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Novelty statement:

e This study’s novel results demonstrate that metformin + insulin treatment is linked to
the lower incidence of pre-eclampsia than insulin treatment alone in women with
GDM or Type 2 DM, which is likely to be age-dependent and associated with reduced
weight gain during pregnancy.

e Surprisingly, in other high-risk pregnancies where glucose-lowering agents are not
essential, metformin does not appear to be beneficial.

e Current clinical guidelines which stipulate insulin treatment as a first line choice in
pregnancies complicated by diabetes should be reviewed in light of these findings and
adequately designed RCTs with pre-eclampsia as a primary outcome carried out
urgently.
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Abstract

AIMS

Hypertensive disorders in pregnancy, particularly pre-eclampsia, are leading causes of
maternal or foetal morbidity and mortality, and effective treatments are lacking. The aim of
this study was to perform meta-analyses of studies evaluating the risk of pre-eclampsia in
high-risk insulin-resistant women taking metformin prior or during pregnancy.

METHODS

Medline, EMBASE, Web of Science and Scopus databases were searched. Both randomised
controlled trials [RCTs] and prospective observational studies of metformin treatment vs.
placebo/control or insulin, either prior to or during pregnancy, were selected. The main
outcome measure was the incidence of pre-eclampsia in each treatment group.

RESULTS

Overall, in nine studies comparing metformin treatment [n=1,281] to placebo/control
[n=1,341], no difference in the risk of pre-eclampsia was demonstrated [combined/pooled
RR=0.98; 95% CI 0.53-1.82; p=0.95; ’=54%]. Restricting analysis to five RCTs again
showed no significant effect [RR=0.86; 95% CI 0.33-2.26; p=0.76; 12266%]. However, a
meta-analysis of nine studies comparing metformin [n=1,303] to insulin [n=1,235] showed
reduced risk of pre-eclampsia with metformin [RR=0.71; 95% CI 0.53-0.96; p=0.03; 1220%],
also seen when analyses were restricted to the eight RCTs [n=1,674; RR=0.68; 95% CI 0.48-
0.95; p=0.02; I’=0%]. High levels of heterogeneity were present in studies comparing
metformin to placebo/control. Pre-eclampsia was a secondary outcome in most of the studies.
Mean weight gain from enrolment to delivery was lower in metformin group [p=0.05,
metformin vs. placebo; p=0.004, metformin vs. insulin].

CONCLUSIONS
In studies randomising pregnant women to glucose-lowering therapy, metformin is associated
with a lower risk of pre-eclampsia than insulin.
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Introduction

Pre-eclampsia is a complication of pregnancy that occurs in the second half of gestation. It is
defined as the new onset, after 20 weeks gestation, of hypertension (>140/90 mmHg) and
proteinuria (=300 mg per 24 h), or in the absence of proteinuria, any of the following:
thrombocytopenia (platelets<100,000/ul), impaired liver function, progressive renal
insufficiency, pulmonary oedema or cerebral or visual disturbances[1]. Pre-eclampsia is
classified according to gestational age at onset: term pre-eclampsia (onset >37 weeks),
preterm pre-eclampsia (34-37 weeks), and early-onset pre-eclampsia (<34 weeks)[2]. Severe
features of pre-eclampsia include blood pressure >160/110 mmHg, thrombocytopenia,
impaired liver function, progressive renal insufficiency, pulmonary oedema, cerebral or
visual disturbances[1]. Pre-eclampsia is the leading cause of maternal and foetal morbidity
and mortality: by conservative estimates, it affects 10 million pregnant women worldwide
annually, and is responsible for 76,000 maternal and 500,000 infant deaths[3]. In addition to
the short-term risks, pre-eclampsia is associated, later in life, with cardiovascular disease

and/or Type 2 diabetes mellitus (Type 2 DM) in both mothers and offspring(4,5).

The incidence of pre-eclampsia is ~4-6% in the general population, but is greatly increased
by insulin-resistant disorders such as gestational diabetes (GDM), Type 2 DM, polycystic
ovary syndrome (PCOS) and obesity(6—8). In women with pre-gestational diabetes, whether

Type 1 or Type 2 DM, the risk for pre-eclampsia in increased approximately four-fold(9,10).

There are currently no reliable biomarkers or effective preventative measures, and no
treatments for pre-eclampsia other than delivery. The pathogenesis of pre-eclampsia is linked
to aberrant angiogenesis and inadequate remodelling of the spiral uterine artery, later leading
to the development of an ischemic placenta; however, understanding of underlying
mechanisms is inadequate, impeding the rational for development of preventative and

treatment strategies.
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A few therapeutic approaches have been explored. Low dose aspirin (75 mg daily) may
reduce the incidence of pre-eclampsia by up to 25% if taken before 16 weeks gestation(11),
and is recommended from 12 weeks gestation for women who have one or more of the
following risk factors: history of pre-eclampsia, multifoetal gestation, chronic hypertension,
diabetes (Type 1 or 2 DM), renal disease or autoimmune disease (e.g. systemic lupus
erythematous, antiphospholipid syndrome). Anti-oxidant supplements have also been

assessed, but so far failed to show benefit in the prevention of pre-eclampsia(10).

Metformin can be safely used in pregnancy[12] enabling investigation of its effects on
pregnancy outcomes in women who are at higher risk such as obese women or women with
GDM, Type 2 DM, or PCOS[13-16]. Metformin reduces insulin resistance, and mitigates
endothelial dysfunction and hyperglycaemia, factors which have been associated with pre-
eclampsia[17,18]. Metformin is an AMPK activator, and reduced AMPK pathway activity
has also been implicated in the pathogenesis of pre-eclampsia[19,20]. It is established that the
circulating anti-angiogenic factor, fms-like tyrosine kinase 1 (sFlt-1) is significantly
increased in pregnancies complicated by pre-eclampsia, and recently, it was demonstrated
that metformin can reduce sFIt-1 secretion from placental tissue and placental explants[21].

Metformin therefore warrants investigation as a preventive treatment for pre-eclampsia.

The aim of this systematic review and meta-analysis is to evaluate evidence concerning the
efficacy of metformin compared to placebo/control or insulin in reducing the incidence of
pre-eclampsia in high-risk pregnant women using randomised controlled trials (RCTs) and

prospective observational studies or RCTs alone.
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Methods

Data sources and searches

A systematic literature search was conducted using Medline (1946), Embase (1974), Web of
Science, and Scopus databases for eligible studies from inception until November 2016.
Filters were not used for the type of study or language, however only studies in human
populations were included. In collaboration with the subject librarian (RF) at the Medical
Library, Queen’s University Belfast, the following terms and keywords were used: a)
“Metformin or Glucophage”, b) “Pre-eclampsia or Pre-eclamp* or Preeclampsia or
Preeclamp*” and c¢) “Gestational hypertension or Pregnancy-induced hypertension”.

Combinations of a) AND b) or a) AND ¢) were also used.

Study selection

Only those studies that met all of the following criteria were considered: 1) original study; 2)
RCT or prospective observational study/cohort study (CS); 3) women took metformin before
pregnancy and/or during pregnancy, and 4) women were followed throughout the pregnancy
and pregnancy outcomes were recorded. We only included studies in which pre-eclampsia
was diagnosed based on the following criteria: at least two consecutive blood pressure
measures >140/90 mm Hg with proteinuria (>0.3 g per 24 hours or 2+ on dipstick testing),
with documented onset after gestational week 20. Three studies were included that defined
and diagnosed pre-eclampsia in women with new onset hypertension in the absence of
proteinuria but with one of the following: haematological involvement, liver involvement,
neurological involvement, pulmonary oedema, foetal growth restriction or placental
abruption[13,14,22].

As depicted in the PRISMA flow chart (Fig. 1), the database search and literature screening

yielded 364 studies. After removing duplicates, two reviewers (AA and LM) screened titles
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and abstracts of remaining 321 articles. Following initial screening 293 articles were
excluded because they did not meet the inclusion criteria and were outside of the scope of the
review. Two reviewers (AA and LM) assessed full text of remaining 28 articles. Three were
excluded because they repeated findings from another included study. Three studies did not
clearly define pre-eclampsia. Three studies were excluded because corresponding authors,
contacted for needed clarification, provided no responses[23—25]. One observational study
was excluded because of poor matching of BMI in the treatment groups[26]. This yielded
total number of 18 studies. Selected studies compared treatment with metformin to or
healthy control (n=5)[22,27-30] or placebo (n=4)[14,16,31,32] or insulin
(n=10)[15,22,31,33-39] (one study, with three treatment arms, was included both in
metformin vs. control and metformin vs. insulin analysis[22]). The groups of women
recruited into selected studies included women with GDM (n=7)[13,15,22,35-38], Type 2
DM (n=1)[34], PCOS (n=6)[16,28-30,32,40], obese women (n=2)[14,31], and women with

both GDM and Type 2 DM (n=2)[37,39].

Data Extraction

The following data were extracted from the 18 studies selected: study characteristics (author,
year of publication, country), population characteristics (age, body mass index (BMI) at
enrolment, blood pressure at baseline, weight change during pregnancy, glycaemic control),
treatment design (number of women on metformin or placebo///insulin, dose of metformin

and duration of treatment) and outcomes (primary and secondary outcomes) Table 1.

Quality Assessment
Quality assessment of the included studies was independently performed by two reviewers

(AA and LM) using Critical Appraisal Skills Programme [CASP, c/o Better Value Healthcare
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Ltd, Oxford] tools specifically designed for RCTs and CSs. Assessment was based on the
eleven criteria, with one point being awarded for each if met in the study. The eleven criteria
were: 1) the aim of the study, 2) randomisation or appropriateness of the method used, 3)
blinding, 4) patient recruitment and baseline characteristics, 5) equal treatment of the groups,
6) follow-up of the women, 7) the significance of the results, 8) the precision of the results, 9)
ability to apply results locally, 10) primary and secondary outcomes, and 11) whether benefit
is worth the harm and costs or whether the results fit other available evidence. The scores
were compared between the two reviewers (AA and LM) and any significant differences

discussed individually.

Assessing the risk of bias was only possible for RCTs. We used RevMan 5.3 (Cochrane, UK)
software which automatically generated a panel representing overall risk of bias for each
study based on A) random sequence generation, B) allocation and concealment, C) blinding
of participants and personnel, D) blinding outcome assessment, E) incomplete outcome data,

F) selective reporting and G) other bias.

Data synthesis and analysis

Risk ratio (RR) and accompanying standard errors were extracted from each study in relation
to pre-eclampsia. In each, unadjusted estimates were recorded. A meta-analysis was
performed to obtain pooled RR for pre-eclampsia in pregnant women treated with metformin
compared with placebo/control or insulin. Patient clinical characteristics which have shown a
positive association with pre-eclampsia (e.g. age, BMI and blood pressure at enrolment; mean
fasting blood glucose (FBG) from enrolment to delivery; HbAlc at 36-37 weeks; GDM
incidence; mean weight gain from enrolment to delivery) where available, were used to
perform a meta-analysis to obtain pooled standard mean differences in pregnant women

treated with metformin compared with placebo/control or insulin. Therefore, two separate

7
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analyses were performed to compare effects of metformin vs. placebo/control and metformin
vs insulin on the incidence of pre-eclampsia. In our analyses, any patient on metformin who
subsequently needed insulin to maintain good glycaemic control during the course of the
pregnancy was included in the metformin arm.

Random effects models were used to combine estimates to account for any heterogeneity
present in the studies. Heterogeneity among studies was tested using a Chi-squared test and
measured using the [-squared statistic. RevMan 5.3 software (The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, Denmark) and Stata 12 software (StataCorp LP,
College Station, TX) were used to carry out these analyses. First, both RCTs and CSs were
included in the meta-analyses. Following this, only RCTs were included in the meta-analyses.
Publication bias was assessed by funnel plots representing the log RR against the standard

error[41].
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Results

Study characteristics

Characteristics of the 18 selected studies are described in detail in Table 1. Fourteen
RCTs[13-16,30-39] and four CSs[22,28,29,40] studies were included. The baseline age
range for all the women (n=3,374) was 16-46 years; most of the studies included women less
than 35 years old. The majority of women were overweight (BMI: 25-30 kg/m?, 35%) or
(BMI>30 kg/m?, 64%); only 1% had normal BMI at enrollment. Metformin treatment was
initiated before pregnancy in three studies[28,29,40], all in women with PCOS, in whom the
aim was to enhance fertility. Pre-eclampsia was reported as a primary outcome in three
studies[16,29,40] and as a secondary outcome in fifteen[13-15,22,28,30-39]. All studies
were published in or after the year 2000. The studies were carried out worldwide: Australia
(n=1); Brazil (n=1); Finland (n=2); Ghana (n=1); Italy (n=1), Iran (n=2); New Zealand (n=2);

Norway (n=2); Pakistan (n=2); UK (n=2); USA (n=3).

Meta-analysis of pre-eclampsia incidence

A meta-analysis of nine studies[14,16,22,28-32,40] comparing the effects of metformin vs.
control (placebo//healthy pregnancy) included 2,622 pregnant women (1,281 in the
metformin group, and 1,341 in the control group; Fig. 2a). The incidence of pre-eclampsia
was equal in both groups with a RR in the treatment arm of 0.98 (95% CI 0.53-1.82; p=0.95).
There was significant heterogeneity among these nine studies (I1>=54%, p=0.03). Three
observational studies compared women with PCOS taking metformin with healthy controls
which yielded similar pre-eclampsia incidence therefore suggesting possible benefit of

metformin in PCOS cohort of pregnant women[28,29,40]. Due to a difference in study design
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between RCTs and observational studies, we also performed meta-analyses using the more
rigorous RCTs only, in order to reduce heterogenity. A meta-analysis of metformin vs.
placebo/control included five RCT studies[14,16,30-32] with a total of 1,220 pregnant
women (611 on metformin treatment and 609 on placebo/control; Fig. 2b). Again, there was
no diffeence in the incidence of pre-eclampsia between pregnant women taking metformin vs.
placebo/control group (RR=0.86, 95% CI 0.33-2.26; p=0.76), and despite exclusion of
observational studies there was still significant heterogeneity among the studies (I>=66%,

p=0.02).

When the effects of metformin vs. insulin were compared, following exclusion of one
RCT[38] in which a high risk of bias was dicovered (RevMan 5.3 risk of bias assessment), an
overall meta-analysis of nine studies[13,15,22,33-37,39] was performed. This meta-analysis
included 2,538 pregnant women (1,303 on metformin treatment and 1,235 on insulin
treatment) demonstrated a reduction in pre-eclampsia incidence associated with metformin
(RR=0.71; 95% CI 0.53-0.96, p=0.03; Fig. 2c). There was no heterogeneity among these
studies in relation to pre-eclampsia incidence (I’=0%). A meta-analysis of RCTs only that
compared the use of metformin vs. insulin during pregnancy in eight studies[13,15,33—37,39]
including 1,674 pregnant women (838 on metformin treatment, and 836 on insulin), found
that the incidence of pre-eclampsia was lower by over 30%, in the metformin group
(RR=0.68; 95% CI 0.48-0.95, p=0.02; Fig. 2d) with no heterogeneity between the studies in
relation to pre-eclampsia incidence (I>=0%). All meta-analyses performed, associated forest

and funnel plots, and the risk of bias assessment for RCTs are summarized in Fig. 2.

Meta-analyses of clinical characteristics associated with pre-eclampsia

10
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Considering that advanced age, BMI, blood pressure, GDM, glycemic control in women with
diabetes and weight gain during pregnancy have all been strongly and independently
associated with pre-eclampsia[2,9,17,42-44], we evaluated differences in these factors
between metformin and control or insulin groups. BMI has been strongly linked to pre-
eclampsia with the incidence typically doubling with each 6 kg/m” increase in pre-pregnancy
BMI[17]. Advanced age, higher blood pressure at enrollement and GDM are all
independently associated with an increase in the incidence of pre-eclampsia[2,43,45].
Furthermore, good glycemic control in both GDM and Type 2 DM has also been linked to
reduced incidence of pre-eclampsia[42]. Mean weight gain from enrollment to delivery was
recorded in three studies comparing metformin to placebo[14,16,31] and seven studies

comparing metformin to insulin[13,15,33-37].

Metformin vs. placebo/control. A borderline difference in age (p=0.07, Fig. 3a) was observed
between metformin and placebo/control treatment groups when both RCTs and CSs were
combined in the meta-analysis. Restricting meta-analysis to RCTs only, showed no difference
in age between the groups (p=0.21; Fig. 3b). Similarly to age, a meta-analysis including both
RCTs and CSs showed significant difference in BMI between metformin and placebo/control
groups (p=0.006, Fig. 3¢). This was not surprising as three CSs compared PCOS population
taking metformin to healthy controls[28,29,40]. High heterogeneity was present between the
studies in relation to age and BMI. However when meta-analysis was restricted to four
RCTs[14,16,31,32] only, there was no difference in BMI between metformin and placebo
groups (p=0.23, Fig. 3d) and heterogeneity disappeared (I’=0%). One RCT did not report
individual baseline parameters in each group but commented that these were homogenous

between metformin and placebo group[30].

In relation to the baseline blood pressure, no difference in systolic or diastolic blood pressure

was found between metformin and placebo group when three studies[16,31,32] which

11
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recorded these parameters were included in the meta-analysis (systolic, p=0.78, Fig. 3e;

diastolic, p=0.62; Fig. 3f).

Furthermore, in terms of the incidence of dysglycaemia in PCOS and obese women, no
difference was found in the number of GDM cases between metformin and placebo/control
group when we included both RCTs and CSs (n=1236 in metformin group and n=1417 in
placebo/control group; RR=0.93, 95% CI 0.71-1.2, p=0.57; Fig. 4a) or when we restricted
analysis to RCTs only (n=522 in metformin group and n=499 in placebo group; RR=0.89,
95% CI 0.69-1.16, p=0.4; Fig. 4b). Heterogeneity between the studies was small (I*=27%;

when RCTs and CSs were combined) or absent (I>=0%, RCTs only).

When meta-analysis using pooled mean weight gain from three RCTs[14,16,31] comparing
metformin to placebo was performed, borderline significance was achieved in favour of
metformin (p=0.05; Fig. 4c). Heterogeneity amongst the studies was very high (I>=93%)

therefore it is difficult to interpret this finding.

Metformin vs. insulin. No difference was detected in age between metformin and insulin
groups [p=0.58, Fig. 5a]. A meta-analysis of seven RCTs comparing BMI at enrollment
showed no statistically significant difference between metformin and insulin groups (p=0.63;
Fig. 5b).

In terms of glycaemic control we investigated differences in mean FBG and HbAlc between
metformin and insulin groups from enrollment until week 36-37. The mean FBG was
recorded in six studies[13,15,34,36,37,39] whercas HbAlc was recorded in five
studies[13,15,33,36,37]. There were no significant differences between metformin and insulin
treatment groups in relation to FBG (p=0.36; Fig. 5¢) and HbAlc (p=0.73, mmol/mol, Fig.
5d; p=0.75, %, Supplementary Fig. S1). It is important to note that the percentage of women

in metfomin group who subsequently received insulin ranged from 14-85% (Supplementary

12
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Table S1). The two biggest studies reported that, between them, 46% of women in the

metformin groups received supplementary insulin[13,22].

Furthermore, there was substantial variation in the way that weight gain was recorded, so that
mean weight gain could only be included from four out of seven studies which included
metformin and insulin groups, in the meta-analysis[13,33,36,37]. These studies recorded
weight gain from enrolment to delivery. A meta-analysis performed using pooled mean
weight gain from entry demonstrated that women on metformin were less likely to gain

weight during pregnancy than women on insulin (p=0.004; Fig. Se).

Unfortunately, we were unable to obtain baseline blood pressure data in these studies. None

of the studies had pre-eclampsia as a primary outcome.

High heterogeneity was reported within the studies in relation to the following clinical
parameters that were included in the meta-analyses: Age (I’=82%), BMI (I’=80%), FBG (I’=

66%), HbAlc (I>=80%) and mean weight gain (I>=78%).

Discussion

In this systematic review, we analysed and critically appraised clinical studies which
compared the use of metformin treatment with placebo/control or insulin treatment in
pregnant women with insulin-resistant disorders such as PCOS, obesity, Type 2 DM and
GDM. Such women are at higher risk of developing complications of pregnancy including
pre-eclampsia. We performed two different meta-analyses: 1) including RCTs and
prospective observational studies or CSs, and 2) including RCTs only. We also carried out

two separate analyses comparing metformin to placebo/control and metformin to insulin.

13
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Metformin vs. placebo/control. The results obtained suggest that there is no difference in the
incidence of pre-eclampsia between women given metformin vs. placebo/control. We
recognize that in the RCTs, the presence of a placebo arm implies that a hypoglycaemic agent
was not clinically mandated (e.g. PCOS and obese cohorts), and therefore eligible participants
are likely to have lesser risk factors than those requiring randomisation to metformin vs.
insulin (Type 2 DM and GDM cohorts). Limitations of some studies included comparison of
metformin-treated women with PCOS to healthy pregnant controls[28,29,40]. This was
reflected in the meta-analysis of clinical characteristics which found age and BMI to be
higher in metformin vs. placebo/control groups when both RCTs and CSs were included in
the analysis. Higher age and BMI are confounding factors for the risk of pre-eclampsia.
However, when RCTs were only included in the analysis, there was no difference in age or
BMI between metformin and placebo group. Another limitation was that pre-eclampsia was
the primary outcome in only three of nine studies, two observational[29,40] and one

RCT[16]. The heterogeneity between studies was also high.

Only two studies comparing metformin to placebo recruited obese women with BMI> 30
kg/m2 and without diabetes, but interestingly, although of similar size, the two reached
opposite conclusions[14,31]. In one, the number of women with pre-eclampsia was
significantly lower in metformin group (odds ratio [OR] = 0.24; p=0.001)[14] whereas in the
other, although statistical significance was not reached, a higher incidence of pre-eclampsia
was reported in metformin group (OR=2.39; p=0.21)[31]. The baseline characteristics of the
participants in both studies were very similar except that one study included all white
women[31] whereas the other study included all racial groups and therefore was more
representative of the general population[14]. In the latter study lower incidence of pre-
eclampsia was observed in metformin group compared to placebo. In both pre-eclampsia was

recorded as a secondary outcome.

14
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Furthermore, the incidence of GDM was not different between metformin and
placebo/control groups whether RCTs and CS were combined or when the analysis was
restricted to RCTs alone suggesting that metformin did not have a significant effect on
preventing GDM. Women who develop GDM have higher incidence of pre-eclampsia[17]
therefore it is possible that metformin in these cohorts of women was unable to prevent GDM
and, as a result, no difference in pre-eclampsia incidence was observed. On the other hand,
weight gain, which was only reported in three RCTs[14,16,31], was borderline significant in
favour of metformin. Therefore, the effect of metformin on weight gain appears to be more

pronounced in people with DM vs. without DM.

Despite the fact that metformin activates the AMPK pathway, an effect which has been
shown to inhibit processes directly relevant to the pathogenesis of pre-eclampsia such as
irregular angiogenesis, endothelial dysfunction and inappropriate placental development[19—
21], it did not demonstrate superiority over placebo/control in reducing the incidence of pre-
eclampsia in this meta-analysis. Interestingly, Vanky and colleagues reported that severe
pregnancy complications, which included pre-term delivery before 32 weeks, severe pre-
eclampsia or serious post-partum events occurred only in placebo group (placebo, 7/22 vs.
metformin, 0/18, p=0.01)[32]. Therefore, the effect of metformin vs. placebo on severe pre-

eclampsia should be investigated in the future.

Interestingly, clinical studies which assessed cardiovascular effects of metformin in people
without Type 2 DM showed little or no effect on the markers of cardiovascular disease[46];
the Diabetes Prevention Program also demonstrated no beneficial effect of metformin in
reducing the incidence of hypertension in people without Type 2 DM[47]. Conversely, in
people with Type 2 DM the cardiovascular benefits of metformin were well substantiated in

the UKPDS trial[48]. This differential effect of metformin in people with vs. without DM

15
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could also be relevant to pre-eclampsia, a disease of cardiovascular system, characterised by

hypertension and proteinuria.

Metformin vs. Insulin. The comparison between metformin and insulin demonstrated a
reduction in RR of pre-eclampsia in favour of metformin whether RCTs and CS were
combined or when the analysis was restricted to RCTs alone. This result is convincing
considering there was no heterogeneity between the studies. Nevertheless, in these studies, a
common weakness was that neither the investigators nor the participants were blinded
because of the different routes of administration of the study drugs. Most of the risk factors
for pre-eclampsia, such as age, BMI and glycaemic control were similar between groups at
the start or throughout the trial, weight gain after enrolment was significantly lower in
metformin group. Weight gain has been linked to an increased risk of pre-eclampsia[49].
Other possibilities for bias included a high risk for random sequence generation, and

allocation concealment which was present in three studies[15,34,38].

Considering all studies, on average 45% of the women in the metformin group needed
supplementary insulin (Supplementary Table S1). When we carried out meta-analysis
comparing metformin alone vs. insulin alone, which included seven studies [five RCTs;
Supplementary Fig. S2a,b], the incidence of pre-eclampsia remained lower in the metformin
group but significance was lost (p=0.18, RCTs and CSs; p=0.21; RCTs only). Administration
of aspirin was not reported in any of the studies included. Nevertheless, most of these studies
are relatively small, and therefore there may still be justification for a larger study with pre-

eclampsia as a primary outcome, to address the question definitively.

Overall, even though metformin + insulin vs. insulin alone was associated with a lower risk
for pre-eclampsia, it is unclear whether this is because insulin itself might increase the risk of

pre-eclampsia, perhaps in part by causing the weight gain, or whether this is a beneficial

16
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effect of metformin. A large population-based register data in Finland[45] compared
pregnancy outcomes in women with GDM who were either under or over 35 years old vs.
women without GDM in the same age groups. Women with GDM were treated with diet or
insulin. We calculated RR for pre-eclampsia, based on the data presented in the paper,
between women with GDM treated on diet vs. insulin treatment in both age groups. This
showed that in women with GDM who were less than 35 years old, insulin [238/2845]
increased the risk of pre-eclampsia (RR=1.19; CI 1.04 — 1.36; p=0.0092) compared to diet
[1161/19422]; no difference was found in the prevalence of pre-eclampsia between diet and
insulin group in women with GDM who were more than 35 years old. Most of the women
(>90%) in our meta-analysis were less than 35 years old, which suggests that metformin
could only have marginal effect on preventing the risk of pre-eclampsia however it is still a
better option than insulin alone in terms of the risk of pre-eclampsia and possibly other
pregnancy complications. Further trials are needed to explore the incidence of pre-eclampsia
between insulin and diet interventions. Perhaps perspective studies comparing insulin
treatment to diet in women with GDM or Type 2 DM could address this question. It is
possible that metformin could have advantages over insulin in pregnant women who require a
hypoglycaemic agent; these advantages could be even more pronounced in women over the
age of 35 according to the findings by Lamminpéé and colleagues[45]. Nevertheless, these
women might still need insulin supplementation in the later stages of pregnancy to control
hyperglycaemia. In women on metformin =+ insulin, the weight gain is less than in women on
insulin alone, and it is likely that the dose of insulin may be lower when metformin is used:
both factors are potentially beneficial in relation to pre-eclampsia. In contrast, in the studies
comparing metformin with placebo or no treatment, hypoglycaemic intervention was either
optional or not needed: in these women, the data show no evidence in favour of metformin in

reducing risk for pre-eclampsia. It is important to explore further the effects of metformin vs.

17
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placebo/control on the early or severe type of pre-eclampsia characterised by onset of pre-
eclampsia before 34 weeks gestation or blood pressure >160/110 mmHg, respectively. It is
possible, as suggested by Myatt and colleagues, that there are different phenotypes of pre-
eclampsia and that this is the reason why large clinical studies have failed to validate findings
observed in smaller studies. Therefore correct stratification of high-risk women according to
age, presence of diabetes, blood pressure or BMI is important and this could determine the
most appropriate preventative treatment. Also, women with GDM or Type 2 DM during
pregnancy are frequently given or swapped to insulin instead of metformin. These women are
at high risk of pre-eclampsia, it is possible, based on this review, and other published data,
that metformin + supplementary insulin would be a better option during pregnancy in these

women than insulin alone.

Clearly, in this systematic review we could not include (and did not find) any studies of
pregnancy in Type 1 DM women. These women also have a four-fold increased risk of
developing pre-eclampsia, similar to women with Type 2 DM]J[9,10]. Considering that
metformin in addition to insulin appears beneficial compared to insulin alone, future
randomised double-blind placebo-controlled trials investigating the ability of metformin, in
addition to insulin, in prevention of pre-eclampsia in pregnant women with Type 1 DM could
be valuable. In the current analysis, with a pre-eclampsia rate of 20% in the insulin group and
14% in the metformin group (estimated based upon a 30% reduction in metformin group
observed in this meta-analysis), 650 women with pre-gestational Type 1 DM would need to
be recruited in each group to have over 80% power to detect this difference as statistically

significant.

Conclusion

18
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In pregnant women requiring hypoglycaemic treatment, metformin alone or metformin in
combination with insulin is associated with less weight gain and a lower incidence of pre-

eclampsia than insulin alone. This suggests that metformin + supplementary insulin treatment

©CoO~NOUTA,WNPE

10 is linked to more favourable pregnancy outcomes such as reduced risk of pre-eclampsia than
12 insulin alone. This effect is likely to be age-dependent and associated with reduced weight
14 gain during pregnancy. In other high-risk pregnancies where glucose-lowering agents are not
essential, we did not find a case for prescribing metformin. Considering that metformin can
19 safely be used in pregnancy, adequately designed and powered RCTs which have pre-
21 eclampsia as a primary outcome should be carried out in the future in GDM or Type 2 DM,

23 and perhaps in Type 1 DM pregnancies.
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Figure 2. Meta-analysis comparing the risk ratio of pre-eclampsia in metformin vs. non-
metformin treatment group. [A] A meta-analysis including both RCTs and cohort studies
[CSs] comparing metformin to placebo/control. [B] A meta-analysis including both RCTs and
CSs comparing metformin to insulin. [C] A meta-analysis of only RCTs comparing
metformin to placebo/control. [D] A meta-analysis of only RCTs comparing metfomin to
insulin. Random effects models were used to combine estimates and analyses were carried
out using RevMan 5.3 software; risk ratio was calculated; the overall effect was measured
using Z-test with p values less than 0.05 being statistically significant. Heterogeneity was
calculated using Chi’ test and measured by I” statistic.

Figure 3. Meta-analyses of age, BMI and blood pressure in metformin vs. placebo
treatment group. [A] A meta-analysis of both RCTs and CSs comparing age between
metformin and placebo/control group. [B] A meta-anaylsis of RCTs comparing age between
metformin and placebo group. [C] A meta-analysis of body mass index [BMI] at enrolement,
RCTs and CS combined. [D] A meta-analysis of body mass index [BMI] at enrolement, RCTs
only. Meta-analysis of systolic [E] and diastolic [F] blood pressure at baseline between
metformin and placebo group. Random effects models were used to combine estimates and
analyses were carried out using RevMan 5.3 software; standard mean difference or risk ratio
was calculated; the overall effect was measured using Z-test with p values less than 0.05
bzeing statistically significant. Heterogeneity was calculated using Chi” test and measured by
I” statistic.
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Figure 4. Meta-analyses of the incidence of GDM and weight gain in metformin vs.
placebo treatment group. [A] A meta-analysis comparing the risk ratio of gestational
diabetes [GDM] between metformin and placebo/control group, RCTs and CS combined. [B]
A meta-analysis comparing the risk ratio of GDM between metformin and placebo/control
group, RCTs only. [C] A meta-analysis of weight gain between enrolment and delivery.
Random effects models were used to combine estimates and analyses were carried out using
RevMan 5.3 software; standard mean difference or risk ratio was calculated; the overall effect
was measured using Z-test with p values less than 0.05 being statistically significant.
Heterogeneity was calculated using Chi® test and measured by I” statistic.

Figure 5. Meta-analyses of patient clinical risk factors for pre-eclampsia in metformin
vs. insulin treatment group, RCTs only. [A] A meta-analysis of age. [B] A meta-analysis of
BMI at enrolment. [C] A meta-analysis of mean fasting blood glucose [FBG] from enrolment
to delivery. [D] A meta-analysis of glycated haemoglobin [HbAlc, mmol/mol] recorded
between 36 and 37 weeks. [E] A meta-analysis of weight gain between enrolment and
delivery. Random effects models were used to combine estimates and analyses were carried
out using RevMan 5.3 software; standard mean difference was calculated; the overall effect
was measured using Z-test with p values less than 0.05 being statistically significant.
Heterogeneity was calculated using Chi” test and measured by I” statistic.

Supplementary Table 1. Percentage of patients in metformin group who were supplemented
with additional insulin.

Supplementary Fig. 1. Meta-analyses of HbAlc [%] in metformin vs. insulin treatment
group, RCTs only. A meta-analysis of glycated haemoglobin [HbAlc] recorded between 36
and 37 weeks. Random effects models were used to combine estimates and analyses were
carried out using RevMan 5.3 software; standard mean difference was calculated; the overall
effect was measured using Z-test with p values less than 0.05 being statistically significant.
Heterogeneity was calculated using Chi” test and measured by I” statistic.

Supplementary Fig. 2. A meta-analysis comparing the risk ratio of pre-eclampsia in
metformin only vs. insulin treatment group. [A] A meta-analysis including both randomised
controlled trials [RCTs] and cohort studies [CSs] comparing metformin only treatment to
insulin only treatment. [B] A meta-analysis including only RCTs comparing metformin only
vs. insulin only treatment.
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Table 1: Study characteristics and outcomes measured.

Author(year)/ | Trial | Patient Age BMI No. of No. of Dose of | Duration of Primary outcomes Secondary
Country type cohort (range) | (kg/m®) | patients | patients on | metformin the outcomes
on non- treatment

metformin | metformin

+ insulin treatment

Glueck et al. CS PCOS 28-38 | 26-42 97 252 1500- Pre- Pre-eclampsia GDM
2004/USA™® (control*) 2550 conception
mg/day until
delivery
De Leo et al. CS PCOS 26-38 | 26-30 98 110 1700- 3—4 months Miscarriage/ GDM/ N/A
2011/Ttaly’’ (control*®) 3000 before Pre-eclampsia/PIH

mg/day infertility
treatment

was
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initiated

until 37-

©CoO~NOUTA,WNPE

10 week

12 gestation.

14 Glueck etal. | CS PCOS 28-34 | 29.4- 76 156 2000- On average Miscarriage GDM/
16 2013/USA* 393 (control*) | 2550 | 6.8 months Pre-

19 mg/day before eclampsia
21 conception
23 until

delivery

Goh et al. CS GDM N/A N/A 465 399 2500- From 25-29 Caesarean delivery/ PIH/
30 2014/ New metformin | (insulin) 3000 weeks Preterm birth Pre-
32 Zealand™® mg/day gestation eclampsia
34 until

delivery
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Vankyetal. | RCT | Pregnant | 24.4- 23.3- 18 22 850-1700 From 8 Dehydroepiandrosterone GDM/
2004/Norway women 32.8 37.9 (placebo) mg/day weeks sulfate (DHEAS), Pre-
with gestation androstenedione, eclampsia
PCOS until testosterone, SHBG and
delivery free testosterone index
(FTD)

Rowanetal. | RCT GDM 28.1- | 26.8- 363 370 500-2500 | From 20-33 | Neonatal complications PIH/
2008/ New 38.9 434 (insulin) mg/day weeks Pre-
Zealand & gestation eclampsia
Australia' until

delivery.
[jas et al. RCT GDM 25.6- 25.4- 47 50 750-2250 | From 26-34 Macrosomia Neonatal
2010/Finland® 37.8 36.2 (insulin) mg/day weeks complication/
gestation Pre-
until eclampsia
delivery
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Vankyetal. | RCT PCOS 25.2-

2010/Norway*' 34

©CoO~NOUTA,WNPE

22.5-

36.5

135 135 2000

(placebo) mg/day

From 5-12
weeks
gestation
until

delivery

GDM/

Pre-eclampsia

N/A

Niromanesh et | RCT GDM 25.2-

19 al. 2012/Iran** 36.2

24.1-

32.1

80 80 1000-

(insulin) 2500

mg/day

From 20-34
weeks
gestation
until

delivery

Maternal glycemic
control/

Birth weight

PIH/
Pre-

eclampsia

28 Hickman etal. | RCT | T2D/GDM | 26-37

30 2012/USA®

27-41

14 14 500-2500

(insulin) mg/day

From 10-22
weeks
gestation
until

delivery

Glycemic control

Maternal and
neonatal
outcomes/
Pre-

eclampsia

39 Jamaletal. |RCT | PCOS 18-40

N/A

35 35 2000

From 6-12

Mean Uterine Artery/

Pre-
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2012/Iran™ (control**) | mg/day weeks Pulsatility Index eclampsia
gestation
until
delivery
Spaulonci et al. | RCT GDM 25.9- 27.2- 46 46 1700- From 26-34 Glycemic control Pre-
2013/Brazil* 37.9 36.7 (insulin) 2550 weeks eclampsia
mg/day gestation
until
delivery
Terttietal. | RCT GDM 26.9- | 23.5- 110 107 500-2000 | From 22-34 Mean birth weight PIH/
2013/Finland*! 36.9 353 (insulin) mg/day weeks Preeclampsia
gestation
until
delivery
Ainuddin et al. | RCT GDM 27-35 N/A 75 75 500-2500 | From 20-36 Mean birth weight PIH/
2015 (insulin) mg/day weeks Pre-
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a/Pakistan”®
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gestation
until

delivery

eclampsia

12 Ainuddin et al.
14 2015

16 b/Pakistan*

RCT

T2D

28.9-

34.6

28-42

106

100

(insulin)

500-2500

mg/day

From the
first
trimester to

delivery

Perinatal death/

Birth weight

PIH/
Pre-

eclampsia

21 Chiswick et al.

23 2015/UK>’

RCT

Obese

>16

>30

221

222

(placebo)

500-2500

mg/day

From 12-16
weeks
gestation
until

delivery.

Median birth-weight Z

score (IQR)

Maternal
insulin
resistance/
Pre-

eclampsia

32 Beyuo et al.

34 2015/Ghana®’

RCT

T2D/GDM

28.5-

38.17

26.52-

40.42

43

40

(insulin)

500-2500

mg/day

From 20-30
weeks
gestation

until

Glycemic control

Pre-

eclampsia
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delivery
Syngelaki et al. | RCT Obese 27.3- 36.5- 202 198 3000 From 12-18 | Median birth-weight Z PIH/
2016/UK" 36.2 36.2 (placebo) mg/day weeks score (IQR) Pre-
gestation eclampsia
until
delivery

CS: cohort study; RCT: randomized controlled trial; T2D: Type 2 diabetes;, GDM: gestational diabetes mellitus;, PCOS: Polycystic

ovary syndrome; BMI: body mass index; PIH: pregnancy induced hypertension; control*: healthy control group, control**: no

intervention
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Total number of studies identified
Medline n=22
Embase n=15

Duplicates removed n=43

Web of science n=45

Identification
\

Scopus n=270
From bibliography n=12

©CoO~NOUTA,WNPE

4

Potentially relevant studies identified Studies not meeting inclusion
n=321 criteria based on content of title
and abstract n=293

Screening

Full-text studies assessed for Poorly defined outcome n=3
eligibility n=28 Poorly matched groups n=1

Duplicate studies n=3
No desirable outcome n=3

N
w
Eligibility

31 Studies included in systematic review n=18

N Vv \l/ 4

w
N
Included

36 GDM n=7 T2D n=1 GDM&T2D n=2 PCOS n=6 Obesity n=2
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1 Metformin  Placebo/Control Risk Ratio Risk Ratio
Qudy or Subgroup  Events Total Events  Total Weight M-H,Random,95%Cl M-H, Random, 95% Cl
(Biswick atal. 2015 T 3 22 110% 2.3410.61,8.99] N o, SEl0aRR) |
[ Leoetal 2011 0 U8 2 Mo 35% 022001, 481] i
(feck etal. 2004 74 4 95 B6% 1.06]0.20,5.49] I d
@lecketal. 03 Y] g 156 127% 302[0.96 9.53) T 05 ° o
hetal. 2011 16 4645 14 N 1T E% 091[0.45,1.84] —h | OO
Jgmaletal. 2012 2009 4 31 88% 0.50[0.10, 2.56) —_— 0 gp
%ﬂgelaki gtal 2016 f 202 21 195 155% 026011, 0.64] —_— 1
nky etal. 2004 218 3 27 85% 0.81[0.15, 4.36] e
v%ﬁi%;etaL 2010 10135 § 135 138%  200(070,570) - 3
4 0 |
THEA (95% CI) 1281 1341 100.0% 0.98[0.53,1.82] ’ i
Th3 events 51 k2
HEMrogeneity, Tau = 0.4 Chi*= 17.36, df=§ (P = 0.03), F= 54% t—t —— | - —
] (NI N 10 a0
Teghfor overall effect 2= 0.07 (F = 0.99) Metformin  Placebolcontrol
16
7 .
@8 Metformin vs. Placebo/Control; RCTs only
19
20 Metformin  PlacebolControl Risk Ratio Risk Ratio Risk of Bias
Stadfor Subgroup  Events Total Events  Total Weight M-H, Random, 95% CI M-H, Random, 85% CI ABCDEFG
CW\CKE al, 2015 7 1 I 196%  234[0A1, 8.9 e el T T TTT T R |
§ etal, 2012 1% 4 B EE% 0501028 —— fseeeee §
s? laki el 2016 B 22 2 195 ME% QRN 08 —+—— (111 1] 3
#etal 2004 11 31 ORI% D[54 20— eceeeee ” |
va%etm 2010 100135 5 135 28%  200(070,570] ——— 0000000 §
T%@QS’&CI} 611 609 1000%  0.86[033,226] i " o
TRl everts i Eli 3 o
geneity Talf = 0.78; Chit= 11.84, tf= 4 (P = 0.02); F= 66% —t 1 : — 08 |
o ~ 01 02 05 25 10 |
T@@r vverall effect 2= 031 (F=078) Favours [experimental] Favours [control] 3 °
30 0 3
Rigrpf bias legend ° 4
[ ndom sequence generation (selection bias) 3
(ﬁce|0nc0ncealment(se|ect0nblas) L : : L iR
[C%ndlng of participants and personnel (performance bias) . o P ! : ° "
(DB¥nding of utcome assessment (detection bias)
(I gomnlete outcome data (attrition bias)
[}ﬁwive reporting {reporting bias)
(6P3her bias
37 ; .
@8 Metformin vs. Insulin; RCTs and CS
39
40 Metformin Insulin Risk Ratio Risk Ratio
ﬁﬂdyorSubgronp Events Total Events Total Weight M-H,Random,85% Cl M-H, Random, 95% CI
Mddin gtal 2015h 13 106 17100 205% 072[0.37 1.41] — . SEOURR) ‘
fﬂﬂ’%ddin gtal. 20153 1 74 B 75 21% 017[0.02,1.39] T~
%0 gtal 2014 4 4 740 69% 0.53[0.17 1.69] —_— T §O
Gipetal 2011 16 465 16 399 18.8% 0.86[0.43 1.69] — 05 0 ﬁP
Bifhman etal 2012 no14 114 08% 0.33[0.01, 754 © lo
Whetal 2010 4 & 480 52% 1.06[0.28, 4.01] N S
Hi@manesh et al. 2012 5 @0 7o 7% 0.71[0.24, 218 D 1
A@an etal 2008 20 36 O30 BT% 0.78[0.45,1.39] — i
Baietal. 2013 5 10 10107 85% 0.49[017,1.39] T i
15 i
51 o |
@EI:QS’AC\} 1303 1235 100.0% 0.71[0.53,0.96] ’ 3
Bl everts it il 5L ‘ 3 ‘ "
i Tauf= 000 Chif= 0Pz F= } } } } 0 01 i 1 il
gegf;ugenemrl.‘T;u t.g;ﬂg,;hlpﬁnﬁga‘df B(P=089F=0% i 0 0 2
E@ or overal effect 2= 2.21 (°=003) Favours [experimental] Favours [control]
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57
; Metformin vs. Insulin; RCTs only
60
Metformin Insulin Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H,Random,95% Cl N-H, Random, 95% CI ABCDEFG
Aituddin etal 2015 3 178 6 75 28%  017[0.02135 0000066e ™™ |
Alnuddin etal. 2015 b 13 106 17 100 254% 0.72[0.37,1.41] — [ ] ) (1] |
Beyuo etal, 2015 4 on 74D 8E% 053017, 1.68] S o
Hickman t al. 2012 014 1 1% 0.33(0.01, 7 56] en0000e f
ljas etal. 2010 47 4 50 B5% 1.0 [0.28, 4.01] —_— 000008 = 9b
Niromanesh etal 2013 § B0 7T 80 83%  071(024216) — 2000000 |
Rowan etal 2008 W3 W I IEB% 078[045139) - 8000000 |
Teti et al. 2013 § M0 1D 107 108%  048[0417,139) — 0000000 3
Total (95% C) 838 836 100.0%  0.68[0.48,095] &
Total events 52 78
Heterogeneity: Tau®= 0.00; Chi*= 3.25, df= 7 (P = 0.86); F= 0% 1oz 01 e 50 15 ‘

Testforaverall effieck 2= 225 (F=0.02)

Risk of bias leoend

(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)

(o
(D
(E
{F
G

Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Blinding of participants and personnel (performance bias)

Favours [experimental] Favours [control]
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Fge 35 of 40 Age (metformip;yis=(RIgcakg/control, RCTs and CS)

Metformin Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
hiswick et al. 2015 287 58 226 289 51 223 17.4% -0.04 [-0.22,0.15) ——
e Leoetal 2011 32 6 98 33 05 10 151% -0.18[-0.45, 0.09] T
lueck et al. 2004 33 5 45 29 6 95 126% 0.70(0.33,1.06) —_—
glueck etal. 2013 32 5 B2 0 6 156 14.4% 0.35(0.05, 0.64) —_—
gvnaelaki etal. 2016 N7 3 202 306 27 198 17.1% 0.38(0.19, 0.58) —
anky et al. 2004 289 48 18 283 37 22 73% 0.14[-0.48,0.76)
‘Bankyetal. 2010 296 44 135 292 44 138 16.0% 0.09[-0.15,0.33] - T
9
Tatal (95% Cl) 786 942 100.0% 0.19[-0.02,0.41] >
Adterogeneity: Tau?= 0.06; Chi*= 25.54, df= 6 (P = 0.0003); F=77% ) }

4 05 0 05 1

destioroverall efect 2= 1.80 (P=0.07) Metformin Placebo

]@ Age (metformin vs. placebo, RCTs only)

1

16 Metformin Placebo Std. Mean Difference Std. Mean Difference
1Sgudy or Subgroup ~ Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Thiswick etal. 2015 287 58 226 289 51 223 316% -0.04 [-0.22,0.15)

Kngelakietal. 2016 317 3 202 306 27 198 30.7% 0.38(0.19, 0.58] =
28nky et al. 2004 289 48 18 283 37 22 99% 0.14 [-0.48, 0.76) ¢
g%nkyetal. 2010 296 44 135 292 44 138 27.8% 0.09[-0.15, 0.33)

ﬁtal(%%cn 581 581 100.0% 0.15[-0.08, 0.37]

.

Jigterogeneity. Tau*= 0.03; Chi*= 9.53, df= 3 (P = 0.02); F=69%

Jgstfor overall effect: Z=1.26 (P=0.21) 0.5 0 0.3 1

Metformin Placebo

.
e

27
2@ BMI (metformin vs. placebo/control; RCTs and CSs)
2 Metformin Placebo/control Std. Mean Difference Std. Mean Difference
gﬁdyor Subgroup Mean SD Total Mean S0 Total Weight IV, Random, 95% CI IV, Random, 95% Cl
swick etal. 2015 ITe 48 M 3FY BB 222 158% 002017 0.21] i
%Len etal 2011 2835 214 ga 2668 1.2 110 147% 1.02[0.73,1.31] e
ecketal 2004 338 78 45 28F A4 95 138% 1.24 [0.86, 1.63) e E—
ﬁ‘jeck etal 2013 333 74 62 269 GBE 186 145% 093063, 1.24] e —
gelaki et al. 2016 39 187 202 384 2198 15.4% 0.05[-0.15 0.28] i
ky etal. 2004 KN A 18 293 8 22 1M1% 0.38[0.25 1.01] e
Bafiky et al. 2010 296 o138 285 T2 13 151% 044010, 038 B e
38
Bgal (95% Cl) 781 8935 100.0% 0.53 [0.16, 0.90] .
HAterogeneity: Tau®= 0.23; Chi*= 78.86, df= 6 (P = 0.00001); F=92% f I

4 05 0 05 A

Beptfor overall effect 2= 2.77 (P = 0.008) Favours [experimental] Favours [control]

42
BMI (metformin vs. placebo; RCTs only)

44 Metformin Placeboicontrol Std. Mean Difference Std. Mean Difference
ﬁﬁdyor Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Chswick et al. 2015 T8 A48 21 T 665 227 30E% 0.02[F017, 021 1
Evnoelakietal. 2016 39 1.8%7 202 3849 2185 34E6% 0.05[0145 024]
%glw etal 2004 321 w1 18 2893 8 22 34% 038 [-0.25 1.01]
50k\,r etal. 2010 29.4 To135 288 T2 135 135% 014 010,038 T
Bl (95% CI) 576 574 100.0% 0.07 [0.04, 0.19] ?
Rderogeneity. Tau?= 0.00: ChiF= 1,59, df= 3 (P = 0.66); F= 0% 51 -EII z T EIIS 15
ﬁt for overall effect 2= 1.20 (F = 0.23) Favours [experimental] Favours [control]
55 . .
B Systolic blood pressure (metformin vs. placebo; RCTs only)
S7 Metformin Placebo/control Std. Mean Difference Std. Mean Difference
§§dyor Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chswicketal. 2015 1176 108 226 119.4 104 223 49.8% -0.17 [-0.35,0.02] —

ky etal. 2004 120 14 18 117 16 22 101% 0.19[-0.43,0.82) S . E—
Vanky etal. 2010 119 12 135 118 11 138 401% 0.09[-0.15,0.32) -
Total (95% CI) 379 383 100.0% -0.03[-0.24,0.18] ?

Heterogeneity: Tau*= 0.01; Chi*= 3.44, df=2 (P=0.18); F= 42% t

Test for overall effect: Z=0.28 (P = 0.78) k lvl-eotfgrmin OPIaceobe ,com:ol

f Diastolic blood pressure (metformin vs. placebo; RCTs only)

Metformin Placeboi/Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SO Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chiswick etal. 2014 B8 ¥8 226 B89 T3 223 451% -0.12 F0.30, 0.07] —
Wanky et al. 2004 784 18 72 10 22 146% 0.61 [-0.02, 1.249] 7
Wanky etal. 2010 412 134 73 10 138 40.2% 0.09[0.15 0.33] ——
Total (95% CI) 379 383 100.0% 0.07 [-0.21, 0.36] ?—

4 05 0 08 i
Metformin Placebo/Contraol

Heterogeneity, Tau®= 0.04; Chi*= 969, df= 2 (P = 0.06); F= 65%
Testfor overall effect £2=0.450 (P =0.62)



a GDM (metforminoisaaeeboicontrol; RCTs and CSsPage 36 of 40
Metformin ~ placeboldiet Risk Ratio Risk Ratio

itudy or Subgroup  Events Total Events Total Weight M-H, Random, 85% Cl M-H, Random, 95% CI

ghiswick etal. 2014 2B 142 3 183 18.8% 0.781(0.50,1.27) &

Be Leoetal 2011 0 98 12 10 0.8% 0.04{0.00,0.79]

lugck et al. 2004 § 95 40 251 10.4% 0.59[0.30,1.19] T

lueck etal. 2013 g A6 23 188 Y6% 0.97 [0.48, 2.04] -

@oh etal 2011 37 465 23 154% 1.41[0.84, 2.36] ™

Simal etal. 2012 338 i 3\ 3T% 0A0100.14,1.84] T

lﬁﬂgelaki etal 2016 26 202 22195 15.2% 1.10(0.54,1.89] -

‘anky et al. 2004 g 18 4 22 101% 1.091(0.53, 2.23] T

"ia'lWEtELEmD 22148 2124 15.0% 1.04 [0.60,1.79] -

I} al (95% CI) 1236 1417 100.0% 0.9310.71,1.20] ¢

Tital events 138 140

ABterogeneity: Tau®=0.04: ChF=11.01, df= 8 (P = 0.20); F= 27% ) | | )

91fnrnueral|eﬁect:Z:E|.5F’ (P=1057) 0005 Ef;trnrmin Placebli[ldiet 20

21

22 ]

gﬁ) GDM (metformin vs. placebo; RCTs only)

25 Metformin Placebo Risk Ratio Risk Ratio

%?udy or Subgroup  Events Total Events Total \Weight M-H, Random, 95% Cl M-H, Random, 95% Cl

Zhizwick et al 2015 6 142 J6 153 344% 0.78[0.40,1.22] —&

§§maletal. 2032 R B3 41% 0.A0[0.14,1.84] — 1

Synoelakietal 2016 28 102 22 166 244% 0.93[0.54,1.58]

%:fa;nlﬁfetal. 2004 B 18 g 22 134% 1.09[0.53 2.23]

ggnlﬁfetal. 2010 22 174 214 136% 1.04 060, 1.79]

35

iﬁtal (95% CI) 522 499 100.0% 0.890.69, 1.16] ¢

3atal events B4 44

$Rterogeneity, Tau?= 0.00; Chir=1.73 df= 4 (P = 0.79) F= 0% 'IJ.EI*I IJ'*I 1'EI 100

0
j@stmr overall effect £=0.84 (F = 0.40)

| Metformin  Placebo

42

e Mean weight gain (metformin vs. placebo; RCTs only)
45

46 Metformin Placebo Std. Mean Difference Std. Mean Difference
4fudyor Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
ﬁniswicketal.?lﬂﬁ B B 143 723 48 186 333%  -010F0.32,017) —
Songelakietal 2016 428 21 202 B3 23 198 337%  -082Rz-07) —E—

génmtal.mm 744 138 92 86 138 330% 044068 -019) ——

53

gatal (95% Cl) 480 492 100.0%  -0.48[-0.97,-0.00] ~al
PRterogeneity. Tau?= 0.17; Chi= 27.98, df= 2 (P = 0.00001); F= 33% l I

gstior overall efiect 2= 1.86 (F = 1.03)
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Age (metformimumetnrsudbnilRCTs only)

Metformin Insulin Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
%’nuddin etal. 2015h 3292 316 106 3373 295 100 14.4% -0.26 [-0.54, 0.01] =
Anuddinetal. 2015 a 306 29 75 A 4 75 136% -0.11[-0.43,021] -
Beyuo etal. 2015 335 467 43 331 456 40 11.6% 0.09[-0.34, 0.52) T
Bickman et al. 2012 36 1T 14 295 244 14 36% 3.38[217,4.59 -
s etal. 2010 323 56 47 HNT B1 A0 122% 0.10[-0.30,0.50] T
Miromanesh et al. 2012 307 55 80 38 51 80 138% -0.21 [0.52,0.10] -
Bowan et al. 2008 335 54 363 33 51 370 16.3% 0.10[-0.05,0.24) d
ﬁeomi etal. 2013 319 5 10 321 54 107 145% -0.04 [-0.30,0.23] T

al (95% CI) 838 836 100.0% 0.07 [-0.19, 0.33] ?

Heferogeneity. Tau®= 0.10; Chi*= 37.92, df= 7 (P < 0.00001); = 82%

1 1

Tiept for overall effect Z=0.55 (P=0.58) B r,-]ééorminnlnsulllf ‘
ﬁg BMI (kg/m?;metformin vs. insulin; RCTs only)
17 Metformin Insulin 5td. Mean Difference Std. Mean Difference
ﬂﬁdyor Subgroup Mean  SD Total Mean 5D Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Suddin etal. 2015 b 0482 2975 106 3296 404 100 16.2% -0.458 [-0.84,-0.30] —

uoetal. 2015 3347 BBA 43 3261 B2 40 12.59% 0.13 F0.30, 0.56] I
Ii@(man etal 2012 Mo218 14 33 418 14 BE% -1 AT 1,98, -0.36)
Ipgeg £t al. 2010 MAH BE 47 308 a4 A0 136% 012 F0.28, 0.52] —_
topprmanesh etal. 2012 281 4 80 2r1 21 8D 145% 031 (0,00, 0.62] —
Bagvan et al. 2008 31 83 B3 OME FIOITD 187% 0.0 [0.08, 0.21] T
Tt et al. 2013 44 88 M0 289 47 107 164% 0.09 F0.17, 0.36] e
27
Tl (95% Cl) 763 761 100.0% -0.06 [-0.33, 0.20] *
R&erogeneity Tau®= 0.09; Chi®= 30.04, df= 6 (P = 0.0001); 7= 80% 5_2 51 T 15

Bt far overall effect 7= 0.48 (P = 0.63)

Favours [experimental] Favours [control]

31
éé Fasting blood glucose (mg/dl; metformin vs. insulin; RCTs only)
34 Metformin Insulin Std. Mean Difference Std. Mean Difference
[y or Subgroup Mean 5D Total Mean 5D Total Weight IV, Random, 95% Cl IV, Random, 95% CI
ARddin etal. 2015k 97 GRS 358 106 47A5 329 100 187% 0.04 023, 0.31] —
Addin etal 2014 a 95 85 B78 974 25 TR O1THR% -01.34 [-0.6R,-0.01] —
E%gm gtal. 2015 11866 1764 43 11916 2826 40 135% -0.15 [-0.48, 0.28] — T
Fitkman etal. 2012 94 3A3 14 47EE 43 14 0% B 1 1

manesh etal. 2012 83 7Y B0 BEY B3 B0 1B1% -0.06 [-0.37, 0.25] — N
Fflﬁ%xan etal 2008 936 108 363 918 126 370 2A53% 0.14[0.01, 0.30] Bl
ﬁiﬁl:%ﬂicu 81 679 100.0% 010[-0.32,012] ﬁ
2 rogeneity, Taw? = 0.04; Chi*= 14 67, df=&(F = 0.01}; F= fE% 5_2 51 ! % 25

Tﬁét for overall effect Z=091 (P=0.36)

ds
49
jﬂidy or Subgroup

Favours [experimental] Favours [control]

HbAlc (mmol/mol; metformin vs. insulin; RCTs only)

&puddin etal 2015 3 29

Bidkman etal. 2012 40

Rfomaneshetal 2012 23
anetal 2008 a8
ietal 2013 k!

58

Bal (95% C)

B9erogeneity TauF= (.07 ChiF=17.98, df= 4 (P = 0.001% F= 78%
Testfor overall effect £=035(F=073)

metformin insulin Std. Mean Difference Std. Mean Difference
Mean SD Total Mean SD Tofal Weight IV, Random, 85% CI IV, Random, 85% Cl
5 7% W % Th 205% 0.60[0.27, 0.9 e —
201 #1414 94% -0.31F1.05, 0.44]
5 80 X 4 B0 AN1% 0.00F-0.31,0.31] B E—
5 363 3 T 30 26A%  -016F031,-002 ——
3103 4 107 2i6% 0.00F-0.27,0.27] —
542 646 100.0%  0.05[0.23,033] -’-—
1 05 0 05 i

Favours [experimental] Favours [contral]

€ Mean weight gain after entry (kg; metformin vs. insulin; RCTs only)
Metformin Insulin Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 85% Cl

Hickman et al. 2012 6T 183 14 TR 21 14 1008%  -119F201,-0.39) —

Miramangsh gt al. 2012 33 14 B0 45 17 B0 26A%  -077[1.09-044] +

Ruowan et al. 2008 29 04 363 33 2 X0 336%  -028[042-013 &

Terti etal. 2013 18 26 10 22 3 107 288%  -014F0.41,012 *

Total (85% Cl) 567 51 1000%  -0.47[-0.79,-0.15] ¢

Heterogeneity, Tau?= 0.08; Chif= 1387 df= 3(P=0.003) F=78% | ; | ;

Testfor overall effect 7= 2.84 (F=0.004)
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-2 0 z 4

Favours [=xperimental]  Favours [control]



Diabetic Medicine Page 38 of 40

HbAlc (%; metformin vs. insulin; RCTs only)

1
2 metformin insulin 5td. Mean Difference Std. Mean Difference
Sudy or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
@nuddinetal. Mha 7 06 79 9408 79 209% 0.60(0.27, 097 —
Wckman etal. 2012 8 02 14 5904 14 06% -0 [1.09,0.44] '
Miramanesh et al. 2012 43 06 B0 43 04 BD H1% 0.00F031, 0.3
wan etal. 2008 66 05 363 97 06 370 262%  -018[(033-0.04) ——
ietal. 2013 67 03 M0 a7 04 107 226% 0.00F0.27,0.27) —
11

Theal (95% Cl) 642 646 100.0% 0.05[-0.24,0.33] '?‘

%ﬁmgenew Tau®=0.08, Chi*=18.80, df= 4 (P = 0.0009); F=79% I

East 1 05 0 05 1'
16t for overall eflect 2= 0.5 (F = 0.73) Favours [experimental] Favours [contral]

17

égpplementary Fig. S1. Meta-analyses of HbAlc (%) in metformin vs. insulin treatment group, RCTs
anly. A meta-analysis of glycated haemoglobin (HbAlc) recorded between 36 and 37 weeks. Random
eéffects models were used to combine estimates and analyses were carried out using RevMan 5.3 software;
ndard mean difference was calculated; the overall effect was measured using Z-test with p values less
n 0.05 being statistically significant. Heterogeneity was calculated using Chi? test and measured by 2

smtistic.
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Table S1. Percentage of patients in metformin group who were supplemented with additional insulin

©CoO~NOUTA,WNPE

o |
11

Ainuddin et al. 2015 a 43 32 75 43%

15 Ainuddin et al. 2015 b 16 90 106 85%

17 Goh et al. 2011 249 216 465 46%

19 Hickman et al. 2012 8 6 14 43%

ljas et al. 2011 32 15 47 32%

24 Niromanesh et al. 2012 69 11 80 14%

26 Rowan et al. 2008 195 168 363 46%

28 Tertti et al. 2013 87 23 110 21%

30 Total 699 561 1260 45%
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a Metformin only vs insulin only (RCTs and CSs)
1

é Metformin alone  Insulin alone Risk Ratio Risk Ratio

Atudy or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
Binuddin etal. 2015h 4 16 17 100 19.4% 147 (057 3.81) I
inuddin etal. 2015 a I 43 B 78 ZE% 013001, 2.30)

eyuo et al. 2015 4 43 7oAl 142% 053017, 1.68) —
Gohetal. 2011 7 244 16 368 222% 0.7000.29,1.68) —

fidx etal 2010 4 47 § B0 111% 1.06[0.28, 4.01] — T
ﬂ%%wanetal.zune ] 185 B 370 198% 0.36]0.14,0.94) —
ﬁﬂietal.zma 4 87 4 107 10E% 1230032 4.79) R L
14

Tatal (95% Cl) 680 1141 100.0% 0.73 [0.46, 1.16] &
@alewems 28 ]

gerogeneity. Tau®= 0.06; Chi*= 7.02, df= 6 (P = 0.32); = 15% EIIEH EII1 1IE| 1EI|[|
g?t foroverall efect £=1.33 (F = 0.19) Favours [experimental] Favours [control]
21

oo Metformin only vs insulin only (RCTs only)

24

25

36 Metformin alone  Insulin alone Risk Ratio Risk Ratio
zgludy or Subgroup Events  Tofal Events Total Weight M-H,Random,95%Cl M-H, Random, 95% CI
éﬂnuddinetal. 2015h 4 16 17100 236% 147067, 381] -t
ﬂnuddinetal.zﬂﬁa I 43 BT 4% 0.13(0.01,2.30]

e etal 2015 4 43 40 186% 053017, 1.68] —
gﬁsetal.znm 4 47 4§ B0 152% 1.06(0.28,4.01] —
Smmivan et al. 2008 i] 145 A 30 239% 0.36(0.14,054] —
ggerﬂietal.im 4 a7 § 107 147% 123032, 4.74] .
3

3§ﬂa|:9551i: Cl) 431 742 100.0% 0.73[0.40,1.34] *

ijtaI events 2 it

4%eterugenem,f: Tawf= 016 Chit= 711 df=4(F=0.21) F=30% EI.IIJ1 EI!1 1'IJ 1EIIIJ

ATest for overall effect Z=1.01 (F=031)

44
45
46
47

Favours [experimental] Favours [control]

gupplementary Figure S2: A meta-analysis comparing the risk ratio of pre-
@clampsm in metformin only vs. insulin treatment group. (A) A meta-analysis
gﬁlcludlng both randomised controlled trials (RCTs) and cohort studies (CSs)
gomparmg metformin only treatment to insulin only treatment. (B) A meta-
gnalysis including only RCTs comparing metformin only vs. insulin only

Ifeatment.
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