatal intensive care unit, and diagnosis

at discharge from the hospital. In cases in which
fetal pH was measured in blood from the scalp
or umbilical cord, the lowest value was recorded.
The secondary outcome measures were maternal
and neonatal body composition, maternal glyce-
mic control, maternal hypertensive complications,
maternal glucose tolerance at 6 to 8 weeks post
partum, and acceptability of treatment.

STATISTICAL ANALYSIS

The pretrial estimate of the frequency of the pri-
mary outcome was 30% (on the basis of local data
from women who had been treated with insulin).
The anticipated rates for each component were 14%
for hypoglycemia, 5% for respiratory distress, 5%
for phototherapy, 1.5% for birth trauma, less than
1% for Apgar scores below 7, and 15% for preterm
delivery. The infants could meet one or more of
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Table 2. Primary Outcome and Additional Neonatal Complications.*
Metformin
Group Insulin Group Relative Risk
Outcome (N=363) (N=370) (95% CI) P Value
no. (%)
Primary composite outcome 116 (32.0) 119 (32.2) 0.99 (0.80-1.23) 0.95
Recurrent blood glucose level <46.8 mg/dlt 55 (15.2) 69 (18.6) 0.81 (0.59-1.12) 0.21
Any blood glucose level <28.8 mg/dI 12 (3.3) 30 (8.1) 0.41 (0.21-0.78) 0.008
Respiratory distress: 12 (3.3) 16 (4.3) 0.76 (0.37-1.59) 0.47
Transient tachypnea 7 (1.9) 8(2.2)
Respiratory distress syndrome 4 (1.1) 5 (1.4)
Sepsis 1(0.3) 5 (1.4)
Pulmonary hypertension 0 2 (0.5)
Phototherapy 29 (8.0) 31(8.4)  0.95(0.59-1.55) 0.85
Birth traumaf 16 (4.4) 17 (4.6)  0.96 (0.49-1.87) 0.90
Mild 16 (4.4) 15 (4.1)
Moderate or severe 0 2 (0.5)
5-Min Apgar score <79 3(0.8) 1(0.3)  3.06(0.32-29.26) 037
Preterm birth (<37 wk of gestation) 44 (121) 28 (7.6) 1.60 (1.02-2.52) 0.04
latrogenic (indicated) 18 (5.0) 13 (3.5) 1.41 (0.70-2.84) 0.33
Spontaneous 26 (7.2) 15 (4.1) 1.77 (0.95-3.28) 0.07
Additional neonatal complications
Admission to level 2 or 3 neonatal intensive care unit 68 (18.7) 78 (21.1) 0.89 (0.66-1.19) 0.43
>24-Hr stay in neonatal intensive care unit 46 (12.7) 45 (12.2) 1.04 (0.71-1.53) 0.83
mean +5D
pH of umbilical-cord or scalp blood| 7.27+0.07 7.26+0.07 0.32

* Treatment included supplemental feeding for 129 infants (35.5%) in the metformin group and 145 (39.2%) in the insu-
lin group (P=0.31), nasogastric feeding for 9 infants (2.5%) in the metformin group and 14 (3.8%) in the insulin group
(P=0.31), and intravenous dextrose for 25 infants (6.9%) in the metformin group and 22 (5.9%) in the insulin group
(P=0.60). Induction of labor was performed in 196 women (54.0%) in the metformin group and 208 (56.2%) in the in-
sulin group (P=0.55), cesarean section in 131 women (36.1%) in the metformin group and 142 (38.4%) in the insulin
group (P=0.52), and emergency cesarean section in 55 women (15.2%) in the metformin group and 63 (17.0%) in the
insulin group (P=0.49). Shoulder dystocia occurred in 6 deliveries (1.7%) in the metformin group and 11 (3.0%) in the
insulin group (P=0.33).

To convert values for glucose to millimoles per liter, divide by 18.

Nine infants in each group were treated with continuous positive airway pressure. Five infants in the insulin group re-

quired intermittent positive-pressure ventilation (one of these infants subsequently received a diagnosis of tetralogy of

Fallot).

Moderate or severe birth trauma included Erb’s palsy, which resolved by 6 weeks of age in one infant, and a severe bra-

chial plexus injury in another.

9 All these infants had 5-minute Apgar scores of 6. In the metformin group, one infant had facial bruising and one pre-
term infant was admitted to the neonatal intensive care unit to establish feeding. Delivery was complicated by shoulder
dystocia in one infant in the insulin group, who was admitted to the neonatal intensive care unit for observation.

| The values are based on 94 infants in the metformin group and 101 in the insulin group.

=

the criteria. The primary aim of the study was to
rule out a clinically significant increase (from 30%
to 40%) in the metformin group. Two-tailed cal-
culations were used to rule out a significant dif-
ference in either direction. For 80% power and a
5% significance level, 375 subjects were required
in each group.

The data were summarized as frequencies or
percentages for categorical variables and as means
and standard deviations or medians and interquar-
tile ranges for continuous variables, depending on
the distribution. Differences between the treat-
ment groups were compared by the chi-square or
Fisher’s exact test for categorical variables and a
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