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Abstract

Metformin is widely used in pregnancy, despite lack of long-term safety for children.
We hypothesised that metformin exposure in utero is associated with increased cardiovascular
risk. We tested this hypothesis in a follow-up study of children born to obese mothers who had
participated in a randomised controlled trial of metformin versus placebo in pregnancy
(EMPOWaR). We measured body composition, peripheral blood pressure (BP), arterial
pulse wave velocity and central haemodynamics (central BP and augmentation index) using
an oscillometric device in 40 children of mean (SD) age 5.78 (0.93) years, exposed to metformin
(n= 19) or placebo (n= 21) in utero. There were no differences in any of the anthropometric or
vascular measures between metformin and placebo-exposed groups in univariate analyses, or
after adjustment for potential confounders including the child’s behaviour, diet and activity
levels. Post-hoc sample size calculation indicated we would have detected large clinically
significant differences between the groups but would need an unfeasible large number to
detect possible subtle differences in key cardiovascular risk parameters in children at this
age of follow-up. Our findings suggest no evidence of increased cardiovascular risk in children
born to obese mothers who took metformin in pregnancy and increase available knowledge of
the long-term safety of metformin on childhood outcomes.

Introduction

The use of metformin in pregnancy for management of women with diabetes is increasing1

despite growing concern about the lack of long-term safety data of metformin exposure in utero
for children.2,3 Cumulating evidence suggests the potential for adverse cardiometabolic risk.
For example, a meta-analysis of childhood outcomes of exposure to metformin versus insulin
for the treatment of gestational diabetes found thatmetformin-exposed children had lower aver-
age birthweights compared to children exposed to insulin but were significantly heavier in
infancy and had higher body mass index (BMI) in early childhood (aged 5–9 years).4

Likewise, in 5–10 year follow-up of 141 children exposed to metformin versus placebo for
the treatment of polycystic ovary syndrome, children exposed to metformin had a higher
BMI compared to the placebo group.5

Together these findings are consistent with metabolically disadvantageous childhood growth
patterns among children exposed to metformin in utero, but these longitudinal data need
cautious interpretation, as the original studies were not powered to look at childhood outcomes
and are subject to recall bias and small sample sizes. Indeed, recent follow-up of children from
the Metformin in Obese Pregnant Women (MOP) trial (n= 115, aged 3.9 ± 1.0 years,
n= 77(66.96%) in metformin-exposed group) reported no significant difference in body
composition between metformin or placebo groups, apart from lower gluteal and triceps cir-
cumferences in the metformin group.6 The authors also observed lower central haemodynamics
(central blood pressure (BP) and augmentation index) and improved left ventricular diastolic
function in metformin compared to placebo-exposed groups, findings suggesting a potential
cardioprotective effect of metformin. The clinical significance of these small changes is unclear
but highlights a need for more data on follow-up of children exposed to metformin in utero.

We hypothesised that maternal metformin treatment during obese pregnancy would
have adverse effects on childhood cardiovascular risk. We aimed to test this hypothesis by fol-
low-up of children born to mothers who participated in ‘EMPOWaR’ (Effect of metformin on
maternal and fetal outcomes in obese pregnant women), a randomised double-blind, placebo-
controlled trial of the effects of treatment with metformin versus placebo in obese pregnant
women without diabetes.7
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Method

Participants

Participants in the EMPOWaR trial included pregnant women
(BMI ≥ 30 kg/m2; aged ≥16 years) with normal glucose tolerance
who were randomised to receive oral metformin 500 mg daily
(up to 2500 mg) or matched placebo between 12 and 16 weeks’
gestation until delivery. Between October 2017 and October
2019, we approached women who had participated in the two
largest recruitment sites for EMPOWaR, and had given us
permission for future contact, and asked if they would be willing
for their child to take part in a follow-up study. Clinical studies
were conducted at the Royal Edinburgh Hospital for Sick
Children Children’s Clinical Research Facility, Edinburgh and at
the University Hospitals Coventry and Warwickshire NHS
Trust, Coventry. Ethical and management approval were obtained
(References 17/SS/0065 and LL447019) and all participants gave
written informed consent. Both participants and researchers were
blinded to the original treatment allocation.

Clinical protocol

Anthropometry
Children’s height, weight and head circumference were measured
with the child clothed but not wearing shoes. Height and BMI
were calculated as height centile and BMI centile (adjusted
with age, gender and measuring date) according to UK-WHO
standard (www.who.int/childgrowth/en). Body fat composition
was assessed by measuring subscapular, triceps and biceps
skin-fold thicknesses (mm, Harpenden caliper, Baty International,
West Sussex, UK) or mid-arm circumference (cm).

Vascular assessment
BP and vascular stiffness were measured as the average of
three seated measurements over half an hour with an automated
oscillometric device (IEM Mobil-O-Graph 24 Hour Pulse Wave
Analysis System, IEM, Stolberg, Germany), in the lesser preferred
arm using an extra small cuff, after 5 min rest. The device is vali-
dated against invasive and non-invasive gold standards, including
in children.8 In-built pulse wave analysis algorithms (HMS-Client
Server Hypertension Management Software, IEM, Stolberg,
Germany) generate measurements including central measures of
systolic BP (mmHg), diastolic BP (mmHg), mean arterial pressure
(mmHg), heart rate (bpm), pulse pressure (mmHg), pulse wave
velocity (PWV, m/s) and augmentation index (Alx). Three
children found the cuff too uncomfortable to collect good quality
data, leaving data suitable for analyses from 37 (92.5%) children.

Questionnaires
While the child was undergoing the clinical assessments, mothers
completed the Strengths and Difficulties Questionnaire (SDQ),9

Children’s Dietary Questionnaire (CDQ)10 and Family Eating
and Activity Habits Questionnaire (FEAHQ)11 to rate their
children’s behaviour and diet, and their child’s and family eating
and physical activity, respectively.

SDQ is designed to screen the behaviour of children aged
4–17 years old, and the scoring system was validated in a UK
population. It includes 25 items which are divided by five scales:
emotional symptoms (five items), conduct problems (five items),
hyperactivity/inattention (five items), peer relationship problems
(five items) and prosocial behaviour (five items). CDQ is a 28-item
semi-quantitative food-frequency questionnaire developed to

assess the dietary intakes of 4–16-year-old children. It was devel-
oped and is recommended for Western country populations.
It includes four sections: intake of fruit and vegetables, fat from
dairy products, non-core foods (such as peanut butter, pie
and hotdog) and sweetened beverages. FEAHQ is designed to
evaluate the influence of eating and physical activity on the child’s
(aged 6–11 years old) obesity risk and to investigate the association
of family behaviours and child weight. It has four sections: activity
level, stimulus exposure, eating related to hunger and eating style
(e.g., eating while standing at the open refrigerator or from the
pot; while watching TV or doing homework or reading; following
stress (anger, frustration, boredom), and between meals; second
helpings; parental presence when the child is eating).

Statistical analyses

Data were analysed using SPSS version 22 (IBM, New York, USA).
Data distribution was determined by Q–Q plot and histogram
visualisation. Differences betweenmetformin versus placebo-exposed
groups were tested using the Student t-test for continuous variables
and chi-square test for categorical variables. Kruskal–Wallis test
was used for non-parametric data. Multiple regression was used
to test whether there were any differences between vascular
outcomes according to metformin exposure after adjustment for
potential confounders including questionnaire data, maternal
age at delivery, BMI and parity, and offspring sex and age.
A P-value <0.05 was considered statistically significant.

Results

Fig. 1 shows that out of a potential 170 (n= 102 Edinburgh, n= 68
Coventry) participants for recruitment, 112 (65.9%) were uncon-
tactable, including one woman who had died. From the remaining
58 women who were directly contacted by the research team, the
final sample size included 40 children (n= 17 (42.5%) boys, n= 23
(57.5%) girls), representing 69.0% of the contactable women but
only 23.5% of the overall sample.

Characteristics of mothers and children and potential
confounders

Table 1 shows the characteristics of the mothers and their children.
There were no differences in any of the baseline characteristics
between metformin and placebo groups or between participants
and non-participants.

At follow-up, the children were of mean (SD) age 5.78 (0.93)
years. There were no differences in age between children followed
up in Edinburgh or Coventry (5.70 (0.53) vs. 5.92 (0.75), P= 0.26
years). Children in the metformin- and placebo-exposed groups
were of similar age and sex.

There were no differences in children’s behaviour, diet, own
activity levels nor family activity levels between metformin- and
placebo-exposed groups (Supplementary Table S1).

Anthropometry and vascular assessment at follow-up
according to metformin exposure

The majority of children were of normal weight 28 (70%).
Ten (25%) were overweight or obese (n= 4, 10% overweight, n= 6,
15% obese) and 2 (5%) were underweight. Table 2 shows there were
no differences betweenmetformin and placebo groups in any of the
children’s anthropometric or body composition (biceps, triceps,
subscapular skinfold and mid-arm circumference) measurements.
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Table 3 shows there were no differences between metformin
and placebo groups in BP or any of the vascular measurements
in univariate or adjusted analyses.

Using these data in a post-hoc sample size calculation (OpenEpi
Version 3.0), we calculated that with 80% power and alpha 0.05 we
would have detected 0.8 SD difference between means, for example,
1.78 kg/m2 difference in BMI, 6.3 mmHg difference in systolic BP,
but a sample size of 714 per group for BMI and 832 per group for
systolic BP would be required to detect possible subtle differences.

Discussion

In this follow-up study of children born to obese pregnant women
who had participated in a randomised controlled trial, we found no

evidence that metformin exposure in utero influences cardio-
vascular risk at age 4–7 years, with no differences in anthropomet-
ric or vascular measures betweenmetformin- and placebo-exposed
groups.

To our knowledge, the only other available data reporting child-
hood outcomes of exposure to metformin in obese women are
from the MOP trial, which reported no differences in body com-
position other than lower gluteal and triceps circumferences in the
metformin group in children at a younger age of 3.9 years.6 There
are important differences to consider between the two samples
with diverse ethnicity, higher rates of gestational diabetes and
higher dose of metformin used in MOP12 compared with
EMPOWaR7 meaning that the two studies may not be directly
comparable. Of note, there were also marked differences in the

Total poten�al par�cipants
N=170

Edinburgh n=102 Coventry n=68

Direct contact n=32 Direct contact n=26 

Final par�cipants
N=40

Edinburgh n=20
Girl n=11
Boy n=9

Coventry n=20
Girl n=12
Boy n=8

Died n=1

Uncontactable n=69
Uncontactable n=42

Fig. 1. Flow chart.

Table 1. Maternal and child characteristics at baseline

Metformin
N= 19

Placebo
N= 21 *P-value

Rest of cohort
Metformin
N= 207

Rest of cohort
Placebo
N= 202 **P-value

Maternal age (years) 29.21 (5.30) 32.29 (4.81) 0.07 28.60 (5.83) 28.57 (5.05) 0.08

BMI (kg/m2) 38.63 (4.36) 36.49 (4.07) 0.22 37.67 (4.99) 37.82 (5.73) 0.62

Parity (%)

0 10 (52.63) 10 (47.62) 0.75† 69 (33.33) 49 (24.26) 0.02†

1 9 (47.37) 11 (52.38) 138 (66.67) 153 (75.74)

Maternal smoking (%)

Never 17 (89) 16 (76.2) 0.26† 154 (74.40) 163 (80.69) 0.27†

Ever 2 (11) 5 (13.8) 53 (25.60) 39 (19.31)

Offspring sex (%)

Female 11 (57.9) 13 (61.9) 0.79† 96 (46.38) 98 (47.34) 0.60†

Male 8 (42.1) 8 (38.1) 101 (53.62) 102 (52.66)

Gestational age (days) 277.37 (11.00) 280.38 (7.94) 0.32 274.77 (18.83) 274.13 (21.19) 0.36

Birthweight adjusted for GA (g) 3525.01 (413.61) 3519.11 (581.60) 0.97 3488.03 (512.49) 3503.03 (614.39) 0.61

GA, gestational age.
Data aremean (SD) orN (%). (*P-value for differences betweenmetformin vs. placebo participants, all tests are from t-test or Mann–WhitneyU test apart from †P value fromChi square; **P-value
for comparison with the rest of the cohort, all tests are from ANOVA or Kruskal–Wallis test apart from † P value from Chi square).
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maternal characteristics and pregnancy outcomes of the Adelaide
and Auckland populations of children followed up in the
Metformin in Gestational Diabetes trial (MiG-TOFU) at age
7–9 years.13 In the Adelaide subgroup, women randomised to
metformin versus insulin were similar at baseline but had higher
glucose levels and more infants with birthweight >90th percentile.
At 7 years, there were no differences in offspring obesity measures.
In Auckland, at enrollment, women randomised to metformin had
a higher BMI but gained less weight during treatment and offspring
birth measures were similar. At 9 years, metformin offspring were
larger by all obesitymeasures.13 The authors speculated that infants

in the Adelaide group that were exposed to a higher nutrient load
in utero (as measured by higher maternal glucose) were ‘protected’
by metformin, so that they were not more obese as they grew.
In contrast, the Auckland group and follow-up studies of children
exposed to metformin in the context of treatment for gestational
diabetes have demonstrated an adverse effect of metformin expo-
sure on childhood growth patterns, with evidence of fetal growth
restriction (low birthweight) but subsequent increased weight
and BMI in infancy and in early childhood.4 No differences in
birthweight betweenmetformin and placebo groups were observed
in EMPOWaR.

We found no differences according to metformin exposure in
vascular measures including central and peripheral BP, arterial
stiffness, PWV and augmentation index. Our findings are consis-
tent MOP follow-up except for the central haemodynamics, which
were supplemented in MOP by echocardiography data.6 No BP
differences were found in the MiG-TOFU follow-up studies at
age 2 years.14 In follow-up at age 8 years of a trial of metformin
treatment for polycystic ovary syndrome, a trend towards higher
systolic BP in the metformin group than placebo was noted, but
the overall sample size was very small (n= 25).15 As animal models
of metformin exposure in pregnancy suggest a potentially adverse
cardiovascular phenotype,16 additional human follow-up studies
are needed.

The strengths of our study include the original double-blinded
randomised controlled trial design. In this follow-up study, the
participants and researchers remained blinded to treatment group
during the recruitment, data collection and data cleaning prior to
analysis. Thoughwe recruited a small sample, the participants were
representative of the overall trial participants. We conducted the
studies in a clinical research facility environment with highly
trained research nurses skilled at follow-up studies in young
children and data were comparable between the two sites.
We had good data ascertainment and quality with 92.5% of
subjects completing vascular measurements suitable for analyses.
We included questionnaire data on behaviour, diet and physical
activity allowing us to adjust for other potential confounders of
body composition.

The main limitation is the overall small sample size. Although
women had given permission to be contacted for future follow-up
studies, two-thirds of these women were uncontactable. This high-
lights the challenges of attempting a follow-up study in a mobile
population, when this was not part of the original trial design.
In contrast, within the reachable participants, we achieved a
recruitment rate of 69%, suggesting that attrition could have been
limited if we had continued regular contact with women after com-
pletion of the original trial. Future pregnancy trials should consider
steps to maintain up-to-date contact details of participants if there
is any consideration for longer-term child follow-up.17 We consid-
ered opening recruitment to the additional 13 study sites that
participated in EMPOWaR, but were concerned that the potential
small numbers at each site might introduce variability to the
precision of the follow-up measurements. In addition, our post
hoc sample size calculation suggests we would have detected large
clinically significant differences between the groups but would
need an unfeasible large number (three to five times larger
than the overall number of participants in EMPOWaR) to detect
possible subtle differences.

In conclusion, our findings suggest children born to obese
women treated with metformin or placebo during pregnancy
have no differences in body composition or vascular measures
at age 4–7 years. In the EMPOWaR trial, metformin had no effects

Table 2. Demographics of children at follow-up

Metformin
(N= 19)

Placebo
(N= 21) P-value

Age (years) 5.87 (0.89) 5.65 (0.98) 0.46

Height (cm) 117.97 (9.11) 116.95 (9.04) 0.76

Weight (kg) 22.69 (4.33) 23.00 (5.15) 0.84

Sex (%)

Female 11 (57.9) 13 (61.9) 0.74†

Male 8 (42.1) 8 (38.1)

BMI (kg/m2) 16.45 (1.79) 16.75 (2.23) 0.64

BMI centile (%)

Obese (≥91st) 5 (26.3) 5 (23.8) 0.98†

Normal weight (4th–90th) 13 (68.4) 15 (71.4)

Underweight (≤3rd) 1 (5.3) 1 (4.8)

Subscapular skinfold (mm)‡1 7.66 (1.44) 7.28 (1.46) 0.61

Triceps skinfold (mm)‡1 11.82 (3.00) 11.13 (2.12) 0.61

Biceps skinfold (mm)‡1 7.90 (2.19) 7.48 (1.85) 0.67

Mid arm circumference (cm)‡2 19.27 (2.09) 19.44 (2.46) 0.87

Head circumference (cm) 51.55 (1.98) 52.28 (1.41) 0.19

Data are mean (SD) or N (%). All tests are from t-test or Kruskal–Wallis test apart from †P value
from Chi square; ‡1Data obtained from Edinburgh site only; ‡2Data obtained from Coventry
site only.

Table 3. Vascular assessments of children at follow-up

Metformin
(N= 18)

Placebo
(N= 19) P-value

Adj
P-value

Cardiovascular system

Systolic BP (mmHg) 110 (6.6) 111 (7.9) 0.75 0.88

Diastolic BP (mmHg) 65 (5.6) 64 (8.2) 0.58 0.12

cSys (mmHg) 96 (5.7) 96 (7.7) 0.74 0.51

cDia (mmHg) 67 (4.4) 69 (7.5) 0.62 0.53

MAP (mmHg) 85 (5.3) 86 (6.0) 0.90 0.41

Heart rate (bpm) 91 (9.9) 91 (10.0) 0.82 0.75

Pulse pressure (mmHg) 45 (5.5) 48 (9.2) 0.28 0.11

PWV 4.4 (0.2) 4.4 (0.3) 0.76 0.75

Alx (%) 28 (6) 31 (8) 0.29 0.20

Alx, augmentation index; cDia, central diastolic BP; cSys, central systolic BP; PWV, pulse wave
velocity; All tests are from t-test or Kruskal–Wallis. Adj-p-value – adjusted for confounders
including questionnaire data, maternal age at delivery, BMI and parity, and offspring sex
and age.
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on the offspring birthweight and there were also no differences in
gestational weight gain between the metformin and placebo
groups. Indeed, a Cochrane review suggests metformin has no
short-term benefits for use in pregnant women who are obese.18

Our sample is too small to draw definitive conclusions about
the long-term safety profile of metformin. Further follow-up
studies of children exposed to metformin in utero are needed to
increase knowledge on long-term safety.

Supplementary material. For supplementary material for this article, please
visit https://doi.org/10.1017/S2040174421000301
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