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Abstract

Aims: This systematic review and meta-analysis assessed the safety and efficacy
of metformin in managing gestational diabetes mellitus (GDM), focusing on ma-
ternal, neonatal and long-term outcomes. While lifestyle changes are first-line
treatment, pharmacological therapy is often required. Insulin, the standard, has
drawbacks including weight gain, neonatal hypoglycaemia and maternal anxi-
ety. Metformin is a promising alternative due to its insulin-sensitizing effects,
but concerns remain about placental transfer and long-term effects on offspring.
Methods: A systematic search was conducted in PubMed and Embase up to 29
August 2024, including randomized controlled trials (RCTs) and follow-up stud-
ies. Primary outcomes were neonatal hypoglycaemia, birthweight and long-term
metabolic outcomes. Study quality was assessed using RoB 2.0 and ROBINS-I.
Data were synthesized using the IVhet model.

Results: Ten RCTs were included. Metformin was associated with a statistically
significant reduction in neonatal hypoglycaemia (OR: 0.65, 95% CI: 0.46-0.92)
and lower birthweight (MD: —68.96g, 95% CI: —108.34 to —29.57). A non-
significant trend towards reduced LGA risk was observed. No significant differ-
ences in prediabetes, diabetes or insulin resistance were found.

Long-term outcomes in children remain uncertain due to limited and heteroge-
neous follow-up data.

Conclusions: Metformin appears safe and effective in GDM management, but
more data are needed on long-term outcomes.
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1 | INTRODUCTION

Gestational diabetes mellitus (GDM) is increasingly
recognized as a significant public health concern, with
rising prevalence rates observed globally. The condi-
tion is characterized by glucose intolerance diagnosed
during pregnancy, leading to a spectrum of complica-
tions for both the mothers and their offspring. Obstetric
complications associated with GDM include hyperten-
sive disorders, such as preeclampsia and an increased
likelihood of caesarean delivery, while neonatal com-
plications may include macrosomia and hypoglycae-
mia.'” Effective management of GDM is crucial to
mitigate these risks and enhance maternal and neonatal
outcomes.

Women with a history of GDM face long-term conse-
quences, such as an increased risk of developing type 2
diabetes (T2D) and cardiovascular diseases, while their
children are at a heightened risk for obesity and metabolic
syndrome later in life.*”’

The implications of GDM extend beyond the post-
partum period, necessitating ongoing surveillance and
preventive strategies for affected families. GDM manage-
ment strategies in pregnancy consist of self monitoring
of blood glucose, and lifestyle modifications including
dietary changes focusing on carbohydrates and increased
physical activity. However, when these interventions fail
to achieve adequate glycaemic control, pharmacological
treatments become necessary. Insulin therapy is com-
monly employed; however, it carries risks such as hypo-
glycaemia, weight gain and potential adverse effects on
maternal mental health, including increased anxiety re-
lated to insulin management.*'° This underscores the
need for alternative treatment options, such as metformin,
which has garnered attention for its efficacy in manag-
ing blood glucose levels during pregnancy. Metformin
enhances insulin sensitivity and reduces hepatic glucose
production, and has been associated with weight reduc-
tion, making it a viable option for many women with
GDM.H_B

While metformin has potential benefits, concerns
about its safety during pregnancy persist. Metformin
crosses the placenta, resulting in comparable maternal
and fetal concentrations. While no teratogenic effects have
been reported, studies indicate that metformin may influ-
ence fetal metabolic programming, with potential long-
term consequences for offspring health. In utero exposure
to metformin has been linked to a greater prevalence of
obesity and increased waist-to-height ratios in children
aged 5-10years. Some studies suggest that while met-
formin may effectively manage blood glucose levels, the
long-term effects on both maternal and offspring health
require further investigation.'**°

What's new?

o Across ten RCTs, metformin use was associated
with a statistically significant reduction in neo-
natal hypoglycaemia and a modest reduction in
birthweight.

« Long-term outcomes for mothers and offspring
remain uncertain due to limited and heteroge-
neous follow-up data.

« Metformin appears to be a safe and effective
treatment for GDM, but further research is
needed to clarify potential long-term metabolic
and developmental effects.

This systematic review and meta-analysis aims to eval-
uate the safety and efficacy of metformin in managing
GDM, focusing on maternal, neonatal and long-term out-
comes for both mothers and their offspring. By incorpo-
rating recent studies, we aim to provide an updated and
comprehensive understanding of the implications of met-
formin therapy during pregnancy, drawing from random-
ized controlled trials (RCTs) and their follow-up studies to
clarify maternal and neonatal outcomes associated with
its use.

2 | METHOD

2.1 | Search strategy

We conducted a systematic review in accordance with
the PRISMA Statement'’ to evaluate the effects of met-
formin on maternal and neonatal outcomes in pregnant
women with gestational diabetes. Using the PICO frame-
work (Population, Intervention, Comparison, Outcome),
(Appendix Table 1), we have structured our analysis as
follows: the population included pregnant women with
GDM, the intervention was Metformin treatment, the
comparison was standard care or placebo, and the out-
comes encompassed both maternal and neonatal health,
with primary outcomes being neonatal hypoglycaemia,
birthweight and long-term maternal and offspring health.
A comprehensive search was performed in PubMed and
Embase (Appendix Table 2) to identify relevant RCTs
and follow-up studies, with search terms including ‘met-
formin’, ‘gestational diabetes’ and ‘maternal outcomes’
(Appendix Table 2). We excluded grey literature (e.g. un-
published studies, conference abstracts, theses) from this
review, as we specifically focused on published RCTs and
their follow-up studies to ensure the highest methodologi-
cal quality. No filters were applied, and all records were

95UB017 SUOLIWOD BAIEa.D) 3(qeat|dde ay) Aq peusenob a1 Ssjoile O ‘8sn JO SN o) Akelq1T8uljuO A3|IM UO (SUONIPUOD-PUB-SWLRIAL0Y A3 1M Alelq | BU1|UO//SANY) SUONIPUOD pUe SWS 1 8 89S [6202/ZT/TE] Uo Arigi78uliu A8|IM ‘€2T0L BWP/TTTT OT/I0p/wWod Ao Im Areig i jeul|uo//sdny wolj pepeojumod ‘0 ‘T6rSyIrT



BRINKMANN ET AL.

imported into Covidence for screening. The review is reg-
istered in PROSPERO 08.16.2024 (ID=CRD42024576698).

2.2 | Selection criteria
We defined the following eligibility criteria for studies to
be included in the review.

2.2.1 | Types of studies

We included RCTs that investigated the use of metformin
during pregnancy, with at least 100 participants rand-
omized in the intervention group, focusing on maternal
and neonatal outcomes. Follow-up studies assessing long-
term outcomes for both mothers and offspring were also
included, if they were based on the RCTs included in this
review.

2.2.2 | Types of participants

Studies were required to involve pregnant women without
pre-existing type 1 or type 2 diabetes, who had not received
any antidiabetic medications other than metformin or in-
sulin during pregnancy and who were in their second or
third trimester receiving metformin specifically for GDM.
We excluded studies involving women with polycystic
ovary syndrome (PCOS) or those treated with systemic
glucocorticoids, as PCOS represents a separate indication
for metformin treatment, often initiated independently
of GDM and potentially during the first trimester, which
could confound the effects of metformin.

223 | Types of outcome measures
We included studies reporting on our primary maternal
outcomes (e.g. hypertensive disorders, pharmacological
treatment for hyperglycaemia, gestational weight gain
and mode of delivery) and primary neonatal outcomes
(e.g. birthweight, large for gestational age [LGA], small
for gestational age [SGA], preterm birth, neonatal hypo-
glycaemia, neonatal death and stillbirth). Long-term out-
comes for both mothers and offspring were considered,
including follow-up studies on metabolic health.
However, several of these outcomes were not re-
ported in the included studies. As the aim was to con-
duct meta-analyses, outcomes needed to be consistently
reported across multiple studies. Consequently, only
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those outcomes with sufficient data were included in
the analysis.

2.3 | Data collection and quality
assessment
2.3.1 | Selection of studies

Two independent reviewers Mathilde Louise Saxdorff
Brinkmann (MLSB) and Nicoline Josefine Krasilnikoff
(NJK) screened the titles and abstracts of all unique cita-
tions to identify potentially relevant studies for full-text
review (Figure 1). Relevant articles were then full text
screened based on inclusion and exclusion criteria cf. 2.2
selection criteria. Disagreements regarding study eligibil-
ity were resolved through discussion until consensus was
achieved. In cases of unresolved disagreement, the opin-
ion of Christina Anne Vinter was sought.

2.3.2 | Data extraction

A standardized data extraction form was created to
collect relevant data from all included studies. Data
extraction was performed independently by two re-
viewers MLSB and NJK using Covidence. The review-
ers compared their findings and resolved discrepancies
through discussion, leading to the creation of a consoli-
dated final form for each study included in the review.
Baseline characteristics were verified to ensure compa-
rability across studies (Appendix Table 5). Additionally,
data for both our primary and secondary outcomes were
extracted.

2.3.3 | Quality assessment

The methodological quality of the included RCTs
was assessed using the Risk of Bias 2.0 (RoB 2.0) tool,
(Appendix Figure 1), which evaluates the risk of bias
across several domains, including randomization,
blinding and outcome reporting. For the follow-up stud-
ies, we employed the Risk of Bias in Non-randomized
Studies-of Interventions (ROBINS-I) tool, (Appendix
Figure 1). The assessment allowed us to categorize each
study as having low, moderate or high risk of bias. In
accordance with recent methodological recommenda-
tions, no studies were excluded from synthesis based
on their risk-of-bias classification. Instead, we applied
the Quality Effects Model, which adjusts study weights
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PubMed (n=1110)
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References removed (n = 777)
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S Duplicates identified manually (n = 26)
1 Duplicates identified by Covidence (n = 751)

Studies screened (n = 2783)

>{ Studies excluded (n = 2690)

v

Studies sought for retrieval (n = 93)

2| Studies not retrieved (n = 2)

v

Studies assessed for eligibility (n = 91)

Screening

A4

Studies included in review (n = 16)

FIGURE 1 Flow diagram of study selection.

based on methodological quality scores. Quality weights
(QWT) were calculated by summing the domain-level
scores from RoB 2.0 (maximum 5) and ROBINS-I
(maximum 7), and RoB 2.0 scores were rescaled to a

>| Studies excluded (n = 75)

N<100 (n =37)

Comment (n =4)

Protocol (n =2)

Wrong outcomes (n = 11)

Wrong comparator (n = 7)
Wrong study design (n = 10)
Wrong patient population (n = 4)

0-7 range (multiplied by 7/5) to ensure comparability.
These QWT scores were entered into the metan module
in Stata (2024 version) for each outcome. Forest plots
based on QWT weighting and the primary analyses prior
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to sensitivity exclusions are presented in the Appendix
Material (Appendix Figures 8-15).

2.4 | Data synthesis

We conducted meta-analyses using the IVhet model in
Stata (metan module, 2024 update), which provides more
accurate error estimates than traditional random-effects
models and avoids underestimating statistical error in the
presence of heterogeneity.'®'® For dichotomous outcomes,
we calculated odds ratios (OR) with 95% confidence inter-
vals. Relative risks (RR) were not used, as ORs are now
considered more appropriate for meta-analytic synthe-
sis in clinical data.® For continuous outcomes, we used
mean differences (MD). To improve clinical interpretabil-
ity, we converted ORs into absolute measures using the
logittorisk module in Stata. This yielded baseline risk (p,),
estimated risk with intervention (p,), risk difference (RD)
and number needed to treat or harm (NNT/NNH), based
on plausible baseline risks derived from the control group.
Heterogeneity was assessed using the I” statistic and its as-
sociated p-value. Small-study effects were evaluated using
the DOI plot and LFK index (doiplot module in Stata).
Where heterogeneity was suspected due to variation in
comparator groups (e.g. placebo vs insulin), we performed
sensitivity analyses excluding such studies and reported
both pooled and sensitivity results. To account for study
quality in the synthesis, we used the Quality Effects model
(qeffect option in metan), weighting studies based on their
rescaled RoB scores, with RoB 2.0 scores (max 5) rescaled
to match ROBINS-I (max 7). All meta-analyses were con-
ducted in Stata 17.

3 | RESULTS

3.1 | Study selection

The systematic review identified a total of 3560 papers
through database searches. After removing 26 duplicates
identified manually and 751 duplicates identified by
Covidence, 2783 unique studies were screened based on
their titles and abstracts. Following this initial screening,
2690 studies were excluded based on title and abstract in
relation to our PICO (Appendix Table 1), leading to 93
studies that were assessed for full-text retrieval. Of these,
2 could not be retrieved, leaving 91 studies assessed for
full-text eligibility. Ultimately, 75 studies were excluded
for various reasons: 37 had fewer than 100 participants,
11 reported on incorrect outcomes according to our crite-
ria, 10 had inappropriate study designs, 4 were comments,
7 had wrong comparators, 4 involved incorrect patient
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populations and 2 were protocols, Consequently, 16 stud-
ies were included in the review, comprising 10 RCTs?' 3
and 6 follow-up studies on RCTs*' 7 (Appendix Table 5).
A flow diagram illustrating this selection process is pre-
sented in Figure 1. Detailed reasons for the exclusion of
full-text articles are provided in Appendix Table 3.

3.2 | Study characteristics

The characteristics of the included studies are summa-
rized in Appendix Table 5. In addition, an appendix table
provides an overview of which maternal and neonatal out-
comes were reported by each study (Appendix Table 4).

3.3 | Risk of Bias and Certainty of
Evidence

The risk of bias was assessed using the Risk of Bias 2.0
(RoB 2.0) tool for RCTs and the ROBINS-I (Appendix
Figure 1) tool for follow-up studies. No studies were ex-
cluded from synthesis based on risk-of-bias ratings.

The certainty of evidence for each outcome was evalu-
ated based on the methodological quality and consistency
of the included studies. For outcomes such as neonatal
hypoglycaemia and LGA, the evidence was rated as mod-
erate, despite the inclusion of some studies with a high
risk of bias. This rating was justified by the consistency
of results across most studies, which strengthened confi-
dence in the findings. In contrast, outcomes such as birth-
weight and maternal insulin sensitivity (HOMA-IR) were
associated with lower certainty of evidence. This was due
to significant heterogeneity and methodological concerns
in certain studies, particularly those identified with a high
risk of bias through RoB 2.0 and ROBINS-I. In addition,
small-study effects were assessed using DOI plots for the
outcomes neonatal hypoglycaemia, LGA, preeclampsia,
maternal diabetes and prediabetes. The LFK indices indi-
cated substantial asymmetry in all cases, suggesting po-
tential small-study bias: neonatal hypoglycaemia (—2.06),
LGA (—2.41), preeclampsia (—2.53), maternal diabetes
(—2.26) and prediabetes (—2.09). These findings are pre-
sented in the appendix material (Appendix Figures 20-22).

3.4 | Meta-analysis results

Meta-analyses were conducted for the primary maternal
and neonatal outcomes using the IVhet model.'***3"~%
Forest plots, pooled effect sizes, heterogeneity measures
and absolute risk conversions are presented below. Where
relevant, sensitivity analyses were performed to assess the
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robustness of the findings and explore the impact of spe-
cific studies.

3.4.1 | Large for Gestational Age

Meta-analysis of five studies assessing the risk of deliv-
ering a large-for-gestational-age (LGA) infant showed a
pooled OR of 0.87 (95% CI: 0.67-1.13), indicating a non-
significant trend towards reduced odds with metformin
compared to insulin (Appendix Figure 2). Heterogeneity
was absent (I°=0.0%, p=0.645). Dunne et al.** was ex-
cluded from the analysis as the comparator was placebo
rather than insulin, making it clinically inconsistent with
the other included studies. Prior to this exclusion, the
pooled OR was 0.77 (95% CI: 0.55-1.08), with heterogene-
ity of I*=37.9%, p=0.154.

To enhance clinical interpretability, absolute effect es-
timates were calculated using the logittorisk module in
Stata. The baseline risk for LGA in the insulin group was
17.7%, and the estimated risk with metformin was 7.9%,
corresponding to a risk difference (RD) of —9.8 percentage
points. This implies that one case of LGA is prevented for
approximately every 10th woman treated with metformin
rather than insulin (number needed to benefit=10.2).

3.4.2 | Neonatal hypoglycaemia
Meta-analysis of nine studies assessing the risk of neona-
tal hypoglycaemia showed a pooled OR of 0.62 (95% CI:
0.40-0.96), indicating a statistically significant reduction
in odds with metformin compared to insulin (Figure 2).
Heterogeneity was moderate (I*=63.8%, p=0.005). Mir
et al.” reported unusually high event rates in the insulin
group, which contributed disproportionately to the pooled
estimate. To assess robustness, a sensitivity analysis was
conducted excluding Mir et al.,*® resulting in a slightly
higher OR of 0.65 (95% CI: 0.46-0.92) with reduced het-
erogeneity (I°=45.4%, p=0.077).

To enhance clinical interpretability, absolute effect es-
timates were calculated using the logittorisk module in
Stata. The baseline risk for neonatal hypoglycaemia in the
insulin group was 14.8%, and the estimated risk with met-
formin was 10.1%, corresponding to a risk difference (RD)
of —4.6 percentage points. This implies that one case of
neonatal hypoglycaemia is prevented for approximately
every 22nd woman treated with metformin rather than
insulin (number needed to treat=22).

Additional estimates across a range of baseline risks are
presented in Appendix Figure 16. For example, assuming
baseline risks of 10%, 20% or 30%, the corresponding risk

Odds Ratio %
Studies (95% CI) Weight
Dunne2023 - 1.07 (0.65, 1.77) 24.13
Eid2018 q 0.63 (0.26, 1.52) 7.89
Ghomain2019 : 0.68 (0.31, 1.48) 10.10
MesdaghiNia2013 c 0.63 (0.27, 1.48) 8.40
Picon-César2021 - 0.69 (0.33, 1.43) 11.37
Rowan2008 - 0.39 (0.20, 0.77) 13.00
Tertti2013 0.97 (0.47, 1.98) 11.95
Wasim2019 - 0.28 (0.14, 0.56) 13.16
Overall, IVhet (I? = 45.4%, p = 0.077) <> 0.65 (0.46,0.92)  100.00

| I

A
Favored Metformin

1 2
Favored Control

FIGURE 2 Forest plot of odds ratio (OR) for neonatal hypoglycaemia, with 95% confidence intervals and study weights. The diamond

represents the pooled estimate.
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differences were —3.3, —6.0 and —8.2 percentage points,
with NNTs of 31, 17 and 12, respectively.

3.4.3 | Birthweight

Meta-analysis of seven studies (excluding Eid et al.,**
due to extreme outlier values) showed that metformin
was associated with a statistically significant reduction
in birthweight compared to insulin, with a pooled mean
difference (MD) of —68.96 g (95% CI: —108.34 to —29.57)
(Figure 3). Heterogeneity was absent (I*=0.0%, p=0.652).
Prior to excluding Eid et al.,”* the pooled mean differ-
ence was —52.3 g (95% CI: —104.6 to 0.0), and heteroge-
neity was moderate (I°=48.1%, p=0.084). The exclusion
of this influential study both increased the precision of
the estimate and eliminated heterogeneity, supporting a
more consistent effect across studies. These findings sug-
gest that metformin may lead to a modest but consistent
reduction in fetal growth compared to insulin in women
with GDM.

3.4.4 | Preeclampsia

A meta-analysis of four studies (excluding Dunne et al.,**
which used placebo instead of insulin) yielded a pooled
OR of 0.66 (95% CI: 0.45-0.97), indicating a statistically
significant reduction in the risk of preeclampsia with
metformin compared to insulin (Appendix Figure 3).
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Heterogeneity was absent (I’=0.0%, p=0.800). Before
excluding Dunne2023, the pooled OR was 0.75 (95%
CIL: 0.50-1.13), and heterogeneity was slightly higher
(I*=14.8%, p=0.320). The exclusion reduced heteroge-
neity and shifted the effect estimate from non-significant
to significant. This suggests that Dunne2023 introduced
clinical inconsistency and statistical imprecision due to its
different comparator. Absolute effect estimates calculated
using logittorisk showed a baseline risk of 9.5% in the in-
sulin group and 8.2% with metformin. This corresponds to
a risk difference of —1.3 percentage points, with a num-
ber needed to treat (NNT) of 75.5, indicating that one case
of preeclampsia may be prevented for every 76th woman
treated with metformin rather than insulin.

Appendix Figure 17 presents a full range of baseline
risk scenarios. For example, at baseline risks of 10%, 15%
and 20%, the risk differences were —3.2, —4.6 and —5.8
percentage points, with corresponding NNBs of 32, 22 and
17, respectively—highlighting increasing absolute benefit
at higher baseline risk levels.

3.4.5 | Total fat percent (DEXA) children and
total fat (DEXA) children

Meta-analysis of three studies reporting on total fat
mass (g) in mid-childhood (7-9 years) showed no statis-
tically significant difference between offspring exposed
to metformin versus insulin in utero. The pooled mean
difference was —437.6 g (95% CI: —2379.5 to 1504.3),

Mean Difference %
Studies (95% Cl) Weight
Dunne2023 *>- : -113.00 (-201.80, -24.20) 19.67
Ghomain2019 * : -94.00 (-184.30, -3.70) 19.02
MesdaghiNia2013 E + -16.00 (-161.52, 129.52) 7.33
Picon-César2021 §¢ -62.37 (-220.97, 96.23) 6.17
Rowan2008 : + -41.00 (-123.61, 41.61) 22.73
Tertti2013 : + 15.00 (-114.87, 144.87) 9.20
Wasim2019 - E -100.00 (-198.80, -1.20) 15.89
Overall, IVhet (I = 0.0%, p = 0.652) <> -68.96 (-108.34, -29.57) 100.00

T T
-200 0 150

Favored Metformin
NOTE: Weights are from Doi's IVhet model

Favored Control

FIGURE 3 Forest plot of mean differences in birthweight, with 95% confidence intervals and study weights. The diamond represents

the pooled estimate.
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Odds Ratio %
Studies (95% ClI) Weight
Rowan2008 —-%—+— 1.66 (0.85, 3.25) 50.98
Dunne2024 - : 0.25 (0.03, 2.26) 4.78
Huhtala2022 > 0.88 (0.37, 2.07) 31.48
Pellonpera2016 : 0.78 (0.20, 2.98) 12.77
Overall, IVhet (12 = 18.2%, p = 0.300) <> 1.13 (0.64, 1.99) 100.00

T T

A

Favored Metformin
NOTE: Weights are from Doi's IVhet model

1 10
Favored Control

FIGURE 4 Forest plot of OR for maternal diabetes, with 95% confidence intervals and study weights. The diamond represents the

pooled estimate.

with substantial heterogeneity (I*=67.9%, p=0.044)
(Appendix Figure 4). Weights were calculated using
Doi's IVhet model. The high degree of heterogeneity was
primarily driven by the Rowan et al.** Auckland cohort,
which differed markedly in maternal baseline charac-
teristics compared to other populations. The same three
studies also reported on total fat percentage. The pooled
mean difference was —0.94 percentage points (95%
CI: —3.39 to 1.52), again showing no statistically sig-
nificant difference between groups. Heterogeneity was
moderate (I*=50.5%, p=0.133) (Appendix Figure 5).
Rowan et al.*® was excluded from both analyses due to
the younger age of offspring at follow-up (2-3years),
which was not comparable to the remaining studies.
In addition, the cohort overlapped with Rowan et al.,*
which reported results separately for the Adelaide and
Auckland sites.

3.4.6 |
outcomes

Maternal metabolic long-term

Meta-analysis of four studies assessing maternal predia-
betes showed a pooled OR of 0.91 (95% CI: 0.71-1.17),
with no heterogeneity (I*>=0.0%, p=0.786) (Appendix
Figure 6). For maternal type 2 diabetes, the pooled OR
was 1.13 (95% CI: 0.64-1.99) with low heterogeneity
(I*=18.2%, p=0.300) (Figure 4). Two studies reported on
insulin sensitivity (HOMA-IR), with a pooled mean differ-
ence of —0.26 (95% CI: —0.62 to 0.10) and no heterogeneity
(*=0.0%, p=0.699) (Appendix Figure 7). No significant
differences were observed in any of the maternal long-
term metabolic outcomes.

Appendix Figure 19 presents a full range of baseline
risk scenarios for maternal prediabetes, at baseline risks
of 10%, 15% and 20%, the risk differences were —0.8, —1.2
and —1.5 percentage points, with corresponding numbers
needed to treat (NNTs) of 122, 86 and 68, respectively. For
maternal type 2 diabetes, Appendix Figure 18, at baseline
risks of 5%, 10% and 15%, the risk differences were + 0.6,
+1.2 and +1.6 percentage points, with numbers needed
to harm (NNHs) of 163, 87 and 62, respectively, indicat-
ing small and uncertain absolute effects across the risk
spectrum.

4 | DISCUSSION

This systematic review and meta-analyses provide evi-
dence suggesting potential benefits of metformin in man-
aging GDM. Specifically, metformin appears to reduce the
risk of neonatal hypoglycaemia and preeclampsia, and is
associated with modest reductions in birthweight when
compared to insulin. However, these findings should be
interpreted cautiously due to the limited number of large,
high-quality studies, imprecision in some effect estimates
and the methodological necessity to exclude certain stud-
ies to reduce heterogeneity. Unlike prior reviews that
combined women with GDM and type 2 diabetes (T2D),
this review focuses exclusively on GDM, enhancing clini-
cal specificity. While the results indicate promising ben-
efits of metformin, particularly in neonatal outcomes,
important gaps remain—especially concerning long-term
maternal and offspring health. Further large-scale, well-
designed studies with diverse populations and longer fol-
low-up are needed to confirm these findings and establish
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the safety profile of metformin as a first-line treatment for
GDM.

4.1 | Comparison with previous
systematic reviews and meta-analyses

Several previous systematic reviews and meta-analyses
have examined the effectiveness of metformin compared
to insulin for managing GDM. These studies consistently
indicate that metformin is a safe and effective alterna-
tive, yielding comparable outcomes in glycaemic control
as well as maternal and neonatal health.****! Balsells
et al.,*? a systematic review and meta-analysis, provided
early evidence supporting metformin's role as a viable al-
ternative to insulin, demonstrating comparable efficacy
when used alone or alongside insulin. Farrar et al.,'* an-
other systematic review and meta-analysis incorporating
newer trials previously excluded from earlier reviews,
reaffirmed metformin's benefits across a spectrum of
pregnancy outcomes, solidifying its acceptance in clini-
cal practice. Butalia et al.* conducted a systematic review
and meta-analysis including both short- and long-term
outcomes of metformin use in pregnant women with
GDM and T2D, suggesting potential metabolic benefits
for offspring exposed in utero. This aligns with findings
from McGrath et al.,** a retrospective case-control study
reporting no significant differences in infant outcomes be-
tween metformin- and insulin-treated mothers. However,
Butalia et al. highlighted that the relatively small number
of T2D patients and limited long-term data prevent defini-
tive conclusions about similarities or differences in treat-
ment effects between GDM and T2D during pregnancy.

In summary, the aggregated evidence from these sys-
tematic reviews and meta-analyses supports the safety
and efficacy of metformin in managing GDM, consistent
with our findings derived from a more focused population
and updated meta-analytic methods.>!>**~*

4.2 | Maternal outcomes

The review has revealed no significant differences in ma-
ternal risks such as prediabetes, type 2 diabetes or post-
partum insulin resistance between metformin and insulin
treatments. All analyses showed no heterogeneity, indi-
cating consistent results across studies. These findings
are consistent with previous systematic reviews,>!*3*
which support metformin's comparable safety profile.
Although metformin was associated with a small absolute
increase in maternal diabetes risk and a negligible reduc-
tion in prediabetes, none of these effects were statistically
significant. This suggests that metformin's postpartum
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metabolic effects are likely modest, and clinically uncer-
tain. The lack of clear benefit on long-term metabolic out-
comes indicates that metformin's main advantages may
lie in treatment convenience and adherence rather than
superior efficacy. While the robustness of the findings is
supported by low heterogeneity, the evidence does not es-
tablish superiority across all maternal subgroups. Future
studies should assess long-term follow-up beyond the
early postpartum period to clarify potential subgroup ef-
fects and better define metformin's role in maternal meta-
bolic health.

4.3 | Neonatal outcomes

Metformin was associated with a significant reduction in
neonatal hypoglycaemia compared to insulin. While the
absolute effect may seem modest, neonatal hypoglycae-
mia is a common and clinically important complication
associated with short- and long-term morbidity, including
the risk of brain injury. This suggests a potentially mean-
ingful benefit, especially in settings with limited neonatal
care resources. This finding aligns with previous meta-
analyses,'>* which have highlighted metformin's poten-
tial to reduce neonatal metabolic complications. However,
sensitivity to the exclusion of Mir et al.®’ indicates that
further validation in diverse populations and clinical con-
texts is warranted. In contrast, the analysis for large-for-
gestational-age infants showed a non-significant trend
towards lower risk with metformin. Although absolute
estimates suggested a reduction, statistical uncertainty
remains, as the confidence interval crossed the threshold
for significance. The exclusion of Dunne et al.,*> which
used placebo rather than insulin, improved clinical con-
sistency across studies. Regarding birthweight, metformin
was associated with a modest but statistically significant
reduction compared to insulin. However, previous find-
ings, including Guo et al.,> have noted inconsistencies in
this outcome, possibly due to confounding factors such as
maternal glycaemic control or population-specific differ-
ences. Future research should aim to standardize outcome
definitions and reporting and further explore neonatal fat
composition and longer term metabolic effects.

4.4 | Offspring body composition and
long-term outcomes

The ability to draw meaningful conclusions regarding
long-term body composition following prenatal met-
formin exposure is limited by both the small number of
available studies and variability across study populations.
Only three studies reported on DEXA-derived outcomes
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in mid-childhood (7-9years), and the pooled results
showed no statistically significant differences in total fat
mass or fat percentage between metformin- and insulin-
exposed offspring. Interpretation is further complicated
by substantial heterogeneity observed for total fat mass,
partly attributable to differences in baseline characteris-
tics in the Auckland subgroup of Rowan et al.*!

4.5 | Strengths and limitations of the
evidence and the review process

By including only RCTs and their follow-up studies, we
aimed to minimize bias and ensure a high level of evi-
dence. A notable strength of our review is the independent
screening performed by two blinded reviewers (MLSB and
NJK), with third-party involvement to resolve any disa-
greements or uncertainties. This independent and blinded
approach strengthened the reliability of our study selec-
tion process. The use of standardized data extraction and
quality assessment tools (RoB 2.0 and ROBINS-I) added to
the reliability of our findings. Moreover, the involvement
of multiple blinded reviewers in data extraction and qual-
ity assessment helped reduce potential bias and improve
the consistency of our results.

To generate pooled estimates, we used the inverse
variance heterogeneity (IVhet) model. This method of-
fers more robust confidence intervals than the traditional
random-effects model and reduces the risk of underesti-
mating uncertainty, particularly in the presence of low
or moderate heterogeneity. This choice was motivated by
current methodological guidance favouring IVhet over
conventional approaches.

Effect estimates were expressed as ORs rather than risk
ratios (RRs), in line with contemporary recommendations
to avoid the statistical limitations associated with RRs in
meta-analytic contexts. To enhance clinical interpretabil-
ity, we used the logittorisk module in Stata to convert ORs
into absolute risk differences (RDs) and numbers needed
to treat or harm (NNT/NNH) across assumed baseline
risks. Small-study effects were explored using the doiplot
module, and findings are reported in the Appendix.

However, several limitations must be acknowledged.
The presence of high-risk bias in some included studies,
particularly regarding missing protocols and incomplete
outcome data, raises concerns about the robustness of
our conclusions. Some studies exhibited a high risk of
bias, which could have introduced reporting biases. For
instance, Mir et al.?® were excluded from the analysis of
neonatal hypoglycaemia due to incomplete outcome data,
which raised concerns about reporting bias. Similarly,
Eid et al.** showed potential signs of selective reporting,
where certain results may not have been fully disclosed.

We set a threshold of >100 patients in RCTs to improve
statistical power and reduce the risk of small-study effects,
aiming for more stable and generalizable treatment esti-
mates. However, this decision may have limited our abil-
ity to capture potentially meaningful effects observed in
smaller trials. Excluding such studies could underestimate
treatment benefits or harms, especially for outcomes with
low event rates or in specific subgroups. It also increases
the risk of selection bias at the review level, as smaller
studies with different findings may be systematically left
out. While this threshold was chosen to prioritize method-
ological rigor, its impact on the comprehensiveness of our
findings should be acknowledged.

Furthermore, the exclusion of grey literature may have
limited our understanding of the broader context of met-
formin use in GDM management, potentially overlooking
relevant insights from unpublished studies. The implica-
tions of our findings are significant for clinical practice
and public health policy. Given the rising prevalence of
GDM and its associated risks, metformin presents a prom-
ising alternative to insulin, particularly for women con-
cerned about weight gain and hypoglycaemia.

The analysis was further complicated by variability in
study populations, treatment protocols and definitions of
outcomes across the included trials. Variations in glycaemic
targets, dosage regimens and maternal baseline character-
istics likely influenced the observed variability in outcomes
such as birthweight and maternal insulin requirements.
These issues have been similarly documented in a review
by Farrar et al.'> emphasizing the need for standardization
and improved methodological rigor in future studies.

4.6 | Implications of guideline variation
for metformin use in GDM

Clinical practice differs due to variation in international
guideline recommendations on metformin for GDM. The
American College of Obstetricians and Gynecologists
(ACOG) and the American Diabetes Association (ADA)
recommend insulin as first-line pharmacological treat-
ment, reserving metformin for women who decline, can-
not afford or cannot safely use insulin; the ADA also
advises caution in women with hypertension, preeclamp-
sia or risk of intrauterine growth restriction. In contrast,
the Society for Maternal-Fetal Medicine (SMFM) and the
National Institute for Health and Care Excellence (NICE)
consider metformin an acceptable first-line option—after
20weeks' gestation—for women with insufficient glycae-
mic control on medical nutrition therapy (MNT). The
International Federation of Gynecology and Obstetrics
(FIGO) also supports its use but outlines scenarios where
insulin is preferred. In our meta-analysis, metformin was
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associated with lower rates of neonatal hypoglycaemia
(OR 0.62, 95% CI 0.40-0.96), modestly reduced birth-
weight (MD —68.96g, 95% CI —108.34 to —29.57) and
lower risk of preeclampsia (OR 0.66, 95% CI 0.45-0.97)
compared with insulin, alongside a non-significant trend
towards fewer large-for-gestational-age births. No differ-
ences were observed in long-term offspring adiposity or
maternal metabolic outcomes, though small-study effects
suggested possible publication bias for some outcomes.

Given the variation across guidelines and the limita-
tions of the current evidence base, findings from this sys-
tematic review may help guide stakeholders in developing
and updating recommendations, but should not dictate
treatment decisions. Clinical management should remain
individualized, considering patient preferences, clinical
context and local resource availability.

4.7 | Future research directions

To address current evidence gaps, future studies should
focus on: (i) Standardizing outcome definitions—particu-
larly for birthweight, gestational weight gain and other
frequently reported end points. Adoption of the recently
developed Core Outcome Set (COS) for reporting of stud-
ies on prevention and treatment of GDM, which includes
14 key short-term maternal and neonatal outcomes, can
improve consistency in reporting and facilitate data syn-
thesis.*® (ii) Designing large-scale, multicentre trials
with diverse populations to improve generalizability. (iii)
Conducting longitudinal studies to assess the long-term
health of mothers and their offspring, including meta-
bolic, developmental and cardiovascular outcomes.

5 | CONCLUSION

This systematic review and meta-analysis provides mod-
erate evidence supporting metformin as a viable treat-
ment option for managing GDM. The findings suggest
that metformin is associated with favourable maternal
and neonatal outcomes, particularly a reduced risk of
neonatal hypoglycaemia, without a significant increase in
adverse maternal effects. These results are consistent with
previous systematic reviews and support metformin as a
potential alternative to insulin therapy.

However, caution is warranted. The evidence on long-
term outcomes remains limited, and variability in key
measures such as birthweight underscores the need for
further investigation. Metformin crosses the placenta and
exposes the fetus to pharmacologically active concentra-
tions, raising important questions about potential long-
term metabolic and developmental effects.

DIABETIC Nl

To enhance the certainty and applicability of findings,
future studies should prioritize the use of standardized
outcome definitions, include larger and more diverse
populations, and assess long-term maternal and offspring
outcomes. While metformin shows promise, a measured
interpretation is essential until more definitive long-term
data become available.
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