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ABSTRACT

Introduction: A network meta-analysis was
conducted to compare and rank the effects of
different glucose-lowering measures on mater-
nal and infant outcomes in pregnant women
with gestational diabetes mellitus (GDM).
Methods: We searched the PubMed, CNKI,
Embase, Cochrane Library, Wanfang, and
Weipu databases for relevant studies published
between database establishment and June 2021.
Study retrieval involved subject-heading and
keyword searches. Randomized controlled trials
(RCTs) with different glucose-lowering treat-
ments for GDM patients were included. The
Cochrane tool was used to assess bias risk.
Pairwise and network meta-analyses were used
to compare and rank the effects of different
hypoglycemic measures on maternal and infant
outcomes in pregnant women with GDM.

Results: We included 41 RCTs involving 6245
pregnant women with GDM. Patients treated
with insulin had a higher incidence of neonatal
intensive care unit (NICU) occupancy (1.3, 95%
CI 1.0–1.7) than those treated with metformin.
The insulin (1.5, 95% CI 1.1–2.1 and 1.8, 95% CI
1.0–3.3) and glyburide (2.0, 95% CI 1.2–3.2 and
2.5, 95% CI 1.1–8.4) groups exhibited higher
incidences of neonatal hypoglycemia and large
for gestational age (LGA) newborns than the
metformin group. The glyburide group exhibited
a lower probability of cesarean section than the
metformin (0.76, 95% CI 0.55–1.0) and insulin
(0.71, 95% CI 0.52–0.96) groups. Preeclampsia
incidence in the diet and exercise groups was
significantly lower than in the metformin (0.19,
95% CI 0.043–0.72) and insulin (0.15, 95% CI
0.032–0.52) groups. No intervention signifi-
cantly reduced the incidences of macrosomia,
preterm birth, gestational hypertension, or res-
piratory distress syndrome (RDS). The ranking
results showed that the metformin group had the
lowest rates of neonatal hypoglycemia, macro-
somia, LGA, and NICU occupancy. The glyburide
group had the lowest NICU occupancy and
cesarean section rates and the highest neonatal
hypoglycemia, LGA, preeclampsia, and gesta-
tional hypertension rates. The diet and exercise
group had the lowest preterm delivery and
preeclampsia rates and the highest NICU occu-
pancy rate.
Conclusion: Metformin is a potentially superior
choice for GDM treatment because it is
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associated with minimal incidences of multiple
adverse pregnancy outcome indicators and does
not lead to high values of certain adverse out-
come indices. Other hypoglycemic agent or diet
groups exhibit high incidences of certain
adverse outcomes. Therefore, when selecting a
GDM treatment strategy, the efficacies and risks
of different treatment programs should be
evaluated according to the scenario in hand.

Keywords: Metformin; Insulin; Glyburide; Diet
and exercise; Gestational diabetes; Maternal
and infant outcome; Randomized controlled
trials

Key Summary Points

Why carry out this study?

In recent years, traditional meta-analyses
have been used to compare the efficacies
and safety of OADs with those of insulin
in the treatment of GDM. However, the
results have been inconsistent due to a
lack of evidence from head-to-head
randomized controlled trials (RCTs).

Network meta-analysis (NMA) uses direct
and indirect data to compare
interventions (e.g., in terms of their
therapeutic effects) and thus identify the
most effective options. Therefore, in order
to further evaluate the effects of different
treatments, including diet and exercise,
OADs, and insulin, on maternal and
infant outcomes for pregnant women
with GDM, we conducted an NMA of
relevant RCTs to elucidate the efficacies
and safety of different treatments and
thus provide better evidence upon which
to base GDM treatment decisions.

What was learned from this study?

Metformin is a potentially superior choice
for GDM treatment because it is associated
with minimal incidences of multiple
adverse pregnancy outcome indicators
and does not lead to high values of certain
adverse outcome indices.

Vitamin D is closely linked to GDM. In the
future, GDM treatment should not only
involve the selection of appropriate
hypoglycemic drugs but should also
account for the role of vitamin D in GDM.

Assisted reproductive technology (ART)
may have an effect on the maternal and
infant outcomes of pregnant women with
gestational diabetes.

INTRODUCTION

Gestational diabetes mellitus (GDM) is defined
as abnormal hyperglycemia or glucose toler-
ance—as identified through oral glucose toler-
ance trials—that first occurs during pregnancy,
usually at 24–28 weeks [1, 2]. It is one of the
most common complications of pregnancy [3].
GDM is a major global public health issue due
to its increasing prevalence in recent years as a
result of changing lifestyles, the increased
average age of pregnant women, and the
prevalence of obesity and type 2 diabetes [4, 5].
In statistics from the International Diabetes
Federation (IDF), GDM prevalence is included
in the hyperglycemia in pregnancy (HIP) data,
which are tallied together with the diabetes in
pregnancy (DIP) data. According to the regional
distribution of diabetes published by the IDF in
2019, the global prevalence of HIP was 15.8%
while the global prevalence of GDM was 12.8%
[6].

Christoph et al. highlighted the influence of
early life events on susceptibility to diseases in
later life, referring to insulin resistance as a
major cause of anthropometric changes at birth
and susceptibility to diseases in later life [7]. In
2019, a study further highlighted the link
between insulin resistance and low birth
weight, suggesting that insulin resistance
increases the incidence of low birth weight,
which leads to an increased risk of neonatal and
infant death and is associated with higher rates
of diabetes, cardiovascular disease, and kidney
disease in adults [8]. Pregnant women with
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GDM have higher insulin resistance, which
increases the incidences of hypertension,
depression, and cesarean section during preg-
nancy as well as their susceptibility to type 2
diabetes mellitus, cardiovascular disease, dys-
lipidemia, and metabolic disorders after deliv-
ery [9–11]. In addition, children of pregnant
women with improperly treated GDM are more
at risk of neonatal hypoglycemia, neonatal
jaundice, macrosomia, and respiratory distress
syndrome (RDS) [12, 13]. Therefore, active
blood glucose control is of paramount impor-
tance for optimizing maternal and infant prog-
noses. Blood glucose control during pregnancy
mainly relies on health intervention, drugs, and
self-monitoring of blood glucose [14]. Cur-
rently, the American Diabetes Association
(ADA), IDF, National Institutes of Health and
Healthcare, and other agencies all recommend
prioritizing diet therapy as a means to achieve
normal blood glucose levels [15–17]. However,
for patients who do not effectively control their
blood glucose through their diet, exercise,
insulin, or oral antidiabetic drugs (OADs) are
needed. Insulin has always been the preferred
treatment for GDM women. Also, multiple daily
injections, the occurrence of hypoglycemia,
increased appetite, and weight gain make it
difficult for many pregnant women to choose
an intervention [18]. In contrast, OADs are
more manageable and less expensive, so they
have emerged as an attractive alternative to
insulin [19]. They are also used as part of rou-
tine GDM treatment according to the latest
treatment guidelines released by the Interna-
tional Diabetes Alliance in 2009. At present,
OADs commonly used in GDM treatment can
be divided into the following three categories:
insulin secretion promoters (e.g., glyburide),
insulin sensitizers (e.g., metformin), and alpha-
glucosidase inhibitors (e.g., acarbose) [20].

In recent years, traditional meta-analyses
have been used to compare the efficacies and
safety of OADs with that of insulin in the
treatment of GDM. However, the results have
been inconsistent due to a lack of evidence from
head-to-head randomized controlled trials
(RCTs). In an early study in 2000, Hellmuth
et al. compared the efficacies of metformin,
sulfonylurea, and insulin in GDM treatment

and found that metformin administration dur-
ing pregnancy potentially increases the preva-
lence of preeclampsia and that of perinatal
mortality. They therefore concluded that treat-
ment of GDM with metformin increases the risk
of adverse maternal and infant events [21].
However, the results of a large RCT published in
2008 demonstrated that metformin alone or
metformin with insulin are safe and effective
treatment options for GDM [22]. Studies have
also found glyburide to be as effective as insulin
at improving blood glucose levels in GDM, but
that glyburide is associated with greater risks of
macrosomia, neonatal hypoglycemia, and low
birth weight [23]. However, another study
found it to be a more effective GDM treatment
than metformin, with lower failure rates [24].
Therefore, the most beneficial hypoglycemic
drug for patients with GDM remains unclear.
Network meta-analysis (NMA) can use direct
and indirect data to compare interventions
(including their therapeutic effects) and thus
identify the most effective options. Therefore,
in order to further evaluate the effects of dif-
ferent treatments, including diet and exercise,
OADs, and insulin, on maternal and infant
outcomes in pregnant women with GDM, we
conducted an NMA of relevant RCTs to eluci-
date the efficacies and safety of different treat-
ment methods and thus provide better evidence
upon which to base GDM treatment decisions.
This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors and therefore ethical
approval was not required.

METHODS

Search Strategy

Using a computer, we retrieved studies from the
PubMed, Chinese Journal Full Text (CNKI),
EMBASE, Cochrane Library, Wan Fan, and Wei
Pu databases for relevant studies published
between the inception of the database and June
2021. Study retrieval involved a combination of
subject-heading and keyword searches. Search
terms included ‘‘gestational diabetes,’’ ‘‘oral
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hypoglycemic drugs,’’ ‘‘oral antidiabetic drugs’’,
‘‘metformin,’’ ‘‘insulin,’’ ‘‘glyburide,’’ ‘‘acarbose,’’
‘‘diet and exercise,’’ and ‘‘maternal and infant
outcomes.’’ The publication type of retrieved
studies was limited to RCTs (with no language
or site restrictions) (Supplementary Table 1).

Inclusion and Exclusion Criteria

Studies included in the NMA met the following
criteria: (1) the subjects were pregnant women
with gestational diabetes diagnosed by various
diagnostic criteria; (2) the study was an RCT; (3)
at least one valid indicator of maternal and
infant outcomes was included (neonatal indi-
cators: neonatal hypoglycemia, macrosomia,
RDS, NICU, LGA, and preterm delivery; mater-
nal indicators: cesarean section, preeclampsia,
gestational hypertension); (4) the efficacies and
safety of different OADs were compared with
the efficacy and safety of insulin or diet and
exercise in pregnant women with GDM.

Exclusion criteria: (1) the design of the study
did not qualify it as a randomized controlled
study (thus excluding reviews, reviews, letters,
and others); (2) the study did not meet the
diagnostic criteria for GDM; (3) patients had
comorbidities such as congenital adrenal
hyperplasia, Cushing’s syndrome, androgen-se-
cretory tumors, hyperprolactinemia, severe
kidney disease, or liver disease; (4) patients had
a previous history of diabetes.

Data Extraction and Quality Evaluation
Two assessors independently searched the
databases to identify the literature according to
the inclusion and exclusion criteria, and, for
each study retrieved, recorded the first author’s
name, the publication year, the country in
which the study was performed, the diagnostic
criteria used for GDM, the interventions
applied, the drug doses used, the demographics
of the study subjects (sample size, average body
mass index, age), and the results (both maternal
and neonatal). The methodological quality of
the study was evaluated in accordance with the
Offset Risk Assessment Tool of the Cochrane
System Evaluator Manual, version 5.1.0. Evalu-
ated aspects included the following: random

sequence generation, hidden distribution con-
cealment, the blinding of subjects and inter-
vention providers, the blinding of result
evaluation, the integrity of the outcome data,
selective result reporting, and other sources of
bias. When there was inconsistency, judgment
was reached through public discussion. In
accordance with the Cochrane Collaboration
Group criteria, we divided the studies into three
categories: (1) low bias risk (low bias risk in all
key areas), (2) unclear bias risk (unclear bias risk
in one or more key areas), and (3) high bias risk
(high bias risk in one or more key areas).

Statistical Analysis

Direct Meta-analysis (DMA)
For DMA, we used the RevMan5.3 software
provided by Cochrane for statistical analysis,
with the relative hazard (RR) and 95% confi-
dence interval (CI) used as the evaluation indi-
ces for the results (represented by the mean
difference and 95% CI). First, heterogeneity was
assessed using the X2 test (a = 0.05), and a
quantitative analysis of I2 for heterogeneity
(I2 C 50%) was conducted. The meta-analysis
was conducted when there was no heterogene-
ity between the research results. When there
was statistical heterogeneity between the
research results, the source of heterogeneity was
analyzed further and the random heterogeneity
model was used after excluding the influence of
obvious clinical heterogeneity. Funnel maps
created using the Stata software were employed
to detect publication bias.

Network Meta-analysis
We performed a Bayesian NMA using R (version
3.3.2) and the STATA 12.0 software. NMA can
combine direct and indirect comparisons to
further analyze the effects of different treatment
options on maternal and infant outcomes for
pregnant women with GDM. The results of the
comparisons were expressed as the RR and its
95% CI. Moreover, we built a network diagram
using the mtc.network ‘‘command of the
gemtc’’ package in the R software. Furthermore,
we calculated the percentage area under the
cumulative ranking (SUCRA) curve to rank the
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different interventions. One intervention had a
higher SUCRA value than the others, indicating
the greater the treatment effect, the lower the
incidence of adverse reactions. A node-splitting
method was used to evaluate the hypothesis of
consistency between direct and circumstantial
evidence. When direct evidence of the results
was consistent with circumstantial evidence
(P[0.05), the consistency model was adopted.

RESULTS

Retrieved Results

Following a predesigned literature retrieval
strategy, 683 articles were retrieved, but this
included 243 duplicate articles. After reviewing
the titles and abstracts, another 375 were
excluded, thus leaving 65 articles in detail. After
further review, some of these articles were
excluded for the following reasons: the studies
in 8 articles did not include clear outcome

indicators, the studies in another 8 articles did
not conform to the RCT study design, the
studies in 4 articles included subjects who did
not meet the GDM diagnostic criteria, and the
studies in 5 articles included subjects with
comorbidities. Finally, we included 41 RCTs
involving a total of 6245 pregnant women with
GDM. The literature screening process and the
results are shown in Fig. 1.

Features Incorporated into the Study

The basic features of the included studies are
shown in Table 1. The included studies were
published between 2000 and 2021, with 15
studies [25–30, 46–53, 63] originating from Asia,
7 from North America [31–35, 57, 58], 7 from
Europe [36–40, 61, 62], 5 from South America
[41–45], 3 from Africa [54–56], and 2 from New
Zealand [59, 60].

For GDM diagnosis, 13 studies adopted the
International Diabetes and Pregnancy Research
Group standards, 7 adopted the World Health

Fig. 1 Flow diagram of the study selection process
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Organization standards, 5 adopted the ADA
standards, 4 adopted the national standards
(Carpenter–Coustan criteria), 3 used the Aus-
tralasian Diabetes in Pregnancy standards, 1
used the National Diabetes Data Group stan-
dards, and 8 did not explicitly specify the
diagnostic criteria applied.

Six interventions were reported in the stud-
ies: metformin, insulin, glyburide, acarbose,
diet and exercise, and metformin plus insulin.
Twenty-two studies investigated metformin vs.
insulin (including clear maternal and infant
outcome indicators), five investigated met-
formin vs. glyburide, ten investigated glyburide
vs. insulin, two investigated diet and exercise
vs. metformin vs. insulin, one investigated
metformin vs. insulin vs. insulin ? metformin,
one investigated metformin vs. insulin ? met-
formin, and one investigated glyburide vs.
insulin vs. acarbose. The initial dose of met-
formin was 0.5–3 g per day; that of glyburide
was 1.25–20 mg per day; and that of insulin was
0.1 IU/kg, with the insulin dosage adjusted
according to the blood glucose concentration.

Quality Evaluation

The quality of the included studies was evalu-
ated, and the results showed that the blinding
of the subjects and intervention providers was

the main source of potential bias (Fig. 2). This
was because blinding was not possible in trials
that used insulin, as insulin and oral hypo-
glycemic agents are administered using com-
pletely different routes. Outcome evaluation
blinding was a second source of potential bias.
However, we believe that such bias was unlikely
to have occurred since the main adverse
maternal and infant outcomes in GDM were
objectively defined, so the effect of outcome
evaluation blinding by evaluators should have
been limited. Incomplete outcome data was a
third source of potential bias, which may have
been due to discrepancies in the number and
causes of missing outcome indicators between
different groups.

Network Evidence Diagram

Figure 3 shows a network evidence diagram that
includes the five interventions addressed in the
NMA: metformin, insulin, glyburide, diet and
exercise, and metformin ? insulin. The size of
the circles is proportional to sample size,the
lines between circles represents direct compar-
ative evidence and the width of the lines is
proportional to the number of trials.

Fig. 2 Bias risk assessment of the RCTs
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Direct Meta-analysis and Network Meta-
analysis Results

Table 2 shows the DMA and NMA results
regarding neonatal and maternal outcomes. The
analytical results for the different outcome
indicators are described in the following
sections.

Infant Outcomes

Neonatal Intensive Care Unit (NICU)
Admission
Twenty-five studies involving 5097 GDM
patients reported the impacts of different
interventions on the incidence of NICU
admission. In the DMA, we observed a higher
incidence of NICU admission in the insulin
group than in the metformin group (1.4, 95%
CI 1.1–1.8). No significant differences were
observed between the remaining interventions.
Similarly, in the NMA, we found a higher inci-
dence of NICU admission in the insulin group
(1.3, 95% CI 1.0–1.7) than in the metformin

group, and no other significant differences
between interventions were obtained.

Neonatal Hypoglycemia
Twenty-eight studies involving 4916 patients
with GDM reported the effects of different
interventions on neonatal hypoglycemia. In the
DMA, we found a higher incidence in the
insulin group than in the metformin group (1.6,
95% CI 1.2–2.3). No significant differences
between the remaining interventions were
observed. In the NMA, we found a higher inci-
dence of neonatal hypoglycemia in both the
insulin (1.5, 95% CI 1.1–2.1) and glyburide (2.0,
95% CI 1.2–3.2) groups than in the metformin
group, with no significant difference between
the insulin and glyburide groups.

Macrosomia
Twenty-eight studies involving 4499 GDM
patients reported the impacts of different
interventions on the incidence of macrosomia
in children. In both the DMA and NMA, none
of the interventions were found to give a sig-
nificant advantage in terms of reducing the
incidence of macrosomia in children.

Large for Gestational Age (LGA)
Ten studies involving 1624 GDM patients
reported the impacts of the interventions on
LGA. In the DMA, none of the interventions
provided a significant advantage in terms of the
incidence of LGA. In the NMA, we found higher
rates of LGA in both the insulin (1.8, 95% CI
1.0–3.3) and glyburide (2.5, 95% CI 1.1–8.4)
groups than in the metformin group, with no
significant difference between the insulin and
glyburide groups. No other significant differ-
ences were observed between the remaining
interventions.

Preterm Birth
Seventeen studies involving 3901 GDM patients
reported the impacts of different interventions
on the incidence of premature birth. In the
DMA and NMA, we found no significant dif-
ferences in prematurity between the metformin,
insulin, glyburide, and diet and exercise groups.

Fig. 3 Network plot of eligible comparisons between
different glucose-lowering strategies. Interventions: A met-
formin, B insulin, C glyburide, D diet and exercise,
E metformin ? insulin
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Table 2 Results of the DMA and NMA for neonatal and maternal outcomes

Outcome Studies
(n)

Participants
(n)

DMA NMA

Effect estimate (95%
CI)

I2

(%)
Effect estimate (95%
CI)

NICU 25 5097

Insulin vs. metformin 16 2891 1.4 (1.1, 1.8) 0 1.3 (1.0, 1.7)

Glyburide vs. metformin 3 421 0.50 (0.20, 1.2) 5 0.89 (0.55, 1.4)

Diet ? exercise vs. metformin 1 153 1.9 (0.27, 13.0) – 1.9 (0.54, 7.6)

Metformin ? insulin vs.

metformin

2 107 2.5 (0.50, 13.0) 66 1.3 (0.45, 3.4)

Glyburide vs. insulin 5 1727 0.84 (0.50, 1.4) 0 0.68 (0.43, 1.1)

Diet ? exercise vs. insulin 1 154 1.9 (0.28, 13.0) – 1.4 (0.41, 5.8)

Metformin ? insulin vs. insulin 1 107 0.65 (0.17, 2.3) 0 0.97 (0.34, 2.6)

Neonatal hypoglycemia 28 4916

Insulin vs. metformin 17 2403 1.6 (1.2, 2.3) 0 1.5 (1.1, 2.1)

Glyburide vs. metformin 5 684 1.3 (0.64, 2.8) 44 2.0 (1.2, 3.2)

Metformin ? insulin vs.

metformin

1 75 3.2 (0.078, 4.7) – 1.1 (0.24, 4.4)

Glyburide vs. insulin 6 1796 1.6 (0.94, 2.7) 42 42 1.3 (0.82, 2.0)

Metformin ? insulin vs. insulin 1 107 0.48 (0.10, 2.2) – 0.70 (0.15, 2.8)

Macrosomia 28 4949

Insulin vs. metformin 15 2487 1.7 (0.93, 3.2) 36 1.5 (0.89, 2.6)

Glyburide vs. metformin 4 484 1.5 (0.43, 5.4) 14 1.8 (0.89, 4.1)

Diet ? exercise vs. metformin 1 153 1.2 (0.046, 31.0) – 2.7 (0.19, 96.0)

Metformin ? insulin vs.

metformin

2 79 3.2 (0.44, 28.0) 53 3.1 (0.45, 24.0)

Glyburide vs. insulin 7 1877 1.3 (0.62, 3.3) 70 1.2 (0.64, 2.5)

Diet ? exercise vs. insulin 1 154 – – 1.8 (0.13, 63.0)

LGA 10 1624

Insulin vs. metformin 6 751 1.6 (0.77, 3.4) 0 1.8 (1.0, 3.3)

Glyburide vs. metformin 1 72 3.0 (0.51, 23.0) 2.5 (1.1, 8.4)

Diet ? exercise vs. metformin 2 401 3.1 (0.76, 13.0) 0 2.4 (0.92, 6.0)

Metformin ? insulin vs.

metformin

2 122 2.6 (0.57, 13.0) 44 1.7 (0.59, 5.7)

Glyburide vs. insulin 2 453 1.4 (0.58, 5.9) 79 1.4 (0.67, 4.2)

Diet ? exercise vs. insulin 2 455 1.3 (0.39, 3.4) 0 1.3 (0.53, 3.1)
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Table 2 continued

Outcome Studies
(n)

Participants
(n)

DMA NMA

Effect estimate (95%
CI)

I2

(%)
Effect estimate (95%
CI)

Metformin ? insulin vs. insulin 1 1107 0.64 (0.13, 3.1) – 0.94 (0.33, 3.2)

Preterm birth 17 3901

Insulin vs. metformin 12 2307 1.4 (0.77, 3.4) 42 1.4 (0.75, 3.1)

Glyburide vs. metformin 2 263 0.45 (0.069, 2.6) 0 1.0 (0.26, 3.6)

Diet ? exercise vs. metformin 2 401 1.8 (0.27, 11.0) 0 0.91 (0.25, 4.3)

Glyburide vs. insulin 2 978 1.3 (0.26, 6.1) 0 0.73 (0.17, 2.3)

Diet ? exercise vs. insulin 2 455 0.45 (0.11, 2.1) 64 0.65 (0.17, 2.7)

RDS 15 3478

Insulin vs. metformin 11 2060 1.3 (0.75, 2.2) 0 1.3 (0.82, 2.2)

Glyburide vs. metformin 1 159 2.2 (0.33, 21.0) 0 1.1 (0.46, 2.6)

Metformin ? insulin vs.

metformin

1 75 3.6 (0.045, 4.8) – 2.1 (0.23, 15.0)

Glyburide vs. insulin 3 1227 0.73 (0.29, 1.7) 0 0 0.82 (0.38, 1.8)

Metformin ? insulin vs. insulin 1 107 1.4 (0.14, 15.0) – 1.6 (0.18, 11.0)

Cesarean section 25 4386

Insulin vs. metformin 16 2374 1.1 (0.89, 1.4) 26 1.1 (0.88, 1.3)

Glyburide vs. metformin 4 484 0.71 (0.43, 1.2) 37 0.76 (0.55, 1.0)

Diet ? exercise vs. metformin 2 401 0.62 (0.32, 1.2) 0 0.75 (0.48, 1.2)

Metformin ? insulin vs.

metformin

1 32 2.2 (0.44, 11.0) - 2.2 (0.45, 11.0)

Glyburide vs. insulin 4 1175 0.74 (0.50, 1.1) 0 0.71 (0.52, 0.96)

Diet ? exercise vs. insulin 2 455 0.80 (0.45, 1.5) 0 0.70 (0.45, 1.1)

Gestational hypertension 8 1852

Insulin vs. metformin 6 1577 1.4 (0.88, 2.6) 0 1.4 (0.89,2.5)

Glyburide vs. metformin 2 263 1.6 (0.58, 5.1) 0 1.6 (0.60, 5.)

Metformin ? insulin vs.

metformin

1 75 0.39 (0.031, 5.1) – 0.43 (0.078, 1.8)

Metformin ? insulin vs. insulin 1 107 0.28 (0.046, 1.7) – 0.30 (0.054, 1.2)

Preeclampsia 14 2612

Insulin vs. metformin 11 1894 1.2 (0.73, 2.1) 0 1.3 (0.82, 2.4)

Glyburide vs. metformin 1 149 1.7 (0.22, 13.) 0 1.9 (0.49, 8.3)
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Respiratory Distress Syndrome (RDS)
Fifteen studies involving 3478 GDM patients
reported the impacts of the interventions on
RDS. We found that none of the interventions
provided a significant advantage in terms of the
incidence of RDS in either the DMA or the
NMA.

Maternal Outcomes

Cesarean Section
Twenty-five studies reported the effects of dif-
ferent interventions on cesarean section inci-
dence in pregnant women with GDM. In the
DMA, there was no significant difference in
incidence between the interventions. In the
NMA, we found the probability of cesarean
section in the glyburide group to be signifi-
cantly lower than those in the metformin (0.76,
95% CI 0.55–1.0) and insulin (0.71, 95% CI
0.52–0.96) groups. No significant differences
between the metformin, insulin, met-
formin ? insulin, and diet and exercise groups
were observed.

Gestational Hypertension
Eight studies involving 1852 GDM patients
reported the impacts of the interventions on
gestational hypertension. We found that none
of the interventions provided a significant
advantage in terms of the incidence of

gestational hypertension in either the DMA or
the NMA.

Preeclampsia
Fourteen studies involving 2612 GDM patients
reported the impacts of the GDM treatments on
the incidence of preeclampsia. We observed no
significant differences between the different
interventions in the DMA. In the NMA, the
preeclampsia risk was significantly lower in the
metformin (0.19, 95% CI 0.043–0.72) and
insulin (0.15, 95% CI 0.032–0.52) groups. No
significant differences between the metformin,
insulin, glyburide, and metformin ? insulin
groups were observed.

SUCRA

NMA can evaluate the best effect of each inter-
vention for different results and sort the inter-
ventions by SUCRA value, with a higher SUCRA
value indicating a better intervention or a lower
incidence of adverse reactions. Table 3 displays
the detailed ranking results. According to
Table 3, the metformin group had the lowest
incidences of neonatal hypoglycemia (84.2%),
macrosomia (88.5%), LGA (94.3%), and RDS
(74.5%). The glyburide group had the lowest
incidences of NICU admission (81.9%) and
cesarean section (82.8%) and the highest inci-
dences of neonatal hypoglycemia (10.3%), LGA

Table 2 continued

Outcome Studies
(n)

Participants
(n)

DMA NMA

Effect estimate (95%
CI)

I2

(%)
Effect estimate (95%
CI)

Diet ? exercise vs. metformin 2 401 0.21 (0.024, 1.9) 0 0.19 (0.043, 0.72)

Metformin ? insulin vs.

metformin

2 107 0.95 (0.13, 6.4) 0 0.58 (0.16, 1.9)

Glyburide vs. insulin 1 64 1.7 (0.40, 7.1) – 1.5 (0.37, 5.9)

Diet ? exercise vs. insulin 2 455 0.20 (0.025, 1.7) 7 0.15 (0.032, 0.52)

Metformin ? insulin vs. insulin 1 107 0.22 (0.013, 4.0) – 0.76 (0.085, 4.6)
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(23.0%), preeclampsia (18.4%), and gestational
hypertension (18.3%). The diet and exercise
group had the lowest incidences of preterm
birth (71.4%) and preeclampsia (97.4%) and the
highest incidence of NICU admission (22.4%).
Furthermore, we found that in the met-
formin ? insulin group, the incidences of
macrosomia, preterm birth, RDS, cesarean sec-
tion, NICU admission, neonatal hypoglycemia,
and LGA were higher than those in the met-
formin-only group and lower than those in the
insulin-only group. However, the incidences of
preeclampsia and gestational hypertension in
the metformin ? insulin group were lower than
those in the metformin and insulin groups.

Publication Bias

Figure 4 displays a comparison-adjusted funnel
diagram. All studies on the funnel map are
symmetrically distributed with respect to the
vertical line X = 0, indicating that there were no
significant small-sample effects or publication
bias.

DISCUSSION

GDM is a particular type of diabetes that has
short- and long-term impacts on pregnant
women with GDM and their offspring.

Therefore, blood glucose control in pregnant
women with GDM is crucial. In addition to diet,
exercise, and subcutaneous insulin injection,
oral hypoglycemic drugs (mainly metformin
and glyburide) are also increasingly used to
control blood glucose in pregnant women with
GDM. A few studies have investigated acarbose
as a GDM treatment, but we identified only one
RCT on the application of acarbose in GDM
treatment (conducted by Bertini [44]). Due to its
small sample size, its use of just a few study
outcome indicators, its long duration, and the
lack of other RCTs with larger sample sizes to
further reduce the heterogeneity in the NMA,
we excluded this study from our network meta-
analysis.

Several studies have compared the above-
mentioned treatments to analyze their impacts
on maternal and infant outcomes for pregnant
women with GDM and thus assess their effica-
cies and safety. However, DMA has mainly been
used to compare the effects of two different
interventions, and few studies have compared
the effects of multiple different glucose-reduc-
tion measures. Therefore, we identified relevant
published RCTs and applied NMA to perform
direct and indirect comparisons of maternal and
infant outcomes in women with GDM (the
infant outcomes included neonatal hypo-
glycemia, macrosomia, RDS, NICU admission,
LGA, and preterm delivery, while the maternal
outcomes included gestational hypertension,
preeclampsia, and cesarean section). The NMA
was designed to elucidate the risks and benefits
of different treatment options to aid clinicians
when they are selecting GDM treatment
strategies.

Metformin, a small molecule, is an oral
hypoglycemic agent that can improve insulin
sensitivity, reduce heterogeneous products of
liver glycogen, and enhance peripheral glucose
intake, thus reducing blood glucose [64]. Met-
formin also stimulates the release of glucagon-
like peptide 1, thereby enhancing insulin
secretion [65]. A study by Eyal et al. [66] found
that metformin concentrations in umbilical
cord blood could even reach maternal levels,
suggesting an ability of metformin to pass
through the placental barrier. Therefore, safety
issues regarding metformin application during

Fig. 4 Comparison-adjusted funnel plot. Points with
different colors represent different interventions. Interven-
tions: A metformin, B insulin, C glyburide, D diet and
exercise, E metformin ? insulin
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pregnancy have attracted considerable atten-
tion. Landi et al. [67] conducted a retrospective
cohort study in which metformin treatment did
not increase the risks of adverse maternal or
neonatal outcomes. However, opinions regard-
ing the effect of metformin for GDM on
maternal and infant outcomes vary. In our
study, both DMA and NMA demonstrated that
metformin reduced the incidences of neonatal
hypoglycemia and NICU admission compared
to insulin, and SUCRA sequencing found that
the incidence of neonatal hypoglycemia was
lowest in the metformin group, consistent with
a previous meta-analysis by Wang et al. [68–72].
Since glucose can pass through the placenta,
high maternal blood glucose leads to increased
fetal glucose levels, resulting in excessive insu-
lin secretion in the fetus. Even though the
mother stops providing glucose after birth,
neonatal insulin levels remain high, predispos-
ing the newborn to neonatal hypoglycemia
[73]. Studies have found that metformin can
better control blood glucose [74] during preg-
nancy than insulin, and that it potentially
reduces the occurrence of neonatal hypo-
glycemia to some extent. Neonatal hypo-
glycemia is also one of the diagnoses most
commonly used to determine whether new-
borns require admission to the NICU. Thus,
metformin reduces the incidence of neonatal
hypoglycemia and reduces NICU occupancy to
some extent. Relevant randomized incidences
of LGA in previous cohort studies
[40, 48, 75, 76] suggest that metformin does not
statistically significantly reduce LGA incidence.
For example, Ainuddin et al. [48] compared
groups treated with metformin, met-
formin ? insulin, and insulin, and found no
statistically significant difference in LGA inci-
dence between the three groups. However, sev-
eral recent meta-analyses suggest that
metformin reduces LGA incidence compared to
insulin therapy for GDM [68–70, 77, 78]. In our
NMA, we also found that the insulin group had
a higher LGA incidence than the metformin
group. SUCRA sequencing results also showed
that the metformin group had the lowest LGA
incidence, followed by the metformin ? insulin
and insulin groups, with the highest incidence
observed in the glyburide group. A study by Yu

on dynamic blood glucose monitoring revealed
that metformin therapy can better control
blood glucose in pregnant women, thus reduc-
ing the incidence of LGA to a certain extent
[79]. DMA and NMA data regarding the inci-
dences of macrosomia, preterm birth, RDS,
gestational hypertension, preeclampsia, and
cesarean section suggest that there is no signif-
icant difference between the metformin and
insulin groups regarding these incidences. This
is consistent with the findings of Bao et al.
[70, 80]. Their meta-analysis results also sug-
gested that there is no statistically significant
difference between the metformin and insulin
treatments in the probabilities of gestational
hypertension, preeclampsia, and cesarean sec-
tion in pregnant women with GDM. However,
Tarry et al. [80] suggested that metformin
increases the risk of macrosomia in offspring,
whereas the study by Wang et al. produced
conflicting results. Their results suggest that
metformin can reduce the incidences of
macrosomia, cesarean section, and gestational
hypertension compared with insulin treatment
in pregnant women with GDM [68, 69]. The
main reason behind the differences between the
results of the analyses may be that the inclusion
and exclusion criteria applied were inconsistent
across studies, leading to certain differences
between the data in the included literature and,
in turn, to differing research results.

Glyburide is a second-generation sulfony-
lurea hypoglycemic agent that stimulates insu-
lin release by binding to the sulfonylurea
receptor on the islet B-cells to reduce blood
glucose.It can also enhance the sensitivity of
surrounding tissue to insulin, thus reducing
blood glucose. There is no unified conclusion
regarding the effect of glyburide on maternal
and infant outcomes in pregnant women with
GDM. In 2019, a meta-analysis conducted by
Guo et al. [69] suggested that neonatal hypo-
glycemia was more common with GDM
patients receiving glyburide than with those
receiving insulin, which is consistent with the
study findings of Poolsup et al. [81, 82]. Jiang
et al. also found that a glyburide group was
more prone to macrosomia. However, this was
not consistent with findings of Amin et al. [83].
Amin et al. found that glyburide did not
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increase the incidences of preterm birth,
neonatal hypoglycemia, and macrosomia. In
our NMA, we found that the glyburide group
was more likely to develop neonatal hypo-
glycemia and LGA than the metformin group,
while no statistically significant differences in
NICU admission, macrosomia, preterm birth,
RDS, and gestational hypertension were
observed. SUCRA sequencing results also
showed that the metformin group had the
lowest incidences of neonatal hypoglycemia
and LGA, while the glyburide group had the
highest incidence. Hebert et al. [84] completed a
study on the pharmacokinetics and pharmaco-
dynamics of glyburide in women with GDM in
2009 and demonstrated that glyburide use
during pregnancy increased the concentration
of the drug in umbilical cord blood in the GDM
group. Furthermore, Melamed et al. [85] asser-
ted that there was insufficient data on the safety
of placental transfer during glyburide treatment
of GDM in pregnant women in early pregnancy,
and there were reports of increased neonatal
morbidity. This seems to explain the apparent
association between glyburide and an increased
incidence of neonatal hypoglycemia. The main
effect of glyburide is to increase insulin secre-
tion, thereby reducing glucose production in
the liver and indirectly improving insulin sen-
sitivity [86]. It enters the fetus through placen-
tal transfer, subsequently causing excessive
insulin secretion in the fetus and potentially
leading to severe post-birth hypoglycemia in
the newborn. Through DMA and NMA, we
found the incidence of cesarean section in the
glyburide group to be significantly lower than
those in the metformin and insulin groups,
while no significant difference in cesarean sec-
tion incidence was observed between the insu-
lin, metformin, and diet groups. SUCRA
sequencing results also showed that the gly-
buride group had the lowest incidence of
cesarean section, while the metformin ? in-
sulin group had the highest incidence. In the
NMA and DMA, no significant statistically sig-
nificant differences between the glyburide and
other groups in NICU admission, macrosomia,
preterm birth, RDS, gestational hypertension,
and other aspects were observed. Although no
statistically significant differences in NICU

admission, macrosomia, premature birth, RDS,
and gestational hypertension were observed
between the glyburide group and the met-
formin and insulin groups, glyburide was
observed to reduce cesarean section incidence.
However, it potentially increases the incidence
of neonatal hypoglycemia, and a diagnosis of
neonatal hypoglycemia is commonly used to
determine whether a newborn requires NICU
admission. Therefore, the clinical feasibility,
advantages, and disadvantages of glyburide
require further confirmation in future RCTs
with larger sample sizes. Furthermore, caution
should be exercised when selecting glyburide to
treat GDM.

OADs (mainly metformin and glyburide) can
also elicit other adverse reactions during preg-
nancy in addition to the general outcomes of
pregnant women with GDM. The most com-
mon adverse reactions associated with met-
formin are gastrointestinal symptoms, such as
nausea, vomiting, and diarrhea. Such adverse
effects decrease over time and are potentially
reduced by decreasing the dose and taking
metformin with food [87]. The most serious
adverse reaction is metformin-associated lactic
acidosis; however, this is rare in patients with
normal liver and kidney function, with only 3
per 100,000 patients affected during metformin
use. Other less common side effects include a
change in taste, elevated liver enzymes, and
skin erythema or urticaria [88]. The main side
effect of glyburide is hypoglycemia; others
include gastrointestinal symptoms and head-
ache, individual patients can suffer from skin
allergies, and reversible changes in the
hematopoietic system are occasionally reported
[89, 90].

Among the several interventions available,
diet and exercise is a special intervention. A diet
and exercise group is generally considered a
good control group for assessing the efficacy
and safety of metformin in GDM treatment. In
several previous observational studies, Balani
et al. [75, 91, 92] found the incidences of
neonatal hypoglycemia, macrosomia, LGA,
cesarean section, and preterm delivery to be
higher in pregnant women with GDM treated
through diet and exercise than in those treated
with metformin. However, in a study by Tertti
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et al. [76], no statistically significant differences
in neonatal weight, macrosomia, LGA, etc.
between a diet and exercise group and met-
formin and insulin groups were observed. In our
DMA and NMA, we found the risks of develop-
ing preeclampsia and gestational hypertension
to be significantly lower in the diet and exercise
group than in the metformin and insulin
groups, while no other significant differences
were noted. SUCRA ranking also demonstrated
that the diet and exercise group had the lowest
incidence of preeclampsia and the highest
incidence of NICU occupancy. On further
analysis, we found that this result might have
been due to the effects of diet and exercise on
weight during pregnancy. On the one hand,
strict diabetes-related diet control and daily
caloric intake limitation potentially mitigate
weight gain during pregnancy to a certain
extent. On the other hand, exercise enhances
the absorption of circulating blood glucose in
muscle tissue. In addition, it increases the
translocation of the insulin-reactive glucose
transporter GLUT4 from intracellular storage to
the cell surface, thus further promoting glucose
intake and reducing weight gain during preg-
nancy [93, 94]. Relevant studies have found that
excessive adipose tissue can affect the produc-
tion of adipokines, driving factors, and cytoki-
nes, which interact with autocrine and
paracrine networks [95–97], thus potentially
leading to vascular endothelial cell damage and
increased the incidences of gestational hyper-
tension and preeclampsia. Furthermore, the
study found that overweight or obese women
showed increased insulin resistance during
pregnancy, which worsened as pregnancy pro-
gressed [20], thus leading to increased blood
pressure. Diet and exercise can reduce weight
gain during pregnancy, insulin resistance to
some extent, and the incidences of gestational
hypertension and preeclampsia. However, we
included only two RCTs on diet and exercise,
which provided minimal data. And diet and
exercise is a common intervention for GDM,
although the diet used and exercise performed
can vary.

In addition to the effects of OADs (met-
formin, glyburide), insulin, and diet and exer-
cise, as discussed above, the role of vitamin D in

gestational diabetes has increasingly been
studied in recent years. In 2017, Karoline sys-
tematically reviewed the physiological role of
vitamin D during pregnancy, the incidence of
vitamin D deficiency during pregnancy, and its
effects on pregnancy-related disorders and off-
spring outcomes [98]. The review noted that
low vitamin D levels in pregnant women are
associated with higher risks of preeclampsia,
gestational diabetes, and other conditions of
pregnancy, as well as a number of other nega-
tive effects, including fetal growth restriction,
an increased risk of preterm birth, and altered
susceptibility to diseases later in life [98]. In
2020, a meta-analysis by Wang et al. found that
vitamin D deficiency was associated with a
higher risk of GDM and negatively associated
with homeostasis model assessment–insulin
resistance index (HOMA-IR) [99], which is con-
sistent with the findings of Rajesh and Xia
[100–102]. Those studies suggest that vitamin D
deficiency may increase the risk of GDM, and
that supplementation during pregnancy may
improve GDM [100–102]. In another meta-
analysis, Wang et al. found that vitamin D
supplementation significantly reduced serum
fasting glucose (FPG) and HOMA-IR in women
with GDM [103]. At the same time, vitamin D
supplementation in pregnant women with
GDM can significantly reduce adverse maternal
outcomes, including cesarean section and
postpartum bleeding, and severe neonatal
complications, including neonatal hyperbiliru-
binemia, macrosomia, fetal distress, and pre-
term birth [103]. The effect of vitamin D on the
incidence of GDM and related pregnancy out-
comes may be closely related to its ability to
reduce insulin resistance in pregnant women.
The results of relevant meta-analyses all suggest
that vitamin D can effectively reduce insulin
resistance [99, 103]. In 2021, Chen et al. also
found a negative association between vitamin D
and insulin resistance in women with vitamin D
deficiency, while the association was not sig-
nificant in men with vitamin D deficiency
[104]. However, the conclusion that vitamin D
has positive effects on the incidence of GDM
and the pregnancy outcomes of GDM pregnant
women has not been unanimously accepted.
Relevant studies have found no significant
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correlation of vitamin D deficiency with the
incidence of GDM and adverse pregnancy out-
comes [105–108]. Therefore, more randomized
controlled trials are needed to check whether
pregnant women with GDM should actively
take vitamin D supplements during pregnancy.
The studies discussed above also show that in
the future, GDM treatments should not only
consider the selection of appropriate hypo-
glycemic drugs but should also pay attention to
the relevant role of vitamin D in GDM.

Another issue that deserves our attention is
how many of the women with GDM included in
our study conceived through in vitro fertiliza-
tion (IVF) rather than naturally. In 2014, a study
identified assisted reproductive technology
(ART) as an important risk factor for GDM,
finding that single-pregnancy women who
underwent ART were twice as likely to develop
GDM as women who conceived naturally [109].
In 2020, a meta-analysis also confirmed that
women who obtained singleton pregnancies
using ATR had a higher risk of GDM compared
to women who obtained singleton pregnancies
spontaneously [110]. At the same time, studies
have found that ART increases the risk of
adverse maternal and infant outcomes, such as
hypertension during pregnancy, intrahepatic
cholestasis, placental abruption, premature
rupture of membranes, postpartum hemor-
rhage, preterm birth, and low birth weight
[111–113]. Therefore, when exploring the
effects of different hypoglycemic measures on
the pregnancy outcomes of pregnant women
with GDM, we should conduct a stratified
analysis of the pregnancy patterns of those
women so as to exclude the effects caused by
different pregnancy patterns. However, when
we extracted the data, we found that most of
the women included in the study had single
pregnancies but it was not clear whether they
conceived naturally or through ART. This is a
limitation of our study. Therefore, in the future,
we need to conduct more randomized con-
trolled trials to further explore the role of
hypoglycemic drugs in pregnant women with
GDM who conceived naturally and in those
who conceived through ART.

A particular advantage of NMA is its ability
to estimate the effects of different interventions

by combining direct and circumstantial evi-
dence. Therefore, we compared the different
GDM treatments using NMA, rather than per-
forming separate meta-analyses of individual
treatments, thus increasing the accuracy of the
estimates. Our study, which involved a com-
prehensive analysis of the current main treat-
ment methods for GDM, incorporated the latest
RCTs and sorted the various treatment results,
meaning that our results provide a detailed and
reliable basis for clinicians to select GDM
treatment options.

However, our study has certain limitations.
First, there there were differences between the
studies included in our meta-analysis in race,
background, and age. Since the ages of the
pregnant women with GDM we included were
all around the average age of a pregnant
woman, it was difficult to perform age stratifi-
cation. Therefore, a randomized controlled trial
involving a larger area and a larger population is
required to perform further analysis. Second,
while we focused on pregnant women with
GDM, different studies included in the meta-
analysis used different diagnostic criteria for
GDM. Third, because insulin and oral hypo-
glycemic drugs are administered via completely
different routes, blinding was impossible, which
was also the main reason for potential bias. As
for the second cause of potential bias—outcome
evaluation blindness, we believe that since the
main adverse maternal and infant outcomes in
GDM were objectively defined, such bias was
unlikely to have occurred; therefore, the effect
of outcome evaluation on outcome blindness
by evaluators should have been limited. Fourth,
differences in administration protocol, types
and doses of drugs, and intervention time
between the studies may have affected the
clinical efficacy. Finally, some research methods
have limitations, and the units of the evalua-
tion indicators differ. However, the conclusions
and limitations of this study may facilitate the
design of new trials.

CONCLUSION

In summary, our findings suggest that met-
formin is associated with minimal incidences of
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multiple adverse outcome indicators and does
not lead to high values of certain adverse out-
come indices. Although the glyburide group
had the lowest rates of NICU occupancy and
cesarean section, it had the highest rates of
neonatal hypoglycemia, large for gestational
age newborns, preeclampsia, and gestational
hypertension. Therefore, more attention should
be directed to glyburide-related adverse effects
in pregnant women with GDM. Moreover, we
found that although the insulin ? metformin
group had lower incidences of preeclampsia and
gestational hypertension than the metformin-
only group, it also had the highest incidences of
multiple adverse outcomes. Therefore, when
selecting a GDM treatment strategy, the effica-
cies and risks of the different treatment pro-
grams should be evaluated according to the
scenario in hand.
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