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Abstract
Background: The number of studies describing the use of metformin in gestational diabetes mellitus (GDM) is increasing, and metformin is
considered an acceptable and economic alternative to insulin in many countries. Because metformin can pass through the placenta, it is necessary
to continuously assess the maternal and fetal impact of metformin compared with insulin in pregnancy.
Methods and findings: We systematically searched PubMed, Embase, Medline, ClinicalTrials.gov, and the Cochrane database (from database
inception to 10 February 2020) for randomized controlled trials (RCTs) that treatment with metformin versus insulin for GDM. Two reviewers
independently assessed the articles, and conflicts were resolved by a third reviewer.

Main results: Twenty-seven RCTs (n = 4568 participants) were included for quantitative analyses in the meta-analysis. Metformin improved
maternal outcomes, reduced the incidence of preeclampsia (p<0.00001; risk ratio (RR)=0.52; confidence interval (95% CI) [0.40, 0.67]), macrosomia
(p<0.00001; RR=0.62; 95% CI [0.51, 0.76]). Metformin did not increase the incidence of premature delivery (p=0.78; RR=96; 95% CI [0.61, 1.45]),
small for gestational age (SGA) (p=0.72; RR=1.06; 95% CI [0.76, 1.49]). As for neonatal outcomes, metformin reduced the incidence of neonatal
hypoglycemia (p<0.00001; RR=0.56; 95% CI [0.48, 0.64]), neonatal intensive care unit admission (p=0.001; RR=0.78; 95% CI [0.67, 0.91]).
Conclusions: According to our analysis of the literature, several adverse maternal and neonatal outcomes are reduced with the use of metformin.
Metformin may have potential benefits for the mother and fetus. This meta-analysis protocol was registered with PROSPERO under registration
number CRD42019148484. Keywords: metformin, insulin, gestational diabetes mellitus, meta-analysis, pregnancy outcome

Introduction
As a consequence of the obesity epidemic, the incidence
of gestational diabetes mellitus (GDM) is rising and creating a
heavy economic burden for individuals and the public health care
system worldwide [1]. Unfortunately, GDM is related to significant,
immediate and long-term adverse outcomes for both mother and
child. Consequences of GDM include an increased risk of maternal
cardiovascular disease, preeclampsia, cesarean delivery, type 2
diabetes and birth complications [2,3]. For the fetus, the key risks
are accelerated intrauterine growth, resulting in macrosomia or
large-for-gestational-age (LGA) neonates. This, in turn, can lead
to shoulder dystocia, birth trauma, neonatal hypoglycemia, and
admission to the neonatal intensive care unit (NICU) and a longer-

term risk of obesity, type 2 diabetes, and cardiovascular disease
in the child [4,5]. Consequently, it is essential to actualize effective
clinical interventions to maintain glycemic control and limit fetal
growth in GDM-affected pregnancies. Insulin resistance and
beta-cell dysfunction are important mechanisms for the eventual
development of GDM, and for this reason, insulin is an effective
treatment for GDM [6.].

However, insulin treatment has several disadvantages:
maternal weight gain, the need for multiple injections, higher cost
and inconvenient modes of administration and monitoring [8,9].
These 2 disadvantages can decrease a patient’s motivation to use
insulin. Therefore, the identification of a safe, economic, convenient
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and effective method for glycemic control is particularly important
in the management of GDM.

In contrast, metformin (N,N-dimethylbiguanide), a biguanide
oral glucose-lowering drug, can improve hepatic and peripheral
sensitivity to insulin and is approved for use in the treatment of
GDM in many countries across the world; additionally, metformin
is a reasonable and safe first line pharmacological alternative to
insulin for GDM in many countries [10,11]. However, metformin can
cross the placenta and accumulate in fetal and placental tissues (at
50% – 100% of the maternal concentration), and consequently, an
increasing number of randomized clinical trials of metformin for
GDM treatment have been carried out in many countries [12,13].
Insulin is still considered the first line of therapy for GDM by
some professional organizations such as the American Diabetes
Association. Therefore, it is very important to continuously evaluate
the efficacy and safety of metformin treatment for pregnant women
and their fetuses. The aim of our study was to determine whether
metformin was superior to and safer than insulin for the treatment
of pregnant women with GDM and their fetuses. This knowledge is
particularly important because the number of pregnancies exposed
to metformin have been increasing worldwide.

Materials and Methods

The three keywords and synonyms used to perform the
literature search were metformin, gestational diabetes mellitus
and randomized controlled trial. This meta-analysis was reported
in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. The systematic
review protocol was registered in PROSPERO (CRD42019148484).
Ethical approval was not required.

Literature searches, search strategies, and eligibility
criteria

Three keywords and synonyms were used to perform
systematic literature searches of PubMed, Embase, the Cochrane
Central Register of Controlled Trials, the Cochrane library
and Clinical Trials.gov. Neither filters nor language or location
restrictions were applied to any of the searches. All references
from the included trials and relevant previous systematic reviews
were manually searched to avoid trials that might be missed in the
electronic search. All randomized trials assessing women with GDM
treated with metformin versus insulin therapy, published between
2003 and February 2020 and written in English were included. We
accepted that GDM was diagnosed according to local diagnostic
criteria. Trials were excluded as follows: (1) Studies comparing
metformin to other oral hypoglycemic agents or interventions that
were given prior to pregnancy; (2) Studies including participants
with multiple pregnancies or preexisting diabetes; (3) Meeting
abstracts and commentaries; or (4) Animal studies.

Study selection, data extraction
Each study was independently evaluated by two reviewers as
per the inclusion/exclusion criteria. A third reviewer was available
to resolve disputes where eligibility was unclear, and the team
settled disagreements through discussion. The title and abstract
were preliminarily selected, followed by a detailed screening of the
full paper. The results of each step in the review process are recorded
in the PRISMA flow diagram [Figure 1]. Two authors independently
extracted data from eligible studies. The pregnancy outcome
measures were weight gain after intervention, preeclampsia (BP of
140/90mmhg with proteinuria >3g/24 hours), prematurity (birth
before 37 weeks), small for gestational age (SGA) (birth weight
< 10th centile for gestational age), macrosomia (birth weight >
4 kg). Fetal outcome measures were NICU admission, neonatal
hypoglycemia (two or more neonatal glucose values <2.6 mmol per
liter) and neonatal respiratory distress.

Quality assessment of included studies (risk of bias in
individual studies)

The quality and validity of each study was assessed
independently by two authors using the Cochrane Collaboration
tool for assessing risk of bias, which included seven categories:
(1) Random sequence generation (selection bias); (2) Allocation
concealment (selection bias); (3) Blinding of participants and
personnel (performance bias); (4) Blinding of outcome assessment
(detection bias); (5) Incomplete outcome data (attrition bias);
(6) Selective reporting (reporting bias); and (7) Other bias. We
classified these categories as low risk of bias, uncertain risk of bias
or high risk of bias.

Statistical Analysis

The meta-analysis was performed using RevMan version
5.3[14]. Heterogeneity was tested with the I 2 statistic (I 2≥50%
or p< 0.1 represented heterogeneity), and sensitivity analyses were
performed using leave-one-out testing for individual studies. Metaanalyses use only the high-quality subset of studies. Funnel plots
were constructed to assess publication bias. We calculated the
mean difference (MD) for continuous data and the risk ratio (RR)
for dichotomous data with 95% confidence intervals (CIs). P< 0.05
indicated statistical significance.

Results

Study selection
Four hundred and fifty‐two potentially relevant papers were
retrieved by electronic searching of the specified databases, and
9 further studies were found via additional manual searching. A

total of 237 records were retained after duplicates were removed.
Then, after assessing the titles/abstracts, the investigators
removed 47 systematic reviews and meta-analyses, 145 studies
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with inconsistent research content, 13 conference reviews and
commentaries, and 1 animal study, and 31 trials received further
consideration and full text assessment. After review of the full
text, 4 studies were eliminated, and a total of 27 studies remained
eligible for inclusion in this synthesis; all were suitable for the
meta-analysis [15-41], representing 4,568 pregnancies. A total

of 2280 patients were treated with metformin and 2288 patients
were treated with insulin. [Figure 1] shows the process by which
studies were selected. Seven standards were assessed in terms of
risk of bias, and the risk of bias was low in the included studies;
therefore, all studies were included. The risk-of-bias assessment is
described in (Figure 2-3).

Figure 1: PRISMA flow diagram.

Figure 2: Risk-of-bias graph.
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Figure 3: Risk-of-bias and methodological quality summary, containing each methodological quality item for each included study. +: low risk; “?”:
unclear risk; -: high risk.

Maternal outcomes
There were no significant differences in maternal age, body
mass index or gestational age before treatment in any of the
included studies. Twelve studies (n=2885 patients) were included
in the analysis of preeclampsia. Metformin reduced the risk of
preeclampsia (p<0.00001; RR=0.52; 95% CI [0.40, 0.67]; I 2=31%).
Six studies (n=2738 patients) were included in the analysis of
prematurity. Metformin can’t increase the risk of preterm delivery
(p=0.14; RR=1.22; 95% CI [0.94, 1.58]; I 2=3%). We compared
the incidence of macrosomia in the two groups. Eighteen studies
(n=2920 patients) were included in the analysis of macrosomia,
the results showed that macrosomia was lower by 38% in the

metformin group than in the insulin group (RR 0.62, 95% CI [0.51,
0.76], I 2 = 0%, p < 0.00001). Eight studies (n=1751 patients) were
analyzed the incidence of SGA. There was no difference in the
incidence of SGA (p=0.72; RR=1.06; 95% CI [0.76, 1.49], I 2 = 0%).
Metformin reduces the incidence of macrosomia without increasing
the risk of SGA infants (Figure 4).

Neonatal outcomes

Twenty studies (n=3340 patients) were included in the analysis
of the incidence of neonatal hypoglycemia, and there was a difference
between the two groups (p<0.00001; RR=0.56; 95% CI [0.48, 0.64];
I 2=0%), suggesting that metformin can significantly reduce the
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incidence of neonatal hypoglycemia compared with insulin. Fifteen
studies also revealed that metformin can significantly reduce both
the incidence of neonatal respiratory distress (p=0.003; RR=0.61;

95% CI [0.44, 0.85]; I 2=12%) and the incidence of neonatal NICU
admission (p=0.001; RR=0.78; 95% CI [0.67, 0.91]; I 2=19%)
(Figure 5).

Figure 4: Forest plots and funnel plots for maternal outcomes. (A) Preeclampsia; (B) Premature
delivery; (C) Macrosomia; (D) SGA. MD: Mean difference; CI: Confidence interval; RR: Risk Ratio.

Figure 5: Forest plots for neonatal outcomes. (A) Neonatal hypoglycemia; (B) Neonatal respiratory distress; (C) NICU admission. MD: Mean
difference; CI: Confidence interval; RR: Risk ratio.
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Discussion
Metformin can significantly improve the sensitivity of liver
and peripheral tissue to insulin and reduce the output of liver
glucose and the level of plasma glucose through direct and indirect
effects on liver and muscle [42], and it is not associated with major
complications or perinatal death[43], because of its advantages in
terms of economy and convenience, metformin has been gradually
used in the treatment of GDM. Although metformin can pass
through the placenta, it has not been shown to be related to fetal
malformations when used in the first three months of pregnancy
[44]. To comprehend the safety and efficacy of metformin use
in pregnancy, we searched several databases for reports of
randomized controlled trials comparing insulin to metformin use
in GDM, and identified twenty-seven randomized controlled trials,
comprising 4568 patients, for inclusion in our meta-analysis.
Women with GDM have an increased risk of preeclampsia,
which may result in complications such as placental abruption,

intrauterine growth retardation, premature birth and intrauterine
death. Twelve studies (n=2885 patients) were included in
the analysis of preeclampsia. Our meta-analysis revealed that
metformin can reduce the risk of preeclampsia, which is consistent
with the findings of a previous review [45,4]. However, Le-xin Bao
et al, who evaluated the incidence rate of preeclampsia by means of
an analysis of nine studies involving 1813 GDM patients, noted that
metformin did not reduce the risk of preeclampsia [46]. The reason
for the disparity in our conclusions may be that we have included
more studies in our analysis.
We analyzed sixteen studies in the incidence of preterm birth
in both groups, and the results suggested that metformin does
not increase the risk of preterm delivery, which is consistent with
the results of a previous publication [46]. But several previous
publications noted that metformin led to premature birth [47,48].
The difference of the above results may be due to the lack of studies
included in the two analyses, Balsells M included 9 studies [47], Gui
J included 5 studies [48]. These two analyses are earlier, with the
gradual development of research, more and more research hints
metformin does not increase the risk of preterm delivery in recent
years.
We further analyzed the fetal growth, our results suggest
that metformin can significantly reduce neonatal birth weight.
In particular, metformin treatment reduces the incidence of
macrosomia but does not concomitantly increase the risk of SGA,
This is consistent with a study [49].

Our studies showed that metformin could significantly reduce
the incidence rates of respiratory distress, NICU admission and
neonatal hypoglycemia. Hypoglycemia is the most common
complication of the newborn and the only readily preventable

cause of neonatal brain injury [50], so metformin may reduce the
risk of neonatal brain injury.

These findings support the notion that metformin perhaps is
safe and beneficial in the treatment of GDM; however, information
on long-term outcomes is still insufficient. Thus, more long-term
follow-up studies are needed.

Conclusion

In summary, our results show that metformin can significantly
reduce some complications of GDM among mothers and their
infants compared with insulin. This provides support for the more
conventional use of metformin as a treatment strategy that can
improve the management of GDM.
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