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Summary
Background Although metformin is increasingly being used in women with type 2 diabetes during pregnancy, little 
data exist on the benefits and harms of metformin use on pregnancy outcomes in these women. We aimed to 
investigate the effects of the addition of metformin to a standard regimen of insulin on neonatal morbidity and 
mortality in pregnant women with type 2 diabetes.

Methods In this prospective, multicentre, international, randomised, parallel, double-masked, placebo-controlled trial, 
women with type 2 diabetes during pregnancy were randomly assigned from 25 centres in Canada and four in Australia 
to receive either metformin 1000 mg twice daily or placebo, added to insulin. Randomisation was done via a web-based 
computerised randomisation service and stratified by centre and pre-pregnancy BMI (<30 kg/m² or ≥30 kg/m²) in a 
ratio of 1:1 using random block sizes of 4 and 6. Women were eligible if they had type 2 diabetes, were on insulin, had 
a singleton viable pregnancy, and were between 6 and 22 weeks plus 6 days’ gestation. Participants were asked to check 
their fasting blood glucose level before the first meal of the day, before the last meal of the day, and 2 h after each meal. 
Insulin doses were adjusted aiming for identical glucose targets (fasting glucose <5·3 mmol/L [95 mg/dL], 2-h 
postprandial glucose <6·7 mmol/L [120 mg/dL]). Study visits were done monthly and patients were seen every 
1–4 weeks as was needed for standard clinical care. At study visits blood pressure and bodyweight were measured; 
patients were asked about tolerance to their pills, any hospitalisations, insulin doses, and severe hypoglycaemia events; 
and glucometer readings were downloaded to the central coordinating centre. Participants, caregivers, and outcome 
assessors were masked to the intervention. The primary outcome was a composite of fetal and neonatal outcomes, for 
which we calculated the relative risk and 95% CI between groups, stratifying by site and BMI using a log-binomial 
regression model with an intention-to-treat analysis. Secondary outcomes included several relevant maternal and 
neonatal outcomes. The trial was registered with ClinicalTrials.gov, NCT01353391.

Findings Between May 25, 2011, and Oct 11, 2018, we randomly assigned 502 women, 253 (50%) to metformin and 
249 (50%) to placebo. Complete data were available for 233 (92%) participants in the metformin group and 240 (96%) in 
the placebo group for the primary outcome. We found no significant difference in the primary composite neonatal 
outcome between the two groups (40% vs 40%; p=0·86; relative risk [RR] 1·02 [0·83 to 1·26]). Compared with women in 
the placebo group, metformin-treated women achieved better glycaemic control (HbA1c at 34 weeks’ gestation 
41·0 mmol/mol [SD 8·5] vs 43·2 mmol/mol [–10]; 5·90% vs 6·10%; p=0·015; mean glucose 6·05 [0·93] vs 6·27 [0·90]; 
difference –0·2 [–0·4 to 0·0]), required less insulin (1·1 units per kg per day vs 1·5 units per kg per day; difference 
–0·4 [95% CI –0·5 to –0·2]; p<0·0001), gained less weight (7·2 kg vs 9·0 kg; difference –1·8 [–2·7 to –0·9]; p<0·0001) 
and had fewer caesarean births (125 [53%] of 234 in the metformin group vs 148 [63%] of 236 in the placebo group; 
relative risk [RR] 0·85 [95% CI 0·73 to 0·99]; p=0·031). We found no significant difference between the groups in 
hypertensive disorders (55 [23%] in the metformin group vs 56 [23%] in the placebo group; p=0·93; RR 0·99 [0·72 to 1·35]). 
Compared with those in the placebo group, metformin-exposed infants weighed less (mean birthweight 3156 g [SD 742] 
vs 3375 g [742]; difference –218 [–353 to –82]; p=0·002), fewer were above the 97th centile for birthweight (20 [9%] in the 
metformin group vs 34 [15%] in the placebo group; RR 0·58 [0·34 to 0·97]; p=0·041), fewer weighed 4000 g or more at 
birth (28 [12%] in the metformin group vs 44 [19%] in the placebo group; RR 0·65 [0·43 to 0·99]; p=0·046), and 
metformin-exposed infants had reduced adiposity measures (mean sum of skinfolds 16·0 mm [SD 5·0] vs 17·4 [6·2] 
mm; difference –1·41 [–2·6 to –0·2]; p=0·024; mean neonatal fat mass 13·2 [SD 6·2] vs 14·6 [5·0]; p=0·017). 30 (13%) 
infants in the metformin group and 15 (7%) in the placebo group were small for gestational age (RR 1·96 [1·10 to 3·64]; 
p=0·026). We found no significant difference in the cord c-peptide between groups (673 pmol/L [435] in the metformin 
group vs 758 pmol/L [595] in the placebo group; p=0·10; ratio of means 0·88 [0·72 to 1·02]). The most common adverse 
event reported was gastrointestinal (38 events in the metformin group and 38 events in the placebo group).

Interpretation We found several maternal glycaemic and neonatal adiposity benefits in the metformin group. Along 
with reduced maternal weight gain and insulin dosage and improved glycaemic control, the lower adiposity and 
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Introduction
In the past 20 years, the prevalence of type 2 diabetes in 
pregnancy has more than doubled,1 driven primarily by a 
younger age of onset2 and by an increasing prevalence of  
maternal obesity.3 Pregnant women with type 2 diabetes 
are often from Black, Hispanic, Asian, and Indigenous 
ethnic groups; typically have overweight or obesity; and 
are often economically disadvantaged.4 Pregnant women 
with type 2 diabetes are at high risk for adverse pregnancy 
outcomes including increased rates of pre-eclampsia and 
caesarean section in mothers, and congenital anomalies, 
perinatal mortality, preterm birth, being large for 
gestational age, and neonatal intensive care unit (NICU) 
admissions in infants,1,4 and achieving optimal glucose 
control is challenging.4 These women often require high 
insulin doses,5 which are uncom fortable, costly, and 
associated with increased gestational weight gain, which 
might further contribute to large-for-gestational-age 
infants and increased perinatal morbidity.3 Thus, an 
urgent unmet need exists to identify the optimal 
management for this at-risk population.

Metformin is a biguanide, which is commonly used as 
first-line therapy in the management of type 2 diabetes, 
but the drug’s role during pregnancy remains 
controversial.6 Potential theoretical benefits include 
reduction in glucose and insulin resistance, lowered 
insulin requirements, and reduced maternal weight gain. 
Metformin crosses the placenta7 and might also lower 
glucose and insulin resistance in the fetus, leading to 
reductions in the number of infants who are large for 
gestational age and other fetal morbidities, such as 
neonatal hypoglycaemia8 and respiratory distress 
syndrome, and pregnancy loss. However, because fetal 
metformin concentrations are similar or higher than 
those in the mother,7 potential safety concerns exist. Some 
studies of women with gestational diabetes have found 
increased overweight or obesity in metformin-exposed 
children.9 Pregnant women with type 2 diabetes are 
increasingly prescribed metformin despite insufficient 
knowledge of the drug’s short-term and long-term effects.10

Five small studies of metformin use in women with 
type 2 diabetes in pregnancy have been reported,11–15 with 

infant size measurements resulted in fewer large infants but a higher proportion of small-for-gestational-age 
infants. Understanding the implications of these effects on infants will be important to properly advise patients 
who are contemplating the use of metformin during pregnancy.

Funding Canadian Institutes of Health Research, Lunenfeld-Tanenbaum Research Institute, University of Toronto.

Copyright © 2020 Elsevier Ltd. All rights reserved.

Research in context

Evidence before this study
We searched MEDLINE for articles published before 
March 7, 2020, with no language restrictions. We used the 
search terms “diabetes mellitus or diabetes” AND, “pregnancy” 
OR “pregnancy in diabetics”, AND “metformin” AND 
“randomized controlled trial”. We identified five small studies, 
two of which examined neonatal outcomes. One study showed 
reduced maternal hypoglycaemia, neonatal hypoglycaemia, 
and neonatal intensive care unit (NICU) admissions in the 
metformin group, and the other showed reduced pregnancy-
induced hypertension, gestational weight gain, neonatal 
hypoglycaemia, and NICU admissions. However, these studies 
were limited by methodological issues, including small sample 
sizes, insufficient appropriate allocation assignment, masking, 
and intention-to-treat analysis. Thus, little evidence exists to 
guide clinicians on the use of metformin as an adjunct to insulin 
in women with type 2 diabetes in pregnancy.

Added value of this study
To our knowledge, this is the first large, adequately powered, 
multicentre, international, double-masked, placebo-controlled 
trial in women with type 2 diabetes during pregnancy, randomly 
assigned to the addition of metformin or placebo to their 
standard regimen of insulin. We found no significant difference 
between groups in the primary composite outcome of neonatal 

mortality and serious morbidity. However, compared with those 
in the placebo group, metformin-treated women and their 
infants had several benefits, including better glycaemic control, 
lower insulin requirements, less gestational weight gain, and 
fewer caesarean births. Compared with those in the placebo 
group, infants of mothers taking metformin weighed an average 
of 210 g less, were less likely to be extremely large for gestational 
age and to weigh 4000 g or more at birth, and had reduced 
adiposity measures. More infants were, however, small for 
gestational age in the metformin group than in the placebo 
group.

Implications of all the available evidence
Although we found no significant difference in a composite of 
serious neonatal outcomes in women with type 2 diabetes 
treated with metformin or placebo added to insulin, secondary 
analysis several maternal glycaemic and neonatal adiposity 
benefits in the metformin group. The lower adiposity and 
infant size measurements resulted in fewer large infants but a 
higher proportion of small-for-gestational-age infants. 
Understanding the implications of these effects on infants will 
be important to properly advise women who are 
contemplating the use of metformin during pregnancy. 
Longer term surveillance of these infants is essential to 
investigate the significance of these findings.



Articles

836 www.thelancet.com/diabetes-endocrinology   Vol 8   October 2020

two reporting neonatal outcomes.11,12 One study showed 
reduced maternal hypoglycaemia, neonatal hypoglycaemia, 
and NICU admissions in the metformin group,11 and the 
other showed reduced pregnancy-induced hypertension, 
gestational weight gain, neonatal hypoglycaemia, and 
NICU admissions.12 These studies were limited by 
methodological issues, including small sample sizes and 
insufficient appropriate allocation assignment, masking, 
and intention-to-treat analysis. Thus, little evidence exists 
to guide clinicians on the use of metformin as an adjunct 
to insulin in women with type 2 diabetes in pregnancy.

The aim of the Metformin in Women with Type 2 
Diabetes in Pregnancy (MiTy) trial was to investigate 
whether the addition of metformin to a standard regimen 
of insulin, would increase or decrease the risk of neonatal 
morbidity and mortality in pregnant women with type 2 
diabetes.

Methods
Study design and participants 
The MiTy trial was a multicentre, international, placebo-
controlled, double-masked, randomised trial involving 
29 hospital centres, 25 in Canada and four in Australia. 
Eligible centres had to be able to provide care to women 
with type 2 diabetes during pregnancy, offer care to 
infants who required admission to the NICU, and verify 
that all components of the trial could be completed.

Women were eligible if they were aged 18–45 years, 
diagnosed with type 2 diabetes before pregnancy or 
before 20 weeks’ gestation (with at least two of the 
following: fasting glucose ≥7·0 mmol/L [126 mg/dL], 
≥11·1 mmol/L [≥200 mg/dL] on a 2-h 75 g oral glucose 
tolerance test, or HbA1c ≥48 mmol/mol [≥6·5%]),16 
receiving insulin, and had a live singleton fetus between 
6 and 22 weeks plus 6 days’ gestation confirmed by 

ultrasound. Women were initially included from 
12 weeks’ gestation; however, after the first three recruits 
the inclusion criteria were expanded to allow entry from 
6 weeks because we hypothesised that longer and earlier 
duration of treatment might be beneficial. Women were 
excluded if they had type 1 diabetes, known intolerance 
or contraindications to metformin, or if they had 
previously participated in MiTy (appendix p 11). 
Participants were recruited when visiting their 
endocrinologist or obstetrician at their hospital clinic. 
In patients taking metformin before entering the study, 
the metformin was stopped before randomisation. 
Participants gave written informed consent.

The protocol has been previously published.17 
Participating sites and collaborators are provided in the 
appendix (pp 4–10). The protocol, written by the principal 
investigator (DSF), was approved by the steering 
committee, the Mount Sinai Hospital Ethics Review Board 
(NSP 104011), and by research ethics boards at each site.

Metformin use in MiTy was approved by Health 
Canada. The trial was overseen by a steering committee 
and done in accordance with the Declaration of Helsinki.

Randomisation and masking
Women were randomly assigned to receive either 
metformin or placebo in addition to a standard regimen of 
insulin, which usually included short-acting insulin before 
meals and long-acting insulin before bed. Participants, 
caregivers, and outcome assessors were masked to the 
assignment. Randomisation was done at Sunnybrook 
Research Institute, Toronto, ON, Canada, via a web-based 
computerised randomisation service and stratified by 
centre and pre-pregnancy body mass index (BMI; <30 or 
≥30 kg/m²). Within strata, allocation was assigned in a 
ratio of 1:1 using random block sizes of 4 and 6.

Procedures
Both groups were asked to check their fasting blood 
glucose level before the first meal of the day, before the 
last meal of the day, and 2 h after each meal. Insulin doses 
were adjusted aiming for identical glucose targets (fasting 
glucose <5·3 mmol/L [95 mg/dL], 2 h postprandial 
glucose <6·7 mmol/L [120 mg/dL]). Study visits were 
monthly for the remainder of the pregnancy. Patients 
were seen every 1–4 weeks as was needed for standard 
clinical care. At study visits, blood pressure and bodyweight 
were measured; patients were asked about tolerance to 
their pills, any hospitalisations, insulin doses, and severe 
hypoglycaemia events; and glucometer readings were 
downloaded to the central coordinating centre. Pill counts 
were done with each change of pill bottle to assess 
compliance.

To maintain masking and limit the number and 
severity of side-effects, metformin (500 mg) and placebo 
pills were gradually increased over 2 weeks to a final dose 
of two pills, twice daily (appendix p 33). The placebo pill 
was identical in appearance, taste, and consistency to 

Figure 1: Trial profile
*Reasons included family issues (n=2); patient moved outside of study area (n=1); intervention intolerance or 
gastrointestinal side effects and decided to withdraw (n=1); did not want team to access medical records (n=3); not 
interested, bad timing, or overwhelmed (n=1); and discontinued intervention and decided to withdraw (n=1). 
†Reasons included intervention intolerance or gastrointestinal side effects and decided to withdraw (n=2); not 
interested, bad timing, overwhelmed (n=2); and discontinued intervention and decided to withdraw (n=1).

502 women randomly assigned

253 allocated to metformin 249 allocated to placebo

9 withdrew participation*
 4 lost to follow-up
 7 missing data

233 with complete data for the primary 
 outcome

240 with complete data for the 
 primary outcome

253 included in primary analysis using 
 multiple imputation

5 withdrew participation†
 2 lost to follow-up
 2 missing data

249 included in primary analysis 
 using multiple imputation
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metformin. Women were asked to take the pills for the 
duration of the pregnancy.

Outcomes
The primary outcome was a composite of fetal and 
neonatal outcomes including one or more of the 
following: pregnancy loss (miscarriage, termination, 
stillbirth, or neonatal death up to 28 days), preterm birth 
(<37 weeks’ gestation), birth injury, moderate or severe 
respiratory distress syndrome, neonatal hypoglycaemia, 
and NICU admission lasting >24 h; appendix p 34). All 

components of the primary composite outcome were 
centrally adjudicated except for preterm birth, which was 
calculated from the estimated due date.

Secondary maternal outcomes included glycaemic 
control, hypertensive disorders, caesarean section, 
gestational weight gain, and insulin dose. Glycaemic 
control was assessed by HbA1c and capillary glucose 
measures (appendix p 20).

Key secondary neonatal outcomes included individual 
outcomes in the composite, birthweight measures 
(large for gestational age [birthweight >90th percentile], 
extreme large for gestational age (birthweight 
>97th percentile), small for gestational age [birthweight 
<10th percentile]) using Canadian national growth 
curves adjusted for sex and gestational age,18 birthweight 
(≥4000 g), cord blood C-peptide, neonatal adiposity 
outcomes (fat mass, calculated using the mathematical 
model proposed by Catalano and colleagues,19 which 
includes birthweight, length, and flank skin fold; and 
skinfold thicknesses), gestational age at birth, and 

Metformin 
(n=253)

Placebo  
(n=249)

Maternal age at randomisation, 
years

34·7 (5·0) 35·0 (4·6)

Age range, years 19·1–44·4 19·4–44·9

Ethnicity

European 77 (30%) 75 (30%)

Non-European 176 (70%) 174 (70%)

Aboriginal 18 (7%) 17 (7%)

African or Caribbean origin 40 (16%) 36 (15%)

East Asian origin 26 (10%) 30 (12%)

Hispanic origin 5 (2%) 7 (3%)

Middle Eastern origin 14 (6%) 10 (4%)

Pacific Islands origin 3 (1%) 3 (1%)

South Asian 32 (13%) 48 (19%)

Multi-ethnic 14 (6%) 10 (4%)

Other 18 (7%) 11 (4%)

Unknown 6 (2%) 2 (<1%)

Previous pregnancies* 197 (78%) 199 (80%)

Gestational age at 
randomisation, weeks

16·5 (4·0) 16·4 (3·8)

Pre-pregnancy weight, kg† 90·5 (21·3) 90·0 (21·9)

Pre-pregnancy BMI, kg/m² 33·5 (7·1) 33·8 (7·4)

Weight at randomisation, kg 94·4 (21·4) 93·5 (21·8)

BMI at randomisation, kg/m² 35·0 (7·1) 35·2 (7·2)

BMI at randomisation 
≥30 kg/m²

194 (77%) 190 (76%)

Diagnosis of type 2 diabetes 
before pregnancy

209 (83%) 225 (90%)

Family history of type 2 diabetes 205 (81%) 211 (85%)

Polycystic ovary syndrome 43 (17%) 45 (18%)

First HbA1C during this 
pregnancy, mmol/mol‡

55 (17) 56 (20)

First HbA1C during this 
pregnancy, %

7·1 (1·6) 7·3 (1·8)

HbA1C concentration at 
randomisation, mmol/mol§

47 (13) 47 (13)

HbA1C concentration at 
randomisation, %

6·42 (1·23) 6·41 (1·16)

Low socioeconomic status 
composite¶

109 (43%) 108 (43%)

Immigrated to current country|| 115/251 (46%) 117 (47%)

Immigrated within past 5 years 33/251 (13%) 31 (12%)

Self-reported risky behaviours** 45 (18%) 38 (15%)

(Table 1 continues in next column)

Metformin 
(n=253)

Placebo  
(n=249)

(Continued from previous column)

Self-reported ever smoker 29 (12%) 27 (11%)

Insulin dose at randomisation, 
kg per day

0·64 (0·51);  
0·53 (0·24–0·83)

0·68 (0·51);  
0·57 (0·26–0·90)

Presence of diabetes complications

Retinopathy†† 5 (2·0%) 8 (3·2%)

Nephropathy 11 (4·3%) 19 (7·6%)

Hypertension‡‡ 45 (17·8%) 48 (19·3%)

Chronic hypertension 44 (17·4%) 48 (19·3%)

Blood pressure§§

Systolic (mm Hg) 119·2 (13·3) 118·8 (13·5)

Diastolic (mm Hg) 72·3 (9·4) 73·0 (9·3)

Metformin used before 
pregnancy within past 
12 months

170 (67%) 171 (69%)

Metformin used during first 
trimester

160 (63%) 148 (59%)

Data are mean (SD), n (%), or median (IQR). *In the metformin group 171 (68%) 
women had 1–4 previous pregnancies and 26 (10%) women had >4 previous 
pregnancies. In the placebo group 168 (68%) women had 1–4 previous 
pregnancies and 31 (12%) women had >4 previous pregnancies. †One (<1%) 
participant was missing data in the metformin group and three (1%) were missing 
data in the placebo group; pre-pregnancy weight was self-reported. ‡Seven (3%) 
participants were missing data in the metformin group and six (2%) were missing 
data in the placebo group. §48 (19%) participants were missing data in the 
metformin group and 45 (18%) were missing data in the placebo group. 
¶Met any of the following criteria: immigrated to Canada or Australia within 
5 years of study entry, marital status was single, or highest attained education 
was secondary school or less. ||Two (<1%) participants were missing data in the 
metformin group. **Comprised smoking during pregnancy, alcohol consumption 
during pregnancy, or recreational drug use during pregnancy. ††One (<1%) 
participant in the metformin group listed retinopathy but did not indicate type. 
‡‡One (<1%) participant in the metformin group developed gestational 
hypertension before randomisation.§§12 (5%) participants were missing data in 
the metformin group and ten (4%) were missing data in the placebo group. 

Table 1: Baseline characteristics
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length of infant hospital stay (appendix p 35). As part of 
a sensitivity analysis we calculated customised birth-
weight centiles using Gestational Related Optimal 
Weight (appendix p 29).20

Statistical analysis
Using a population-based Canadian perinatal database,21 
we calculated that we could expect participants to have an 
absolute risk of 50% for the primary composite outcome. 
To have 80% power to detect a 25% relative risk (RR) 
reduction (12·5% absolute reduction), at a two-sided 
significance level of 5%, we calculated that we would 
need 492 participants, and accounting for loss to follow-
up we aimed for 500 participants.

For baseline covariates, appropriate summary statistics 
(means, medians, percentages, and measures of 

dispersion) were generated within treatment group. For 
the primary composite neonatal outcome, we calculated 
the relative risk and 95% CI between groups, stratifying by 
site and BMI using a log-binomial regression model. Any 
variables with potential imbalances between groups were 
added in a sensitivity analysis; this criterion led to one 
such analysis on the timing of the diabetes diagnosis. We 
also included an additional analysis assessing the variation 
in the treatment effect with gestational age at first 
exposure to drug. An intention-to-treat analysis was used, 
with a plan to use logistic regression in a multiple 
imputation procedure for the primary outcome if the 
outcome was missing in more than 5% of infants, which 
could happen if a woman withdrew or was lost to follow-
up or if components of the composite outcome were 
missing for an infant whose observed components did not 
satisfy the composite outcome criteria. In this case we also 
planned to do a complete case analysis in which the data 
that were available would be used for analysis of the 
composite outcome without imputation. We also planned 
that in the best-case scenario all missing values would be 
replaced with negative results for the composite outcome 
and in the worst-case scenario all missing values would be 
replaced with a positive result for the composite outcome.

Continuous secondary outcomes were compared using 
ANOVA with treatment group and baseline BMI group as 
categorical variables. For binary outcomes, analyses of the 
secondary outcomes were also adjusted for BMI group 
and site if the number of events was greater than 50. For 
20–50 events, only BMI group was included and for fewer 
than 20 events, simple two-group comparisons were 
used. For secondary binary events a log-binomial 
regression was used unless outcomes were rare outcomes, 
in which case we used Fisher’s exact test. When possible, 
a baseline value for the follow-up variable (eg, HbA1c) was 
added to the model. Two pre-specified subgroup analyses 
assessed a differential response to treatment according to 
whether (1) BMI at randomisation was lower than 30 kg/m² 
or 30 kg/m² or more, and (2) start of treatment was at less 
than 16 or 16 weeks’ or more gestation. A pre-specified 
per-protocol analysis was done excluding women who 
discontinued medication, withdrew, or had no medication 
information. We used R (version 3.6.3) for the analysis. A 
data safety monitoring board oversaw the trial.

The trial was registered with ClinicalTrials.gov, 
NCT01353391.

Role of the funding source
The funders of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the manuscript. The corresponding author had full access 
to all the data in the study and had final responsibility for 
the decision to submit for publication.

Results
Between May 25, 2011, and Oct 11, 2018, we randomly 
assigned 502 women to either metformin (n=253 [50%]) 

Metformin 
(n=240)

Placebo  
(n=242)

p value Effect size (95% CI)

Composite primary outcome* 94/233 (40%) 95/240 (40%) 0·86 RR 1·02 (0·83 to 1·26)

Pregnancy loss† 13/227 (6%) 14/236 (6%) 0·81 RR 0·96 (0·46 to 2·01)

Spontaneous abortion or 
miscarriage

4 (2%) 4 (2%) 0·97 RR 0·98 (0·25 to 3·79)

Stillbirth (≥20 weeks 
gestation)‡

2 (<1%) 7 (3%) 0·11 RR 0·28 (0·06 to 1·32)

Termination 2 (<1%) 2 (<1%) 0·84 RR 0·82 (0·12 to 5·5)

Neonatal death <28 days§ 5/227 (2%) 1/236 (<1%) 0·14 RR 4·96 
(0·61 to 40·63)

Livebirths 232 229 ·· ··

Preterm birth <37 weeks 60 (26%) 47 (21%) 0·16 RR 1·27 (0·91 to 1·77)

Birth injury¶ 1/231 (<1%) 3/228 (1%) 0·37 RR 0·36 (0·04 to 3·36)

Respiratory distress 
syndrome¶

11/231 (5%) 8/228 (4%) 0·49 RR 1·36 (0·56 to 3·29)

Neonatal hypoglycaemia¶ 27/231 (12%) 34/228 (15%) 0·41 RR 0·82 (0·52 to 1·30)

NICU admission >24 h¶ 51/231 (22%) 46/228 (20%) 0·56 RR 1·10 (0·79 to 1·53)

Gestational age at birth, weeks 37·5 (2·2) 37·6 (2·0) 0·33 Difference –0·2 
(–0·6 to 0·2)

Birthweight, g 3156 (742) 3375 (742) 0·0016 Difference –0·44 
(–0·70 to –0·18)

Birthweight Z score –0·01 (1·47) 0·45 (1·40) 0·0009 Difference –0·28 
(–0·45 to –0·10)

Large for gestational age, 
>90th centile (adjudicated 
using Kramer23)

50 (22%) 66 (29%) 0·067 RR 0·74 (0·54 to 1·02)

Extreme large for gestational 
age, >97th centile (using 
Kramer23)

20 (9%) 34 (15%) 0·041 RR 0·58 (0·34 to 0·97)

Birthweight ≥4000 g 28 (12%) 44 (19%) 0·046 RR 0·65 (0·43 to 0·99)

Small for gestational age, 
<10th centile (using 
Kramer23)||

30 (13%) 15/228 (7%) 0·026 RR 1·96 (1·10 to 3·64)

Sum of skinfolds, mm** 16·0 (5·0) 17·4 (6·2) 0·024 Difference –1·4 
(–2·6 to –0·2)

Neonatal body fat mass††24 13·2 (6·2) 14·6 (5·0) 0·017 Difference –1·5 
(–2·7 to –0·3)

Cord blood C-peptide 
(pmol/L)‡‡

673 (435); 
569 (360–901)

758 (595); 
626 (433–878)

0·10 Ratio of means 0·88 
(0·72 to 1·02)

Shoulder dystocia 4 (2%) 4 (2%) 1·0 RR 0·96 (0·25 to 3·69)

(Table 2 continues on next page)
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or placebo (n=249 [50%]). 233 (92%) women in the 
metformin group and 240 (96%) women in the placebo 
group were available for the primary outcome (figure 1). 
The last woman gave birth on April 24, 2019, and outcome 
collection was completed on June 5, 2019.

Overall, baseline characteristics were well balanced 
(table 1; appendix pp 13, 14). The mean age of 
participants was 35 years, and 194 (77%) women in the 
metformin group and 190 (76%) in the placebo group 
had obesity, and 176 (70%) in the metformin group and 
174 (70%) in the placebo group identified as non-
European (table 1). 109 (43%) in the metformin group 
and 108 (43%) in the placebo group were considered 
socioeconomically disadvantaged, defined as having 
either immigrated within 5 years of study entry, being 
single, or having a highest educational attainment of 
secondary school or less. Although these criteria are not 
validated measures of socioeconomic disadvantage, 
each measure by itself has been associated with low 
socioeconomic status.22 64 (13%) of 500 women were 
immigrants, with 33 (13%) of 251 in the metformin 
group and 31 (12%) of 249 in the placebo group having 
immigrated within the past 5 years. 160 (63%) 
participants in the metformin group and 148 (59%) in 
the placebo group reported metformin use during the 
first trimester (table 1).

The median follow-up across livebirths and stillbirths 
was 20·9 weeks (IQR 17·6–24·1). We found no difference 
between the intervention groups in the proportion of 
completed visits (appendix p 15); however, more women 
in the metformin group than in the placebo group 
reported that gastrointestinal intolerance was the cause 
of reducing the pill intake below four pills per day 
(appendix p 17). Overall pill compliance (defined as total 
pills taken divided by the total that should have been 
taken, stopping at delivery or time of withdrawal and 
excluding patients who had no bottles returned) was 
77% in both groups, with approximately 75% of women 
taking 70% or more of the study pills (appendix p 16). At 
6 weeks post partum, 127 (60%) women in the metformin 
group thought they had been on metformin in the trial, 
and 77 (35%) in the placebo group thought they were on 
metformin (appendix p 18).

Because 29 (6%) women were missing primary 
outcome data, the RR and risk difference of the primary 
outcome were estimated through multiple imputation 
(appendix p 12). We found no significant difference in 
the primary composite outcome between the metformin 
and placebo groups (table 2). In a sensitivity analysis, we 
found no significant difference in the primary composite 
outcome after adjustment for the timing of the diabetes 
diagnosis (RR 0·98 [95% CI 0·79–1·21). Complete case 
data, and best-case or worst-case scenarios showed 
similar results (appendix p 19).

By the end of pregnancy, women in the metformin 
group achieved better glycaemic control than did those in 
the placebo group (mean HbA1c at 34 weeks’ gestation 

41·0 mmol/mol [SD 8·5] vs 43·2 mmol/mol [SD –10]; 
5·90% [SD 0·78] vs 6·10% [0·94]; p=0·015; table 3) and 
lower mean glucose (6·05 mmol/L [0·93] vs 6·27 mmol/L 
[0·90]; appendix p 20). We found more episodes per week 
of mild hypoglycaemia in the metformin group than in 
the placebo group. However, the number of women with 
mild hypoglycaemic episodes was similar between the 
groups (appendix p 23). We found no difference in the 
number of severe hypoglycaemic episodes (appendix p 23).

Metformin-treated women required less insulin (total 
daily insulin dose by 34 weeks’ gestation), and total 
insulin dose as measured by units per kg per day was 
lower in the metformin group (table 3) than in the 
placebo group, as was the percentage of women taking 
2 units per kg per day or more (appendix p 24).

Women in the metformin group gained less overall 
weight and less weight per week than did women in the 
placebo group (table 3). Fewer women in the metformin 
group than in the placebo group had excessive 
gestational weight gain according to the Institute of 
Medicine (IOM) guidelines (appendix p 25).25 More 
women in the metformin group than in the placebo 
group gained weight below the IOM recommendations 
(appendix p 25).

Fewer women in the metformin group had caesarean 
sections than did those in the placebo group. We found 
no significant difference in hypertensive disorders 

Metformin 
(n=240)

Placebo  
(n=242)

p value Effect size (95% CI)

(Continued from previous page)

Hyperbilirubinaemia§§ 51/227 (23%) 37/227 (16%) 0·06 RR 1·43 (0·99 to 2·07)

Congenital anomaly§§ 7/227 (3%) 13/227 (6%) 0·16 RR 0·52 (0·22 to 1·28)

Length of hospital stay until 
first discharge home, days¶¶

5·6 (7·4) 5·5 (8·1) 0·51 Difference –0·3 
(–1·4 to 0·7)

Data are n (%), mean (SD), or median (IQR), unless otherwise indicated. All analyses were intention to treat. Analysis of 
the primary composite outcome was adjusted for BMI group assessed at time of randomisation and site. Analyses of the 
secondary outcomes were also adjusted for BMI group and site if outcomes were continuous, or, for binary outcomes, if 
the number of events was greater than 50. For 20–50 events, only BMI group was included and for <20 events, simple 
two-group comparisons were used. RR=risk ratio. NICU=neonatal intensive care unit. BMI=body mass index. 
*Composite primary outcome: pregnancy loss (miscarriage, termination, stillbirth, or neonatal death), preterm birth, 
birth injury, respiratory distress, neonatal hypoglycaemia, or NICU lasting >24 h. Seven (3%) participants in the 
metformin group and two (<1%) in the placebo group were missing data. †Early and late pregnancy loss and neonatal 
death (spontaneous abortion or miscarriage, termination, stillbirth, or neonatal death). The 28-day neonatal death 
form was missing for 13 (5%) participants in the metformin group and six (3%) in the placebo group. ‡Reasons for 
stillbirths were two unknown in the metformin group; and one intrauterine fetal death, one ketoacidosis in mother, one 
twisted umbilical cord, one preterm premature rupture of membranes, one spontaneous rupture of membranes, one 
severe oligohydramnios, and one cervical insufficiency in the placebo group. §Causes of death were four complications 
of preterm birth and one severe intrauterine growth restriction + cardiac abnormalities in the metformin group; 
one complications of preterm birth in the placebo group. ¶One (<1%) missing in the metformin group and 
one (<1%) missing in the placebo group. ||One (<1%) gestational age at birth in the placebo group was 21 weeks and 
3 days, so Kramer could not be used to calculate small for gestational age, but based on weight, the baby was not large 
for gestational age. **Triceps, subscapular, and supra-iliac skinfolds (n=156 infants in the metformin group and n=179 
in the placebo group). ††Included 155 infants in the metformin group and 180 infants in the placebo group. ‡‡143 cord 
blood serum samples in the metformin group and 142 cord blood serum samples in the placebo group were included in 
the analysis; estimated effect sizes and p values were calculated in the model using log-values then transformed 
back to give ratio of means. §§Five (4%) participants in the metformin group and two (1%) in the placebo group were 
missing data. ¶¶Nine (4%) participants in the metformin group and two (<1%) in the placebo group were missing data.

Table 2: Neonatal outcomes
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(table 3), diabetes complications (appendix p 26), or 
maternal length of hospital stay (appendix p 27).

Birthweight was lower in the metformin group than 
in the placebo group, with reduced extreme large for 
gestational age and birthweight 4000 g or more (table 2). 
We also found reductions in neonatal adiposity 
measures in the metformin group (skinfold thicknesses, 
abdominal circumference, and neonatal fat mass; 
table 2; appendix p 28).

We found no difference in the components of the 
composite outcome between groups. We found no 
difference in gestational age at birth, shoulder dystocia, 

or hyperbilirubinaemia (table 2). Neonatal length of 
hospital stay was similar between the groups (table 2).

The distribution of birthweights was shifted downwards 
across the entire birthweight spectrum in those on 
metformin (figure 2). More infants in the metformin 
group were small for gestational age (13% vs 7%; RR 1·96 
[95% CI 1·10–3·64]; p=0·03) using Canadian population 
charts18 (table 2) and customised centiles (appendix p 29).20

Intolerance to the study drug was not different between 
the groups when reporting adverse events (table 4). 
Fewer women reported serious adverse events in the 
metformin group than in the placebo group, but the total 
number of serious maternal adverse events was not 
significantly different between the groups (table 4). 
When examining total maternal adverse events, we 
found a similar number of events and a similar number 
of women reporting events in both groups (table 4). We 
found a similar number of infant adverse and serious 
adverse events reported in both groups (table 4).

In a pre-specified subgroup analysis of the primary 
outcome stratified by maternal BMI, we found no 
significant variation in the treatment effect between 
groups (ratio of RRs 1·0, 0·58–1·72; appendix p 32). In the 
subgroup analysis stratified by earlier (<16 weeks) and later 
randomisation, we found no between-group difference 
(appendix p 32). The effect of metformin did not appear to 
differ according to the gestational age at which a woman 
entered the study (appendix p 36).

The per-protocol analysis results were concordant 
with the primary analysis for the primary outcome 
(appendix p 30).

Discussion
We found no difference between women who received 
metformin and those receiving placebo in a composite of 
neonatal morbidity and mortality. However, metformin-
treated women had better glycaemic control, lower 
insulin requirements, less gestational weight gain, and 
fewer caesarean births than women in the placebo group 
did. Infants of mothers taking metformin weighed less, 
were less likely to be extremely large for gestational age, 
and less likely to weigh 4000 g or more at birth compared 
with infants born to mothers taking placebo. Additionally, 
metformin-exposed infants displayed reduced adiposity 
with reduced skinfold thicknesses, abdominal circum-
ference, and fat mass. In keeping with lower adiposity 
and infant size, we observed a higher proportion of 
babies who were small for gestational age in the 
metformin group than in the placebo group.

Notably, by contrast with some previous studies,11,12 we 
did not find a difference in serious neonatal outcomes 
when metformin was added to insulin. Given the far 
greater statistical power and rigour of the MiTy trial 
compared with previous trials, this discrepancy is most 
likely explained by previous studies having small sample 
sizes, no masking, and excluding women already on 
insulin.12 The many benefits observed in the metformin 

Metformin 
(n=240)

Placebo  
(n=242)

p value Effect size (95% CI)

Maternal weight gain, kg*

Overall weight gain 7·2 (5·3) 9·0 (4·7) <0·0001 Difference –1·8 
(–2·7 to –0·9)

Weekly weight gain 0·4 (0·3) 0·5 (0·3) <0·0001 Difference –0·10 
(–0·15 to –0·05)

Last HbA1c concentration in 
pregnancy, mmol/mol†‡

41·0 (8·5) 43·2 (–10) 0·015 Difference –0·18 
(–0·33 to –0·03); 
difference –2·0 
(–3·6 to –0·3)

Last HbA1c concentration in 
pregnancy, %

5·90% (0·78) 6·10% (0·94) 0·015 Difference –0·18 (–0·33 
to –0·03); difference 
–2·0 (–3·6 to –0·3)

Total insulin dose at 34 or 
36 weeks, units per kg per 
day§

1·1 (1·0) 1·5 (1·1) <0·0001 Difference –0·4 
(–0·5 to –0·2)

Total insulin dose at 34 or 
36 weeks, units per day¶

109·8 (105·1) 155·3 (134·0) <0·0001 Difference –43·9 
(–61·5 to –26·2)

Long-acting insulin at 
34 or 36 weeks, units per 
day||

42·8 (46·0) 55·7 (47·6) 0·004 Difference –12·7 
(–21·4 to –4·0)

Short-acting insulin at 34 
or 36 weeks, units per 
day**

66·9 (75·1) 99·1 (108·8) <0·0001 Difference –32·0 
(–49·7 to –14·4)

Caesarean section†† 125/234 (53%) 148/236 (63%) 0·031 RR 0·85 (0·73 to 0·99)

Primary caesarean section 65/125 (52%) 68/148 (46%) 0·32 RR 1·13 (0·89 to 1·44)

Any hypertensive 
disorder‡‡

55 (23%) 56 (23%) 0·93 RR 0·99 (0·72 to 1·35)

Gestational hypertension 13 (5%) 15 (6%) 0·82 RR 0·92 (0·46 to 1·85)

Worsening chronic 
hypertension during 
pregnancy§§

20/237 (8%) 22 (9%) 0·68 RR 0·89 (0·51 to 1·56)

Pre-eclampsia 37 (15%) 30 (12%) 0·29 RR 1·27 (0·82 to 1·97)

Data are mean (SD), n/N (%), or n (%), unless otherwise specified. All analyses were intention to treat. Analyses of the 
secondary outcomes were adjusted for BMI group assessed at time of randomisation and site if outcomes were 
continuous, or, for binary outcomes, if the number of events was greater than 50. For 20–50 events, only BMI group was 
included and for fewer than 20 events, simple two-group comparisons were used. BMI=body mass index. RR=risk ratio. 
*Nine (4%) participants in the metformin group and four (2%) in the placebo group were missing data. Overall and 
weekly weight gain was calculated from measured weight at randomisation. †227 (95%) of 240 participants in the 
metformin group and 235 (97%) of 242 in the placebo group. ‡After adjusting for baseline HbA1c at randomisation. 
§208 (98%) of 212 participants in the metformin group and 211 (99%) of 213 in the placebo group. ¶211 (99%) of 
212 participants in the metformin group and 211 (99%) of 213 in the placebo group. ||212 (100%) of 212 participants in 
the metformin group and 213 (100%) of 213 in the placebo group. **211 (99%) of 212 participants in the metformin 
group and 211 (99%) of 213 in the placebo group. ††234 (99%) of 236 participants based on available method of birth 
data. ‡‡Gestational hypertension, worsening chronic hypertension, or pre-eclampsia. §§Three (1%) participants were 
missing data in the metformin group.

Table 3: Maternal outcomes
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group in our study, including improved glycaemic 
control and lower rates of very large infants, did not 
translate into improvements in the composite outcome. 
In a previously published randomised trial of women 
with type 1 diabetes,26 we observed that improved 
glycaemic control that was achieved through continuous 
glucose monitoring led to a significant reduction in 
large-for-gestational-age infants and serious neonatal 
outcomes such as neonatal hypoglycaemia and NICU 
admissions.26 The absence of similar congruence 
between indices of infant size and serious neonatal 
adverse outcomes in the MiTy trial might relate to the 
lower overall rate of large-for-gestational-age infants and 
hyperglycaemia in women with type 2 diabetes. We did 
not find a difference in stillbirth and perinatal mortality, 
but the study did not have power to detect differences in 
these rare outcomes, so conclusions should thus be 
drawn with caution.

We found improved glycaemic control and lower insulin 
requirements in the metformin group, with fewer women 
requiring higher insulin doses than in the placebo group. 
This finding is in agreement with a study23 of 390 patients 
with insulin-treated type 2 diabetes outside of pregnancy, 
in which metformin use was associated with improved 
glycaemic control and a reduced insulin dose of 7·5 units 
per day. In MiTy, women on metformin had a substantially 
greater reduction of 45 units fewer insulin per day. Given 
that almost half of participants were considered to have 
low socioeconomic status, such a reduction in insulin 
dose could result in substantial cost savings improving 
affordability for lower-income women with type 2 diabetes.

Women on metformin also gained less weight during 
pregnancy than did those who received placebo, 
consistent with findings in previous trials in women 
with gestational diabetes.8 This finding might be due to 
the reduced insulin requirements, or to direct effects of 
metformin, which can cause anorexia and weight 
reduction via increases in growth differentiation factor 
15 concentrations.24 Excess gestational weight gain is 
associated with an increase in the risk of pre-eclampsia, 
large-for-gestational-age infants, and preterm birth, 
especially in women with obesity,3 and increases the risk 
of postpartum weight retention. In our study, in which 
76% of women had obesity before pregnancy, this 
finding represents an additional accrual of adipose 
tissue, further increasing the risk of long-term obesity.

We found that infants of women in the metformin group 
had a lower birthweight, were less likely to be extremely 
large, and had reduced adiposity compared with those 
born in the placebo group, which is consistent with 
findings of previous studies in women with gestational 
diabetes.9 Several mechanisms might explain these 
findings. In our study, women who received metformin 
had better glycaemic control and less excess maternal 
weight gain, both of which can lower the risk of being born 
large for gestational age. Also, women on metformin 
required less insulin than did those in the placebo group, 

which can influence maternal weight gain and thus infant 
size.3 Another possible mechanism might be a direct effect 
of metformin on fetal growth.6 Metformin activates AMP 
kinase and leads to the inhibition of the mechanistic target 
of the rapamycin (mTOR) pathways, which are regulators 
of placental amino acid transport.6 The inhibition of these 
and other growth differentiation pathways could contribute 
to the attenuated fetal growth observed.

In addition to fewer large infants, we found more 
infants who were small for gestational age in the 
metformin group than in the placebo group. This finding 
was reported in one previous study of women with type 2 
diabetes12 and is important because infants who are small 
for gestational age might have an increased risk of 
perinatal complications27 and potential long-term con-
sequences such as neurodevelopmental delay affecting 
school performance,28 obesity, hypertension, diabetes, 
and cardiovascular disease, similar to infants of mothers 
with under-nutrition.29 The distribution of birth weight 
was shifted downwards across the entire population of 
metformin-exposed infants relative to the placebo group. 
Whether this increase in the number of small infants 
represents smaller but healthy infants or pathologically 
growth-restricted infants is unclear. The underlying 
cause of being born small for gestational age in the 
metformin-exposed infants is unknown. The increased 
number of small infants could be related to effects of 
metformin on mothers leading to reduced food intake.30 
This change could affect weight gain, glycaemic control, 
and nutrient supply. Inhibition of mTOR might 
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Figure 2: Birthweight distributions in infants of women in the metformin and placebo groups
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downregulate pathways involved with protein synthesis, 
cell growth, and proliferation.6 Metformin inhibits 
folate-related pathways, which could result in reduced 
cell growth and nutrient restriction.6 Metformin might 
also directly affect placental function and nutrient 
transfer and might have direct fetal effects affecting the 
fetal metabolic milieu, cell metabolism, and insulin 
secretion.6 In our study, more women in the metformin 
group gained weight under that of the recommended 
guidelines, which might have played a role in the 
increased rate of infants who were small for gestational 
age. As well, very tight glycaemic control (ie, lower mean 
glucose of 4·8 mmol/L [86 mg/dL]) has resulted in small-
for-gestational-age infants in some studies.31 However, in 
our study, glycaemic control in the metformin group was 
not exceptionally tight (mean glucose 6·1 mmol/L 
[109 mg/dL]). In studies of non-diabetic women with 
obesity32 and women with polycystic ovary syndrome33 
using metformin during pregnancy, no effect on 
birthweight and no increase in the number of infants 
born small for gestational age was found, suggesting a 
direct effect of metformin on growth might be less likely 
than an indirect effect. Regardless of the cause, 

understanding the relative implications of these findings 
is important to properly advise patients who are 
contemplating the use of metformin during pregnancy.

Such effects on growth might have long-term conseq-
uences. In a systematic review and meta-analysis of 
neonatal, infant, and childhood growth following 
metformin exposure, results showed that, when 
compared with infants born to women using insulin 
with gestational diabetes, neonates born to mothers 
using metformin exhibited lower birthweights, had a 
lower ponderal index, and were less likely to be large for 
gestational age at birth.9,34 In infancy, the metformin-
exposed children were heavier, and by age 5–9 years 
they had an increased BMI compared with infants 
whose mothers were given insulin.9 This finding, 
however, is based on a paucity of data and divergent 
findings exist. For example, in one study the authors 
suggested that the glycaemic milieu during pregnancy 
is crucial, with protective effects of metformin in infants 
exposed to poorer glycaemic control but deleterious 
effects in infants whose mothers had tight glycaemic 
control during pregnancy.34 Further research is needed 
to understand the long-term effects of metformin on 
children.

Metformin 
(n=253)

Placebo 
(n=249)

Effect size 
(95% CI)

Women reporting 
adverse events

76 (30%) 87 (35%) Rate ratio 
0·86 (0·67–1·11)

Total maternal adverse 
events

139 170 Rate ratio 
0·83 (0·62–1·11)

Gastrointestinal 38 (27%) 38 (22%) ··

Nausea or vomiting 15 (11%) 19 (11%) ··

Allergies 2 (1%) 1 (<1%) ··

Cardiac 3 (2%) 5 (3%) ··

Dermatological 2 (1%) 4 (2%) ··

Gynaecological 1 (<1%) 2 (1%) ··

Haematological 3 (2%) 5 (3%) ··

Headaches 6 (4%) 11 (7%) ··

Hyperglycaemia 0 2 (1%) ··

Infections 6 (4%) 7 (4%) ··

Musculoskeletal 7 (5%) 9 (5%) ··

Neurological 2 (1%) 4 (2%) ··

Obstetric 10 (7%) 6 (4%) ··

Other 0 2 (1%) ··

Otolaryngological 3 (2%) 3 (2%) ··

Ophthalmological 1 (<1%) 0 ··

Pneumonia or lower 
respiratory infection

2 (1%) 1 (<1%) ··

Psychological 3 (2%) 0 ··

Renal 0 1 (<1%) ··

Respiratory 28 (20%) 42 ··

Thyroid cancer 1 (<1%) 0 ··

Urinary tract infection 6 (4%) 8 (5%) ··

Women reporting 
serious adverse events

5 (2%) 15 (6%) RR 0·33 
(0·11–0·83)

(Table 4 continues in next column)

Metformin 
(n=253)

Placebo 
(n=249)

Effect size 
(95% CI)

(Continued from previous column)

Total maternal serious 
adverse events

6 16 Rate ratio 
0·41 (0·16–1·09)

Respiratory 0 1 (6%) ··

Diabetic ketoacidosis 0 1 (6%) ··

Other 1 (17%) 0 ··

Obstetric 1 (17%) 3 (19%) ··

Hyperglycaemia 1 (17%) 2 (13%) ··

Gastrointestinal 0 1 (6%) ··

Cardiac 1 (17%) 3 (19%) ··

Infections 0 1 (6%) ··

Musculoskeletal 0 1 (6%) ··

Renal 1 (17%) 1 (6%) ··

Nausea or vomiting 0 1 (6%) ··

Vascular 1 (17%) 0 ··

Psychological 0 1 (6%) ··

Infants with adverse 
events

1 (<1%) 1 (<1%) ··

Total infant adverse 
events

1 1 ··

Infants with serious 
adverse events

2 (<1%) 1 (<1%) ··

Total infant serious 
adverse events

2 1 ··

Respiratory 1 (50%) 1 (100%) ··

Weight loss 1 (50%) 0 ··

Data are n or n (%), unless otherwise indicated. RR=risk ratio.

Table 4: Adverse events
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In addition to the randomised, double-masked, 
placebo-controlled design, and low attrition, this trial had 
several strengths. To our knowledge, this is the first large, 
appropriately powered, and methodologically sound 
randomised trial of metformin versus placebo added to 
insulin in women with type 2 diabetes in pregnancy. The 
trial had adequate statistical power to detect important 
effects on the primary outcome and provided a precise 
estimate of the treatment effect. The participants were 
from diverse ethnic and socioeconomic backgrounds, 
making the results generalisable to pregnant women 
with type 2 diabetes. Pill compliance was good and data 
collection was almost complete, with almost all randomly 
assigned women and their neonates included in the 
primary outcome analysis. The protocol had been 
previously published and statistical analyses pre-
specified. However, some limitations existed.

The trial took 9 years to complete and care practices 
could have changed over the years. Given that this placebo-
controlled, randomised trial was randomly blocked, 
changes in care are unlikely to have affected the outcome 
of the trial. The results might not apply to women on 
metformin alone. However, a trial by Ainuddin and 
colleagues12 showed that most women with type 2 diabetes 
needed insulin in addition to metformin, with only 15% on 
metformin alone. Although the results do not directly 
apply to women with gestational diabetes, those with 
gestational diabetes and marked hyperglycaemia who are 
diagnosed early in pregnancy might more closely resemble 
our study population, and thus be affected by these 
findings. Finally, clearance of metformin is increased in 
pregnancy and a more marked effect on outcomes might 
have been seen with a higher dose of metformin.

In summary, although we found no significant difference 
in the primary composite outcome of serious neonatal 
outcomes in women with type 2 diabetes treated with 
metformin or placebo, added to insulin, we found several 
(secondary, pre-specified) maternal glycaemic and neonatal 
adiposity benefits in the metformin group, including 
improved glycaemic control, lower insulin require ments, 
less weight gain, fewer caesarean births, lower birthweight 
and adiposity measures, and fewer extreme large-for-
gestational-age, but more small-for-gestational-age infants. 
Understanding the implications of these effects on infants 
will be important to properly advise patients who are 
contemplating the use of metformin during pregnancy. 
Follow-up of metformin-exposed infants into childhood, 
adolescence, and adulthood will be crucial to gain a broader 
understanding of the effect of metformin on the future 
health of exposed infants.
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