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Abstract

This review explores the current place of metformin in the
management of gestational diabetes (GDM) and type 2 diabetes
during pregnancy and lactation. The rationale and basic
pharmacology of metformin usage in pregnancy is discussed
along with the evidence from observational and randomized
controlled trials in women with GDM or overt diabetes. There
seems to be adequate evidence of efficacy and short-term
safety of metformin in relation to maternal and neonatal
outcomes in GDM, with possible benefits related to lower
maternal weight gain and lower risk of neonatal hypoglycemia
and macrosomia. Additionally, metformin offers the advantages
of oral administration, convenience, less cost and greater
acceptability. Metformin may, therefore, be considered in
milder forms of GDM where glycemic goals are not attained by
lifestyle modification. However, failure rate is likely to be higher
in those with an earlier diagnosis of GDM, higher blood glucose,
higher body mass index (BMI) or previous history of GDM, and
insulin remains the cornerstone of pharmacological treatment
in such cases. The use of metformin in type 2 diabetes has

been assessed in observational and small randomized trials.
Metformin monotherapy in women with overt diabetes is highly

Introduction

The prevalence of pre-existing diabetes among pregnant women
is increasing. Additionally, a substantial number of women may
be detected to have hyperglycemia during routine screening in
pregnancy. Longitudinal studies suggest that even mild degree
of hyperglycemia during pregnancy is associated with the risk of
adverse maternal, fetal and neonatal outcomes [1,2]. Intensive
glycemic control with lifestyle modification, self-monitoring of
blood glucose (SMBG) and pharmacological therapy reduces this
risk [3]. Insulin is considered as the pharmacological therapy of
choice during pregnancy for both pre-existing and gestational
diabetes (GDM). Oral antidiabetic agents, particularly glyburide
(glibenclamide) and metformin, have been evaluated for their
efficacy and safety. The earliest reports of the use of metformin
during pregnancy were from South Africa in early 1980s, by
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unlikely to achieve glycemic targets. Hence, the use should

be restricted as adjunct to insulin and may be considered in
women with high insulin dose requirements or rapid weight
gain. There is clearly a need for more clinical trials to assess the
effect of combined insulin plus metformin therapy in pregnancy
with type 2 diabetes. Additionally, there is a paucity of data

on long-term effects in offspring exposed to metformin in
utero. It is imperative to further explore its impact on offspring
as metformin has significant transplacental transfer and has

the potential to impact the programming of the epigenome.
Therefore, caution must be exercised when prescribing
metformin in pregnant women. More research is clearly needed
before metformin can be considered as standard of care in

the management of diabetes during pregnancy.

Keywords: diabetes, epigenetic programming, gestational
diabetes, metformin, oral antidiabetic agents, pregnancy,
type 2 diabetes.
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Coetzee and colleagues, in women with pre-existing non-insulin-
dependent diabetes and GDM [4-6]. Kelley and colleagues
recently reviewed the current treatment strategies for women
with GDM [7]. Since then, there have been several observational
and randomized controlled trials comparing metformin with
insulin and glyburide. Most of these studies suggest that
metformin does not increase maternal or short-term fetal
adverse outcomes and may reduce maternal weight gain during
pregnancy and that it has lower risk of neonatal hypoglycemia
and large for gestational age (LGA) babies. However, metformin
freely crosses the placenta and its use during pregnancy can
lead to significant fetal exposure. Due to its propensity to

cause cellular energy depletion and affect one-carbon (1-C)
metabolism, concerns have been raised about the long-term
effects of prenatal metformin exposure on fetal programming
and long-term health of exposed offspring.
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In this review, we focus on the rationale, clinical evidence,
concerns and unresolved issues with regard to the use of
metformin in the management of diabetes during pregnancy and
lactation. A detailed search of MEDLINE, EMBASE and Cochrane
databases was undertaken to include all relevant research.

Rationale for metformin in
gestational and pre-existing
diabetes during pregnancy

Metformin increases insulin sensitivity, reduces hepatic
glucogeneogenesis and enhances peripheral glucose uptake,
resulting in lowering of blood glucose with minimal risk of
hypoglycemia and weight gain [8]. Metformin is, therefore,
considered as the first-line drug in the management of type

2 diabetes (T2D) with excellent data of its efficacy, tolerability
and safety in nonpregnant individuals. With the rising
prevalence of T2D, decreasing age at onset of the disease and
rising maternal age at pregnancy [9], a significant number of
pregnant women have pre-existing T2D [10]. They are often
obese and have high rates of maternal morbidity, including
pregnancy-induced hypertension (PIH), preeclampsia and
Caesarian delivery [11]. Infants of diabetic mothers have higher
rates of LGA and macrosomia and an increased perinatal
morbidity and mortality [12]. Further, maternal weight gain in
excess of the Institute of Medicine (IOM) recommendations has
been associated with a higher risk of adverse fetal and maternal
outcomes [13]. While insulin is usually required for adequate
glycemic control in these women, metformin has the potential
to improve maternal glycemic control with less maternal
weight gain and a reduction in insulin dose requirement. On
the other hand, discontinuation of metformin may result in
perturbations in glycemic control and significant rise in insulin
dose, especially in the latter half of pregnancy when there is a
further physiological decline in insulin sensitivity.

During pregnancy, there occurs a physiological increase in
secretion of several counter-regulatory hormones, including
cortisol, growth hormone (GH), human placental lactogen
(hPL), progesterone and prolactin. This results in a state of
insulin resistance starting in midpregnancy. In most women,
the rise in insulin resistance is compensated by an increase
in insulin secretion and most women remain normoglycemic
due to adequate B-cell compensation. GDM develops if 3-cell
function is decreased or fails to compensate for the rise in
insulin resistance [14]. Metformin, therefore, seems to be a
logical treatment for GDM.

Pharmacokinetic considerations
of metformin in pregnancy and
lactation

Metformin is a hydrophilic and positively charged biguanide,
and hence it requires transporter proteins to cross cell

membranes [8]. The predominant proteins involved in
metformin transport include organic cation transporters (OCT),
plasma membrane monoamine transporters (PMAT) and
multidrug and toxic compound extrusion protein (MATE). Gut,
hepatocytes, renal tubular epithelial cells and reproductive
tissues readily internalize metformin [15]. OCT3 and PMAT
regulate the gastrointestinal absorption of metformin and
OCT1 is responsible for transport to the interstitial fluid. OCT1,
OCT3 and MATE are expressed on the basolateral membrane
of hepatocytes. OCT2 regulates uptake by renal epithelial cells
and MATE1 and 2 regulate excretion into urine.

Placental tissue expresses several OCTs, including OCT2,

and metformin has been shown to freely cross the placenta.
Several other transporters are also expressed in the human
syncytiotrophoblast, including P-glycoprotein (P-gp), multidrug
resistance-associated protein (MRP 1) and breast cancer
resistance protein (BCRP). The transport of metformin across
the placenta is regulated by these proteins and seems to be
bidirectional. Fetal concentrations of metformin can reach

at least 50 percent of maternal concentration. Metformin
concentrations in umbilical cord plasma at the time of delivery
were found to range between nondetectable (<5 ng/dL) and
1263 ng/mL [16]. Importantly, metformin is not retained in the
placenta and fetal-to-maternal transfer of metformin was found
to be significantly higher than maternal-to-fetal transfer in
dually perfused human placenta [17,18]. Moreover, metformin
does not seem to affect placental uptake and transport of
glucose [19].

The renal clearance of metformin is significantly increased (by
29%) in mid and late pregnancy compared with postpartum,
parallel to increased renal plasma flow and glomerular filtration
during pregnancy [16,20]. Hence, patients may require higher
doses of metformin for adequate glycemic efficacy. Metformin
doses ranging from 500 to 2500 mg/day have been used to
treat women with GDM and the impact of doses exceeding
2500 mg/day on maternal, fetal and neonatal safety has not
been determined.

Metformin is excreted into breast milk, but the amount is
clinically insignificant. Eyal and colleagues estimated that
the daily intake of metformin transferred via breast milk to
the infant was 0.13-1.28 mg. Studies have estimated that the
relative infant dose is 0.5-0.65% of mother’s weight-adjusted
dose [20,21]. There was no effect of metformin intake in
lactating mothers on blood glucose in three infants after

4 hours of breastfeeding [21].

Clinical experience with use of
metformin in GDM

There was significant apprehension surrounding the use
of metformin during pregnancy due to concerns about
fetal exposure, as it freely crossed the placenta and could
affect fetal health. There were early concerns that because
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metformin could increase the risk of lactic acidosis and the
fetal environment is relatively hypoxic, metformin may have

a negative impact on both maternal and fetal health. For

these reasons, metformin was not considered an optimal
choice during pregnancy and early evidence was limited to
observational and small non-randomized studies. Interest in
the role of metformin in GDM gained momentum following
the publication of the Metformin in Gestational Diabetes (MiG)
trial in 2008. The MiG trial was a randomized multicenter open-
label trial comparing metformin versus insulin in 751 women
diagnosed with GDM between 20 and 33 weeks of gestation
[22]. The glycemic control was comparable to insulin group
but 46.3% patients on metformin required supplemental
insulin, indicating a high failure rate. Maternal weight gain
(from enrollment to 36-37 weeks of gestation) was lower with
metformin than insulin (0.4+2.9 versus 2.0+3.3 kg, p<0.001).

In a questionnaire, a significantly large number of women
responded that they would opt for metformin again (76%) than
insulin (27%) in a subsequent pregnancy, suggesting greater
patient acceptability. There was no difference in the primary

drugsincontext.com

composite outcome (a composite of neonatal complications
including respiratory distress, need for phototherapy, birth
trauma, low Apgar score or prematurity) between metformin
group (32.0%) and insulin group (32.2%). Birth weight was
similar (33724572 g in metformin group versus 3413+569 g

in insulin group, p=0.033), but the incidence of neonatal
hypoglycemia was significantly lower with metformin (3.3
versus 8.1%, p=0.008). The incidence of preterm births (< 37
weeks of gestation) was, however, higher with metformin than
insulin (12.1 versus 7.6%, p=0.04), though prematurity was not
associated with an increased complication risk.

Over the past decade, several retrospective, prospective and
randomized studies have been published that compared
maternal and fetal outcomes in GDM women treated with
metformin and insulin or glyburide. These are summarized
in Tables 1 and 2. Several meta-analyses have compared

the outcomes from randomized controlled trials (RCTs), as
detailed in Table 3. Glycemic control with metformin was
similar to insulin or glyburide, but a variable percentage of

Table 1.

Retrospective and prospective cohort studies of metformin use in GDM.

Author, country,
year published

Study design

Key outcomes

Retrospective cohort studies

Tertti et al., Turkey, 173 women with GDM. No difference in maternal outcomes, birth weight, macrosomia
2008 [23] Comparison groups: metformin, at gestational age at delivery.
Tl 18% metformin users needed supplemental insulin.
Lesser incidence of neonatal hypoglycemia with metformin.
Silva et al., Brazil, 705 women with GDM. Metformin group - less risk of newborns with SGA (adjusted

2017 [24] Comparison groups: metformin,
insulin, combined metformin

plus insulin.

OR 0.25) and higher chance of newborns with appropriate for
gestational age (adjusted OR 2.10).

Insulin group - lower risk of preterm birth (adjusted OR 0.13).

Insulin plus metformin group — higher chance of newborns
with LGA (adjusted OR 3.56) and lower risk of preterm birth.

Prospective case-control studies

Balani et al., UK, 127 women with GDM treated

2009 [25] with metformin. 100 women who
remained exclusively on metformin
were compared with 100 matched
women treated with insulin.

Greater maternal weight gain with insulin (2.72+0.4 versus
0.94+0.3 kg, p<0.001).

No difference in PIH, preeclampsia, induction of labor, rate of
Caesarian section or macrosomia.

Improved neonatal morbidity with metformin — lower rates of
prematurity (0 versus 10%, p<0.01), neonatal jaundice (8 versus
30%, p<0.01) and NICU admissions (6 versus 19%, p<0.01).

Metformin use associated with:
a) Lower risk of LGA or SGA
b) Higher rate of induced labor or planned Caesarian

c) Lower mean birth weight
d) Greater need of phototherapy for neonatal jaundice

Balani et al., UK,
2012 [26]

Metformin (n=286) or metformin
plus insulin (h=38). Compared
with 175 women on lifestyle
modification alone.

GDM, gestational diabetes; LGA, large for gestational age; NICU, neonatal intensive care unit; OR, odds ratio; PIH, pregnancy-
induced hypertension; SGA, small for gestational age.
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Australia & New
Zealand, 2008 [22]

20-33 weeks of gestation;
metformin versus insulin

Table 2. Randomized controlled trials comparing metformin with insulin or glyburide in women with gestational
diabetes.
Author, country, Trial design Key outcomes
year published
Moore et al., USA, 63 women with GDM; No difference in maternal or fetal outcomes.
2007 [27] Metformin versus insulin . . L .
No patient on metformin required insulin.
Trial was underpowered.
Rowan et al., 751 women with GDM at  46.3% metformin users required supplemental insulin.

No difference in primary composite outcome (composite of neonatal
hypoglycemia, respiratory distress, need for phototherapy, birth
trauma, 5-minute Apgar score <7 or prematurity) - RR 0.99, 95%

Cl: 0.80-1.23.

No difference in secondary outcomes (neonatal anthropometry, maternal
glycemic control, PIH and postpartum glucose tolerance).

Better patient acceptability.

Silva et al., Brazil,
2010 [28]

72 women with GDM;
metformin (n=40) versus
glyburide (n=32)

Less maternal weight gain with metformin (7.6 versus 10.3 kg, p=0.02).

Similar fasting and postprandial glucose, birth weight, LGA and neonatal
hypoglycemia. Similar rates of treatment failure with need for insulin.

Moore et al., USA,
2010 [29]

149 GDM women;
metformin (n=75) versus
glyburide (n=74)

34.7% in metformin group and 16.2% in glyburide group required insulin.
Higher failure rate of metformin.

ljas et al., Finland,
2011 [30]

100 GDM women;
metformin versus insulin

No differences in LGA, birth weight, mean cord artery pH or neonatal
morbidity.

Higher rates of Caesarian section with metformin (RR 1.9, 95%

Cl: 0.99-3.71).

32% women in metformin group required supplemental insulin. When
compared to those who did not need insulin, these women had the
following:

1. Higher BMI (36 versus 30 kg/m?, p=0.002).

2. Higher fasting glucose (6.1 versus 5.0 mmol/l, p=0.001).

3. Earlier need for medical treatment for GDM (26 versus 31 weeks of
gestation, p=0.002).

Niromanesh et al.,
Iran, 2012 [31]

160 women with GDM
between 20 and 34 weeks;
metformin versus insulin

Similar fasting and postprandial glucose. No difference in neonatal and
obstetric complications. 14% required supplemental insulin.

Less maternal weight gain with metformin (p<0.001).

Less risk of birth weight > 90th centile (RR 0.5, 95% Cl: 0.3-0.9, p=0.012)
with metformin.

Silva et al., Brazil,
2012 [32]

200 GDM women;
metformin [104] versus
glyburide [96]

Lower maternal weight gain with metformin (7.78 versus 9.84, p=0.04).

Lower birth weight (3193 versus 3387 kg, p=0.01) and ponderal index (2.87
versus 2.96, p=0.05) with metformin.

Greater neonatal hypoglycemia with glyburide.

No difference in Caesarian sections, gestational age at delivery, LGA,
neonatal hypoglycemia, NICU admissions or perinatal death.

Mesdaghinia et al.,
Iran, 2013 [33]

200 GDM women at 24-34
weeks; metformin versus
insulin

22% in metformin group required supplemental insulin.
No difference in glycemic control, PIH, route of delivery.

No difference in birth weight, dystocia, Apgar score, hypoglycemia and still
birth.
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Table 2.

(Continued)

Author, country,
year published

Trial design

Key outcomes

Higher maternal weight gain, preterm labor and end of pregnancy HbA1c
in insulin group.

Higher incidence of neonatal jaundice, respiratory distress and NICU
admission in insulin group.

Spaulonci et al.,
Brazil, 2013 [34]

94 women with GDM;
metformin versus insulin

Less maternal weight gain (p=0.02) and lower frequency of neonatal
hypoglycemia (p=0.032) with metformin.

26% metformin users required supplemental insulin.

Predictors of need for insulin were early gestational age at GDM diagnosis
and higher mean pre-treatment glucose.

Tertti et al.,
Finland, 2013 [35]

217 GDM patients;
metformin versus insulin

No difference in birth weight, neonatal or maternal outcomes.

20.9% required supplemental insulin. Factors predicting need for
insulin — older age (p=0.04), earlier gestational age at diagnosis (p=0.01)
and higher baseline serum fructosamine concentration.

Ruholamin et al.,
Iran, 2014 [36]

109 GDM women;
metformin versus insulin

Similar glycemic control and other maternal outcomes, including preterm
delivery.

No difference in neonatal outcomes (hypoglycemia, birth weight, Apgar
score, hyperbilirubinemia).

George et al.,
India, 2015 [37]

159 South Indian women
with GDM; metformin
versus glyburide

Primary outcome (composite of macrosomia, hypoglycemia, need
for phototherapy, respiratory distress, stillbirth or neonatal death
and birth trauma): 35% in glyburide group and 18.9% in metformin
group.

Higher rate of neonatal hypoglycemia with glyburide (12.5%) versus none
with metformin.

No difference in birth weight, glycemic control, PIH, preterm birth, mode of
delivery or complications of delivery.

Ainuddin et al.,
Pakistan, 2015 [38]

150 women with GDM;
metformin versus insulin

42.7% in metformin group required supplemental insulin.

Less maternal weight gain with metformin (9.8+1.5 kg) than insulin
(12.5+1.1 kg).

Less risk of preeclampsia with metformin.

Lower mean birth weight (3.4+0.4 versus 3.7+0.5 kg, p<0.01) and less
neonatal morbidity with metformin.

Ashoush et al.,,
Egypt, 2016 [39]

Women with GDM at
26-32 weeks.

Metformin (n=47) versus
insulin (n=48)

23.4% metformin users needed supplemental insulin.

Metformin associated with less maternal weight gain (p<0.001) and lower
fasting glucose during first and last 2 weeks of treatment (p=0.014 and
0.008, respectively).

Fetal and maternal outcomes similar.

Nachum et al.,
Israel, 2017 [40]

53 patients on glyburide
and 51 patients on
metformin

Similar glycemic control.
Failure rate 34% with glyburide, 29% with metformin.

Obstetric and neonatal outcomes comparable.

Arshad et al.,,
Pakistan, 2017 [41]

71 GDM women;
metformin versus insulin

Metformin associated with lower birth weight.
Higher HbA1c at term and more Caesarian sections with insulin.

More babies born after 38 weeks with insulin.

GDM, gestational diabetes; HbAlc, hemoglobin Alc; LGA, large for gestational age; NICU, neonatal intensive care unit; pH,

potential hydrogen; PIH, pregnancy-induced hypertension; RR, relative risk.
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Table 3. Summary of published meta-analysis comparing metformin with insulin or glyburide in GDM.

Author, year

Comparison groups,
patient number

Maternal outcomes

Fetal outcomes

Gui et al., 2013 [42]

5 RCTs, 1270
participants;
metformin versus
insulin

Lower maternal weight gain
(p=0.003), lower incidence of
PIH (OR 0.52, 95% Cl: 0.30-0.90),
lower gestational age (p=0.02) at
delivery with metformin.

Higher incidence of preterm birth
with metformin (OR 1.74, 95% ClI:
1.13-2.68).

Poolsup, 2014 [43]

13 RCTs, 2151 patients;
oral antidiabetics
versus insulin

Significantly lower PPG with
metformin.

Decreased risk of gestational
hypertension with metformin.

Significant increase in preterm births
with metformin.

Higher risk of macrosomia and
neonatal hypoglycemia with
glyburide.

Suetal,, 2014 [44]

6 RCTs, 1420 subjects;
metformin versus
insulin

No increase in adverse maternal
outcomes.

Less maternal weight gain with
metformin.

Less incidence of neonatal
hypoglycemia and higher incidence
of premature birth with metformin.

Jiang et al., 2015 [45]

18 RCTs, network
meta-analysis.

Metformin, insulin,
glyburide and
acarbose

No difference in glycemic control.

Compared to insulin, metformin
was associated with lower
maternal weight gain, shorter
gestational age and greater
premature birth.

Compared to glyburide,
metformin was associated with
less maternal weight gain.

Metformin was associated with
shorter gestational age compared to
insulin.

Metformin was associated with lower
neonatal birth weight, less risk of
macrosomia and less risk of neonatal
hypoglycemia than glyburide.

Kitwitee et al., 2015 [46]

8 RCTs, 1712 women
with GDM; metformin
versus Insulin

Similar glycemic control and
maternal outcomes. 14-46%
required additional insulin.

Pooled risk for PIH lower with
metformin (RR 0.62, 95% Cl:
0.38-1.02, p=0.06).

Lower maternal weight gain with
metformin (SMD -0.52, 95% Cl:
-0.78 to -0.26, p<0.01).

Lower average gestational age
at delivery with metformin
(SMD -0.13,95% Cl: -0.23 to
-0.03, p<0.01).

Nonsignificant increase in
preterm deliveries (RR 1.34, 95%
Cl: 0.73-2.46) with metformin.

Lower incidence of neonatal
hypoglycemia (RR 0.74, 95% Cl:
0.58-0.93, p=0.01) and NICU
admissions (RR 0.76, 95% Cl: 0.59-
0.97, p=0.03) with metformin.

98% probability that metformin
was superior to insulin for these two
neonatal complications.

Incidence of LGA babies lower
with metformin (RR 0.79; 95% Cl:
0.63-1.01, p=0.06).

Lietal., 2015 [47]

11 RCTs; metformin
versus insulin

No difference in glycemic control
or incidence of preeclampsia.

Less risk of PIH (RR 0.53, 95% Cl:
0.31-0.90, p=0.02) with metformin.

Less maternal weight gain
(MD -1.28, 95% Cl: -1.54 to -1.01,
p<0.0001) with metformin.

Lower gestational age at delivery
(MD 0.94, 95% Cl: -0.21 to -0.01,
p=0.03) with metformin.

Lower birth weight (MD —44.35, 95%
Cl: -85.79 to -2.90, p=0.04) with
metformin.

Lower incidence of hypoglycemia
(RR 0.69, 95% Cl: 0.55-0.87, p<0.001)
with metformin.

Lower rates of NICU admission
(RR 0.82, 95% Cl: 0.67-0.99) with
metformin.
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Table 3. (Continued)

Author, year

Comparison groups,
patient number

Maternal outcomes

Fetal outcomes

Amin et al., 2015 [48]

3 RCTs, 508 patients;
glyburide versus
metformin

No difference in rates of
Caesarian section.

Increased risk of macrosomia and
LGA with glyburide (RR 1.94, 95% Cl:
1.03-3.66, p=0.04).

Significant decrease in fasting
glucose with glyburide (MD -2.4
mg/dL, 95% Cl: -4.60 to -0.21,
p=0.03).

Nonsignificant increase in risk of
neonatal hypoglycemia (RR 1.92, 95%
Cl: 0.31-12.02) with glyburide.

No difference in preterm births or
neonatal birth weight.

Metformin versus insulin: less risk of
neonatal hypoglycemia (RR 0.78, 95%

Balsells et al., 2015 [49] 15 RCTs, 2509 subjects; Metformin versus insulin: less

two compared maternal weight gain (-1.14 kg,

metformin with 95% Cl: -2.22 to -0.06). Cl: 0.60-1.01).
gl)él?urlcd)e s Lower postprandial glucose Higher preterm births (RR 1.50, 95%
Subjects. (MD -0.14 mmol/l, 95% Cl: ~0.22  Cl: 1.04-2.16).

to -0.05).

Lower incidence of PIH (RR 0.53,
95% Cl: 0.31-0.90).

six compared
metformin with insulin
(1362 subjects).

Metformin versus glyburide: lower
birth weight (MD -209 g, 95% Cl:
-314 to -104), less risk of macrosomia
(RR 0.33, 95% Cl: 0.13-0.81) and LGA

Less gestational age at delivery (MD (RR 0.4, 95% CI- 0.21-0.92).

-0.16 weeks, 95% CI: -0.30 to -0.02).

Treatment failure with metformin
33.8%.

Metformin versus glyburide: less
maternal weight gain (MD -2.06
kg, 95% Cl: -3.98 to -0.14).

Treatment failure higher with
metformin (26.8 versus 23.5%).

Singh et al., 2015 [50] 7 RCTs, 1514 women;
metformin versus

insulin

No difference in glycemic control. No difference in neonatal outcomes.

Less maternal weight gain with
metformin in four studies.

Higher preterm births with
metformin in one study. No
difference in other maternal
outcomes.

Zhu et al.,, 2016 [51] 8 RCTs, 1712 GDM
women; metformin
(n=853) versus insulin

(n=859)

No difference in glycemic control; Reduced risk of neonatal
15-46% required insulin. hypoglycemia and NICU admissions.

No difference in other neonatal
outcomes.

No increased risk of prematurity.

Metformin - reduced risk of PIH
and less maternal weight gain.

Metformin had lower incidence of
neonatal hypoglycemia compared to
insulin or glyburide.

Metformin had lower maternal
weight gain than insulin.

32 RCTs, network
meta-analysis.

Liang et al., 2017 [52]

Metformin, insulin,
glyburide, metformin
plus glyburide,
acarbose and placebo

Ranking results — metformin had

lowest incidence of PIH but lower Metformin had lower birth weight

gestational age at delivery. and lower incidence of macrosomia
and LGA compared to glyburide.

Ranking — metformin had lower
birth weight and lowest incidence of
macrosomia, LGA, RDS.

(Continued)
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Table 3. (Continued)

Author, year

Comparison groups,
patient number

Maternal outcomes

Fetal outcomes

Brown et al., 2017 [53]

11 RCTs comparing
oral antidiabetics with
placebo or other oral
antidiabetics. Trials
including insulin were
excluded.

Metformin versus glyburide: no
difference in maternal outcomes.

Metformin versus glyburide: decrease
in death or serious morbidity
composite. No difference in risk of
LGA or neonatal hypoglycemia or
perinatal mortality.

Overall data insufficient to
recommend one oral antidiabetic
over another.

Brown et al., 2017 [54]

53 studies, 7381
participants.

Insulin compared to
oral antidiabetics.

Insulin associated with increased
risk of hypertensive disorders

of pregnancy compared to
OADs. No difference in rates

of preeclampsia or Caesarian
section.

No difference in risk of LGA, perinatal
mortality or serious morbidity,
neonatal hypoglycemia or neonatal
adiposity.

Low quality evidence of no difference
in neurosensory outcomes in offspring.

Feng et al., 2017 [55]

RCTs comparing

insulin and metformin.

No difference in gestational age
and Caesarian section. Lower
maternal weight gain and HbAlc
at 36-37 weeks with metformin.
Lower rates of gestational
hypertension with metformin.

No difference in neonatal respiratory
distress and preterm birth or other
neonatal outcomes.

Farrar et al., 2017 [56]

Metformin versus
insulin — 11 trials.

Metformin versus
glyburide - 3 trials.
Analysis not possible

due to paucity of data.

Lower risk of preeclampsia,

PIH, induction of labor and
instrumental delivery with
metformin compared to insulin.

Lower risk of LGA, macrosomia, NICU
admissions, neonatal hypoglycemia
with metformin compared to insulin.

Lower risk of LGA with metformin
compared to glyburide.

Butalia et al., 2017 [57]

16 studies, 2165
participants;
metformin versus
insulin.

Lower risk of PIH with metformin,
RR 0.56; 95% Cl: 0.37-0.85.

Lower maternal weight gain with
metformin, MD -2.07; 95% Cl:
-2.88to -1.27.

Metformin did not increase
preterm delivery, RR 1.18; 95%
Cl: 0.67-2.07.

No difference in rates of
Caesarian section.

Lower risk of neonatal hypoglycemia
with metformin, RR 0.63; 95% Cl:
0.45-0.87.

Lower risk of LGA with metformin, RR
0.80; 95% Cl: 0.64-0.99.

No difference in perinatal mortality
or SGA.

GDM, gestational diabetes; LGA, large for gestational age; NICU, neonatal intensive care unit; OAD, oral antidiabetic drugs; OR,
odds ratio; PIH, pregnancy-induced hypertension; PPG, postprandial plasma glucose; RCTs, randomized controlled trials; RDS,
respiratory distress syndrome; RR, relative risk; SGA, small for gestational age; SMD, standardized mean difference.

women required supplemental insulin to achieve and maintain
glycemic targets. This could have resulted from differences in
population studied and inclusion of women with pre-existing

diabetes in some studies.

Which GDM candidates are unlikely to

respond to metformin?

Several studies have assessed the factors that predicted a poor
response to oral antidiabetics, including metformin. In MiG

trial, subgroup analysis of women who required supplemental
insulin versus those who did not revealed that they were more
obese (BMI 33.6+8.6 versus 31.1+7.8 kg/m?) and had higher

baseline fasting blood glucose (95.4+14.4 versus 109.8+19.8

mg/dL) [22]. In a recent retrospective multicenter cohort study,

Gante and colleagues assessed 388 GDM women who were
prescribed metformin; 135 required supplemental insulin.
Predictors of poor response included higher age (odds ratio
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(OR 0.89, 95% Cl: 0.85-0.94; p<0.001) [58]. The factors that
predicted the need for supplemental insulin in GDM women
treated with metformin in various studies include the following:

Higher fasting glucose at diagnosis [22,39,42,59,60]
Early detection of GDM [34,35,58,60,61]

Past history of GDM [60]

Older age at diagnosis [35,58]

Higher baseline HbA1c or serum fructosamine
concentration [35]

6. Elevated BMI [22,39,58,60]

A wN -

Effect of metformin on maternal outcomes

Most trials comparing metformin with insulin do not report

an increase in adverse maternal outcomes with metformin,

as detailed in Tables 1 and 2. This has been replicated in most
meta-analyses (Table 3). In several studies, metformin use

was rather beneficial and associated with lower maternal
weight gain and lower risk of PIH. Additional advantages with
metformin include a lower risk of maternal hypoglycemia than
insulin or glyburide, lower cost of therapy and less need for
intensive SMBG. However, some studies reported an increase in
preterm deliveries with metformin, but this effect has not been
replicated in other studies. In fact, two meta-analyses of studies
where metformin was continued throughout pregnancy in
women with polycystic ovary syndrome (PCOS) reported a
lower risk of early pregnancy losses and preterm deliveries with
metformin [62,63]. Moreover, Butalia and colleagues [57] and
Farrar and colleagues [56] did not demonstrate any increase

in rates of preterm deliveries with metformin in recent meta-
analyses.

Effect of metformin on fetal outcomes

The effect of metformin on short-term fetal outcomes has
been largely favorable (Tables 1, 2 and 3). Metformin use was
associated with lower mean birth weight and lower incidence
of macrosomia and LGA babies in several studies. Another
significant benefit with metformin is a lower risk of neonatal
hypoglycemia, including severe neonatal hypoglycemia, seen
in both cohort studies and randomized trials. In addition, the
rate of neonatal intensive care unit (NICU) admissions also
appears to be lower for metformin than insulin. However, the
rate of prematurity has been shown to be higher in some but
not all studies.

In a recent Cochrane meta-analysis comparing metformin
versus glyburide (11 studies), metformin was associated with
decrease in composite of neonatal death or serious morbidity,
while glyburide was associated with greater maternal weight
gain, increased risk of neonatal hypoglycemia, higher birth
weight and greater incidence of macrosomia [53]. In the
network meta-analysis by Farrar and colleagues, metformin had
the highest probability of being the most effective treatment

in reducing the risk of neonatal hypoglycemia (probability of

benefit 96.3%), macrosomia (94.0%), LGA (92.8%), preeclampsia
(84.0%) and admission to NICU (61.2%) [56]. In another network
meta-analysis of 32 RCTs, metformin was ranked better than
insulin or glyburide due to lowest incidence of macrosomia,
PIH, LGA and respiratory distress, but the incidence of preterm
birth was reported to be highest. Metformin was superior to
glyburide and insulin in obese GDM women [52].

Clinical experience of use
of metformin in T2D during
pregnancy

Women with pre-existing diabetes usually require insulin

for achieving adequate glycemic control. The most obvious
questions are whether or not metformin should be continued
during pregnancy and whether it should be added to insulin
therapy. However, most trials have excluded women with pre-
existing diabetes. In a retrospective analysis of 118 pregnancies,
Hellmuth and colleagues reported an increase in preeclampsia
and perinatal mortality among 19 women with T2D who

used metformin during pregnancy compared to insulin or
sulfonylureas [64]. In other observational studies, however,
there was no increase in adverse pregnancy outcomes with
metformin, even though they were at higher risk of poor
outcomes [65-67]. A reduction in NICU admissions was seen
with metformin compared to insulin [68,69].

Hickman and colleagues reported lower rates of maternal
hypoglycemia in T2D women randomized to metformin versus
insulin during pregnancy, though 43% required supplemental
insulin [70]. Ibrahim and colleagues randomized 90 pregnant
women with GDM or T2D between 20 and 34 weeks gestation,
who had poor glycemic control at insulin daily dose > 1.12 U/
kg, into two groups — addition of oral metformin versus increase
in insulin dose; 36.9% women were able to reach glycemic
targets with daily metformin dose of 1500 mg and 39.2%

with daily dose of 2000 mg and 23.9% of metformin users
needed increase in insulin dose. Maternal and fetal outcomes
were similar [71]. In another study, Ainuddin and colleagues
evaluated women with T2D using metformin or insulin. Insulin
was added to metformin as required; 84.9% metformin users
needed add-on insulin at a mean gestational age of 26.58+3.85
weeks. Metformin use was, however, associated with less
maternal weight gain, PIH, neonatal hypoglycemia and NICU
stay, but more small-for-date babies [72]. They suggested that
metformin may be considered as an adjunct to insulin therapy
in pregnant T2D women.

A recent Cochrane meta-analysis compared metformin

and insulin in three RCTs with 241 women with pre-existing
diabetes or previous GDM. There was no difference in
preeclampsia, perinatal mortality or LGA, but the risk of infant
hypoglycemia was less with metformin (relative risk [RR] 0.34,
95% Cl: 0.18-0.62). While the likelihood of Caesarian section
was lower with metformin, the overall quality of evidence
was rated as poor for all outcomes [73]. Further studies are
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clearly needed to assess the role of combined insulin and
metformin therapy. The metformin in women with type 2
diabetes in pregnancy (MiTy) trial is a multicenter trial enrolling
500 pregnant T2D women, between gestational age 6 and 22
weeks, who are on insulin, to receive metformin 1000 mg twice
daily versus placebo [74]. The results are likely to have important
implications in the management of pregnant women with
T2D. Metformin is usually considered safe for use by lactating
mothers but there are no studies conducted in breastfeeding
mothers [75]. Growth and motor-social development were
similar in 61 nursing infants and 50 formula-fed infants born

to mothers taking metformin throughout pregnancy and
lactation [76].

Long-term safety data of
metformin use in pregnancy

Use of metformin during pregnancy can result in significant
fetal exposure but the long-term effects on exposed offspring
are currently unknown. Exposure to hyperglycemia in utero has
been associated with increased risk of obesity and diabetes

in adolescence and adulthood. Some have proposed that
metformin may improve fetal insulin sensitivity by altering fetal
programming and reduce the long-term risk of obesity and
cardiometabolic risk in the offspring. The 2-year follow-up of
offspring born to mothers in the MiG trial, the offspring follow-
up (MiG TOFU), generated some hope. Infants exposed to
metformin in utero had higher subscapular and biceps skinfolds
compared to unexposed infants at 2 years age, while total
body fat was similar and there was no increased risk of adverse
outcomes [77]. This led to speculation that metformin is
associated with a healthier fat distribution with less visceral and
ectopic fat but there is no conclusive evidence for the same.

On the contrary, Carlsen and colleagues reported that children
born to mothers treated with metformin during pregnancy
were heavier at 1 year [78]. In a longitudinal study of the
offspring of mothers treated with metformin for PCOS, there
were no differences in height, weight or body composition

at 8 years of age between those exposed to metformin and
placebo. However, fasting glucose level was higher and there
was a trend toward higher systolic blood pressure in the
metformin-exposed group [79]. Similarly, ljas and colleagues
reported that children exposed to metformin were heavier at
12 months (10.47 versus 9.85 kg) and were taller and heavier at
18 months (83.9 versus 82.2 cm, 12.05 versus 11.32 kg) [80]. The
effects, if any, on childhood obesity, are unlikely to manifest
until after 6-9 years of age and there is a need for longer
follow-up studies.

Glueck and colleagues prospectively assessed the growth and
socio-motor development of newborns that were conceived
on metformin and exposed to metformin through pregnancy.
There were no differences in anthropometric parameters at
birth or at 18 months and motor-social development scores
were also comparable to Centers for Disease Control and

Prevention (CDC) control population [81]. No effect was seen
on neurodevelopmental outcomes in metformin-exposed
children at 2 years of age in other studies [80,82]. While there
do not seem to be any obvious long-term concerns with fetal
exposure to metformin, longer follow-up data are clearly
required.

Concerns with fetal exposure to
metformin

Does metformin increase the risk of
embryopathy and teratogenicity?

It is important to determine if metformin has any embryopathic
or teratogenic effect. This is particularly so because the
predominant mechanism of action of metformin is via increase
in 5’AMP-activated protein kinase (AMPK) [8]. Metformin
inhibits complex | of the mitochondrial electron transport chain
that couples the tricarboxylic acid (TCA) cycle to adenosine
triphosphate (ATP) production. The resultant cellular energy
depletion, with increased ADP:ATP and AMP:ATP ratios, leads
to activation of AMPK. AMPK is a sensor of the cellular energy
state and regulator of energy homeostasis [8]. AMPK mediates
several metabolic effects of metformin on glucose and lipid
metabolism, including increase in fatty acid beta-oxidation

and insulin signaling, decrease in cholesterol, fatty acid and
triglyceride biosynthesis and reduced gluconeogenic and
lipogenic gene expression, as detailed in Figure 1.

It has been demonstrated that maternal hyperglycemia causes
oxidative stress in the embryo and stimulates AMPK and

this may drive the embryopathic effects of diabetes. AMPK
activation may disrupt embryo gene expression - in particular
inhibit Pax3 (paired box 3) expression, a gene involved in
neural tube closure - with resultant increased risk of neural
tube defects. AMPK also induces changes in several bioactive
metabolites connected to transcriptional regulators [83].
Because metformin increases AMPK activation, its effects

on offspring need to be evaluated. Another important
concern stems from the effect of metformin on 1-C pathways.
Metformin has been demonstrated to have an antifolate effect
similar to some chemotherapeutic drugs [83].

However, Lee and colleagues demonstrated that while
metformin increased AMPK and inhibited Pax3 expression

in mouse embryonic stem cells in vitro, there was no effect

on AMPK or Pax3 in mouse embryo in vivo. This is possibly

due to lack of expression of metformin transporters in early
mouse embryos [84]. It remains to be determined if human
embryo expresses metformin transporters and whether
metformin affects early embryo development. In later
pregnancy, metformin is freely transported across placenta,
but the transport is bidirectional and there is greater transport
from fetal to maternal compartment against a concentration
gradient [18]. Moreover, it is uncertain if the progenitor cells of
developing organs take up metformin.
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Figure 1. Mechanism of action of metformin.
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Metformin is transported across the cell membrane and mitochondrial membrane by organic cation transporters (OCT).
Metformin inhibits the complex | of the electron transport chain in the mitochondria, leading to suppression of ATP
production. The resultant increase in AMP:ATP ratio and ADP: ATP ratio causes activation of AMP-activated kinase (AMPK),
which acts as the cellular energy sensor. AMPK activation leads to a switch in cell metabolism toward catabolic pathways
generating energy and suppression energy consuming processes such as gluconeogenesis. Increase in AMP:ATP ratio inhibits
fructose-1,6-bisphosphatase, a key enzyme involved in gluconeogenesis. Increased intracellular AMP inhibits adenylate
cyclase, with decrease in cAMP production and reduced expression of gluconeogenic enzymes. AMPK activation further results
in phosphorylation of acetyl-coA carboxylase and this leads to increased fatty acid oxidation and decreased lipogenesis.
Additionally, AMPK activation inhibits mTOR and downstream signaling pathways with decrease in protein synthesis.

Abbreviations: ADP, adenosine diphosphate; AMP, adenosine monophosphate; ATP, adenosine triphosphate; cAMP, cyclic
AMP; ETC, electron transport chain; FBPase, fructose-1,6-bisphosphatase; mTOR, mammalian target of rapamycin; NADH,
nicotinamide adenine dinucleotide; OCT, organic cation transporter; PKA, protein kinase A; ROS, reactive oxygen species.

Available animal studies suggest that metformin does not have
teratogenic or carcinogenic effects even at very high doses

of 600-1500 mg/kg/day [85]. A Brazilian group demonstrated
that metformin had the potential to cause deoxyribonucleic
acid (DNA) damage in vitro in cells of Chinese Hamster ovary
(CHO-KT1), but not in vivo in mice [86]. In this regard, human data
are also reassuring. Metformin exposure was not associated
with increased risk of congenital malformations or excess
perinatal complications. Indeed, there has been widespread
experience of embryo exposure to metformin, due to its use

in women with PCOS in the periconceptional period and its
continuation in early pregnancy. In a systematic review of

nine prospective and retrospective studies, metformin use in

women with PCOS or T2D in first trimester was not associated
with an increased risk of birth defects [87]. In another
meta-analysis of eight studies, metformin exposure in first
trimester did not increase the risk of fetal malformations. The
malformation rate of 1.7% in metformin group was actually
significantly lower than control group, where it was 7.2% [88].

Does metformin affect epigenetics and
fetal programming?

Metformin acts by modulation of mitochondrial function,
causing a state of cellular nutrient restriction. Perturbations in
AMPK signaling have the potential to impact programming of
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the epigenome and have long-term effects. While it has been
suggested from short-term follow-up of offspring exposed to
metformin that fetal exposure may lead to improved metabolic
health [77], there are mechanisms to suggest otherwise,

and the issue is far from clear. Metformin can act via several
pathways to impact developmental programming, as depicted
in Figure 2:

1. Metformin impairs 1-C pathways that play a role in
developmental programming. An alteration in energy and
1-C metabolism in pregnant women may increase the risk in
offspring [83].

2. Thereis reduced availability of glycolytic and TCA cycle
intermediates and depletion of glutathione stores. These
are involved in histone acetylation. AMPK associates with

drugsincontext.com

chromatin by phosphorylating histone B2 or regulating
histone deacetylases. AMPK activation increases hepatic sirtuin
(SIRT1) activity, a histone deacetylase. Therefore metformin
can impair histone acetylation and increase deacetylation [15].

3. AMPK regulates several key processes involved in gene

expression and mammalian target of rapamycin (mTOR)
induced effects on protein synthesis. AMPK also regulates
transcription of several factors involved in the response to
environmental stress.

4. Metformin may inhibit thiamine uptake and cause vitamin

B,, deficiency, resulting in reduced cell supply of methyl
groups. This may disrupt DNA and histone methylation [89].

5. AMPK activation increases nitric oxide synthase. While this

would primarily be protective against oxidative stress, high
levels of nitric oxide may lead to alterations in DNA.

Figure 2. Mechanisms by which metformin may impact epigenetic programming.
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Metformin impairs glycolysis and tricarboxylic acid (TCA) cycle, resulting in reduced accumulation of
glycolytic and TCA cycle intermediates, including succinate, fumarate, malate, citrate and a-ketoglutarate.
Metformin can lead to epigenetic modifications through decrease in histone acetylation, histone
phosphorylation and histone methylation. Metformin impairs one-carbon metabolism and has antifolate
effect. It can lead to decreased availability of methyl (CH3) groups through sequential conversion of
methionine to SAM, SAH and homocysteine. Additionally, metformin has been associated with vitamin B,
deficiency and reduce the regeneration of methionine. Metformin also inhibits mTOR and phosphorylation
of its downstream targets and suppression of global protein synthesis.

Abbreviations: a-KG, a ketoglutarate; AMP, adenosine monophosphate; AMPK, AMP-activated kinase; ATP,
adenosine triphosphate; DHF, dihydrofolate; HAT, histone acetylase; HDMT, histone demethyltransferase;
mTOR, mammalian target of rapamycin; NAD, nicotinamide adenine dinucleotide; SAH, S-adenosyl
homocysteine; SAM, S-adenosyl methionine; SIRT1, sirtuin 1; THF, tetrahydrofolate.
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Therefore, it is abundantly clear that more research is needed to
ascertain if metformin reprograms gene expression and, if it does,
is this more favorable or detrimental to the long-term health of
the offspring. In a mouse model of T2D embryopathy, Yanging
and colleagues demonstrated that metformin ameliorated
insulin resistance and hyperglycemia in pregnant mice fed a
high-fat diet. There was a reduction in cellular stress, apoptosis
and occurrence of neural tube defects in the embryos [90].
Saloméki and colleagues demonstrated that adult mice exposed
to metformin in utero gained more weight and mesenteric fat
when fed a high-fat diet [91]. However, in another study, the same
group reported the use of metformin in pregnant mice who
were fed a high-fat diet. Metformin-exposed offspring gained
less weight and adipose tissue and demonstrated less glucose
intolerance when given a high-fat diet. Metformin also affected
the expression of several genes involved in electron transport
chain, particularly in the neonatal liver and adipose tissue [92].
Gregg and colleagues demonstrated that embryonic exposure to
metformin prior to embryonic day 14 in pregnant mice resulted
in increased number of pancreatic and duodenal homeobox

1 (PDXT1%) progenitors, which are precursors for pancreatic
endocrine cell ontogenesis. There was also increased neurogenin
3 (NGN3") expression, which directs the undifferentiated
precursor cells toward endocrine-specific differentiation, and this
resulted in higher beta cell fraction at birth [93]. They proposed
that metformin may confer protection from later diabetes in
offspring.

Metformin and vitamin B,, deficiency
during pregnancy?

Metformin can result in low levels of serum vitamin B,,

and red blood cell folate [83]. Metformin can facilitate
‘methylfolate trap’ - the cell mistakenly interprets vitamin

B,, deficiency as a lack of methionine and diverts folate away
from DNA biosynthesis toward methylation of homocysteine
to methionine. This causes a rise in cellular 5-methyl
tetrahydrofolate (THF), though the cell is unable to utilize it.
Deficiencies of folate and vitamin B,, can be detrimental to fetal
growth and brain development.

In the Adelaide cohort of the MiG trial, the effects of metformin
and insulin on vitamin B, and homocysteine status were
ascertained at randomization (20-34 weeks), 36 weeks and
6-8 weeks postpartum. Serum total vitamin B, fell more
between randomization and 36 weeks in metformin users.
However, the bioavailable B,, (holotranscobalamin) was not
affected [94]. This suggests that metformin is safe in pregnancy
but the effect in women at risk of vitamin B,, deficiency or
those using metformin for longer periods of time needs to be
evaluated. A prospective study from Pune showed that vitamin
B,, deficiency was very common in Indian pregnant women
between 18 and 28 weeks gestation, while folate deficiency
was rare [95]. Low maternal vitamin B,, and higher maternal
erythrocyte folate concentration at 28 weeks predicted greater
adiposity and insulin resistance in offspring at 6 years. Because

folate supplementation in pregnancy is routinely practiced,
the effect of metformin on vitamin B,, status and whether
these women need vitamin B,, supplementation needs further
clarification.

Does metformin affect reproductive
development of offspring?

Metformin can inhibit several processes involved in protein,
fatty acid and cholesterol synthesis, which are utilized by
reproductive tissues for cell proliferation and the production
of steroidal and peptide hormones [15]. Hence, it has the
potential to affect gametogenesis and steroidogenesis in early
gonadal development. In human and mouse organotypic
cultures in vitro, metformin decreased testosterone secretion
and messenger RNA (mRNA) expression of factors involved

in steroid production, along with increased lactate secretion
[96]. In utero exposure of male mice offspring to metformin
was associated with reduced size of neonatal testes and
reduced number of Sertoli cells, compared to controls. There
was only a transient effect on Leydig cell population and
testosterone content of testes, while there was no effect on
germ cell number and no alterations in testicular descent [96].
Preliminary human evidence has been reassuring. Metformin-
exposed offspring did not differ in male and female steroid
hormone or antimullerian hormone (AMH) concentrations
compared to nonexposed controls. Increase in sex hormone
binding globulin (SHBG) levels has been reported in male
offspring but free testosterone index was increased [15,97].
Tertti and colleagues found no difference in testicular size

of prepubertal boys exposed to metformin or insulin during
gestation [98]. Metformin exposure in these children began at
22 weeks. The impact of an earlier exposure during gestation
is as yet unknown. The effect of metformin on gonadal
development and long-term fertility, if any, merits further
investigation.

Current status of metformin in
clinical guidelines

Metformin is not currently approved by US Food and Drug
Administration (FDA) for the management of diabetes during
pregnancy and is listed as a category B drug, implying that
animal studies have not demonstrated a risk to the fetus but
there is lack of adequate well-controlled human studies. In Table
4, we compare the most recent recommendations from various
guidelines. While International Federation of Gynecology and
Obstetrics (FIGO), the UK National Institute for Health and

Care Excellence (NICE), and the Endocrine Society guidelines
consider insulin, glyburide, and metformin as appropriate
first-line therapies for GDM [101-103], many other practice
guidelines, such as the American Congress of Obstetricians

and Gynecologists (ACOG), American Diabetes Association
(ADA), and International Diabetes Federation (IDF), recognize
that there is insufficient evidence at present to encourage
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Table 4. Current guideline recommendations for use of metformin in gestational diabetes.

Guidelines

Recommendation

American Congress of

Obstetricians and Gynecologists

(ACOG), 2017 [99]

Insulin is first-line therapy if glycemic control is not attained with nonpharmacological
treatment. Consider metformin if patient cannot take or declines insulin, but counsel
about risk of placental cross-over and lack of long-term studies. Glyburide should not be
used [43].

ADA Standards of Care,
2017 [100]

While metformin is associated with a lower risk of neonatal hypoglycemia and less
maternal weight gain, long-term studies of oral antidiabetics are lacking and women
should be informed that metformin crosses the placenta.

International Federation of
Gynecology and Obstetrics
(FIGO), 2015 [101]

If lifestyle modification alone fails to achieve glucose control, insulin, glyburide and
metformin are safe and effective treatment options during second and third trimesters.
Glyburide is inferior to both insulin and metformin, while metformin (plus insulin when
required) performs slightly better than insulin.

Insulin should be considered as the first-line treatment in women with GDM who are at
high risk of failing on OAD therapy, including some of the following factors:

. Diagnosis of diabetes < 20 weeks of gestation

. Need for pharmacological therapy at <30 weeks
. Fasting plasma glucose > 110 mg/dL

. 1-hour postprandial glucose > 140 mg/dL

5. Pregnancy weight gain > 12 kg

NwWN o

UK NICE guidelines, 2015 [102]

Metformin is used if glycemic targets are not attained with lifestyle modification within
1-2 weeks and insulin is used if metformin is not tolerated or acceptable to patient.
Insulin should be immediately commenced if FPG = 126 mg/dL or if FPG 108-125 mg/dL
and there are complications such as macrosomia or hydramnios.

Glyburide is considered if patient refuses insulin and cannot tolerate metformin.

Endocrine Society, 2015 [103]

Metformin can be considered in women who decline or cannot use insulin or glyburide
and are not in the first trimester. Glyburide is considered a suitable alternative to insulin
in women who fail to achieve glycemic control with lifestyle modification, except for
those with diagnosis before 25 weeks of gestation and FPG > 110 mg/dL.

WINGS (Women in India with
GDM Strategy) guidelines,
2015 [104]

There is some evidence metformin and glyburide are safe in pregnancy. However, they
cross the placenta and long-term safety data are not available. If pregnant woman is
already on metformin, it may be continued during pregnancy. Metformin may be used if
insulin is not available, not practical or refused by the woman.

International Diabetes

If glucose targets are not met within 1-2 weeks of lifestyle modification, start glucose-

Federation, 2009 [105]

lowering medication. Insulin is the treatment of choice but there is now adequate
evidence to consider the use of metformin and glyburide in women who have been
informed of the possible risks. Combination therapy has not been specifically studied.

FPG, fasting plasma glucose; GDM, gestational diabetes; OAD, oral antidiabetic drugs.

routine use of metformin in GDM over insulin [99,100,105]. In

a recent consensus-based guideline from India, the use of oral
antidiabetics was not recommended for glycemic management
during pregnancy (Evidence Level A) [106]. Thus, there exists
significant discord among guidelines with regard to the role of
metformin and other oral antidiabetic agents in pregnancy with
diabetes and there is a need to reach a uniform consensus in the
light of recent evidence to avoid confusion.

Judicious use of metformin in
pregnancy

Intensive insulin therapy is associated with higher cost, need
for multiple daily injections and more frequent SMBG, greater

time investment by health-care providers and more frequent
visits to the clinic. Oral route of administration, low cost, need
for less intensive monitoring, easy dose titration and a low

risk of hypoglycemia make metformin an attractive option for
the management of milder cases of GDM [107]. This is further
supported by clinical evidence of more favorable outcomes
such as lower maternal weight gain, lower risk of PIH, lower risk
of neonatal hypoglycemia, NICU admissions and macrosomia
seen in trials comparing metformin with insulin or glyburide.
The benefits, however, need to be weighed against the possible
increased risk of preterm delivery, though this has not been
demonstrated in recent meta-analyses and might be a chance
effect. While there is mostly a beneficial effect on immediate
pregnancy outcomes in mother and newborn, there is clearly a
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lack of long-term safety data in offspring exposed to metformin
and further studies are required. In Table 5, we summarize

the pros and cons of using metformin versus insulin in GDM.
Metformin can have a significant failure rate in GDM and there
is a need to identify which women are more likely to require
insulin. A diagnosis of GDM at an earlier gestation, higher
fasting glucose, higher maternal BMI, past history of GDM and
older age of mother predict the need for supplemental insulin.

Metformin may not be a suitable choice in these cases and

insulin should be considered as first-line therapy. The role of
metformin in T2D with pregnancy is less clear at the moment,
but can be considered in women with high insulin dose

drugsincontext.com

requirements and rapid weight gain, as has been noted in a
recent review [108]. However, there is lack of sufficient evidence
for this practice.

While metformin can be continued in women with T2D
during lactation, most women with GDM do not require
pharmacological treatment after delivery. Hence, metformin
can be discontinued and a glucose tolerance test repeated
after 6 weeks.

In Table 6, we enlist the relative indications and
contraindications for use of metformin in GDM. Metformin
can be initiated in divided doses of 500 mg twice a day and

Table 5. Pros and cons of use of metformin for the management of gestational diabetes.

Pros

Cons

Mechanism of action

Reduces insulin resistance, the main
pathophysiology in GDM

May fail to achieve adequate glycemic control in
presence of insulinopenia

Pharmacokinetics

Oral route of administration

Easy dose titration

Increased renal clearance - need for higher
doses

Significant placental transfer — exposure of fetus

Gastrointestinal intolerance

Efficacy

Glycemic control comparable to insulin or
glyburide

Low risk of maternal hypoglycemia

Failure rate in 14-46% women, who require
supplemental insulin

Slow onset of action - time lag in presence of
significant hyperglycemia

Social and other
considerations

Better patient acceptability
Less cost

Less need for self-monitoring of blood
glucose

Not approved for use in pregnancy - category
B, use is off-label

Discordant views among leading guidelines

Maternal outcomes

No adverse maternal outcomes
Less risk of hypoglycemia
Lower maternal weight gain

Less risk of pregnancy-induced hypertension

Slightly lower gestational age at delivery

Short-term fetal
outcomes

No increased risk of teratogenicity in fetuses
exposed in first trimester

No increased risk of perinatal complications
Reduced neonatal hypoglycemia
Reduced NICU admissions

Lower birth weight, reduced risk of LGA and
macrosomia

Increased risk of preterm birth (inconsistent
results)

Long-term effects of
exposure of fetus

No evidence of growth or motor-social
development abnormalities May result in
more favorable distribution of adipose tissue
in offspring (insufficient evidence)

Insufficient data of long-term effects of
exposure in utero

Concerns about impact on fetal programming

Reduced testosterone secretion and Sertoli cell
number in mice exposed in utero - significance
in humans unknown

Lactation

Negligible secretion in breast milk

Insufficient trial evidence

GDM, gestational diabetes; LGA, large for gestational age; NICU, neonatal intensive care unit.

Priya G, Kalra S. Drugs in Context 2018; 7: 212523. DOI: 10.7573/dic.212523

ISSN: 1740-4398

15 of 22



https://doi.org/10.7573/dic.212523
http://drugsincontext.com

REVIEW - Metformin in pregnancy

drugsincontext.com

Table 6.

Judicious use of metformin in the management of gestational diabetes.

Relative indications

Contraindications

As monotherapy:

e GDM not responding to medical nutrition therapy
and exercise, if FPG < 110 mg/dL

e Poor compliance or refusal to use insulin
e Lack of skills and/or resources for self-management
of diabetes with insulin
Add-on to insulin therapy:
e High insulin dose requirements
e Excess maternal weight gain

Medical status:

Diagnosis in early gestation

Elevated BMI with significant hyperglycemia
Gastrointestinal intolerance

Previous adverse reaction or allergy to metformin
Renal or hepatic dysfunction

Metabolic status:
Significant hyperglycemia (FPG =110 mg/dL)
Ketosis or ketonuria

Obstetric status:

History of major congenital anomaly in previous pregnancy
Presence of hydramnios

Maternal distress

Fetal distress

BMI, body mass index; FPG, fasting plasma glucose.

the dose up-titrated at weekly intervals to 2500 mg per

day in divided doses. Therapy should be guided by SMBG
records, and in case glycemic targets are not achieved in 1-2
weeks, insulin should be added. In case there is any evidence
of polyhydramnios, macrosomia, fetal growth restriction,
maternal or fetal distress, the patient should be immediately
switched to insulin.

Future research

There remain several unanswered questions regarding the
efficacy and safety of metformin in women with GDM or pre-
existing diabetes. There is a need for more animal and human
studies to ascertain the effect of metformin on the developing
embryo and fetus and potential long-term implications.

1. Studies to define which category of patients are more likely
to respond to metformin and who may need supplemental
insulin.

2. Studies to assess the effect of metformin as add-on to other
pharmacological therapies such as insulin, especially in
women with pre-existing diabetes.

3. Studies to assess the efficacy and safety of metformin during
lactation.

4, Effect of early metformin exposure on fetal development and
reproductive health of offspring.

5. Effect of metformin on fetal programming and long-term
outcomes in exposed offspring.

6. Effect of metformin on vitamin B,, and folate status in
pregnant mothers and associated effects on offspring
health.

Conclusion

Metformin is an effective and well-tolerated glucose lowering
agent with a well-defined mechanism of action. Current animal
and human data indicate that metformin is safe and effective
in the management of GDM and may improve immediate
pregnancy outcomes. While there is assurance that it does

not have teratogenic potential and there is some evidence of
long-term effects in offspring exposed to metformin in utero,
there is a need to further assess its role in fetal programming.
Metformin may be considered as monotherapy in mild GDM,
where it may result in less maternal weight gain, lower risk of
PIH, lower risk of neonatal hypoglycemia and lower incidence
of macrosomia. However, caution is needed due to its potential
to cause significant fetal exposure and lack of long-term safety
data related to fetal exposure.
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