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The aim of the present meta-analysis was to determine the efficacy and safety of metformin for the treatment of women with gestational
diabetes mellitus (GDM). We searched databases, including PubMed, Embase and the Cochrane Central Register of Controlled Trials, for
randomized controlled trials (RCTs) comparing metformin and insulin treatments in women with GDM. We carried out statistical analyses
using RevMan 2011 and used the Grading of Recommendations, Assessment, Development, and Evaluations profiler to rate the quality of
evidence of the primary outcomes. We analysed eight studies involving 1592 subjects. Meta-analysis of the RCTs showed that metformin
had statistically significant effects on pregnancy-induced hypertension [PIH; risk ratio (RR) 0.54; 95% confidence interval (CI) 0.31, 0.91].
However, its effects on neonatal hypoglycaemia (RR 0.80; 95% CI 0.62, 1.02), rate of large-for-gestational age infants (RR 0.77; 95% CI 0.55,
1.08), respiratory distress syndrome (RR 1.26; 95% CI 0.67, 2.37), phototherapy (RR 0.94; 95% CI 0.67, 1.31) and perinatal death (RR 1.01; 95%
CI 0.11, 9.53) were not significant. Our analyses suggest that there is no clinically relevant difference in efficacy or safety between met-
formin and insulin; however, metformin may be a good choice for GDM because of the lower risk of PIH. The advantages of metformin in
terms of glycaemic control, PIH incidence and gestational age at birth are unclear, and should be verified in further trials.
Introduction

Gestational diabetes mellitus (GDM) is defined as ‘any degree
of glucose intolerance with onset or first recognition during
pregnancy’ [1]. It is observed in 7–18% of pregnancies [2]
and is associated with an increased risk of a variety of mater-
nal and perinatal complications, including preeclampsia, Cae-
sarean section, macrosomia, shoulder dystocia, birth injuries,
hypoglycaemia and respiratory distress syndrome (RDS) [3, 4].

If maternal normoglycaemia cannot be achieved by
diet and lifestyle changes, medication will be needed.
The standard treatment for achieving adequate glucose
levels is insulin therapy. However, the disadvantages of in-
sulin for the mother include the need for injections, risk of
hypoglycaemia, increased appetite and weight gain [5].
Furthermore, this treatment requires modification based
on the patient’s body mass index, glucose levels and life-
style [6], and involves substantial costs of health education
for the safe use of insulin and the cost of insulin-
administration devices. Oral hypoglycaemic agents have
traditionally been avoided in pregnant women with
diabetes because of the potential risks of neonatal
hypoglycaemia and teratogenicity associated with placental
transfer to the fetus. Metformin is an anti-hyperglycaemic
agent which is not known to cause hypoglycaemia in adult
users. Metformin reduces hyperglycaemia by suppressing he-
patic glucose output (hepatic gluconeogenesis), increasing
insulin sensitivity and enhancing peripheral glucose uptake
[6, 7]. Metformin readily crosses the placenta in women with
GDM, exposing the fetus to concentrations approaching
those in thematernal circulation [8], as well as in womenwith
polycystic ovary syndrome [9]. Fortunately, metformin is not
associated with fetal anomalies when used during the first tri-
mester of pregnancy [10]. In addition, metformin appears to
be safe in the second and third trimesters of pregnancy [11].

An early systematic review that included only two ran-
domized controlled trials (RCTs) did not find any differences
in maternal or neonatal outcomes between GDM patients
using metformin and those using insulin [12]. However, the
latest systematic review on metformin and insulin in GDM,
which included five RCTs, found differences between metfor-
min and insulin, and favoured the use of metformin [13].

The existing systematic reviews on metformin and insu-
lin, particularly for GDM, included a few RCTs. Interestingly,
015 The British Pharmacological Society
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new RCTs with differing results have been published re-
cently. Metformin was found to be efficient at controlling
hyperglycaemia in pregnancy, the levels of HbA1c at the
end of pregnancy, maternal weight gain during preg-
nancy, preterm labour, neonatal jaundice and respiratory
distress (RDS). Additionally, metformin provides ade-
quate glycaemic control, with lower mean glucose levels
throughout the day, and results in a lower frequency of
neonatal hypoglycaemia [14]. By contrast, the hospitali-
zation of infants was observed to be higher in the group
treated with insulin [15]. The quality of the evidence
given in these RCTs has not yet been analysed and eval-
uated. We therefore performed the present meta-
analysis, with the aim of determining the efficacy and
safety of metformin compared with insulin for GDM.
Methods

Search strategy
We searched databases, including PubMed, Embase and
the Cochrane Central Register of Controlled Trials (CENTRAL;
the last search was updated on September 2013). We used
the key words gestational diabetes, pregnancy and metfor-
min, in combination with RCT. We contacted the authors
of the original studies for additional data, if necessary. Two
reviewers performed the literature search, evaluated poten-
tially eligible studies for inclusion and extracted the data
independently. Any discordance between the findings of
the two reviewers was resolved through meetings.

Selection criteria
Any of the identified trials were included in themeta-analysis
if they had a randomized controlled design; involved women
with GDM that had been diagnosed by the authors, using any
method, at any stage of the pregnancy; and compared
metformin and insulin for the treatment of GDM, and
reported one or more maternal and neonatal outcomes.
Quasi-RCTs, retrospective studies, observational studies, case
series and studies with a crossover design were excluded.

Data extraction and management
We designed a form by which to extract data. Two review
authors independently extracted data from the eligible
studies by using this form, and resolved discrepancies
through discussion. We entered the data into the Review
Manager software (RevMan 2011) (Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration).
When any of the afore-mentioned information was unclear,
we attempted to contact the authors of the original reports
for further details. There was no blinding of authorship.

Assessment of risk of bias
Two review authors independently assessed the risk of
bias for each included study by using the Cochrane Col-
laboration’s risk-of-bias tool in the Cochrane Handbook for
Systematic Reviews of Interventions [16]. This tool was used
to assess the risk of bias in randomizationmethods (allocation
sequence generation and allocation concealment), blinding
(of participants, personnel and investigators), completeness
of outcomedata, reporting of data, and other issues.We sum-
marized the risk of bias in all six domains to produce an over-
all risk of bias. The following classification was used: low risk,
high risk or unclear risk (either lack of information or uncer-
tainty over the potential for bias). We resolved any disagree-
ment by discussion or by involving a third assessor. The
results of the assessments were directly applied to the Grad-
ing of Recommendations, Assessment, Development, and
Evaluations (GRADE) profiler.

We used Egger’s publication plots to test for publica-
tion bias with STATA 12.0 (StataCorp., College Station,
Texas, USA), and considered that there was no obvious
publication bias at P>0.1. The results of the assessments
were directly applied to the GRADE profiler.

Statistical analysis
We pooled the data from the RCTs by using the Review
Manager software (RevMan 2011). For dichotomous data,
we presented the results as the summary risk ratio (RR)
and 95% confidence intervals (CIs). We used the stan-
dardized mean difference and 95% CI for the analysis of
continuous data. All pooled outcomes were calculated
using the inverse–variance random-effects model.

We assessed statistical heterogeneity in each meta-
analysis by using the \2 and I2 statistics. We planned to ex-
plore heterogeneity by prespecified subgroup analyses and
sensitivity analyseswhen the I2 statistic was greater than 50%.

We also assessed the quality of evidence in these studies
by using the GRADE profiler (GRADEpro) software, version
3.2 (McMaster University and Evidence Prime Inc, Hamilton,
Ontario, Canada). The illustrative comparative risks, relative
effect, no. of participants and quality of evidence of every
outcome will be summarized. When grading the evidence,
the reviewers evaluated the domains of study limitations
(risk of bias), inconsistency, indirectness, imprecision and
publication bias and downgraded wherever important limita-
tions existed. Studies were to be upgraded based on a strong
magnitude of effect that was not due to known biases, a
dose–response gradient and residual confounding thatwould
have reduced the observed effect. The overall quality-
of-evidence grade was designated as high (confident that
the true effect is close to the estimate), moderate (moderately
confident in the effect estimate but may be substantially dif-
ferent), low (confidence in the effect estimate is limited) or
very low (very little confidence in the effect estimate) [16].

Results

Literature search and study characteristics
A total of 154 articles were identified through the literature
search, of which 38 were duplicates (n=116). After review
of the titles and abstracts, another 101 were excluded. Thus,
Br J Clin Pharmacol / 80:5 / 1225
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15 articles were reviewed in detail, and 12 were finally
assessed for inclusion in the meta-analysis. The process of
RCT selection is illustrated in Figure 1. The main study char-
acteristics of the eight included RCTs are presented in
Table 1. The criteria for diagnosis and commencingmedical
treatment for GDM are shown in Table 2.

The search of the PubMed, Embase and CENTRAL da-
tabases identified 15 reports that could be included in
the review. We found that eight of these studies satisfied
the eligibility criteria; the remaining seven studies, in-
cluding four follow-up articles about the Metformin in
Gestational Diabetes (MiG) trial, did not. The included tri-
als were by Hague et al., 2003 [17], Ijäs et al., 2011 [18],
Mesdaghinia et al., 2013 [15], Moore et al., 2007 [19],
Niromanesh et al., 2012 [20], Rowan et al., 2008 [21],
Spaulonci et al., 2013 [14] and Tertti et al., 2013 [22].
The excluded trials (apart from the four follow-up trials)
were Hickman et al., 2013 [23], Hassan et al., 2012 [24]
and Rowan et al., 2007 [25]. The follow-up articles about
the MiG trial were Barrett et al., 2013 [26, 27], Rowan
et al., 2010 [28] and Rowan et al., 2011 [6]; only Rowan
et al., 2010 [28] provided useful follow-up data from the
MiG trial. Thus, eight trials, including a total of 1592
women, were eligible for the review of metformin vs. in-
sulin. The earliest study began in 2001 [19], and the latest
study was completed in 2012 [20].
Figure 1
Study flow diagram

1226 / 80:5 / Br J Clin Pharmacol
Risk of bias for all studies
The summary of the risk of bias for each included study is
shown in Figure 2. The studies by Mesdaghinia et al. [15]
and Spanlonci et al. [14] are the new RCTs included in the
present meta-analysis. The designs of all the RCTs were
without selection bias, attrition bias and selective bias, which
indicate that they were of a relatively high quality. As insulin
was given by injection andmetforminwas given orally, all the
included studies involved open allocation, which did not
affect the outcomes, as these were all objective.

The quality of the evidence (GRADE) for the primary
outcomes, including neonatal hypoglycaemia, rate of
large-for-gestational age (LGA) infants, RDS, photother-
apy, preterm birth, pregnancy-induced hypertension
(PIH) and perinatal death, was very low to moderate.
The GRADE system evidence for the above outcomes
and reasons for upgrade and downgrade are shown in
Table 3, and the primary outcomes of the meta-analysis
are presented in Figure 3.

Meta-analysis of effects of metformin in GDM
Neonatal hypoglycaemia
Neonatal hypoglycaemia was reported in eight studies.
There was no significant heterogeneity between these
studies (P = 0.42, I2 = 0%). The pooled results showed no
significant difference between the metformin and insulin
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Table 2
Criteria for diagnosis and starting medical treatment for gestational diabetes mellitus

Author (year)

Criteria for diagnosis Criteria for starting medical treatment

Loading Fasting 1 h, 2 h, 3 h,

Fasting, mg dl
–1

Postprandial 2 h, mg dl
–1

mg dl
–1

mg dl
–1

mg dl
–1

Hague et al. 2003 75 g 99 126 – 97.2 120.6

Ijäs et al. 2011 75 g 95.4 198 172.8 – 95.4 120.6

Mesdaghinia et al. 2013 100 g 95 180 155 140 95 120

Moore et al. 2007 100 g 105 190 165 145 105 120

Niromanesh et al. 2012 100 g 95 – 120 – 95 120

Rowan et al. 2008 75 g 99 – 126 – 97.2 120.6

Spaulonci et al. 2013 100 g or 75 g 95 180 155 140 123.5 156

Tertti et al. 2013 75 g 95.4 180 154.8 – 99 140.4 (1 h)

= None reported.

Figure 2
Summary of risk of bias for each included study. +, low risk of bias; ?, un-
known risk of bias.

L.-P. Zhao et al.
groups in terms of neonatal hypoglycaemia (P = 0.07, RR =
0.80, 95% CI 0.62, 1.02) (Figure 3a).

LGA
The frequency of LGA infants was reported in five studies.
There was no significant heterogeneity between these
1228 / 80:5 / Br J Clin Pharmacol
studies (P = 0.46, I2 = 31%). The pooled result showed
no significant difference in the frequency of LGA infants
between the metformin and insulin groups (P = 0.12, RR =
0.77, 95% CI 0.55, 1.08) (Figure 3b).

RDS
RDS was reported in five studies. There was no significant
heterogeneity between these studies (P = 0.76, I2 = 0%).
The pooled result showed no significant difference be-
tween the metformin and insulin groups in terms of
RDS (P = 0.47, RR = 1.26, 95% CI 0.67, 2.37) (Figure 3c).

PIH
PIH was reported in three studies. There was no signifi-
cant heterogeneity between these studies (P = 0.71, I2 =
0%). The standardized difference in the mean PIH inci-
dence was 0.54 (P = 0.02, 95% CI 0.31, 0.91) (Figure 3d)
times greater in the insulin group than in the metformin
group.

Perinatal death
Perinatal death was reported in two studies. There was
no significant heterogeneity between these studies (P =
0.35, I2 = 0%). The pooled result showed no significant
difference between the metformin and insulin groups
in terms of perinatal death (P = 1.00, RR = 1.01, 95% CI
0.11, 9.53) (Figure 3e).

Other outcomes
Table 4 shows a summary of the meta-analysis outcomes,
which include the following.

Neonatal outcomes: perinatal death, RDS, admission to
the neonatal intensive care unit (NICU), birth trauma, birth
defect, preterm birth, 5-min Apgar score<7, 5-min Apgar
score, phototherapy, neonatal hypoglycaemia, pH of
umbilical-cord blood, shoulder dystocia, birth weight (g),
birth weight>4000 g, rates of LGA and small-for-
gestational age infants, head circumference (cm), arm cir-
cumference (cm) and chest circumference (cm).



Table 3
Grading of Recommendations, Assessment, Development, and Evaluations (GRADE) summary of primary outcomes of meta-analysis

Metformin vs. insulin for gestational diabetes mellitus

Patient population: patients with gestational diabetes mellitus

Intervention: metformin

Comparison: insulin

Outcome

Illustrative comparative risks* (95% CI) Relative effect
(95% CI)

No. of participants
(studies)

Quality of evidence
(GRADE)Assumed risk Corresponding risk

Insulin Metformin

Neonatal hypoglycaemia Study population RR 0.8 (0.62 to 1.02) 1591 (8 studies) ⊕ ⊕ ⊕⊝ moderate†

155 per 1000 124 per 1000 (96 to 158)

Moderate

145 per 1000 116 per 1000 (90 to 148)

Large for gestational age Study population RR 0.77 (0.55 to 1.08) 1499 (6 studies) ⊕ ⊕ ⊕⊝ moderate†

171 per 1000 132 per 1000 (94 to 185)

Moderate

143 per 1000 110 per 1000 (79 to 154)

Respiratory distress syndrome Study population RR 1.26 (0.67 to 2.37) 1265 (6 studies) ⊕⊝⊝⊝ very low†,‡,§

25 per 1000 32 per 1000 (17 to 60)

Moderate

45 per 1000 57 per 1000 (30 to 107)

Phototherapy Study population RR 0.94 (0.67 to 1.31) 1236 (5 studies) ⊕⊝⊝⊝ very low†,‡,¶

100 per 1000 94 per 1000 (67 to 131)

Moderate

84 per 1000 79 per 1000 (56 to 110)

Preterm birth Study population RR 1.24 (0.69 to 2.23) 1499 (6 studies) ⊕ ⊕ ⊝⊝ low†,‡

69 per 1000 86 per 1000 (48 to 154)

Moderate

68 per 1000 84 per 1000 (47 to 152)

Pregnancy- induced hypertension Study population RR 0.54 (0.31 to 0.91) 1110 (3 studies) ⊕ ⊕ ⊕⊝ moderate†

68 per 1000 37 per 1000 (21 to 62)

Moderate

62 per 1000 33 per 1000 (19 to 56)

Perinatal death Study population RR 1.01 (0.11 to 9.53) 1253 (2 studies) ⊕ ⊕ ⊝⊝ low†,‡

2 per 1000 2 per 1000 (0 to 15)

Moderate

0 per 1000 0 per 1000 (0 to 0)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in the footnotes. The corresponding risk (and its 95% CI) is based on the assumed
risk in the comparison group and the relative effect of the intervention (and its 95% CI). GRADE Working Group grades of evidence:
High quality: Further research is very unlikely to change our confidence in the estimate of the effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of the effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of the effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate. †Total (cumulative) sample size is lower than the calculated optimal information size. ‡The relative risk reduction or
relative risk increase is greater than 25%. §Egger’s test, P > |t| = 0.040. ¶Egger’s test, P > t| = 0.043. Abbreviations are as follows: CI, confidence interval; RR, risk ratio.

Metformin vs. insulin for GDM
Maternal outcomes: PIH, preeclampsia, gestational
age at birth (weeks), induction of labour, assisted vaginal
delivery, Caesarean section, weight gain (kg) and weight
gain after randomization (kg).

Glycaemic control: glycated haemoglobin (HbA1c)
level in weeks 36–37 (%), fasting glucose from randomi-
zation until delivery (mg dl–1), 2-h postprandial glucose
from randomization until delivery (mg dl–1), fasting glu-
cose in the first week after randomization (mg dl–1), and
2-h postprandial glucose in the first week after randomi-
zation (mg dl–1).
Discussion

The Rowan et al., 2010 [28] paper on the MiG trial found
that glycaemic control in women with GDM treated with
metformin and/or insulin was strongly related to the follow-
ing: HbA1c% predicted LGA infants (P = 0.003); fasting cap-
illary glucose predicted neonatal complications (P< 0.001);
and postprandial glucose predicted preeclampsia (P =
0.016) and LGA infants (P = 0.001). However, there were
no statistical differences in the frequency of LGA infants
between the metformin group and the insulin group.
Br J Clin Pharmacol / 80:5 / 1229



Figure 3
Forest plots of primary outcomes of meta-analysis. (A) Neonatal hypoglycaemia; (B) Large for gestational age (LGA); (C) Respiratory distress syndrome
(RDS); (D) Pregnancy-induced hypertension (PIH); (E) Perinatal death. CI, confidence interval; IV, intravenous.

L.-P. Zhao et al.
Therefore, the small statistical differences in the HbA1c%
levels at the gestational age of 36–37 weeks, a finding
which differs from that of a previous review [13], might be
of no clinical importance.

In addition, we found that the average 2-h postpran-
dial glucose levels in the first week after randomization
were significantly lower in the metformin group, which
is consistent with the result of the previous review [13].
This finding indicates that in the metformin group, glu-
cose targets might be reached sooner, possibly because
metformin reduces hyperglycaemia by suppressing he-
patic glucose output, increasing insulin sensitivity and
enhancing peripheral glucose uptake [7]. These effects
1230 / 80:5 / Br J Clin Pharmacol
are potentially useful during pregnancy, when glucose
control deteriorates with changes to insulin resistance
[29]. Furthermore, for insulin, it takes time for partici-
pants to master the usage and dose computation. The
glycaemic control outcomes were not worse in
metformin-treated women; however, a large proportion
of women randomized to the metformin group required
the addition of insulin to achieve adequate glycaemic
control.

Hypertensive disorders of pregnancy represent the
second most common cause of direct maternal death
and are known to complicate an estimated 5–10% of
pregnancies [29]. Notably, women with diabetes have



Table 4
Summary of meta-analysis outcomes

Outcome
No. of
studies

No. of
participants

Type of meta-
analysis

Effect estimate
(95% CI) P value I

2
(%)

Egger’s test
(P value)

Perinatal death 5 1253 RR 1.01 1.00 0 –

(Random) [0.11, 9.53]

Respiratory distress syndrome 6 1265 RR 1.26 0.47 0 0.040

(Random) [0.67, 2.37]

Admission to neonatal intensive care unit 6 1469 RR 0.75 0.07 37 0.770

(Random) [0.55, 1.03]

Birth trauma 3 1047 RR 0.86 0.64 0 0.076

(Random) [0.45, 1.63]

Birth defect 4 1310 RR 0.74 0.33 0 0.770

(Random) [0.41, 1.34]

Preterm birth 6 1499 RR 1.24 0.47 34 0.252

(Random) [0.69, 2.23]

5-min Apgar score < 7 2 933 RD (Random) 0.00 0.37 0 -

[�0.01,0.01]

5-min Apgar score 3 376 SMD �0.11 0.31 0 0.862

(Random) [�0.31,0.10]

Phototherapy 5 1236 RR 0.94 0.71 0 0.043

(Random) [0.67, 1.31]

Neonatal hypoglycaemia 8 1591 RR 0.80 0.07 0 0.568

(Random) [0.62, 1.02]

pH of umbilical-cord blood 5 757 SMD 0.04 0.62 0 0.549

(Random) [�0.11, 0.18]

Shoulder dystocia 6 1373 RR 0.67 0.30 0 0.232

(Random) [0.32, 1.43]

Birth weight (g) 8 1592 SMD �0.05 0.35 0 0.372

(Random) [�0.15,0.05]

Birth weight > 4000 g 7 859 RR 0.81 0.27 6 0.164

(Random) [0.56, 1.18]

Large-for-gestational age infants 6 1499 RR 0.77 0.12 31 0.313

(Random) [0.55, 1.08]

Small-for-gestational age infants 5 1402 RR 0.86 0.50 0 0.021

(Random) [0.56, 1.33]

Head circumference (cm) 2 893 SMD �0.20 0.22 71 -

(Random) [�0.51,0.12]

Arm circumference (cm) 2 748 SMD �0.13 0.56 84 -

(Random) [�0.57,0.31]

Chest circumference (cm) 2 760 SMD �0.20 0.17 64 -

(Random) [�0.49,0.09]

Pregnancy-induced hypertension 3 1110 RR 0.54 0.02 0 0.470

(Random) [0.31, 0.91]

Preeclampsia 6 1329 RR 0.86 0.42 0 0.610

(Random) [0.59, 1.25]

Gestational age at birth (weeks) 7 1392 SMD �0.13 0.02 0 0.927

(Random) [�0.23,-0.02]

Induction of labour 4 1077 RR 0.85 0.14 49 0.312

(Random) [0.68, 1.06]

Assisted vaginal delivery 2 314 RR 1.34 0.42 0 -

(Random) [0.65, 2.75]
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Table 4. (Continued)

Outcome
No. of
studies

No. of
participants

Type of meta-
analysis

Effect estimate
(95% CI) P value I

2
(%)

Egger’s test
(P value)

Caesarean section 7 1392 RR 1.04 0.73 39 0.232

(Random) [0.84, 1.28]

Weight gain (kg) 4 565 SMD �0.36 0.07 80 0.502

(Random) [�0.74, 0.02]

Weight gain after randomization (kg) 4 1067 SMD �0.52 0.00 71 0.735

(Random) [�0.78, �0.25]

Glycated haemoglobin in weeks 36–37 (%) 4 1144 SMD �0.15 0.02 12 0.693

(Random) [�0.28,-0.02]

Fasting glucose from randomization until delivery (mg dl
–1
) 4 1048 SMD 0.03 0.73 39 0.220

(Random) [�0.16, 0.23]

2-h postprandial glucose from randomization until delivery (mg dl
–1
) 4 1048 SMD �0.10 0.32 40 0.063

(Random) [�0.30, 0.10]

Fasting glucose in the first week after randomization (mg dl
–1
) 2 893 SMD 0.05 0.59 28 -

(Random) [�0.13, 0.23]

2-h postprandial glucose in the first week after randomization (mg dl
–1
) 2 893 SMD �0.21 0.00 0 -

(Random) [�0.34,-0.07]

Abbreviations are as follows: CI, confidence interval; RR, risk ratio; SMD, standardized mean difference.
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an increased risk for de novo hypertension during preg-
nancy compared with nondiabetic subjects [30]. There-
fore, the better choice of antidiabetic agents will not
only efficiently control the blood glucose level during
pregnancy, but will also be useful in preventing PIH.
Our meta-analysis revealed that the PIH-related morbid-
ity was lower in the metformin group, which is consistent
with the findings of a previous review [13]. In addition,
the GRADE results were found to be moderate. The data
showed that metformin will prove beneficial for the pre-
vention of GDM in patients with complications of PIH.
This could be attributed to the complex effects of metfor-
min on endothelial functions and the production of reac-
tive oxygen species [31]; additionally, it reduces
endothelial activation and the maternal inflammatory re-
sponse to insulin resistance. Furthermore, some studies
indicate that the lower gestational age at delivery in
the metformin group may account for the lower inci-
dence of PIH. This could be due either to chance or an un-
recognized effect of metformin on the labour process.
However, a lower gestational age at delivery is not asso-
ciated with higher rates of other complications [28]. The
sample sizes of metformin and insulin groups in the pres-
ent study were 553 and 557, respectively. However, only
three studies in our meta-analysis used gestational hyper-
tension as an outcome. Therefore, further studies should
be performed, with a larger sample size, in order to evaluate
the effect of metformin on PIH-related morbidity during
pregnancy. The incidence of preterm birth, perinatal death,
RDS and phototherapy did not differ between the two
groups, and the frequency of preterm births found was con-
sistent with that found in the previous review [13]. However,
the GRADE results of RDS and phototherapy were of ‘low
quality’, and the perinatal death rate was low.
1232 / 80:5 / Br J Clin Pharmacol
Our results for the neonatal outcomes of neonatal
hypoglycaemia and transfer to the NICU were consistent
with the results of previous reviews [13, 32]. The GRADE
result for these parameters was ‘moderate quality’.

Our other findings about the neonatal outcomes were in
accordance with the results of previous reviews [12, 13],
which suggests that, compared with insulin, metformin
does not harm the fetus. Although it is reassuring that the
outcomeswere not worse in themetformin-treatedwomen,
a large proportion of the women randomized to the
metformin group required the addition of insulin to achieve
adequate glycaemic control.

Of the eight RCTs, only the MiG trial assessed follow-
up data. Rowan et al. [28] measured the body composi-
tion of 154 and 164 children whose mothers had been
randomized to the metformin and insulin groups, re-
spectively, when the children were aged 2years. Chil-
dren exposed to metformin had larger measures of
subcutaneous fat but the same overall body fat as those
whose mothers had been treated with insulin alone.
Further follow-up is required to examine whether these
findings persist into later life and whether children ex-
posed to metformin will develop less visceral fat and
be more insulin sensitive. More long-term data on off-
spring outcomes are required to confirm the safety of
metformin use in pregnancy.

The GRADE framework was applied to assess the qual-
ity of evidence for our outcomes. The results showed that
the quality of evidence for RDS and phototherapy was
very low, and for preterm birth and perinatal death was
low. According to the GRADE approach, the rating ‘low’
is ascribed to double-downgraded randomized trials
and ‘very low’ to triple-downgraded randomized trials.
The low quality may be due to: (i) imprecision of the
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results: the RR and 95% CI of the meta-analysis for pre-
term birth and perinatal death were 1.24 (0.69, 2.23)
and 0.34 (0.01, 8.23), and there were no significant differ-
ences between the two groups; and (ii) limitation in the
design, suggesting a likelihood of bias: the sample size
was smaller than the optimal size. Besides, the very low
quality of the evidence obtained for RDS and photother-
apy resulted from a high probability of publication bias,
as indicated by their Egger’s test P values of 0.040 and
0.043, respectively.

The present meta-analysis had several limitations.
Only a few studies fulfilled the inclusion criteria. More-
over, original studies that were not written in English
were not included, which could have resulted in bias.
Conclusion

The present meta-analysis found that, compared with in-
sulin, metformin has similar efficacy and safety in terms
of neonatal hypoglycaemia, the frequency of LGA in-
fants, RDS, phototherapy and perinatal death, but is safer
in terms of PIH incidence in women with GDM. The ad-
vantages of metformin with regard to glycaemic control,
PIH and gestational age at birth are unclear and should
be verified in further trials. Future research, with larger
sample sizes, is needed to assess the maternal and neo-
natal complications of GDM and evaluate the long-term
follow-up data of children born to women with GDM in
order to determine the safety of metformin.
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