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ABSTRACT
Introduction: Antidiabetic drugs (OADs) are
increasingly prescribed to treat hyperglycaemia
during pregnancy in women with gestational
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diabetes mellitus (GDM) or polycystic ovary
syndrome (PCOS), even though long-term
effects on offspring are unknown. This systematic review summarises the evidence of followup studies of randomised controlled trials
(RCTs) reporting on long-term effects of prenatal exposure to OADs on offspring.
Methods: The MEDLINE, EMBASE and CENTRAL databases were searched from inception to
April 2018 for the concepts antidiabetic agents
and prenatal exposure (or pregnancy and offspring/child) in combination with an RCT
search filter. RCTs evaluating post-neonatal
health effects in offspring and comparing
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maternal treatment with an OAD with no
treatment, placebo, an alternative OAD or
insulin during pregnancy were eligible for
inclusion. Two independent researchers selected, extracted and assessed the data. Metaanalyses were performed using a random effects
model and the Cochrane Collaboration’s risk of
bias tool was used for quality assessment.
Results: Ten studies were included, with a
maximal follow-up duration of 9 years, comprising 778 children of mothers with GDM or
PCOS who were randomised to either metformin or insulin/placebo during pregnancy.
Meta-analysis showed that children prenatally
exposed to metformin were heavier compared
to controls (standardised mean difference
(SMD) 0.26 [95% CI 0.11–0.41]), but not taller
(SMD 0.10 [95% CI -0.14–0.33]). Additionally,
offspring body mass index (BMI) z scores did
not differ according to metformin exposure
(mean difference 0.30 [95% CI -0.01–0.61]).
Individual small studies reported that prenatal
exposure to metformin was associated with
greater mid-upper arm, head and waist circumferences, biceps skinfolds, waist-to-height ratio,
more arm fat, higher fasting glucose, ferritin
and lower LDL cholesterol in offspring.
Conclusion: Prenatal exposure to metformin is
associated with increased offspring weight, but
not with height or BMI. Larger follow-up studies
are needed to confirm and look into the implications of these findings.
Plain Language Summary: Plain language
summary available for this article.
Keywords: Cardiometabolic
health;
Child
development; Gestational diabetes; Insulin;
Metformin; Oral antidiabetic drugs; Polycystic
ovary;
Pregnancy;
Prenatal
exposure;
Syndrome; Systematic review

PLAIN LANGUAGE SUMMARY
Women are increasingly overweight and obese
as they enter pregnancy, which means they are
more prone to develop high blood sugars during
their pregnancy. Therefore, more pregnant
women are prescribed medication to lower their
blood sugars. Tablets that lower blood sugar
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could cross the placenta to the baby as it grows
in the mother’s womb. Therefore, it is important to know whether these tablets directly
affect the baby or cause any permanent changes
to the baby’s health. Here, we thoroughly searched the scientific literature for available findings that could help us understand whether
babies whose mothers had taken these tablets
while they were pregnant were in any way different in terms of growth or health as they grew
up. We found 10 studies, including a total of
778 children. Children whose mothers had
taken blood-sugar-lowering tablets while they
were pregnant were heavier but not taller compared to children whose mothers had taken no
tablets, but had injected insulin or taken a mock
tablet (placebo). We could not find enough
studies to help us draw conclusions on any of
the other health effects. In the future, more and
larger studies could help find out more about
other health effects among children of mother
on blood-sugar-lowering tablets. Also, it would
be helpful if we could understand whether the
fact that children are heavier when their
mothers took blood-sugar-lowering tablets
means they are more likely to be obese or to
have chronic disease in later life. In the meantime, our study will help doctors inform pregnant women who need blood-sugar-lowering
tablets.

INTRODUCTION
The global prevalence of gestational diabetes
mellitus (GDM), type 2 diabetes mellitus, polycystic ovary syndrome (PCOS) and metabolic
syndrome (MetS) is rising as the obesity pandemic expands [1]. Oral antidiabetic drugs
(OADs) are increasingly being used in pregnancy to reduce the risk of complications associated with these diseases [2].
The International Diabetes Federation estimated that some form of hyperglycaemia was
present in 16.7% of the pregnancies in 2017 [3].
Dietary and lifestyle adjustments are the first
line of treatment for GDM [2]. In recent years,
the use of OADs as an alternative for insulin as
pharmacological treatment has risen and the
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use of metformin and glibenclamide has been
incorporated in clinical guidelines [4]. OADs are
attractive because of their lower costs and better
compliance due to the oral administration
compared to insulin [5]. The current guideline
of the International Federation of Gynaecology
and Obstetrics advises insulin, glibenclamide
and metformin as effective and safe treatments
when lifestyle modifications are insufficient for
GDM during the third trimester. In this guideline metformin is recommended above other
OADs [2].
The National Institute for Health and Care
Excellence guideline only suggests metformin
as an alternative for insulin and discourages the
use of other OADs [6]. However, the most recent
Cochrane review comparing metformin,
glibenclamide and acarbose did not report any
of the OADs to be superior [7, 8].
Metformin lowers plasma glucose levels by
reducing gluconeogenesis in the hepatocytes. It
inhibits the mitochondrial output of adenosine
triphosphate (ATP) which is needed in multiple
steps of glucose synthesis, and consequently
increases the ratio between adenosine 50 monophosphate and ATP which inhibits lipid
synthesis and increases insulin sensitivity [9].
Recommendations regarding OADs in pregnancy are based on effectiveness and short-term
outcomes, including glycaemic control and
perinatal outcomes. Unlike insulin, some OADs
(including glibenclamide, metformin, tolbutamide and chlorpropamide) cross the placenta
[10, 11]. Metformin concentrations in the
umbilical cord have been found to be similar or
even higher than concentrations in maternal
blood [12, 13]. Meta-analysis of human cohort
studies report no increased risks of major malformations [14, 15]. The placental passage of
OADs can potentially have direct and permanent effects on the foetus’s developing physiology, which in turn could affect the offspring’s
health in childhood and later life [16, 17].
There is no up-to-date overview aggregating
the evidence on the long-term effects of prenatal exposure to OADs on the health of children based on follow-up of randomised
controlled trials (RCTs). Therefore, the aim of
this systematic review is to examine the scientific evidence published to date in RCTs on
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the long-term effects of maternal usage of
OADs during pregnancy on their offspring
compared to non-treatment, placebo, other
OADs or insulin.

METHODS
Study Design
This systematic review was conducted following
the Cochrane Handbook for Systematic Reviews of
Interventions and reported according the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [18, 19].
The review protocol was registered in March
2016, in the international prospective register
of
systematic
reviews
(PROSPERO:
CRD42016032674) (Online Appendix 1).

Data Sources and Searches
A medical information specialist (JL) performed
a systematic search in OVID MEDLINE (including Epub Ahead of Print, In-Process & Other
Non-Indexed Citations), OVID EMBASE and
the Cochrane Central Register of Controlled
Trials (CENTRAL) from inception to 27 April
2018 to identify RCTs on effects of prenatal
exposure to OADs on the offspring. To this end
we searched for controlled terms (i.e. MeSH)
and free text terms for (1) OADs including
metformin and (2) prenatal exposure (or pregnancy and offspring/child) combined with (3) a
search filter adapted from the Cochrane Collaboration to identify RCTs [20]. No language or
date restrictions were applied. ClinicalTrials.gov
was searched to potentially identify trial results
that were not reported elsewhere. We crosschecked the reference lists and the articles citing the identified relevant papers to find additional publications including grey literature.
Finally we searched for systematic reviews to
ensure that no systematic review with a similar
research question was recently published. The
complete search strategies are presented in
Online Appendix 2.
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Study Selection
RCTs that reported on post-neonatal health
effects in offspring and compared maternal
treatment with an OAD with no treatment,
placebo, an alternative OAD or insulin during
pregnancy were considered eligible for inclusion for this systematic review. Non-RCT design
studies, animal studies, studies in an incorrect
population, studies that did not report on outcomes in offspring and studies only reporting
on neonatal outcomes were excluded from this
systematic review. Two authors (VW, WvW)
independently screened all potential articles
and conference abstracts on title and abstract
using COVIDENCE [21]. Disagreements were
resolved by discussion or consulting a third
author (RP). Two authors (VW, WvW) independently screened the full text of all remaining
articles to determine the final selection.
Data Extraction and Quality Assessment
Using a standardised data extraction form (Online Appendix 3), two authors (VW, WvW)
independently performed data extraction. If
data was not presented in the original publication in a way that would allow aggregation or if
relevant outcomes were not reported at all,
authors of the articles were contacted by e-mail.
The Cochrane Collaboration’s tool for
assessing risk of bias was used to assess the
methodological quality of the included studies
[22]. Discrepancies in data extraction and
quality assessment were solved by discussion
and consulting a third author (RP).
Grading of Recommendations Assessment,
Development and Evaluation (GRADE) was used
to assess the strength of the body of evidence
for all outcomes that are included in metaanalysis [23].

Review Manager (RevMan 5.3) [24]. Meta-analyses in which more than two studies could be
included are presented in the results, including
sensitivity analyses for treatment indication.
Outcomes reported at the same age were presented as unadjusted mean values and 95%
confidence intervals (CI). Outcomes reported at
different ages were presented as standardised
mean differences and 95% CI. Heterogeneity
was evaluated using the I2 statistic. If the same
study population was used to report on similar
outcomes at the same age in multiple follow-up
studies, the study with the largest number of
participants was used to report on overlapping
outcomes. If the same outcome was reported at
different ages, the study with the largest number of participants was included in the metaanalysis to increase statistical power to find
differences between the treatment groups. In
case of discrepancy between the reported p values in the original articles and our own analyses, the p values calculated using Review
Manager were reported in this systematic
review.

RESULTS
Literature Search
Of the 305 publications identified in the literature search, ten publications were eligible for
inclusion in this systematic review and six
publications were eligible for meta-analysis
(Fig. 1) [25–34]. Further follow-up studies of the
completed EMPOWaR, MiTy trial and PregMet
trials are planned for the future [35–37]. One
upcoming trial (NCT02947503) comparing
metformin to usual care for GDM was identified
in the trial registry. This trial has planned follow-up of the offspring up to 18 years of age. No
recent systematic review comprising the same
research question was identified.

Data Synthesis and Analysis
Reported outcomes of similar domains were
combined in summary tables (Online Appendix
4). Outcomes that were reported by multiple
studies were included in random-effects metaanalyses using the Inverse Variance method in

Study Characteristics
The ten included studies are follow-up studies
of five RCTs conducted between 2000 and 2010
[37–41]. This article is based on previously
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Fig. 1 Flowchart

conducted studies and does not contain any
studies with human participants or animals
performed by any of the authors. However, all
included studies were approved by an ethical
committee. Characteristics of the women that
participated in the original RCTs are summarised in Table 1. A total of 1360 pregnant
women diagnosed with either PCOS (n = 313)
or GDM (n = 1047) were randomised to an
intervention group that was treated with metformin or a control group that was treated with
placebo [37, 41] or insulin [38–40]. No followup studies were identified of RCTs testing effects
of other OADs than metformin. GDM was
diagnosed before entering the study, and
women were eligible for inclusion if they had
not achieved euglycaemia with dietary and
lifestyle management. The criteria for GDM
varied between the studies, as described in
Table 1. PCOS was diagnosed according to the

revised Rotterdam Criteria [42]. Mean maternal
age at enrolment in the original trials was
31.8 years [95% CI 31.5–32.0]. Mean maternal
body mass index (BMI) at enrolment was
30.5 kg/m2 [95% CI 30.2–30.9]. Characteristics
of the offspring involved in the included studies
are summarised in Table 2. All follow-up studies
were performed between 2004 and 2016. Four
studies included offspring of the MiG trial
[25–27, 33] and two included offspring of the
trial performed by Tertti et al. [30, 31]. Offspring
of both of the original trials performed by
Vanky et al. [37, 41] were included in a total of
three follow-up studies [28, 32, 34]. A total of
778 children, aged 6 months to 9 years, were
included in the follow-up studies. Treatment
with metformin was started between 5 and
34 weeks of gestation and was continued until
delivery. All reported outcomes have been
included in this systematic review.

Type of
treatment

Treatment
indication

Tertti, K. Metformin vs. insulin in
Metformin GDMc
gestational diabetes. A randomized
Insulin
GDMc
study characterizing metformin
patients needing additional insulin [40]

Ijäs, H. Metformin should be considered Metformin GDMb
in the treatment of gestational diabetes: Insulin
GDMb
a prospective randomised study [39]

Vanky, E. Metformin versus placebo from Metformin PCOS
ﬁrst trimester to delivery in polycystic Placebo
PCOS
ovary syndrome: a randomized,
controlled multicenter study [37]

Rowan, J.A. Metformin versus insulin for Metformin GDMa
the treatment of gestational diabetes
Insulin
GDMa
[38]

First author and title of original trial

Table 1 Characteristics of original trials

500–2000
Usual practice

107

Usual practice

50
110

750–2250

1000–2000

138

47

1000–2000

Usual practice

370

135

500–2500

Dose of
metformin
(mg/day) and
dose of
placebo or
insulin

363

Sample
size
(pregnant
women)

N/A

23 (20.9%)

N/A

15 (32%)

3 (2%)

0 (0%)

N/A

32.1 ± 5.4

31.9 ± 5.0

31.7 ± 6.1

32.3 ± 5.6

29.2 ± 4.4

29.6 ± 4.4

33.0 ± 5.1

28.9 ± 4.7

29.4 ± 5.9

30.8 ± 5.4

31.5 ± 6.5

28.5 ± 7.2

29.5 ± 7.0

31.9 ± 7.6

32.2 ± 8.2

Age
Pre- or
(years – SD) early
pregnancy
BMI (kg/
m2 – SD)

168 (46.3%) 33.5 ± 5.4

Number of
women
requiring
additional
insulin

Tertti 2016
[31]

Tertti 2015
[30]

Ijäs 2014 [29]

Hanem 2018
[34]d

Carlsen 2012
[28]

Rowan 2018
[33]

Wouldes 2016
[27]

Rowan 2011
[25]

Battin 2017
[26]

First author
and year of
publication of
follow-up
studies
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Identical as
metformin

850–1700

Dose of
metformin
(mg/day) and
dose of
placebo or
insulin

2 (9%)

0 (0%)

Number of
women
requiring
additional
insulin

28.3 ± 3.7

28.9 ± 4.8

29.3 ± 8.0

32.1 ± 6.1

Age
Pre- or
(years – SD) early
pregnancy
BMI (kg/
m2 – SD)

Hanem 2018
[34]d

Rø 2012 [32]

First author
and year of
publication of
follow-up
studies

b

The diagnostic cut-off values for GDM after overnight fasting were [ 5.4 mmol/L, or [ 6.7 at 2 h postprandial
The diagnostic cut-off values for GDM after a 2-h 75-g oral glucose tolerance test (OGTT) after an overnight fast were C 5.3 mmol/L at 0 h, C 11.0 mmol/L at
1 h and C 9.6 mmol/L at 2 h
c
The diagnostic cut-off values for GDM after a 2-h 75-g oral glucose tolerance test (OGTT) after an overnight fast were C 4.8 mmol/L at 0 h, C 10.0 mmol/L at
1 h and C 8.7 mmol/L at 2 h (up to December 2008), and thereafter C 5.3 mmol/L at 0 h , C 10.0 mmol/L at 1 h and C 8.6 mmol/L at 2 h
d
This is a combined follow-up study [37, 41]

a

22

Placebo

PCOS

18

Metformin PCOS

Sample
size
(pregnant
women)

Vanky, E. Metformin reduces pregnancy
complications without affecting
androgen levels in pregnant polycystic
ovary syndrome women: results of a
randomized study [41]

Treatment
indication

Type of
treatment

First author and title of original trial

Table 1 continued
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Origin of
population and
duration of
follow-up RCT
(years)

Australia, New
Zealand
2009–2011

Australia, New
Zealand
2004–2008

Rowan
2018
[33]

Wouldes
2016
[27]

Ijäs, H. Metformin should be considered in the Ijäs 2014
treatment of gestational diabetes: a
[29]
prospective randomised study [39]

Finland
2007–2011

Norway
2014–2016

Norway
2006–2010

Australia, New
Zealand
2004–2008

Rowan
2011
[25]

Battin 2015 Australia, New
[26]
Zealand
2004–2008

Vanky, E. Metformin versus placebo from ﬁrst Carlsen
trimester to delivery in polycystic ovary
2012
syndrome: a randomized, controlled
[28]
multicenter study [37]
Hanem
2018
[34]a

Rowan, J.A. Metformin versus insulin for the
treatment of gestational diabetes [38]

Name ﬁrst author and article of original trial First
author and
year of
publication

29.5 ± 3.4

52

45
48

Insulin

79

Placebo
Metformin

81

94

Placebo
Metformin

102

46

47

b

b

b

10.7 (5–12)

10.6 (5–12)

30.4 ± 4.1

30.0 ± 4.5

Not
5–12b
given

47

49

20–33

45
Metformin

20–33

52

New
Metformin 64
Zealand Insulin
64

20–33

46

44

Insulin

20–33

56

Metformin 39

Australia

29.9 ± 3.6

62

New
Metformin 45
Zealand Insulin
54

31.6 ± 2

45

51

Insulin

31.3 ± 2.8

30.0 ± 3.3

30.4 ± 3.3

20–33b

c

c

& 6, 12 and
18

& 1 and 4

& 12

27.3 ± 2.4

27.4 ± 2.5

33.6 ± 1.4

33.2 ± 1.9

8.9 ± 0.4e

8.9 ± 0.5e

7.4 ± 1.1e

7.0 ± 1.0e

29.4 ± 3.8

28.7 ± 3.6

29 (22–38)d

20–33b

60

48

56

47.1

48.2

Age of
offspring
(months;
mean – SD)

Gestational age
at
randomisation
(weeks;
mean – SD)

Metformin 58

164

Insulin
Australia

154

87

Insulin
Metformin

83

Number Male
of
(%)
offspring

Metformin

Maternal treatment
during gestation

Table 2 Characteristics of offspring in studies comparing metformin to insulin or placebo
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a

e

d

c

b

This is a combined follow-up study [37, 41]
Range
Mean (range)
Median (range)
In years

Origin of
population and
duration of
follow-up RCT
(years)

Norway
2008–2011

Tertti 2016 Finland
[31]
2013–2014

Tertti 2015 Finland
[30]
2008–2012

Vanky, E. Metformin reduces pregnancy
Rø 2012
complications without affecting androgen
[32]
levels in pregnant polycystic ovary syndrome
women: results of a randomized study [41]

insulin [40]

study characterizing metformin patients
needing additional

Tertti, K. Metformin vs. insulin in gestational
diabetes. A randomized

Name ﬁrst author and article of original trial First
author and
year of
publication

Table 2 continued

12
13

Placebo

27

Insulin
Metformin

25

71

Insulin
Metformin

75

23

67

100

100

46

47

Number Male
of
(%)
offspring

Metformin

Maternal treatment
during gestation

8.2 ± 0.6b
8.1 ± 0.8b

5–12b

60.7 ± 15.4

60.4 ± 17.0

24 (23–24)c

24 (23–24)c

Age of
offspring
(months;
mean – SD)

5–12b

22–34

b

22–34b

30.4 ± 1.8

30.3 ± 2.0

Gestational age
at
randomisation
(weeks;
mean – SD)

Diabetes Ther (2018) 9:1811–1829
1819

1820

Selection Bias
Several studies adjusted for possible selection
bias based on differences in baseline characteristics of the follow-up population. Carlsen et al.
reported body weight adjusted for gestational
age, birth weight, the duration of breastfeeding,
maternal BMI and height, and maternal smoking status. Ijäs et al. reported body weight at
18 months adjusted for maternal pre-pregnancy
BMI. Battin et al. reported blood pressure
adjusted for gestational age, height, weight and
arm measurements. Rowan et al. [25] reported
upper-arm circumference, biceps and subscapular skinfolds adjusted for gestation age,
gender, ethnicity, maternal glucose control
during pregnancy and fat mass and fat-free mass
(FFM) adjusted for height, weight and age.
Wouldes et al. reported Bayley Scales of Infant
Development V.2 (Bayley-II), mental development index (MDI) and psychomotor development index (PDI) adjusted for social
characteristics at birth and follow-up, neonatal
characteristics, offspring age and childhood illnesses at follow-up, and maternal glycaemic
control. Rowan et al. [33] reported unadjusted
results, but noted that adjustments for age,
ethnicity and gender had no influence on their
results.
Multiple Reporting in the Same Population
Three studies evaluated outcomes in offspring
of the MiG trial [38] around the same age
[25–27]. Data on weight and height were overlapping in these studies. Rowan et al. [25]
included the largest number of children, therefore we used this study to report on weight and
height. Hanem et al. reported on anthropometrics of offspring who were also included in
the study by Carlsen et al. and Rø et al., but
these measurements were performed at different ages. Two studies evaluated outcomes in
offspring of the Tertti trial, but the outcomes of
interest did not overlap.
Unpublished Data
Ijäs et al. provided unpublished data on BMI
and gender at 6, 12 and 18 months. We used the
‘WHO child growth standards’ and associated

Diabetes Ther (2018) 9:1811–1829

LMS technique to calculate BMI standard deviation scores (SDS) for this population [43].
Anthropometric Measurements
Results on anthropometrics and body composition are summarised in Tables S1 and S2 of the
electronic supplementary material (Online
Appendix 4).
Body Weight
Seven studies reported on body weight
[25, 28, 29, 31–34] of which five studies with a
total of 684 children could be included in a
meta-analysis (Fig. 2) [25, 28, 29, 31, 32]. Metformin-exposed offspring had a higher body
weight compared to insulin/placebo-exposed
offspring (standardised mean difference (SMD)
0.26 [95% CI 0.11–0.41]). The included studies
showed low heterogeneity (I2 = 0%, P = 0.40).
Ijäs et al. reported no differences in body
weight at 6 months of age (8.28 ± 0.99 vs.
7.93 ± 0.99 kg; P = 0.071), but a statistically
significant higher body weight was reported at
12 and 18 months of age in the metformincompared
to
insulin-exposed
offspring
(10.47 ± 1.49 vs. 9.85 ± 1.26 kg; P = 0.038 and
12.05 ± 1.87 vs. 11.32 ± 1.45 kg; P = 0.04).
Similar results at age 18 months were found
when adjusted for maternal pre-pregnancy BMI.
Carlsen et al. reported a statistically significantly higher body weight at 12 months of age
in the metformin- compared to placebo-exposed offspring (10.2 ± 1.2 vs. 9.7 ± 1.1 kg;
P = 0.003). Rowan et al. [25] reported no significant difference in body weight at 2 years of
age between the metformin- and insulin-exposed offspring (14.3 ± 2.1 vs. 14.0 ± 2.2 kg;
P = 0.18). Hanem et al. reported a significantly
higher SDS for body weight at 4 years of age in
the metformin- compared to the placebo-exposed offspring (0.44 [95% CI 0.22–0.66] vs.
0.06 [95% CI -0.16–0.28]; P = 0.017). Tertti
et al. [31] reported no difference in body weight
in boys at 5 years of age between the metforminand
insulin-exposed
offspring
(21.2 ± 5.2 vs. 20.2 ± 4.9 kg; P = 0.61). Rø et al.
reported no differences in body weight at
8 years of age between the metformin- and
placebo-exposed offspring (32.3 ± 5.2 vs.

Diabetes Ther (2018) 9:1811–1829
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Fig. 2 Forest plot of meta-analysis on mean body weight

Fig. 3 Mean difference in weight (kg) per age (years) (metformin vs. control) *P \ 0.05; aonly boys
32.8 ± 7.9 kg; P = 0.85). Rowan et al. [25]
reported a significantly higher body weight at
9 years of age in the metformin- compared to
the insulin-exposed offspring in the subgroup
born in New Zealand (37.0 ± 12.6 vs.

32.7 ± 7.7 kg; P = 0.049). These differences
were not found in the Australian subgroup at
age 7. The mean differences in weight at all
reported ages is chronologically displayed in
Fig. 3.
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Fig. 4 Forest plot of meta-analysis on mean height
Height
Six studies reported on height [25, 29, 31–34] of
which four studies with a total of 624 children
could be included in a meta-analysis for height
(Fig. 4) [25, 29, 31, 34]. No difference was found
in height between the metformin- and insulin/placebo-exposed offspring (SMD 0.10 [95%
CI -0.14–0.33]). The included studies showed
moderate heterogeneity (I2 = 47%, P = 0.13).
Ijäs et al. reported no differences in height at 6
and 12 months of age, but a significantly greater
height was reported at 18 months of age in the
metformin- compared to insulin-exposed offspring (83.9 ± 3.6 vs. 82.2 ± 3.1 cm; P = 0.023).
Rowan et al. [25] reported no difference in
height at 2 years of age between the metforminand insulin-exposed offspring (90.7 ± 4.9 vs.
91 ± 4.8 cm; P = 0.68). Hanem et al. reported
no differences in height at 4 years of age
between the metformin- and insulin-exposed
offspring (SDS 0.18 [95% CI -0.03–0.38] vs.
0.11 [95% CI -0.10–0.32]; P = 0.651). Tertti
et al. [31] reported no differences in height in
boys at 5 years of age between those exposed to
metformin or insulin (112.5 ± 10.1 vs.
112.3 ± 10.4 cm; P = 0.95). Rø et al. reported
no differences in SDS for height at 8 years of age
between the metformin- and placebo-exposed
offspring (0.75 ± 0.77 vs. 0.65 ± 0.56 cm;

P = 0.79). Rowan et al. [33] reported no differences in height between the metformin- and
insulin-exposed offspring in the New Zealand
subgroup at 9 years of age (137.5 ± 7.4 vs.
135.4 ± 6.6; P = 0.13) and Australian subgroup
at 7 years of age (124.5 ± 5.2 vs. 124.5 ± 5.0;
P = 0.99).
Body Composition
Six studies reported on body composition
[25, 29, 31–34] of which three studies with a
total of 300 children could be included in a
meta-analysis for BMI SDS scores [29, 31, 34].
No difference was found in SDS for BMI
between the metformin- and placebo/insulinexposed offspring (0.30 [95% CI -0.01–0.61];
P = 0.06) (Fig. 5). For Ijäs et al.’s study, offspring
at the age of 18 months were included in this
meta-analysis. The studies showed low heterogeneity (I2 = 25%, P = 0.26). Ijäs et al. reported
no difference in mean head circumference or
ponderal index ( Weight ðkgÞ 3 ) at 6, 12 and
Height ðmÞ
18 months of age between the metformin- and
insulin-exposed offspring. Rowan et al. [25]
reported a significantly higher mid-upper arm
circumference (17.2 ± 1.5 vs. 16.7 ± 1.5 cm;
P \ 0.01) and biceps skinfolds (6.0 ± 1.9 vs.
5.6 ± 1.7 mm; P = 0.05) at 2 years of age in the

Fig. 5 Forest plot of meta-analysis on BMI standard deviation scores

Diabetes Ther (2018) 9:1811–1829

metformin- compared to insulin-exposed offspring. No difference in chest, waist, head and
hip circumferences, triceps and subscapular
skinfolds and outcomes of the bioimpedance
analysis and dual energy x-ray absorptiometry
(DEXA) scans was reported. Hanem et al.
reported a significantly higher head circumference at 1 year of age (47.0 [95% CI 46.7–47.2]
vs. 46.5 [95% CI 46.3–46.8] cm; P = 0.026) and a
significantly higher SDS for BMI at 4 years of age
(0.49 [95% CI 0.25–0.72] vs. 0.04 [95% CI
-0.20–0.28]; P = 0.010) in the metformincompared to the placebo-exposed offspring.
Tertti et al. [31] reported no difference in waistto-hip circumference ratio in boys at 5 years of
age between the metformin- and insulin-exposed offspring (0.92 ± 0.05 vs. 0.91 ± 0.08;
P = 0.32). Rø et al. reported no difference in SDS
for waist-to-height ratio at 8 years of age
between the metformin- and placebo-exposed
offspring
(0.88 ± 0.03
vs.
0.89 ± 0.05;
P = 0.53). No differences in outcomes of the
DEXA scans were reported. Rowan et al. [33]
reported a significantly higher mid-upper arm
circumference (23.0 ± 4.3 vs. 21.2 ± 2.9 cm;
P = 0.02), waist circumference (69.1 ± 12.2 vs.
64.2 ± 8.4 cm; P = 0.04), waist-to-height ratio
(0.51 ± 0.08 vs. 0.47 ± 0.05; P = 0.02) and arm
fat (1568 ± 801 vs. 1285 ± 534 g; P = 0.047) at
9 years of age in metformin- compared to insulin-exposed offspring, in the New Zealand subgroup. These differences were not found in the
Australian subgroup at age 7.
Sensitivity Analyses
The results of the sensitivity meta-analyses for
treatment indication are reported in Online
Appendix 4. The meta-analysis including three
studies [25, 29, 31] reporting on offspring of
women with GDM showed that metformin-exposed offspring had a higher body weight (SMD
0.20 [95% CI 0.02–0.39]; P = 0.03) in comparison to insulin-exposed offspring, but no difference was found for height or BMI SDS scores.
The meta-analysis including two studies [28, 32]
reporting on offspring of women with PCOS
showed no difference in weight between metformin- and placebo-exposed offspring. Only
one study [34] reported on height and BMI SDS
scores in offspring of PCOS women, therefore
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no sensitivity meta-analysis was performed for
these outcomes. Sensitivity analyses for gender
as planned in the study protocol (Online
Appendix 1) could not be performed because of
a lack of data published separately for boys and
girls.
Cardiometabolic Health Parameters
Results of biochemical outcomes and blood
pressure are summarised in Table S3 of the
electronic supplementary material (Online
Appendix 4).
Biochemical Outcomes
Rø et al. reported a significantly higher fasting
glucose at 8 years of age in the metformin
compared to placebo exposed offspring
(4.93 ± 0.31 vs. 4.60 ± 0.35 mmol/L; P = 0.02)
and a significant lower LDL cholesterol
(2.42 ± 0.69 vs. 2.99 ± 0.46 mmol/L; P = 0.02)
[32]. No differences in glucagon levels, insulin
levels, c-peptide, HDL cholesterol, total cholesterol, triglycerides, leptin, ghrelin, plasminogen
activator inhibitor-1 (PAI-1), resistin, visfatin,
HOMA-IR, HOMA-b and QUICKI were reported.
Rowan et al. [33] reported a significantly higher
ferritin level at 9 years of age in metformincompared to insulin-exposed offspring in the
New Zealand subgroup (52 [95% CI 40–70] vs.
40 [95% CI 28–59) lg/L; P \ 0.01]. No other
differences in fasting glucose, HbA1c, insulin
resistance, lipids, transaminases, leptin and
adiponectin were reported in the New Zealand
subgroup. Only fasting glucose was measured in
the Australian subgroup and was not different
between the metformin- and insulin-exposed
offspring [33].
Blood Pressure
Battin et al. reported no difference in blood
pressure at 2 years of age between the metformin- and insulin-exposed offspring, but only
reported this in a graph [26]. Rø et al. reported a
trend towards higher systolic blood pressure at
8 years of age in the metformin- compared to
placebo-exposed
offspring
(106 ± 6
vs.
101 ± 7 mmHg; P = 0.05) and no difference in
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diastolic
blood
pressure
65 ± 3 mmHg; P = 0.65) [32].

(66 ± 7

vs.

Social-, Motor- or Neurodevelopment
Results on social-, motor- or neurodevelopment
are summarised in Table S4 of the electronic
supplementary material (Online Appendix 4).
Ijäs et al. reported no difference in results for
the motor-, social- and linguistic development
at 18 months of age between the metforminand insulin-exposed offspring [29]. Tertti et al.
[30] reported no difference in Bayley Scales of
Infant and Toddler Development (Bayley-III)
scores and the Hammersmith Infant Neurological Examination at 2 years of age between the
metformin- and insulin-exposed offspring [30].
Wouldes et al. reported no differences in MDI
(Bayley-II) in children from New Zealand
(83.6 ± 15.2 vs. 86.9 ± 16.0) and Australia
(102.5 ± 16.5 vs. 98.4 ± 16.6) at 2 years of age
between the metformin- and insulin-exposed
offspring, with a combined P value of 0.87. In
addition, no differences in PDI in children from
New Zealand (83.4 ± 13.8 vs. 85.2 ± 14.8) and
Australia (105.6 ± 11.5 vs. 99.9 ± 17.2) was
reported, with a combined P value of 0.38 [27].
Testicular Volume
Results on testicular volume are summarised in
Table S5 of the electronic supplementary material (Online Appendix 4).
Tertti et al. [31] reported no difference in SDS
for left or right testicular volume, measured with
a orchidometer (Left: 1.81 ± 0.4 vs. 1.78 ± 0.3,
P = 0.74; Right: 1.84 ± 0.6 vs. 1.80 ± 0.4,
P = 0.86), ultrasonography (Left: 0.93 ± 0.3 vs.
0.86 ± 0.3, P = 0.40; Right: 0.89 ± 0.4 vs.
0.87 ± 0.3, P = 0.92) and a ruler (Left:
1.72 ± 0.53 vs. 1.60 ± 0.43, P = 0.50; Right:
1.74 ± 0.74 vs. 1.67 ± 0.45, P = 0.90), when
comparing boys of 5 years of age between the
metformin- and insulin-exposed offspring [31].
Quality Assessment
The quality assessment, including explanations
of the authors’ judgement, and risk of bias

Fig. 6 Risk of bias graph: ? low risk, ? unclear, - high
risk
graph of included studies are shown in Fig. 6
and Table S6 of the electronic supplementary
material (Online Appendix 4). We did not see
any relation between study quality and the
direction of the outcomes. The quality of the
evidence that was included in the meta-analyses
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for body weight, height and BMI SDS scores was
‘moderate’ based on GRADE. The corresponding
GRADE table is reported in Online Appendix 5
[23].

DISCUSSION
We performed a systematic review of RCTs
comparing the long-term outcomes of children
who were prenatally exposed to OADs with
insulin or placebo during gestation. Our search
could only identify studies on metformin, since
there are no follow-up studies of RCTs including
children exposed to other OADs during gestation. Meta-analyses showed an increased body
weight in children who were prenatally exposed
to metformin. A trend that did not achieve
statistical significance was found for higher BMI
SDS scores in metformin-exposed offspring as
well. Other outcomes, including other measures
of body composition, neurodevelopmental
outcome and of cardiometabolic health, were
not consistently affected, or investigated by
single studies. The finding of increased weight is
in line with an animal study showing that a
high-fat diet in mice exposed to metformin
during gestation led to increased body weight in
the offspring [44]. In these mice, metformin
exposure in utero led to increased gene expression of Insig-1, associated with lipogenesis and
adiposity [44]. Since metformin reduces lipogenesis in hepatocytes, this suggests a permanent
compensatory upregulation of genes that
increase lipogenesis [9]. These programming
effects resemble those that are seen in undernutrition during gestation that lead to longterm metabolic effects [45]. Elevated plasma
glucose, which was present in mice exposed to
metformin in utero, was also reported in the
study by Ro et al. [32]; however, this was a small
study and these effects were not confirmed in
the much bigger sample of Rowan et al. [33].
Similar to the study in mice, children in Ro et al.
were exposed to metformin in early pregnancy,
whereas in Rowan et al. [33] this exposure was
started in the second trimester. Hence, the
timing of in utero metformin exposure could be
a possible explanation for the discrepancy in
these findings. Scant observational evidence in
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human populations found no indications of
long-term health effects in the offspring OAD
exposure in pregnancy. The prospective cohort
study by Glueck et al. found no effect of metformin exposure in utero on weight or height at
birth or adverse effects on growth or social and
motor development of 109 children to mothers
with PCOS in comparison to normative data for
US girls and boys [46]. An increased body
weight during childhood has been associated
with increased risks of adult obesity and poorer
cardiometabolic health [47–49]. However, the
difference in weight between the treatment
groups in our studies is small, and these children do not seem to differ from the normal
population; hence the normal BMI z scores.
Therefore, it is difficult to assess the implications of this finding without longer follow-up
data on clinical outcomes. The available evidence is too limited to draw firm conclusions on
whether the impact of exposure to metformin
on offspring depends on dosage, duration and
timing during the course of pregnancy [50]. In
the RCTs including women with PCOS, metformin was started during the first trimester and
dosages were fixed. Whereas, in RCTs including
women with GDM, dosage of metformin was
based on titration according to the degree of
maternal hyperglycaemia, and was started in
the second half of pregnancy. Treatment indication or time of exposure does not seem to
explain the effects found on offspring weight,
since follow-up studies of both PCOS RCTs
(metformin treatment initiated in early pregnancy) as well as GDM RCTs (metformin treatment initiated in mid-pregnancy) reported
heavier offspring in the metformin group as
well as no differences between the metformin
and insulin groups. The same trend was found
in the sensitivity analysis with PCOS trials
comparing metformin to placebo, but probably
as a result of the decrease in number of included
children this was not statistically significant
(N = 221) [28, 32]. The sensitivity meta-analysis
including only GDM trials comparing metformin to insulin did result in a higher weight
in the metformin group compared to insulin
(N = 263) [25, 29, 31]. Although our systematic
review found that some indications of poorer
cardiometabolic health were more prevalent
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after allocation to metformin, it is important to
consider that our results were based on a limited
number of heterogeneous studies with a small
number of children in some of the studies. The
control treatment varied according to the indication of treatment, respectively placebo in
PCOS and insulin treatment in GDM women.
Furthermore, all studies investigated exposure
to metformin as OAD on outcomes in childhood; hence, we are unable to draw conclusions
concerning other widely used OADs or whether
the effects may lead to adult cardiometabolic
disease. A major problem of long-term followup studies is bias due to selective attrition, but
there are no clear criteria or cut-off points to
grade attrition as low or high risk of bias [51]. If
studies reported considerable attrition but performed statistical adjustments for differences in
baseline characteristics of both mother and
child, risk of attrition bias was scored ‘low’.

CONCLUSIONS
On the basis of this systematic review, there is
evidence suggesting increased offspring weight
in childhood after maternal metformin use during gestation. The clinical implication of this
finding remains unclear, since we do not have
evidence on whether a minor effect on weight in
these metformin-exposed children increases
their risks of metabolic diseases like obesity,
insulin resistance or diabetes in adolescence and
later life. Heathcare providers and patients
should be aware that OADs are increasingly prescribed in pregnancy without solid evidence on
long-term effects on offspring. For current and
future trials investigating the use of OADs in
pregnancy, it is important to include long-term
offspring follow-up to enable us to firmly conclude on the safety of OAD use in pregnancy and
its programming effects.
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30. Tertti K, Eskola E, Rönnemaa T, Haataja L. Neurodevelopment of two-year-old children exposed to
metformin and insulin in gestational diabetes
mellitus. J Dev Behav Pediatr. 2015;36(9):752–7.
31. Tertti K, Toppari J, Virtanen HE, Sadov STR. Metformin treatment does not affect testicular size in
offspring born to mothers with gestational diabetes.
Rev Diabet Stud. 2016;13(1):59–65.
32. Rø TB, Ludvigsen HV, Carlsen SM, Vanky E.
Growth, body composition and metabolic profile of
8-year-old children exposed to metformin in utero.
Scand J Clin Lab Invest. 2012;72(7):570–5.
33. Rowan JA, Rush EC, Plank LD, et al. Metformin in
gestational diabetes: the offspring follow-up (MiG
TOFU): body composition and metabolic outcomes
at 7–9 years of age. BMJ Open Diabetes Res Care.
2018;6(1):e000456.
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