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Abstract

Aim: We aimed to assess the use of metformin (MTF) in the prevention of gestational diabetes mellitus
(GDM) in patients with pregestational insulin resistance (PIR).
Methods: A double blind, multicenter, randomized trial was carried out in patients with a history of PIR
and pregestational MTF treatment. Groups were allocated either to MTF 1700 mg/day or placebo. Patients
were recruited between 12+0 and 15+6 gestational weeks, and treatment was extended until week 36. A mul-
tiple logistic regression analysis was applied to determine the relation between the use of metformin and the
development of GDM.
Results: One hundred and forty one patients were randomized (68 patients in the MTF group and 73 in the
placebo group). A total of 30 patients withdrew from the study during follow-up. Administration of MTF
was not associated with a decrease in the incidence of GDM as compared to placebo (37.5% vs 25.4%, respec-
tively; P = 0.2). Moreover, MTF administration was associated with a significant increase in drug intolerance
as compared to placebo (14.3% vs 1.8%, respectively; P = 0.02).
Conclusion: The use of MTF is not effective in prevention of GDM in populations with PIR. The use of MTF
shows a significantly higher frequency of drug intolerance than placebo.
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Introduction

Gestational diabetes mellitus (GDM) is a condition
characterized by a disorder of carbohydrate metabo-
lism, presenting with variable severity, with an onset or
first detection during pregnancy. In Chile, its preva-
lence among pregnant women has been on the rise
from 5–8% to 10–14% over a 10-year period. This is
mainly due to the dramatic rise of pregestational over-
weight and to increased maternal age. In addition, risk
factors, such as a family history of type 2 diabetes

mellitus (DM2), a history of GDM during previous
pregnancies, and belonging to the middle-lower socio-
economic status, are other causes of such an increase.1–3

On the other hand, progressive insulin resistance
during pregnancy is recognized as a physiological
effect, necessary to ensure fetal energy requirements.
Evidence shows that higher degrees of this condition
could negatively impact a mother’s health and perina-
tal outcomes. Recent studies have shown a relation
between polycystic ovary syndrome (PCOS), which is
closely connected to insulin resistance syndrome and
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a higher risk of developing GDM, pre-eclampsia (PE),
and fetal growth restriction.4–6

Moreover, it has been proven that an increase in
the severity of pregestational insulin resistance (PIR)
during pregnancy, measured through disorders in
biomarker concentrations in different stages of gesta-
tion (Sex Hormone Binding Globulin [SHBG], adipo-
nectin, leptin, and tumor necrosis factor),3,4 is closely
related to first trimester miscarriage. Etiopathogenesis
of such cases involves endothelial dysfunction and/or
predisposing metabolic conditions, both having an
anomalous placentation as such seen in intrauterine
growth restriction and/or PE.7

Lastly, MTF is a second-generation biguanide with an
insulin sensitizing effect. It has been widely used to treat
DM2 patients and to optimize ovulation and to prevent
first trimester miscarriage in PCOS patients. MTF is cur-
rently a US Food and Drug Administration-approved
type-B drug.8,9 However, the evidence that supports the
use of MTF during pregnancy for GDM prophylaxis
remains controversial. Because such studies have been
carried out mainly on patients with PCOS, a syndrome
showing insulin resistance in 70% of cases, results
among such a population are quite dissimilar.10–15 The
present study aimed to evaluate the use of MTF as a pre-
ventive treatment for GDM in patients with PIR.

Methods
Study design

This double-blind multicentric randomized clinical
trial was carried out in patients with PIR, with or with-
out the use of MTF until 12 gestational weeks (GW).
Pregnancies under control in the two participant insti-
tutions (Hospital Clínico Universidad de Chile and
Hospital Barros Luco Trudeau) were included. In
patients with a pregestational treatment with MTF, the
therapy was maintained until 12 GW. Patients were
randomized at 12+0–15+6 GW to receive either MTF
1700 mg/day or placebo. The therapy was used until
36 GW or until the diagnosis of GDM. Based on the
absence of scientific evidence of an ideal dose of MTF
in pregnant patients with pregestational insulin resist-
ance, an intermediate dose of 1700 mg/day was cho-
sen for better tolerance and pregnancy safety.

Multiple pregnancies, major congenital birth defects,
aneuploidies, and genetic syndromes were excluded
from the analysis. Patients with chronic diseases, such
as DM1, DM2, and chronic nephropathy, or with
incomplete perinatal data were also excluded.

All patients were evaluated with an oral glucose
tolerance test (OGTT) at 24–28 GW and at 32 GW.
The diagnosis of GDM was considered with a fasting
glucose >105 mg/dL or a 2-h glucose >140 mg/dL. In
patients with a diagnosis of GDM, the therapy was
suspended and the management was performed
according to the local guidelines. This study was
approved by the local ethics committee in both insti-
tutions, and all the patients signed the informed con-
sent before randomization.

Definitions

The diagnosis of PIR was performed in the pre-
conceptional period, based on the presence of abnor-
mal values in fasting insulinemia test (≥15 uUI/mL)
and/or homeostatic model assessment–insulin resist-
ance (>2.6) and at least one of the PIR-suggestive clin-
ical signs, such as acrochordons, acanthosis nigricans,
or the diagnosis of PCOS.16–19

To assess the general purpose of the present study,
GDM was defined according to the criteria of the Inter-
national Association of Diabetes and Pregnancy Study
Groups Recommendations on the Diagnosis and Clas-
sification of Hyperglycemia in Pregnancy3 as any type
of carbohydrate intolerance during pregnancy, diag-
nosed through OGTT, with an overload of 75 g carried
out by the 26th GW. Additionally, recruited patients
underwent an OGTT at GW 32. GDM was diagnosed
with baseline glycaemia >105 mg/dL on two occa-
sions or >140 mg/dL after 2 h.
PE was defined as new-onset hypertension after

20 GW, with proteinuria, according to the Interna-
tional Society for the Study of Hypertension in Preg-
nancy20 as resting systolic and diastolic blood pressure
≥140 mmHg and 90 mmHg, respectively, in two mea-
surements 6 h apart, or one measurement ≥160/
100 mmHg. Proteinuria was defined as a qualitative
value ++ or higher, and/or a quantitative value above
300 mg/day, without a urinary tract infection.20

Small for gestational age was defined as a birth-
weight below the 10th percentile according to the
national reference neonatal curve.21

Sample size estimation

For the simple size estimation, a power of 80% and an
alpha-error of 5% were used. According to an inci-
dence of insulin resistance of 10% in fertile women,
with an estimated rate of GDM of 30% in these
patients, and a projected reduction until 10%, with a
gastrointestinal intolerance of 10%, 72 patients per
arm were needed.
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Statistical analysis

For continuous variables, a Shapiro–Wilk test was per-
formed to determine the variable distribution. A t-test or
a Mann–Whitney U-test was performed in normal and
non-parametric distribution, respectively, and expressed
as mean (standard deviation) or median (interquartile
range). Categorical variables were analyzed with the
χ2-test or Fischer’s exact test and expressed as a percent-
age. A simple and a multiple regression model were
performed to determine the correlation of the variables
with the risk of developing GDM in patients with MTF.
An intention-to-treat basis was used for the analysis.
STATA 14.1 was used for all analyses and a P-value <0.05
was considered as significant.
The study was financed by Merck Laboratories and

the Oficina de Apoyo a la Investigación Clínica of
Hospital Clínico Universidad de Chile (Registration
No. 494/11).

Results

During the study period, 144 patients agreed to be
included in the study. Three of them withdrew from
the study before randomization (Fig. 1). Metformin
was assigned to 68 patients and 73 patients received

placebo. A total of 22.9% (n = 33) of the patients
were excluded from the final analysis because of
missing data regarding the outcome of interest.
Table 1 shows the maternal characteristics of the ran-
domized patients with complete perinatal outcome.
There were no differences in rates of nulliparity,
GDM in previous pregnancy, or use of metformin
before pregnancy.

The use of metformin did not correlate with a reduc-
tion of GDM as compared to placebo (37.5% vs 25.4%;
P = 0.17). Moreover, metformin was associated with a
significant increase in the rate of gastrointestinal intoler-
ance (14.3% and 1.8% for metformin and placebo,
respectively; P = 0.017). The obstetric and perinatal out-
comes are presented in Table 2. There were no differ-
ences in C-section rates (61.4% and 64.3% for placebo
and metformin, respectively; P = 0.9) or deliveries of
large-for-gestational-age newborns (10.3% and 16.3%
for placebo and metformin, respectively; P = 0.4).
Despite the similar gestational age at birth in the two
groups (38.4 GW [38–39.1] and 38 GW [37.4–39.4] for
metformin and placebo, respectively; P = 0.5), the
median birthweight percentile demonstrated a non-
significant trend to be lower in the offspring of patients
treated with metformin compared to placebo
(47 [25–83] and 57 [39–80], respectively; P = 0.5).

Assessed for eligibility
(n = 144)

Excluded (n = 3)
–Declined to participate (n = 3)

Randomized (n = 141)

Patients allocated to
Metformin (n = 68)

Patients allocated to
placebo (n = 73)

Lost to follow-up (n = 20)

Analyzed (n = 48) Analyzed (n = 63)

GI intolerance (n = l)
Physician suggestion (n = 2)
Not interested (n = 17)

Lost to follow-up (n = 10)
Change of institution (n = 2)
Physician suggestion (n = 2)
Not interested (n = 6)Figure 1 Flow diagram of

the randomization process,
according to the CONSORT

guidelines. GI, gastrointes-
tinal intolerance.
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Discussion

MTF is an insulin sensitizer widely used in DM2
treatment. Its use improves tissue sensitivity to insu-
lin, inhibiting glucose synthesis by the liver, increas-
ing the intake of peripheral glucose, and decreasing
insulin concentrations.11 The physiopathology of
GDM is similar to that of DM2, with an increased
insulin resistance, poor control of hepatic gluconeo-
genesis, and a decreased pancreatic beta cell response.
Based on such information, it could be inferred that
MTF would be useful as a prophylactic treatment to
prevent GDM in patients with PIR.9 However, evi-
dence regarding this subject is controversial, as sev-
eral studies either support or reject this treatment.7,8,12

On the other hand, such studies were carried out only

in patients with PCOS, which is a syndrome that
occasionally presents PIR. Consequently, conclusions
are not extrapolable.10–15

Our study supports the results of two recent meta-
analyses that concluded that prophylactic administra-
tion of MTF to PCOS patients during pregnancy was
not effective in prevention of GDM.14,22 Hence, the pres-
ent experience demonstrated that the use of MTF in the
PIR population was not able to prevent GDM, PE, small
for gestational age, or the delivery of a macrosomic
fetus. Besides, the administration of MTF during preg-
nancy appears to be safe, as there were no malforma-
tions or deleterious effects on the fetus, considering that
subsequent follow-up of newborns is not available.
In the current study, it is important to highlight that

because the analysis was post-hoc, it was possible to

Table 1 Maternal characteristics at randomization

Variable Placebo (n = 73) Metformin (n = 68) P-value

Maternal age, years 31 (27–34) 31 (26.5–35.5) 0.7
Maternal height, m 1.58 (1.55–1.63) 1.59 (1.56–1.62) 0.6
Pre-pregnancy BMI, kg/m2 31.1 (27.4–34.8) 31.6 (28.9–34.2) 0.3
Metformin before pregnancy 20/39 (51.3) 15/32 (46.9) 0.7
Nulliparity 33/65 (50.8) 20/50 (40) 0.3
Previous gestational diabetes 3/48 (6.25) 4/40 (10) 0.5
First trimester fasting glucose, mg/dL 83.2 (�8.7) 84.4 (�7.4) 0.4

Quantitative variables expressed as mean (� standard deviation) or median (interquartile range) for parametric and non-parametric distri-
bution, respectively. Categorical variables expressed as n/total (%). BMI, body mass index.

Table 2 Maternal and perinatal outcomes

Variables Placebo (n = 73) Metformin (n = 68) P-value

Perinatal outcome
GA at birth, weeks 38 (37.4–39.4) 38.4 (38–39.1) 0.5
Birthweight, g 3325 (3050–3650) 3220 (3000–3640) 0.7
Birthweight percentile 57.1 (38.7–79.6) 47.2 (25.1–83.4) 0.5
Large for gestational age 6/58 (10.3) 7/43 (16.3) 0.4
Small for gestational age 4/58 (6.9) 2/43 (4.65) 0.6
5-min Apgar ≤ 7 0 2/40 (4.6) 0.1

Maternal outcome
OGTT at 24–28 GW, mg/dL

Basal 79 (73–87) 79 (75–85) 0.6
2-h 110.5 (94–133) 125 (113–135) 0.1

Gestational diabetes 16/63 (25.4) 18/48 (37.5) 0.17
Gastrointestinal intolerance 1/57 (1.8) 6/42 (14.3) 0.016
Pre-eclampsia 3/57 (5.3) 4/40 (10) 0.38
Preterm delivery 8/55 (14.6) 3/41 (7.3) 0.27
Mode of delivery 0.9

Cesarean section 35/57 (61.4) 27/42 (64.3) —
Vaginal 21/57 (36.8) 14/42 (33.3) —
Forceps 1/57 (1.8) 1/42 (2.38) —

Lost to follow-up 10 (13.7) 20 (29.4) 0.002

Quantitative variables expressed as mean (standard deviation) or median (interquartile range) for parametric and non-parametric distribu-
tion, respectively. Categorical variables expressed as n/total (%). GA, gestational age; OGTT, oral glucose tolerance test.
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state that MTF might have had a beneficial effect by
reducing newborn weight. Even though in our results
the reduction in birthweight was not significant, we
believe that this could be solved with a larger
recruited cohort. This information might be useful in
further studies specifically designed to prevent fetal
macrosomia. However, the explanation of a reduced
birthweight is not well understood. Several studies
have demonstrated that, in patients with PCOS, the
use of MTF during pregnancy reduces the rates of
maternal complications, such as GDM and hyperten-
sive diseases, but without a significant impact on
birthweight.12,23

A possible explanation of the similar birthweight in
newborns of patients with PCOS with and without
MTF during pregnancy was raised in a recent second-
ary analysis of a previous randomized controlled trial.
Even though this randomized study showed a similar
rate of GDM in patients with MTF and placebo, insu-
lin levels in maternal blood were reduced in the MTF
arm (259 � 209 vs 361 � 261 pmol/L; P = 0.020).
However, this treatment was not associated with a
reduction of insulin in cord blood,24 which may be
secondary to the secretion of insulin of placental ori-
gin to the fetus.
Regarding the latter, a recent randomized study

concluded that treatment with MTF in populations
with body mass index greater than 35 is unable to
prevent macrosomia or GDM, while it just decreases
late-onset PE.25 In this study, weight gain by the
pregnant patient was lower in the treated popula-
tion; this might explain the decrease in PE that
would therefore be unrelated to the use of MTF. On
the other hand, while it is true that adverse drug
reactions were more frequent, and all were related to
gastrointestinal intolerance, such effects were signifi-
cant enough to interrupt the treatment in just one
patient.
Although this study is the only published clinical

trial that has evaluated the preventive effect of MTF
on patients with a clear-cut PIR diagnosis, it has a
limitation: There was a high percentage of recruited
patients lost to follow-up. This might have affected
the variable analysis, as for a correct result, interpreta-
tion compliance with the previously calculated sam-
ple size is critical. Hence, further studies with a larger
sample size are essential either to support or to reject
such therapeutic indication. In conclusion, MTF does
not seem to have an impact on GDM prevention;
however, its association with a newborn’s weight
warrants further studies.

Disclosure

All authors declare no conflicts of interest with the
pharmaceutical industry or with any process of the
development of this study.
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