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ABSTRACT

Objectives: Metformin has been reported to reduce the risk of preeclampsia. It
is also known to influence soluble fms-like tyrosine kinase-1 (sFlt-1) levels,
which correlate significantly with the gestation of onset and severity of
preeclampsia. The main aim of this systematic review and meta-analysis was to
determine whether metformin use is associated with the incidence of
hypertensive disorders of pregnancy (HDP).

Methods: MEDLINE (1947 — September 2017), Scopus (1970 — September
2017) and the Cochrane Library (since inception - September 2017) were
searched for relevant citations in English language. Randomized controlled
trials on metformin use, reporting the incidence of preeclampsia or pregnancy
induced hypertension were included. Studies on populations with a high
probability of metformin use prior to randomization (type Il diabetes or polycystic
ovary syndrome) were excluded. Random-effects models with Mantel-Haenszel
were used for subgroup analyses. Moreover, a Bayesian random-effects meta-
regression was used to synthesize the evidence.

Results: In total, 3337 citations matched the search criteria. After evaluating
the abstracts and full text review, 15 studies were included in the review.
Metformin use was associated with a reduced risk of pregnancy induced
hypertension when compared to insulin (RR: 0.56, 95% Cl: 0.37-0.85, 1%?=0,
1260 women) and a non-significantly reduced risk of preeclampsia (RR: 0.83,
95% Cl: 0.60-1.14, 1"2=0%, 1724 women). When compared to placebo,
metformin use was associated with a non-significant reduction of preeclampsia

(RR: 0.74, 95% Cl: 0.09-6.28, 1"°=86%, 840 women). Metformin use was also
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associated with a non-significant reduction of any HDP (RR: 0.71, 95% CI: 0.41-
1.25, 1"?=0, 556 women) when compared to glyburide. When studies were
combined with Bayesian random-effects meta-regression using treatment type
as a covariate, the posterior probabilities of metformin having a beneficial effect
for the prevention of preeclampsia, pregnancy induced hypertension and any
HDP were 92.7%, 92.8% and 99.2%, respectively when compared to any other
treatment or placebo.

Conclusions: There is a high probability that metformin use is associated with
a reduced HDP incidence when compared to other treatments and placebo. The
small number of studies included in the analysis, the low quality of evidence and
the clinical heterogeneity preclude the generalization of these results to broader
populations. Given the clinical importance of this topic and the magnitude of
effect observed in this meta-analysis, further prospective trials are urgently

needed.
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INTRODUCTION

Preeclampsia is a leading cause of maternal mortality and morbidity which
imposes a substantial burden on the healthcare system.' Significant efforts
have been devoted to developing clinically useful screening methods and
prevention strategies for preeclampsia. Although the recommended approach to
screening for preeclampsia is blood pressure monitoring, the ASPRE trial has
shown that it is possible to predict the development of early-onset preeclampsia
with good precision using a combination of maternal factors and biomarkers in
the first trimester of pregnancy.?® Early prediction is quite important as aspirin,
the only proven prevention method for preeclampsia, has a dose- and time-
dependent effect.* Early prediction and additional interventions could boost the
beneficial effects of aspirin.> However, only 12% of all preeclampsia cases are
early-onset and prediction models show poorer precision for late-onset
disease.®® Furthermore, aspirin failed to show a clinically meaningful effect on
the development of late-onset preeclampsia where the majority of the disease
burden lies.” Therefore, a prevention method targeting both early- and late-

onset preeclampsia is highly desirable.

Metformin is a biguanide that prevents gluconeogenesis in liver and increases
the sensitivity of the peripheral tissue to insulin. The use of metformin in
obstetrics is gaining pace as it has been shown to be efficacious in the
treatment of gestational diabetes and possibly in the prevention of
preeclampsia.®'® A plausible mechanism by which metformin, an anti-diabetic

agent, might prevent preeclampsia is suggested by an in-vivo study by
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Brownfoot et al., which demonstrated that metformin reduces soluble fms-like
tyrosine kinase-1 (sFlt-1) levels which correlate significantly with the
preeclampsia onset and severity.""'? It has also been suggested that metformin
may prevent preeclampsia by improving cardiovascular function and limiting
gestational weight gain.'® Regardless of the underlying mechanism, the clinical
implications are very important if metformin is proven effective in preventing
late-onset preeclampsia. However, a randomized trial investigating the effects
of metformin on the development of preeclampsia as the primary outcome is yet
to be conducted. The main aim of this systematic review and meta-analysis was

to determine whether metformin prevents hypertensive disorders of pregnancy.
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METHODS

Protocol, eligibility criteria, information sources, and search

This review was performed according to a protocol designed a priori and
recommended for systematic reviews and meta-analysis.'*'® MEDLINE (1947 —
September 2017), Scopus (1970 — September 2017) and the Cochrane Library
(since inception - September 2017) including The Cochrane Database of
Systematic Reviews (CDSR), Database of Abstracts of Reviews of Effects
(DARE) and The Cochrane Central Register of Controlled Trials (CENTRAL)
were searched electronically on September 2017 utilizing combinations of the
relevant MeSH terms, keywords, and word variants for “metformin”,
“pregnancy”, “preeclampsia”, ‘“hypertension”, “randomized”, “gestational
hypertension”. The search was restricted to studies in English language.
Reference lists of relevant articles and reviews were hand searched for
additional reports. The PRISMA guidelines were followed.'® The study was
registered with the PROSPERO database (Registration number

CRD42017080369).

Study selection, data collection and data items

Studies were assessed according to the following criteria: population, outcome,
type of hypertensive disorder, gestational weight gain and gestational age at
initiation of metformin therapy. Randomized controlled trials reporting the
incidence of preeclampsia or pregnancy induced hypertension were included.

Studies in which metformin treatment was received prior to randomization were
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excluded. All abstracts were independently reviewed by two authors (EK, ES).
Agreement about potential relevance was reached by consensus, and full-text
copies of those papers were obtained. The same two reviewers independently
extracted data regarding the study characteristics and outcomes.
Inconsistencies were discussed by the reviewers and consensus reached. If
more than one study was published for the same cohort with identical
endpoints, the report containing the most comprehensive information on the
population was included to avoid overlapping populations. Randomized
controlled trials were included while cohort studies, case control studies, case
series, case reports, conference abstracts, and editorials were excluded.
Studies were included in which data on pregnancy outcomes, including the

incidence of preeclampsia and gestational hypertension could be extracted.

Risk of bias, summary measures and synthesis of the results

The risk of bias in the included studies was assessed using the Cochrane risk of
bias tool."”” The quality of the evidence was assessed using the GRADE
approach developed by the Grading of Recommendations, Assessment,
Development and Evaluations Working Group. Data on the type of intervention,
gestational age at randomization, gestational age and the incidence of
hypertensive disorders, with corresponding participant numbers were extracted
from each included study. Analysis of the extracted data was performed with
RStudio (Version 1.0.136, RStudio, Inc). For binary outcomes, a random-effects
model with Mantel-Haenszel method were used for pooling of studies. Relative

risks were obtained for binary outcomes. The variance between the studies was
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tested using the | squared statistic. When the number of included studies was
adequate, publication bias was explored using funnel plots asymmetry tests (i.e.
Egger test).’®?° Due to low number of studies in each subgroup analysis, a
Bayesian meta-regression or meta-analysis were employed to synthesize the
evidence regarding metformin use and hypertensive disorders of pregnancy
using the comparator (insulin, glyburide, placebo) as a covariate. A normal
distribution (N~0,10.000) for the mean effect estimates and a uniform
distribution (U~0,5) for the variance estimates were used as vague priors for
Bayesian random effects meta-regression. Posterior probabilities of intervention
having a protective effect against the hypertensive disorders of pregnancy were
calculated. A fixed effects method for Bayesian analysis was used when
posterior density plots for heterogeneity showed minimal between study
variation (<1 SD). Convergence diagnostics were made with Gelman-Rubin
statistic and traceplots. All Bayesian computations were performed using
Markov Chain Monte-Carlo (MCMC) sampler in R. MCMC sampling was run for

each analysis for 3.000.000 iterations after discarding the first 50000.

RESULTS

Study selection, characteristics and risk of bias

In total, 3337 citations matched the search criteria and three additional studies
were identified via manual search (Figure 1). After removing duplicate and
irrelevant studies, 52 were retrieved for full text review. Studies were excluded
due to the outcome reported being not relevant (n=15), study design not

matching our protocol (n=13) or overlapping populations (n=4). Another study

This article is protected by copyright. All rights reserved.



Accepted Article

was excluded due to unacceptably high risk of bias®' and 4 studies with
metformin use prior to randomization?*?°, leaving 15 studies to be included in
the meta-analysis. The methodological characteristics of the included studies
are shown in Table 1. The participants’ characteristics varied among the
studies, which included women with gestational diabetes mellitus (13 studies)
and obese women (2 studies). Metformin was

compared to insulin (8 studies), placebo (2 studies) and glyburide (5
studies).'®®3° The mean gestational age at randomization and the risk
characteristics differed greatly among the studies (Table 1). The planned
metformin dose, received metformin dose, additional treatment, and the
compliance also varied among the studies, contributing to the observed clinical
heterogeneity (Table 2). A summary of the qualitative evaluation of the included
studies according to the Cochrane risk of bias tool is presented in Table 3. All
trials were considered to be at low risk of blinding bias due to low probability of
blinding affecting the occurrence of preeclampsia or pregnancy induced

hypertension.

Synthesis of results

Studies were grouped according to the comparator treatment and analyzed for
different outcomes. Metformin use was associated with a reduced risk of
pregnancy induced hypertension when compared to insulin (RR: 0.56, 95% ClI:
0.37-0.85) (Table4) in women with GDM. Although, the risk estimate for
preeclampsia (RR: 0.83, 95% CI: 0.60-1.14) was lower with metformin use

when compared to insulin, the difference didn’t reach statistical significance
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(Table 4, Supplementary Figure 1). According to Bayesian random-effects
meta-analysis, the posterior probabilities of metformin having a beneficial effect
for the prevention of preeclampsia, pregnancy induced hypertension and any
HDP were 93.5%, 86.7% and 97.7%, respectively (Table 4).

Metformin use was associated with a non-significant reduction of preeclampsia
(RR: 0.66, 95% CI: 0.11-3.82), pregnancy induced hypertension (RR: 0.79, 95%
Cl: 0.42-1.49) and any HDP (RR: 0.71, 95% CI: 0.41-1.25) when compared to
glyburide in women with GDM (Table 1, Supplementary Figure 2). According to
Bayesian random-effects meta-analysis, the posterior probabilities of metformin
having a beneficial effect for the prevention of preeclampsia, pregnancy induced
hypertension and any HDP were 50.7%, 50.0% and 74.3%, respectively (Table
4).

When compared to placebo, metformin use was associated with a non-
significant reduction of preeclampsia in obese women (RR: 0.74, 95% CI: 0.09-
6.28) (Table 4, Supplementary Figure 3). The number of studies included in this
analysis was low (n=2) with high statistical heterogeneity (1"*=86%). According
to Bayesian random-effects meta-analysis, the posterior probabilities of
metformin having a beneficial effect for the prevention of preeclampsia,
pregnancy induced hypertension and any HDP were 46.0%, 43.4% and 43.2%,
respectively (Table 4). Due to low number of studies and methodological
similarities between the studies, a fixed-effects model analysis was also
performed. The risk of preeclampsia was lower with metformin use in the fixed

effects model (RR: 0.51, 95%ClI: 0.26-0.98) with high statistical heterogeneity
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(1"*=86%). The posterior probability (fixed-effects Bayesian) for beneficial effect
was 99.4% (OR: 0.54, 95% credible intervals: 0.25-0.95).

No studies compared metformin with placebo in women with GDM and also
there were no studies comparing metformin with insulin in obese women as
expected.

When the available evidence was combined with a Bayesian random-effects
meta-regression using the treatment type as a covariate, the posterior
probabilities of metformin having a beneficial effect for the prevention of
preeclampsia, pregnancy induced hypertension and any HDP were 92.7% (OR:
0.72 95% credible intervals: 0.42-1.16), 92.8% (OR: 0.74, 95% credible
intervals: 0.43-1.12) and 99.2%( OR: 0.71 95% credible intervals: 0.50-0.98),
respectively when compared to other treatments (Figure 2). Between study

variance in these analyses were small (Figure 2, Supplementary Figure 4).

The overall quality of evidence was low. Most analyses were downgraded one
point for imprecision and at least one point for indirectness (Table 4,
Supplementary Material). The publication bias wasn’t formally investigated due

to low number of studies in each subgroup analysis.
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DISCUSSION

Summary of the main findings

In this meta-analysis of randomized trials, metformin reduced the risk of,
pregnancy induced hypertension compared to insulin in women with GDM.
Also, metformin use was associated with a high probability for the prevention of
any HPD when compared to other treatments and placebo. The analyses were
characterized by low number of included studies, significant clinical

heterogeneity, and low quality of evidence.

Study strengths and limitations

We included all randomized trials in which metformin was compared to any
treatment modality or placebo. The total number of studies included in the
quantitative analysis was modest (n=15). Although we could not perform a
subgroup analysis for early- and late-onset preeclampsia, metformin
randomization was before 30 weeks’ gestation in most of the studies included
indicating that the summary effect we observed is likely due to the prevention of
late-onset preeclampsia. Another limitation of this analysis was the clinical
heterogeneity among the included studies. It is important to note that diagnostic
criteria for the outcome measures differed between studies but the diagnostic
criteria of preeclampsia and pregnancy induced hypertension are relatively
similar among the available guidelines. Also, HDP was not the primary outcome
measure in any of the included studies and metformin was not specifically

tested for the prevention of HDP. This is an important confounder and the effect
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observed in these studies could be due to other uncontrolled factors (i.e.
gestational weight gain). We used both random and fixed effects models for
studies comparing metformin with placebo which yielded conflicting results. The
studies included in this analysis were quite similar in their design and execution,
thus was characterized by low clinical heterogeneity but high statistical
heterogeneity. However, it is unlikely the summary estimates presented by
either method are good representations of the real effect. The Bayesian
random-effects meta-analysis was in agreement with this assessment as the
posterior estimates were dominated by the vague prior information (posterior
probability ~50%), indicating the current evidence is too weak to draw firm
conclusions for this subgroup. The majority of the evidence stemmed from
studies comparing metformin with insulin in women with GDM. However, the
magnitude of effect was relatively constant among other comparators but
without statistical significance, which was probably due to insufficient number of
included studies. Also, our review comprises two main population of pregnant
women, i.e. women with GDM and obese women. The results we have obtained
here is mainly applicable to such populations. Women with a high probability of
metformin use prior to randomization (type Il diabetes and polycystic ovary
syndrome) were excluded in this meta-analysis and the results we have

obtained cannot be applied to these populations.

Comparison with existing literature and research implications
Although the use of metformin in pregnant women dates back to 1979, it has

recently become a popular treatment choice for gestational diabetes due to its
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proven effectiveness, safety in pregnancy, ease of use and high compliance
rate.* The effectiveness of metformin compared to insulin in managing
gestational diabetes was demonstrated in a meta-analysis by Gui et a.*' In a
subgroup analysis Gui et al. have reported that the prevalence of preeclampsia
was similar between the metformin and insulin groups (OR: 0.69 95%
confidence internal: 0.42 to 1.12). However, this analysis included only three
studies. Two previous meta-analyses by Feng et al. and Butalia et al
demonstrated a significant effect of metformin in reducing the incidence of
preeclampsia in women with diabetes (RR: 0.70, 95% CI: 0.49 to 0.99, RR:
0.56, 95% Cl: 0.37 to 0.85, respectively).>*? Again, these were subgroup
analyses within studies aimed at assessing the effects of metformin during the
treatment of diabetes during pregnancy. Notably, these meta-analyses did not
report preeclampsia and pregnancy induced hypertension outcomes separately.
A recent Cochrane review by Brown et al. reported a non-significant reduction in
the risk of preeclampsia in women with gestational diabetes taking metformin,
but a significantly reduced risk of gestational hypertension; this is in line with our
findings.** In contrast to the findings of the Cochrane review, Alqudah et al.
found a significant association between metformin use and reduced risk of
preeclampsia when compared to insulin.** However, studies involving patients
with type 2 diabetes were included in that review. Compared to previous
reviews, we provide the Bayesian estimates in the form posterior probabilities.
In general, metformin use was associated with a high probability for beneficial

effect in the prevention of HDP. Bayesian analysis allows the probabilistic
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interpretation of results and avoids the problems arising from null hypothesis

testing (i.e. type | and Il errors).

Obesity is a known risk factor for the development of pregnancy induced
hypertension and preeclampsia. The trials which investigated increasing
physical activity and limiting gestational weight gain during pregnancy have
demonstrated a lower incidence of hypertensive disorders of pregnancy.*>*°
The preventive effects of physical activity could be due to an improvement in
cardiovascular function and/or reduced gestational weight gain. Of note,
metformin has been reported to have beneficial effects in those at-risk
women.*2**% Improved cardiovascular function and reduced gestational weight

! could be

gain, in addition to its known stabilization of vasoactive mediators,’
the underlying mechanisms of the beneficial effects of metformin. Weight gain is
one of the factors that could contribute to clinical heterogeneity we observed in
this analysis. Future studies on this topic should carefully investigate this factor

and its association with late-onset preeclampsia in addition to metformin use.

Conclusions

Metformin is associated with a high probability of preventing of any HPD when
compared to other treatments. The small number of the included studies and
their clinical heterogeneity preclude the generalization of these results to
broader populations. Therefore, randomized trials of metformin use for the

prevention of preeclampsia are urgently needed.

This article is protected by copyright. All rights reserved.



Accepted Article

REFERENCES

. Hypertension in pregnancy. Report of the American College of

Obstetricians and Gynecologists' Task Force on Hypertension in
Pregnancy. Obstet Gynecol. 2013; 122: 1122-31.

Force USPST, Bibbins-Domingo K, Grossman DC, Curry SJ, Barry MJ,
Davidson KW, Doubeni CA, Epling JW, Jr., Kemper AR, Krist AH, Kurth
AE, Landefeld CS, Mangione CM, Phillips WR, Phipps MG, Silverstein M,
Simon MA, Tseng CW. Screening for Preeclampsia: US Preventive
Services Task Force Recommendation Statement. JAMA. 2017; 317:
1661-7.

Rolnik DL, Wright D, Poon LCY, Syngelaki A, O'Gorman N, de Paco
Matallana C, Akolekar R, Cicero S, Janga D, Singh M, Molina FS,
Persico N, Jani JC, Plasencia W, Papaioannou G, Tenenbaum-Gavish K,
Nicolaides KH. ASPRE trial: performance of screening for preterm pre-

eclampsia. Ultrasound Obstet Gynecol. 2017; 50: 492-5.

. Roberge S, Nicolaides K, Demers S, Hyett J, Chaillet N, Bujold E. The

role of aspirin dose on the prevention of preeclampsia and fetal growth
restriction: systematic review and meta-analysis. Am J Obstet Gynecol.

2017;216: 110-20 e6.

. Werner EF, Hauspurg AK, Rouse DJ. A Cost-Benefit Analysis of Low-

Dose Aspirin Prophylaxis for the Prevention of Preeclampsia in the

United States. Obstet Gynecol. 2015; 126: 1242-50.

This article is protected by copyright. All rights reserved.



6. Lisonkova S, Joseph KS. Incidence of preeclampsia: risk factors and
outcomes associated with early- versus late-onset disease. Am J Obstet
Gynecol. 2013; 209: 544 e1- e12.

7. Rolnik DL, Wright D, Poon LC, O'Gorman N, Syngelaki A, de Paco
Matallana C, Akolekar R, Cicero S, Janga D, Singh M, Molina FS,
Persico N, Jani JC, Plasencia W, Papaioannou G, Tenenbaum-Gavish K,
Meiri H, Gizurarson S, Maclagan K, Nicolaides KH. Aspirin versus
Placebo in Pregnancies at High Risk for Preterm Preeclampsia. N Engl J
Med. 2017; 377: 613-22.

8. Romero R, Erez O, Huttemann M, Maymon E, Panaitescu B, Conde-
Agudelo A, Pacora P, Yoon BH, Grossman LI. Metformin, the aspirin of
the 21st century: its role in gestational diabetes mellitus, prevention of
preeclampsia and cancer, and the promotion of longevity. Am J Obstet
Gynecol. 2017; 217: 282-302.

9. FengY, Yang H. Metformin - a potentially effective drug for gestational
diabetes mellitus: a systematic review and meta-analysis. J Matern Fetal
Neonatal Med. 2017; 30: 1874-81.

10. Syngelaki A, Nicolaides KH, Balani J, Hyer S, Akolekar R, Kotecha R,
Pastides A, Shehata H. Metformin versus Placebo in Obese Pregnant
Women without Diabetes Mellitus. N Engl J Med. 2016; 374: 434-43.

11. Brownfoot FC, Hastie R, Hannan NJ, Cannon P, Tuohey L, Parry LJ,

Accepted Article

Senadheera S, lllanes SE, Kaitu'u-Lino TJ, Tong S. Metformin as a

prevention and treatment for preeclampsia: effects on soluble fms-like

This article is protected by copyright. All rights reserved.



Accepted Article

tyrosine kinase 1 and soluble endoglin secretion and endothelial
dysfunction. Am J Obstet Gynecol. 2016; 214: 356 e1- e15.

12. Zeisler H, Llurba E, Chantraine F, Vatish M, Staff AC, Sennstrom M,
Olovsson M, Brennecke SP, Stepan H, Allegranza D, Dilba P, Schoedl|
M, Hund M, Verlohren S. Predictive Value of the sFlt-1:PIGF Ratio in
Women with Suspected Preeclampsia. N Engl J Med. 2016; 374: 13-22.

13.Genest DS, Falcao S, Gutkowska J, Lavoie JL. Impact of exercise
training on preeclampsia: potential preventive mechanisms.
Hypertension. 2012; 60: 1104-9.

14.Henderson LK, Craig JC, Willis NS, Tovey D, Webster AC. How to write
a Cochrane systematic review. Nephrology (Carlton) 2010; 15: 617-24.

15.NHS Centre for Reviews and Dissemination. Systematic reviews: CRD’s
guidance for undertaking reviews in health care. York (UK): University of
York; 2009

16. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement.
J Clin Epidemiol. 2009; 62: 1006-12.

17.Higgins JPT, Altman DG. Assessing risk of bias in included studies. In:
Higgins JPT, Green S, eds. Cochrane handbook for systematic reviews
of interventions. Wiley, 2008: 187-241.

18.Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. Fixed-Effect
Versus Random-Effects Models. Introduction to Meta-Analysis: John

Wiley & Sons, Ltd; 2009. p. 77-86.

This article is protected by copyright. All rights reserved.



Accepted Article

19.Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ 2003; 327: 557-560.

20.Sterne JAC, Egger M. Funnel plots for detecting bias in meta-analysis:
guidelines on choice of axis. J Clin Epidemiol 2001; 54: 1045—1046.

21. Khan RMA, Mukhtar A, Khawar A. Comparison of metformin with insulin
in the management of gestational diabetes. Medical Forum Monthly.
2017; 28: 105-9.

22.Vanky E, Salvesen KA, Heimstad R, Fougner KJ, Romundstad P,
Carlsen SM. Metformin reduces pregnancy complications without
affecting androgen levels in pregnant polycystic ovary syndrome women:
results of a randomized study. Hum Reprod. 2004; 19: 1734-40.

23.Vanky E, Stridsklev S, Heimstad R, Romundstad P, Skogoy K,
Kleggetveit O, Hjelle S, von Brandis P, Eikeland T, Flo K, Berg KF,
Bunford G, Lund A, Bjerke C, Almas |, Berg AH, Danielson A, Lahmami
G, Carlsen SM. Metformin versus placebo from first trimester to delivery
in polycystic ovary syndrome: a randomized, controlled multicenter study.
J Clin Endocrinol Metab. 2010; 95: E448-55.

24. Ainuddin JA, Karim N, Zaheer S, Ali SS, Hasan AA. Metformin treatment
in type 2 diabetes in pregnancy: an active controlled, parallel-group,
randomized, open label study in patients with type 2 diabetes in
pregnancy. Journal of diabetes research. 2015; 2015: 325851.

25.Refuerzo JS, Gowen R, Pedroza C, Hutchinson M, Blackwell SC, Ramin

S. A pilot randomized, controlled trial of metformin versus insulin in

This article is protected by copyright. All rights reserved.



Accepted Article

women with type 2 diabetes mellitus during pregnancy. Am J Perinatol.
2015; 30: 163-70.

26.Nachum Z, Zafran N, Salim R, Hissin N, Hasanein J, Gam Ze Letova Y,
Suleiman A, Yefet E. Glyburide Versus Metformin and Their Combination
for the Treatment of Gestational Diabetes Mellitus: A Randomized
Controlled Study. Diabetes Care. 2017; 40: 332-7.

27.Moore LE, Clokey D, Rappaport VJ, Curet LB. Metformin compared with
glyburide in gestational diabetes: a randomized controlled trial. Obstet
Gynecol. 2010; 115: 55-9.

28. Ainuddin J, Karim N, Hasan AA, Nagvi SA. Metformin versus insulin
treatment in gestational diabetes in pregnancy in a developing country: a
randomized control trial. Diabetes Res Clin Pract. 2015; 107: 290-9.

29. Chiswick C, Reynolds RM, Denison F, Drake AJ, Forbes S, Newby DE,
Walker BR, Quenby S, Wray S, Weeks A, Lashen H, Rodriguez A,
Murray G, Whyte S, Norman JE. Effect of metformin on maternal and
fetal outcomes in obese pregnant women (EMPOWaR): a randomised,
double-blind, placebo-controlled trial. Lancet Diabetes Endocrinol. 2015;
3:778-86.

30.George A, Mathews JE, Sam D, Beck M, Benjamin SJ, Abraham A,
Antonisamy B, Jana AK, Thomas N. Comparison of neonatal outcomes
in women with gestational diabetes with moderate hyperglycaemia on
metformin or glibenclamide--a randomised controlled trial. Aust N Z J

Obstet Gynaecol. 2015; 55: 47-52.

This article is protected by copyright. All rights reserved.



Accepted Article

31. ljas H, Vaarasmaki M, Morin-Papunen L, Keravuo R, Ebeling T, Saarela
T, Raudaskoski T. Metformin should be considered in the treatment of
gestational diabetes: a prospective randomised study. BJOG. 2011; 118:
880-5.

32.Niromanesh S, Alavi A, Sharbaf FR, Amjadi N, Moosavi S, Akbari S.
Metformin compared with insulin in the management of gestational
diabetes mellitus: a randomized clinical trial. Diabetes Res Clin Pract.
2012; 98: 422-9.

33.Rowan JA, Hague WM, Gao W, Battin MR, Moore MP, Mi GTI. Metformin
versus insulin for the treatment of gestational diabetes. N Engl J Med.
2008; 358: 2003-15.

34.Silva JC, Pacheco C, Bizato J, de Souza BV, Ribeiro TE, Bertini AM.
Metformin compared with glyburide for the management of gestational
diabetes. Int J Gynaecol Obstet. 2010; 111: 37-40.

35.Spaulonci CP, Bernardes LS, Trindade TC, Zugaib M, Francisco RP.
Randomized trial of metformin vs insulin in the management of
gestational diabetes. Am J Obstet Gynecol. 2013; 209: 34 e1-7.

36. Tertti K, Ekblad U, Koskinen P, Vahlberg T, Ronnemaa T. Metformin vs.
insulin in gestational diabetes. A randomized study characterizing
metformin patients needing additional insulin. Diabetes Obes Metab.
2013; 15: 246-51.

37.Pujara P, Signh V,Murmu S, Kumari S, Prajapati D. A comparative study
of metformin and glyburide in gestational diabetes mellitus. Int J Reprod

Contracept Obstet Gynecol. 2017; 6: 1493-1502

This article is protected by copyright. All rights reserved.



Accepted Article

38. Najafian M, Barati M, Masihi S, Fardipor A, Shajirat Z. Investigation the
Effects of Metformin versus Insulin on Neonatal and Maternal Outcomes
in Women with Gestational Diabetes Mellitus: A Randomized Clinical
Trial. Global Journal of Health Science. 2017; 9: 272-278

39.Saleh HS, Abdelsalam WA, Mowafy HE, Abd EIHameid AA. Could
Metformin Manage Gestational Diabetes Mellitus instead of Insulin? Int J
Reprod Med. 2016; 2016:8.

40.Coetzee EJ, Jackson WP. Metformin in management of pregnant insulin-
independent diabetics. Diabetologia 1979; 16: 241-5.

41.Gui J, Liu Q, Feng L. Metformin vs insulin in the management of
gestational diabetes: a meta-analysis. PloS One 2013; 8: €64585.

42.Butalia S, Gutierrez L, Lodha A, Aitken E, Zakariasen A, Donovan L.
Short- and long-term outcomes of metformin compared with insulin alone
in pregnancy: a systematic review and meta-analysis. Diabet Med 2017;
34:27-36

43.Brown J, Grzeskowiak L, Williamson K, Downie MR, Crowther CA.
Insulin for the treatment of women with gestational diabetes. Cochrane
Database Syst Rev. 2017; 11: CD012037.

44. Algudah A, McKinley MC, McNally R, Graham U, Watson CJ, Lyons TJ,
McClements L. Risk of pre-eclampsia in women taking metformin: a
systematic review and meta-analysis. Diabet Med. 2018; 35: 160-72

45.Magro-Malosso ER, Saccone G, Di Tommaso M, Roman A, Berghella V.

Exercise during pregnancy and risk of gestational hypertensive disorders:

This article is protected by copyright. All rights reserved.



a systematic review and meta-analysis. Acta Obstet Gynecol
Scand. 2017; 96: 921-931

46.Barakat R, Pelaez M, Cordero Y, Perales M, Lopez C, Coteron J, Mottola
MF. Exercise during pregnancy protects against hypertension and
macrosomia: randomized clinical trial. Am J Obstet Gynecol. 2016; 214:
649 e1-8

47 .Melchiorre K, Sutherland G, Sharma R, Nanni M, Thilaganathan B. Mid-
gestational maternal cardiovascular profile in preterm and term pre-
eclampsia: a prospective study. BJOG. 2013; 120: 496-504.

48.Kalafat E, Thilaganathan B. Cardiovascular origins of preeclampsia. Curr
Opin Obstet Gynecol. 2017; 29: 383-9.

49.Nesti L, Natali A. Metformin effects on the heart and the cardiovascular
system: A review of experimental and clinical data. Nutr Metab

Cardiovasc Dis. 2017; 27: 657-69.

Accepted Article

This article is protected by copyright. All rights reserved.



Figure legends

Figure 1. PRISMA flow diagram of study selection.
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Figure 2. Results of Bayesian random-effects meta-regression using
treatment type as the covariate. (Left) Forest plots of studies comparing
metformin with any other treatment or placebo for the occurrence of
pregnancy induced hypertension, preeclampsia or any hypertensive disorder
of pregnancy. (Right) Posterior distribution plots of between study variance.
Square boxes represent the mean effect estimate and black lines represent
the 95% credible intervals for individual studies. The diamonds represent the
summary effect estimates. Between study variance below 1 SD indicates

low heterogeneity.
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Supplementary Figure 1. Forest plot of studies comparing metformin
versus insulin for the occurrence of pregnancy induced hypertension,
preeclampsia or any hypertensive disorder of pregnancy.
Supplementary Figure 2. Forest plot of studies comparing metformin
versus glyburide for the occurrence of pregnancy induced hypertension,
preeclampsia or any hypertensive disorder of pregnancy.
Supplementary Figure 3. Forest plot of studies comparing metformin
versus placebo for the occurrence of pregnancy induced hypertension,
preeclampsia or any hypertensive disorder of pregnancy.
Supplementary Figure 4. Forest plot of studies comparing metformin
versus other drugs or placebo for the occurrence of pregnancy induced

hypertension, preeclampsia or any hypertensive disorder of pregnancy.

Each study is represented by a line. The box in the middle of the line
represents the point effect estimate of this particular study. The midpoint of
the box represents the point effect estimate, that is, the mean effect estimate
for each study. The area of the box represents the weight given to the study.
The diamond below the studies represents the overall estimate. The width of
the line shows the confidence interval (Cl) of the effect estimate of individual
studies. The width of the diamond shows the ClI for the overall effect

estimate. Heterogeneity (%) = diversity between studies.
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Table 1. The characteristics of the studies included in this systematic review
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>
]
O
° ﬁ Author Comparator | Inclusion criteria | Exclusion criteria No.of | GA at GA at
H patients | randomization | delivery
H (weeks) (weeks)
Ainuddin Insulin Women with GDM | Contraindication to metformin, fetal 150 29 37
2015 not responding to | anomaly, type | or |l diabetes, fetal
diet and exercise growth restriction, positive glucose
@ tolerance test before 26 weeks,
Q) ruptured membranes
H Chiswick Placebo Obese Non-Caucasian ethnicity, overt 434 14 39
Q 2015 (BMI>30kg/m?) diabetes, GDM in previous
d) women without pregnancy, GDM in current
overt diabetes pregnancy before randomization,
O systemic disease, history of
o preeclampsia prior to 32 weeks,




fetal growth restriction, sensitivity to

metformin.

not responding to

diet and exercise

misuse, renal or hepatic disease

George Glyburide Women with GDM | Type | or Il diabetes, currently on 159 29 38
2015 not responding to | metformin, multiple pregnancy, fetal
diet and exercise | anomaly, renal or liver dysfunction,
cardiorespiratory disease,
malabsorption, sepsis, ruptured
membranes, preeclampsia or
gestational hypertension
ljas 2011 Insulin Women with GDM | Preeclampsia, essential 97 30 39
hypertension, fetal growth restriction
Moore 2010 | Glyburide Women with GDM | Chronic hypertension, substance 149 29 38
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Nachum Glyburide Women with GDM | Women without dating, 104 29 38
2017 not responding to | pregestational diabetes, suspected
diet alone fetal growth restriction, major fetal
malformations
Niromanesh | Insulin Women with GDM | Systemic disease, substance abuse, | 160 28 38
2012 not responding to | overt diabetes, major fetal
diet alone malformations
Rowan Insulin Women with GDM | Contraindication to metformin, fetal | 733 30 38
2008 not responding to | anomaly, gestational hypertension,
diet and exercise preeclampsia, fetal growth
restriction, ruptured membranes
Spaulonci Insulin Women with GDM | Lost to prenatal follow-up 92 32 38
2013 not responding to
diet and exercise
Syngelaki Placebo Obese History of GDM, major fetal defect, | 400 15 91.5%
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fetal malformations

2016 (BMI>35kg/m?) kidney, liver or heart failure, term
women without hyperemesis gravidarum, sensitivity delivery
overt diabetes to metformin, metformin use at the

time of screening, miscarriage
before randomization.

Tertti 2013 | Insulin Women with GDM | Cardiac or renal insufficiency, liver 227 30 39
not responding to | disease, metformin use within 3
diet alone months preceding index pregnancy

or during pregnancy prior to
randomization, self-reported fasting
plasma glucose value >5.5mmol/L

Silva 2010 | Glyburide Women with GDM | Medication intolerance, fetal 72 26 92.3%
not responding to | abdominal circumference above term
diet and exercise | 97% or below 5%, lack of follow-up, delivery
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not responding to

obstetric high risk conditions, liver or

This article is protected by copyright. All rights reserved.

>
~ Pujara Glyburide Women with GDM | Smoking, assisted reproduction, 72 25 38
O 2017 not responding to | overt diabetes, allergy to metformin,
¢ Ml ) diet and exercise | fetal anomaly, abdominal
H circumference above 97% or below
5%.,intolerance to medication, lost to
< follow-up, multiple pregnancy,
randomization delivery interval less
@ than 2 weeks
Q) Najafian Insulin Women with GDM | Lack of patient satisfaction, overt 138 Not reported Not
| i 2017 not responding to | diabetes, multiple pregnancy, reported
diet and exercise | systemic disease, lack of glycemic
Q control under maximum dose of
Q) metformin
O Saleh 2016 | Insulin Women with GDM | Overt diabetes, fetal anomaly, 137 28 38
O




diet alone

kidney disease, intolerance to

metformin
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GA: gestational age; GDM: gestational diabetes; BMI: body mass index
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Table 2. The characteristic of metformin use in the studies included in this systematic review

Author and year

No. women
requiring adjunct

treatment, n (%)

Planned metformin

dose

Compliance *

Received metformin dose

Ainuddin 2015

32 (42.7)

500 to 2500 mg

Not reported

Mean dose: 1950 mg (SD: 540mg) for
metformin alone group and mean dose: 1910

mg (SD: 680mg) for metformin plus insulin

group

Chiswick 2015

500 to 2500 mg

65.3%

A metformin dose of 2500mg and 2000mg were
taken during 38% and 62% of all possible drug

taking days, respectively.

George 2015

500 to 2500 mg

Not reported

The maximum daily dose was 500mg in 58.7%,
1000mg in 21.3% and >1000mg in 20.0% of

participants

ljas 2011

15 (31.9)

750 to 2250 mg

Not reported

Not reported
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Moore 2010 26 (34.7) 500 to 2000 mg Not reported | Not reported

Nachum 2017 9 (17%) 850 to 2250mg Not reported | Not reported

Niromanesh 2012 | 11 (13.8) 1000 to 2500 mg Not reported | Median:1500mg (IQR: 1000 to 2500mg)

Rowan 2008 168 (46.3) 500 to 2500 mg 69.4% All but one participant received more than
1000mg with a median dose of 2500mg

Spaulonci 2013 12 (26.1) 1700 to 2550 mg Not reported | The maximum daily dose was 1700mg in
29.8%, 2550mg in 42.6% of participants

Syngelaki 2016 - 1000 to 3000 mg 79.5% The maximum daily dose was 3000mg in
63.5%, 2500mg in 14.2% and 2000 mg in 22.2%
of participants

Tertti 2013 23 (20.9) 500 to 2000 mg Not reported | Median:1500mg (IQR: 500 to 2000mg )

Silva 2010 8 (25.0) 500 to 2500 mg Not reported | Mean:1284mg (SD: 535mg)

Pujara 2017 13(26.0%) 500 to 2500 mg Not reported | Not reported

Najafian 2017

Not reported

500 to 2000 mg

Not reported

26% of patients was on 2000mg, 66% was on

1500mg, 5.9% was on 1000mg and 1% was on

This article is protected by copyright. All rights reserved.




Accepted Article

500mg

Saleh 2016 Not reported

500 to 3000mg

Not reported

Not reported

"Reported as per individual study protocol
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Table 3. Assessment of the risk of bias in the included studies according to the Cochrane risk of bias tool

Blinding
of Selective
Sequence | Allocation Blinding of | outcome | Incomplete outcome | Other

First author and year generation | concealment | participants | assessor | outcome data reporting | bias
Ainuddin 2015 High High Low Low Low Low Unclear
Chiswick 2015 Low Unclear Low Low Low Unclear | Unclear
George 2015 Low Low Low Low Low Unclear | Unclear
ljas 2011 Low Low Low Low Low Unclear Low
Moore 2010 Low Low Low Low Low Low Unclear
Nachum 2017 Low Low Low Low Low Low Unclear
Najafian 2017 Unclear Unclear Low Low Low Low Unclear
Niromanesh 2012 Low Low Low Low Low Low Unclear
Pujara 2017 Unclear Unclear Low Low High High Unclear
Rowan 2008 Low Unclear Low Low Unclear Low Unclear
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Saleh 2016 Low Unclear Low Low Low High Low
Silva 2010 Low Low Low Low Low Low Unclear
Spaulonci 2013 Unclear Unclear Low Low Low High Low
Syngelaki 2016 Low Low Low Low Low Low Low
Tertti 2013 Unclear Unclear Low Low Low Low Low
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Table 4. Meta-analysis of studies comparing metformin with other compounds in women with gestational diabetes or obesity. Posterior probability

of metformin having a beneficial effect is reported by using a Bayesian random-effect meta-analysis.

No. Event/Total Event/Total RR (95% CI)* A2 | Posterior GRADE
included | Metformin . probability
studies Insulin
Metformin vs insulin, women with GDM
- Outcome: Preeclampsia 8 64/856 82/868 0.83 (0.60-1.14) 0% 93.5%" CISISIS)
VERY LOW
- Outcome: PIH 4 31/628 56/632 0.56 (0.37-0.85) 0% 86.7% PO
MODERATE
- Outcome: Any HDP 8 95/856 138/868 0.70 (0.54-0.91) 5% | 97.7% CISISIS)
LOW
Metformin vs insulin, obese women NA - - - - - -
Metformin vs glyburide, women with GDM
- Outcome: preeclampsia 1 2/75 3/74 0.66 (0.11-3.82) NA | 50.7%" SISISIS)
LOW
- Outcome: PIH 3 14/148 18/155 0.79 (0.42-1.49) 0% 50.0%" CISISIS)
VERY LOW
- Outcome: Any HDP 5 18/274 26/282 0.71 (0.41-1.25) 0% 74.3%" CISISIS)
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LOW
Metformin vs glyburide, obese women | NA - - - - - -
Metformin vs placebo, women with GDM NA - - - - - -
Metformin vs placebo, obese women
- Outcome: preeclampsia 2 13/423 25/417 0.74 (0.09-6.28) 86% | 46.0%" CISISIS)
VERY LOW
- Outcome: PIH 2 34/423 27/417 1.24 (0.76-2.03) 0% | 43.4%' SISl
MODERATE
- Outcome: Any HDP 2 47/423 52/417 0.93 (0.30-2.86) 88% | 43.2%' SISISIS)
VERY LOW
Metformin vs any drug, all women
- Outcome: preeclampsia 11 79/1354 110/1359 0.75 (0.52-1.09) 33% | 92.7% 9 BISISIS)
VERY LOW
- Outcome: PIH 9 79/1199 101/1201 0.79 (0.59-1.04) 0% |92.8%1 CISISIS)
VERY LOW
- Outcome: Any HDP 15 160/1553 216/1567 0.75 (0.59-0.94) 20% | 99.2% 1 CISISIS)
VERY LOW

*Random effects meta-analysis with Mantel-Haenszel method

tBayesian random-effects meta-analysis with vague priors (Normal or t-distribution)
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¥Bayesian fixed-effects meta-analysis with vague priors (Normal or t-distribution)
{Bayesian random-effects meta-regression using comparator treatment as a covariate

PIH: pregnancy induced hypertension, HDP: hypertensive disorders of pregnancy, NA: not available
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