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Supplementary Fig. S1: PRISMA flow diagram



Supplementary Fig. S2: Sensitivity Analysis: Leave low-quality studies out 

c) Preeclampsia: Metformin vs. all interventions

a) Gestational weight gain (throughout pregnancy): Metformin vs. all interventions

b) Gestational hypertension: Metformin vs. all interventions

d) Gestational age at delivery: Metformin vs. all interventions 

e) Preterm: Metformin vs. all interventions



Supplementary Fig. S2: Sensitivity Analysis: Leave low-quality studies out (continued) 

g) Development of GDM: Metformin vs. all interventions 

No studies reporting this outcome were low quality

f) C-section rates: Metformin vs. all interventions

Sensitivity analysis of outcome measures when low-quality studies were removed.
C-section=ceserean-section; GDM=gestational diabetes mellitus; met=metformin.
Odds Ratio or mean difference (where appropriate) ± 95% CI. Fixed or random-
effect models where appropriate.



Supplementary Fig. S3: Sensitivity analysis: Leave-one-out 

a) Gestational weight gain: Metformin vs. all interventions

b) Pre-eclampsia: Metformin vs. all interventions



d) Preterm (all causes): Metformin vs. all interventions

Supplementary S3 Fig: Sensitivity analysis: Leave-one-out (continued)

c) Gestational hypertension: Metformin vs. all interventions 



Supplementary S3 Fig: Sensitivity analysis: Leave-one-out (continued)

e) Gestational age at delivery: Metformin vs. all interventions 

f) C-section rates: Metformin vs. all interventions



g) Development of GDM: Metformin vs. all interventions 

Supplementary S3 Fig: Sensitivity analysis: Leave-one-out (continued)

Sensitivity analysis of outcome measures one study was removed.
C-section=ceserean-section; GDM=gestational diabetes mellitus; met=metformin.
Odds Ratio or mean difference (where appropriate) ± 95% CI. Fixed or random-effect 
models where appropriate. 



a) Gestational weight gain (throughout pregnancy) b) Gestational hypertension

c) Pre-eclampsia d) Gestational age at delivery

e) Preterm (all causes) f) Preterm (spontaneous)

Supplementary Fig. S4: Funnel Plots



g) Ceserean section rate h) Incidence of GDM

Supplementary Fig. S4: Funnel Plots (continued)

Funnel Plot analysis
C-section=ceserean-section; GDM=gestational diabetes mellitus; met=metformin.
Odds Ratio or mean difference (where appropriate) ± 95% CI. Fixed or random-effect 
models where appropriate.



Supplementary Fig S5: GRADE analysis for all primary outcomes



Supplementary Fig S6: GRADE analysis for secondary outcomes



Supplementary Fig S7: All combined groups  

b) Pre-eclampsia

c) Gestational hypertension

a) GWG



d) Pre-eclampsia and gestational hypertension (combined)



f) Gestational age at delivery

e) All cause preterm delivery



h) Emergency caesarean-section

g) Cesarean-section: all reasons

i) Elective caesarean-section



Supplementary Fig S8: New GDM development

New GDM development
GDM=gestational diabetes mellitus; met=metformin.
Odds Ratio ± 95% CI. Fixed or random-effect model.



Supplementary Fig. S9: Glycaemic control: FBS

a) FBS (all studies)

b) FBS: Metformin vs. insulin sub-group 

c) FBS: Metformin vs. glyburide sub-group 



a) RBS

Supplementary Fig S10: Glycaemic: control: RBS

b) RBS (metformin vs. insulin sub-group) 

OR=Odds Ratio; 95% confidence intervals
RBS=random blood glucose; met-metformin

c) RBS (metformin vs. glyburide sub-group) 



Supplementary Fig S11: Maternal hypoglycaemia

a) All studies

b) Metformin vs. insulin only



Supplementary Table S1: Results of heterogeneity analysis and calculation of prediction 
intervals

Outcome Test of 
moderators

Residual 
heterogeneit
y

Cochran’s Q I2 H2 95% prediction 
interval

Gestational 
weight gain

1.99
p=0.57

67.47
p<0.001

90.75
p<0.0001

80% 4.99 -3.17-0.05

Pre-eclampsia 8.96†
P=0.26

24.63
P=0.06

48.28
P=0.001

53% 2.13 0.24-1.99

PIH 4.92
P=0.55

5.41
P=0.80

9.82
p=0.83

0% 1.00 0.78-1.19

Preterm birth 6.02
p=0.42

47.11
p=0.003

60.31
p<0.0001

56% 2.31 0.31-2.64

Gestational age 
at delivery

4.37
p=0.36

18.43
p=0.10

30.06
p=0.02

48% 1.93 -0.48-0.32

Cesarean section 3.57
P=0.73

33.66
P=0.09

38.71
P=0.13

18% 1.23 0.66-1.18

Results of heterogeneity analysis and calculation of prediction intervals
The test of moderators was performed by specifying a random-effects meta-regression with
categorical moderators for both treatment indication (GDM, obesity, PCOS, diabetes in
pregnancy) and comparator group (placebo, glyburide, insulin). The reported value is the
result of the omnibus test for the effect of these moderators (QM). Additional checks were
performed to ensure that the individual levels of each moderator also returned non-
significant impacts on the meta-regression results. † GDM was a significant moderator in the
context of pre-eclampsia only (p=0.034). The residual heterogeneity is calculated from the
same meta-regression model (QE). Cochran’s Q, I2, and H2 values are obtained from the
random-effects meta-analysis with all sub-groups combined, as are the 95% prediction
intervals.



Title/Abstract Screening Full Text Screening

Inclusion criteria Exclusion criteria Inclusion criteria Exclusion criteria

Study design • Human studies.

• >50 cases.

• Animal studies.

• < 50 cases.

• < 10 cases for 

metformin group.

• Non-primary research 

articles (including 

reviews).

• Editorial comments, 

meeting abstracts 

(with insufficient 

data), book chapters, 

non-peer review 

articles.

• Human studies

• >50 cases

• Randomised controlled 

studies and prospective 

randomised controlled 

studies.

• Animal studies

• < 50 cases

• <10 cases for metformin 

group.

• Non-primary research 

articles (including

reviews).

• Editorial comments, 

meeting abstracts (with 

insufficient data), book 

chapters, non-peer 

review articles.

Group • Pregnant women with 

metformin intervention 

only.

• Pregnant women  

randomised to 

metformin not in 

combination with any 

other trial drug

• Women with any 

indication requiring 

metformin during 

pregnancy.

• Singleton pregnancies.

• Pregnant women  

randomised to 

metformin not in 

combination with any 

other trial drug

Exposure • Metformin vs. other

pharmacological 

intervention AND/OR 

diet AND/OR lifestyle.

• Metformin vs. other drug 

and/or diet/lifestyle for 

pregnant women.

Outcome • ‘Baseline’ maternal 

parameters recorded 

before study start 

and/or at follow-up 

OR

• Pregnancy and delivery 

complications recorded 

(e.g. gestational 

hypertension, pre-

eclampsia, preterm 

birth, side-effects, 

mode of delivery, 

glycaemic control, GDM 

incidence).

• Maternal parameters 

recorded before study start 

and/or after study/follow-

up.

OR

• Pregnancy and delivery 

complications recorded 

(e.g. gestational 

hypertension, pre-

eclampsia, preterm birth, 

side-effects, mode of 

delivery, glycaemic control, 

GDM incidence).

Supplementary Table S2: Inclusion/Exclusion table



Supplementary Table S3: Risk of Bias 

Risk of Bias analysis
Green circles=low risk of bias; yellow circles=unknown risk of bias; red circles=high risk of bias



Supplementary Table 4: Study characteristics

This table is found as an Excel Spreadsheet



Supplementary Table S5: Heterogeneity of GDM/PCOS/maternal obesity diagnosis

Paper citation GDM/PCOS diagnosis criteria

27,53 ACOG

23,25,26,39,47,48 ADA

37 ADIPS

28,34,36,41 CC

40 FNC

24 IADPSG

42,45 NDDG

38,44,46,49,51,54 WHO

35 UNSPECIFIED

31,50 Rotterdam

33 Rotterdam & NIH

29,30,32 Maternal obesity (≥ 30kg/m2)

Heterogeneity diagnosis for GDM/PCOS/maternal obesity diagnosis
ADA=American Diabetes Association; ADIPS=Australasian Diabetes in Pregnancy Society;
CC=Carpenter-Coustan; FNC=Finnish National Criteria; GDM=gestational diabetes mellitus;
IADPSG= International Association of Diabetes and Pregnancy Study Groups; NDDG= National
Diabetes Diagnosis Group; NIH=National Institute of Health; PCOS=polycystic ovary syndrome;
WHO=World Health Organisation



Outcome Comparison Effect Eggers test P value

GWG Metformin vs. all *** 0.223 0.824

GWG Metformin vs. placebo * 2.339 0.029

GWG Metformin vs. insulin *** 0.037 0.971

Pre-eclampsia Metformin vs. all * -0.716 0.474

Pre-eclampsia Metformin vs. placebo N/S 1.351 0.177

Pre-eclampsia Metformin vs. insulin 0.08 -0.391 0.696

Gestational
age at delivery

Metformin vs. insulin N/S -1.32 0.190

Preterm birth Metformin vs. all N/S -1.637 0.102

C-section Metformin vs. all N/S -0.115 0.909

GDM Metformin vs. placebo
(maternal obesity)

N/S -0.996 0.190

Supplementary Table S6 Fig: Eggers Test

Eggers Testing for publication bias
C-section=Cesarean-section; GDM=Gestational Diabetes Mellitus; GWG=gestational 
weight gain 



Outcome Unadjusted OR

(95% CI)

P value Studies N Het. I2 Het. P 

value

Nausea Placebo 1.44 (1.13-1.84) .003 4 144

1

0% .51

Vomiting Placebo 1.42 (1.10-1.84) .008 4 144

1

7% .36

Diarrhoea Placebo 2.73 (1.59-4.68) .0003 4 144

1

68% .02

Abdominal pain Placebo 1.00 (0.75-1.33) .98 4 124

2

0% .45

Bloating Placebo 1.32 (0.73-2.38) .36 1 240 N/A N/A

Constipation Placebo 1.11 (0.76-1.63) .59 2 797 15% .28

Headache Placebo 1.17 (0.82-1.69) .39 2 797 69% .07

Supplementary Table S7: Effect of metformin treatment upon side effects (vs. placebo: 
PCOS and maternal obesity)

Likelihood of side effects in PCOS and maternal obesity pregnancies treated with metformin
OR= Odds Ratio ± 95% CI. Het=Heterogeneity



First Author
Raw averages 

(%)
N 

Ainnudin, 2015
GI side effects 7 (8) 93

Stopped medication 6 (6) 93

Ashoush, 2016 
GI side effects 14 (30) 47

Stopped medication 0 (0) 47

Ijas, 2011
GI side effects 3 (6) 50

Stopped medication 3 (6) 50

Niromanesh, 2012
GI side effects 6 (8) 80

Stopped medication 3 (4) 80

Rowan, 2008
GI side effects 32 (9) 363

Stopped medication 7 (2) 363

Spaulonci, 2013
GI side effects 21 (46) 46

Stopped medication 1 (2) 46

Tertti, 2013
GI side effects 2 (2) 110

Stopped medication 2 (2) 110

Wasim, 2020
GI side effects 4 (3) 137

Stopped medication 4 (3) 137

Weighted average GI side effects 12.5 929

Incidence (%) Stopped medication 14.3 929

Supplementary Table S8: Gastrointestinal side effects in women with diabetes in pregnancy 
randomised to metformin.



Supplementary S1 Text: PROSPERO document



Supplementary S1 Text (page 2)



Supplementary S1 Text (page 2)



Supplementary S1 Text (page 3)



Supplementary S1 Text (page 4)



PubMed:
Initial search date: 19.11.19. (Search date range: June 1997 to 19.11.19).
Basic search terms: Metformin AND Gestational diabetes mellitus
("metformin"[MeSH Terms] OR "metformin"[All Fields]) AND ("diabetes, gestational"[MeSH
Terms] OR ("diabetes"[All Fields] AND "gestational"[All Fields]) OR "gestational diabetes"[All
Fields] OR ("gestational"[All Fields] AND "diabetes"[All Fields] AND "mellitus"[All Fields]) OR
"gestational diabetes mellitus"[All Fields])

Web of Science:
Initial search date: 19.11.19. (Search date range: 1900 to 19.11.19).
Basic search terms: Metformin AND Gestational diabetes mellitus

OVID EMBASE
Search date range: 1974 to 19.11.19.
metformin.mp.
metformin.ti,ab.
exp*metformin/
2 or 3
(gestation*adj3 diabet*).ti,ab.
exp*pregnancy diabetes mellitus/
5 or 6
4 and 7

OVID MEDLINE
Search date range: 1946 to 19.11.19.
metformin.mp.
metformin.ti,ab.
exp*metformin/
2 or 3
(gestation*adj3 diabet*).ti,ab.
4 and 5

The Cochrane Database
Search date range: Database inception to 19.11.19.
Basic search terms: Metformin AND Gestational diabetes mellitus

www.clinical trials.gov
Search date range: Database inception to 19.11.19.
Basic search terms: Metformin AND gestational diabetes

Supplementary S2 Text: Database search terms


